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Abstract

Background: A number of companies publish corporate social responsibility (CSR) reporting in booklets and other
publicly available formats. The purpose of this paper is to clarify the nine-year (2004-2012) trend of occupational
safety and health (OSH) activities as described in CSR reporting (by industry sector and company size).

Methods: We investigated CSR reporting on the website in all Japanese companies listed on the first section of the
Tokyo Stock Exchange. The data were extracted from CSR reporting of each company every year from 2004 to 2012.
We counted the pages dedicated to information on OSH activities by industry sector and company size and calculated
the rate of OSH divided by total CSR-related activities.

Results: The number of companies publishing CSR reports increased in all industry sectors, although the rate of inclusion
of OSH activity within CSR reports increased only among sectors such as construction, manufacturing, transportation, and
commerce. Among all company size, CSR reporting increased constantly throughout all observed years. The proportion of
companies that had described OSH in CSR reporting increased from 2004 to 2012, and 76.5% companies had described
OSH activities in 2012. The average number of pages of CSR-related report was 34.2 in 2004, increasing to 43.1 in 2012.

The proportion of described pages of OSH activities in total CSR reporting increased gradually, and 2.7% in 2012. The
focus of CSR reporting gradually shifted from ‘environment’ to ‘social activity including OSH'.

Conclusions: Majority of companies are putting more emphasis on OSH in CSR reporting in Japan.

Keywords: Reporting, Corporate social responsibility, Occupational safety and health, Yearly trend, Category of industry,

Size of company

Background

Corporate social responsibility (CSR) is defined by the
European Commission as a concept whereby companies
integrate social and environmental concerns into their
business operations and interaction with their stake-
holders on a voluntary basis [1]. In developed countries,
the concept of CSR has developed tremendously during
the past decade, leading the International Standardized
Organization (ISO) to publish ISO 26000 in 2010 [2].
ISO 26000:2010 has seven core subjects, one being labor
practices. Labor practices include health and safety at

* Correspondence: tomohisa@med.uoeh-u.acjp

'Department of Occupational Health Practice and Management, Institute of
Industrial Ecological Sciences, University of Occupational and Environmental
Health, 1-1 Iseigaoka, Yahatanishi-ku, Kitakyushu city, Kitakyushu 807-8555,
Japan

Full list of author information is available at the end of the article

( BioMed Central

work, which is related to the promotion and mainten-
ance of the highest degree of physical, mental and social
wellbeing of workers and the prevention of harm to
health caused by working conditions. CSR is connected
to occupational safety and health (OSH) in research
practices [3, 4]. OSH is an important aspect of CSR, as
OSH is one of the indicators used to measure companies’
overall progress in CSR [5].

A number of companies publish CSR-related reports
in booklets and other publicly available formats such as
portable document format (PDF) files, which can be
obtained from company website. This accountability
mechanism requires the ongoing implementation of
CSR activities [6]. Various guidelines for reporting
CSR activities have been published, including the
influential guidelines of the Global Reporting Initiative
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(GRI), first launched in 2000 [7]. GRI version 4 (G4) is
the latest version of the GRI’'s Sustainability Reporting
Guidelines [8]. Many companies use this document as
a reference for developing CSR-related reports. GRI
Guidelines recommend to describe OSH activities such as
G4-LA5: Percentage of total workforce represented in
formal joint management—worker health and safety com-
mittees that help monitor and advise on occupational
health and safety programs, G4-LA6: Type of injury and
rates of injury, occupational diseases, lost days, and absen-
teeism, and total number of work-related fatalities, by re-
gion and by gender, G4-LA7: Workers with high incidence
or high risk of diseases related to their occupation, G4-
LAS: Health and safety topics covered in formal agreements
with trade unions, and G2-LA14: Evidence of substantial
compliance with the ILO Guidelines for Occupational
Health Management Systems.

According to the most recent review including 53 studies
about CSR reporting [9], almost all studies analyze only
tens of corporate reports. From this small number, it
may be difficult to generalize and grasp entire trends
and transitions in CSR reporting. This limited analysis
likewise applies to CSR reporting focusing on OSH [4].
Few studies analyze yearly trends, which limits the ability
to track industry dynamism.

The purpose of this study is to investigate and analyze
CSR-related reports according to category of industry
and size of company (number of employees) from 2004
to 2012 in all Japanese companies listed in the first
section of the Tokyo Stock Exchange (TSE First Section)
to understand the trends and development of OSH
activities in CSR-related reports.

Methods

Data sources

The subjects of this study were the companies listed on
the TSE First Section on October 15th each year from
2004 to 2012. The company list was obtained from the
autumn catalogue of the Japanese company quarterly
journal “Kaisha Shikiho” [10]. We listed the company
names, categories of industry, and sizes of companies
from the Kaisha Shikiho each year of the study period,
gathering company data from each company’s formal
announcement.

Investigation

Investigations were carried out every year from 2004 to
2012 by several of our researchers during February and
March of the following year. First, we investigated whether
or not each company had published a CSR-related report
using a PDF file and brochure over the internet. We consid-
ered CSR-related publications to be reports if they were
eight or more pages long, including front and back covers.
Second, each report was classified by its title; titles included
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environmental report, environmental and social report,
CSR report, sustainability report, and others (including
responsible care report). Third, we classified all pages
of each report as referring to environmental activity,
social activity, or other classifications. We found OSH
most often in sections on social activity. We investigated
OSH items like policy on OSH, health and safety commit-
tees, type and rates of injury, formal agreements on OSH
with trade unions, occupational safety and health manage-
ment system, countermeasure for mental health, and so on.

Quality control of the investigation

We conducted the investigation year by year and developed
evaluation standards, producing a manual of protocols for
investigation of CSR-related reports. Before starting the
analysis, we investigated the same reports independently as
a trial and shared the results of our analyses. If the results
were not perfectly matched, we discussed the discrepancy,
identified the cause and made modifications. This process
was conducted each year of our investigation.

Statistical analysis

We calculated two proportions for companies each year
from 2004 to 2012 by category of industry and by size of
company (number of employees). One is the proportion
of companies of the TSE First Section that published
CSR-related reports (the published rate), and the other
is the proportion of companies publishing CSR-related
reports that described OSH activities (the described rate).
Yearly changes from 2004 to 2012 were analyzed using the
Cochran-Armitage test for trends in proportions. Calcula-
tion of the proportions was performed using IBM SPSS
Statistics, Version 22.0 (IBM Corp., Chicago, IL, USA)
and statistical analysis was performed using STATA/SE
13.1 software for windows (STATA Corp., College Station,
Texas, USA). P-values of less than 0.05 were considered
statistically significant.

Ethics
We used only publicly available information in the study
and did not use personally identifiable information.

Results

Descriptions of the Japanese companies listed in the TSE
First Section by category of industry and size of com-
pany (number of employees) are summarized in Table 1.
The number of companies in the TSE First Section in
Japan increased from 1583 in 2004 to 1736 in 2008 and
decreased to 1717 in 2012. The number of companies,
led by ‘mining; ‘transportation, information and commu-
nication, ‘commerce;, ‘real estate’ and ‘services, increased
by more than 10% from 2004 to 2012.
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Analysis by category of industry

The number and proportion of the companies publishing
CSR-related reports and the companies that described
OSH activities in CSR-related reports by category of
industry from 2004 to 2012 are shown in Table 2. The
number of companies that published CSR-related re-
ports in 2004 was 413 (26.1%); this figure increased to
663 (38.6%) in 2012. The number of companies in all
categories of industry except ‘electricity and gas’ in-
creased from 2004 to 2012. The number of companies
that described OSH activities was 211 (51.1%) in 2004,
increasing to 507 (76.5%) in 2012. The companies classi-
fied as ‘construction, ‘manufacturing, ‘transportation, infor-
mation and communication, and ‘commerce’ showed an
upward trend from 2004 to 2012, but the others did not
show such a tendency.

Analysis by company size

The number and proportion of the companies publish-
ing CSR-related reports and the companies describing
OSH activities in CSR-related reports by company size
from 2004 to 2012 are shown in Table 3. CSR report-
ing increased among companies with between 50 and
9999 employees throughout the observation period.
This upward trend was especially strong in the companies
with between 300 and 9999 employees. The number of
companies that described OSH activities increased among
companies of all sizes throughout the observation period.
This upward trend was especially strong among compan-
ies with between 50 and 2999 employees.

The titles and lengths of CSR-related reports

The titles of CSR-related reports (environmental report,
environmental and social report, CSR report, sustainabil-
ity report and others) are shown in Fig. 1. Overall, 289
companies (70.0%) in 2004 used ‘environmental report’
as their report title, whereas 87 companies (13.1%) in
2012 used the same wording. In contrast, 24 companies
(5.8%) in 2004 used ‘CSR report’ as the report title,
whereas 333 companies (50.2%) in 2012 used the same
wording.

The number of pages by content type is shown in
Table 4. The average number of pages was 34.2 in 2004,
increasing to 43.1 in 2012. The total number of pages
was divided into three parts: environment activity, social
activity (including OSH), and others (not environment
activity, not social activity). The proportion of pages
dedicated to environment activity decreased, while those
that contained social activity (including OSH) and others
increased.

Discussion
The purpose of this study was to investigate and analyze
CSR-related reports by category of industry and size of
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company (number of employees) from 2004 to 2012 in
all Japanese companies listed on the TSE First Section,
to understand the trends and developments of CSR-
related reports. We focused on OSH activities because
they have to date received scant attention, although
OSH is an important aspect of CSR. Key findings of
this study were that the focus of CSR reporting in
Japan gradually shifted from environment to social ac-
tivity including OSH, and that the number of compan-
ies describing OSH in CSR reporting increased from
2004 to 2012.

The publication proportion of CSR-related reports
increased in all categories except in ‘electricity and gas,
suggesting a growing awareness of CSR across all sec-
tors. Of the ‘electricity and gas’ companies, 93.8% already
published reports in 2004, and this trend was maintained
through 2012 because of the sector’s importance in civil-
ian life. In tertiary industries such as services, the aware-
ness of CSR was not as high as that in primary and
secondary industries. In terms of the company size by
number of employees, the larger the size, the higher the
publication proportion of CSR-related reports was every
year from 2004 to 2012, showing that larger companies
exhibited a higher interest in CSR. Independent of com-
pany size, the publication proportion of CSR-related re-
ports increased from 2004 to 2012.

Changes in the social environment from 2004 to 2012
led to this upward trend. One factor was economic cir-
cumstances, but the publication rate of CSR-related re-
ports may have little influence on a company’s economic
circumstances. Economic fluctuations, as represented by
Lehman’s collapse in September 2008, had significant
impact on business and financial conditions across the
majority of industrial sectors. After Lehman’s fall, there
was no decrease in the number of companies publishing
reports. This tendency may be attributed to two reasons.
First, the companies that had already published CSR-
related reports did not withdraw from publishing even if
business conditions had deteriorated. Second, business
and financial conditions may not have a direct impact
on CSR reporting. Such speculation needs to be con-
firmed by further research.

The majority of report titles have recently changed
from ‘Environmental report’ to ‘CSR report’ (Fig. 1),
as observed in a past study [11]. The proportion of
‘Environmental reports’ among all CSR-related reports
fell from 70.0% in 2004 to 13.1% in 2012, whereas
‘CSR reports’ increased from 5.8% in 2004 to 50.2% in
2012. In Japan, Environmental Reporting Guidelines
were published in 1997 [12]. The change of the report
title indicates that companies may have come to give
higher value to social aspects of CSR.

OSH activities are labor practices and are described as
social activity in CSR-related reports. The proportion of
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Fig. 1 Detail on the titles of CSR-related reports from 2004 to 2012
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companies describing OSH activities among those pub-
lishing CSR-related reports (the described rate) increased
yearly from 2004 to 2012, and the rate was 76.5% in 2012.
By industry category, the described rate was more than
80% in 2012 in ‘mining, ‘construction, ‘electricity and gas,
and ‘transportation, information and communication’.
The change of the described rate from 2004 to 2012 was
enormous, especially in ‘construction’ (33.3% in 2004 to
85.5% in 2012) and in ‘transportation, information and
communication” (36.8% in 2004 to 86.0% in 2012). The
accident severity rate in ‘construction’ and the rate of work
time lost to injuries in ‘transportation, information and
communication’ were higher in 2012 than in 2004 [13].
However, the described rate was less than 50% in 2012 in
‘finance and insurance, and ‘services’. This suggests that
OSH activities were not considered part of CSR in these
categories of industry. The 12th Occupational Safety &
Health Program of Ministry of Health, Labour and Welfare
in Japan observed that occupational accidents increased by
16.7% in tertiary industries from 2002 to 2011; there were
43,053 casualties (worker’s death, illness or injuries due to a
job-related reason with absence of 4 days or more) reported
in 2002 and 50,243 in 2011 [14]. These data suggest that

OSH activities need special attention in such sectors like
‘finance and insurance’ and ‘services’.

Considering the size of company by number of em-
ployees, the described rate of OSH in CSR-related reports
increased from 2004 to 2012, to more than 65% in 2012
among companies of all sizes. The frequency and severity
of work time lost to injuries and accidents was higher in
smaller-sized companies [13], whereas the number of
accidents and injuries was higher in larger companies.

In regard to OSH process, the Global Reporting Initiative
(GRI) guidelines recommend to describe Occupational
Safety and Health Management Systems (OSHMS) (G2-
LA14) [15]. The Ministry of Health, Labour and Welfare in
Japan also promotes OSH activities based on OSHMS. 47
companies (22.3%) described OSHMS in CSR reporting in
2004, and 157 companies (31.0%) did in 2012.

Internationally, the GRI developed reporting guidelines in
2000 [7], and updated the indicators as G2 in 2002 [15], G3
in 2006 [16], and G4 in 2013 [8]; all GRI guidelines recom-
mend including OSH activities. In Japan, however, no guide-
lines mention describing OSH sections in CSR reporting.
Overall, 76.5% of companies in Japan in 2012 described
OSH activities in their CSR reporting, and 75.3% of the

Table 4 Mean page count of corporate social responsibility (CSR) related reports and the percentage of pages of each report content
(environment, social activity, and other) in all companies listed on the first section of the Tokyo Stock Exchange in 2004-2012

Year 2004 2005 2006 2007 2008 2009 2010 2011 2012 P for trend
Total pages (mean) 3419 34.08 3748 39.27 39.72 38.65 40.09 40.66 43.05
Proportion (%) of described pages in total
Environment activity 66.8 59.1 534 40.2 359 357 349 317 30.5 p < .001
Social activity 14.0 14.0 20.2 16.7 20.2 169 19.6 168 235 p < .001
Occupational safety and health® 16 2.1 32 29 3.1 34 39 33 2.7 p <.001
Other (not environment, not social activity) 19.2 269 264 431 439 475 456 515 46,0 p < .001

?Occupational safety and health is a part of social activity
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OSH descriptions included mental health activities for em-
ployees. Although the burden of mental disorders increased
between 1990 and 2010 and mental health is one of the
major issues around the world [17], the most recent guide-
lines do not clearly describe mental health activities.

Strengths and limitations

This study has several strengths and limitations. This is
one of the first studies to clarify the trend of OSH activ-
ities in CSR reporting from 2004 to 2012. To our know-
ledge, there are no studies that analyze the OSH aspect
of CSR-related reports to reveal a 9-year trend. Second,
our study checked all CSR-related reports and PDF files
downloaded from the websites of Japanese companies
listed on the TSE First Section from 2004 to 2012. Some
companies disclosed CSR information only on their
website and not through CSR-related reports or PDF
files. In 2012, 633 companies had published reports of at
least six pages, and 859 companies had published CSR
information in paper format, as PDF files or as text on
their website. Internet-based reporting became more popu-
lar because it is a cost effective means of disseminating
corporate information [9].

There are at least three limitations to our study. First,
although the concept of CSR includes accountability of
CSR activities for different stakeholders, the reports do
not describe all CSR activities. Second, we analyzed report-
ing only by companies listed on the TSE First Section, the
leading companies in Japan. To be able to generalize our
results, further analysis including small- and medium-sized
companies would need to be undertaken. Third, the
companies in this study include a few that were not listed
continuously on the First Section of the TSE every year
from 2004 to 2012 (54% of the companies in the First
Section of the TSE from 2004 to 2012).

Conclusions

This study discloses that about 40% of the companies
listed on the TSE First Section have published CSR-
related reports and that the percentage of companies
publishing CSR reports increased from 2004 to 2012
regardless of industry sector. CSR reporting increased
yearly among the companies with between 50 and 9999
employees.

This study demonstrates that about 75% of the
companies publishing CSR-related reports describe OSH
activities, and the described rate increased yearly from 2004
to 2012. Employees are important stakeholders for
companies and are fundamental human capital in resource
management. For other stakeholders like stockholders, the
information about OSH activities for employees is useful in
judging the company’s situation. While our results highlight
OSH in CSR reporting, the next step is to analyze
the content of reports in more detail
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Editorial

Editorial

Work to live, to die, or to be happy?

Happiness is the meaning and the purpose of life, the
whole aim and end of human existence.
- Aristotle
If the government cannot create happiness for its peo-
ple, then there is no purpose for government to exist.
- Legal code of Bhutan (1729)
Gross National Happiness is more important than Gross
Domestic Product.
- His Majesty Jigme Singye Wangchuck,
the Fourth King of Bhutan

Although the concept of “happiness” has existed for
centuries as quoted above, it is not until recently that
“happiness at work™ has gained attention in occupational
health. Nowadays, convincing evidence supports that hap-
pier people live longer?, healthier”, be more productive®,
and are relatively more successful in their careers?. We
can thus view employees’ happiness as one of the major
sources of positive outcomes in the workplace.

Corresponding to these facts, World Happiness Report
was first published in April 2012 in support of the meet-
ing by the United Nations on happiness and well-being,
chaired by the Prime Minister of Bhutan®”. Based on this
report, Japan has ranked the 53" happiest country in 2016
among 157 countries, down from 46™ in 2015, 43rd in
2013, and 40th in 2012, What makes Japan sitting in this
ranking? We all acknowledge that Japan has prospered
through rapid economic growth during the period of 20
years between 1950 and 1970. And even now, we still hold
the world’s third largest economy. Indeed, there must be
good reasons to explain this paradox.

Why Japanese Workers Seems to be Unhappy?

As an occupational epidemiologist myself, [ would like
to discuss several reasons for being not so happy in Japa-
nese workers based on time use and also propose a hint to
overcome such situation. First, Japanese people are noto-
rious for being one of the poorest sleepers in the world.
We are ranked the second shortest sleep country among 29

©2017 National Institute of Occupational Safety and Health

countries surveyed®. French, who slept the most, spend on
an average of 8 hours and 50 minutes a day while Japanese
spend 7 hours and 50 minutes. Japanese people wake up
early as 7:00 AM in the morning but go to bed at 11:30
PM”. Based on the NHK national time use survey initi-
ated in 1970, sleeping time for Japanese people keeps
decreasing by 75 seconds every year. The survey on state
of employees’ health by the Ministry of Health, Labor
and Welfare in 2013 uncovered that 46.5% of workers are
sleeping less than 6 hours on a workday. The prospective
UK million women study revealed that sleeping less than
7 hours (as compared to 7 hours) was the second stron-
gest factor reducing happiness next to physical disabili-
ties®. Poor sleep can not only be a source of irritability and
stress, but also unhappiness as well.

Second, Japanese are working too long. OECD data sug-
gests that average annual hours worked among Japanese
was ranked the 21* (1,729 hours in 2014) among 38 coun-
tries but the statistic include not only those working under
full-time condition but also part-time and part-year condi-
tion which is increasing rapidly in the Japanese society.
Counting non-full-time condition contribute to reduce
average annual hours worked. Scientific evidence suggest
that long working hours 1s a major contributor for reducing
resting time and sleep”.

Third, because of both poor sleep and long working
hours, work-life balance is largely unbalanced. Besides
this, combination of long working hours with poor sleep
may develop poor mental health'? and even increase the
chance of committing suicides (Karo-jisatsu) and death
from overwork (Karoshi)!'". What we should focus on is to
balance between work, sleep/resting, and leisure time, and
creating meaningful and challenging work. We also need
to reduce working condition such as unusual work time,
holiday work, unpaid work as well as eliminating wasting
time on pointless paperwork and irrelevant procedures.

It is high time for Japanese society to think about how
we work and what we work for. A paper evaluating the
difference of work styles and meaning of work between
Europeans and Americans phrased that “FEuropeans work
to live and Americans live to work'?.” There is no right
or wrong answer to this question of which attitude is bet-

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) License.
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ter or more appropriate, but rephrasing this word would be
possible by adding the Japanese style: “Europeans work to
live, Americans live to work, and Japanese work to die.” I
am certainly sure that “work to die” is a wrong answer. At
the same time, [ would like to call for research to design
happy workplaces.

References

1) Diener E, Chan MY (2011) Happy people live longer: Sub-
jective well-being contributes to health and longevity. Appl
Psychol 3, 1-43. [CrossRef]

2) Pressman SD, Cohen S (2005) Does positive affect influ-
ence health? Psychol Bull 131, 925-71. [Medline] [Cross-
Ref]

3) Oswald A, Proto E, Sgroi D (2015) Happiness and produc-
tivity. J Labor Econ 33, 789822 {CrossRef]

4) Lyubomirsky S, King L, Diener E (2005) The benefits of
frequent positive affect: does happiness lead to success?
Psychol Bull 131, 803-55. [Medline] {CrossRef]

5) World Happines Report (2016) Edited by Helliwell J,
Layard R, Sachs J.

6) OECD (2009) Measuring leisure time in OECD countries.

7) Walch OJ, Cochran A, Forger DB (2016) A global quantifi-
cation of “normal” sleep schedules using smartphone data.

ANAKATA

Sci Adv 2, e1501705. [Medline] {CrossRet]

8) Liu B, Floud S, Pirie K, Green J, Peto R, Beral V, for the
Million Women Study Collaborators (2015) Does happiness
itself directly affect mortality? The prospective UK Million
Women Study. Lancet 387, 874 -81. [ Medline] {CrossRet]

9) Virtanen M, Ferrie JE, Gimeno D, Vahtera J, Elovainio M,
Singh-Manoux A, Marmot MG, Kivimaki M (2009) Long
working hours and sleep disturbances: the Whitehall II pro-
spective cohort study. Sleep 32, 737-45. [Medline]

10) Nakata A (2011) Work hours, sleep sufficiency, and preva-
lence of depression among full-time employees: a commu-
nity-based cross-sectional study. J Clin Psychiatry 72, 605 -
14. [Medline] {CrossRet]

11) Takeuchi A, Sakano N, Miyatake N (2014) Combined
effects of working hours, income, and leisure time on sui-
cide in all 47 prefectures of Japan. Ind Health 52, 137-40.
[Medline] {CrossRel]

12) Okulicz-Kozaryn A (2011) Europeans work to live and
Americans live to work (Who is happy to work more:
Americans or Europeans?). J Happiness Stud 12, 225-43.
[CrossRet]

AKkinori NAKATA

School of Health Sciences, University of Occupational and
Environmental Health, Japan

Industrial Health 2017, 55, 93-94



© s

The International Journal on the Biology of Stress

ISSN: 1025-3890 (Print) 1607-8888 (Online) Journal homepage: http://www.tandfonline.com/loi/ists20

Psychosocial correlates of cortisol levels in
fingernails among middle-aged workers

Shuhei Izawa, Ko Matsudaira, Keiichi Miki, Mayumi Arisaka & Masao
Tsuchiya

To cite this article: Shuhei Izawa, Ko Matsudaira, Keiichi Miki, Mayumi Arisaka & Masao Tsuchiya
(2017) Psychosocial correlates of cortisol levels in fingernails among middle-aged workers, Stress,
20:4, 386-389, DOI: 10.1080/10253890.2017.1342808

To link to this article: http://dx.doi.org/10.1080/10253890.2017.1342808

@ Accepted author version posted online: 14
Jun 2017.
Published online: 29 Jun 2017.

N
C;/ Submit your article to this journal &

||I| Article views: 16

A
& View related articles &'

(&) view Crossmark data &'

ssMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=ists20

(Download by: [58.13.169.17] Date: 13 July 2017, At: 05:38 )



http://www.tandfonline.com/action/journalInformation?journalCode=ists20
http://www.tandfonline.com/loi/ists20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10253890.2017.1342808
http://dx.doi.org/10.1080/10253890.2017.1342808
http://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ists20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/10253890.2017.1342808
http://www.tandfonline.com/doi/mlt/10.1080/10253890.2017.1342808
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2017.1342808&domain=pdf&date_stamp=2017-06-14
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2017.1342808&domain=pdf&date_stamp=2017-06-14

STRESS, 2017
VOL. 20, NO. 4, 386-389
https://doi.org/10.1080/10253890.2017.1342808

Taylor & Francis
Taylor &Francis Group

SHORT COMMUNICATION

‘ W) Check for updates

Psychosocial correlates of cortisol levels in fingernails among middle-aged

workers

Shuhei Izawa®, Ko Matsudaira®<, Keiichi Miki®, Mayumi Arisaka® and Masao Tsuchiya®

30ccupational Stress Research Group, National Institute of Occupational Safety and Health, Kanagawa, Japan; Department of Medical
Research and Management for Musculoskeletal Pain, 22nd Century Medical and Research Center, Faculty of Medicine, the University of
Tokyo Hospital, Tokyo, Japan; “Department of Pain Medicine, Fukushima Medical University School of Medicine, Fukushima, Japan;

9Japan Organization of Occupational Health and Safety, Kanagawa, Japan

ABSTRACT

It was recently suggested that cortisol levels in fingernails reflect cumulative hormone exposure over a
relatively long period. This exploratory study cross-sectionally investigated the relationships between
fingernail cortisol level and psychosocial stress in a sample of middle-aged workers (94 men and 29
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women). The participants were asked to grow their fingernails for ~2 weeks and then provide fingernail

samples from every digit by using nail clippers. Further, they completed questionnaires for assessment
of exposure to psychosocial stress in the past (stressful life events in the workplace in the previous
year; e.g. change to a different line of work) and in the present (job stress and perceived stress). Results
of a regression analysis adjusting for the effects of demographic variables showed that experience of
stressful life events, but not job stress and perceived stress, was associated with elevated fingernail cor-

KEYWORDS

Cortisol; fingernail; job
stress; stressful life events;
hair cortisol; perceived
stress

tisol level. These findings indicate the potential of fingernail samples to retrospectively reflect individual

differences in cortisol levels related to past psychosocial stress.

Introduction

Psychosocial stress triggers a number of physiological
changes such as activation of the sympathetic nervous sys-
tem and hypothalamic—pituitary-adrenal (HPA) axis. One con-
sequence of this activation is the release of cortisol, an
adrenal cortex hormone secreted in response to acute stress
(Dickerson & Kemeny, 2004). Traditionally, cortisol has been
measured in blood and saliva samples. The analysis of saliva
and blood hormone level provides an index for a short
period. Several recent studies have shown that endogenous
hormones such as cortisol can reliably be measured in scalp
hair (Russell, Koren, Rieder, & Van Uum, 2012). Scalp hair
grows at an average rate of 1.0cm/month; therefore, 1.0cm
of scalp hair may reflect hormone levels secreted in 1 month.
While analysis of saliva and blood hormone levels provides
an index for a short period, hair sample analysis provides a
retrospective index of cumulative hormone exposure over a
longer period, which could have advantages in the investiga-
tion of cortisol levels and chronic stress.

It was recently suggested that cortisol levels in fingernails
also reflect cumulative hormone exposure over a relatively
long period (de Berker, André, & Baran, 2007; Warnock et al.,
2010). Neutrally charged endogenous hormones passively dif-
fuse from capillaries into the nail matrix, and are incorporated
into keratin during nail formation (de Berker et al., 2007). In
this process, free cortisol may be incorporated into keratin
through the same mechanism by which cortisol is

incorporated into hair (Russell et al., 2012). Fingernails grow
at an average rate of 1.0mm/10 days (Gupta et al., 2005);
therefore, 1.0 mm of fingernail may retrospectively reflect hor-
mone levels over 10 days. In addition, previous work that
traced fluoride in nails found that 3-4 months were required
for nails to fully extend from the nail matrix (Buzalaf, Pessan,
& Alves, 2006). Therefore, fingernail samples may reflect corti-
sol levels in the 3-4 months prior to clipping. In a recent
study (Izawa et al., 2015), it was reported that cortisol levels
in fingernails were associated with cortisol levels in the past
that were assessed by hair and saliva samples. However, no
previous studies clearly demonstrated the relationship
between fingernail cortisol and psychosocial stress as well
demographic variables, and minimal information is available
on the fundamental aspects of fingernail cortisol.

This exploratory study cross-sectionally investigated the
relationships between fingernail cortisol level and psycho-
social stress in the past (stressful life events in the workplace
in the previous year) and in the present (job stress and per-
ceived stress) in a sample of middle-aged workers. This popu-
lation was chosen because psychosocial stress in the
workplace is associated with stress-related disease and could
cause numerous biological changes (e.g. Eller et al., 2009). We
expected that fingernail cortisol level would be positively
associated with psychosocial stress, especially for stressful life
events in the previous year, because fingernail samples reflect
cumulative hormonal exposure in the past. Furthermore,

CONTACT Shuhei Izawa @ izawa0810@gmail.com @ Occupational Stress Research Group, National Institute of Occupational Safety and Health, Japan, 6-21-1
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we additionally investigated the effects of demographic varia-
bles (age, gender, body mass index, smoking status, and
manicure use) on fingernail cortisol level.

Methods
Participants

White-collar workers were recruited from hospitals and
research institutes in Kanagawa Prefecture in Japan. The sam-
ple consisted of hospital personnel and research institute staff
who were mainly engaged in desk work. The sample initially
comprised 140 workers; however, 17 were excluded for vari-
ous reasons: six for recent steroid injection or medication
use, two for antidepressant use, one for history of an adrenal
gland tumor, one for recently giving birth to a child, three for
missing questionnaire data, and four for containing statistical
outliers regarding fingernail cortisol (see results section for
additional details). Therefore, the final sample consisted of
123 workers (94 men; 29 women). Of the 123 participants,
none reported adrenal gland disease such as Cushing’s syn-
drome or Addison’s disease, and none were taking steroid
medications or antidepressants. Written informed consent
was obtained from participants, and the ethical committees
of the National Institute of Occupational Safety and Health
approved the study.

Questionnaires

Stressful life events in the workplace were assessed using the
following six items derived from the Social Readjustment
Rating Scale (Holmes & Rahe, 1967): “collapse of the
company”, “disemployment”, “job change”, “change in job
responsibility”, “change to different line of work”, and
“merger and reorganization”. Participants were asked whether
they had experienced any of these six life events during the
previous year using a yes/no format.

Job stress was assessed on a six-item measure derived
from the Brief Job Stress Questionnaire (Shimomitsu,
Yokoyama, Ono, Maruta, & Tanigawa, 1998), which was
based on the job stress model of Karasek and Theorell (1990).
Three items pertained to job demands (e.g. “have an
extremely large amount of work to do”) and three items con-
cerned perceived job control (e.g. “can choose how and in
what order to do work”). Each item was rated on a four-point
Likert scale ranging from “disagree” to "agree”, and the
Cronbach’s alpha coefficient of job demands and control
items was .77 and .75, respectively. The job strain index was
calculated by dividing job demands by job control. A job
strain of six items indicated a balance between demands and
control, with higher scores reflecting high demand coupled
with low control.

Perceived stress was assessed using the Japanese version
of the Perceived Stress Scale (lwahashi, Tanaka, Fukudo, &
Hongo, 2002; PSS). The PSS is a 14-item questionnaire with
five response options that assess the perceived degree of
stressfulness of situations over the past month (e.g. "how
often have you felt that things were going your way?”). The
internal reliability (alpha coefficients) range from .82 to .89.
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Procedure

For collection of fingernail samples, participants were asked
to grow their fingernails for ~2 weeks and provide samples
from every digit by using nail clippers with a catcher to min-
imize tissue loss. Participants with manicured hands were
asked to remove any nail polish before clipping. Fingernail
samples were transferred into a Ziploc bag and frozen at
—30°C prior to the assay.

Participants also completed a questionnaire that assessed
smoking status, height, weight, and frequency of nail polish
use at the time of sample collection. Collection of fingernail
samples and the questionnaire survey were conducted once
in January 2012 or in February 2012.

Nail hormone extraction and enzyme immunoassay

Our nail hormone extraction method was identical to that
used in a previous study (Izawa et al., 2015). Each sample was
transferred into a 15-mL Falcon tube. Then, 5 mL of isopropa-
nol was added, and the tube was vortexed twice for 60s.
This washing procedure was repeated two times. Samples
were air-dried overnight. Dried samples were transferred to a
2.0-mL polypropylene micro-tube with a zirconia ball (diam-
eter, 5mm) and ground for 40 min using a mixer mill (Retsch
MM300, Haan, Germany) set at 30Hz. Fifteen milligrams of
fingernail powder was transferred to another 2.0-mL micro-
tube, followed by the addition of 1.5mL of pure methanol.
The micro-tube was slowly rotated for 24 h at room tempera-
ture to allow for steroid extraction. Following this, the micro-
tube was centrifuged at 10,000 rpm for 2 min. One milliliter of
the clear supernatant was transferred into a 50-mL Falcon
tube, and subjected to evaporation for ~20 min at 60 °C until
completely dry.

Cortisol level was determined by an enzyme immunoassay
method using the EIA Kit (Salimetrics LLC, State College, PA).
The evaporated samples were re-suspended in 100 ul of the
assay diluent included in the EIA Kit, and the levels of cortisol
in the diluent were analyzed according to the manufacturer’s
instructions. The inter-assay and intra-assay variations were
<6.41 and 3.65%, respectively. The findings are presented as
pg cortisol/mg fingernail (pg/mg). The lowest detectable level
of cortisol is 0.56 pg/mg. We previously confirmed that the
dilution curve of cortisol levels measured in serially diluted
fingernail extracts significantly paralleled the cortisol standard
curve from the assay kit (Izawa et al., 2015).

Statistical analyses

Cortisol levels in fingernails were logarithmically transformed
(base 10) because their distribution in this sample was
skewed. Further, the Smirnov-Grubbs tests for transformed
values were performed to find statistical outliers.
Correlational analyzes, independent t-tests, and a multiple lin-
ear regression analysis were subsequently conducted to
evaluate the effect of stressful life events in the workplace,
job strain, and perceived stress on cortisol level in fingernails.
Age, gender (male/female), body mass index (BMI), and smok-
ing status (yes/no) were included in the regression analysis.
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Table 1. Demographics of the participants.

Demographic variable N or mean £SD

Male/female 94/29
Age (years), mean =SD 43.4+10.2
BMI (kg/m?), mean + SD 232435
Smoking status (no/yes) 91/32
Stressful life events in the workplace (0/1+4) 75/48
Job strain (demand/control), mean +SD 1.1+£0.5
Perceived stress, mean +SD 225+6.4
Cortisol level in fingernails (pg/mg), mean = SD 46+24

Table 2. Results of the multiple regression analysis for cortisol level in
fingernails.

Independent variables b (SE) B p

Gender (male/female) —0.050 (0.044) —.104 .263
Age 0.001 (0.002) .051 581
BMI —0.002 (0.005) —.039 .664
Smoking status (no/yes) 0.114 (0.041) 248 .006

Stressful life events in the workplace (0/1+) 0.087 (0.036) 209 .019
Job strain 0.056 (0.036) 152125
Perceived stress —0.003 (0.003) —.082 .406

The distribution of the number of experienced stressful life
events was skewed; we coded this variable as “0” (did not
experience any stressful events) and “1” (experienced one or
more stressful events).

Furthermore, the effect of nail polish could be evaluated
in 19 women, and nail hormone levels were compared
between women who used nail polish (N=11) and those
who did not (N=28) using an independent t-test. All statistical
calculations were performed using PASW Statistics 18 for
Windows (SPSS Inc., Tokyo, Japan).

Results

The Smirnov-Grubbs test identified four statistical outliers
ranging from 46.0 to 142.4 pg/mg, which were excluded from
analyzes. The means and standard deviation (SD) of fingernail
cortisol, as well as demographic and psychosocial variables,
are presented in Table 1. Participants who experienced one
or more stressful life events (i.e. the 1+ group) experienced
an average of 1.4 (£0.5) stressful life events. Fingernail corti-
sol levels between women who used nail polish (mean +SD:
43+4.1pg/mg) and those who did not (3.4+1.0pg/mg)
were not significantly different.

The means and SD of fingernail cortisol in the participants
without and with stressful life events in the workplace were
4.2+2.1 and 5.2+2.7 pg/mg, respectively. Cortisol levels sig-
nificantly differed between the groups [t(121)=2.62,
p=.010]. Job strain and perceived stress did not correlate
significantly with fingernail cortisol levels. The results of a
multiple linear regression analysis are also shown in Table 2.
Smoking status and experience of stressful life events in the
workplace were significantly associated with higher fingernail
cortisol levels.

We found a moderate correlation between job stress and
perceived stress (r=.45, p <.01), implying a possibility of col-
linearity in the regression analysis. However, excluding job
stress or perceived stress from the regression analysis did not
alter the results.

Discussion

This exploratory study investigated the relationship between
fingernail cortisol level and psychosocial stress (stressful life
events, job stress, and perceived stress) in a sample of mid-
dle-aged workers. We found that stressful life events in the
workplace, but not job strain and perceived stress, were asso-
ciated with higher cortisol levels in fingernails after adjusting
for the effects of demographic factors. Fingernail samples

reflect cumulative hormonal exposure in the past. Therefore,
it could be interpreted that fingernail cortisol is associated
with psychosocial stress in the past (stressful life events in
the previous year), rather than in the present (job stress and
perceived stress). Life events in the workplace such as chang-
ing to a different line of work are generally recognized as
stressful (Holmes & Rahe, 1967). A recent retrospective study
(Grassi-Oliveira et al, 2012) found a positive association
between hair cortisol levels and number of negative life
events, consistent with the findings of this study. To the best
of our knowledge, this is the first study to demonstrate a
relationship between fingernail cortisol level and psychosocial
stress.

In this study, we also investigated the effects of demo-
graphic variables on fingernail cortisol, and found that smok-
ers had higher fingernail cortisol levels. This result was
consistent with previous findings on salivary cortisol, in which
smokers exhibited higher cortisol levels (e.g. Steptoe &
Ussher, 2006). However, we did not find significant associa-
tions between fingernail cortisol and other demographic vari-
ables (age, gender, BMI, and manicure use). BMI has been
frequently reported to be associated with hair cortisol
(Stalder et al., 2012). However, the lower mean BMI and com-
paratively limited BMI range of this study could have affected
its results.

Fingernail samples could have some advantages, com-
pared with use of saliva and hair samples. Salivary cortisol is
known to have large diurnal rhythms and reflect acute
increases in hormones, which would confound an investiga-
tion of the relationship between cortisol and chronic stress.
In contrast, fingernail cortisol level would not be affected by
such transient increases and diurnal rhythms. Furthermore,
many strands are needed for the measurement of hair corti-
sol, and hair self-sampling may be difficult for some partici-
pants. In contrast, fingernail samples can be self-collected,
and only small amounts are required.

This study has certain limitations, which warrant careful
interpretation of its findings. First, in this study, we only
investigated fingernail cortisol, but not salivary or hair corti-
sol. More information on relationships between fingernail and
salivary or hair cortisol is a key component to advancing the
study of fingernail cortisol. Second, we did not account for
individual differences in nail growth rate, which could affect
observed steroid concentrations. Further, in this restricted
study design, participants clipped their fingernails at home
(i.e. not in accurately controlled conditions). Third, we did not
assess the effects of stressful life events outside the work-
place or those of positive life events. While we did ask



participants whether they experienced stressful life events
outside the workplace (e.g. death of spouse, divorce, marital
separation), the experience rate of most events was quite
low, which made it difficult to correlate these events with
hormone levels. Fourth, for the assessment of job stress, we
did not clearly define the time period of job stress that par-
ticipants should consider. However, reported job stress may
largely reflect participants’ experience of stress in the present,
but not in the past, because job stress is relatively unstable
and variable across time (Kawada & Otsuka, 2014). Fifth, the
sample size in this study was small, particularly that of the
nail polish use analysis. Therefore, associations of psycho-
social stress with fingernail cortisol could not be investigated
separately for male and female participants. Furthermore, this
study was conducted in healthy middle-aged workers, so not
all age groups were represented in our sample.

In conclusion, we demonstrated that experience of stress-
ful life events in the workplace in the previous year was asso-
ciated with elevated fingernail cortisol level in a sample of
middle-aged workers. Thus, we provided evidence that finger-
nail samples may retrospectively reflect individual differences
in cortisol levels related to past psychosocial stress.
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Abstract Tkarisoside A is a natural flavonol glycoside de-
rived from plants of the genus Epimedium, which have been
used in Traditional Chinese Medicine as tonics, antirheu-
matics, and aphrodisiacs. Here, we report the effects of
ikarisoside A and three other flavonol glycosides on catechol-
amine secretion and synthesis in cultured bovine adrenal med-
ullary cells. We found that ikarisoside A (1-100 pM), but not
icariin, epimedin C, or epimedoside A, concentration-
dependently inhibited the secretion of catecholamines induced
by acetylcholine, a physiological secretagogue and agonist of
nicotinic acetylcholine receptors. Ikarisoside A had little effect
on catecholamine secretion induced by veratridine and
56 mM K. Ikarisoside A (1-100 uM) also inhibited *Na*
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influx and **Ca®" influx induced by acetylcholine in a
concentration-dependent manner similar to that of catechol-
amine secretion. In Xenopus oocytes expressing «3 (34 nico-
tinic acetylcholine receptors, ikarisoside A (0.1-100 pM) di-
rectly inhibited the current evoked by acetylcholine. It also
suppressed ' “C-catecholamine synthesis and tyrosine hydrox-
ylase activity induced by acetylcholine at 1-100 uM and 10—
100 puM, respectively. The present findings suggest that
ikarisoside A inhibits acetylcholine-induced catecholamine
secretion and synthesis by suppression of nicotinic acetylcho-
line receptor-ion channels in bovine adrenal medullary cells.

Keywords Adrenal medulla - Catecholamine secretion -
Epimedium - Flavonoids - Ikarisoside A - Nicotinic
acetylcholine receptor

Introduction

Flavonoids, a group of secondary metabolites with variable
phenolic structure, which exist widely in plants (Nijveldt
et al. 2001; Ren and Zuo 2012), may exert potential benefits
associated with reduced risks of age- and life style-related
diseases such as cardiovascular diseases, diabetes, and some
cancers (Lu et al. 2013; Yanagihara et al. 2014). Ikarisoside A
is one of the flavonol derivatives derived from plants of the
genus Epimedium, which have been used in Traditional
Chinese Medicine as tonics, antirheumatics, and aphrodisiacs
(Dou et al. 2006). Previous studies reported that the total fla-
vonoid fraction of Epimedium extract suppresses urinary cal-
cium excretion and improves bone properties in ovariecto-
mized mice (Chen et al. 2011), and that other extracts with
structures similar to that of ikarisoside A, such as icariin, can
stimulate osteogenic activities (Zhou et al. 2013) and have
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anti-inflammatory effects (Lai et al. 2013). Furthermore,
ikarisoside A also has pharmacological effects such as antiox-
idant and anti-inflammatory effects (Choi et al. 2008) as well
as anti-osteoporosis effects (Choi et al. 2010).

In the human body, the most abundant catecholamines are
adrenaline, noradrenaline, and dopamine, all of which are pro-
duced from phenylalanine and/or tyrosine. Catecholamines
are produced mainly in the chromaffin cells of the adrenal
medulla, the postganglionic fibers of the sympathetic nervous
system, and the central nervous system. Catecholamines play
very important roles in heart rate, blood pressure, blood glu-
cose levels, and the general reactions of the sympathetic ner-
vous system.

Adrenal medullary cells derived from embryonic neural
crests are functionally homologous to sympathetic postgangli-
onic neurons. In bovine adrenal medullary cells, catechol-
amine secretion is associated with the activation of three types
of ionic channels: nicotinic acetylcholine receptor (nAChR)-
ion channels, voltage-dependent Na" channels, and voltage-
dependent Ca®* channels (Wada et al. 1985b). ACh induces
Na® influx via nAChR-ion channels, then, it induces Ca>"
influx and subsequent catecholamine secretion (Wada et al.
1985b). On the other hand, stimulation of catecholamine syn-
thesis induced by ACh is associated with the activation of
tyrosine hydroxylase in cultured bovine adrenal medullary
cells (Yanagihara et al. 1987; Tsutsui et al. 1994). The conver-
sion of tyrosine to L-3,4-dihydroxyphenylalanine (DOPA) is
the rate-limiting step of catecholamine biosynthesis (Nagatsu
et al. 1964). Adrenal medullary cells have provided a good
model for the detailed analysis of a drug’s actions on catechol-
amine secretion and synthesis (Kajiwara et al. 2002; Toyohira
et al. 2005; Shinohara et al. 2007).

In our previous study, we isolated 20 flavonol glycosides
from Epimedium species, including ikarisoside A, icariin,
epimedoside A, and epimedin C (Mizuno et al. 1988).
Ikarisoside A showed neurite outgrowth activity in cultured
PC12h cells (Kuroda et al. 2000). There is, however, little
evidence regarding ikarisoside A’s effects on sympathetic ner-
vous system activity. In the present study, we investigated the
effects of four flavonol glycosides on bovine adrenal medul-
lary cell functions and found that ikarisoside A, but not the
other three flavonol glycosides, inhibited ACh-induced cate-
cholamine secretion and synthesis by suppression of nAChR-
ion channels in the cells.

Materials and methods
Materials
Oxygenated Krebs-Ringer phosphate (KRP) buffer was used

throughout unless stated otherwise. Its composition is as fol-
lows (in mM): 154 NaCl, 5.6 KCI, 1.1 MgSQO,, 2.2 CaCl,,
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0.85 NaH,PQ,, 2.15 Na,HPO,, and 10 glucose, adjusted to
pH 7.4. Drugs and reagents were obtained from the following
sources: Eagle’s minimum essential medium (Eagle’s MEM)
(Nissui Pharmaceutical, Tokyo, Japan); collagenase (Nitta
Zerachin, Osaka, Japan); calf serum (Cell Culture
Technologies, Gravesano, Switzerland). ACh and veratridine
were from Sigma (St. Louis, MO, USA). L-[U-"*C]tyrosine
was from American Radiolabeled Chemicals Inc. (St. Louis,
MO, USA); **CaCl,, *NaCl, and L-[1-'*C]tyrosine from
Perkin-Elmer Life Sciences (Boston, MA, USA).

Isolation of flavonol glycosides from the leaves
of Epimedium species

The leaves of Epimedium diphyllum were collected at
Miyazaki Prefecture, Japan. Ikarisoside A and other flavonol
glycosides were purified by high performance liquid chroma-
tography, as reported previously (Mizuno et al. 1988).
Ikarisoside A and other flavonol glycosides were dissolved
in 100 % dimethyl sulfoxide (DMSO) and then diluted in a
reaction medium before use at a final DMSO concentration
not exceeding 0.5 %, unless otherwise specified. DMSO
(0.5 %) did not influence the basal and ACh-induced catechol-
amine secretion in the present study (data not shown).

Primary culture of bovine adrenal medullary cells

Bovine adrenal medullary cells were isolated by collagenase
digestion of adrenal medullary slices according to the method
as reported previously (Yanagihara et al. 1979, 1996). Cells
were suspended in Eagle’s MEM containing 10 % calf serum,
3 uM cytosine arabinoside, and several antibiotics, and main-
tained in monolayer culture at a density of 4 x 10° cells/dish
(35 mm dish; Falcon, Becton Dickinson Labware, Franklin
Lakes, NJ, USA) or 10° cells/well (24-well plate; Corning
Life Sciences, Lowell, MA, USA) at 37 °C under a humidified
atmosphere of 5 % CO, and 95 % air. The cells were used for
experiments between 2 and 5 days of culture.

Catecholamine secretion from cultured bovine adrenal
medullary cells

The secretion of catecholamines was measured as described
previously (Yanagihara et al. 1979). Cells (10%well) were
washed three times with oxygenated KRP buffer, then firstly
preincubated with or without ikarisoside A (0.3-100 pM) or
other flavonol glycosides (10 pM) at 37 °C for 10 min, and
incubated with or without ikarisoside A (0.3—100 uM) or oth-
er flavonol glycosides (10 uM) in the presence or absence of
various secretagogues (300 uM ACh, 100 uM veratridine or
56 mM K ") at 37 °C for another 10 min. After the reaction, the
incubation medium was transferred immediately to a test tube
containing perchloric acid (final concentration, 0.4 M) for the
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full stop of the reaction. Catecholamines (noradrenaline and
adrenaline) secreted into the medium were adsorbed onto alu-
minum hydroxide and estimated by the ethylenediamine con-
densation method (Weil-Malherbe and Bone 1952) using a
fluorescence spectrophotometer (F-2500; Hitachi, Tokyo,
Japan) with excitation and emission wavelengths of 420 and
540 nm, respectively.

+ + .
22Na* and *3Ca?" influx

The influx of **Na" and **Ca*" was measured as reported
previously (Wada et al. 1985a, b). After preincubation with
or without ikarisoside A (0.3—100 uM) at 37 °C for 10 min,
cells (4 x 10%dish) were incubated with 1.5 uCi of **NaCl or
1.5 uCi of **CaCl, at 37 °C for 5 min with or without 300 uM
ACh and ikarisoside A (0.3-100 uM) in KRP buffer. After
incubation, the cells were washed three times with ice-cold
KRP buffer, solubilized in 10 % Triton X-100, and counted
for radioactivity of **Na* and **Ca*" by a gamma counter
(ARC-2005, Aloka, Tokyo, Japan) and a liquid scintillation
counter (TRI-CARB 2900TR, PACKARD INSTRUMENT
CO., Meriden, CT, USA), respectively.

14C-Catecholamine synthesis from ['*C]tyrosine
in the cells

After preincubation for 10 min, cells (4 x 10%/dish) were in-
cubated with 20 uM L-[U-"*C]tyrosine (1.0 1Ci) KRP buffer
in the presence or absence of various concentrations of
ikarisoside A (0.3-100 uM) and 300 uM ACh at 37 °C for
20 min. After removing the incubation medium by aspiration,
cells were harvested in 0.4 M perchloric acid and centrifuged
at 1600xg for 10 min. '*C-Catecholamines were separated
further by ion exchange chromatography on Duolite C-25
columns (H'-type, 0.4 x 7.0 cm) (Yanagihara et al. 1987)
and counted for the radioactivity by a liquid scintillation coun-
ter (TRI-CARB 2900TR, PACKARD INSTRUMENT CO.,
Meriden, CT, USA). '*C-Catecholamine synthesis was
expressed as the sum of the '*C-catecholamines (adrenaline,
noradrenaline, and dopamine).

Tyrosine hydroxylase activity in situ

After preincubation with or without ikarisoside A (0.3—
100 uM) for 10 min, cells (10%/well) were exposed to
200 pl of KRP buffer with or without ikarisoside A (0.3—
100 uM) and 300 uM ACh, supplemented with 18 uM
L-[1-"C]tyrosine (0.2 uCi) for 10 min at 37 °C. Upon addi-
tion of the labeled tyrosine, each well was sealed immediately
with an acrylic tube capped with a rubber stopper and fitted
with a small plastic cup containing 200 pl of NCS-II tissue
solubilizer (GE Healthcare UK Ltd. Little Chalfont,
Buckinghamshire, UK) to absorb the '*CO, released by the

cells and counted for the radioactivity (Bobrovskaya et al.
1998).

Expression of 334 nAChRs in Xenopus oocytes
and electrophysiological recordings

The complementary DNAs (cDNAs) encoding the o3 and 34
subunits of rat neuronal nAChR, subcloned into pcDNAI/Neo
(Invitrogen, Carlsbad, CA) vector, were kindly provided from
Dr. James W. Patrick (Division of Neuroscience, Baylor
College of Medicine, TX, USA). After linearization of
cDNA with Nofl, complementary RNAs (cRNAs) were tran-
scribed using T7 RNA polymerase from the mMESSAGE
mMACHINE kit (Ambion, Austin, TX, USA). Adult female
Xenopus laevis frogs were obtained from Kyudo Co., Ltd.
(Saga, Japan). Xenopus oocytes and cRNA microinjection
were prepared as described previously (Ueno et al. 2004;
Horishita and Harris 2008). cRNAs of «3 and 34 subunits
were co-injected at a same ratio (10-20 ng/50 nL) into
Xenopus oocytes, and electrophysiological recordings were
performed 2—6 days after injection. Oocytes were placed in a
100 pl recording chamber and perfused at 2 ml/min with ex-
tracellular Ringer solution (110 mM NaCl, 2.5 mM KCI,
10 mM HEPES, 1.8 mM BaCl,, pH 7.5) containing 1.0 pM
atropine sulfate. Ca>* in the solution was replaced with Ba**
to minimize the effects of secondarily activated Ca**-depen-
dent Cl" channels. Recording electrodes (1-3 MS2) were filled
with 3 M KCl, and the whole-cell voltage clamp was achieved
through these two electrodes using a Warner Instruments mod-
el OC-725C (Warner, Hamden, CT, USA) at =70 mV. We
measured the peak of the transient inward current in response
to ACh that was applied for 30 s and examined the effects of
ikarisoside A on a concentration of ACh that produced 50 %
of the maximal effect (ECsq) of ACh. The ECsy was deter-
mined for each oocyte by 1 mM ACh that produces a maximal
current. Ikarisoside A stocks were prepared in 100 % DMSO
and diluted in bath solution to a final DMSO concentration not
exceeding 0.1 %. Ikarisoside A was preapplied for 2 min to
allow an equilibration with its site of interaction before ACh
was added and its effect on the cation currents was deter-
mined. In all cases, between two currents, there was 10 min
interval under washing with normal Ringer solution.

Statistical analysis

All experiments were performed in duplicate or triplicate, and
each experiment was repeated at least three times. All values
are given as means + SEM. The significance of differences
between means was evaluated using one-way analysis of var-
iance (ANOVA). When a significant F' value was found by
ANOVA, Dunnett’s or Scheffe’s test for multiple comparisons
was used to identify differences among the groups. Values
were considered statistically different when P was less than

@ Springer



Naunyn-Schmiedeberg's Arch Pharmacol

0.05. Statistical analyses were performed using PRISM for
Windows version 5.0J software (Abacus Concept, Berkeley,
CA, USA).

Results

The structures of four flavonol glycosides isolated
from Epimedium

The four flavonol glycosides ikarisoside A, icariin, epimedin
C, and epimedoside A were isolated from the leaves of
E. diphyllum as reported previously (Mizuno et al. 1988).
The structures of these four flavonol glycosides are shown
in Fig. 1.

Effects of the flavonol glycosides on catecholamine
secretion induced by various secretagogues in adrenal
medullary cells

None of the four flavonol glycosides (ikarisoside A, icariin,
epimedin C, and epimedoside A) at 10 uM significantly af-
fected the basal secretion of catecholamines (Fig. 2a). ACh
(300 uM), an agonist of nAChRs, caused catecholamine se-
cretion corresponding to 18.90 + 0.38 % of the total catechol-
amines in the cells. When the cells were treated with the same
four flavonol glycosides at 10 uM for 10 min, ikarisoside A
strongly reduced catecholamine secretion induced by ACh, to
6.83 = 0.51 % of the total, whereas the other three had little
effect (Fig. 2a). Veratridine (100 uM), an activator of voltage-
dependent Na" channels, and 56 mM K", which depolarizes
cell membranes and then activates voltage-dependent Ca**

channels, also caused catecholamine secretion corresponding
t026.52 +0.88 % (Fig. 2b) and 20.51 + 0.70 % (Fig. 2¢) of the
total catecholamines, respectively. Treatment of cells with the-
se flavonol glycosides at 10 uM did not affect catecholamine
secretion induced by veratridine (Fig. 2b) and 56 mM K
(Fig. 2c¢).

Concentration-inhibition curves for the effects
of ikarisoside A on catecholamine secretion, SCa®* influx,
and *’Na" influx induced by ACh

We examined the effects of ikarisoside A on catecholamine
secretion, *Ca?" influx, and **Na" influx induced by
ACh. Treatment of cells with ikarisoside A at 1, 3, 10, 30,
and 100 pM significantly inhibited ACh-induced secretion
of catecholamines (18.22 = 0.16 % of the total catecholamines
in the cells) to 15.36 £0.38 %, 12.27 + 0.40 %, 7.68 + 0.30 %,
5.33 £0.47 %, and 4.95 + 0.25 % of the total catecholamines
in the cells, respectively (Fig. 3a). Ikarisoside A also inhibited
ACh-induced **Ca*" influx and *’Na” influx in a
concentration-dependent manner (Fig. 3b, c). The half-
maximal inhibitory concentration (ICs) of ikarisoside A in
catecholamine secretion, “*Ca*" influx, and **Na" influx are
4.00, 9.90, and 2.96 puM, respectively.

Inhibitory mode of ikarisoside A on ACh-induced
catecholamine secretion in adrenal medullary cells

To investigate the mechanism by which ikarisoside A inhibits
ACh-induced catecholamine secretion, we examined whether
or not the inhibitory effect of ikarisoside A on catecholamine
secretion is overcome when the ACh concentration is

OH O
Epimedoside A

OH O

Ikarisoside A

Fig. 1 Chemical structures of icariin, epimedin C, epimedoside A, ikarisoside A. The abbreviations Glc and Rha in the structures are glucose and

rhamnose, respectively
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Fig.2 Effects of ikarisoside A, icariin, epimedin C, or epimedoside A on
catecholamine secretion induced by various secretagogues in cultured
bovine adrenal medullary cells. After preincubation with cells with or
without ikarisoside A (Ikari A) (10 uM), icariin (10 uM), epimedin C
(Epi C) (10 uM), and epimedoside A (Epi A) (10 uM) for 10 min, the
cells (10%/well) were incubated with or without these four flavonol

increased. Even when the ACh concentrations in the incuba-
tion medium increased from 3 to 300 uM, they did not over-
come the inhibitory effect of ikarisoside A (Fig. 4a). Double-
reciprocal plot analysis revealed that ikarisoside A exerts a
noncompetitive type of inhibition on ACh-induced secretion
of catecholamines (Fig. 4b).

Effects of ikarisoside A on ACh-induced inward current
in Xenopus oocytes expressing «334 nAChRs

We examined the direct effects of ikarisoside A on ACh re-
sponses in Xenopus oocytes expressing rat 334 nAChRs. As
shown in Fig. 5a, ikarisoside A reversibly inhibited ACh
(0.2 mM)-induced currents. Ikarisoside A inhibited ACh-
induced currents concentration dependently. It suppressed
those currents to 80 =3 %, 69 =6 %, 43 + 6 %, 32 + 8 %,
and 22 + 5 % of the control at 0.1, 0.3, 1, 3, and 10 uM,
respectively, and the inhibitory effects were significant from
0.10 uM onward; the ICso was 0.48 uM (Fig. 5b).
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glycosides (10 pM), ACh (300 uM) (a), veratridine (100 uM) (b), or
56 mM K (c¢) for another 10 min at 37 °C. Catecholamines secreted into
the medium were expressed as a percentage of the total catecholamines in
the cells. Data are means + SEM from three separate experiments carried
out in triplicate. ***P < 0.001, compared with ACh alone (analyzed by
one-way ANOVA with Dunnett’s multiple comparison post hoc test)

Effect of aglycon of ikarisoside A on ACh-induced
secretion of catecholamines

Ikarisoside A is a flavonol glycoside having one thamnose at
the 3 position in the chemical structure. 3,5,7-Trihydroxy-
2-(4-hydroxyphenyl)-8-(3-methylbut-2-enyl)-4 H-chromen-4-
one is the aglycon of ikarisoside A. We examined the effect of
this aglycon on ACh-induced secretion of catecholamines. As
shown in Fig. 6, the aglycon of ikarisoside A did not affect
basal or ACh-induced secretion of catecholamines.

Effect of ikarisoside A on '*C-catecholamine synthesis
from ["*C]tyrosine and tyrosine hydroxylase activity

As shown in Fig. 7a, ACh (300 uM) increased the synthesis of
14C-catecholamines from ['*C]tyrosine about 3-fold in bovine
adrenal medullary cells. The concurrent treatment of cells with
ikarisoside A inhibited the stimulatory effect of 300 uM ACh
on '*C-catecholamine synthesis in a concentration (1—
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Fig. 3 Effects of ikarisoside A on catecholamine secretion (a), **Ca*"
influx (b), and >*Na" influx (c) induced by ACh. (a) After preincubation
for 10 min with or without ikarisoside A (0.3—100 uM), cells were
stimulated with ACh (300 uM) in the presence or absence of ikarisoside
A (0.3-100 uM) for another 10 min at 37 °C. Catecholamines secreted
into the medium were expressed as a percentage of the total catechol-
amines in the cells. b, ¢ After preincubation for 10 min, cells were

100 uM)-dependent manner (Fig. 7a), yielding an ICs, value
of 2.85 uM. Ikarisoside A (1-100 uM) had little effect on the
basal synthesis of '“C-catecholamines.

We next examined the effect of ikarisoside A on tyrosine
hydroxylase activity in the cells. After preincubation with or
without ikarisoside A (0.1-100 uM) for 10 min, cells were
incubated with 300 uM ACh in the absence or presence of
ikarisoside A (0.1-100 uM) for another 10 min at 37 °C.
Ikarisoside A (10-100 uM) inhibited the tyrosine hydroxylase
activity induced by ACh and tended to inhibit the basal en-
zyme activity (Fig. 7b). The ICs( value of ikarisoside A for its
inhibitory effect on the ACh-induced tyrosine hydroxylase
activity was 9.13 uM (derived from the curve representing
the difference between stimulated and basal tyrosine hydrox-
ylase; not shown).

Discussion

In present study, we investigated the effects of four flavonol
glycosides derived from the leaves of the genus Epimedium.

@ Springer

stimulated with ACh (300 uM) and 1.5 uCi of **CaCl, (b) or *NaCl
(c) in the presence or absence of ikarisoside A (0.3—100 uM) for another
5 min at 37 °C. **Ca®" influx and *Na" influx were measured and were
expressed as nmol/4 x 10° cells. Data are means + SEM from three
separate experiments carried out in triplicate. **P < 0.01 and
**%P <0.001, compared with ACh alone (analyzed by one-way ANOVA
with Dunnett’s multiple comparison post hoc test)

We demonstrated that ikarisoside A, but not the other three,
inhibited the secretion and synthesis of catecholamines in-
duced by ACh in cultured bovine adrenal medullary cells.
To our knowledge, this is the first direct evidence of an inhib-
itory effect of ikarisoside A on catecholamine secretion and
synthesis in cultured bovine adrenal medullary cells.

Inhibitory effect of ikarisoside A on catecholamine
secretion induced by ACh

The present study demonstrated that ikarisoside A significant-
ly inhibits catecholamine secretion induced by ACh, but not
by veratridine or 56 mM K" in adrenal medullary cells. We
previously reported that ACh activates nAChR-ion channels,
and induces Na" influx, subsequent Ca>" influx, and finally
catecholamine secretion. On the other hand, veratridine acti-
vates voltage-dependent Na* channels and 56 mM K" depo-
larizes cell membranes to activate voltage-dependent Ca*"
channels (Wada et al. 1984, 1985b). In the present study,
ikarisoside A did not inhibit the stimulatory effects of veratri-
dine and 56 mM K" on catecholamine secretion. Therefore,
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Fig. 4 Inhibitory mode of ikarisoside A on catecholamine secretion
induced by ACh. a After preincubation for 10 min, cells were
stimulated with (black circle) or without (white circle) ikarisoside A
(10 uM) in the presence or absence of ACh (1-300 uM) for another
10 min at 37 °C. Catecholamines secreted into the medium were
expressed as a percentage of the total catecholamines in the cells. Data

ikarisoside A seems to inhibit nAChR-ion channels but not
voltage-dependent Na' channels or voltage-dependent Ca®"
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Fig. 5 Effects of ikarisoside A on peak ACh-induced inward currents in
Xenopus oocytes expressing rat «334 nAChRs. a Representative traces
from a single Xenopus oocyte are shown. The currents of ikarisoside A-
treated oocytes were recorded 10 min after recording of the control cur-
rents, and the washout currents were obtained 10 min after ikarisoside A
treatment. Ikarisoside A (1 uM) suppressed the currents induced by the
ECsp (0.2 mM) of ACh, and the inhibitory effects were reversible. b
Concentration-response curve for the inhibitory effects of ikarisoside A
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are means + SEM from three separate experiments carried out in tripli-
cate. The data of ACh plus ikarisoside A are shown by subtracting basal
secretion obtained in the presence of ikarisoside A. *P < 0.05 and
**%P <0.001, compared with ACh alone (analyzed by one-way ANOVA
with Dunnett’s multiple comparison post hoc test). b Double-reciprocal
plot analysis of the data in (a)

channels. Tkarisoside A inhibited Ca®" influx and Na' influx
induced by ACh in a concentration-dependent manner similar
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on ACh-induced currents. The peak current amplitude in the presence of
ikarisoside A was normalized to that of the control and the effects are
expressed as percentages of the control. Data are presented as
means + SEM from four separate experiments carried out in triplicate.
*P<0.05,**P<0.01, and ***P <0.001, compared to the control (based
on one-way ANOVA with Dunnett’s multiple comparison post hoc test).
Nonlinear regression analysis was performed and the mean value of ICs,
for ikarisoside A is 0.48 uM
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Fig. 6 Structure of ikarisoside A and its aglycon (a) and effect of aglycon
ofikarisoside A on ACh-induced catecholamine secretion (b). a Structure
of ikarisoside A and its aglycon (3,5,7-trihydroxy-2-(4-hydroxyphenyl)-
8-(3-methylbut-2-enyl)-4 H-chromen-4-one). b After preincubation with
cells with or without aglycon of ikarisoside A (1-100 uM) for 10 min, the

to that of catecholamine secretion. In the exocytotic secretion
of catecholamines, Ca®" plays an indispensable role as the
coupler in the stimulus-secretion coupling (Douglas and
Rubin 1961, 1963). From these findings, it is likely that
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Fig. 7 Effects of ikarisoside A on '“C-catecholamine synthesis from
["C]tyrosine (a) and tyrosine hydroxylase activity (b) in the cells. a
After preincubation for 10 min with or without ikarisoside A (0.1-
100 uM), cells (4 x 10%dish) were incubated with L-[U-"*C] tyrosine
(20 uM, 1 pCi) in the presence or absence of ikarisoside A (0.1-100 pM)
and with (black circle) or without (white circle) 300 uM ACh at 37 °C for
20 min. The '*C-catecholamines formed were measured. b After
preincubation with or without ikarisoside A (0.1-100 uM) for 10 min,
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cells (10°/well) were incubated with or without aglycon of ikarisoside A
(1-100 uM) and ACh (300 uM) for another 10 min at 37 °C. Catechol-
amines secreted into the medium were expressed as a percentage of the
total catecholamines in the cells. Data are means = SEM from three
separate experiments carried out in triplicate

ikarisoside A inhibits ACh-induced catecholamine secretion
by suppressing nAChR-ion channels. We investigated the in-
hibitory mode of ikarisoside A on nAChR-ion channels. Even
when the concentration of ACh was increased, the inhibitory
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cells (10%well) were incubated with L-[1-'*C] tyrosine (18 uM, 0.2 uCi)
in the presence or absence of ikarisoside A (0.1-100 uM) and with (black
circle) or without (white circle) 300 uM ACh at 37 °C for 10 min, and
tyrosine hydroxylase activity was measured. Data are means + SEM from
three separate experiments carried out in triplicate. *P < 0.05 and
***P <(.001, compared with ACh alone (analyzed by one-way ANOVA
with Dunnett’s multiple comparison post hoc test)
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effect of ikarisoside A on ACh-induced secretion of catechol-
amines was not overcome, suggesting a noncompetitive inhi-
bition and that ikarisoside A acts at a site different from that
for ACh binding. A previous review (Lena and Changeux
1993) reported that the site at which noncompetitive blockers
act lies at the interface between the nicotinic receptor protein
and the membrane lipids.

In the Xenopus oocytes expressed with &334 nAChRs,
ikarisoside A directly inhibited ACh-induced current. The
ICs, values of ikarisoside A for >*Na" influx in adrenal medul-
lary cells and for Na" current in the oocytes were 2.96 and
0.48 uM, respectively. The ICs in the bovine adrenal medul-
lary cells is 6.2-fold bigger than that of the drug in the oocyte
system. Although the reason for the discrepancy of the ICs,
between the two systems is not yet clear, the discrepancy may
be explained in the following way. (1) A maximally effective
concentration of ACh was used for the *Na” influx experi-
ments in bovine adrenal medullary cells but the half-maximal
concentration was used for the Na* current in the oocyte sys-
tem. (2) In the oocyte expression system, there may be some
changes in the test compound potency compared to that of the
method using mammalian cells, i.e., a decrease (Lambert et al.
2001; Akk et al. 2008) or an increase (Pintado et al. 2000) in the
sensitivity of test compounds. (3) Bovine adrenal medullary
cells express multiple nAChR subtypes such as «334 (Criado
et al. 1992; Garcia-Guzman et al. 1995), «3p4a5 (Campos-
Caro et al. 1997), and o7 (Lopez et al. 1998). We should study
above possibilities and examine the effect of ikarisoside A on
the function of nAChRs in other mammalian cells.

Structure-activity relationship of ikarisoside A
for inhibition of nAChR-ion channels

In the present study, we used four flavonol glycosides derived
from the Epimedium species. Ikarisoside A, but not the other
three flavonols, inhibited the functioning of nAChR-ion chan-
nels. Judging from the differences in their structures,
ikarisoside A has a hydroxyl group at the 7 position in the
structure whereas other three have a glucose moiety at this
position, suggesting that a glucose moiety at the 7 position
may induce stereo-specific interference when flavonol glyco-
sides interact with nAChRs. Furthermore, the inhibition of
ACh-induced secretion by ikarisoside A disappeared by the
removal of the rhamnose moiety at the 3 position from
ikarisoside A. These findings suggest that the rhamnose moi-
ety at the 3 position of ikarisoside A is essential to inhibit the
function of nAChR-ion channels.

Inhibitory effect of ikarisoside A on catecholamine
synthesis

Ikarisoside A inhibited not only catecholamine secretion but
also reduced catecholamine synthesis in ACh-stimulated cells.

In the regulation of catecholamine synthesis, Ca®" plays an
important role as the coupler in the stimulus-synthesis cou-
pling (Yanagihara et al. 1987) as well as in the stimulus-
secretion coupling (Douglas and Rubin 1961, 1963). In the
present study, we observed that ikarisoside A suppressed the
*?Na" influx and the subsequent *°Ca®" influx by inhibiting
nAChR-ion channels. Therefore, it is likely that ikarisoside A
inhibits catecholamine synthesis and tyrosine hydroxylase ac-
tivity induced by ACh via the suppression of Ca*" influx in
cultured bovine adrenal medulla cells. In harmony with this
view, the ICs, values of ikarisoside A for inhibition of **Na"
and **Ca*" influx and for inhibition of catecholamine synthe-
sis and tyrosine hydroxylase are very similar.

Pharmacological significance of the inhibitory effects
of ikarisoside A on adrenal medullary functions

The human serum concentration of ikarisoside A has not been
reported yet. Several previous in vitro studies reported that
ikarisoside A at 5.0-20 uM inhibits osteoclastogenic differen-
tiation and nitric oxide synthase in murine monocyte/
macrophage cell line RAW264.7 cells (Choi et al. 2008,
2010) and induces neurite outgrowth activity in PC12h cells
at 10 uM (Kuroda et al. 2000). In the present study, we ob-
served a significant inhibition of ikarisoside A at 0.1 and
1.0 uM in ACh-induced current in Xenopus oocytes and
ACh-induced synthesis and secretion of catecholamines,
respectively.

It is well known that adrenaline and noradrenaline have an
important role in the regulation of normal function in the cen-
tral and peripheral sympathetic nervous systems. Under strong
and prolonged stress, an increased catecholamine release may
occur, which possibly induces cardiovascular diseases such as
hypertension, atherosclerosis, coronary heart disease, and
heart failure (Yanagihara et al. 2014). Chronic heart failure is
reported to be associated with the activation of the sympathet-
ic nervous system as manifested by increased circulating cat-
echolamines (Westfall and Westfall 2011). Furthermore, Hara
et al. (2011) reported that the stress hormone adrenaline stim-
ulates 3,-adrenoceptors, which activates the Gs protein/cyclic
AMP-dependent protein kinase and the {3-arrestin-mediated
signaling pathway, reduces the p53 level, and induces DNA
damage.

Our previous studies reported that daidzein, a soy isofla-
vone, (Liu et al. 2007) and nobiletin, a citrus polymethoxy
flavone, (Zhang et al. 2010) suppress the secretion and syn-
thesis of catecholamines induced by ACh in cultured bovine
adrenal medullary cells. In addition to these flavonoids,
ikarisoside A also may protect the hyperactive catecholamine
system induced by strong stress or emotional excitation which
evokes the secretion of ACh from the splanchnic nerves.
Further in vivo experiments will provide more conclusive in-
formation on ikarisoside A and promote the development of a
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therapeutic drug for stress-induced disorders associated with
mental or cardiovascular diseases.
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Abstract

Aims/hypothesis Nitric oxide (NO) is synthesised not only
from L-arginine by NO synthases (NOSs), but also from its
inert metabolites, nitrite and nitrate. Green leafy vegetables
are abundant in nitrate, but whether or not a deficiency in
dietary nitrite/nitrate spontaneously causes disease remains
to be clarified. In this study, we tested our hypothesis that
long-term dietary nitrite/nitrate deficiency would induce the
metabolic syndrome in mice.

Methods To this end, we prepared a low-nitrite/nitrate diet
(LND) consisting of an amino acid-based low-nitrite/nitrate
chow, in which the contents of L-arginine, fat, carbohydrates,
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protein and energy were identical with a regular chow, and
potable ultrapure water. Nitrite and nitrate were undetectable
in both the chow and the water.

Results Three months of the LND did not affect food or water
intake in wild-type C57BL/6J mice compared with a regular
diet (RD). However, in comparison with the RD, 3 months of
the LND significantly elicited visceral adiposity, dyslipidaemia
and glucose intolerance. Eighteen months of the LND signifi-
cantly provoked increased body weight, hypertension, insulin
resistance and impaired endothelium-dependent relaxations to
acetylcholine, while 22 months of the LND significantly led to
death mainly due to cardiovascular disease, including acute
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myocardial infarction. These abnormalities were reversed by
simultaneous treatment with sodium nitrate, and were signifi-
cantly associated with endothelial NOS downregulation,
adiponectin insufficiency and dysbiosis of the gut microbiota.
Conclusions/interpretation These results provide the first ev-
idence that long-term dietary nitrite/nitrate deficiency gives
rise to the metabolic syndrome, endothelial dysfunction and
cardiovascular death in mice, indicating a novel pathogenetic
role of the exogenous NO production system in the metabolic
syndrome and its vascular complications.

Keywords Acute myocardial infarction - Cardiovascular
death - Diet - Endothelial dysfunction - Metabolic syndrome -
Mice - Nitrate - Nitric oxide - Nitrite

Abbreviations

AMPK  Adenosine monophosphate-activated protein
kinase

CT Computed tomography

eNOS Endothelial nitric oxide synthase

EWAT Epididymal white adipose tissue

GAPDH Glyceraldehyde-3-phosphate dehydrogenase

iNOS Inducible nitric oxide synthase

LND Low-nitrite/nitrate diet

nNOS Neuronal nitric oxide synthase

NOS Nitric oxide synthase

PPAR-y  Peroxisome proliferator-activated receptor-y

RD Regular diet

WAT White adipose tissue

WT Wild-type

Introduction

The metabolic syndrome is defined as a constellation of inter-
related cardiovascular risk factors of metabolic origin, includ-
ing visceral obesity, dyslipidaemia, hypertension, glucose in-
tolerance and insulin resistance [1]. The metabolic syndrome
is highly prevalent in industrial countries worldwide, and it
has been reported that, in accordance with the most recent
harmonised definition of the metabolic syndrome, 23% of
the adult population (>20 years of age) in the USA suffered
from the metabolic syndrome in 2009-2010 [2, 3]. Greater
global industrialisation is associated with rising rates of obe-
sity, which are expected to dramatically increase the preva-
lence of the metabolic syndrome worldwide, especially as the
population ages [1]. The metabolic syndrome is associated
with increased risks of myocardial infarction, stroke, cardio-
vascular disease mortality and all-cause mortality [4]. It also
confers higher risks of peripheral vascular disease, type 2 di-
abetes, renal disease, hepatic disease and cancer [5-9]. Several
factors, including excessive food energy intake, lack of

@ Springer

physical activity, genetic susceptibility and ageing, have been
thought to be involved in the pathogenesis of the metabolic
syndrome. However, the precise mechanisms in its develop-
ment remain to be fully elucidated [1].

Nitric oxide (NO) exerts multiple biological actions, and is
one of the most crucial signalling molecules in mammalian
physiology and pathology [10—15]. It is endogenously synthe-
sised from a precursor L-arginine by a family of NO synthases
(neuronal [nNOS], inducible [iNOS] and endothelial [eNOS])
with stoichiometric production of L-citrulline. NO has a very
short half-life of several seconds and is rapidly oxidised to
nitrite (NO, ) and subsequently to nitrate (NO3 ). Although
nitrite and nitrate were in the past regarded as mere inert me-
tabolites of NO, recent studies have revealed that nitrate is
reduced to nitrite and then to NO, so they serve as NO donors
[16-18]. Green leafy vegetables, such as spinach and lettuce,
and beetroot, are abundant in nitrate, and vegetables are the
dominant source of dietary nitrate in humans, contributing to
60—-80% of dietary nitrate intake [ 19, 20]. Potable tap water also
contains nitrate and a small quantity of nitrite, and 15-20% of
dietary nitrate intake is derived from tap water [19, 20]. It has
been reported that cardiac and hepatic ischaemia—reperfusion
injury in mice [21-23], cardiac allograft rejection in rats [23]
and platelet aggregation in mice [24] are exacerbated by a low-
nitrite/nitrate diet (LND) (a commercially available low-nitrite/
nitrate chow plus potable ultrapure water, or the low-nitrite/
nitrate chow alone) compared with a regular diet (RD). These
results suggest that dietary nitrite/nitrate deficiency modulates
disease conditions. Whether or not this deficiency spontaneous-
ly causes disease, however, remains to be clarified. In this study,
we tested our hypothesis that long-term dietary nitrite/nitrate
deficiency would give rise to the metabolic syndrome in mice.

Methods

Mice This study was approved by the Animal Care and
Use Committee, University of the Ryukyus, Japan, and
was carried out according to the Institutional Policy on
the Care and Use of the Laboratory Animals. The experi-
ments were performed in 6-week-old male wild-type (WT)
C57BL/6] mice (Kyudo, Tosu, Japan). All the mice were
maintained in temperature- and humidity-controlled rooms
illuminated from 08:00 h to 20:00 h. Food and water intake
was measured by placing the animals in metabolic cages
for 24 h (see electronic supplementary material [ESM]
Methods for further details).

Diet We prepared a purified amino acid-based low-nitrite/ni-
trate chow in which the contents of L-arginine, fat, carbohy-
drates, protein and energy were identical to a regular chow
(Purina 5001; LabDiet, St Louis, MO, USA), and potable
ultrapure Milli-Q water in which nitrite and nitrate levels were
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undetectable (Merck Millipore, Darmstadt, Germany)
(Tables 1 and 2). We randomly assigned the mice to diet
groups, and either the low-nitrite/nitrate chow plus ultrapure
water (LND) or the regular chow plus tap water (RD) was fed
ad libitum to the mice from 6 weeks of age for 1.5-22 months
(see ESM Methods).

Nitrite and nitrate levels The nitrite and nitrate contents of
the chows were analysed using the diazotisation method and
the cadmium reduction-diazotisation method, respectively
(Japan Food Research Laboratories, Tokyo, Japan). The nitrite
and nitrate levels in the plasma and drinking water were
assessed using the HPLC-Griess system (ENO-20; Eicom,
Kyoto, Japan) (see ESM Methods).

Blood pressure Systolic blood pressure was measured by the
tail-cuff method under conscious conditions in a blinded man-
ner (Model MK-2000; Muromachi Kikai, Tokyo, Japan) (see
ESM Methods).

Glucose tolerance test Glucose 1 g/kg body weight was intra-
peritoneally injected into the mice under general anaesthesia
with sodium pentobarbital (50 mg/kg, i.p.; Sigma-Aldrich, St
Louis, MO, USA) after 18 h of fasting. Whole blood samples
were collected from the tail, and blood glucose levels were
evaluated using a portable blood glucose analyser (Glucocard
MyDia; Arkray, Kyoto, Japan) (see ESM Methods).

Insulin tolerance test and plasma insulin levels The mice
received 0.3 U/kg body weight of insulin (soluble human insu-
lin, Humulin R; Eli Lilly, Indianapolis, IN, USA) injected into
the intraperitoneal cavity under general anaesthesia with sodi-
um pentobarbital (50 mg/kg, i.p.). The fasting plasma insulin
levels were assessed using a commercially available ELISA kit
(AKRIN-031; Shibayagi, Gunma, Japan) (see ESM Methods).

Visceral fat weight After euthanasia, epididymal white adi-
pose tissue (EWAT) was removed and weighed (see ESM
Methods).

Table 1  Composition of regular and low-nitrite/nitrate chow
Constituent Regular chow Low-nitrite/nitrate chow
Protein (% kJ) 28.5 28.5

Fat (% k) 13.5 13.5

Carbohydrate (% kJ) 58.0 58.0

L-arginine (g/kg) 14.1 14.1

Nitrite (umol/kg) <6.5 <6.5

Nitrate (umol/kg) 548.3 <4.8

Values are expressed as the mean values of two samples

Table 2  Nitrate and nitrite levels in tap water and ultrapure water

Constituent Tap water Ultrapure water
Nitrite (umol/1) 3.30 <0.01
Nitrate (pmol/1) 6.07 <0.01

Values are expressed as the mean values of two samples

Adipocyte hypertrophy and inflammation Epididymal and
peri-renal white adipose tissue (WAT) was stained with an
H&E solution. The circumferential length of each adipocyte
was measured using a light microscope equipped with a CCD
camera and morphometric analysis software (DS-RilCCD
camera and NIS-Elements D 3.2 software; Nikon, Tokyo,
Japan). To evaluate inflammation in the adipose tissues, aggre-
gates of inflammatory cells (inflammatory foci consisting of
more than ten inflammatory cells) were counted in the maximal
cut surface of the EWAT and peri-renal WAT sections on a light
microscope at x40 magnification (see ESM Methods).

Plasma lipid profile Plasma lipid profile was assessed using a
Dri-Chem autoanalyser (FDC4000; Fuji Film, Tokyo, Japan).
Plasma LDL-cholesterol levels were determined by HPLC
(Skylight Biotech, Akita, Japan) [25] (see ESM Methods).

Western blot analysis Western blot analysis was performed
as previously reported [26] to detect nNOS, iNOS and eNOS,
phosphorylated eNOS at serine 1177 and at threonine 495
(BD Transduction Laboratories, Franklin Lakes, NJ, USA),
adiponectin, peroxisome proliferator-activated receptor-y
(PPAR-y), adenosine monophosphate-activated protein ki-
nase (AMPK), sirtuin 1 (Cell Signaling Technology,
Danvers, MA, USA), p-AMPK (Santa Cruz Biotechnology,
Dallas, TX, USA) and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) (Sigma-Aldrich) (see ESM Methods). The
validation of antibodies was performed by the supplier.

Serum cytokine and chemokine levels Serum cytokine/
chemokine levels were measured using a Bio-Plex system
(23-Plex, M60-009RDPD; Bio-Rad, CA, USA) [27].

16S ribosomal RNA gene sequencing The faccal DNA sam-
ples were run through a next-generation sequencer, as previously
reported [28]. The number of each bacterial strain contained in
the faecal contents was estimated as the genome equivalent by
quantitative real-time PCR of 16S ribosomal RNA genes,
followed by pyrosequencing of the 16S amplicons [28] (see
ESM Methods).

Organ chamber experiment Thoracic aortic rings were
mounted in microtissue organ bath chambers (MTBO-1;
Labo Support, Osaka, Japan) filled with Krebs-Henseleit
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solution, and the isometric contractile force of the rings was
measured (see ESM Methods).

Micro-computed tomography imaging Mice were anesthe-
tised with 2% isoflurane (Wako Pure Chemical Industries,
Osaka, Japan), and computed tomography (CT) images were
acquired by three-dimensional micro-CT (R_mCT2; Rigaku
Corporation, Tokyo, Japan) (see ESM Methods).

Statistical analyses Most of our results are expressed as
mean + SEM. Statistical analyses were performed using a
Student’s ¢ test, or ANOVA followed by Bonferroni’s post
hoc test. The results of sequencing reads of gut bacteria are
expressed as the median and interquartile range, and the sta-
tistical analysis was carried out using a Wilcoxon rank-sum
test [29]. Kaplan—Meier survival curves were compared using
the logrank test. A value of p < 0.05 was considered to be
statistically significant (see ESM Methods).

Results

Three month LND markedly reduced plasma nitrite/
nitrate levels The 3 month LND markedly reduced plasma
nitrite/nitrate levels compared with the RD (Fig. 1a). To ex-
amine the underlying mechanism, we evaluated NOS levels in
isolated aorta and visceral fat. eNOS protein levels in the aorta
were comparable in the two diets (Fig. 1b), whereas, intrigu-
ingly, levels in EWAT were markedly lower with the LND
than the RD (Fig. 1c), accounting for the markedly reduced
plasma nitrite/nitrate levels induced by the LND. No nNOS or
iNOS was found in EWAT with either diet (ESM Fig. 1a).

Three month LND resulted in metabolic syndrome-like
conditions There were no significant differences in food intake
(Fig. 1d), water intake (ESM Fig. 1b), or body weight (ESM
Fig. lc) between the 3 month LND and RD. However, the
3 month LND significantly increased EWAT weight (Fig. le),
epididymal white adipocyte size (Fig. 1f) and plasma levels of
total cholesterol (Fig. 2a), LDL-cholesterol (Fig. 2b) and small
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dense LDL-cholesterol (ESM Fig. 1d), and non-significantly
elevated plasma triacylglycerol levels compared with the RD
(p = 0.54) (Table 3). Furthermore, the 3 month LND signifi-
cantly augmented blood glucose levels after i.p. glucose injec-
tion and aggravated blood glucose-lowering responses to i.p.
insulin injection (Fig. 2d, g). Arterial blood pressure levels
were similar with both diets (ESM Fig. 2a).

We next studied the time course of the metabolic effects at
1.5, 3 and 4.5 months after the start of the LND. The effects on
EWAT weight (Fig. le), plasma total cholesterol levels
(Fig. 2a), blood glucose levels after glucose injection
(Fig. 2c—e) and blood glucose-lowering responses to insulin
(Fig. 2f-h, ESM Fig. 1e—g) were time-dependent and appeared
to reach a plateau at 3 months. There were no significant

differences in fasting plasma insulin levels between the mice
fed the LND or the RD at any of the time points (ESM Fig. 2b).

Table3  Plasma triacylglycerol levels at 1.5, 3 and 4.5 months after the
start of RD or LND

Diet Plasma triacylglycerol levels (mmol/l)

1.5 months 3 months 4.5 months
RD (n = 6-12) 123 £0.07 0.94 +0.05 1.06 £ 0.07
LND (n = 6-12) 1.25 £ 0.07 1.41 £0.19 1.21 £0.19

Statistical analysis was performed by two-way factorial ANOVA follow-
ed by Bonferroni’s post hoc test for multiple comparisons, and no signif-
icant differences were seen
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Adiponectin levels in EWAT were markedly lower for the
3 month LND compared with the RD (Fig. 3a). The EWAT
levels of PPAR-y, total AMPK and p-AMPK, but not sirtuin
1, were also markedly reduced after 1 week of the LND in
comparison to the RD (Fig. 3b—e).

Simultaneous oral treatment with 2 mmol/l sodium nitrate
for 3 months significantly reversed the reduced plasma nitrite/
nitrate levels induced by the LND (Fig. 4a). It also non-
significantly improved the LND-induced gain in EWAT
weight (p = 0.06) (Fig. 4b), and significantly ameliorated the
epididymal white adipocyte hypertrophy, hyper-small dense
LDL-cholesterolaemia, impaired glucose tolerance, reduced
blood glucose-lowering responses to insulin, eNOS downreg-
ulation and adiponectin insufficiency induced by the LND
(Fig. 4c—h, ESM Fig. 2c¢).

Dysbiosis of gut microbiota was noted in the LND-fed mice
Although there was no significant difference between the two
diets in the number of total sequencing reads (ESM Fig. 3a),
there were significantly fewer operational taxonomic units,
which represent the kind of gut bacteria, with the LND than
the RD, suggesting less diversity of gut microbiota (Fig. 5a).
Significantly different gut bacteria in each rank are shown in
Fig. 5b, c and ESM Fig. 3b—j. In the phylum rank, there were
more Actinobacteria with the LND than the RD (ESM Fig. 3b).
In the class rank, there were more Actinobacteria and fewer
Betaproteobacteria with the LND (ESM Fig. 3¢, d). In the order

rank, Bifidobacteriales was more numerous with the LND, and
Burkholderiales and Bacillales were less numerous (ESM
Fig. 3e, f). In the family (ESM Fig. 3g, h), the genus (Fig. 5b,
c) and the species (ESM Fig. 31, j) ranks, more than three gut
bacteria were more prevalent, and more than two gut bacteria
were less prevalent with the LND. On the other hand,
Bacteroides fragilis was to a certain degree present with the
RD, but absent with the LND (median and interquartile range
312 [118-446] for the RD vs 0 for the LND; 1 = 5). There were
no significant differences between the two diets in Firmicutes,
Bacteroidetes or Firmicutes/Bacteroidetes ratio, which might
change in disease states of the metabolic syndrome [30-33],
or Akkermansia muciniphila, which might improve the meta-
bolic syndrome [34, 35] (data not shown). Bacteroides
uniformis CECT 7771, which might improve the metabolic
syndrome [36], was not detected in either diet.

An 18 month LND resulted in more severe metabolic syn-
drome and endothelial dysfunction Although the metabolic
effects of the LND appeared to reach a plateau at 3 months, we
explored the effects of an extremely long period of LND
(18 months) for confirmation. There were no significant dif-
ferences in food or water intake between the 18 month LND
and RD (ESM Fig. 4a, b), but, notably, 18 months of the LND
resulted in more severe metabolic syndrome, eliciting a sig-
nificant gain in body weight, which was not seen until
4.5 months after the start of the LND (Fig. 6a). Micro-CT
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imaging indicated that body fat was markedly increased, by
3.2 times, in the 18 month LND-fed mice (Fig. 6b, c), and this
was specifically due to an increase in visceral fat (Fig. 6d) and
not subcutaneous fat (ESM Fig. 4c). The 18 month LND ele-
vated levels of plasma small dense LDL-cholesterol and blood
glucose following glucose injection, and significantly blunted
blood glucose-lowering responses to insulin (Fig. 6e—g, ESM
Fig. 4d). In addition, it significantly increased levels of fasting
blood glucose, fasting plasma insulin and arterial blood pres-
sure (Fig. 7a—c), findings that were not observed until
4.5 months after the start of the LND. eNOS protein levels

in the EWAT were also significantly decreased with the
18 month LND (ESM Fig. 4e).

As the 18 month LND induced severe metabolic syndrome,
we next examined vascular reactivity. In isolated aortas, con-
tractions in response to phenylephrine, an adrenergic o;-recep-
tor agonist, and endothelium-independent relaxations to
diethylamine NONOate, an NO donor, were comparable be-
tween the two diets (ESM Fig. 4f, g), whereas endothelium-
dependent relaxation in response to acetylcholine, a physiolog-
ical eNOS activator, was significantly impaired with the LND
(Fig. 7d). eNOS protein levels were significantly diminished in
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the aortas (Fig. 7e), and there was a non-significant tendency
with the LND towards lower levels of phosphorylation of
eNOS at serine 1177 (p = 0.12), which is an index of eNOS
activation, without affecting the phosphorylation levels of
eNOS at threonine 495, which is an index of eNOS inactivation
(ESM Fig. 4h, i).

Simultaneous treatment with sodium nitrate for 18 months
inhibited these metabolic abnormalities, the endothelial dys-
function and the aortic and EWAT eNOS downregulation in-
duced by the LND (Figs 6, 7a—e, ESM Fig. 4c—¢).

There were no significant increases in the serum levels of
23 inflammatory markers measured using the Bio-Plex system
between the 1.5 month LND and RD (Table 4). There were
also no significant differences in the number of inflammatory
foci in the EWAT and peri-renal WAT between the 3 month
LND and RD (data not shown). However, the 18 month LND
non-significantly increased the number of inflammatory foci
in the EWAT (p = 0.08) and significantly augmented those in
the peri-renal WAT compared with the RD (Fig. 71, g).

A 22 month LND led to cardiovascular death We experi-
enced sudden death in some of the LND-fed mice. During the
22 months of follow-up, none (0/24) of the RD-fed mice, but
31.8% (7/22) of the LND-fed mice, died. The survival rate was
significantly worse in the LND-fed than in the RD-fed mice,
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and co-treatment with sodium nitrate improved the reduced
survival (Fig. 8a). We performed a post mortem histopatholog-
ical analysis to identify the cause of death in the seven dead
LND-fed mice. We were not able to investigate the cause of
death in one mouse because of strong post mortem putrefac-
tion. We judged that one mouse had died of an acute anterior
wall myocardial infarction (Fig. 8b), and that one mouse died
of malignant lymphoma of the lung, liver (Fig. 8g), kidney and
spleen. In the other four mice, we noted coronary perivascular
fibrosis, pulmonary congestion and acute renal tubular necrosis
(Fig. 8d-1), findings that are observed in cardiac sudden death.
Myocardial fibrosis, which might have resulted from myocar-
dial infarction, was seen in one mouse (Fig. 8c), malignant
lymphoma of the liver and spleen was observed in one mouse,
and no other pathological findings that could explain the cause
of death were seen in any of the mice.

Discussion

In previous studies, the effects of an LND on cardiac and liver
ischaemia—reperfusion injury [21-23], cardiac allograft rejec-
tion [23] and platelet aggregation [24] were investigated using
a commercially available low-nitrite/nitrate chow, but the con-
tents of L-arginine, fat, carbohydrates, protein and energy were



Diabetologia

a b
50 LND + nitrate
©
sk =
E) — 5
E I
£, 304
S
> 20- T
3 3
a 3
10
0 T T
RD LND LND + nitrate
(o]
< - ;\; 25_
°\c? 40 Hokok s stk
9 2
3 304 3 ¥
2 T - ¥
8 = @ 15 T
g 204 E
> T 104
o
S . s -
= 104 =
8 < 5
> g
3 3
m O T T 2 0 T T
RD LND LND + nitrate > RD LND LND + nitrate
e f g
< 0.15-
g 151 = 120+
3 — 2
© 3 2 100
a 010 E 8
= E 104 3 80-
2 - 8 z
@ 8 S 60
hel o
S — E| 5
5 0.05 > 59 © 401
: g 3
(0] - .
1S3 m % 20
& c
E 0 T 1 O T T T T T o O T T T T T T
RD LND LND + nitrate 0 30 60 9 120 0 15 30 60 9 120

Time (min)

Fig. 6 Effects of 18 months of the LND and nitrate supplementation on
body weight, body fat, plasma small dense LDL-cholesterol, blood glu-
cose and insulin sensitivity. (a) Body weight (n = 12-16). (b) Micro-CT
images. Yellow, visceral fat; orange, subcutaneous fat. (¢) Relationship of
body fat to body mass (n = 11-12). (d) Relationship of visceral fat to body
mass (n = 11-12). (e) Levels of plasma small dense LDL-cholesterol

considerably different between the commercially available
low-nitrite/nitrate chow and a regular chow. In this study, we
employed a low-nitrite/nitrate chow in which the contents of
those ingredients were identical with the regular chow.

We previously bred mice in which all three NOS iso-
forms were completely disrupted (triply n/i/eNOSs ™/~
mice) [37], and indicated that both their plasma nitrite/
nitrate concentrations and urinary nitrite/nitrate excretion
were extremely low, at less than 10% of the normal levels
of WT mice [38]. These results suggested that in vivo NO
synthesis is predominantly regulated by endogenous
NOSs, and that the contribution of the exogenous NO

Time (min)

(LDL-c; n = 7-9). (f) Blood glucose levels after i.p. injection of 1 g/kg
glucose (n = 12—-14). (g) Percentage change in blood glucose levels after
i.p. injection of 0.3 U/kg insulin (n = 10). White circles, RD; black
squares, LND; white triangles, LND + nitrate. *p < 0.05, ***p < 0.001
for RD vs LND; Tp < 0.05, 77p < 0.01 for LND vs LND + nitrate

production system to that regulation might be minor.
However, contrary to these suggestions, another study
showed that a 1 week LND, compared with an RD, mark-
edly decreased plasma nitrite/nitrate levels in WT mice
showing normal NOS activities [21]; however, the possible
underlying mechanisms remain to be clarified.

In this study, we obtained a similar finding in that
1.5-4.5 months of the LND markedly reduced plasma nitrite/
nitrate levels in WT mice. We then examined the causative
mechanisms, and found that eNOS levels in the visceral fat,
but not in the aorta, were markedly suppressed in the 3 month
LND-fed mice, accounting for the markedly depressed plasma
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Fig. 7 Effects of 18 months of the LND and nitrate supplementation on
fasting blood glucose, blood pressure, vascular reactivity, eNOS levels
and inflammation. (a) Fasting blood glucose levels (n = 12-14). (b)
Fasting plasma insulin levels (n = 6-7). (¢) Systolic BP (n = 12-15).
(d) Endothelium-dependent relaxation in response to acetylcholine

nitrite/nitrate levels induced by the LND. We also found that
adiponectin levels in the visceral fat were remarkably low in the
3 month LND-fed mice. Adiponectin has been reported to up-
regulate eNOS [39], so the adiponectin insufficiency may have
mediated the visceral adipose eNOS downregulation induced
by the LND. It has also been reported that eNOS enhances
adiponectin levels in adipocytes [40]. Thus, there may be a
vicious cycle of adiponectin insufficiency and eNOS downreg-
ulation, and this vicious cycle may contribute to the markedly
diminished plasma nitrite/nitrate levels induced by the LND.

The levels of PPAR-y, total AMPK and p-AMPK were
significantly lower in the EWAT in the 1 week LND-fed mice
compared with the RD-fed mice. As it has been reported that
PPAR-y and AMPK increase levels of adiponectin levels in
adipocytes [41, 42], it is conceivable that reduced PPAR-y
and AMPK in the visceral fat were involved in the adiponectin
insufficiency induced by the LND.
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(ACh) (n = 6). White circles, RD; black squares, LND; white triangles,
LND + nitrate. (e) eNOS protein levels in the aorta (n = 6). (f, g) Number
of inflammatory foci in EWAT (f) and peri-renal WAT (g) (n = 12-14).
#p < 0.05, **¥p < 0.001 for RD vs LND; Tp < 0.05, Tp < 0.01,
1 < 0.001 for LND vs LND + nitrate

The 3 month LND-fed mice exhibited visceral obesity with
adipocyte hypertrophy, hyper-LDL-cholesterolaemia and
hyper-small dense LDL-cholesterolaemia and glucose intoler-
ance, and the 18 month LND-fed mice manifested body
weight gain, hypertension, insulin resistance and endothelial
dysfunction. These changes eventually resulted in death due
to cardiovascular disease, including acute myocardial infarc-
tion. These abnormalities were reversed by concurrent nitrate
supplementation, indicating that the observed effects were in-
deed caused by dietary nitrite/nitrate deficiency. It is thus ev-
ident that long-term dietary nitrite/nitrate deficiency can cause
the metabolic syndrome, endothelial dysfunction and cardio-
vascular death in mice. The 3 and 4.5 month LND significant-
ly reduced blood glucose-lowering responses to insulin, but
did not significantly affect fasting plasma insulin levels. Thus,
before 18 months, the effects of LND on glucose tolerance could
be due to the result of those on pancreatic beta cell function.
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Table 4  Serum levels of 23 inflammatory markers in mice fed the RD
and LND for 1.5 months

Marker Serum levels (pg/ml) p value
RD LND
IL-lo 31.3+45 28.0 3.0 0.55
IL-13 643.9 + 67.2 558.5 + 72.1 0.40
IL-2 1104 + 18.2 934+ 19.2 0.54
IL-3 27.5+4.6 235+42 0.53
IL-4 51.7+83 46.6 £ 9.3 0.69
IL-5 89.5+ 14.2 72.8 £13.1 0.40
IL-6 67.3 + 8.6 55.7+83 0.34
IL-9 580.2 + 54.8 544.4 + 337 0.60
IL-10 217.9 £ 56.5 1343 +23.4 0.19
IL-12p40 459.1 +26.7 401.8 £31.3 0.18
IL-12p70 1084.5 + 118.6 800.0 + 139.3 0.14
IL-13 724.3 +104.6 7144 +108.3 0.95
IL-17 342.7 +30.0 275.5 +30.2 0.13
TNF-oc 847.6 + 103.5 632.7 £ 1074 0.17
IFN-y 111.6 £ 14.5 85.7 £ 15.7 0.24
MCP-1 746.2 £ 72.7 590.0 + 70.2 0.14
MIP-1x 744 + 84 59.0 +10.0 0.26
MIP-1§3 131.6 + 19.0 105.1 = 16.8 0.31
G-CSF 184.7 +22.4 128.6 + 18.2 0.07
GM-CSF 456.9 + 19.2 437.8 +£25.7 0.56
KC 137.6 £ 16.9 118.7 + 8.1 0.33
Eotaxin 1459.7 + 75.0 1397.2 + 104.0 0.63
RANTES 342+22 234+13 0.0004

n = 8—10 mice for each group

G-CSF, granulocyte-colony stimulating factor; GM-CSF, granulocyte/
macrophage-colony stimulating factor; KC, keratinocyte-derived chemo-
kine; MCP, monocyte chemotactic protein; MIP, macrophage inflamma-
tory protein; RANTES, regulated on activation normal cell expressed and
secreted

A clustering of cardiovascular risk factors (i.e. the metabol-
ic syndrome) could have contributed to the development of
endothelial dysfunction and cardiovascular death in the LND-
fed mice. On the other hand, hyper-LDL-cholesterolaemia and
hyper-small dense LDL-cholesterolaemia, both of which are
independent cardiovascular risk factors [43], were also noted
in the LND-fed mice. The small dense LDL-cholesterol parti-
cle can easily penetrate the vascular wall because of its small
particle size, and is related more strongly to the risk of cardio-
vascular disease. It is thus likely that those factors may also
have been independently involved in the occurrence of endo-
thelial dysfunction and cardiovascular death in the LND-fed
mice.

The 18 month LND-fed mice displayed an impairment of
endothelium-dependent relaxation in response to acetylcho-
line, a physiological eNOS activator, along with aortic
eNOS downregulation, suggesting the presence of coronary

vasospasm. Coronary vasospasm-elicited myocardial ischae-
mia can lead to fatal cardiac arrhythmia and/or cardiogenic
shock. On the other hand, the dead LND-fed mice showed
acute myocardial infarction, myocardial fibrosis that might
have resulted from myocardial infarction and coronary
perivascular fibrosis. They also exhibited pulmonary conges-
tion and acute renal tubular necrosis, both of which are seen in
sudden cardiac death. Taking these findings together, we
thought that 83.3% (5/6) of the dead LND-fed mice showed
changes consistent with cardiovascular death.

The data obtained at 3 and 4.5 months are the most impor-
tant and significant, as the changes in glucose metabolism,
lipid biology, body fat distribution and gut microbiome oc-
curred independent of food intake and body weight. On the
other hand, the morbidity and mortality experiments at 18 and
22 months, respectively, are complicated by greater weight
gain in the LND group, making it difficult to separate the
effects of obesity from those of the nitrite/nitrate deficiency.

We conducted the glucose and insulin tolerance tests under
anaesthesia. Whereas it has been reported that high-fat diet-
fed C57BL/6J mice showed glucose intolerance compared
with their RD-fed counterparts whether they were tested under
conscious or anesthetised conditions [44], it has also been
indicated that the use of anaesthesia could influence glucose
tolerance in C57BL/6J mice [45]. Therefore, the use of anaes-
thesia could be a limitation of this study.

An increased number of inflammatory foci, decreased
eNOS levels and lower adiponectin levels were noted in the
visceral fat of the LND-fed mice, and improvements in the
LND-induced metabolic syndrome by nitrate supplementation
were linked to ameliorations of these changes. As it has been
reported that inflammation, eNOS downregulation and
adiponectin insufficiency contribute to the occurrence and
progression of the metabolic syndrome [46—48], it is possible
that those factors were involved in the development of the
metabolic syndrome induced by the LND.

The following lines of evidence suggest a causal role of
dysbiosis of the gut microbiota in the development of the
metabolic syndrome. First, it has been reported that the com-
position of gut microbiota differs largely between lean indi-
viduals and patients with the metabolic syndrome [33].
Second, it has been indicated that transplantation of gut mi-
crobiota from obese humans with metabolic abnormalities in-
to germ-free mice results in the development of obesity and
metabolic abnormalities in the mice [49]. Third, it has been
shown that the transfer of gut microbiota from lean healthy
human participants into individuals with the metabolic syn-
drome improves insulin resistance in the latter group [33]. In
our study, there were significantly fewer operational taxonom-
ic units with the LND than with the RD, suggesting less di-
versity of gut microbiota in the LND-fed mice. There also
were significantly different constituents of gut microbiota in
a variety of the hierarchy ranks with the LND and the RD. In
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Fig. 8 Effects of 22 months of a
the LND and nitrate
supplementation on survival rate 100

and post mortem findings in
LND-fed mice. (a) Survival rate
(n = 15-24). Grey line, RD; black
line, LND; dotted line, LND +
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agreement with these results, Vrieze et al. indicated that less
diversity and fewer distinct constituents of gut microbiota
were recognised in individuals with the metabolic syndrome,
and that the improvement of insulin resistance after transfer of
the gut microbiota was accompanied by an amelioration of the
reduced diversity and distinct constituents of gut microbiota
[33]. It is thus possible that dysbiotic gut microbiota were
involved in the pathogenesis of the metabolic syndrome in-
duced by the LND.

We completely matched the energy contents in the two
diets, and food consumption was comparable between the
LND and RD at 1.5, 3, 4.5 and 18 months after the start of
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the diet, suggesting a similar energy intake in the LND and
RD. Nevertheless, the LND-fed mice developed the metabolic
syndrome. Therefore, we may have succeeded for the first
time in identifying specific dietary ingredients that cause the
metabolic syndrome even in the absence of excessive intake
of energy.

In summary, we were able to demonstrate that long-term
dietary nitrite/nitrate deficiency gave rise to the metabolic
syndrome, endothelial dysfunction and eventually cardiovas-
cular death in mice, indicating a novel pathogenetic role of the
exogenous NO production system in the metabolic syndrome
and its vascular complications.
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Abstract This study aims to characterize myositis-specific
antibodies in a well-defined cohort of patients with idiopathic
inflammatory myopathy and to determine their association
with cancer. Sera from 40 patients with polymyositis, derma-
tomyositis, and controls were tested by protein and RNA im-
munoprecipitation to detect autoantibodies, and
immunoprecipitation-Western blot was used for anti-MJ/
NXP-2, anti-MDAS, and anti-TIF1y/« identification.
Medical records were re-evaluated with specific focus on can-
cer. Anti-MJ/NXP-2 and anti-TIF1y/« were the most com-
mon antibodies in dermatomyositis. In six dermatomyositis
cases, we found five solid forms of cancer and one
Hodgkin’s lymphoma in long-term remission. Among patients
with cancer-associated dermatomyositis, three were positive
for anti-TIF1vy/«, two for anti-Mi-2, and one for anti-MJ/
NXP-2. The strongest positivity of anti-TIF1y was seen in
two active forms of cancer, and this antibody was either neg-
ative or positive at low titers in the absence of cancer or in the
7-year remission Hodgkin’s lymphoma. Four out of twenty
(20 %) patients with polymyositis had solid cancer, but no
specific association with autoantibodies was identified,;
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further, none of the four cases of antisynthetase syndrome
had a history of cancer. No serum myositis-associated autoan-
tibody was observed in control sera, resulting in positive pre-
dictive value 75 %, negative predictive value 78.5 %, sensi-
tivity 50 %, specificity 92 %, and area under the ROC curve
0.7083 for the risk of paraneoplastic DM in anti-TIF v/ (+)
patients. Myositis-specific autoantibodies can be identified
thanks to the use of immunoprecipitation, and their associa-
tion with cancer is particularly clear for anti-TIF1y/c in der-
matomyositis. This association should be evaluated in a pro-
spective study by immunoprecipitation in clinical practice.

Keywords Biomarkers - Cancer - Idiopathic inflammatory
myositis - Immunoprecipitation

Introduction

Idiopathic inflammatory myopathy (IIM) is characterized by
muscle inflammation, skin alterations, and internal organ in-
volvement, resulting in muscle atrophy, skin microangiopathy,
and tissue fibrosis [1]. [IMs are divided into several conditions
with polymyositis (PM) and dermatomyositis (DM) as the
most frequent forms despite being considered rare worldwide
[2]. Beyond the clinical and histopathological differences, PM
and DM can be further classified into subsets thanks to
myositis-specific autoantibodies (MSA) which have diagnos-
tic and prognostic roles [3, 4]. Some MSA have been known
for decades, as for the anti-Jo-1 characterizing the
antisynthetase syndrome or anti-Mi-2, peculiar for DM [5,
6]. Several MSA have been defined most recently by protein
and RNA immunoprecipitation (IP). Paradigmatic MSA in-
clude DM-associated anti-MDAS, anti-MJ/NXP-2, and anti-
TIF 1/ which define specific clinical features and predict the
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association with cancer [2, 6, 7], sometimes without indepen-
dent confirmation [8].

To validate the proposed clinical associations, we utilized
IP for MSA in a well-characterized cohort of patients with PM
and DM from two clinical centers, with particular focus on the
specificities identified in recent years and their association
with cancer.

Materials and methods
Patients

The study included IIMs patients followed at the outpatient
clinic at Humanitas Research Hospital (Rozzano, Milan, Italy)
and Spedali Civili (Brescia, Italy) in the period 2013-2016.
We included sera from 20 patients with PM, 2 with
antisynthetase syndrome, 18 with DM, and controls represent-
ed by healthy subjects (NHS; n = 12) and patients with sys-
temic sclerosis (SSc; n = 79), Behget’s disease (BD; n = 45),
and psoriatic arthritis (PsA; n = 145). We used established
criteria for the diagnosis of PM/DM, SSc, BD, and PsA and
collected clinical and laboratory data at enrollment.

The study was approved by the Institutional Review Board
of the hospitals and informed consent was obtained from all
subjects.

Methods for autoantibody analysis

Patients’ sera were isolated from whole blood through centri-
fugation at 2000g for 15 min, and then stored in —20 °C freez-
er until use. MSA were first screened by protein-IP using >°S-
methionine-labeled K562 cell extract followed by SDS-PAGE
and autoradiography, and by RNA-IP using unlabeled K562
cell extract followed by urea-PAGE and silver staining [9, 10].
MSA were determined using reference sera obtained from the
Autoantibody Standardization Committee (www.autoab.org)
and from internal controls.

Candidates for anti-MJ/NXP-2 and anti-MDAS5 were
tested by IP-Western Blot (IP-WB) based on IP of a
140-kD protein, while candidates for anti-TIF1y/« were
selected based on bands at 155-140 kD by protein-IP. In
detail, 8 pl of candidate sera were cross-linked with
protein-A Sepharose beads and then immunoprecipitated
with cell extract from 107 K562 cells. Proteins were then
fractionated by 8 % SDS-PAGE and transferred to a ni-
trocellulose filter, probed with 1 pg/ml of anti-MORC3
mouse polyclonal antibody (Abnova, Taipey City,
Taiwan) for MJ/NXP-2, followed by horseradish peroxi-
dase (HRP) goat anti-mouse IgG (1:5000 dilution)
(ThermoFisher, Waltham, MA, USA) and developed
using Immobilon Western Chemiluminescent HRP sub-
strate (Millipore, Darmstadt, Germany). The same
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procedure was used for anti-MDAS5 antibodies using
1:1000 rabbit anti-MDAS antibody (Millipore,
Darmstadt, Germany) followed by 1:5000 HRP-
conjugated goat anti-rabbit Ig light chain antibody
(Jackson Immunoresearch, West Grove, PA, USA), and
developed using Supersignal West Femto (ThermoFisher,
Waltham, MA, USA). For TIF1y IP-WB, we used 1:1000
mouse monoclonal anti-TIFly antibody (Abcam,
Cambridge, UK), followed by 1:10.000 HRP goat anti-
mouse IgG (ThermoFisher, Waltham, MA, USA), and de-
veloped using Immobilon Western Chemiluminescent
HRP substrate (Millipore, Darmstadt, Germany).

Statistical analysis

All comparisons were performed by Mann-Whitney test and
Pearson Chi square test using Stata 13.1 for Macintosh
(StataCorp, 2013, CollegeStation, Texas, USA) and Prism
version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA).
Statistical significance was accepted as p < 0.05.

Results

Through protein- and RNA-IP, we identified serum auto-
antibodies in IIMs as illustrated in Fig. la. None of our
control sera were positive for MSA. Before using IP and
IP-WB, only 6/18 (33 %) DM and 4/20 (20 %) PM cases
had autoantibodies detected by routine autoimmunity
tests, particularly anti-Ro/SSA, La/SSB, Mi-2, and -Jo-1.
Thanks to IP analysis, we confirmed this positivity and
identified additional MSA in patients with positive anti-
nuclear antibodies (ANA) by indirect immunofluores-
cence but negative autoantibody for extractable nuclear
antigens (ENA). We did not observe double autoantibody
positivity in our cohort, except for the association of Ro/
SSA, La/SSB, and Jo-1 as reported [11]. Protein- and
RNA-IP confirmed two less common antisynthetase anti-
bodies as anti-EJ (anti-glycyl tRNA synthetase) and anti-
PL-12 (anti-alanyl tRNA synthetase) in one PM and one
antisynthetase syndrome case, respectively (Fig. la).
Using RNA-IP, we identified the 7SL RNA band charac-
teristic of anti-SRP antibodies, in association with anti-
Ro/SSA in one patient with PM (Fig. 1b), and in both
cases necrotizing myositis was seen at muscle biopsy.
Eight cases (1 DM and 7 PM) remain seronegative by
IP, while in six DM cases, we identified bands at different
molecular weight by protein-IP but their antigenic signif-
icance is still unknown (data not shown). Nine samples (5
IIMs and 4 SSc) had one band detectable around 140 kD
by protein IP, and were tested by IP-WB for anti-MJ/
NXP-2 and -MDAS antibodies to identify the specificity
corresponding to this band. In three DM cases, we
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Fig.1 MSA identified in our cohort of Italian PM/DM through the use of
protein-IP, RNA-IP, and IP-WB. a Bar graph showing the specific auto-
antibodies and the number of corresponding cases identified in our cohort
of PM/DM patients. b RNA-IP of two positive SRP samples, recognized
by the band corresponding to 7SL RNA (black arrow). In one case,
association with anti-Ro/SSA antibodies was identified (black vertical
line) and supported by protein-IP (data not shown). The three negative
RNA-IP samples shown are the anti-MJ/NXP-2 (+) patients reported in ¢
and d, that typically do not show reactivity by RNA-IP. Total RNA was
used as positive control. ¢ Protein-IP (8 % SDS-PAGE gel) of represen-
tative PM/DM patients and corresponding autoantibodies: two anti-
TIFly/x (+) cases shown by the bands at 155/140 kD (black arrows;
two additional cases not shown in this protein-IP gel were identified based
on the mobility of the same bands), two anti-Mi-2 (+) cases shown by the
240, 150, 72, 65, 63, 50, and 34 kD bands (black arrow for the 240 kD
band), and the three anti-MJ/NXP-2 (+) cases identified by the 140 kD

confirmed the anti-MJ/NXP-2 positivity (Fig. 1c, d),
while no MSA was detected in our control population.
The main clinical and laboratory features of patients are
described in Table 1. The diagnosis of myositis was confirmed
by muscle biopsy and/or electromyography only in 13/18
(72 %) of DM patients, coined clinically amyopathic DM.
No significant difference was detected for organ involvement,
laboratory tests abnormalities, and ongoing therapies in DM
and PM patients, while the expression of anti-TIF1y/x

7SL RNA >

Ro/SSA
tRNAs

MJ/NXP-2

w2 - RN

Diagnosis SSc SSc DM SSc SSc DM PM CADM DM

Cancer - + - - - +

Cancer - + + +

band (black arrow). Five DM cases negative for MSA are also shown,
and one NHS (normal human serum) is present in the last lane. d IP-WB
for anti-MJ/NXP-2 positive cases. The three anti-MJ/NXP-2 (+) cases
shown in the protein-IP gel in ¢ were tested together with other samples
(myositis and SSc) that had 140 kD band at protein-IP; no SSc sample had
positivity for MJ/NXP-2. This panel also represents in which cases an
association with cancer was present, as described in Table 2. e IP-WB for
anti-TIF 1y positive cases. The four anti-TIF1y (+) cases identified by
protein-IP through the detection of the 155/140 kD bands were positive
by IP-WB as shown in this panel. The weakest sample (#1) was the only
one not associated with cancer until the moment of evaluation of the
patient, sample #2 had a diagnosis of Hodgkin’s Lymphoma 7 years
before DM onset and it is now considered in remission, sample#3 has
active lung cancer, and sample#4 has advanced ovary cancer. One normal
human serum (NHS) is represented in the last lane

antibodies was significantly associated to DM patients
(p = 0.04) as shown in Table 1. The ANA pattern reported
by routine autoimmunity tests was very variable for titer and
pattern, and in some cases also defined as “negative”
(Tables 1 and 2), thus it was necessary to proceed with further
testing by IP for the identification of MSA. Two anti-MJ/
NXP-2 necessary to proceed with further testing by IP for
the identification of MSA. Two anti-MJ/NXP-2 (+) DM pa-
tients had severe diffuse calcinosis that required surgical
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Table 1 Main demographic and

clinical features of our cohort of DM PM p
DM and PM patients, for which (n=18) (n=20)
we performed serum IP analysis.
Two anti-synthetase cases are not Demographic features
included Female:Male 13:5 14:6 -
Mean age at enrollment, years (range) 49 59 0.05
(21-75) (29-83)
Mean age at myositis onset, years (range) 425 53.5 ns
(15-71) (24-78)
Clinical features
Myositis (%)* 13 (72) 20 (100) 0.01
Raynaud’s phenomenon (%) 7(39) 4 (20) ns
Arthritis (%) 5(28) 5(25) ns
Interstitial lung disease (%) 2 (11) 5(25) ns
Dysphagia (%) 2 (11) 7 (35) ns
Cancer (%) 6 (33) 4 (20) ns
Use of steroid therapy (%) 17 (94) 19 (95) ns
Use of immunosuppressants (%) 16 (89) 16 (80) ns
Laboratory features
Median CK at myositis onset, U/l (25th—75th percentile) 1605 1400 ns
(92-5160) (842-3295)
ANA positive titer >1:320 (%) 9 (50) 11 (55) ns
ENA identified by IP
Anti-TIF v/« 4(22) 0 0.04
Anti-MJ/NXP-2 317 0 ns
Anti-Mi-2 2 (11) 0 ns
Anti-SRP 1+R0/SSA(5) 15 ns
Anti-Jo-1 0 4+R0/SSA (20) ns
Anti-EJ 0 1(5 ns
Anti-PL-12 0 15 ns
Anti-HMGCR 0 0 -
Anti-MDAS 0 0 -

ANA anti-nuclear antibodies, CK creatine kinase, ENA extractable nuclear antigen, G/ gastro-intestinal, /P im-

munoprecipitation, zs not significant

*Confirmed by electromyography and/or muscle biopsy

removal in one case, and ongoing therapy with pamidronate
infusions in one case of clinically amyopathic DM [12]. The
association with cancer was present only in one DM case
positive for this autoantibody (Fig. 1d). No serum was positive
for anti-MDAS antibodies, and in fact, no patient in our PM/
DM cohort had symptoms such as rapidly progressive inter-
stitial lung disease that are usually associated with this auto-
antibody [6]. The four anti-TIF1y (+) sera have history of
cancer in the three strongest positive cases (Fig. 1e), while
the weakest positive case is the only one without cancer his-
tory until the moment of our clinical evaluation.

Cumulatively, we calculated the positive predictive value
(75 %), negative predictive value (78.5 %), sensitivity (50 %),
specificity (91.6 %), and area under the ROC curve (0.7083)
for the risk of paraneoplastic DM in anti-TIF1y/o (+) patients
and these were compared to previous reports.
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Discussion

The routine use of protein- and RNA-IP may increase the
detection rate of rare autoantibodies in clinical practice, par-
ticularly in rare conditions such as PM and DM, thus maxi-
mizing the diagnostic and prognostic power of these bio-
markers. In fact and despite the low incidence and prevalence
worldwide, IIMs are characterized by wide clinical phenotype
variability, mirrored by a significant number of MSA. We thus
utilized the sensitive and specific IP to identify autoantibody
prevalence and clinical significance in a well-defined cohort
of Italian patients affected by PM/DM, with particular focus
on cancer associations.

Our most relevant findings include that anti-MJ/NXP-2
and -TIF1y/« antibodies are the two most frequent MSA in
DM cases previously anti-ENA negative at routine tests.



Clin Rheumatol (2017) 36:469-475

473

Table2 Main characteristics of the anti-MJ/NXP-2 (+) and TIF 1/« (+) cases identified in our cohort of PM/DM patients. The cases described in this

table are shown in Fig. 1d, e

Anti-MJ/NXP-2  Anti-MJ/NXP-2  Anti-MJ/NXP-2 Anti-TIFly/oc Anti-TIFly/ac  Anti-TIFly/a Anti-TIF1y/oc
case 1 case 2 case 3 case 1 case 2 case 3 case 4
Demographic data
Sex Female Female Male Male Female Female Female
Age (years) 33 21 21 72 40 59 54
Diagnosis DM CADM DM DM DM CADM DM
Age at onset (years) 19 15 18 67 22 58 52
Clinical data
Skin lesions + + + + + + +
(Gottron’s (Gottron’s (V-neck (Gottron’s (Gottron’s (Gottron’s (Gottron’s
papules, papules, erythema) papules, papules, papules, papules,
erythematosus  erythematosus erythematosus  heliotrope erythematosus erythematous
rash) rash) rash) rash) rash) rash)
Calcinosis +++ +++ - - - - -
Myositis + - + + + - +
Arthritis - - - - - - -
Raynaud’s - - - - - - +
phenomenon
Interstitial lung - - - - - - -
disease
Cancer + - - - + + +
Cancer location Thyroid - - - Hodgkin’s Lung Ovary
lymphoma adenocarcino-
ma
Age at cancer onset 31 - - - 15 56 52
(years)
Immunosuppressive + + + + + - +
therapy* (PDN, HCQ,  (PLQ) (PDN, PLQ, (PDN, MMF)  (PDN, HCQ, (PDN, MTX, IV
MTX, CsA, MTX, IV Ig, CTX, AZA) Ig)
IV Ig, AZA) AZA, CsA)
Laboratory data
Increased CK at + - + + + - +
myositis onset
CK at last visit + Normal Normal Normal Normal Normal +
ANA 1:640 1:160 1:80 Negative 1:160 Negative >1:640 speckled
nuclear dots speckled speckled speckled

ANA anti-nuclear antibodies, AZA azathioprine, CADM clinically amyopathic DM, CK creatine kinase, CsA cyclosporine, CTX cyclophosphamide, DM
dermatomyositis, HCQ hydroxychloroquine, /V Ig intravenous immunoglobulins, MMF mycophenolate mofetil, M7X methotrexate, PDN prednisone

*The order of these therapies corresponds to the chronological order they were used by the patients

Accordingly, to what reported in the literature, our three anti-
MIJ/NXP-2 (+) DM cases have juvenile onset DM with typical
skin DM features, no internal organ involvement, and the
worst clinical manifestation is severe calcinosis [13]. All these
cases required immunosuppressive therapy beyond steroids to
control muscle inflammation, but in one case, DM was not
completely controlled and this unresponsive patient had a di-
agnosis of papillary thyroid cancer 12 years after the onset of
DM. In fact, cancer has been reported in adult anti-MJ/NXP-
2(+) DM patients despite not being confirmed in our previous
publication on a different Italian cohort [10, 14]. The identifi-
cation of anti-MJ/NXP-2 antibodies was based on the first
observation of a common band of 140 kD molecular weight

by protein-IP, but it was then necessary to perform [P-WB to
have a positive result for MJ/NXP-2. Anti-MDAS5 antibodies
also migrate in the same molecular weight range, but no sam-
ple tested positive by IP-WB and it was concordant with the
clinical observation that these samples did not show the sug-
gestive clinical features (i.e., rapidly progressive interstitial
lung disease) that are commonly referred to anti-MDAS
positivity.

We detected serum anti-TIF1y/« antibodies in four DM
cases, only in one case there was no history of cancer despite
extensive screening exams and it was the weakest positive
case. All the other three cases have cancer history. In one case,
this autoantibody was present in a DM patient with Hodgkin’s
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lymphoma diagnosed and treated 7 years prior to the onset of
DM features, and considered in remission at the time of the
blood draw. This is in contrast with previous reports of anti-
TIF1y/o antibodies not found in juvenile DM cases associat-
ed with cancer and of the highest associated risk of malignan-
cy during the year prior to and the year after [IMs diagnosis
[15]. The two strongest samples positive for anti-TIF1y/o
antibodies have active cancer unresponsive to treatment at
the time of blood drawn. It is also important to highlight the
fact that both our two anti-Mi-2(+) DM cases had a history of
breast cancer prior to DM onset but no higher risk of cancer
has been reported in association with this autoantibody [4].
Our estimate of the positive and negative predictive values,
sensitivity, specificity, and area under the ROC curve for the
risk of paraneoplastic DM in anti-TIF1y/x (+) patients were
concordant to previous reports [16-21].

In our PM cohort, four cases of cancer were reported, in
three being diagnosed several years prior to and in one con-
comitant to the onset of PM; in all cases, solid forms affecting
the thyroid, colon, breast, skin, and only two of them had a
known autoantibody signature at routine tests represented by
anti-Ro/SSA antibodies. No tumor was reported in the four
cases affected by antisynthetase syndrome, and no MSA was
identified in SSc, BD, PsA cases with or without a history of
cancer. No PM case showed positivity for anti-3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMGCR) antibodies
despite the onset of necrotizing myopathy after the use of
statin [3]. Other autoantibodies that were reported by routine
autoimmunity laboratories through techniques such as immu-
noblotting were not confirmed by IP, as for anti-PM/Scl
(PM100) and PL-7.

We collected data relative to indirect immunofluorescence
ANA patterns reported by routine laboratory tests, and we
observed that the most frequent ANA pattern reported in our
anti-MJ/NXP-2(+) and anti-TIF 1y/x(+) cases is speckled, and
in one anti-MJ/NXP-2(+) case, the presence of nuclear dots
suggestive for promyelocytic leukemia nuclear bodies was
reported, thus needing further evaluation [10]. Despite the
use of the most sensitive techniques, eight patients with
[IMs remained negative for both ANA and ENA, while in
six additional cases, we could identify bands by protein-IP,
but no clear specificity [22]. These gaps underline the existing
limitations in the identification of autoantibodies in rheumatic
diseases such as PM/DM which are mainly due to lack of
standardization for ANA and ENA, low number of positive
cases studied for autoantibodies clinical association, identifi-
cation of rare and new autoantibodies through time and labor-
consuming techniques such as IP, and the lack of commercial-
ly available techniques that may help in the identification of
rare autoantibodies in a clinical setting [23] and shed light on
PM/DM pathogenesis [2]. We acknowledge that the efforts of
international registries such as Euromyositis or the
Autoantibody Standardization Committee are expected to

@ Springer

minimize the frequency of seronegative cases and to provide
a clear estimate of the prevalence of rare autoantibodies [24].

Acknowledgments This work was supported by the JSPS KAKENHI
(Grants-in-Aid for Scientific Research) Grant Number 15K08790 for MS.

Compliance with ethical standards

Disclosures None.

References

1. Lundberg IE et al (2016) Diagnosis and classification of idiopathic
inflammatory myopathies. J Intern Med 280(1):39-51
2. Ceribelli A. et al. (2016) The Immune Response and the
Pathogenesis of Idiopathic Inflammatory Myositis: a Critical
Review. Clin Rev Allergy Immunol
3. Gunawardena H. (2015) The Clinical Features of Myositis-
Associated Autoantibodies: a Review. Clin Rev Allergy Immunol
4. Satoh M. et al. (2015) A Comprehensive Overview on Myositis-
Specific Antibodies: New and Old Biomarkers in Idiopathic
Inflammatory Myopathy. Clin Rev Allergy Immunol
5. Targoff IN (1992) Autoantibodies in polymyositis. Rheum Dis Clin
N Am 18(2):455-482
6. Ceribelli A et al (2014) Prevalence and clinical significance of anti-
MDAS antibodies in European patients with polymyositis/derma-
tomyositis. Clin Exp Rheumatol 32(6):891-897
7. Satoh M et al (2012) Autoantibodies to transcription intermediary
factor TIF1beta associated with dermatomyositis. Arthritis Res
Ther 14(2):R79
8. Fiorentino DF et al (2016) PUF60: a prominent new target of the
autoimmune response in dermatomyositis and Sjogren's syndrome.
Ann Rheum Dis 75(6):1145-1151
9. Ceribelli A et al (2010) Anti-Th/To are common antinucleolar au-
toantibodies in Italian patients with scleroderma. J Rheumatol
37(10):2071-2075
10.  Ceribelli A et al (2012) Anti-MJ/NXP-2 autoantibody specificity in
a cohort of adult Italian patients with polymyositis/dermatomyosi-
tis. Arthritis Res Ther 14(2):R97
11. Yamasaki Y et al (2016) Clinical subsets associated with different
anti-aminoacyl transfer RNA synthetase antibodies and their asso-
ciation with coexisting anti-Ro52. Mod Rheumatol 26(3):403—409
12.  Palaniappan P, Lionel AP, Kumar S (2014) Successful treatment of
calcinosis cutis in juvenile dermatomyositis with pamidronate. J
Clin Rheumatol 20(8):454-455
13.  Rider LG et al (2013) The myositis autoantibody phenotypes of the
juvenile idiopathic inflammatory myopathies. Medicine
(Baltimore) 92(4):223-243
14. Ichimura Y et al (2012) Anti-NXP2 autoantibodies in adult patients
with idiopathic inflammatory myopathies: possible association with
malignancy. Ann Rheum Dis 71(5):710-713
15. Tiniakou, E. and A.L. Mammen, Idiopathic Inflammatory
Myopathies and Malignancy: a Comprehensive Review. Clin Rev
Allergy Immunol, 2015.
16. Selva-O'Callaghan A et al (2010) Malignancy and myositis: novel
autoantibodies and new insights. Curr Opin Rheumatol 22(6):627—
632
17.  Targoff IN et al (2006) A novel autoantibody to a 155-kd protein is
associated with dermatomyositis. Arthritis Rheum 54(11):3682—
3689



Clin Rheumatol (2017) 36:469-475

475

18.

19.

20.

21.

Gunawardena H et al (2008) Clinical associations of autoantibodies
to a p155/140 kDa doublet protein in juvenile dermatomyositis.
Rheumatology (Oxford) 47(3):324-328

Kaji K et al (2007) Identification of a novel autoantibody reactive
with 155 and 140 kDa nuclear proteins in patients with dermato-
myositis: an association with malignancy. Rheumatology (Oxford)
46(1):25-28

Chinoy H et al (2007) The diagnostic utility of myositis autoanti-
body testing for predicting the risk of cancer-associated myositis.
Ann Rheum Dis 66(10):1345-1349

Fujikawa K et al (2009) Association of distinct clinical subsets with
myositis-specific autoantibodies towards anti-155/140-kDa poly-
peptides, anti-140-kDa polypeptides, and anti-aminoacyl tRNA

22.

23.

24.

synthetases in Japanese patients with dermatomyositis: a single-
centre, cross-sectional study. Scand J Rheumatol 38(4):263-267
Selmi C et al (2016) Serum antinuclear and extractable nuclear
antigen antibody prevalence and associated morbidity and mortality
in the general population over 15 years. Autoimmun Rev 15(2):
162-166

Cavazzana I et al (2016) Testing for myositis specific autoanti-
bodies: comparison between line blot and immunoprecipitation as-
says in 57 myositis sera. ] Immunol Methods 433:1-5

Chan EK et al (2016) Report on the second International Consensus
on ANA Pattern (ICAP) workshop in Dresden 2015. Lupus 25(8):
797-804

@ Springer
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Abstract
Objective
We aimed to identify the possible clinical and laboratory predictors of calcinosis in a cohort of patients with a diagnosis
of polymyositis (PM) and dermatomyositis (DM).

Methods
We carried out a retrospective analysis of a cohort of myositis patients attending our clinic between January 2013
and May 2014.

Results
74 patients (58 females, 16 males) with PM (30 cases), DM (30 cases), overlap syndrome (13 cases) and inclusion
body myositis (1 case) were enrolled. Sixteen patients (21.6%) had calcinosis that occurred a mean of 43.7 months after
diagnosis of PDM. At multivariate analysis, patients with calcinosis experienced longer follow-up duration (p=0.006),
anti-PM/Scl (p=0.033) and anti-NXP2 (p=0.024) positivity compared to patients without calcinosis. Furthermore,
anti-NXP-2 positive C+ showed a diffuse form of calcinosis from the beginning and lower frequency of respiratory tract
involvement. No single drug or associations of drugs was found effective in the treatment of calcinosis.

Conclusion
A longer follow-up period of time, DM diagnosis and positivity for PM/Scl and NXP-2 could all be considered risk factors
which foresee the development of calcinosis. Moreover, the positivity for antibodies to NXP-2 depicts a distinct phenotype
of calcinosis with an early onset and quick widespread dissemination.

Key words
calcinosis, myositis, autoantibodies, anti-NXP-2, anti-PM/Scl
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Introduction

Calcinosis represents a severe compli-
cation of poly-dermatomyositis (PDM):
it could develop in about 44-70% of
children with juvenile dermatomyositis
(JDM), especially when a delay of di-
agnosis or a poor control of the disease
occurs (1). Calcinosis can also arise in
adult cases of polymyositis (PM) and
dermatomyositis (DM) respectively in
5 and 10%, and recent data reported
up to 20% prevalence of calcinosis in
adult DM (2). Calcinosis is defined as
a clinical condition characterised by the
deposition of insoluble salts of calcium
in skin, subcutaneous tissues and mus-
cle, which may be responsible for pain
and functional disability.

In JDM, cutaneous calcinosis typically
occurs between 2-3 years after the on-
set of the disease, much earlier than in
other connective tissue diseases and in
adult PDM, in which it appears about 8§
years after diagnosis. Calcinosis is usu-
ally localised in damaged tissues (due to
local trauma or inflammatory process),
without significant changes of calcium
and phosphate serum levels (3). Several
pathogenetic hypotheses are proposed,
including inflammatory infiltrates in
calcific deposits (4, 5); a local vascular
ischaemia (6); a dysregulation of mech-
anisms controlling the deposit/solubil-
ity of calcium and phosphate (7, 8) and
mitochondrial damage of muscle cells
during DM (9).

Predictive parameters of the develop-
ment of calcinosis in JDM were identi-
fied in early onset of DM, long disease
duration, poor response to conventional
drugs (1, 10-12). In patients with sys-
temic sclerosis (SSc) an association of
calcinosis with arthritis and digital ul-
cers was noticed (6).

Recently a new myositis-specific anti-
body, named anti-MJ/NXP-2, has been
reported in association with cutaneous
calcinosis in JDM (13) as well as in
adult DM (14, 15). So far, in adult pa-
tients, a clinical profile of risk factors
for calcinosis has not been defined. In
addition, although many therapeutic
aids have been proposed, calcinosis of
the adult seems particularly refractory
and currently there are no known treat-
ments of proven efficacy (2).

The aim of this study is to identify
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possible clinical and/or immunologi-
cal prognostic factors and treatment
options in a monocentric cohort of
patients with a diagnosis of PDM and
calcinosis.

Materials and methods

Patients

Patients affected by PM, DM (16), in-
clusion body myositis (IBM) (17) and
overlap syndromes (OS) with myositis
such as systemic lupus erythematosus
(SLE) (18), SSc (19), rheumatoid ar-
thritis (RA) (20) and Sjogren syndrome
(SSj) (21) attending our outpatient clin-
ic between January 2013 and May 2014
were enrolled in the study: all cases
with calcinosis (C+) and, as a control
group, patients without calcinosis (C-)
were considered. Clinical, serological
and treatment data were retrospectively
collected from clinical charts.
Calcinosis was defined as the presence
of calcium deposition in the skin, sub-
cutaneous tissues or muscle on physical
examination and with plain radiographs
in every patient. The therapy effect was
assessed at the end of treatment and
defined as “yes” when calcinosis im-
proved, “partial” when stable and “no”
when calcinosis worsened based on
subjective reporting by a patient and on
clinical evaluation by trained rheuma-
tologists according to Galimberti et al.
(22).

Methods

Antinuclear antibodies (ANA) were
tested by indirect immunofluorescence
(ITF) on HEp-2 cells and considered
positive at titre >=1:160 (BioRad, Her-
cules, CA,USA). Myositis-specific and
associated autoantibodies (MSA and
MAA) were detected by counterimmu-
noelectrophoresis (23), immunoprecip-
itation (IP) using 35-S-methionine-la-
beled K562 cell extract, RNA compo-
nents analysis of immunoprecipitates
by silver staining and anti-Jo-1 ELISA
as previously described (24).

Ethics

The study was approved by the Insti-
tutional Review Board of the Hospital.
The patients’ written consent was ob-
tained according to the Declaration of
Helsinki, and the study was conducted



in compliance with the standards cur-
rently applied in our country.

Statistical analysis

Comparison between patients with and
without calcinosis was performed with
student’s 2-tailed #-test for continuous
variables and Chi-square or Fisher’s
exact tests for categorical variables. A
multivariate analysis was conducted
by a logistical regression model (Stat-
view); p-values less than 0.05 were
considered significant. Odds ratio (OR)
and 95% confidence interval (CI 95%)
were also calculated.

Results

Demographic and clinical data
Seventy-four patients (58 females, 16
males) with PM (30 cases), DM (30
cases), OS (13 cases) and inclusion
body myositis (1 case) were enrolled.
The majority of them were Caucasian
(72;97.3%), one African and one Asian.
Mean age at disease onset was 43+17 .4
years, and the average follow-up was 56
months (range 1 to 288 months). Calci-
nosis was found in 16 out of 74 patients
(21.6%): 11/16 with DM (68.7%), 4/16
OS (25%) and 1/16 PM (6.2%). The
prevalence of calcinosis was 36.7% in
DM (11/30) 30.8% among the OS (4/13)
and 3.3% (1/30) in PM cases. Calcinosis
occurred a mean of 43.7 months (= 71)
after the diagnosis; in 4 cases the onset
was concomitant and for 1 patient it oc-
curred before the diagnosis.

At onset 69% of calcinosis was iso-
lated, while after one year more than
60% of our patients had multiple sites
involved. Pelvic girdle, hands and ex-
tremities were the most frequently af-
fected sites (50%, 37.5% and 31% re-
spectively). About a quarter of cases
showed calcinosis at root of upper limb;
elbow, trunk and face were more rarely
involved. Pain was associated in 50%
of cases, superinfection in 38%, ulcera-
tion in 25%. About a third of cases were
asymptomatic.

Comparison between patients

with (C*) and without calcinosis (C-)
Clinical and serological features of
patients with (C*) and without calci-
nosis (C-) are listed in Table I. C* pa-
tients showed a quite longer follow-up
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Table I. Clinical and laboratory data of 16 patients with calcinosis (C*) and 58 patients
without calcinosis (C") at the univariate analysis.

C*,n. 16 (%) C,n.58 (%) p-value OR (CI 95%)

Follow-up, months; mean + SD 201.8+118.7 111.9+874 0.001

DM 11 (68.7) 19 (32.7) 0.021 4.5(1.2-17.7)
PM 1(6.2) 30 (51.7) 0.003 0.06 (0.003-0.54)
Overlap syndrome 4 (25) 9 (155) NS

IBM 0 (0) 1 (2 NS

F:M ratio 13/3 45/13 NS

Fever 7 (44) 18 (31) NS

Fatigue 15 (94) 55 (95) NS

Facial erythema 9 (56) 17 (29) NS

Heliotrope rash 9 (56) 17 (29) NS

Gottron’s papules 8 (59) 11 (19) 0.02 427 (1.14-16 .4)
Raynaud’s phenomenon 10 (63) 29 (50) NS

Arthritis 5 (31) 27 (47) NS

Myositis 15 (94) 51 (88) NS

Fingertip ulcers 3 (18.75) 2 (6.7) NS

CK elevation 8/15 (53) 48/56 (86) 0.012 0.19 (0.04-0.79)
Dyspnea 12 (75) 48 (83) NS

Dysphagia 10 (63) 33 (57) NS

Heart involvement 1 (6) 7 (12) NS

ILD 8 (50) 20 (34) NS

Alveolitis 2 (13) 7 (12) NS

Respiratory muscle defect 5 (31 20 (34) NS

DLCO reduction (< 70% predicted) 6/14 (43) 29/55 (53) NS

FVC reduction (<70% predicted) 0/14 (0) 10/55 (18) NS

Altered capillaroscopy 9/10 (90) 31/38 (82) NS

Scleroderma pattern 7/10 (70) 15/38 (39) NS

Electromyography alterations 13/13 (100)  43/55 (78) NS

Muscle biopsy alteration 6/6 (100) 31/36 (86) NS

Skin biopsy alteration 5/5 (100) 12/13 (92) NS

(201.8 vs. 111.9 months, p=0.001), a
higher percentage of DM (p=0.026,
OR 4.5, CI 95%=1.16-19.38) and less
prevalence of PM (p=0.001, OR 0.067,
CI 95%=0.03-0.54). OS was more fre-
quently detected in C* group, without
statistical ~significance. Concerning
clinical data, C* cases more frequently
showed Gottron’s lesions (p=0.021,OR
4.27, CI 95%=1.14-16.4), a low fre-
quency of high CK elevation (p=0.012,
OR 0.19, CI 95%=0.04-0.79), but no
other statistical differences were found
between the two groups. Fingertip ul-
cers were detected only in a few pa-
tients, more frequently in C* than in
C- without statistical difference. Two
out of the three patients with calcinosis
and fingertips ulcers were affected by
scleromyositis with antibodies to PM/
Scl. Only one out of the 6 patients with
calcinosis of the hands concomitantly
had fingertips ulcers. Furthermore, no
differences were found in the frequen-
cy of other systemic sclerosis features.
Regarding cancer occurrence, no dif-
ferences between the two groups were
recorded.
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Autoantibody analysis

ANA were globally found in 52 patients
(70.3%), with 5 cytoplasmic pattern;
anti-ENA in 72.9% of cases. Anti-ENA
were more frequently detected in C*
group (94% vs. 67%), with a nearly sig-
nificant p-value (0.053), mostly repre-
sented by anti-Jol (23%), anti-Ro/SSA
(23%), anti-NXP-2 (10.8%) and anti-
Ku (9.4%). No differences between C*
and C- groups were reported, except for
anti-PM/Scl which were found more
frequently in C* cases (p=0.0068, OR
19, CI 95%=1.7-490), probably due
to a higher number of overlap cases in
these patients. Anti-NXP-2 antibodies
seem to be more frequent in C* cases,
although the difference is not statisti-
cally significant (Table II).

Anti-NXP-2 + patients with calcinosis
Four patients with calcinosis showed
anti-NXP-2 antibodies: all of them
showed DM and 3 out of 4 NXP-2
positive patients presented multiple
site involvement since the onset of the
disease, representing 60% of patients
with early diffuse calcinosis (three out
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Table II. Autoantibodies distribution in 16 patients with calcinosis (C*) and 58 patients

without calcinosis (C).

C*n. 16 (%) C-n. 58 (%) p-value OR (95% CI)
ANA 14 (88) 38 (66) NS
ENA positivity 15 (94) 39 (67) 0.053
MSA 7 (43.7) 24 (41.4) NS
MAA 9 (56.2) 26 (44.8) NS
Jo-1 3 (19) 14 (24) NS
Ku 0 (0) 7 (12) NS
UIRNP 0 (0) 3(5) NS
PM/Scl 4 (25) 12 0.0068 19 (1.7-490)
NXP-2 4 (25) 4 (7) 0.061
Mi2 0 (0) 2(3) NS
Ro/SSA (60 and/or 52 KD) 3 (19) 14 (24) NS
Ro/SSA+La/SSB 2 (13) 1) NS
MDA-5 2 (13) 3(5) NS
SRP 0 (0) 12 NS
SMN 0 (0) 12 NS

Table III. Treatment options used in 16 patients with calcinosis.

n.(%) Mean duration, Treatment effect
months (SD)
Calcium-channel blockers (CCHB) 2 (13) 36 (17) no
Diltiazem 7 (43.77) 322 (14.5) no
Bisphosphonates 11 (69) 61 (39.8) no
Warfarin 2 (13) 77 (77) no
Intravenous immunoglobulin (IVIg) 2gr/kg 7 (44) 6 months Yes in 1 case
every 4 weeks

Colchicine 9 (56) 35.7 (37.8) Yes in 1 case
Rituximab 2 (13) 1.5 cycle Yes in 1 case
Infliximab Smg/kg every 4 weeks 2 (13) 8.5 (6.3) no
Sodium thiosulphate ointment 5 (31 7.6 (6) Partial in 1 case
Surgery 6 (38) - Yes in 3

of five). By comparing 4 anti-NXP-2+
with calcinosis with other 12 patients
with calcinosis, we recorded a lower
frequency of dyspnea (p=0.027;0R:
0.03; CI 95%=0.0-0.9), and higher val-
ues of DLCO (mean 92%=17.4% vs.
64%=+15.3%; p=0.02).

Overlap syndromes

An OS of PDM and other systemic con-
nective tissue disease was diagnosed
in 13 of our patients (17.6%), respec-
tively 4 cases among C* and 9 among
the C- groups. Overlap SSc-myositis
was the most common OS (7 cases,
53.8%), followed by the overlap of
PDM-SLE (4 cases, 30.8%), PDM-SSj
(2 cases, 15.4%) and PDM-RA (1 case,
7.7%). By comparing the antibody pro-
file of patients with the OS to the PDM
alone we reported a higher frequency
of anti-PM/Scl (p=0.016, OR18, CI
95%=1.14-500) and anti-Ku antibodies
(p=0.16, OR8.59, CI 95%=1.31-60.8)
in patients with the OS. Moreover,

antibodies to PM/Scl were more fre-
quent in scleromyositis with calcinosis
(»=0.029, OR infinite, CI 95% 0.8-in-
finite) versus those without calcinosis.

Multivariate analysis

MSA define clusters of patients with
distinctive clinical features, therefore
it is possible that a number of clinical
and laboratory features might not be
independently associated with calci-
nosis. For the multivariate analysis we
included the features associated to the
univariate analysis plus the anti-NXP-2
positivity, because during the first anal-
ysis this antibody almost reached the
significant threshold. By the multivari-
ate analysis, most of the previous as-
sociations persisted: calcinosis resulted
independently associated with longer
follow-up duration (p=0.006, OR
0.006, CI195%=1.004-1.022), anti-PM/
Scl (p=0.33, OR 20.9, CI 95%=1.28-
340) and inversely associated with CK
elevation at disease onset (p=0.05, OR
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0.97, CI 95%=0.009-1.003). Conse-
quently our hypothesis concerning an-
ti-NXP-2 antibody has been confirmed,
and this antibody (p=0.024, OR 21.9,
CI 95%=1.5-319) could be considered
as an independent predictive risk factor
for calcinosis development.

Treatment

All patients received oral steroid upon
diagnosis, and in both groups the most
common dosage prescribed was at 0.5—1
mg/kg/day without any statistical differ-
ences (56% in C* and 60% in C- patients
respectively); during follow-up pred-
nisone was mostly given at 5-10 mg/
daily. Methotrexate and azathioprine
were the immunosuppressant most fre-
quently recommended, followed by cy-
closporine-A, mycophenolate mofetil,
cyclophosphamide and hydroxychlo-
roquine. By comparing the use of im-
munosuppressant in patients C* and C-,
no differences were noted regarding the
number of immunosuppressant used or
concerning the doses of steroids except
for the higher use of azathioprine among
patients with calcinosis (69% vs .17%,
p<0.001 OR 10.56, CI 95%=2.6-45.8).
Different calcinosis-specific treatments
were settled: calcium-channel block-
ers (i.e. diltiazem 90 to 240 mg/day or
nifedipine 30 mg/day), bisphosphonates
(oral alendronic acid in 8 cases, oral
risedronic acid in 2, i.m. clodronate in
1 case), warfarin (anticoagulant dose),
intravenous Ig (2 g/kg/month for 6
months), colchicine, rituximab (500
mg/week for 4 consecutive weeks), in-
fliximab (3 mg/kg/6 weeks), sodium
thiosulphate ointment (3% then 10%
concentration) (Table IIT). None of these
treatments allowed the reduction of cal-
cinosis or the prevention of new sites in-
volved, however for few cases there was
a subjective improvement in associated
symptoms (i.e. pain reduction).
Surgical removal was performed in 6
cases: in 3 patients a relapse of calcino-
sis occurred, while 3 cases showed a to-
tal remission. Two patients presented in-
fective complication, locally in one case
and evolved in sepsis in the other case.

Discussion
In our study the prevalence of calcino-
sis in DM reached 36.7% while in OS
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it stretched to 30.8%. These figures are
higher if compared to most recent paper
(14) but are in line with other previous
papers (25, 26). A possible explanation
for these discrepancies could be that
our study considered every consecutive
patient seen in our outpatient clinic,
satisfying the classification criteria for
idiopathic myopathies (16) and there-
fore a number of patients diagnosed in
our Institution and presently in remis-
sion were not included in the analysed
cohort.

In the present study, clinical predictors
of development of calcinosis were iden-
tified in DM diagnosis, Gottron’s pap-
ules and a longer follow-up. The dura-
tion of follow-up could be considered
as a surrogate marker of the disease
duration, it can subsist due to the per-
sistence of active clinical problem, as
unresolved calcinosis, while the longer
follow-up in C* patients is consistent
with what reported in previous studies
(14). However, despite a follow-up of
more than 15 years, in 5 out of 16 (30%)
of our cases, calcinosis was detected at
the diagnosis of DM or before. In the
remaining 70% of cases calcinosis ap-
pears relatively early during the follow-
up, with a mean of 4 years since the
onset of PDM. In addition, while at the
onset only a few patients presented dif-
fuse calcinosis, after one year more than
60% reported multiple sites involved.
The rapid onset after diagnosis and the
rapid spread of locations makes it more
likely that the onset of calcinosis repre-
sents a specific pattern of disease rather
than the consequence of a chronically
active disease (27). No other clinical
manifestations seem to differ between
C* and C- cases and our results con-
firm what has been recently published
by Valenzuela (14), except for the dis-
tribution of calcinosis that in 37.5% of
our patients involved the hands with
the absence of fingertip ulcers that are
instead prominent in Valenzuela’s ex-
perience (14). Furthermore, in previous
researches an between fingertip ulcers
and antibodies to MDA-5 was reported
(14, 28), while in our cohort the asso-
ciation was not confirmed, both in our
present and past studies (24). This lack
of association could exist due to the low
number of cases considered.

It is well known that calcinosis is more
related to DM than PM, as in JDM, and
this epidemiological association has
been confirmed in our population. Con-
versely, CK levels were significantly
higher in C~ compared to C* at the onset
of disease.

Even though not statistically signifi-
cant, a trend to more ANA and anti-
ENA positivity was recorded in C+
group. Laboratory predictors of onset
of calcinosis in this study could be
found in anti-NXP-2/MJ and PM/Scl.
The association with anti-PM/Scl is
justified by the inclusion of OS in our
study in which this antibody is over-
represented (p<0.0152) and associated
with calcinosis (p<0.003) as already re-
ported in the literature (26, 29). On the
contrary, anti-Ku associated with OS
(p=0.0178) seems to protect from the
appearance of calcinosis, even though
this result is not statistically significant.
Concerning MSA, anti-NXP-2/MJ anti-
bodies were significantly associated to
C* by multivariate analysis and there-
fore they represent the main serological
marker of calcinosis in DM, in adults as
well as in JDM. Furthermore, since the
beginning of the study, anti-NXP2* C*
subgroup showed a particular pheno-
type characterised by lower prevalence
of respiratory muscle involvement, and
diffuse distribution of calcinosis, repre-
senting a marker of more severe calci-
nosis in adults (30), as well as in JDM
(13). Anti-NXP-2 antibody has been re-
cently reported to associate with cancer
in IIM patients (31, 32). However, this
is a controversial topic since in none of
our previous experiences, as well in that
of others (33), neither in previously 10
anti-NXP-2 positive patients (15), nor
in the present study we have detected
cancer-associated myositis despite the
long follow-up (mean 117.6 months).
In the past, calcinosis was attributed
to a persistently active disease (27)
measured by a number of prescribed
immunosuppressant drugs. No differ-
ence between the number of immuno-
suppressants and steroid dose used in
each group of patients was observed in
our series. Nevertheless, azathioprine
was more frequently used in C* cases,
probably in order to obtain a better con-
trol of calcinosis deposition because of
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the ineffectiveness of the previously
prescribed drugs. We also prescribed
many drugs commonly and specifi-
cally devoted to contrast the onset and/
or the diffusion of calcinosis (34). Un-
fortunately, no single drug or associa-
tion of drugs was found effective in the
treatment of calcinosis. Even the use of
infliximab, a biologic agent blocking
the TNF-a, that is considered a possi-
ble inducer of calcium deposition, was
ineffective in our experience as well as
in the others (35), while it has been re-
ported to be effective in JDM (36). Sur-
gical removal seems to be effective in
some patients: unfortunately 3 out of 6
patients (50%) who underwent excision
of calcinosis developed serious infec-
tive complications.

Our study has some limitations. The
most important one regards the small
number of patients enrolled in the study.
Nevertheless, a recent paper (14) with
a similar number of patients has been
published showing similar results espe-
cially regarding the length of follow-up
and the relevance of anti-NXP-2/MJ an-
tibody as marker of calcinosis. Another
issue can be identified in the empirical
evaluation of calcinosis in response to
treatment which is based only on sub-
jective clinical reporting. However, as
far as we know, there are currently no
validated outcome measures to assess
calcinosis in myositis.

In conclusion, in this study, predictors
of development of calcinosis could be
identified in a longer follow-up, DM di-
agnosis and positivity for PM/Scl and
NXP-2. Moreover, the positivity for
antibodies to NXP-2 depicts a distinct
phenotype of calcinosis with an early
onset and quick widespread dissemi-
nation and lower prevalence of mus-
cle respiratory tract involvement. Per-
sistence of calcinosis resistant to any
pharmacological treatment can justify
further research on calcinosis in PDM
patients comparing C* versus C- with
myositis.
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Deimination, a posttranslational maodification of arginine to citrulline carried out by
peptidylarginine deiminases, may compromise tolerance of self-antigens. Patients with
connective tissue autoimmunity, particularly rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), or Felty’s syndrome, present with autoantibodies to deiminated
histones (dH), which thus form a category of antibodies to citrullinated protein antigens
(ACPA). In general, ACPA are a sensitive diagnostic for RA and may form in response
to the release of nuclear chromatin (DNA plus dH) from granulocytes, usually referred to
as neutrophil extracellular traps. The aim of this study was to examine spontaneously
autoimmune mice for autoantibodies and T cell responses to dH. We compared IgG
binding to deiminated and non-deiminated histones (nH) by ELISA and Western blotting
in spontaneously autoimmune strains of (NZB x NZW) F; and NZM2410 together with
their derivative congenic strains, C57BL/6.Sle7 and C57BL/6.Sle1.Sle3, which display
profound autoreactivity against nuclear self-antigens. The splenocyte proliferation against
the two antigens was determined in the spontaneously autoimmune (NZB x NZW) F;
strain from which other autoimmune strains used in the study were derived. Immunizations
with dH and nH were attempted in BALB/c mice to assess their splenocyte response.
Splenocytes from BALB/c mice and from autoimmune mice at the time of conversion to
autoimmunity proliferated strongly in response to dH, yet serum IgG from autoimmune
(NZB x NZW) Fy, NZM2410, and C57BL/6.Sle1.Sle3 mice displayed a remarkable bias
against binding to dH. At the time of seroconversion, the antibodies already exhibited
preference for nH, and only nH were recovered from circulating immune complexes.
Analysis of histone deimination showed constitutive deimination in thymic extracts from
C57BL/6 and C57BL/6.Sle1.Sle2.Sle3 triply congenic mice and in spleens of autoim-
mune triply congenic mice. Our study demonstrates that tolerance mechanisms against
dH are intact in BALB/c and C57BL/6 mice and continue to be effective in mice with
overt autoimmunity to nH. We conclude that, in contrast to human RA and SLE patients,
where we frequently observe autoantibodies against dH, autoimmune mice maintain
strong tolerance mechanisms to prevent the development of autoantibodies to dH.

Keywords: autoimmunity, antibodies to citrullinated protein antigens, citrullines, B cells, lupus erythematosus,
rheumatoid arthritis, autophagy, tolerance
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INTRODUCTION

Antibodies to citrullinated protein antigens (ACPA) are diag-
nostic markers for rheumatoid arthritis (RA) (1) and also arise
in other human autoimmune disorders such as systemic lupus
erythematosus (SLE) and Felty’s syndrome (2, 3). Citrullines are
introduced into proteins by peptidylarginine deiminase (PAD)
family of enzymes (4), and much effort has been devoted to learn-
ing the circumstances that activate PADs and lead to the PAD-
mediated conversion of arginine residues into citrulline residues
(5, 6). Several citrullinated antigens have been identified in RA,
and a common mechanism has been proposed to account for
the generation of citrullinated autoantigens (7-9). The proposed
mechanism places particular importance on PAD2 and PAD4,
enzymes that are expressed in cells of the innate and adaptive
immune system (10, 11). These calcium-dependent enzymes
are activated under inflammatory conditions (5). Direct stimuli
of PADs include microbial pathogens and pro-inflammatory
chemokines and cytokines (5). The enzymes are also activated
by sterile inflammatory stimuli, such as cholesterol and urate
crystals (8). In fact, it has been argued that any perforation to
the plasma membrane could lead to the activation of PADs (12).

One particularly relevant event that is linked to PAD activa-
tion and may contribute to the induction of ACPA is a form of
granulocyte cell death, which is induced by microbes and inflam-
matory stimuli and results in the release of nuclear chromatin
(5, 13). Such neutrophil extracellular traps (NETs) are considered
an innate antimicrobial response because the externalized chro-
matin is associated with neutrophil granule components such
as myeloperoxidase and elastase, which, together with histones
themselves, assist in bacterial killing and microbial entrapment
(14). In the process of NET release, termed NETosis, PADs
gain access to multiple intracellular and extracellular substrates
such as histones, filaggrin, fibrinogen, and collagen, which are
frequently targeted by ACPA (15). So, it is a prevalent hypothesis
that NETosis provides conditions that lead to the production of
deiminated (citrullinated) autoantigens that may stimulate cells
of the adaptive immune system in the context of an inflammatory
response. Moreover, the structural components of NETs, DNA,
and histones, also become externalized during NETosis and, in an
infection, may become entangled with bacteria and activate the
immune system. Interestingly, dendritic cells respond to NETs
with the production of interferons and other pro-inflammatory
cytokines (16, 17). Other forms of cell death may also have
consequences for the induction of autoantibodies, as autoanti-
bodies bind to acetylated histones, a modification of apoptotic
chromatin that may elicit autoantibody responses in mice and
humans (18, 19).

To provide a mouse model for the study of ACPA, we sought
to identify spontaneous mouse models of systemic autoimmun-
ity that would produce autoantibodies to citrullinated histones.
Although PAD4 expression parallels the severity of the inflam-
matory process in mouse models of RA (20), PAD4’s contribution
to the production of ACPA has been more difficult to ascertain
(21, 22). Because ACPA are difficult to induce in most strains
of mice (23), questions have been raised whether mouse ACPA
participate in RA pathogenesis at all (22). Human ACPA often

react with deiminated histones (dH), and antibody binding to
citrullinated histone peptides is a sensitive diagnostic test for
RA (2, 24). Because histones are the major substrates of PADs
in neutrophils, and dH are built into NETs, we expected that
spontaneous anti-histone autoantibodies would preferentially
bind to PAD-modified histones. However, we observed that
mouse autoantibodies from (NZB x NZW) F, (NZB/W) mice
and their recombinant derivative strains, including NZM2410
and C57BL/6].Slel (B6.Slel) or C57BL/6].Slel.Sle3 (B6.Slel.
Sle3) congenics, showed strong preference for non-deiminated
histones (nH) over dH by ELISA and Western blot. Thus, even
after tolerance to histones was broken and autoantibodies to nH
were expressed, autoimmune-prone congenic strains retained
B cell tolerance toward dH. B cell binding to dH was repressed,
whereas autoantibody binding focused instead on PAD4 substrate
arginines. The B cell bias against dH argues that dH remain effec-
tive tolerogens in autoimmune mice. In support of this possibility,
we observed elevated levels of dH in thymus extracts from B6
and B6.Sle1.Sle2.Sle3 (B6.TC mice) and spleens of autoimmune
B6.TC mice. Our observations suggest that, even in overtly auto-
immune lupus mice, central (thymic) tolerance inhibits B cells
that react with a deiminated variant of an important nuclear
autoantigen. These results point to unexpected intricacies in
the murine immune response to deiminated autoantigens. We
interpret these results as possible outcomes of PAD expression in
antigen-presenting cells.

MATERIALS AND METHODS

Mice

Sera were obtained from B6 mice, as well as from NZB/W,
NZM2410, B6.Slel, and B6.Slel.Sle3 mice at 6-8 months of age.
Tissues were prepared from groups of matched B6 and B6. TC mice
of 4-6 months of age. Splenocytes were isolated from 6 BALB/c
mice of 4 months of age and 13 NZB/W F1 female mice that were
divided into 3 age groups: 6-10 weeks of age, 20-21 weeks of
age, and 25-30 weeks of age. The treatment and care of animals
were in accordance with the guidelines of the Office of Research,
UTHSC, the University of Florida and the Norwegian Ethical and
Welfare Board, and the study overall was approved by UTHSC
Institutional Animal Care and Use Committee under the protocol
#11-164.

ELISA

For binding assays, we treated purified calf-thymus histones with
recombinant PAD4 in vitro, as described previously (2, 3). To
assess the extent of deimination, we analyzed the progress of the
reaction by colorimetry of citrullines and testing the resulting
dH by Western blot with an antibody to citrullinated histone
H3 (Abcam, ab#5103). The results of this analysis are shown in
Figure 1.

Flat bottom, 96 well microtiter plates (Immulon 4HBX;
Thermo Electron Corp.) were coated overnight with 5 pg/ml
of nH, poly L-lusine, bovine serum albumin (BSA) (Sigma),
ovalbumin (OVA) (Sigma), protamine sulfate (Sigma), or dH, as
previously described (25). Plates were washed three times with
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FIGURE 1 | In vitro deimination of histones by peptidylarginine
deiminase (PAD) 4. Calf-thymus histones (0.1 mM) were incubated with
0.2 uM of recombinant PAD4 for up to 24 h, and nanomoles of citrulline
produced were determined by colorimetry at 595 nm using citrulline standard
solution (A). Calf-thymus histones from time points tested above were
probed on Western blot with a commercial antibody that reacts against the
amino terminus of histone H3 with citrullines at positions 2, 8, and 17
(Abcam, ab#5103). Deimination was detected at each time point except at
time = 0 and increased from 0.5 to 24 h (B). The reaction reached a plateau
by 24 h, and we calculated that 1.3 citrullines were present, on average, per
histone H3 molecule.

0.05% Tween-20 in PBS and blocked with 2.5% BSA in 0.02%
NaN; and PBS for 2 h. A 1:100 initial dilution of primary sera
along with threefold serial dilutions in 1.6% Tween-20 and 1%
BSA in PBS were incubated for 1 h in the plates. Then, serum dilu-
tions were removed, and wells were washed with 0.1% Tween-20
in PBS. Alkaline phosphate-conjugated goat anti-mouse kappa
(Southern Biotech) was added at 1:1,000 dilution in 1% BSA with
0.05% Tween-20 in PBS for 1 h. Phosphatase substrate (Sigma)
was used to develop the ELISA, and OD values were read at
405 nm on a Multiscan Plus plate reader (Labsystems).

Serum antibodies against dsDNA were detected by ELISA
exactly as described (26, 27). In short, calf-thymus dsDNA
(10 pg/ml in PBS) was coated on microtiter plates (MaxiSorb;
Nunc, Copenhagen, Denmark). Sera from mice were diluted
twofold from 1:100 to 1:3,200 in PBS containing 0.02% Tween-
20 and incubated in wells. ELISA readings were obtained with
peroxidase-conjugated rabbit anti-mouse Fc-y antibodies at
405 nm.

Ex Vivo Tissue Lysate Preparation

Seven-month-old B6.TC autoimmune female mice and
age-matched control B6 IgH* were dissected to recover a por-
tion of spleen, bone marrow, kidney, and liver. Thymi from

4- to 6-month-old mice were similarly obtained. Tissue was cut,
minced with scissors, and crushed between two sterile frosted
glass slides. Dissociated tissues were washed in PBS (without
Ca'™) and centrifuged at 5,000 X g for 5 min to pellet cells. Cell
pellets were mixed with lysis buffer (65mM Tris pH 7.2, 2%SDS,
10% glycerol), containing protease inhibitors. To test for dH in
tissue lysates, equal amounts of total protein were analyzed by
Western blotting, as described below.

Western Blot

For Western blot analysis, proteins were resolved on 15%
SDS-PAGE and transferred to nitrocellulose. Membranes were
blocked in 5% BSA in 0.1% Tween-20 in TBS (TBST) overnight
at 4°C. Subsequently, the membranes were incubated with sera at
1:500 dilution in TBS containing 2.5% BSA, 1% NP-40, and 0.1%
SDS. After 2 h of incubation, membranes were washed with 1%
NP-40 in TBS. Anti-mouse IgG-HRP was used for detection at
1:20,000 dilution in TBST for 1 h, and blots were developed using
chemiluminescence (PerkinElmer).

Peptide inhibition assays included a preceding step, in which
3 ug of 20-mer peptides, both matching the amino terminus of
H3 but either containing arginines or citrullines at positions 2, 8,
and 17, were incubated with 1:300 dilutions of mouse sera for 1 h
prior to use in binding to dH and nH on the membrane. Results
of these Western blots were quantitated by infrared emission
of secondary anti-mouse IgG antibodies (Odyssey). Separately,
autoimmune sera were treated with DNasel prior to Western
blotting. Briefly, 400 pl of a 1:200 dilution of sera were incubated
with 20 units of DNasel (New England Biolabs) for 1 h at room
temperature to limit the possibility that DNA-anti-DNA com-
plexes present in sera contribute to the observed histone binding.
Following this incubation, the sera were diluted 1:500 in Western
blot binding buffer.

To probe for deiminated histone H3 (dH3) in B6.TC and B6
mice, equal amounts of tissue lysates were resolved on 12% SDS-
PAGE and transferred to nitrocellulose. Membranes were blocked
with 5% BSA in TBST for 30 min and incubated with anti-dH3
anti-citrullinated histone H3 rabbit antibodies (Abcam, ab#5103)
overnight at 4°C. Membranes were washed and incubated with
HRP-conjugated goat-anti-rabbit secondary IgG antibody for 1 h
at room temperature, washed three times in TBST, and twice in
TBS alone. The HRP activity was detected as above.

Splenocyte Proliferation Assay

BALB/c mice were boosted twice with 100 g of total histones
(dH or nH) or 100 pg OVA, 14 and 2 days prior to the splenocyte
proliferation assay. Ninety-six well tissue culture plates (Corning
Incorporated) were filled with 100 pl aliquots of 100 pg/ml (or
threefold serial dilutions) of dH, nH, or OVA in RPMI 1640
(Mediatech Inc.) supplemented with 10% FBS. Splenocytes were
isolated and resuspended in RPMIwith 10% FBSat 1 x 10°cells/ml.
One hundred microliters of cell suspension was added to each
well, and plates were incubated at 37°C in 5% CO for 72 to 96 h.
Tritiated thymidine (1 pCi/well) was added for the last 17 h of
incubation. Plates were harvested onto glass fiber filters, and
thymidine incorporation was assessed by scintillation count-
ing. Splenocyte proliferation assays were also performed using
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female NZB/W mice purchased from the Jackson Laboratory
(Bar Harbor, ME, USA). Splenocytes were collected from NZB/W
mice of different ages. Following red blood cell lysis, the spleno-
cytes were resuspended in DMEM-10 media with 10% FCS and
10,000 U/ml penicillin and 10 mg/ml streptomycin. One hundred
thousand cells were incubated with dH or nH (20 pg/ml of pro-
tein) in triplicate wells. Tritiated thymidine incorporation (1 pCi/
well) was measured after 20 h, 3 or 6 days by liquid scintillation,
as described (28, 29).

RESULTS

Spontaneously Arising Anti-Histone

Autoantibodies

To assess the production of anti-nH/dH autoantibodies in
mice that spontaneously develop antinuclear autoantibodies,
we tested sera from NZB/W and their recombinant inbred
derivative strain NZM2410 for binding to nH and dH. In
addition, we tested the contribution of lupus-predisposing
genetic intervals Slel and Sle3 that were back-crossed from
the NZM2410 onto the B6 background (B6.Slel and B6.Slel.
Sle3). Slel is a locus that breaks tolerance to chromatin,
whereas Sle3 affects functions of myeloid cells (30). The
parental strains, NZB and NZW, have distinct MHC, H-2¢
and H-2% respectively. The lupus-predisposing H-2* was
maintained in the NZM2410 congenics, whereas the Slel and
Sle3 congenics have the H-2° from B6. Antibody binding to
dH and nH was assessed by ELISA (Figure 2) and Western
blot (Figure 3). As controls, sera from age- and sex-matched
B6 mice were used.

By ELISA, NZB/W (Figure 2A), B6.Slel (Figure 2B), B6.Slel.
Sle3 (Figure 2C), and NZM2410 (Figure 2D) sera showed prefer-
ence for nH over dH. This preferential binding was statistically
significant for NZB/W, NZM2410, and B6.Slel.Sle3, as assessed
by paired, one-tailed T-test. Binding differed for different mice
and dilutions but, in general, binding to nH was stronger than
the binding to dH. We also confirmed the additive effect of Slel
and Sle3 loci, as the B6.Slel.Sle3 combination resulted in greater
absorbance values relative to the B6.Slel mice. In parallel assays,
sera from B6 mice (Figure 2E) showed no reactivity to histones.
Both dH and nH were present in equivalent concentrations on
the plates, as shown by the nearly identical binding of the LG2.2
monoclonal antibody (Figure 2F) whose epitope, the first 13
amino acid residues of histone H2B, is identical between nH and
dH (31).

To examine the possibility that antibodies to dH arise first
but are replaced by antibodies to nH, we collected mouse sera
over time to identify mice during the conversion to anti-histone
autoimmunity. In Figure 2G, we show that binding preference
to nH over dH was present at an early time when anti-histone
reactivity first appeared. This result indicates the two reactivities
arise jointly, rather than in succession, as might be predicted by
epitope spreading.

To dissect the preferential binding to nH, we used Western
blotting. The stringency of binding was increased by including
both SDS (0.05%) and NP-40 (0.5%) in the binding buffer.

Indeed, under these conditions, the binding of serum antibodies
from NZB/W, NZM2410 B6.Slel, and B6.Slel.Sle3 mice to dH
was weaker relative to the binding to nH, such that many of
the sera bound exclusively to nH (Figure 3A). A variety of
binding patterns were observed, including exclusive binding
to one or two core histones. Binding to dH3 was observed
most often, whereas binding to deiminated H4 or H2A was
rare. In addition, binding to a band with the mobility of the
deiminated linker histone H1 was observed in several blots.
Opverall, binding was more biased toward nH over dH, although
some IgG dH was also observed in individual NZM2410 and
B6.Slel.Sle3 mice. In no instance did binding to nH exceed
binding to dH.

To examine the possibility that the binding to dH represented
a truly separate population of antibodies, we conducted inhibi-
tion experiments using 20-mer peptides that matched the amino
terminus of histone H3 and either contained arginines or citrul-
lines at positions 2, 8, and 17 (Figure 3B). We observed that the
arginine-containing peptide (orange bars) was a more effective
inhibitor of binding to both nH and dH, relative to the citrulline-
containing peptide (blue bars), suggesting that the antibody
binding to either antigen reflects antibody specificity for nH and
that the binding to dH likely represents cross-reactivity due to
shared epitope structure.

Splenocyte Proliferation

We asked whether T cells from autoimmune mice also recog-
nize dH by using NZB/W mice that spontaneously develop an
autoimmune response against nuclear Ags, including DNA and
histones (32). Splenocytes from NZB/W mice of different ages
were tested for proliferation in the presence of dH or nH. At
6-10 weeks of age, prior to any measurable anti-DNA reactivity,
the splenocytes did not proliferate in response to either form
of histone (Figures 4A,B). At 20-21 weeks of age, anti-DNA
autoantibodies could be detected in the sera of some NZB/W
mice (indicated at the top of each panel), and splenocytes from
these mice showed low levels of proliferation in response to nH
and dH (Figures 4C,D). Thus, splenocyte responses to histones
arose in parallel with, or slightly prior to, humoral responses to
DNA.

Twenty-five-week-old NZB/W mice with established autoim-
munity showed splenocyte proliferation in response to dH and
nH (Figures 4E,F), suggesting the presence of histone-reactive
T cells in the spleens of autoimmune mice. Although some
mice showed a tendency to preferentially respond to dH, others
preferred nH, as shown by data from two of the analyzed mice.
Notably, preference could switch, depending on the length of
stimulation (Figures 4E,F), suggesting the presence of a limited
number of T cell clones with distinct specificities and growth
characteristics. Because proliferation generally showed a bias for
dH or nH rather than being equal, we infer that epitopes contain-
ing arginines or citrullines were both presented by the MHC and
recognized by T cells in splenocytes.

To examine the ability of dH to drive a T cell response, we
examined T cell proliferation in vitro. Splenocytes from BALB/c
mice immunized with dH proliferated during incubation with
dH (Figure 4G) to comparable extent as splenocytes from mice
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FIGURE 2 | Binding of IgG from autoimmune-prone and control mice to non-deiminated histones (nH) and deiminated histones (dH). Sera from NZB/W
(A), B6.Sle (B), B6.Sle1.Sle3 (C), NZM2410 (D), and control B6 (E) mice were tested for IgG binding to nH and dH. Complete binding curves were obtained, and
OD values for a single dilution were plotted in panels (A-D). We plotted data from 1:1,000 dilutions in panels (A=C) and from the 1:200 dilution in panel (D).
Absorbance values for each serum corresponding to IgG binding to dH and nH are shown and are connected by a line indicating the pairs of data for the binding of
each serum to the two antigens. Significance of the readings was tested by paired, one-tailed T-test. Binding to dH was significantly less than to nH for NZB/W

(o < 0.0001), NZM2410 (p < 0.016), and B6.Sle1.Sle3 (p < 0.016). The binding of B6.Sle? IgG tended to be lower to dH (p < 0.10). IgG from mice with systemic
lupus erythematosus susceptibility genes showed preferential binding to nH. In comparison, control B6 mice showed negligible binding to either form of histones (E).
As control for equal coating of Ags, we used LG2-2, a mouse anti-histone H2B mAb (F), whose epitope does not include any residues that are substrates for
deimination (31). Thus, the binding curves for dH (filled symbols) and nH (open symbols) are nearly superimposable. Individual mice were followed over time (G), to
observe the initial development of anti-histone autoreactivity. Two NZB/W mice that first showed anti-histone reactivity at 4 months of age (September) reacted more
strongly to nH than to dH, and the preferential antibody binding was maintained at 5 months of age (October). The sera were diluted 1:300, and the measurements
were performed three times with consistent results. The Y-axis displays values of optical density measured by ELISA.

immunized with OVA and incubated with OVA (Figure 4I). By Spleens of Autoimmune Mice Have

contrast, splenocytes from BALB/c mice immunized with nH  lncreased Levels of dH
showed no enhanced proliferation regardless of whether they  To test for the presence of dH in vivo, we prepared tissue lysates
were incubated with dH, nH, or media alone (Figure 4H). of bone marrow, spleen, liver, kidney, and thymus from B6.TC
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FIGURE 3 | Continued

Western blot of IgG to deiminated histones (dH) and non-deiminated histones (nH). Equal amounts of dH and nH were resolved on SDS-PAGE, transferred
to nitrocellulose, and stained with Ponceau red (upper left panel). The stained bands migrating with the mobilities of core and linker histones are indicated along the
margins. Note that due to the replacement of the positively charged arginine by the neutral citrulline, the electrophoretic mobility of certain core histones is increased
in the dH sample, indicating nearly complete modification by peptidylarginine deiminase 4. (A) Strips of membrane containing nH or dH were probed with NZB/W,
NZM2410, B6.Sle1, and B6.Sle1.Sle3 sera at 1:500 dilution and developed with anti-mouse IgG-horseradish peroxidase. Autoimmune-prone mouse sera bound nH
in preference to dH. The experiments were performed at least three times with consistent results. (B) To explore whether the binding to histones on the membranes
is equally sensitive to inhibition by 20-mer peptides matching the H3 amino terminus and containing arginine residues (nH peptide; orange bars) versus citrulline
residues (dH peptide; blue bars) at positions 2, 8, and 17, we preincubated an NZB/W serum that showed binding to both nH and dH (black bars) with either
peptide, as described in Section “Materials and Methods,” and carried out the Western blots. The nH peptide was a more effective inhibitor of binding to both
histones than the dH peptide. The Y-axis indicates binding intensities in units of infrared emission (IE).

FIGURE 4 | Proliferation of splenocytes from NZB/W and immunized BALB/c mice. Splenocytes derived from NZB/W mice of different ages were tested for
dsDNA binding by ELISA (A-F). In parallel, splenocytes were stimulated with deiminated histones (dH) or non-deiminated histones (nH) in vitro, as indicated.
Proliferation was assessed following 4 h, 3 and 6 days in culture, and the response was determined by [*H] thymidine incorporation. In addition, splenocytes from
mice immunized with dH (G) or nH (H) were tested for proliferation in response to dH or nH, or ovalbumin (I) as control. The results are presented as stimulation
indices (Sl) that were calculated from mean cpm values of triplicate wells. The significance of differences between samples was determined by unpaired T-test, and
the p values are indicated.

mice and probed them with anti-dH by Western blot. The bone ~ dH3 (Figure 5A). By contrast, spleens of B6.TC mice had clearly
marrow lysates of autoimmune B6.TC mice and control mice  increased levels of dH3 as compared to B6 controls or lysates of
at 7 months of age did not appreciably react with antibodies to  the Jurkat lymphoma cells (Figure 5B). These results provide a
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FIGURE 5 | Western blot detection of deiminated histone H3 (dH3) in
mouse tissues. Equal amounts of freshly prepared lysates from bone
marrow (A), spleen (B), kidney (C), liver (D), and thymus (E) of autoimmune
B6.TC and control B6 mice were blotted onto nitrocellulose membranes and
probed with anti-dH3 antibody. Tissues from three mice were tested in each
group. As control, Jurkat lymphoma cells were used (B). The same blots
were also re-probed with an antibody that recognizes total histone H3 (Pan
H3) to confirm equal loading of lysates.

qualitative estimate rather than a precise measure of deimina-
tion. This is by necessity, as the cellular composition and disease
process may affect histone deimination in a complex manner in
a tissue such as the spleen. The overall amounts of histone H3
were similar in all samples, as indicated by the equivalent immu-
noreactivity of an anti-H3 antibody. Therefore, the spleens of
autoimmune B6.TC mice contained increased quantities of dH3.
In addition, the kidneys and the liver from individual autoim-
mune mice exhibited increased levels of dH3 (Figures 5C,D).
Importantly, thymic extracts from 4- to 6-month-old B6 and
B6.TC mice clearly showed constitutively elevated levels of dH
(Figure 5E).

DISCUSSION

In this study, we observed that autoimmune mice exhibit a strik-
ing B cell bias toward binding nH over dH, a bias that is present
at the earliest stages of anti-histone autoimmunity (Figure 2G).
In 28 of 28 autoimmune NZB/W, NZM2410, B6.Slel, and B6.Slel.
Sle3 mice that made IgG anti-histone antibodies, preference was
invariably in favor of nH (Figure 3A). Even more strikingly, in 18
animals that produced antibodies to nH, immunoblotting could
not detect antibodies to dH. To exclude the possibility that anti-
dH antibodies are only transiently expressed, or ensconced in
immune complexes, we carried outlongitudinal antibody-binding

assays that consistently revealed preferential or exclusive binding
to nH (Figure 2G). These results indicate that, even in mouse
strains that spontaneously convert to autoimmunity, deimination
reduces IgG binding to histones, and autoantibody binding is
focused on arginine-containing epitopes that are absent from dH.
It follows that dH remain effective tolerogens even after develop-
ment of autoimmunity in the tested mouse strains. We conclude
this is an important characteristic of autoimmune mice, and we
propose that a more detailed comparison with autoimmune dis-
ease patients may shed light on the induction of autoimmunity.
Moreover, we argue that the specific regulation of PAD4 underlies
these results.

Peptidylarginine deiminase 4 is most abundant in granu-
locytes and other cells of the innate immune system. However,
PAD4 is also expressed in another immunologically relevant
context. In elegant studies, Ireland and Unanue described the fact
that antigen-presenting cells in mice express PAD4 and PAD2
in a compartment that is regulated by proteins in the autophagy
pathway (33). The deiminase activity is constitutively expressed
in dendritic cells and macrophages, whereas it is inducible in
B cells by stress or stimulation through the Ig antigen receptor
(33). The authors reported that arginine residues in antigenic
peptides are converted to citrullines, and that T cells respond to
target antigenic epitopes containing citrulline. This mechanism
was demonstrated by using foreign antigens, in their case, hen
egg lysozyme that was administered in a conventional immuni-
zation. The resulting T cell clones bound preferentially, or even
exclusively citrullinated lysozyme peptides. Our results support
this mechanism because splenocytes from BALB/c mice prolifer-
ated as vigorously against dH as against OVA (Figure 4G versus
Figure 4I). By contrast, splenocytes from NZB/W mice, after
these mice had converted to autoimmunity, showed comparable
proliferation to either antigen (Figures 4E,F). This fundamental
difference in outcome points to differences in immunized versus
spontaneous autoimmune responses to nH.

As further shown by Ireland and Unanue, autophagy induc-
tion in B cells is necessary for their inducible expression of PAD4
activity associated with antigen processing (33). Conversely, a
transient or sustained impairment of autophagy in B cells could
provide conditions that would support the presentation of histone
epitopes lacking citrullines. Under these conditions, B cells would
express peptide epitopes that could act as neo-antigens for T cells
and solicit T cell help. Autophagy has been linked by genetics to
autoimmunity (27). A contribution of the autophagic processes
to autoimmunity is consistent with the deficient or impaired
functions of ATG5 (and other components of non-canonical
autophagy) in SLE, but the mechanism for this relationship is
unclear (27, 28). Our data suggest that effective autophagy may
be required to maintain certain aspects of immune tolerance in
mice.

However, an unanswered question is whether deiminated
peptide presentation also occurs during thymic development,
and whether tolerizing peptides expressed by thymic antigen-
presenting cells are also deiminated. In support of this possibility,
we found that thymus lysates from B6 and B6.TC mice show
abundant histone deimination (Figure 5E), a result that suggests
antigen presentation in the mouse thymus is tightly linked to
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deimination. If so, citrulline-containing epitopes of autoantigens
such as histones may induce powerful tolerance in mice. In that
scenario, only B cells that bound to nH and presented non-
deiminated epitopes would break tolerance and receive T cell help.
Consequently, autoimmunity might initially be directed against
non-deiminated peptides, provided that B cells, at an early stage
of autoimmune pathogenesis, suspend or shut off the deimination
of processed epitopes. Support for this alternative comes from
the consistent anti-nH response that we observed in numerous
autoimmune mice from different autoimmune strains (Figures 1
and 2). Thus, only B cells that no longer expressed PAD4 activity
in their antigen processing compartment may escape tolerance.
Our hypothesis of the key dependence of self-tolerance on the
adequate function of autophagy for the presentation of dH pep-
tides is in line with the remarkable preference of autoimmune
mouse antibodies for nH. As corollary, a steady-state balance
between nH and dH may be maintained under pre-autoimmune
conditions, but an imbalance between the supply, processing,
or recognition of nH, likely coincident with a disturbance of
autophagic antigen processing in B cells, may result in an antigen-
specific response to nH that may break immune tolerance and
result in a sustained autoimmune response to nH.

To conclude, we briefly address the difference between mice
and humans in their ability to express antibodies to dH. As we
and others have shown, autoantibodies in various human autoim-
mune conditions preferentially bind dH (3, 24, 34), in striking
contrast with the opposite bias in mice. Again, the key may be
in the expression of PAD4 activity in B cells. Our tissue expres-
sion results indicate the increased presence of dH in the spleens
of autoimmune mice (Figure 5B). By contrast, healthy human
B cells appear incapable of expressing PAD4, as indicated by data
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ABSTRACT

Background: Anti-Su antibodies are found in 5-20% of cases of various systemic autoimmune rheumatic diseases
and in 5-10% of dermatomyositis (DM)/polymyositis (PM) patients. In 2006, the 100 kDa Su antigen was
identified as argonaute2 (Ago2), and it was found to play a major role in RNA interference. However, im-
munoprecipitation (IP) remains the main method for detecting anti-Su and the clinical significance of the an-
tibodies is uncertain.

Methods: Sera from patients with DM/PM (n = 224) were screened by an ELISA that uses recombinant bioti-
nylated Ago2 protein. Some serum samples were tested by IP and by indirect immunofluorescence (IIF) analysis.
Results: Seventeen (7.5%, 17/224) sera from DM/PM were positive in ELISA. Of the 33 IP-tested sera (17 ELISA-
positive and 16 ELISA-negative with high background), 13 were found to be anti-Ago2/Su-positive in IP and
ELISA. Only one IP-positive serum was judged to be ELISA-negative. Among the 13 patients with anti-Su/Ago2, 7
cases also had myositis-specific autoantibodies. Six sera that were positive by both IP and ELISA showed the GW
body pattern in IIF. Interestingly, one ELISA-positive serum with an inconclusive result in IP also showed the GW
body pattern.

Conclusion: Our novel ELISA appears to be useful for screening anti-Su/Ago2 antibodies (sensitivity: 93%,

specificity: 79%).

1. Introduction

Anti-Su antibodies were first detected by double immunodiffusion
using calf thymus extract in sera from patients with systemic lupus
erythematosus (SLE) [1]. MRL/Ipr mice and pristane-induced SLE
model mice also produce anti-Su antibodies [2,3]. In 1994, target an-
tigens of anti-Su antibodies were characterized by immunoprecipitation
(IP) as 100/102 kDa doublet proteins often accompanied by a 200 kDa
protein [4]. In 2006, the 100 kDa component of the Su antigen was
identified as Argonaute 2 (Ago2), a key component in RNA interference
machinery [5]. Ago2 also plays important roles in the regulation of
microRNA expression, function, maturation and stability [6]. Recently,
the roles of microRNAs in the pathogenesis of autoimmune diseases
have been studied extensively [7].

In addition to being reported in SLE, anti-Su antibodies have been
reported in many other systemic autoimmune rheumatic diseases, in-
cluding systemic sclerosis (SSc), dermatomyositis/polymyositis (DM/
PM), and rheumatoid arthritis (RA). The prevalence is relatively high in
SLE (17-24%) and SSc (17-32%), but lower in RA and DM/PM (7-9%),

based on limited studies [1,4,8-10]. The data on anti-Su in DM/PM
patients in the previous studies were from small cohorts; only 17 to 43
serum samples from DM/PM patients were examined [1,8,10]. The
clinical features of anti-Su antibody-positive DM/PM are not well
characterized. One reason for this is because detection has been done by
IP or by insensitive, rarely used double immunodiffusion. Thus, in this
study, we aimed to establish a simple method for screening anti-Su/
Ago2 antibodies and to analyze clinical features associated with DM/
PM patients with these antibodies. We have already accumulated data
of more than 200 patients with idiopathic inflammatory myopathies in
our previous studies [11,12].

2. Material and methods
2.1. Patients and sera
Two hundred twenty-four Japanese patients (68 males, 156 fe-

males) were enrolled in the study. Demographic and medical in-
formation were collected from chart reviews. One hundred fifty-four of
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the 224 sera were from patients who had visited the clinic of the
Department of Dermatology at Nagoya University Graduate School of
Medicine between 1994 and 2015. Sera from 70 other patients were
sent to our laboratory from collaborating hospitals to test for myositis-
specific autoantibodies. One hundred fifty-nine patients fulfilled the
criteria of Bohan and Peter for DM/PM [13], and the remaining 65 met
the Sontheimer criteria for clinically amyopathic DM (CADM) [14]. Of
the 224 patients, 90 patients had classical DM, 65 had clinically
amyopathic DM, 25 had cancer-associated DM, 17 had juvenile DM, 20
had PM and 7 had myositis overlap syndrome. The ages at disease onset
were 3 to 85 years (mean = 52 + 18).

Age-appropriate cancer screening and computed tomography of the
chest for the evaluation of interstitial lung disease (ILD) were per-
formed. Patients were classified as having cancer-associated DM if a
diagnosis of a malignancy was made within 3 years prior to the de-
velopment of the DM-associated symptoms or after the onset of the first
DM symptoms. This study was approved by the ethics committees of the
Nagoya University Graduate School of Medicine and University
Hospital.

2.2. Laboratory tests and serologic assays

Serum samples were screened for antibodies against SS-A/Ro60 and
U1-RNP using commercial enzyme-linked immunosorbent assay
(ELISA) kits (MBL®, Nagoya, Japan). In addition, anti-Mi-2, anti-TIF1y,
anti-MDA-5, anti-NXP-2, anti-HMG-CoA, anti-Ku70/80, anti-SRP54,
anti-PM/Scl-75/100 and anti-SAE1/2 were tested by ELISA using bio-
tinylated recombinant proteins [15]. When the results obtained by anti-
aminoacyl-transfer RNA synthetase (anti-ARS) ELISA kit (MBL®) were
positive, the individual anti-ARS of EJ, Jo-1, KS, PL-7 and PL-12 were
tested by the in-house ELISA [15].

2.3. Recombinant protein

The full-length cDNA clone of human Ago2 in pDEST17 vector was a
gift from Dr. Edward Chan (University of Florida) [16]. Biotinylated
recombinant protein was produced from the cDNA using the T7 Quick
Coupled Transcription/Translation System (Promega®, Madison, WI,
USA) [15].

2.4. Enzyme-linked immunosorbent assay (ELISA)

All sera were tested by ELISA for antibodies to Ago2, following our
previously published protocols [15]. A 96-well Immobilizer Strepta-
vidin plate (Thermo Scientific Nunc®, Roskilde, Denmark) was in-
cubated with 1 pl of biotinylated recombinant Ago2 protein/50 pl PBS
containing 0.05% Tween20/well. The wells were then incubated with
diluted patient sera (1:1000 dilution), followed by incubation with
horse radish peroxidase-conjugated goat anti-human IgG antibody
(1:30,000 dilution; Dako®, Grostrup, Denmark). Anti-Ago2 reactivity
was determined by incubation with substrate, and relative lumines-
cence units (RLU) were read. The RLU of the samples was converted
into units using a standard curve created with a serially diluted pro-
totype positive serum.

2.5. Immunoprecipitation (IP)

Autoantibodies in sera were tested by IP of 3>S-methionine radi-
olabeled K562 cell extract, SDS-PAGE, and autoradiography. Anti-Su
antibodies were identified by the presence of the characteristic 100/
102-kDa doublet Su antigens [4].

2.6. Indirect inmunofluorescence (IIF)

Sera were tested by IIF with two different commercial kits using
HEp-2 cells (Fluoro HEPANA Test: MBL®, and Premmune HEp20-10:
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EUROIMMUN?®, Luebeck, Germany) according to their protocols.

2.7. Statistical analysis

The results were analyzed by Fisher's exact test, Mann-Whitney U
test, or log rank test, as appropriate, using SPSS version 22 (IBM,
Armonk, NY, USA). P values less than 0.05 were considered significant.

3. Results

3.1. Detection of anti-Su/Ago2 antibodies by ELISA and
immunoprecipitation

An in-house ELISA was used to detect anti-Ago2 antibodies in sera.
The cutoff value was defined as a mean plus 5 standard deviations of
the ELISA unit (= 2.7 units) as obtained from the 40 healthy controls.
All healthy control sera were anti-Ago2-antibody-negative in our ELISA.
Of the 224 DM/PM patients' sera, 17 (7.6%) were ELISA-positive.

Next, 33 sera (including 17 ELISA-positive sera and 16 ELISA-ne-
gative sera that had units close to the cutoff value) were tested by IP for
the presence of 100/102 kDa Su proteins. Anti-Su/Ago2 was confirmed
by IP in 13 of 17 ELISA-positive sera. One of the 17 ELISA-positive sera
strongly immunoprecipitated a protein that migrated close to the 100/
102kD Su antigen, and whether the serum had anti-Su or not was in-
conclusive (Fig. 1a, lane 15). In contrast, only one of 16 ELISA-negative
sera that showed relatively high reactivity but was below the cutoff in
the anti-Ago2 ELISA was positive for anti-Su/Ago2 by IP (Fig. 1a, lane
14). From these data, our ELISA showed a sensitivity of 93% (13/14)
and a specificity of 79% (15/19), compared to anti-Su/Ago2 antibody
detection by IP as the gold standard.

Fig. 1. Inmunoprecipitation and indirect immunofluorescence analysis of anti-Su/
Ago2-positive sera.

A. Immunoprecipitation for anti-Su/Ago2 antibodies. Lanes 1-13: Anti-Su/Ago2-positive
sera in ELISA/IP analysis, lane 14: anti-Su-positive serum in IP analysis, lane 15: anti-
Ago2-positive serum in ELISA analysis. Lanes PC and NC: positive control and negative
control sera. MWM: molecular weight marker. Lane numbers correspond to the case
numbers in Table 2.

B and C. GW body staining pattern by an anti-Ago2/Su antibody-positive serum from a
patient with clinically amyopathic dermatomyositis using two indirect immuno-
fluorescence (IIF) kits. B: IIF using EUROIMMUN® kit, C: IIF using MBL® kit.
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Table 1
Clinical and serological feature of the anti-Su/Ago2-positive and -negative idiopathic
inflammatory myopathy patients.
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Table 3
Clinical and serological features of GW body positive-staining and negative-staining PM/
DM patients.

Anti-Su positive % Anti-Su negative % P value GW body staining (+) GW body staining (=) P value
(N =13) (N = 211) N=6 N=7
Male:female 3:10 65:146 0.75 Age 53.7 * 10.6 43.57 = 17.7 0.67
Mean age (mean + SD) 48.0 + 14.6 52.2 + 18.1 0.5 Anti-Ago2 ELISA 84.6 + 118 18.13 + 14.4 0.277
. . s (unit)
Myositis-specific autoantibodies . .
MDAS 23 (3) 23 (50) 1 Crea(tlllr}e/e[l;mase 1722.5 + 2928 534 = 719 0.41
TIF1y 7 (1) 17 (36) 0.69 .
Interstitial lun 2 (33% 4 (57% 0.59
ARS 23 (3) 15 (32) 1 e (%5; (33%) (57%)
Negative 46 (6) 33 (70) 1
Clinical diagnosis
E;Sfical DM 30(1(;‘) ‘7“)(1(2‘)5) g'gg discrete foci pattern) [5] for anti-Su (Figs. 1b, c). Seven sera showed the
CADM 38 (5) 28 (60) os GWB pattern by both k1tsf 6 of which were positive by .b.oth IP and
Cancer-associated DM 0 (0) 11(25) 0.8 ELISA (Table 2). The remaining one serum was ELISA-positive, but the
PM 15 (2) 8 (18) 0.3 IP result was inconclusive because of protein bands that migrate close
Overlap 7M 300 0.33 to the 100/102kD Su antigen (Fig. 1a, lane 15). Ten ELISA-negative

ARS: aminoacyl tRNA synthetases, CADM: clinically amyopathic dermatomyositis, DM:
dermatomyositis, JDM: juvenile dermatomyositis, MDA5: melanoma differentiation as-
sociated gene 5, PM: polymyositis, TIF1y: transcriptional intermediary factor 1v.

3.2. Clinical and laboratory profiles of patients with anti-Su/Ago2
antibodies

There was no statistically significant difference in prevalence of
myositis subsets, age, sex or coexisting autoantibodies between the anti-
Su/Ago2 antibody-positive group and the anti-Su/Ago2 antibody-ne-
gative groups (Table 1). Six of the 8 patients who were anti-Su/Ago2
antibody-positive had ILD. None of the anti-Su/Ago2 antibody-positive
patients had internal malignancy. In our study, 177 of 224 patients with
myositis were available for the evaluation of ILD. Six of 8 (75%) anti-
Su-positive patients had ILD, whereas 104 of 177 (61%) anti-Su-nega-
tive myositis patients had ILD. The difference was not statistically sig-
nificant (P = 0.7). Moreover, malignancy in anti-Su-positive and -ne-
gative patients was 0 of 13 (0%) and 25 of 211 (11%) respectively; no
statistical difference was found (Table 1).

3.3. IIF analysis of anti-Su/Ago2-positive sera

Twenty-seven sera (17 anti-Ago2 ELISA-positive and 10 below the
cutoff value described above) were tested by IIF using 2 different IIF
kits to evaluate characteristic GW body (GWB) staining (cytoplasmic

Table 2
Clinical and serological characteristics of anti-Su/Ago2 antibody-positive PM/DM patients.

sera showed no GWB staining.

We compared the clinical characteristics of GW body positive-
staining vs. negative-staining anti-Su patients (Table 3). Levels of anti-
Ago2 determined by ELISA appear higher in the GW body positive-
staining group, but the difference is not statistically significant.

4. Discussion

To our knowledge, this is the first study on anti-Su/Ago2 antibodies
using anti-Ago2 ELISA and it is the largest myositis cohort. The IP and
ELISA results showed very good agreement, and we proved that our
ELISA system is effective in screening anti-Su/Ago2 antibodies. In
previous studies, anti-Su antibodies were associated with anti-Ku anti-
bodies in overlap syndrome [4], lower levels of IgG anti-B2 glycopro-
tein I antibodies in primary anti-phospholipid syndromes [17], or the
absence of other SLE-related antibodies [1]. In our DM/PM cohort, no
specific clinical features associated with anti-Su/Ago2 antibodies were
found.

Anti-Su/Ago2 antibodies are known to show a unique staining
pattern in IIF. Even though Ago2 localizes to GWB, the GWB pattern in
IIF is positive for only ~1/3 cases with anti-Su/Ago2 antibodies [5].
There are several hypotheses to explain the inconsistent IIF results. It is
possible that exposed Ago2 epitopes are affected by post-translational
modification or proteins interacting with Ago2. Similarly, it is likely
that Ago2 epitopes in relatively native liquid-phase molecules in IP

Case Age Sex Diagnosis Concomitant antibodies ELISA™ (units) GWB IIF pattern CK max (IU/L) Malignancy Interstitial lung disease
1 47 M DM EJ 4.9 + 582 - -
2 54 F DM PL-7 8.0 NA - NA
3 50 F DM - 25 - 500 - =
4 50 M DM - 17 - 28 - NA
5 73 M CADM ACA 80 + NA - NA
6 57 F CADM MDAS 92 + 42 = +
7 49 F CADM MDAS5 3.2 - 30 - +
8 46 F CADM MDAS5 9.8 + 165 - +
9 23 F CADM - 6.3 165 - +
10 15 F JDM TIF1y, SS-A 4.4 - 24 - NA
11 54 F DM + RA Jo-1, SS-A 40 - 1915 - +
12 64 F PM - 31 - 1076 - +
13 45 F PM U1RNP 313 + 6101 - NA
14 51 F Cancer-a. DM - 1.8 - NA + -
15 74 M PM - 4.8 + 1670 + +

Cases 1-13; Anti-Su/Ago2-positive cases by both immunoprecipitation and ELISA. Case 14; Anti-Su-positive case by immunoprecipitation. Case 15; Anti-Ago2-positive case by ELISA.
ACA: anti-centromere antibody, CADM: clinically amyopathic dermatomyositis, Cancer-a.: cancer-associated, CK: creatine kinase, DM: dermatomyositis, GWB: GW bodies, IIF: indirect
immunofluorescence, JDM: juvenile dermatomyositis, MDAS5: melanoma differentiation associated gene 5, NA: not available, RA: rheumatoid arthritis, —: negative, +: positive.

* Cut-off value of ELISA: 2.7 unit.
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differ from solid-phase epitopes in IIF slide or recombinant proteins
used in ELISA. In the present study, 6 sera that were positive for anti-
Su/Ago2 by both IP and ELISA showed a GWB pattern by the 2 different
IIF kits, and the densities of GWB seemed similar in both kits. We ob-
tained good concordance in the IIF results using two different HEp-2
kits.

Case 14 showed 1.8 units in ELISA, which was higher than the
mean + 2SD of healthy controls but did not reach the ELISA cutoff
value. The serum from this patient showed typical IP patterns of anti-Su
antibody (Figure line 14, Table 2). This might have been the result of
differences in antibody affinities to the cell extract (used in IP) and
recombinant proteins (used in ELISA) due to the Ago2-epitope di-
vergences discussed above.

There was one anti-Ago2 ELISA-positive serum that showed a GWB
pattern in IIF. The serum from this patient immunoprecipitated a strong
protein band around 100 kDa that comigrates with the characteristic
Su/Ago2 bands in IP (Table 1); thus, it was not possible to conclude
whether this serum had anti-Su/Ago2. Su/Ago2 is a component of cy-
toplasmic GWB; however, there are many other autoantigens that are
components of GWB. Thus, GWB staining alone is not enough to classify
this serum as anti-Su/Ago2-positive. Although IP is considered the gold
standard for detecting anti-Su antibodies, our ELISA could sometimes
be useful for detecting anti-Su/Ago2 in cases like this. Our newly de-
veloped ELISA can be used to detect anti-Su/Ago2 antibodies. To elu-
cidate the clinical features of anti-Su/Ago2 antibody-positive patients
with various diseases, future studies in larger cohorts will be needed.
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Abstract Autoantibodies specific for idiopathic inflammato-
ry myopathy (myositis-specific autoantibodies (MSAs)) are
clinically useful biomarkers to help the diagnosis of
polymyositis/dermatomyositis (PM/DM). Many of these are
also associated with a unique clinical subset of PM/DM, mak-
ing them useful in predicting and monitoring certain clinical
manifestations. Classic MSAs known for over 30 years in-
clude antibodies to Jo-1 (histidyl transfer RNA (tRNA) syn-
thetase) and other aminoacyl tRNA synthetases (ARS), anti-
Mi-2, and anti-signal recognition particle (SRP). Anti-Jo-1 is
the first autoantibodies to ARS detected in 15-25 % of pa-
tients. In addition to anti-Jo-1, antibodies to seven other
aminoacyl tRNA synthetases (ARS) have been reported with
prevalence, usually 1-5 % or lower. Patients with any anti-
ARS antibodies are associated with anti-synthetase syndrome
characterized by myositis, interstitial lung disease (ILD), ar-
thritis, Raynaud’s phenomenon, and others. Several recent
studies suggested heterogeneity in clinical features among
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different anti-ARS antibody-positive patients and anti-ARS
may also be found in idiopathic ILD without myositis. Anti-
Mi-2 is a classic marker for DM and associated with good
response to steroid treatment and good prognosis. Anti-SRP
is specific for PM and associated with treatment-resistant my-
opathy histologically characterized as necrotizing myopathy.
In addition to classic MSAs, several new autoantibodies with
strong clinical significance have been described in DM.
Antibodies to transcription intermediary factor 1/ (TIF1y/
«, p155/140) are frequently found in DM associated with
malignancy while anti-melanoma differentiation-associated
gene 5 (MDAS; CADM140) are associated with clinically
amyopathic DM (CADM) complicated by rapidly progressive
ILD. Also, anti-MJ/nuclear matrix protein 2 (NXP-2) and anti-
small ubiquitin-like modifier-1 (SUMO-1) activating enzyme
(SAE) are recognized as new DM-specific autoantibodies.
Addition of these new antibodies to clinical practice in the
future will help in making earlier and more accurate diagnoses
and better management for patients.

Keywords Autoantibodies - Anti-nuclear antibodies -
Polymyositis - Dermatomyositis - Inflammatory myopathy

Introduction

Specific autoantibodies in systemic autoimmune rheumatic
diseases (SARD) are clinically useful biomarkers associated
with a particular disease and/or clinical manifestations. Some
of them, such as anti-Sm and dsDNA antibodies in systemic
lupus erythematosus (SLE), anti-topoisomerase I (topo I; Scl-
70) and RNA polymerase III in scleroderma (SSc; systemic
sclerosis), and anti-Jo-1 in polymyositis/dermatomyositis
(PM/DM) are highly specific for a particular diagnosis and
called disease marker antibodies and included in classification
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criteria of each disease [1, 2]. These autoantibodies are detect-
able years before clinical manifestation or diagnosis and thus
have predictive value for the development of the disease [3]. A
majority of disease-associated autoantibodies in SLE and SSc
have been known for decades and there are a few classic PM/
DM-specific autoantibodies such as anti-Jo-1 [4] and Mi-2 [5,
6]. In recent years, there has not been any identification of new
autoantibodies in SLE and SSc with significant impact on
clinical medicine although many known classic autoanti-
bodies are continuingly used as standard clinical tests. In con-
trast, several new and important autoantibody specificities
with strong clinical impact, such as antibodies to transcription
intermediary factor 1y (TIFlvy) that are frequently found in
cancer-associated DM [7, 8] and anti-melanoma differentia-
tion-associated gene 5 (MDAS) associated with clinically
amyopathic DM (CADM) with rapidly progressive interstitial
lung disease (ILD) [9-12], have been identified in PM/DM.
Autoantibodies that are found in PM/DM are often classified
into myositis-specific autoantibodies (MSA) and myositis-
associated autoantibodies (MAA) [6, 13, 14]. MSAs are al-
most exclusively found in PM/DM among SARD, although
some antibodies such as anti-aminoacy! transfer RNA (tRNA)
synthetases (ARS) are also found in patients classified as idi-
opathic ILD [15-17]. In this article, we will focus on recent
updates on clinical significance and discuss other issues relat-
ed to MSA.

Myositis-Specific Antibodies and Myositis-Associated
Antibodies

Autoantibodies found in patients with PM/DM have been
classified into MSA and MAA [6, 13, 18, 19] (Table 1).
These are clinically relevant well-accepted concepts.
However, there are differences in opinion on antibodies to
be included in MSA vs. MAA, in particular to the latter.

Table 1 Myositis-specific and myositis-associated autoantibodies

MSA is defined as autoantibody specificities that are consid-
ered relatively specific for PM/DM [6, 13, 18, 21]. The disease
specificity is usually defined based on comparison of the prev-
alence of autoantibodies within various SARD and data on
screening of MSA in non-SARD patients are often limited.
Detection of certain anti-ARS, such as antibodies to PL-12
[15] and KS [16] in patients with idiopathic ILD, has been
reported. One recent study reported that 10 % of patients with
idiopathic ILD had anti-ARS [17]. This is not a surprise be-
cause the anti-ARS has a strong association with ILD and ILD
may precede myositis in some cases. Nevertheless, some pa-
tients appear to stay as idiopathic ILD for many years and may
not develop myositis. Despite detection of some MSA in non-
PM/DM patients, their specificity for PM/DM among SARD
is consistent and has clear clinical significance.

There are several classic MSA known for years including
antibodies to Jo-1, PL-7, PL-12, EJ, OJ, Mi-2, and SRP [6].
Perhaps, there is not much disagreement to classify them as
MSA as they are specific for PM/DM among SARD. In addi-
tion, each of them is associated with certain clinical manifes-
tation such as anti-ARS with anti-synthetase syndrome and
anti-SRP with treatment-resistant necrotizing myopathy.
“Which new autoantibodies should be classified as MSA” is
not well established and arguable. Among new antibodies,
perhaps anti-TIF1y/x and anti-MDAS/CADM-140 are the
two that have the best evidence to be considered MSA and
also both are associated with distinct clinical subsets of DM;
anti-TIF1y/x with cancer-associated DM [7, 8, 22] and anti-
MDAS with ADM or CADM often complicated by rapidly
progressive ILD (RPILD) [9, 10]. Other antibodies such as
anti-MJ/nuclear matrix protein 2 (NXP-2) and small
ubiquitin-like modifier-1 (SUMO-1) activating enzyme
(SAE) are less prevalent and limited data are available [14].

Definition of MAA is more vaguely defined than MSA as
“autoantibody specificity found in PM/DM but not specific

Type of autoantibodies Myositis-specific antibodies (MSA)

Myositis-associated antibodies (MAA) Other autoantibodies
often found in myositis

Autoantibody specificities

Classic MSA: Jo-1, PL-7, PL-12, EJ, OJ, Mi-2, SRP  PM-Scl, Ku, UIRNP, U1/U2RNP,

Ro052, Ro60, Su/Ago2
U3RNP

New antibodies that can be considered MSA: KS,

TIFly/e, TIF13, MJ/NXP-2,
MDAS/CADM-140, SAE
Association with SARD PM/DM, PM/DM-overlap syndrome
Detection in non-PM/DM
and idiopathic ILD)
Association with myopathy Yes
when found in non-PM/DM
Prevalence In general
population [20]

Almost none

Uncommon (anti-ARS can be in overlap syndrome

PM/DM, PM/DM-overlap syndrome, Various SARD
SSc, SLE
Not uncommon Often
Yes No or not established

PM-Scl, Ku, UI/U2RNP—almost
none; UIRNP, ~0.1 %

Relatively common
(0.5-1 %)

SARD systemic autoimmune rheumatic diseases, PM polymyositis, DM dermatomyositis, SSc scleroderma, systemic sclerosis, SLE systemic lupus

erythematosus, /LD interstitial lung disease

@ Springer



Clinic Rev Allerg Immunol (2017) 52:1-19

for this diagnosis and may be found in other SARD” [21].
MAA include anti-PM-Scl, anti-Ku, anti-Ulribonucleoprotein
(RNP), and U1/U2RNP, which are all associated with a subset
of PM/DM-overlap syndrome. They also are associated with
muscular involvement in SLE and SSc even if they are not
considered PM/DM-overlap syndrome. Anti-Ro52 is classified
as MAA in some studies [14]; however, the significance of anti-
Ro052 appears to be different from others in this category. Anti-
Ro52 is frequently detected in patients with anti-Jo-1, PL-7,
PL-12, and others but also found frequently in patients with
SLE, SSc, SjS, and other diseases [23].

Anti-Ro60 and anti-La [24-26] and anti-U3RNP [27, 28]
are also included in MAA in some articles. Significance of
anti-U3RNP may be somewhat similar to that of anti-Ku and
PM-Scl as it is sometimes found in SSc-PM-overlap syndrome.

Distribution of anti-Ro52 appears to be more similar to that of
anti-Ro60 and anti-Su/Argonaute? (Ago2) [29] and its associa-
tion with a subset of PM/DM or muscle involvement is not clear
other than the data that it often coexists with anti-ARS [23].
Classifying these antibodies as MAA may be confusing because
these three antibodies are also commonly found in SSc and SLE.
If these antibodies are classified as MSA, they also may need to
be called scleroderma-associated and SLE-associated autoanti-
bodies and would be confusing. In addition, anti-Ro60, Ro52,
and anti-Su/Ago?2 are the specificities found in unselected popu-
lations or healthy individuals relatively frequently (~0.5-1 %) in
contrast to rare occurrence (<0.1 %) of MSA and other MAA
that is associated with overlap syndrome [20].

Spectrum of Muscle and Skin Involvement
in Inflammatory Myopathy and Myositis-Specific
Autoantibodies

Spectrum of muscle and skin involvements in inflammatory
myopathy varies from muscle disease without skin disease
(Fig. 1, PM, left), involvement of both muscle and skin with
different degree of each (DM, middle) to skin disease with
minimal muscle involvement (CADM), or no muscle involve-
ment (ADM). Anti-ARS is detected in both PM and DM and
occasionally in ADM. Most anti-SRP-positive patients have
PM and a majority of anti-Mi-2, TIF1y/a, MJ/NXP-2, and
SAE are found in DM. Anti-MDAS is mainly found in
CADM/ADM and prominent muscle disease is uncommon.
Anti-Jo-1 and other ARS, anti-SRP, and anti-Mi-2 are consid-
ered classic MSA. The several new MSA described recently
including anti-TIF1y/x, anti-MJ/NXP-2, anti-SAE, and anti-
MDAS, are all mainly detected in DM and each of them is
associated with a unique subset. Although all MSA are spe-
cific for PM or DM, presence of more than one MSA in each
patient is uncommon for unknown reasons [6, 14]. Non-MSA
autoantibodies associated with PM/DM overlap syndrome
such as anti-Ku, PM-Scl, UIRNP, and U1/U2RNP are not
shown here, but they can be found in both PM and DM

3
CADM
Subset PM OM ADM
MUSde/Ski” Muscle disease Skin disease
involvement

ARS (Jo-1, EJ, PL-7, PL-12, OJ, KS)

Fig. 1 A summary of the association of myositis-specific autoantibodies
with the spectrum of muscle and skin involvements in different subsets of
PM/DM

(Table 1). Coexistence of anti-UIRNP with anti-Ku or anti-
ARS is relatively common.

Myositis-Specific Antibodies

MSA specificities and characteristics of target autoantigens are
summarized in Table 2. Prevalence and association with subset
of PM/DM and clinical association are summarized in Table 3.
This section will mainly focus on clinical significance of MSA
in adult PM/DM patients because the prevalence and clinical
association of MSA are quite different in juvenile DM (JDM).

Anti-ARS

Anti-ARS are a group of autoantibodies that recognize the
cytoplasmic amino acid-charging enzymes, aminoacyl tRNA
synthetases. So far, autoantibodies to eight of them including
histidyl (Jo-1), threonyl (PL-7), alanyl (PL-12), glycyl (EJ),
isoleucyl (OJ), asparaginyl (KS), phenylalanyl (ZO), and
tyrosyl (YRS/HA) tRNA synthetases have been reported
[14]. Anti-Jo-1 antibodies are the first MSA and anti-ARS
described in 1980, defined by DID using calf thymus extract
as antigen [4]. Anti-Jo-1 was detected in 30.8 % (8/26) of PM,
4.5 9% each of DM (1/22), and overlap syndrome (1/22, 1/11 of
PM-SSc overlap) but not in SLE, SSc, rheumatoid arthritis
(RA), and other diseases. Arnett et al. confirmed disease spec-
ificity of anti-Jo-1 (30 % (6/20) in PM and 13 % (2/16) of
DM) but did not find clinical features associated with anti-Jo-1
[31]. Yoshida et al. confirmed disease specificity of anti-Jo-1
in Japanese patients, finding in 28 % of PM/DM (9/32, § PM
and 1 DM) and 2/28 overlap syndrome but none in SLE, SSc,
and RA [32]. Importantly, they for the first time noted unique
clinical features associated with anti-Jo-1, later known as anti-
synthetase syndrome. All nine cases of anti-Jo-1 (+) PM/DM
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Table 2  Target autoantigens of myositis-specific autoantibodies

Autoantibodies Target molecule Function Protein RNA
Aminoacyl tRNA synthetase
Jo-1 Histidyl tRNA synthetase Incorporate histidine into proteins 50 kD tRNAMS
PL-7 Threonyl tRNA synthetase Incorporate threonine into proteins 80 kD tRNA™"
PL-12 Alanyl tRNA synthetase Alanine and aspartate biosynthesis and 110 kD tRNA™
alanine incorporation into proteins
EJ Glycyl tRNA synthetase Glycine, serine and threonine metabolism, 75 kD tRNAEY
and aminoacyl tRNA biosynthesis )
oJ Isoleucyl tRNA synthetase Incorporate isoleucine into proteins 150 kD, (multienzyme tRNA™®
complex, 170, 130, 75 kD)
KS Asparaginyl tRNA synthetase Glutamate, alanine and aspartate metabolism 65 kD tRNA*P
70 Phenylalanyl tRNA synthetase Incorporate phenylalanine into proteins 60/70 kD tRNAPhen
YRS (HA) Tyrosyl tRNA synthetase Incorporate tyrosine into proteins 59 kD tRNA""
SRP Signal Recognition Particle Protein maturation in the ribosome 72,68, 54,19, 14,9 kD 7SL RNA
Mi2 Helicase protein Transcriptional regulation 240, 150, 72, 65, 63, 50 and —

MDAS (CADM140)

MDAS (melanoma differentiation-
associated gene 5)

RNA-specific helicase that mediates the
antiviral response

34 kD
140 kD

TIFly/x (p155/140, TIFly/x Transcription and RNA metabolism 155 and 140 kD -
TRIM33/TRIM24)
TIF13 (TRIM28) TIF13 Transcription and RNA metabolism 120 kD -
MIJ/NXP-2 NXP2 (MORC3) Transcriptional regulation and activation of 140 kD -
the tumor suppressor p53
SAE Small ubiquitin-like modifier 1 Post-translational modifications 90 and 40 kD -
(SUMO-1) activating enzyme
Modified from [30]

had ILD and polyarthritis, and hypocomplementemia and
rheumatoid factor were also more common compared with

anti-Jo-1-negative patients.

Following studies confirmed an association of anti-Jo-1
antibodies with a unique clinical subset characterized by myo-

sitis, ILD, arthritis, mechanic’s hands, and Raynaud’s

Table 3  Prevalence and clinical association of myositis autoantibodies

Autoantibodies

Prevalence (%)

Disease association

Clinical association/significance

Aminoacyl tRNA synthetases

Jo-1

PL-7
PL-12

EJ

oJ

KS

Z0

YRS (HA)
SRP

Mi2
MDAS5/CADM140
TIFly/a
MI/NXP2
SAE

15-30 PM, DM Anti-synthetase syndrome (myositis, ILD, polyarthritis,
Raynaud’s phenomenon, mechanic’s hands)

<5 PM, DM Anti-synthetase syndrome

<5 PM, DM, CADM, ILD Anti-synthetase syndrome, ILD, CADM

<5 PM, DM Anti-synthetase syndrome

<5 PM, DM Anti-synthetase syndrome, ILD

<1 PM, DM, ILD ILD

Rare Myositis

Rare Myositis

5 PM Mpyositis (necrotizing)

10 DM DM with typical skin lesions and mild myositis

15-20 CADM/ADM CADM, rapidly progressive ILD, severe skin manifestations

10-15 DM, Malignancy-associated DM

1-5 DM Adult and juvenile DM with severe skin disease

1 DM DM

Modified from [30]

PM polymyositis, DM dermatomyositis, /LD interstitial lung disease, CADM clinically amyopathic dermatomyositis, ADM amyopathic dermatomyositis
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phenomenon [13]. Autoantibodies to the other seven ARS
have been described using immunoprecipitation (IP) tech-
nique [14]. Interestingly, autoantibodies to all other aminoacyl
tRNA synthetases are associated with the same syndrome,
which has been designated anti-synthetase syndrome [13].
Anti-Jo-1 antibodies, usually found in 15-25 % of PM/DM
patients, are by far the most common among anti-ARS anti-
bodies; all others are usually found only in 0.5-6 % of patients
[13, 18, 33-36]. The reported frequency of various anti-
synthetase antibodies is very similar in all previous studies
regardless of the race, ethnicity, or nationality of the subjects
[18, 34-36], except for a report suggesting clustering of anti-
PL-12 in southern USA [37] and high prevalence of anti-PL-7
in a Japanese cohort [38]. Therefore, whether there is any
difference in clinical manifestations between patients with dif-
ferent anti-ARS autoantibodies has not been studied exten-
sively. Nevertheless, some differences in clinical manifesta-
tions between different anti-synthetase antibodies have been
described. Reports on anti-PL-12 and anti-KS suggested that
they are common in ILD without myositis [15, 16, 37].

A high frequency (5/7, 71 %) of PM/DM-SSc overlap in
anti-PL-7-positive Japanese patients was reported [39].
However, it was not confirmed by another Japanese study
[38] and also was unusual in other studies [33]. Yamasaki
et al. found anti-PL-7 in 17 % of their PM/DM cohort and
reported an association with milder muscular involvement
[38]. More recently, several studies reporting on differences
in clinical features of different anti-ARS have been published.
Kalluri et al. analyzed clinical features of 31 anti-PL-12-
positive patients and reported that anti-PL-12 is strongly asso-
ciated with ILD but less so with myositis and arthritis and 3/31
cases were idiopathic ILD [40], consistent with an earlier
study [15, 37]. Labirua-Iturburu et al. reviewed their 18 cases
of anti-PL-7-positive patients and found 50 % of patients had
pericardial effusion, in addition to common features of anti-
synthetase syndrome [41]. Marie et al. compared 75 anti-Jo-1
(+) patients vs. 20 anti-PL-7 (n=15)/PL-12 (n=5) (+) patients
and reported that the latter had milder muscle involvement and
less recurrence of muscle disease [42, 43]. In contrast, anti-
PL-7/PL-12 was associated with early and severe ILD and
gastrointestinal manifestations. Aggarwal et al. compared
122 anti-Jo-1 vs. 80 non-Jo-1 anti-ARS and reported that
anti-Jo-1 (+) patients had more myositis (83 vs. 40 %) and
less overlap/undifferentiated connective tissue disease
(UCTD; 17 vs. 47.5 %) [44]. The non-Jo-1 group had delayed
diagnosis and low survival rate. Hamaguchi et al. compared
clinical features of patients with different anti-ARS and report-
ed that while most patients with anti-Jo-1, EJ, and PL-7 had a
diagnosis of PM/DM, it was CADM or ILD for anti-PL-12
and ILD for anti-KS and anti-OJ [45].

In summary, patients with any anti-ARS have a similar
clinical syndrome known as anti-synthetase syndrome; how-
ever, several recent studies suggest that antibodies to non-Jo-1

ARS are associated with earlier and more severe ILD and poor
prognosis compared with anti-Jo-1 (+) patients. Also, non-Jo-
1 anti-ARS (+) patients are more likely to have ILD without
typical myositis.

Anti-SRP

SRP antigen is a complex of 7SL RNA and several proteins
including 72, 68, 54, 19, 14, and 9 kD, playing a role in
regulating the translocation of proteins across the endoplasmic
reticulum. Anti-SRP antibodies were originally described by
IP in a patient with PM [46]. Another study also identified
anti-SRP antibodies in two patients (a Japanese patient with
typical PM and a patient with non-destructive arthritis). The
former serum was described in an earlier study as
immunoprecipitating 7.5S RNA [47], which was identified
as 7SL RNA of the SRP complex [48]. The first large case
series of anti-SRP-positive cases by Targoff et al. reported 4 %
in PM/DM and 18 % of PM/DM patients with anti-
cytoplasmic antibodies other than anti-Jo-1 from the analysis
0f 265 cases of PM/DM [49]. All 13 cases were PM and anti-
SRP was associated with classic PM and some were unusually
severe and/or rapid onset. Low prevalence of ILD, arthritis,
and Raynaud’s phenomenon were associated with this subset
[49]. Hirakata et al. found anti-SRP in 4 % (3/52) of PM/DM
and a case was DM [36]. Kao et al. reported 19 cases of anti-
SRP from analysis of 134 PM, 129 DM, and other SARD
(predominantly SSc, n=790). Anti-SRP was found in 16 cases
of pure PM (12 % in PM, 16/134) and not in DM (0/129);
however, three were without myositis (two with SSc and one
with anti-synthetase syndrome) [50]. Hengstman et al. de-
scribed 23 anti-SRP-positive cases, 20 PM and 3 DM.
Muscle pathology of anti-SRP-positive patients was charac-
terized by the presence of necrotic muscle fibers and no in-
flammatory infiltrates [51] similar to the findings by Miller
et al. [52]. Takada et al. analyzed 23 anti-SRP-positive pa-
tients, 21 were PM (2 with RA), 3 DM, and 2 RA without
myositis [53]. Clinical and pathological characteristics were
consistent with other studies. Benveniste et al. reported corre-
lation of anti-SRP antibody levels determined by a newly de-
veloped addressable laser bead assay (ALBIA) to one of the
SRP components SRP54 and creatine kinase (CK) levels [54].
Other studies validated anti-SRP54 enzyme-linked immuno-
sorbent assay (ELISA) vs. IP and showed a parallel change
of anti-SRP54 levels and serum CK levels [55, 56]. Since
anti-SRP antibody itself is not considered directly pathogenic,
it is possible to consider the simple result of treatment with
steroid, rituximab, and immunosuppressive agents for myositis
have reduced both CK levels and anti-SRP antibody levels.
Although coexistence of more than one MSA in each pa-
tient is uncommon, there are a few reports on coexistence of
anti-SRP and anti-ARS; two cases of anti-SRP with anti-Jo-1
[57, 58] and cases with anti-PL-12 were reported [50, 59].
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MSA generally recognize protein components of the tar-
get antigen; however, one study reported that 50 % (5/10)
of Japanese and 5 % (1/22) of North American patients
with anti-SRP had antibodies directed against 7SL RNA
[60].

Several recent studies focused on the association of anti-
SRP antibodies with a unique histological subset of PM/DM,
necrotizing myopathy [51, 55, 56]. Prevalence of necrotizing
myopathy in patients with anti-SRP antibodies in the literature
is summarized (Table 4). Suzuki et al. analyzed clinical fea-
tures of 100 anti-SRP antibody-positive cases, selected based
on IP of 7SL RNA [56]. Eighteen of them were IP positive but
negative for anti-SRP54 ELISA. Histologically, 84 % had
necrotizing myopathy while 14 % had non-specific myositis
and one each had PM or DM pathology, supporting findings in
other studies that a majority of anti-SRP-positive cases had
necrotizing myopathy.

Necrotizing myopathy is a heterogeneous pathological
category including autoimmune (autoantibody associated),
drug-induced, paraneoplastic, viral infections, and others.
A few studies started from necrotizing myopathy and ex-
amined the sensitivity of anti-SRP antibodies [52, 55, 61,
62]. Prevalence of anti-SRP antibodies in patients with
necrotizing myopathy is summarized (Table 5). Anti-SRP
antibody was the most frequent etiology that 53 % (34/64)
of patients with necrotizing myopathy had [63]. In con-
trast, none of sera from 23 patients with necrotizing myop-
athy were tested positive for anti-SRP by line immunoas-
say (LIA) in another study [61]. In Chinese patients with
PM/DM, 16/123 cases (13 %) with necrotizing myopathy
had anti-SRP antibodies detected by LIA [62]. Thus, two
studies using IP to detect anti-SRP antibodies showed
prevalence of 41-52 % [55, 63] while the other two studies
using LIA showed low prevalence of 0-13 % [62, 64] in
patients with necrotizing myopathy. Whether the differ-
ence is due to genetic or environmental factors, selection
bias of patients, or different immunoassay remains to be
clarified.

In summary, the majority of literature support that anti-SRP
is specific for PM and associated with treatment-resistant se-
vere myopathy, which is histologically characterized by nec-
rotizing myopathy [50-53, 62].

Table 4  Prevalence of necrotizing myopathy in anti-SRP-positive PM/DM

Table5 Prevalence of anti-SRP antibodies in patients with necrotizing
myopathy

Author Country Year Necrotizing Prevalence Method
myopathy  of anti-SRP
) (%)
Ellis [61] Australia 2012 23 0 LIA
Wang [62] China 2014 123 13 LIA
Suzuki [63] Japan 2014 64 54 1P
Aggarwal [55] USA 2015 64 41 P
Anti-Mi-2

Autoantibodies to Mi-2 were originally defined by DID using
calf thymus extract as antigen and reported as the first specific
serologic marker of DM [5]. Eleven of 52 DM patients were
positive by DID but none detected in PM though a few more
sera were detected positive by ELISA in other diseases [5].
Love et al. reported anti-Mi-2 in 13 % (10/79) DM and 8 %
(1/13) cancer-associated myositis but again none in PM,
confirming specificity for DM [18]. Anti-Mi-2 was associated
with classic DM skin rash, good response to steroid, and good
prognosis. Components of Mi-2 antigen were characterized by
IP and western blot (WB) [65] and later identified as nucleo-
some remodeling deacetylase complex (NuRD) [66].

All previous studies confirmed that anti-Mi-2 antibodies
are nearly specific for DM when tested by DID or IP, though
positive sera in PM may also be found in particular by ELISA
[5, 67, 68] (Table 6). Clinical studies are consistent in showing
that anti-Mi-2 is associated with classic features of DM in-
cluding Gottron’s papules, heliotrope rash, shawl sign, and
V-sign, but a risk to develop clinically significant ILD is low
and cancer is uncommon [5, 18, 68, 69]. This subset of pa-
tients responds well to steroid therapy and has a good prog-
nosis [18]. However, clinical characteristics associated with
anti-Mi-2 have not been studied extensively due to limited
availability of the immunoassays and relatively low preva-
lence in PM/DM. One study from Mexico compared clinical
features of anti-Mi-2 positive patients vs. others as the preva-
lence of anti-Mi-2 in this cohort was high (35 % in PM/DM,
45 % in DM) [77]. High CK level before treatment was noted

Author Country Year Anti-SRP test method N=(anti-SRP+)  Necrotizing myopathy (%)
Miller [52] UK 2002 1P 7 100

Hengstman [51] European countries 2006  IP/dot blot for 7SL RNA 15 (737

Takada [53] Japan 2009 1P 11 (827

Aggarwal [55] USA 2015 IP anti-SRP54 ELISA (12 % were negative) 26 92

Suzuki [56] Japan 2015 IP anti-SRP54 ELISA (18 % were negative) 100 84

SRP signal recognition particle, /P immunoprecipitation, £LISA enzyme-linked immunosorbent assay
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Table 6 Prevalence of anti-Mi-2

antibodies in adult PM/DM Author Country ~ Method DM PM
Targoff [5] USA DID 21 % (11/52) 0 % (0/58)
ELISA 21 % (11/52) 3 % (2/58)
Love [18] USA DID, IP 13 % (10/79) 0 % (0/58)
Hausmanowa-Petrusewicz [69]  Poland DID, IP 19 % (4/21) 0 % (0/19)
Roux [67] France ELISA 30 % (4/13) 10 % (1/10)
Brouwer [68] Europe ELISA 21 % (38/181) 9 % (17/198)
Komura [70] Japan 1P 19 % (5/26) 0/9
Ghirardello [71] Italy ELISA 27 % (6/22) 0 % (0/21)
Ronnelid [72] Sweden  LIA 8 % (4/50) 1 % (1/89)
Ghirardello [73] Italy LIA 12 % (8/65) 1 % (1/100)
1P, WB 21 % (14/65) 1 % (1/100)
Hamaguchi [74] Japan P 2 % (9/376) 0 % (0/34)
Ceribelli [75] Italy P 5 % (1/27) 0 % (0/25)
Muro [76] Japan IP of TnT/TnT-ELISA 4 % (5/124) NA
Petri [77] Mexico IP 45 % (27/61) MX 10 % (3/29)

59 %; GDL 12 %)

DID double immunodiffusion, £ELISA enzyme-linked immunosorbent assay, /P immunoprecipitation, L/A line
immunoassay, WB western blot, 7nT in vitro transcription/translation system, MX Mexico City, GDL Guadala-

jara, NA not available

in anti-Mi-2 (+) DM vs. anti-Mi-2 (=) DM (initial CK,
>1000 TU/L, 100 vs. 52 %, P<0.0001; initial CK, >5000 U/
L, 54 vs. 14 %, P<0.005). However, anti-Mi-2 (+) patients
responded well to steroid therapy and prevalence of normal
CK at last visit was comparable between groups (45 vs. 69 %).

Although all studies showed the specificity of anti-Mi-2 for
DM, reported prevalence of anti-Mi-2 in different studies is
quite different even in the same country [77] as summarized in
Table 6. Prevalence of anti-Mi-2 in DM varies 5-27 % in Italy
and 2—19 % in Japan. In a study that examined the role of
environmental factors in the production of anti-Mi-2, preva-
lence was as low as 3.2 % (Montreal, Canada), 3.7 %
(Warsaw, Poland), and 5.4 % (Bethesda, USA) in some areas
while it was 60 % (Guatemala City, Guatemala), 36.1 %
(Mexico City, Mexico), and 23.1 % (Santiago, Chile) in
Central and South American countries [78]. Another study
also showed 59 % prevalence of anti-Mi-2 in DM patients in
Mexico City, but it was only 12 % in Guadalajara [77], sug-
gesting a role of factors other than ultraviolet (UV).
Correlation of UV radiation of the area with development of
DM and production of anti-Mi-2 antibodies was suggested
[78, 79]. However, roles of genetic vs. environmental factors
responsible for the production of anti-Mi-2 will need further
studies because the majority of countries with very high prev-
alence of anti-Mi-2 are in Central and South America [77, 78].

Anti-MDAS/CADM140

It has been known for years that a subset of DM patients may
have typical DM skin rash but have little or no muscle

involvement, and these patients are called ADM or CADM
[80, 81]. A subset of CADM patients may also develop
RPILD, resistant to treatment and with poor prognosis. DM
patients with these uncommon features did not express the
classic MSAs or marker antibodies until Sato et al. described
a new autoantibody called anti-CADM140 that is associated
with CADM and ILD [10]. In this report, Sato et al. described
53 % (8/15) of Japanese CADM patients with anti-CADM 140
antibodies, but none in 61 PM, 27 classic DM, other SARD, or
idiopathic pulmonary fibrosis, thus this antibody is considered
specific for CADM. Furthermore, 50 % (4/8) of anti-
CADM140-positive DM had RPILD vs. 6 % (2/34) in anti-
CADM140-negative DM. The target antigen was later identi-
fied as a cytoplasmic viral double-stranded RNA (dsRNA)
receptor involved in innate immune response, called MDAS
or interferon induced with helicase C domain 1 (IFIH1) [9].
The possible mechanism leading to the autoimmune response
is the binding of the viral dSRNA to MDAS and the conse-
quent induction of type I interferon responses. Another study
from different institutes in Japan confirmed the strong associ-
ation of anti-MDAS/CADM140 with CADM, RPILD, poor
prognosis, high prevalence of liver dysfunction, and increased
serum levels of ferritin [11, 12, 82—84]. In particular, Gono
et al. reported that high ferritin levels are associated with poor
prognosis for ferritin levels >1600 ng/ml [83]. No overlap
with other SARD is present in DM patients with anti-
MDAS/CADM140-positive antibodies, as shown by
Hoshino et al., who reported that 65 % (20/31) of anti-
MDAS5/CADM140 positives were CADM and only one had
another diagnosis (SSc) [11].
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Anti-MDAS/CADM140 was also associated with ILD in
JDM [85], and a few cases of apparent myositis were reported
in anti-MDAS/CADM 140-positive patients [12, 85].

Overall, studies on anti-MDAS5/CADM 140 in DM showed
a prevalence ranging from 3 to 58 %, and this percentage
increases up to 100 % when only CADM patients are consid-
ered. Moreover, prevalence and specificity of autoantibodies
in PM/DM are quite different between studies from different
countries or even within the same countries [38, 77], and this
is true also for anti-MDAS/CADM140 antibodies. All earlier
reports on anti-MDAS5/CADM140 antibodies were on cohorts
of DM patients in Asian countries, mainly Japan and South
Korea [9-12, 83, 84, 86-88], except for some recent studies
from the USA [89, 90]. In one of the two reports on anti-
MDAS5/CADM140 antibodies in cohorts of American DM
patients, the authors also identified a unique cutaneous phe-
notype characterized by skin ulcerations, tender palmar pap-
ules, or both, and by severe arthritis [89]. In another US study,
6.9 % (11/160) of DM had anti-MDAS/CADM140 but 6/11
had overt clinical myopathy and 8/11 had ILD [90]. Their anti-
MDAS/CADM140 patients were similar to anti-synthetase
syndrome and were not associated with RPILD, in contrast
to Asian studies.

There have been two recent studies from Europe. In a study
from Italy, anti-MDAS/CADM140 antibodies were detected
in 7 % (5/76) of adult European Caucasian patients with PM/
DM, and they were the second most frequent specificity after
anti-MJ antibodies (8/76, 11 %) [91]. All five anti-MDAS/
CADM140 (+) patients had a diagnosis of DM, with CADM
and normal CPK levels similar to reports from Asian countries
[9], and a significantly higher prevalence of ILD compared
with anti-MDAS/CADM 140 (—) DM patients. Another study
from Spain reported 12 % (14/117, 8 were CADM) prevalence
of anti-MDAS/CADM140 in 117 DM patients [92]. Eight of
14 anti-MDAS5/CADM 140-positive patients had RPILD, sim-
ilar to Asian cohorts [10] but different from US cohorts [90].
Anti-MDAS-positive patients with ILD had lower survival
rates vs. anti-ARS-positive ILD. Among cutaneous manifes-
tations, only panniculitis was significantly associated with an-
ti-MDAS/CADM140. These differences in the prevalence and
clinical features associated with anti-MDAS5/CADM140 sug-
gest the importance of accumulating data on prevalence and
clinical association of MSAs from different ethnicities.

Muro et al. showed that anti-MDAS5/CADM140 anti-
body levels can be related to disease activity, as they de-
crease and become negative by ELISA in nine of ten pa-
tients considered in remission after treatment, whereas the
level of control anti-diphtheria toxoid DT antibodies did
not change [87]. Sato et al. reported that anti-MDAS/
CADM140 antibody levels in patients who responded to
therapy and survived was significantly lower than the pa-
tients who did not respond and died [93]. These are very
interesting findings as they suggest that anti-MDAS/
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CADMI140 antibody levels may be used as a biomarker
of disease activity and to predict response to therapy.

In summary, most reports describe that anti-MDAS5/
CADM140 antibodies are specific for DM and a majority of
patients have CADM and high prevalence of RPILD leading
to poor prognosis [9—11].

Anti-TIF1y/x and 3

Targoff et al. identified a new autoantibody called anti-
p155/140 that immunoprecipitated a set of 155 and
140 kD proteins and has a striking association with
cancer-associated DM [7]. P155 was identified as TIF1y
and published in an abstract [94]. Fujimoto et al. later con-
firmed p155 as TIFly and identified p140 as TIFl«x [8]
and anti-p155/140 has now been called anti-TIF1y/c. In
addition, anti-TIF13 was also identified in combination
with anti-TIFly/o« in some cases [8, 95]. TIF1«, TIF1{,
and TIF 1y belong to the TIF family of transcription cofac-
tors and are part of a tripartite motif superfamily (TRIM24,
TRIM28, and TRIM33, respectively) [96].

In the original study, anti-p155/140 was found in 75 %
(6/8) of patients with cancer-associated myositis though it
was also detected in 29 % of DM, 33 % of overlap syndrome,
and 21 % of adult DM [7]. When the clinical features of anti-
p155/140 patients were compared with those with anti-ARS,
prevalence of fever, Raynaud’s phenomenon, arthritis, ILD,
and mechanic’s hand was lower, in particular none of the 16
anti-p155/140 patients had ILD. V-sign rash, shawl sign rash,
and malignancy was significantly higher in anti-p155/140 pa-
tients [94]. The association of anti-TIF1y/ with DM, in par-
ticular with cancer-associated DM has been confirmed in
many reports from the USA [7], UK [97], Spain [98], Japan
[8, 11, 82, 99], and South Korea [100]. Almost all anti-
TIF ly/x-positive patients have DM with typical skin rash
but low prevalence of ILD. Prevalence of anti-TIF1vy/«
antibodies in adult inflammatory myopathy (Table 7) and
association of anti-TIF1vy/c« antibodies with malignancy
(Table 8) in the literature are summarized. Prevalence of
anti-TIF1y/« in cancer-associated DM is 22-100 %, and
all reported statistically significant associations of anti-
TIF1y/x with malignancy in DM (Table 7) except one
study [101] that reported high prevalence of malignancy
in overall DM. Prevalence of malignancy in anti-TIF1y/x
antibody-positive patients was 42—-100 % (Table 8). Meta-
analysis indicated sensitivity of anti-TIF1y/x for cancer-
associated DM as 0.50 to 1.00, combined 0.78 (95 % con-
fidence interval (CI), 0.45-0.94), whereas specificity was
0.79-1.00, combined 0.89 (95 % CI, 0.82-0.93) [22].
However, it should be noted that association of anti-
TIF1y/x with cancer does not seem to apply to children
[97] or young adults affected by DM [8].
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Table 7 Prevalence of
anti-TIF 1/ antibodies in Author Country (year) DM (%) PM (%)  Cancer-associated  Overlap with
adult inflammatory myopathy DM (%) other CTD (%)

Targoft [7] USA (2006) 21 0 100 15

Kaji [99] Japan (2007) 13 0 50

Chinoy [27] UK (2007) 18 0 53 0

Gunawardena [97] UK (2008) 30 0 100

Fujikawa [82] Japan (2009) 17 NA 100

Kang [100] South Korea (2010) 21 0 56

Trallero-Araguas [98]  Spain (2010) 23 5 71

Hamaguchi [74] Japan (2011) 7 0 44 0

Ikeda [101] Japan (2011) 16 NA 22

Fujimoto [8] Japan (2012) 17

Ceribelli [75] Italy (2012) 7 0 17

Petri [77] Mexico (2013) 16

DM dermatomyositis, PM polymyositis, CTD connective tissue disease, NA not available

Anti-MJ/NXP-2

Anti-MJ antibodies recognize a ~140-kD nuclear protein called
nuclear matrix protein 2 (NXP-2; also known as MORC3)
[102-104], which plays an important role in diverse nuclear
functions such as RNA metabolism and maintenance of nuclear
architecture [102]. NXP-2 localizes in the promyelocytic leuke-
mia (PML) nuclear bodies, where it recruits and activates p53 to
induce cellular senescence [103, 105]. Anti-MJ/NXP-2 anti-
bodies were originally described in 1997 in a subset of patients
with JDM, who were characterized by severe refractory DM
with polyarthritis, joint contractures, severe calcinosis, and in-
testinal vasculitis [106]. More than 10 years later, two studies in
JDM were published [107, 108]. In the first study of a cohort of
Argentine pediatric myositis patients, anti-MJ/NXP-2 antibod-
ies were the most prevalent specificity (25 % of cases), associ-
ated with muscle contracture, atrophy, and significant compro-
mise of the functional status [107]. In the other study, based on
the JDM National Registry and Repository for UK and Ireland,
23 % prevalence of anti-MJ/NXP-2 in juvenile myositis

patients was reported, and they were all JDM with significantly
higher prevalence of calcinosis (54 vs. 15 % in anti-MJ-
negative patients) [108].

Anti-MJ/NXP-2 antibodies in adult patients with myositis
was first reported in a British cohort [109]. Anti-MJ/NXP-2 were
found in 3 % (11/393) of PM/DM and 6 % in DM and none in
PM. In anti-MJ/NXP-2-positive patients, typical DM skin rash
was common and higher prevalence of ILD (64 vs. 28 % in anti-
MIJ/NXP-2-negative DM) was noted, but only one had calcinosis
and none had cancer. This is in contrast to what was reported in
another study of anti-MJ/NXP-2 antibodies in adult myositis
patients in Japan. The authors estimate 1.6 % (8/507) prevalence
of anti-MJ/NXP-2 [110], and they show higher prevalence (four
of eight cases) of malignancy associated with this autoantibody
[110]. A US study also reported anti-MJ/NXP-2 in 17 % (37/
213) of adult DM patients and anti-MJ/NXP-2 was specifically
associated with cancer in males (odd ratio, 5.78; 95 % confidence
interval, 1.35-24.7) [111]. No similar finding on the association
between anti-MJ/NXP-2 antibodies and higher risk of cancer was
detected in other cohorts. A French-Canadian study reported

Table 8 Association of

anti-TIF 1/ antibodies with Author Country (year (1)) Prevalence of anti-TIF1y/x Prevalence of malignancy
malignancy in adult DM in cancer-DM vs. non-cancer  in anti-TIF1y/« (+) DM
DM vs. () DM

Targoff [7] USA (2006 (45)) 100 vs. 21 % (P=0.0004) 43 vs. 0 % (P=0.0004)
Kaji [99] Japan (2007 (52)) 50 vs. 4 % (P=0.0017) 71 vs. 11 % (P=0.0017)
Chinoy [27] UK (2007 (103)) 53 vs. 13 % (P=0.0009) 42 vs. 8 % (P=0.0009)
Gunawardena [97] UK (2008 (20)) 100 vs. 18 % (P=0.0175) 50 vs. 0 % (P=0.0175)
Fujikawa [82] Japan (2009 (30)) 100 vs. 0 % (P<0.0001) 100 vs. 0 % (P<0.0001)
Kang [100] South Korea (2010 (38)) 56 vs. 10 % (P=0.0101) 63 vs. 13 % (P=0.0101)
Trallero-Araguas Spain 2010 (65) 71 vs. 10 % (P<0.0001) 67 vs. 8 % (P<0.0001)

[98]
Hamaguchi [74]

Tkeda [101]

Japan (2011 (376))
Japan (2011 (55))

44 vs. 2 % (P<0.0001)

22 vs. 14 % (ns)

68 vs. 6 % (P<0.0001)
44 vs. 30 % (ns)
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anti-MJ/NXP-2 in 8 % (2/26) of adult DM cases but none in PM
[112]. Another recent study in adult DM patients in the USA
reported anti-MJ/NXP-2 in 13 % (16/126) of cases and its asso-
ciation with calcinosis (odds ratio, 15.52; 95 % CI, 2.01-119.90)
in this adult cohort [113]. In an Italian study [75], anti-MJ/NXP-2
antibodies were the most prevalent specificity (30 % in DM and
17 % in PM/DM) detected at a prevalence similar to the one
observed in JDM Argentinian [107] and UK/Ireland [108] co-
horts but much higher than other adult DM studies [109, 110].
Lack of malignancy in anti-MJ/NXP-2-positive patients in the
Italian cohort [75] may be related to their young age compared
with anti-MJ/NXP-2 (+) patients with malignancy in other co-
horts [110]. This may be similar to a strong association of anti-
TIF1y/x antibodies with malignancy in middle to old age DM
but not in children or young adults [8, 97].

As shown by these reports, prevalence of anti-MJ/NXP-2
antibodies can be very different in studies performed worldwide,
and this could be due to different ethnic background, influence of
environmental factors on autoantibody production, or simply for
technical reasons. Genetic and/or environmental factors within
Caucasians may be important variables, since the prevalence of
anti-MJ/NXP-2 within Caucasians seems different.

Anti-SAE

Antibodies to SAE were first identified by Betteridge et al. in
2007 in two DM patients [114]. The target antigens of 40 and
90 kD heterodimer proteins were identified as small ubiquitin-

like modifier-activating enzyme A subunit (SAE1) and the
SUMO-1 activating enzyme B subunit (SAE2), respectively.
These are enzymes involved in the post-translational modifica-
tion of specific proteins known as SUMOylation. Anti-SAE was
found in 10 % (2/20) DM but none in 24 PM patients. In the
following study in patients recruited to the Adult Onset Myositis
Immunogenetic Collaboration, anti-SAE was found in 4 % (11/
266) of PM/DM and 8 % in DM as all anti-SAE positives were
DM patients [115]. Among 11 patients with anti-SAE, a high
frequency of cutaneous lesions including heliotrope (82 %) and
Gottron rash (82 %) were identified. Nine of the 11 patients had
systemic features (82 %), and dysphagia was noted in 78 %
(seven of nine). A majority (78 %) of them presented with skin
disease prior to onset of myositis. There are only a few reports
from other countries. A study from Italy also found anti-SAE in
7 % (5/73) of DM patients [116]. Prevalence appears low in
Japanese as Fujimoto et al. found 1.5 % (7/456) [117] and
Muro et al. reported 1.8 % (2/110) prevalence [118] in
Japanese DM patients. Clinical features in seven Japanese anti-
SAE-positive patients were similar to those in a UK study except
that ILD was common in Japanese patients (71 %) [117] vs.
18 % in the UK study (P<0.05) [115].

Immunoprecipitation Detection of Myositis-Specific
Autoantibodies

IP analysis of protein components of autoantigens using *>S-
methionine-labeled cell extract is a very powerful technique that
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Fig. 2 Immunoprecipitation analysis of protein components of
autoantigens recognized by autoantibodies in PM/DM. *°S-methionine-
labeled K562 cell extract was immunoprecipitated by sera from patients
with PM/DM. Main components of each autoantigen are indicated by
arrowheads. Jo-1 histidyl tRNA synthetase, EJ glycyl tRNA
synthetase, PL-7 threonyl tRNA synthetase, PL-12 alanyl tRNA
synthetase, OJ isoleucyl tRNA synthetase, multienzyme complex, KS
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asparaginyl tRNA synthetase, SMN survival of motor neuron, SRP
signal recognition particle, PM-Scl polymyositis-scleroderma, Mi-2,
Mi-2+, TIFla, TIFIv/a transcription intermediary factor 1o, TIF1[3
transcription intermediary factor 13, MJ/NXP-2 nuclear matrix protein
2, MDAS5 melanoma differentiation-associated gene 5, SAE small
ubiquitin-like modifier 1 (SUMO-1) activating enzyme, Ku, NHS normal
human serum
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allows screening for almost all known PM/DM autoantibodies in
a single assay. Combining the protein analysis with the analysis
of RNA components of the autoantigens by urea-PAGE and
silver staining is useful for confirmation of RNA-protein com-
plex. Protein IP of MSA and other autoantibodies seen in PM/
DM is shown (Fig. 2). Molecular weights of the target antigens
are summarized in Table 2. Many myositis autoantibodies can be
interpreted almost conclusively while some may require addi-
tional techniques for confirmation [1]. Identifying a multiprotein
or multiprotein-nucleic acid complex characterized by a set of
proteins, such as anti-OJ, SRP, Mi-2, TIF1y/«, and SAE is usu-
ally not so difficult though IP of unrelated proteins is relatively
common in certain molecular weight ranges.

Among MSA listed in Table 3, anti-Jo-1 and Mi-2 were orig-
inally defined by DID while all others were defined by IP anal-
ysis of proteins, in combination with analysis of RNA compo-
nents by IP for anti-ARS and anti-SRP. IP is still considered a
gold standard for most of them. An apparent weakness of IP is
anti-Jo-1, as the Jo-1 antigen is seen as a relatively thin unchar-
acteristic band in IP, in contrast to other ARS. In addition, it
comigrates with IgG heavy chain, making it more difficult to
clearly observe. IP analysis of RNA component to confirm the
presence of tRNA is helpful; however, it does not tell the tRNA
specificity; it only tells immunoprecipitation of “some” tRNA
and cannot confirm if it is histidyl tRNA or not. Practically, IP of
~50 kD protein consistent with Jo-1 and the presence of tRNA by
RNA analysis is reasonable to strongly suggest it is Jo-1. IP of
~50 kD protein and positive anti-Jo-1 ELISA also is practical.

IP of ~140 kD protein that exactly comigrates with MDAS
or MJ/NXP-2 immunoprecipitated by a reference serum is
reasonable and correctly interpreted in most cases.
Nevertheless, it will be ideal to confirm the specificity of an
uncharacteristic single band such as MDAS and MJ/NXP-2
with additional test such as ELISA, western blot, or IP-
western blot. IP and ELISA using biotinylated in vitro
transcription/translation product [11] and IP of **S-methio-
nine-labeled in vitro transcription/translation product [113]
have also been used for these antibody specificities.

SRP72/68, SRP54, SAE1 (40 kD), and SAE2 (90 kD) are
confirmed by IP in most cases but there are many proteins of
similar size recognized by human sera, and confirmation of
exact comigration of the proteins compared with a reference
serum may be necessary. For anti-SRP, confirmation by
coimmunoprecipitation of small subunits of 19, 14, and
9 kD appears more characteristic than identifying SRP72/68
and SRP54.

Immunofluorescence ANA Staining by Myositis
Autoantibodies

Some of the representative immunofluorescence ANA-
staining patterns by autoantibodies seen in PM/DM using
HEp-2 cells are shown (Fig. 3). Anti-U1RNP antibodies show

a coarse speckled pattern (Fig. 3a). Anti-Mi-2 (Fig. 3b), anti-
TIFly/o (Fig. 3c), and anti-TIF1f (Fig. 3d) all show fine
speckled nuclear staining, and the difference in staining pattern
is not apparent though anti-Mi-2-positive sera show brighter
staining in general. Anti-SAE also shows fine speckled nuclear
staining (Fig. 3e). PML body staining is clearly observed by
some anti-MJ/NXP-2-positive sera (Fig. 3f) [75], but it may
not be always clear and only nuclear fine speckled staining
may be observed by some sera (Fig. 3g). Anti-SMN stains a
few nuclear dots known as Cajal bodies (Fig. 3h). Anti-PM-Scl
antibodies show homogenous nucleolar staining with fine
speckled nuclear staining (Fig. 31, j) though nucleolar staining
may be less clear in some cases (Fig. 3j). Anti-U3RNP anti-
bodies show clumpy nucleolar staining (Fig. 3k). Antibodies to
Jo-1 (Fig. 31), PL-7 (Fig. 3m), PL-12 (Fig. 3n), and other ARS
stain cytoplasm in a fine speckled pattern but the staining may
be weak or absent in some cases. Anti-SRP antibodies show
fine speckled cytoplasmic staining (Fig. 30). MDAS antigen
localizes to the cytoplasm and positive sera may stain the cy-
toplasm but it is often very weak or negative (Fig. 3p)

Immunofluorescence ANA Pattern and Autoantibody
Specificities in PM/DM

IP is a gold standard for detection of the majority of MSA;
however, this technique is available only at limited research lab-
oratories. ELISA for anti-Jo-1 and UIRNP are widely available
and anti-ARS ELISA that detects anti-Jo-1, EJ, PL-7, PL-12, and
KS is available in Japan; mixed antigens are used, and individual
specificity is not available [17]. Line immunoassay and other
new types of assays have been used for some of the MSA;
however, validation of the assay compared with a gold standard
is limited and discrepancies in test results have been reported
[119]. Thus, being familiar with the localization of the target
antigens and immunofluorescence ANA pattern can be useful
in two ways. First, specificities of autoantibodies that have higher
chance of positivity for a particular patient can be considered
when clinicians order specific autoantibody tests selected based
on immunofluorescence pattern. Second, when specific autoan-
tibody test result is inconsistent with the ANA pattern, false-
positive test result may be considered, e.g. positive anti-Mi-2
with cytoplasmic staining can be considered inconsistent [1].
ANA pattern and corresponding myositis autoantibody spec-
ificities are summarized (Fig. 4). Anti-UIRNP, anti-U1/U2RNP,
and anti-Ku are considered for a serum with coarse nuclear
speckled pattern. For fine nuclear speckled pattern, anti-Mi-2,
TIF1y/x, and anti-SAE may be considered. Staining patterns
by anti-Mi-2 and TIF1y/« are indistinguishable though anti-
Mi-2 sera usually show brighter staining. Multiple nuclear dots
(PML) pattern is consistent with anti-MJ/NXP-2 staining though
this may not be apparent in all cases. Some sera may show
nuclear fine speckled pattern without PML body staining [75].
Cajal body staining can be seen by anti-SMN (survival of motor
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Fig. 3 Immunofluorescence
antinuclear antibodies using sera
from patients with PM/DM.
HEp-2 ANA slides were stained
using sera from patients with PM/
DM. a Anti-UIRNP, b anti-Mi-2,
¢ anti-TIF1y/«, d anti-TIF1f3,

e anti-SAE, f, g anti-MJ/NXP-2,
h anti-SMN, i, j anti-PM-Scl,

k anti-U3RNP, 1 anti-Jo-1,

m anti-PL-7, n anti-PL-12,

m anti-SRP, p anti-MDAS5

neuron) antibodies found in PM or PM overlap syndrome
[120]. Nucleolar stainings associated with myositis are homo-
geneous staining by anti-PM-Scl and clumpy staining by anti-
U3RNP antibodies. Strong cytoplasmic staining is consistent

gpeckled

U1RNP

&
Fine
deckled,

Mi-2

U1/U2RNP TIFly/a

Ku

SAE
MJ/NXP-2

dots

MJ/NXP-2

SMN

with the presence of anti-ARS or SRP. Although ARS localize
in the cytoplasm, staining may be weak or absent. MDAS
antigen localizes to the cytoplasm but cytoplasmic staining is
often weak or absent.

r D @
Nucleolar | Cytoplasm | Negative
ARS

PM-Scl MDAS
U3RNP SRP ARS
MDAS

Fig. 4 Summary of HEp-2 cell immunofluorescence patterns corresponding to different autoantibody specificities in PM/DM
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Future Direction of MSA Testing

IP is a very powerful and reliable technique that has been used
and considered a reliable assay over 30 years, but it has been
performed only at a limited number of laboratories and never
become a routine assay in clinical practice. Currently, anti-Jo-
1 ELISA is the only widely available testing for most clini-
cians. A new ELISA of anti-ARS to detect antibodies to Jo-1,
EJ, PL-7, PL-12, and KS in a single ELISA using a mixture of
these antigens has been validated compared with IP and re-
leased recently in Japan [17]. Line immunoassay is available
in certain countries but has not been used extensively. ELISA
and beads assays for several MSAs, in particular the ones with
high clinical significance such as anti-TIF1y and MDAS are
currently under development. They will be widely available in
the near future and tests for these autoantibodies will become a
part of standard tests in clinical practice of inflammatory
myopathy.

While wide availability of new autoantibody immunoas-
says will be definitely welcomed, performance of new immu-
noassays without validation is a concern [119]. New immuno-
assays should be validated against a gold standard such as IP
and DID before releasing to the market as performed for some
new assays [17] to avoid confusion among clinicians and re-
searchers [119].

Cryptic Epitopes and Mechanisms of MSA Production

Autoantibodies in each PM/DM patient target only a few pro-
teins or protein-RNA complexes. Several autoantibodies are
considered MSA; however, presence of more than one MSA
in the same patient is uncommon. Patients with antibodies to
any ARS could have similar clinical features, known as anti-
synthetase syndrome; however, detection of antibodies to
more than one ARS in each patient is rare for unknown rea-
sons. Thus, it is assumed that there are mechanisms, which
select the target antigens of MSA out of thousands of proteins
in cells in each patient. We would like to discuss a possibility
that certain MSAs, in particular cancer-associated autoanti-
bodies, are triggered by formation of cryptic epitopes resulting
from a mutation of the target antigens.

It has been speculated that quantitative (e.g., upregulation
or reduced degradation of certain proteins) or qualitative
changes (e.g., mutation, aberrant post-translational modifica-
tion, unusual interaction with other proteins, etc.) or unusual
location (e.g., translocation of nuclear proteins to the cell sur-
face) may trigger specific autoimmune responses. A concept of
“cryptic epitopes” may be important to understand this idea
[121]. Extracellular antigens are typically processed via
endosomes and the resulting peptides are presented on MHC
class II at the surface of antigen-presenting cells (APCs),
whereas intracellular antigens are processed via the
proteasomes and the peptides presented on MHC class 1.

Whether the MHC-peptide complex is recognized as non-self
is a critical step toward triggering autoimmune response.
Mutation of amino acids can change the pattern of protein
digestion and create cryptic epitopes presented on the cell sur-
face MHC. Autoreactive T cells are deleted during T cell de-
velopment; however, immunological tolerance to epitopes that
have little or no expression during this process may be incom-
plete. When the cryptic epitopes are expressed on APCs in the
body in certain conditions, it could trigger autoimmune re-
sponse. It is not a new concept that changes in the structure
or expression levels of certain self-proteins, occurring during
tumorigenesis for example, may be associated with triggering
autoimmune responses [122].

Perhaps the best-known example is an autoimmune re-
sponse to a tumor suppressor gene p53 in patients with malig-
nancy. In individuals with a mutation of the tumor suppressor
gene p53, loss of normal p53 functions due to amino acid
replacement may lead to a development of cancer while the
mutated p53 can create cryptic epitopes (Fig. 5), which is
recognized as non-self by the immune system and triggers
autoantibodies to p53. The immune system is sensitive to
detect a single amino acid change and accompanying confor-
mational changes resulting from a point mutation in p53.
Autoantibodies to p53 have been reported in patients with
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Fig. 5 Formation of cryptic epitopes via a somatic mutation. A somatic
mutation that causes amino acid replacement may create cryptic epitopes,
which can be recognized as non-self and trigger autoimmune response. 7op,
normal protein digested by trypsin makes normal peptides that are supposed
to have immunological tolerance. Bottom, if arginine is replaced by other
amino acid, trypsin digestion may create cryptic epitopes that have no or
incomplete immunological tolerance and trigger autoimmune response
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various types of cancer that are associated with certain p53
mutations [123, 124]. Recently, an association of POL3 A mu-
tation and production of anti-RNA polymerase Il antibodies
in SSc patients with malignancy was reported [125]. Six of 8
anti-RNAPIII-positive cancer-SSc patients had somatic muta-
tion or loss of heterozygosity, which suggest the presence of
mutation. In contrast, these changes were not observed in SSc
patients with cancer in six anti-centromere and six anti-topo I-
positive patients. Thus, the mechanism of production of anti-
RNAPIII in these patients may be exactly same as that of anti-
p53 antibody.

Autoantibodies to TIF-1y/x have been described recently
in strong association with cancer-associated DM [7, 97-99].
Based on the effects of TIF-1y as a tumor suppressor reported
in murine models and humans [96, 126, 127], it seems rea-
sonable to hypothesize that the mechanisms of production of
anti-TIF-1vy in patients with cancer-associated DM could be
similar to what is speculated in patients with p53-mutated
cancer; TIF-1y mutation could be the primary event that leads
to the development of cancer and production of autoantibodies
to TIF-1vy (Fig. 6). DM in these patients may be considered as
a paraneoplastic syndrome. Roles of TIF-1vy in viral infection
and its interactions with viral proteins have been reported
[128, 129]. TIF-1«, TIF-1f3, and TIF-1vy are identified as ad-
enoviral E1B-55K-binding proteins. TIF-1vy is shown to be a

Juvenile and

young adult DM?
TIF1y

TR

viral protein

target for degradation by human adenoviruses and it possesses
anti-viral activity and limits adenovirus early and late gene
product expression during infection [128]. In a mouse model
of autoimmune response to p53, it was shown that immuniza-
tion of viral SVT/self p53 complex induced anti-p53 autoim-
mune response while immunization of p53 alone did not
[130]. One possible explanation was that interaction of viral
protein with self pS3 modified antigen processing, leading to
production of cryptic epitopes. A possible role of viral infec-
tion in the pathogenesis of JDM has been discussed for many
years without solid and universal evidence. It is tempting to
speculate that viral infection, which may create cryptic epi-
topes of TIF-1y/«, is the primary event in certain cases of
JDM or young adult patients with anti-TIF-1y/cx.

It is also possible that de novo mutations of a gene for
other MSA antigens, which occur somewhere in the body,
lead to production of autoantibodies. A difference from
the p53 model and difficulty when trying to prove or
disprove this hypothesis will be the location to test for
the mutations in MSA antigens not associated with malig-
nancy. While locating the p53 mutation in the body is
relatively easy in a majority of cases, usually at the site
of cancer, it will not be easy to locate the site of mutation
of genes for MSA antigens in PM/DM without malignan-
cy [131].
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Fig. 6 Hypothesis on the production of anti-TIF1y/x antibodies based
on mutation of TIF1y or interaction of viral proteins with TIF1. In old
adult DM patients with malignancy, TIF1y mutation may allow
development of malignancy while the mutated protein may also trigger
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autoimmune response to TIF1y. In JDM or young adult DM patients,
interaction of viral proteins with TIF1 proteins may create cryptic
epitopes, leading to the autoimmune response
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Conclusions

MSA are highly specific for the diagnosis of PM/DM, and
many of them are also associated with a unique clinical subset
of PM/DM, making them clinically useful biomarkers. There
has been significant progress in MSA in the last 10 years and
several new MSA with strong clinical significance have been
identified. New immunoassays for these new MSA as well as
classic MSA will become widely available for clinical practice
in the near future. Clinicians are expected to know and under-
stand the significance of MSA and proper use in clinical
practice.

ARS, aminoacyl tRNA synthetases;

ALBIA, addressable laser bead assay;

CIE, counter immunoelectrophoresis;

CK, creatine kinase;

CTD, connective tissue disease;

DID, double immunodiffusion;

DM, dermatomyositis;

ELISA, enzyme-linked immunosorbent assay;

ENA, extractable nuclear antigen;

ILD, interstitial lung disease ;

IP, immunoprecipitation;

JDM, juvenile dermatomyositis;

LIA, line immunoassay;

MAA, myositis-associated autoantibodies;

MCTD, mixed connective tissue disease;

MDAS, melanoma differentiation associated gene 5;

MSA, myositis-specific autoantibodies;

NHS, normal human serum;

NXP-2, nuclear matrix protein 2;

PM, polymyositis;RNP, ribonucleoprotein;

PML, promyelocytic leukemia;

RA, rheumatoid arthritis;

RPILD, rapidly progressive interstitial lung disease;

SAE, small ubiquitin-like modifier activating enzyme;

SARD, systemic autoimmune rheumatic diseases;

SRP, signal recognition particle;

SSc, scleroderma;

SUMO, small ubiquitin-like modifier;

TIF1, transcription intermediary factor 1;

UCTD, undifferentiated connective tissue disease;

UsnRNPs, U small nuclear ribonucleoproteins;
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Picture 1.

A 66-year-old man, diagnosed with interstitial pneumonia
based on high-resolution computed tomography (HRCT)
findings (Picture 1) presented to our hospital due to a per-
sistent dry cough with desaturation. Pulmonary function
tests showed a reduced forced vital capacity of 1.90 L (51%
predicted) and a decreased diffusing capacity for carbon
monoxide (65% predicted). A surgical lung biopsy revealed
nonspecific interstitial pneumonia (Picture 2A). Anti-EJ
(glycyl tRNA synthetase) antibodies were positive on im-

munoprecipitation using *S-methionine-labeled K562 cell
extract (Picture 2B). He did not meet the criteria for poly-
myositis and dermatomyositis and was diagnosed with inter-
stitial pneumonia with autoimmune features (IPAF) (1). He
declined corticosteroids and/or immunosuppressant therapy.
A year later, spontaneous improvement of the features, in-
cluding the desaturation, HRCT findings (Picture 3) and pul-
monary function tests was noted. IPAF can show various
clinical courses (2); we herein report the first known case of
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IPAF that spontaneously improved without any treatment.
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Lo TRENRLLZE, BEENKEVIERY, EICRBERALEINEZNVI L TH 5D,

Z ZCREEETIE, BIBO.CHEA SR A & NS RIEROBE L I 523 A RIS R AT E 725k
A, BERB %32 TRITO MBI D WTHH L T iz/ivniz,
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INHDOWE,L LG o722 £ld, AP L AT 2BHMPHERIBEICAEPRS (BT LI ETH), Tl
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EH2 B ETENIEMRIFEL 2o 0b Lk v, RALSE>TL, ¥ 7RIS 2> TREENK L, #ER
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Immune markers for job stress research:
A focus on inflammatory and cellular immune markers

Akinori NAKATA
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University of Occupational and Environmental Health

Abstract The purpose of this review was to provide current knowledge about the possible
association between psychosocial job stress and immunity focusing on inflammatory and cellular
immune markers. In general, exposure to psychosocial job stressors (high job demands, low job control,
high job strain, low job satisfaction, high effort-reward imbalance, over-commitment, unemployment, and
excessive overtime) had a measurable impact on immune parameters including reduced NK cell activity
and NK cell counts, and increased inflammatory responses. The evidence supports that psychosocial
job stresses are related to disrupted immune responses but further research is needed to demonstrate
cause-effect relationships and develop more sensitive and usable markers.
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Assessments of accumulated stress-related hormones by using hair and
fingernail samples: A perspective on job stress research

Shuhei IZAWA?D* and Keiichi MIKI?

U Occupational Stress Research Group, National Institute of Occupational Safety and Health, Japan
2 Center for Research Promotion and International Affairs, National Institute of Occupational Safety and Health, Japan

Abstract Cortisol, one of stress-related hormones, has been considered a mediator linking
psychosocial stress and various diseases such as coronary heart disease and depressive disorder. This
review introduced assessments of cortisol by using hair and fingernail samples. Cortisol levels in hair
and fingernail samples may retrospectively represent hormone productions during a few months and
weeks, respectively. Only a few studies previously investigated the associations between psychosocial
stress in work environments and cortisol in hair and fingernail samples. Further studies are needed
because hair and fingernail samples could largely contribute to exploring the biological links between
job stress and health.
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ABSTRACT

Introduction Chronic inflammation may be a mediator
for the development of cardiovascular disease (CVD),
metabolic diseases and psychotic and neurodegenerative
disorders. Meta-analytic associations between work-
related psychosocial factors and inflammatory markers
have shown that work-related psychosocial factors could
affect the flexibility and balance of the immune system.
However, few systematic reviews or meta-analyses

have investigated the association between work-related
psychosocial factors and inflammatory markers. Based on
prospective studies, the present investigation will conduct
a comprehensive systematic review and meta-analysis of
the association between work-related psychosocial factors
and inflammatory markers.

Methods and analysis The systematic review and
meta-analysis will include published studies identified
from electronic databases (PubMed, EMBASE, PsycINFO,
PsycARTICLES, Web of Science and Japan Medical
Abstracts Society) according to recommendations of the
Meta-analysis of Observational Studies in Epidemiology
guideline. Inclusion criteria are studies that: examined
associations between work-related psychosocial factors
and increased inflammatory markers; used longitudinal
or prospective cohort designs; were conducted among
workers; provided sufficient data for calculating ORs or
relative risk with 95% Cls; were published as original
articles in English or Japanese; and were published up to
the end of 2017. Study selection, data extraction, quality
assessment and statistical syntheses will be conducted by
14 investigators. Any inconsistencies or disagreements will
be resolved through discussion. The quality of studies will
be evaluated using the Risk of Bias Assessment Tool for
Non-randomized Studies.

Ethics and dissemination The investigation study will
be based on published studies, so ethics approval is

not required. The results of this study will be submitted
for publication in a scientific peer-reviewed journal.

The findings may be useful for assessing risk factors

for increased inflammatory markers in the workplace

and determining future approaches for preventing CVD,
metabolic diseases and psychotic and neurodegenerative

Strengths and limitations of this study

» This systematic review and meta-analysis will offer
comprehensive understanding of the association
between work-related psychosocial factors and in-
flammatory markers.

» The review will include a range of work-related
psychosocial factors and focus on inflammatory
markers.

» To ensure stronger evidence, the review will include
only prospective studies.

» The findings of this review may be useful for as-
sessing chronic inflammation as a risk factor for
cardiovascular disease (CVD), metabolic diseases
and psychotic and neurodegenerative disorders
in the workplace as well as for determining future
approaches for preventing CVD, metabolic diseases
and psychotic and neurodegenerative disorders.

» Depending on the results, limitations could be
confounding factors that may not have been ad-
justed for in the selected studies as well as low
generalisability.

INTRODUCTION
Most adults spend around half of their
waking hours at work, and so the workplace
is an important setting to promote health
and well-being. Increasing attention is being
directed to work-related psychosocial factors,
such as job strain,"” effort-reward imbal-
ance,’ organisational justice7_9 and workplace
social capital'’; there is a major focus on
work stress.” These factors may affect cardio-
vascular disease (CVD), metabolic diseases
and psychotic and neurodegenerative disor-
ders through such mechanisms as prolonged
overactivation and dysregulation of the auto-
nomic nervous system and the hypothalamic—
pituitary-adrenal cortex axis.' ™

Chronic inflammation has been suggested
as a potential mediator for the development

disorders. . . .

Dr Akizumi Tsutsumi; PROSPERO registration number CRD42018081553. of CVD, metabolic diseases and psychotic
akizumi@Xkitasato-u.ac.jp and neurodegenerative disorders.
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Several studies have reported associations between
adverse work-related psychosocial factors and increased
levels of inflammatory markers. Inflammatory markers,
including C reactive protein (CRP),"*** interleukin 6
(IL-6)** % and tumour necrosis factor-o. (TNF-0.), have
been implicated in coordinating atherosclerosis.”
Previous meta-analyses®” * have identified the associa-
tions between psychosocial factors and inflammatory
markers; however, the findings from those studies were
not conclusive because of methodological heterogeneity
(eg, conceptualisation or measurement of work-related
psychosocial factors, sample compositions and statistical
approaches).

Meta-analytic  associations between work-related
psychosocial factors and inflammatory markers indicate
that such factors may affect the flexibility and balance
of the immune system. Some meta-analyses have investi-
gated inflammatory markers in relation to psychological
stress " and unemployment™; however, few systematic
reviews or meta-analyses have been conducted regarding
the associations between work-related psychosocial
factors and inflammatory markers. A systematic review of
56 studies by Nakata®® suggested that work-related psycho-
social factors were related to disrupted immune response.
However, that study did not statistically synthesise the
associations. To our knowledge, only one meta-analysis
of the association between effort-reward imbalance and
inflammatory markers (k=7, n=9952) found a negative
association with immunity (r=-0.09; CI -0.14 to -0.05;
p<0.001)." These systematic reviews and meta-analyses
included cross-sectional studies. However, pooled asso-
ciations between work-related psychosocial factors and
inflammatory markers derived from prospective studies
may provide more reliable evidence.

Based on published prospective studies, the present
investigation will conduct a comprehensive systematic
review and meta-analysis of the associations between
work-related psychosocial factors and inflammatory
markers. Inflammatory markers will include those that
were previously investigated in terms of associations
with psychosocial factors at work, including CRP, IL-6
and TNF-o. Our hypothesis is that adverse work-re-
lated psychosocial factors would increase inflammatory
markers. Moreover, we will identify the work-related
psychological factors that have the strongest associa-
tions with specific inflammatory markers.

METHODS AND ANALYSIS

Study design

This study protocol for a systematic review and
meta-analysis of prospective studies follows the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocols guideline.” Future findings will
be reported according to the Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE) reporting
guidelines.” This study protocol was registered with
PROSPERO (CRD42018081553).

Eligibility criteria
Participants, exposures, comparisons and outcomes
(PECO) of the studies included in this systematic review
and meta-analysis will be defined as follows: (P) inclu-
sion of all workers; (E) presence of adverse psychoso-
cial factors at work; (C) absence of adverse psychosocial
factors at work; and (O) increased inflammatory markers.
Target participants will all be employees of participating
companies. There will be no exclusion criteria related to
employment status, job type or shift type. The study expo-
sures (adverse psychosocial factors at work) will include a
range of task and organisational characteristics and work
conditions,” such as job strain," low social support,
effort-reward imbalance,” organisational injustice’’
and low workplace social capital.w Long working hours
and shift work will also be included as target exposures.
Inflammatory markers will include those investigated in
terms of association with psychosocial factors at work in
previous studies, including CRP, IL-6 and TNF-c.
Eligibility criteria for selection are the following studies
that (1) were conducted to evaluate associations between
psychosocial factors at work and inflammatory markers;
(2) used longitudinal or prospective cohort designs; (3)
were conducted among workers; (4) provided sufficient
data for calculating coefficients of associations between
psychosocial factors at work and inflammatory markers
(v, B), ORs, relative risks (RRs) or HRs with SEs or 95%
CIs; (5) were published as original articles in English or
Japanese; and (6) were published up to the end of 2017.

Information sources, search strategy and data management
A'systematic search of published studies will be conducted
using electronic databases: PubMed (MEDLINE),
EMBASE, PsycINFO, PsycARTICLES, Web of Science and
the Japan Medical Abstracts Society. Search terms will
include words related to the PECO of eligible published
studies. The proposed search strategy appears in online
supplementary appendix 1. All identified studies will be
managed in a Microsoft Excel file (Washington, USA).
Before the study selection process, duplicated citations in
the Excel file will be excluded by KW. Decisions on all
studies will be recorded.

Study selection process

First, following the eligibility criteria, 14 investigators
(HE, KW, EA, HA, YA, Al, RI, MI, KI, YK, NN, YO,
ASa and KT) will independently conduct screening of
identified titles and abstracts in pairs. Second, we will
obtain full texts of all eligible studies. In the full-text
review phase, the studies will be examined using a stan-
dardised form (see online supplementary appendix
2) to assess eligibility for inclusion in this review. The
number of papers examined by each investigator will
depend on the investigator’s capacity. Any discrepan-
cies in assessment will be recorded and the inter-rater
reliability determined; such matters will be discussed
among all the investigators until consensus is reached.
We will directly contact the corresponding authors

Equchi H, et al. BMJ Open 2018;8:2022612. doi:10.1136/bmjopen-2018-022612


https://dx.doi.org/10.1136/bmjopen-2018-022612
https://dx.doi.org/10.1136/bmjopen-2018-022612
https://dx.doi.org/10.1136/bmjopen-2018-022612
http://bmjopen.bmj.com/

of eligible studies if the results of the publication are
unclear and may be related to multiple interpretations
or if the reported results did not show data relevant to
our study analysis. The reasons for excluding studies
will be recorded. A flow chart will be prepared showing
the entire review process.

Data extraction

Data will be extracted independently from the included
studies by 14 investigators (HE, KW, EA, HA, YA, AI, RI,
MI, KI, YK, NN, YO, ASa and KT) working in pairs using
a standardised data extraction form. The data will be
distributed according to the investigators’ capacity. Any
discrepancies or inconsistencies in the assessment will
be recorded and the inter-rater reliability determined;
such matters will be discussed among all the investi-
gators until consensus is reached. The extracted data
will include the following: year of publication; country
where the study was conducted; number of participants
at baseline and in the analysis; sampling framework;
participants’ demographic characteristics (ie, mean
age, sex proportions and employment status); length
of follow-up; follow-up rate; exposure and compar-
ison variables (adverse psychosocial factors at work);
outcome variables (inflammatory markers); number
and proportion of participants with increased levels of
inflammatory markers or mean scores and variances or
SD of markers; and sufficient data for calculating the
coefficients (B, y), ORs, RRs or HRs with SEs or 95% ClIs
for the association between adverse psychosocial factors
at work and inflammatory markers. If the included
studies report multiple measures of association, we
will attempt to select measures of association adjusted
by demographic variables (eg, age, sex, education and
marital status). If the studies report measures of associ-
ation adjusted by lifestyle variables (eg, smoking, phys-
ical activity and sleep), we will as far as possible extract
measures both with and without adjustment for lifestyle
variables. To avoid overadjustment, measures of asso-
ciation adjusted for other adverse psychosocial factors
at work or inflammatory markers will not be adopted.
Sex-stratified coefficients will be selected if they are the
only reported results. Any missing data from the studies
will be obtained by contacting the relevant research
team.

Assessment of study quality

Fourteen investigators (HE, KW, EA, HA, YA, Al, RI, MI,
KI, YK, NN, YO, ASa and KT) will independently assess in
pairs the quality of each included study using the inter-
nationally recognised Risk of Bias Assessment Tool for
Non-randomized Studies (RoBANS).* %7 The RoBANS
was developed to determine the risk of bias of non-ran-
domised studies; it comprises six domains: selection of
participants; confounding variables; measurement of
exposure; blinding of outcomes; incomplete outcome
data; and selective outcome reporting. The risk of bias
for each domain is classified as low, high or unclear risk.

The number of papers assessed by each investigator will
depend on their capacity. Any discrepancies in quality
assessment among the investigators will be recorded and
the inter-rater reliability determined; such matters will be
discussed among all the investigators until consensus is
reached.

Data synthesis and statistical methods

The included studies will be statistically synthesised in
a meta-analysis to estimate pooled coefficients and 95%
CIs, stratified by types of measures of association (f3, 7,
OR, RR and HR). If the included studies report ORs,
RRs or HRs, we will calculate log-transformed ORs, RRs
or HRs and determine SEs based on 95% CIs. These
parameters will be used in the meta-analysis and for
examining publication bias by means of a funnel plot
and Egger’s test with statistical software, R V.3.4.1.%* %
We will employ a random-effects model*” to summarise
the results using R V.3.4.1 with the ‘meta’ and ‘metafor’
packages.!

For the main analysis, we will synthesise all types of
psychosocial factors at work in the random-effects model.
The results will be presented in a narrative format if a
meta-analysis is not appropriate or possible, for example,
if only two or fewer studies are eligible and included in the
study. Heterogeneity will be assessed using the y test with
Cochran’s Q statistic, which is calculated by I values,42
assuming that I values of 25%, 50% and 75% indicate
low, medium and high heterogeneity, respectively.

Subgroup and sensitivity analyses will be conducted to
compare the results across subgroups or under specific
conditions when sufficient heterogeneity is detected.
Major possible grouping characteristics will include
types of exposure and outcome, participants’ demo-
graphic characteristics (eg, sex, age, employment status,
occupational groups) and study quality. Any subgroup
differences will be reported, and our findings will be
explained by considering these differences. Results with
and without adjustment for lifestyle variables will be
compared in another sensitivity analysis. If trends are
observed between pooled associations and any grouping
characteristics, meta-regression will be conducted using
the ‘metareg’ function of R. A sensitivity analysis may
be conducted for included studies where the ROBANS
is classified as low risk. All extracted data and analysed
results will be deposited by the corresponding author
and made available for external reviewers and readers
on request.

Patient and public involvement statement

This study will not involve any patients or study partici-
pants: this study protocol is for a systematic review and
meta-analysis.

Ethics and dissemination

This study does not require ethical approval because
the systematic review and meta-analysis will be based
on previously published studies. The results will be
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submitted for publication in a scientific peer-reviewed
journal, according to the MOOSE guideline.”

Strengths and limitations
This systematic review and meta-analysis will be based on
prospective studies and show the strongest evidence for
the associations between psychosocial factors at work and
inflammatory markers. The findings will highlight poten-
tial mediators and underlying mechanisms for the devel-
opment of CVD owing to adverse psychosocial factors.
There are several likely limitations in this study,
including confounding bias and low generalisability. If
selected studies do not report demographic-adjusted
associations, the findings will be distorted by the unob-
served characteristics among the population. In addition,
the findings will not be generalisable to populations not
included in the selected studies.
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Abstract

Purpose: There is a growing body of evidence that the built environment influences diet and exercise and, as a consequence,
community health status. Since long-haul truck drivers spend long periods of time at truck stops, it is important to know if this
built environment includes resources that contribute to the emotional and physical well-being of drivers.

Setting: The truck stop environment was defined as the truck stop itself, grocery stores, and medical clinics near the truck stop
that could be accessed by a large truck or safely on foot.

Design: Researchers at the National Institute for Occupational Safety and Heaith (NIOSH) developed and utilized a checklist to
record the availability of resources for personal hygiene and comfort, communication and mental stimulation, health care, safety,
physical activity, and nutrition at truck stops.

Subjects: The NIOSH checklist was used to collect data at a convenience sample of 16 truck stops throughout the United States

along both high-flow and low-flow truck traffic routes.

Measures: The checklist was completed by observation within and around the truck stops.

Results: No truck stops offered exercise facilities, 94% lacked access to health care, 81% lacked a walking path, 50% lacked fresh
fruit, and 37% lacked fresh vegetables in their restaurant or convenience store.

Conclusion: The NIOSH found that most truck stops did not provide an overall healthy living environment.

Keywords
truck stop, obesity, nutrition, exercise, safety

Purpose

It is generally accepted within the medical and public health
communities that diet and exercise are 2 important determi-
nants of individual health.'” Furthermore, there is a growing
body of evidence that the built environment influences these
determinants and, as a consequence, community health status.
The built environment is generally defined as the man-made
surroundings such as buildings, transportation systems, parks,
and other man-made structures.’

Some studies report a negative relationship between body
mass index (BMI) and access to a supermarket*” and a positive
relationship between BMI and access to either convenience
stores® or fast-food restaurants.”® A more recent study using
a longitudinal regression model demonstrated that increases in
density of both supermarkets and commercial physical activity
facilities reduced BMI by 5.46 to 7.36 lbs/ft> among men.’

Truck drivers, by virtue of their occupation, are often con-
strained for long periods of time to specific built environment,
such as loading docks, truck stops, trucking terminals, highway

rest areas, and truck cabs. Drivers spend time in these locations
not only during their working day but also during off-duty
periods since parking for large trucks can be difficult to find
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at other locations. Long-haul truck drivers (LHTDs) carry
freight on delivery routes that require sleep periods away from
home. A recent survey of LHTDs found that 62.9% of drivers
sleep at home less than 7 days each month."® As a consequence,
they often spend long periods confined to truck stops when they
are working. This makes the truck stop environment integral to
the daily lives of LHTDs,

For people to make changes in behavior that improve their
health requires support for the change at the individual, envi-
ronment, and social levels.!! For truck drivers, the truck stop
defines an important environment level of support for individ-
uals to make choices related to diet and exercise. Studies indi-
cate that the truck drivers’ work environment provides few
opportunities for healthy food and exercise.'>'* Given the time
truck drivers are restricted to the truck stop environment, it is
not surprising that studies have found truck drivers are less
likely to exercise regularly or make healthy dietary choices
than the general population,''>!7 or that a recent survey of
LHTDs found that 89% of truck drivers had a BMI greater than
25.!% The availability of healthy food and exercise options in
the truck stop environment is a critical element for supporting
truck drivers’ ability to improve their health.

To better understand the truck stop environment, researchers
from the National Institute for Occupational Safety and Health
(NIOSH) developed a checklist designed to record resources
available at truck stops that might contribute to the emotional
and physical weli-being of drivers. The checklist expands pre-
viously reported information through the inclusion of items
describing the availability of nutritious food in restaurants and
convenience stores at and near truck stops. Using the checklist,
NIOSH researchers collected data at a convenience sample of 16
truck stops across the United States along both high-flow and
low-flow highway segments. Data for this study were collected
concurrently with quality assurance site visits by NIOSH staff
during the National Survey of Long-Haul Truck Driver Injury
and Health (LHTDS), a nationwide survey of LHTDs.!® In this
article, the authors use data collected with the checklist, as well
as selected data collected as part of the LHTDS, to describe
resources available to LHTDs for personal hygiene and comfort,
communication and mental stimulation, health care, safety,
physical activity, and nutrition in the truck stop environment.

Methods
Setting

For this study, the truck stop environment was defined as the
truck stop itself, along with restaurants, grocery stores, and
medical clinics near the truck stop that could be accessed safely
on foot or accessed by tractor-trailers, also known as 18-
wheelers. Tractor-trailers are representative of the size and
weight of trucks typically used by long-haul drivers. Informa-
tion on truck stop indoor and outdoor amenities, convenience
store healthy food options, and restaurant/fast-food healthy
food options were collected by NIOSH researchers from Octo-
ber to December 2010.

Design

The approach for this truck stop study was to collect data on
truck stop amenities at a portion of the 32 truck stops used in
the LHTDS. This allowed NIOSH researchers to collect infor-
mation on truck stops amenities at the same time that they were
conducting quality assurance audits of the LHTDS. The truck
stops in this amenity study were derived from the methodology
used to generate the LHTDS, however; LHTDS sample
weights cannot be used to generate national estimates for the
truck stop amenities reported in this study. Since the truck stops
in this amenity study are a subset of the truck stops in the
LHTDS, a brief description of the sample strategy LHTD sur-
vey is appropriate. More details on the LHTDS sampling strat-
egy and design are available in the article by Sieber et al.!® The
sample of truck drivers in the LHTDS was selected in 3 stages,
the first 2 of which selected the sampled truck stops and the
final stage selected the sampled truck drivers. In the first stage,
limited-access highway segments were stratified by geographic
region and truck traffic volume. Truck traffic volume was
defined as either high flow (12 500 or more trucks/day) or low
flow (less than 12 500 trucks/day). The number of high-flow
state highway segments in each geographical region was
selected proportional to the length in miles of limited-access
highway in that region. Low-flow state highway segments were
selected with probability proportional to that state’s population.
Once highway segments were selected, a national truck stop list
was used to select those stops that had a restaurant and at least 5
paved parking spaces'®; the selection probability was propor-
tional to the number of parking spaces. The sample pool of
qualifying truck stops included 1490 independent truck stops
and 918 chain truck stops, from which the LHTDS collected
truck driver information at 32 truck stops.

Sample

The 16 stops visited by NIOSH researchers for the truck stop
amenity study were a convenience sample selected based on
limited travel funds, proximity to NIOSH facilities, and ability
to combine muitiple truck stop visits into single travel events.
Of the 16 stops in the study, 3 were independent truck stops and
13 belonged to 3 different truck stop chains (chain 1: n = 7,
chain 2: n = 4, chain 3: n = 2); the percentage of truck stops on
high- and low-flow highway segments was similar to the full
LHTDS sample. The geographic distribution of the 16 truck
stops is shown in Table 1 and Figure 1. When high-flow sam-
ples are compared with the LHTDS, the truck stop amenity
study had proportionately fewer truck stops in the Central and
Great Lakes regions and proportionately more in the Northeast
and South regions. Four of the 6 low-flow trucks stops from the
LHTDS were included in the truck stop amenity study. Most
(75%) of the truck stops in the amenity study were located
along high-flow truck traffic routes. The number of overnight
truck parking spots ranged between 20 and 800, with an aver-
age 231 spaces per stop. Average parking space occupancy was
47% during the day and 82% at night. The number of drivers
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Table I. Sample Geographic Distribution for the LHTDS and the Pilot Study of Healthy Living Options at 16 Truck Stops Across the United
States.

High-Flow Sample Strata

Pilot Study LHTDS

Geographic Region Sample Distribution Sample Distribution Total Miles in Region

Number Percent Number Percent Number Percent®
Central | 8 6 24 5013 2
Great Lakes 2 16 6 24 4075 I8
North East 2 16 3 12 2275 10
South 5 42 7 28 7012 30
West 2 16 4 6 4566 20
Subtotal 12 26 22 941
Low-Flow Sample Strata

Pilot Study LHTDS

State (Geographic Region) Sample Distribution Sample Distribution State Population

Number Percent Number Percent Number Percent®
Minnesota | 25 | 17% 5266214 2
Ohio 0 0 ! 17% 11 542 645 4
Louisiana 0 0 | 17% 4 497 076 !
Arkansas | 25 | 17% 2 889 450 |
California 2 50 2 33% 36 961 664 12
Subtotal 4 6
Total 16 32

Abbreviation: LHTDS, National Survey of long-haul truck drivers.
*Percentage of total limited-access highway miles in the United States.
bPercentage of US population.
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Figure |. Geographical Distribution of the 16 Truck Stops in the United States.



Lincoln et al.

549

visiting the truck stop varied between 10 and 4000 drivers on
weekdays and between 5 and 2500 drivers on weekends.

Measures

At all 32 truck stops in the LHTDS, information was obtained
on truck stop characteristic by interviewing the truck stop
owner or manager. Data on these characteristics were extracted
from the LHTDS for the 16 truck stops for this article. Results
abstracted from the LHTDS for this article include the avail-
ability of motels/hotels, Internet kiosks, wireless Internet, and
parking lots that allowed only trucks to enter, while remaining
results pertaining to other living environment characteristics
were collected by NIOSH researchers via direct observation
using a checklist developed by NIOSH. Truck stops were vis-
ited over a 3-day period during daylight and nighttime time
periods. The checklist took approximately 4 hours to complete
over the 3 days.

The checklist consisted of 5 sections: truck stop indoor
amenities, truck stop outdoor amenities, convenience store
healthy food options, energy products, and restaurant/fast-
food healthy food options, with space for comments from the
data collector if they needed to further describe the environ-
ment, The data collector recorded the presence of a checklist
item by checking or circling it on the form, or in the case of
energy products, recording the number of different products
available. Energy products were defined as any beverage, shot,
or pill that claimed it would increase the consumer’s energy or
alertness. Energy products were tallied by brand; the different
varieties within brand were not captured. To reduce interrater
variability, 2 NIOSH researchers independently collected
information on the checklist at the first 2 truck stops visited.
At both truck stops, the researchers reviewed and discussed
each element of their ratings to assure all future checklists were
completed in a consistent manner. No further interrater varia-
bility assessment was done to further validate the survey
instrument.

Facilities were considered to be nearby if they could safely
be accessed by foot or tractor-trailer and seen from the truck
stop. Parking lots were considered to be well lit by NIOSH
researchers if functioning lighting was observed positioned
throughout the parking lot including parking lot edges.

The availability of nutritious food was ascertained by
NIOSH researchers in the truck stop convenience store by
observing displayed items and in truck stop restaurants by
viewing the menus and salad bars. In the convenience store,
healthy foods were defined as (1) fresh fruit or vegetables; (2)
packaged (frozen, canned, or dried) fruit if it did not have
added sugar or fat; and (3) packaged vegetables, entrees
(canned/frozen meals), and prepared snacks if they met or
exceeded the US Food and Drug Administration (FDA) guide-
lines for low-fat and low-sodium foods, which require 3 g of fat
or less and 140 g of sodium or less per reference amounts
customarily consumed.'®

Restaurant menus did not contain dietary information. Res-
taurant foods were considered healthy if they were advertised

Table 2. Percentage of Truck Stops With Selected Physical Amenities
at 16 Truck Stops Across the United States.

Amenity Number of Stops Percent
Hygiene/comfort

Showers 16 100

Laundry 13 8l

Motel/hotel on-site or nearby H 69

Driver lounge i 69

Truck hookups (shore power) 6 38

Barber or hair salon i 6
Connectivity

Wi-Fi 13 8l

Internet kiosk 7 44
Nutrition

Full-service restaurant on-site H 69

Full-service restaurant nearby 2 13

Fast-food available on-site 9 56

Fast-food available nearby 3 19

Truck-accessible grocery nearby 2 13
Health care

Health clinic on-site ! 6

Truck-accessible medical clinic nearby 0 0
Safety

Parking area poorly lit* 9 60

Parking area limited to trucks ! 6
Physical activity

Walking path 3 19

Designated exercise area 0 0

*n = 15 truck stops, | truck stop was only visited during daylight hours.

as cooked with little or no added oil (ie, baked, broiled,
steamed, or poached); healthy animal proteins included
white-meat poultry, shellfish, or any fish, including salmon;
healthy salads needed to have greens other than iceberg lettuce
that is considered to have low nutritional value; and healthy
vegetarian dishes included fresh vegetables and needed to be
low in sugar and be foods other than white potatoes or white
rice, which have high glycemic loads and are considered to be
of low nutritional value. While not an exhaustive list, we felt
these options were the healthy choices most likely to be
available.

All data are reported as percentages. Data extracted from the
LHTDS were analyzed using the PROC/FREQ procedure gen-
erated using (SAS/STAT) software, copyright (2002-2010) SAS
Institute Inc., Cary, NC, USA.

Results

Table 2 shows the physical amenities available at the 16 check-
list truck stops. Only showers were universally available; more
than 81% lacked a walking path, grocery store, or a barber/hair
salon; 94% lacked any type of health-care facilities accessible
to the drivers. Most truck stops had a laundry, motel/hotel,
driver lounge, full-service restaurant, and/or fast-food available
either at the truck stop or nearby. None of the truck stops
visited offered designated exercise facilities. Only 6% had
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Table 3. Available Healthy Food Options at 16 Truck Stops Across
the United States.

Number of Truck

Healthy Food Option Stops Percent

Restaurant (full-service + fast-food combined) healthy food option
Healthy animal protein available

White-meat poultry 14 88
Salmon 6 38
Fish {(excluding salmon) 8 50
Shellfish 2 i3
Healthy vegetable/vegetarian dish 12 75
avaifable
Fresh salads (excluding iceberg 9 56
lettuce)
Low-fat/low-sugar vegetarian dishes 5 31
(excluding white rice and white
potatoes)
Both healthy animal protein and healthy 12 75
vegetable/vegetarian dish available
No healthy option available | é
Convenience store healthy food option
Low-fat/low-sodium prepared snacks® 7 44
Healthy fruit available 12 75
Fresh fruit 8 50
Frozen/canned/dried Fruit (no 7 44
sugar added or fat)
Healthy vegetable or prepared entrée l 6
available®
Fresh vegetables | 6
Frozen/canned/dried vegetables® 0 ]
Frozen/canned prepared entrees® 0 0
Both healthy fruit and vegetable/entrée | 6
available
No healthy option available (including 3 19
snacks)
Fresh vegetable available in either 10 63

restaurant or convenience store

*Three gram or less fat and 140 g or less sodium per serving,

parking areas that restricted nontruck drivers and few had ade-
quate lighting in the truck parking area.

All of the truck stops had at least 1 convenience store and
some form of restaurant (either full-service or fast-food).
Where there was more than 1 restaurant option, healthy food
availability was assessed at all restaurants using a single check-
list. Table 3 shows the percentage of the 16 truck stops
with specific healthy food options available at restaurants
(full-service and/or fast-food combined) and convenience
stores. Truck stop restaurants offered a healthy animal protein
at 94% of stops and a healthy vegetable at 75% of stops; the
most common healthful food options available in restaurants
were white-meat poultry (88%) and vegetable/vegetarian dish
(75%). Convenience stores offered a healthy fruit at 75% of
truck stops, healthy snacks at 44% of stops, and a healthy
vegetable at only 6% of stops; none of them offered a healthy
prepared entrée.

The number of energy shot and pill brands offered at the 16
truck stops was tabulated. The average number of energy

brands available was 15 (range: 5-30). The average number
of energy shot and pill brands at each truck stop was 6 (range:
0-12; data not shown).

Discussion

Our pilot study found that while the truck stop envitonment
generally provided opportunities for personal hygiene such as
showers and laundries, and connectivity via wireless Internet,
we consider them to be deficient for healthy living options.
The environment rarely provided opportunities to obtain
health care, lacked healthy food choices when there is no time
to stop for a restaurant meal, and rarely provided options that
encouraged physical activity. Furthermore, safety in the park-
ing lot was less than optimal, as almost all stops allowed
anyone to drive into the parking area, and lighting was often
inadequate, which may discourage exercise around the park-
ing area.

The truck stop environment did not provide ready access to
medical care. Our pilot study found that 94% of the truck stops
visited did not have a health-care clinic on-site or nearby.
Results from the LHTDS showed that 18.3% of the drivers
delayed or did not receive needed health-care treatment in the
past 12 months.'® Other studies have shown that truck drivers
had challenges finding health care, were more likely to self-
medicate, and were dissatisfied overall with health-care access
while on the road due to parking lot and driveway accessibility
limitations for large trucks with trailers.! 23

The truck stop environment generally did not help patrons
meet the US Department of Agriculture (USDA) guidelines
for diet. For average adults needing 2200 calories daily, the
USDA Food Pattern recommends 2 cups of fruit and 3 cups
of vegetables every day.>® To help Americans meet this rec-
ommendation, the Dietary Guidelines Advisory Committee
suggested improving the availability of fresh produce; yet,
38% of truck stops did not carry any fresh vegetables in
either their restaurant or convenience store.” Healthy food
was more likely to be available in the truck stop restaurants,
although 25% of these did not have both a healthy animal
protein and healthy vegetarian dish on the menu. Restaurant
menus did not contain specific dietary information. Studies
have shown that given a choice, drivers would choose
healthy food options but may not know which food options
are truly healthy.?*?

Thirty percent of truck drivers report ‘“sometimes” or
“often” being given an unrealistically tight delivery sched-
ule.?6 Furthermore, around 59% of drivers are paid by the mile,
meaning that they don’t make money unless they are driving,
and 46% are penalized for a late pick up or delivery.”” These
time and financial pressures can compel drivers to rely on the
convenience store rather than taking time for a sit-down meal.
Convenience store meal options were the only quick food
option at 25% of the stops we visited where no fast-food res-
taurant was available. Only 1 of the 16 convenience stores
offered a healthy vegetable, and none offered a healthy entrée.
Fruit was easier to find, either fresh or frozen/canned/dried
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with no sugar added or fat, although 25% were lacking this as
well. These results are similar to a study that found 8 truck
stops on the East Coast to be “not at all supportive” of health-
ful eating.'* Grocery stores have greater availability and qual-
ity of healthy food choices than restaurants and convenience
stores®; however, truck-accessible grocery stores were rare in
our study, the time required to shop for and prepare these foods
may be difficult for truck drivers, and trucks are not always
outfitted with refrigerators or microwaves.

Obesity is a significant problem among truck drivers. A diet
low in added sugars, moderate fat intake, and adequate physical
activity can help individuals to prevent or reverse obesity,
which, along with a diet low in sodium, reduces the risk of
hypertension, stroke, and heart disease.”®> The LHTDS study
found that more than one-quarter of long-haul drivers reported
a diagnosis of hypertension and 89% had a BMI greater than
25.1% Lack of physical activity is a significant contributor to
obesity. The Physical Activity Guidelines for Americans
recommends that adults engage in moderate-intensity aerobic
activities for at least 150 min/week or of vigorous-intensity
aerobic activities for at least 75 min/week.?® The LHTDS mea-
sured the number of days in the previous week that LHTDs
engaged in moderate to vigorous physical activity (MVPA) for
at least 30 minutes at a time; Sicber et al'® found that 27% of
LHTDS participants did not engage in any MVPA the previous
week. Birdsey et al'> found that only 26% of male and 20% of
female LHTDS participants engaged in MVPA 5 or more days/
week. These physical activity levels are similar to other surveys
where approximately 10% of truck drivers claimed vigorous
activity 3 times a week.!217:30

The lack of safe walking areas combined with poor lighting
and hazards posed by walking around moving vehicles are
strong deterrents for truck drivers who might otherwise utilize
their time at the truck stop obtaining exercise. In our pilot
study, it was rare to find a walking path (including sidewalks),
and there were no designated exercise areas at any of our 16
stops; few truck stops had adequate lighting (40%), and only
6% had parking areas solely for trucks. Studies have shown that
drivers sometimes walk around the parking area for exercise,
but they run the risk of being struck by vehicles, especially at
night in lots with inadequate lighting.>'** As with our study,
Apostolopoulos et al'* also found that truck stops (n = 8) were
“not at all supportive™ of active living. The truck stop envi-
ronment should be designed to encourage physical activity of
truck drivers.

Truck stop parking lots are vulnerable to crime, which
jeopardizes drivers’ safe and undisturbed rest.>3* All but 1
stop in our study allowed anyone to access the truck parking
area, and 9 (60%) of the 15 stops were poorly lit after dark.
Truck stops could improve safety and reduce disturbance by
increasing their lighting and restricting access of the truck
parking area to only truck drivers. One study suggested that
increasing lighting and security at truck stops may reduce
solicitation of truck stop patrons by sex workers and drug
dealers.®> Some research has shown improved lighting can
reduce crime in parking areas.>®>’

In recent years, some truck stops, including some from our
study, have increased healthy options on restaurant menus and
provided walking areas and exercise facilities.*®* Addition-
ally, at least 1 truck manufacturer has developed an optional
“gym” for their trucks. As the Federal Motor Carrier Safety
Administration has proposed a mandatory sleep study for any
driver with a BMI >35, drivers may welcome any opportunity
to help them achieve a healthy weight.*

Strengths and Limitations

This pilot study was conducted in conjunction with a large
nationally representative survey of LHTDs to characterize the
truck stop environment, which is an integral part of the LHTD’s
daily work life. We developed a simple checklist and used
well-defined FDA product labeling and definitions to allow
quick and accurate data collection on a subset of truck stops
while conducting quality control visits for LHTDS.'® This
allowed us to collect valuable data about the truck stop envi-
ronment without drawing resources away from the main truck
driver survey.

Limitations to our study include the small number of truck
stops that NIOSH researchers were able to visit due to limited
resources. The small sample size and the convenience nature of
the truck stop selection process mean the results are not repre-
sentative of all truck stops in the country. For example, in our
study, independent truck stops represented 19% of the visited
truck stops, but 62% of truck stops in the United States. Forty-
four percent of the truck stops visited were from a single truck
stop chain, but that truck stop chain only represents 4.6% of the
truck stops in the sample frame. Nevertheless, our study is
strengthened by the wide geographic distribution of the 16
selected truck stops, which suggests our results are not limited
to a single state or small geographic area. A larger-scale survey
should be conducted to fully understand the magnitude of
health and wellness barriers at truck stops. The stratified sam-
ple strategy used in the LHTDS could be used to select a
representative sample of truck stops for such a full-scale study
of healthy options at truck stops.

Other limitations are related to the checklist and how it was
administered. The lighting around truck stop parking areas was
rated by visual observation and not objectively with specialized
equipment, and noise was not assessed at all. Restaurant menus
did not contain similar dietary information to the packaged
food in the convenience store; therefore, available healthy
options could only be tabulated through visual observations not
through actual dietary information. Lack of dietary information
on truck stop menus is a challenge not only for researchers
conducting this study but also for truck drivers who might like
to make healthier eating choices. The checklist for available
food items was not comprehensive and did not include items
like whole-grain breads, vegetable proteins, portion size, or a
measure of the number or diversity of healthy items available.
The checklist also did not capture any other food or beverage
options such as fried food, coffee, or sugary drinks. Checklist
data were subject to observer bias and inconsistency between
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observers. To achieve better consistency, a standard checklist
was used and both researchers independently used the checklist
at 2 truck stops, discussing and reconciling differences among
their checklists while still at each of the 2 truck stops. Future
research should evaluate checklist instrument for interrater
reliability and validity and implement a similar sampling strat-
egy to the LHTDS to achieve more nationally representative
results.

Conclusions

Many LHTDs spend multiple nights away from home when
they are working and are subsequently dependent on the built
environment of the truck stop to provide for their daily needs.
The current pilot study found that most truck stops did not
provide an overall healthy living environment, as only 6% of
the truck stops offered fresh vegetables in convenience stores
and no truck stop offered drivers designated exercise facilities.
This pilot study underscores the limited access to healthy food
and exercise options for this working population at the truck
stops evaluated and raises important questions about the ade-
quacy of the truck stop environment for promoting a healthy
lifestyle among LHTDs. Widespread efforts to provide healthy
food and opportunities for safe physical activity at truck stops
are needed for the health of these workers.

So What? Implications for Health
Promotion Practitioners and
Researchers

What is already known on this topic?

Truck stops are integral to the daily lives of long-haul
truck driver (LHTDs) since these workers spend long
periods away from home confined to facilities that can
accommodate their large vehicles. It is accepted that diet
and exercise contribute to the overall health. Long-haul
drivers have a high prevalence of obesity, and research
has demonstrated an association between built environ-
ment and body mass index.

What does this article add?

This study assessed the healthy living options at a sample
of truck stops geographically dispersed throughout the
United States and found few opportunities for safe phys-
ical activity and healthy eating.

What are the implications for health promotion
practice or research?

Understanding the built environment of truck stops can
inform federal agencies and industry leaders in their
efforts to help truck drivers improve and maintain their
health.
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Work-related psychosocial risk factors and hepatic abnormalities among Japanese male

workers
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Introduction & Purpose: Most liver cirrhosis among Japanese men, except for type B or type C
hepatitis, is caused by excessive alcohol consumption. Many research studies have identified
associations between psychosocial factors at work and alcohol consumption; therefore, those factors
may be a risk for hepatic abnormalities. This study investigated the effects of psychosocial factors at
work on biological indices of hepatic abnormalities among Japanese male workers.

Methods: A 1-year follow-up prospective study was conducted between 2012 and 2013 at a
manufacturing company in western Japan. At baseline, 4,085 male workers answered the Brief Job
Stress Questionnaire measuring job stressors and social supports. Among these workers, 3,841
underwent blood examination at follow-up to determine abnormal levels of biological indices of
hepatic abnormalities, defined as AST (GOT) > 40 IU/L, ALT (GPT) > 35 IU/L, and gamma-GTP >
70 TU/L. After excluding 193 participants who had one or more missing answers in the questionnaire
at baseline, data from the remaining 3,648 workers were used in statistical analyses. Multiple logistic
regression was performed to elucidate the effects of job stressors and social supports on liver function
tests. In all analyses, age, current medical history of hepatic disorders, smoking habits, alcohol
consumption, exercise habits, sleep hours, and BMI were considered as control variables.

Results: High Qualitative Overload (OR = 1.61, 95% CI 1.13 — 2.29, p<0.01) and low Suitable Jobs
(OR =1.98, 95% CI 1.18 — 3.34, p<0.05) were associated with abnormal levels of gamma-GTP. Low
Physical Demands was inversely associated with abnormal levels of AST (GOT) (OR =2.36, 95% CI
1.41 —3.96, p<0.05), ALT (GPT) (OR = 2.30, 95% CI 1.81 — 2.91, p<0.001) and gamma-GTP (OR =
2.49, 95% CI 1.79 — 3.47, p<0.001).

Conclusions: Japanese male workers who had high qualitative overload or felt low suitability for their
jobs may have had impaired liver function, especially gamma-GTP, after a 1-year period.
Acknowledgement: This study was supported by Industrial Disease Clinical Research Grants (No.
160701) from Japan Ministry of Health, Labour, and Welfare.
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Abstract

number of circulating BM-derived vascular smooth muscle
progenitor cells was significantly larger, and transplantation of

Rationale: Nitric oxide (NO), synthesized by NOSs (NO synthases),
plays a role in the development of pulmonary hypertension (PH).
However, the role of NO/NOSs in bone marrow (BM) cells in PH
remains elusive.

Objectives: To determine the role of NOSs in BM cells in PH.

Methods: Experiments were performed on 36 patients with
idiopathic pulmonary fibrosis and on wild-type (WT), nNOS
(neuronal NOS) /", iNOS (inducible NOS) /", eNOS (endothelial
NOS) /", and n/i/eNOSs '~ mice.

Measurements and Main Results: In the patients, there was a
significant correlation between higher pulmonary artery systolic pressure
and lower nitrite plus nitrate levels in the BAL fluid. In the mice, hypoxia-
induced PH deteriorated significantly in the n/i/eNOSs ~'~ genotypeand,
to a lesser extent, in the eNOS™/~ genotype as compared with the WT
genotype. In the n/i/eNOSs '~ genotype exposed to hypoxia, the

green fluorescent protein-transgenic BM cells revealed the
contribution of BM cells to pulmonary vascular remodeling.
Importantly, n/i/eNOSs '~ -BM transplantation significantly
aggravated hypoxia-induced PH in the WT genotype, and WT-BM
transplantation significantly ameliorated hypoxia-induced PH in the
1n/i/eNOSs~'~ genotype. A total of 69 and 49 mRNAs related to
immunity and inflammation, respectively, were significantly upregulated
in the lungs of WT genotype mice transplanted with n/i/eNOSs '~ -BM
compared with those with WT-BM, suggesting the involvement of
immune and inflammatory mechanisms in the exacerbation of hypoxia-
induced PH caused by n/i/eNOSs '~ -BM transplantation.

Conclusions: These results demonstrate that myelocytic n/i/eNOSs

play an important protective role in the pathogenesis of PH.

Keywords: bone marrow; pulmonary vascular remodeling; right
ventricular hypertrophy; vascular smooth muscle progenitor cell
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At a Glance Commentary

Scientific Knowledge on the
Subject: Nitric oxide (NO),
synthesized by NOSs (NO synthases),
plays a role in the development of
pulmonary hypertension (PH).
However, the role of NO/NOSs in bone
marrow (BM) cells in PH remains to be
clarified.

What This Study Adds to the
Field: Here we show that
transplantation of BM cells from mice
lacking all NOSs aggravates hypoxia-
induced PH in wild-type (WT) mice,
and transplantation of BM cells from
the WT mice ameliorates hypoxia-
induced PH in the NOSs™/~ mice,
demonstrating a protective role of
myelocytic NOSs in the pathogenesis
of PH. Our findings provide novel
insights into the cellular and molecular
basis of PH.

Pulmonary hypertension (PH) is a
progressive disease of the pulmonary
microvasculature, leading to right
ventricular failure and premature death. A
recent large clinical study in a community-
based general population of 10,314 subjects
has reported that the prevalence of PH is
9.1% (1), indicating that PH is a common
disease. Despite recent therapeutic
advances, the prognosis for patients with
PH is still poor. In the Assessing the
Spectrum of Pulmonary hypertension
Identified at a Referral Centre (ASPIRE)
registry, the 3-year survival rates for
idiopathic PH (group 1), for PH due to left
heart disease (group 2), for PH due to lung
diseases and/or hypoxia (group 3), for
chronic thromboembolic PH (group 4), and
for miscellaneous PH (group 5) were 68%,
73%, 44%, 71%, and 59%, respectively (2).
These survival rates are similar to or

even worse than the 3-year survival rate
for all cancers (69.5%) (3). Although
several possible pathogenetic factors,
including mutations in the BMPR2 (bone
morphogenic protein receptor 2) gene, a
deficiency in prostacyclin and nitric oxide
(NO) release, and an excess in endothelin-1
and its receptor expression, have been
believed to be involved in the development
of PH (4), the precise mechanisms remain
to be elucidated.

NO is synthesized from r-arginine by
a family of NOSs (NO synthases; nNOS
[neuronal NOS]J, iNOS [inducible NOS],
and eNOS [endothelial NOS]), all of which
isoforms are expressed in human lung
tissues under both physiological and
pathological conditions (5-7). nNOS is
located in the airway epithelium, vascular
endothelium, vascular smooth muscle
cells (VSMCs), and nerve cells; iNOS is
expressed in the airway epithelium, vascular
endothelium, VSMCs, and alveolar
macrophages; and eNOS is localized in the
vascular endothelium and VSMCs (8-10).
There has been no previous study that
characterizes the role of nNOS in PH. The
detrimental role of iNOS in hypoxic PH has
been reported by using an iNOS inhibitor
(11), whereas the opposing protective role
of iNOS has been shown in iNOS ™'~ mice
(12). The beneficial role of eNOS in hypoxic
PH has been indicated in eNOS™'~ and
eNOS-transgenic mice (13, 14), although
conflicting results in the eNOS™'~ mice
have also been reported (15).

The role of the n/i/eNOSs in their
entirety in PH has been examined in
pharmacological studies with nonselective
NOSs inhibitors, such as N*-nitro-L-arginine
methyl ester (.-NAME). Although several
studies have shown that the nonselective
NOSs inhibitors potentiate pulmonary
artery pressure (PAP) in animals with
hypoxia-induced PH, there are also
publications reporting a lack of such
potentiation (16). It has been indicated that
acute administration of L-NAME increased
PAP in perfused lungs of rats with hypoxia-
induced PH, but this effect was not reversed
by administration of L-arginine, indicating
that the effect of .L-NAME was not mediated
by NOSs inhibition (16). Thus, because
of the nonspecificity of nonselective
NOSs inhibitors, the role of NOSs in the
pathogenesis of PH still remains unclear. In
this study, we addressed this issue in our
mice lacking all NOSs (17). Recent studies
have reported that myeloid abnormalities
are associated with patients with PH (18),
that 13% to 48% of patients with
bone marrow (BM) abnormalities
(myeloproliferative disorders) suffer from
PH (19), and that transplantation of BM
cells with BMPR2 gene mutation causes PH
in wild-type (WT) mice, suggesting the role
of BM cells in the development of PH (20).
However, no study has ever addressed the role
of myelocytic NOSs in PH. On the basis of the
aforementioned research, we investigated the
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role of NOSs, particularly myelocytic NOSs, in
the development of PH. Some of the results of
the study have been previously reported in the
form of an abstract (21).

Methods

Subjects

This study was approved by the Institutional
Review Board of the University of
Occupational and Environmental Health. See
the online supplement for further details.

Pulmonary Artery Systolic Pressure
Measured by Echocardiography
Pulmonary artery systolic pressure (PASP)
was estimated by echocardiography (22, 23)
(see online supplement).

Animals

This study was approved by the Ethics
Committee of Animal Care and
Experimentation, the University of
Occupational and Environmental Health
(see online supplement).

Hypoxia Exposure
The mice were exposed to normoxia (21%
O,) or hypoxia (10% O,) for 3 weeks (see
online supplement).

BAL Fluid Sampling

BAL fluid (BALF) sampling was performed
as we previously reported (24) (see online
supplement).

Nitrite plus Nitrate Measurement
NOx (nitrite plus nitrate) concentrations
were assessed by the Griess method, as
we previously reported (17) (see online
supplement).

Western Blot Analysis
Western blot analysis was performed as we
previously reported (25) (see online supplement).

Hemodynamics

Right ventricular systolic pressure (RVSP)
was measured with a pressure transducer
(Millar Instruments) under anesthesia with
sevoflurane (see online supplement).

Morphology

Hematoxylin and eosin or elastic van Gieson
staining or o-SMA (a-smooth muscle
actin) immunostaining was performed as
we previously reported (26) (see online
supplement).
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Treatment with Isosorbide Dinitrate

or Sodium Nitrate

Isosorbide dinitrate (ISDN) (0.6 mg/dl;
Eisai) or sodium nitrate (2, 5, and 45
mmol/L; Wako) was administered orally in
the triple n/i/eNOS™'~ mice from 3 days
before to 3 weeks after the hypoxic
exposure (27) (see online supplement).

Bleomycin Treatment

Bleomycin (8.0 mg/kg/d; Nippon Kayaku)
was intraperitoneally administered in the WT
and triple n/i/eNOSs '~ mice for 10
consecutive days, and PH evaluation was
performed at 14 days after the last
administration (28) (see online supplement).

BM-derived VSMC Progenitor Cells
After red blood cells were removed from
anticoagulated blood by erythrocyte lysis,
Sca-1 (stem cell antigen—1)+/c—kit7/Lin
(lineage) ~ cells were counted with flow
cytometry (Sony), as we previously
reported (29) (see online supplement).

Stromal Cell-derived Factor-1a
SDF-1a (stromal cell-derived factor-1a)
levels were measured with an immunoassay
kit (R&D Systems) (see online supplement).

BM Transplantation

BM transplantation was performed as we
previously reported (30) (see online
supplement).

Fluorescent Staining
Immunofluorescence for a-SMA and DAPI
was analyzed by confocal laser scanning
microscopy (see online supplement).

Micro Computed Tomographic Analysis
A micro computed tomographic analysis
was performed under sevoflurane anesthesia
(RIGAKU) (see online supplement).

RNA Sequencing

Complementary DNA libraries were
sequenced on an HiSeq 2500 platform
(Illumina) (see online supplement).

Statistical Analyses

Results are expressed as mean = SEM.
Statistical analyses were performed by
Student’s ¢ test, or ANOVA followed by
Bonferroni test (see online supplement).

Results

An Inverse Correlation between PASP
and NOx or Nitrate Levels in BALF in
Patients with Idiopathic Pulmonary
Fibrosis

We performed detailed examinations,
including bronchoscopy and Doppler
echocardiography, in 303 subjects who
were suspected to be suffering from
interstitial lung diseases, to determine a
diagnosis. We instructed current smokers
to refrain from smoking for 2 weeks before
the examinations to minimize the
influence of smoking on the examinations.
We did not measure a urinary or blood
level of cotinine, which is a metabolite of
nicotine and a marker of current smoking
status. We finally studied 36 consecutive
patients with idiopathic pulmonary
fibrosis (IPF). The baseline characteristics
of the patients are shown in Table E1

in the online supplement. In the
patients, PASP estimated by Doppler
echocardiography was significantly and
negatively correlated with BALF NOx
levels and BALF nitrate levels, but not with
BALF nitrite levels (Figure 1). There were
no significant correlations between the
BALF NOX, nitrate, or nitrite levels and
BALF cellular profiles, lung function,
serum lactate dehydrogenase or Krebs

von den Lungen-6 levels, or partial
pressure of oxygen in arterial blood
(Figure EI).

Lower Plasma and BALF NOx Levels
in n/i/eNOSs ™/~ Mice Exposed to
Hypoxia
We then conducted a basic study in
which WT, single NOS™/", and triple
n/i/eNOSs /™ mice were exposed to
either normoxia or hypoxia for 3 weeks.
After the normoxic exposure, the plasma
NOx levels were significantly lower in the
nNOS™'~, iNOS™/~, eNOS™'", and
n/i/eNOSs ™'~ mice and lowest in the
n/i/eNOSs '~ mice as compared with the
WT mice (Figure 2A), and the BALF NOx
levels were significantly reduced in the
iNOS™'~, eNOS™'~, and n/i/eNOSs '~
mice and lowest in the n/i/eNOSs ™'~
mice (Figure 2B). As compared with the
normoxic exposure, the hypoxic exposure
did not significantly affect the plasma
NOx levels in any of the mice
(Figure 2A) but significantly increased
the BALF NOx levels in the WT mice
(Figure 2B). After both the normoxic
and hypoxic exposures, the NOS ™/~
and n/i/eNOSs ™'~ mice were devoid
of expression of genetically disrupted
NOS and n/i/eNOSs, respectively
(Figures 2C-2F). As compared with
the normoxic exposure, the hypoxic
exposure tended to increase expression
levels of genetically intact NOSs in
the lung in all the genotypes and
significantly upregulated iNOS levels
in the eNOS™~ mice and eNOS
levels in the iNOS™'~ mice (Figures
2C-2F).

Upregulation of arginase induces
NO deficiency and NOS uncoupling via
metabolizing L-arginine, and arginase
expression is increased in the lung of
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Figure 1. An inverse correlation between pulmonary artery systolic pressure and NOx (nitrite plus nitrate), nitrate, or nitrite levels in BAL fluid (BALF) in
patients with idiopathic pulmonary fibrosis. Pulmonary artery systolic pressure estimated by Doppler echocardiography was significantly and negatively
correlated with NOx and nitrate concentrations in BALF in patients with idiopathic pulmonary fibrosis.
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Figure 2. NOx (nitrite plus nitrate) levels in plasma and BAL fluid (BALF) and NOS (nitric oxide synthase) expression levels in the lung in wild-type (WT),
single NOS™~, and triple neuronal/inducible/endothelial NOS™~ (n/i/eNOSs ™ ~) mice exposed to normoxia or hypoxia. (A and B) NOx levels in the
plasma (n = 7-10) and BALF (n = 4-7) after the normoxic and hypoxic exposure. *P < 0.05 versus WT mice. /P < 0.05 versus normoxia. (C-F) NOS
isoform expression levels in the lung after the normoxic and hypoxic exposure (n = 4-5). *P < 0.05 versus WT mice after the hypoxic exposure. P <0.05

VErsus normoxia.

patients with idiopathic PH (31). The
hypoxic exposure significantly augmented
arginase-1 levels in the lung in all the
genotypes, and there were no significant
differences in the hypoxia-induced
arginase-1 levels among the five genotypes
(Figure E3).

Reduced Survival in n/i/eNOSs™’~
Mice Exposed to Hypoxia

All the mice lived after the normoxic
exposure, whereas after the hypoxic
exposure, the survival rate was significantly

worse in the n/i/eNOSs ™'~ mice and, to a
lesser extent, in the eNOS™'~ mice than
in the WT mice (Figure 3A). After the
hypoxic exposure, but not after the
normoxic exposure, body weight was also
significantly lower in the n/i/eNOSs ™/~
mice and, to a lesser degree, in the
eNOS ™'~ mice than in the WT mice
(Figure E2). A postmortem analysis
indicated severe PH in all of the dead
n/i/eNOSs ™/~ mice, and no other
pathological findings that could

explain the cause of death were
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observed in any of the mice (data not
shown).

Accelerated Hypoxia-induced PH in
n/i/eNOSs ™'~ Mice

We next compared the extent of hypoxia-
induced PH among the five genotypes.
After the normoxic exposure, there were
no significant differences in RVSP
measured by right heart catheterization
(an index of PASP), in the weight ratio
of the right ventricle to the left ventricle
plus the interventricular septum
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[RV/(LV + S)] (an index of RV
hypertrophy), or in the medial
thickness of the small pulmonary
arteries (an index of pulmonary
vascular remodeling) in the five
genotypes (Figures 3B-3G). As compared
with the normoxic exposure, the hypoxic
exposure significantly increased the
RVSP, RV/(LV + S), and medial
thickness in all the five genotypes.
Importantly, when the extents of

these increases were compared among the
five genotypes, the RVSP, RV/(LV + §),
and medial thickness were all
significantly accelerated in the
n/i/eNOSs~'~ mice and, to a lesser
extent, in the eNOS™/~ mice

as compared with the WT mice
(Figures 3B-3G). Prominent
muscularization of the media of the
small pulmonary arteries was seen in
the n/i/eNOSs '~ mice exposed to
hypoxia (Figure 3F).

Because our original clinical question
started with the patients with IPF, we also
used a bleomycin model that shows
pulmonary fibrosis and PH. Bleomycin-
induced increases in PH parameters
were similarly more enhanced in the
n/i/eNOSs '~ than in the WT mice
(Figure E6).

An NO Donor and Nitrate Reverse
Hypoxia-induced PH in n/i/eNOSs ™/~
Mice

We studied the effect of NO supplementation
with ISDN or sodium nitrate on hypoxia-
induced PH in the n/i/eNOSs™'~ mice.
Simultaneous oral treatment with ISDN or
5 mmol/L sodium nitrate significantly
restored low plasma NOx levels and
improved reduced survival, weight loss, and
increases in the RVSP, RV/(LV + S), and
medial thickness in the n/i/eNOSs ™/~

mice exposed to hypoxia (Figures E4

and E5).

Involvement of BM Cells in the
Development of Hypoxia-induced PH
in n/i/eNOSs™'~ Mice

We next examined whether BM cells were
involved in the development of hypoxia-
induced PH in the triple n/i/eNOSs ™/~
mice. After the normoxic exposure, there
was a comparable number of circulating
BM-derived VSMC progenitor cells
between the WT and n/i/eNOSs ™/~
mice, as assessed by flow cytometric
Sca-1"/c-kit /Lin~ cells (29), whereas
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after the hypoxic exposure, there

was a significant increase only in the
n/i/eNOSs~'~ mice, but not in the WT
mice (Figures 4A and 4B). After the
normoxic exposure, the serum and lung
SDEF-1a levels were similar between

the two genotypes, whereas after the
hypoxic exposure, both levels were
significantly higher in the n/i/eNOSs '~
than in the WT mice (Figures 4C
and 4D).

After the hypoxic exposure, little GFP
(green fluorescent protein)-positive green
fluorescence was seen in the lungs of
WT mice transplanted with GFP-
transgenic (GFP-Tg) BM, whereas
apparent GFP-positive green fluorescence
and GFP/a-SMA-double-positive white
fluorescence were detected in the lungs
of n/i/eNOSs '~ mice transplanted with
GFP-Tg-BM (Figure 4E). Quantitative
analysis indicated that, after the hypoxic
exposure, there were significantly more lung
GFP/a-SMA-double-positive cells in the
n/i/eNOSs~'~ mice, but not in the WT mice
(Figure 4F).

n/i/feNOSs~'~-BM Transplantation
Exacerbates Hypoxia-induced PH

On the basis of these findings, we explored
the role of n/i/eNOSs in BM cells. As
compared with WT mice transplanted with
WT-BM, in WT mice with n/i/eNOSs ' ~-BM,
the plasma NOx levels were significantly
reduced by 51.6%, and the RVSP,
RV/(LV + S), and medial thickness were
all significantly increased (Figures
5A-5D). Furthermore, as compared with
n/i/eNOSs '~ mice transplanted with
n/i/eNOSs™'~-BM, in n/i/eNOSs ™'~ mice
with WT-BM, the plasma NOx levels
were significantly higher by 476.0%, and
the RVSP, RV/(LV + S), and medial
thickness were all significantly decreased,
suggesting the involvement of n/i/eNOSs
in BM cells (Figures 5A-5D). As
compared with the WT mice transplanted
with WT-BM, in the n/i/eNOSs '~ mice
with WT-BM, the PH parameters

were significantly enhanced, and as
compared with n/i/eNOSs '~ mice with
n/i/eNOSs~'~-BM, in the WT mice with
n/i/eNOSs~'~-BM, the PH parameters
were significantly lessened, suggesting
the involvement of n/i/eNOSs in non-
BM cells (Figures 5A-5D). n/i/eNOSs

in BM and non-BM cells appeared to
almost equally contribute to the
development of hypoxia-induced PH.
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eNOS™/~-BM or iNOS™/~-BM
transplantation did not significantly
affect hypoxia-induced PH in the WT
mice (Figures E7 and ES).

Micro-computed tomography analysis
indicated that RV ejection fraction was
significantly lower in the WT mice
transplanted with n/i/eNOSs~'~-BM than
in those with WT-BM, without affecting LV
ejection fraction or lung volume (Figures
5E and 5F).

Mechanisms for Exacerbation of
Hypoxia-induced PH Caused by
n/i/eNOSs~/~-BM Transplantation

We performed mRNA sequencing and
analyzed 13,748 mRNAs enrolled in the
reference mouse genome mm10 database.
Among them, there was different
expression of 2,469 mRNAs between the
lungs of WT mice transplanted with
WT-BM and those with n/i/eNOSs '~ -BM
after the hypoxic exposure, with
statistically significant differences (P <
0.05) and with more than 1.2-fold
changes (n =4 each); 1,024 and 1,445
mRNAs were significantly up- and
downregulated, respectively, in

the lungs of WT mice transplanted with
n/i/eNOSs~’/~-BM compared with those
with WT-BM.

Gene ontology analysis indicated that,
in the upregulated mRNAs, the significant
biological process terms included “immune
system process,” “immune response,”
“innate immune response,” and
“inflammation response,” suggesting
the involvement of immunity and
inflammation (Figure 6A and Table E2). In
the downregulated mRNAs, the significant
biological process terms included “protein
folding,” “translation,” and “DNA repair,”
making these results difficult to interpret
(Table E3).

Canonical pathway analysis showed
that the significant terms included “nuclear
factor of activated T cells signaling,”
“endothelin-1 signaling,” “Wnt signaling,”
“FLT3 signaling,” “Notch signaling,”

“B cell receptor signaling,” “T helper cell
signaling,” and “thrombin signaling”
(Figure 6B). These signaling pathways

are relevant to “immunity” and
“inflammation.” Representative genes,
including the endothelin-converting
enzyme 1 and the endothelin type B
receptor, are shown in Figure 6C.
Mechanistic network analysis showed that
the significant downstream signaling terms

included “immune response of cells” and
“response of antigen presenting cells,” again
suggesting the involvement of “immunity”
(Figure 6D).

In the lungs of WT mice transplanted
with n/i/eNOSs '~ -BM compared
with those with WT-BM, 69 and 49
mRNAs categorized as “immunity”
and “inflammation,” respectively, were
significantly increased (Figures 7A and
7B). Representative genes, including
complement C3, IL6 receptor «, and
angiotensin II type la receptor, are shown
in Figure 7C.

We evaluated the extent of
inflammation in the lung by counting the
number of Mac-2-positive inflammatory
cells. As compared with the WT mice
transplanted with WT-BM, the number
of Mac-2-positive inflammatory cells
(mostly macrophages) in the lung were
significantly increased in the WT mice
with n/i/eNOSs™'~-BM and in the
n/i/eNOSs '~ mice with WT-BM to a
similar extent, and in the n/i/eNOSs™'~
mice with n/i/eNOSs~’/~-BM to a greater
extent after the hypoxic exposure (Figures
7D and 7E).

Discussion

Inverse Association between PASP
and NOx Levels in BALF in Humans
We demonstrated in this study that
higher PASP was associated with lower
BALF NOx levels in patients with IPF
(group 3 PH). In agreement with this
evidence, it has been reported that PASP is
negatively correlated with NOx levels in
BALF, airway gases, and plasma of
patients with idiopathic PH (group 1 PH)
(32, 33). These results indicate that
defective NO production is present under
PH conditions. On the basis of this
clinical outcome, we performed the

basic study.

Systemic n/i/eNOSs Deficiency
Promotes Development of Hypoxia-
induced PH in Mice

As compared with the WT genotype, the
extents of hypoxia-induced PH were
comparable in the nNOS ™/~ and iNOS™/~
genotypes but worsened modestly in the
eNOS ™'~ genotype and markedly in the
n/i/eNOSs '~ genotype, suggesting the
protective roles of eNOS and n/i/eNOSs,
but not of nNOS or iNOS, in the
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development of PH. eNOS in non-BM abnormalities in the n/i/eNOSs ™/~ phenomena were indeed caused

cells, but not in BM cells, seems to genotype were inhibited by NO by defective NO production. The
substantially contribute to the protective ~ supplementation with ISDN and sodium  n/i/eNOSs™’~ mice showed the absence
effects of n/i/eNOSs. All these nitrate, confirming that the observed of expression of all NOSs in the lung
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Figure 6. Systemic pathway analysis of differentially expressed genes between the lungs of wild-type (WT) mice transplanted with WT bone marrow (BM)
and those with neuronal/inducible/endothelial NOS (nitric oxide synthase) ™ (n/i/eNOSs ™’ ~)-BM. mRNA sequencing was performed with a next-
generation sequencer, and 2,469 mRNAs were differentially expressed between the lungs of WT mice transplanted with WT-BM and those with
n/i/eNOSs '~ -BM after the hypoxic exposure with statistically significant differences (P < 0.05) and with more than 1.2-fold changes (n =4 each); 1,024
and 1,445 mRNAs were significantly up- and downregulated, respectively, in the lungs of WT mice transplanted with n/i/eNOSs ™ ~-BM. (A) Significant
biological process terms detected by gene ontology analysis of the software of database for annotation, visualization, and integrated discovery (DAVID).
(B) Significant terms detected by the software of ingenuity pathways analysis (IPA). Bars indicate —log(P value), and orange and blue bars stand for up-
and downregulated pathways, respectively. The line represents the ratio of the number of significantly expressed mRNAs to the number of genes listed in
each pathway. The DAVID and IPA software concordantly indicated that the n/i/eNOSs ™ ~-BM transplantation increased genes related to “immunity” and
“inflammation.” (C) Representative genes in significant terms detected by the canonical analysis of IPA software. *P < 0.05. (D) Significant terms detected
by downstream effect analysis. ARHGEF = Rho guanine nucleotide exchange factor; BCL = B-cell leukemia/lymphoma; CD28 = CD28 antigen; DOCK8 =
dedicator of cytokinesis 8; ECE-1 = endothelin-converting enzyme 1; ET-B = endothelin receptor type B; FGF-R = fibroblast growth factor receptor; FLT3 =
FMS-like tyrosine kinase; FLT3L = FLT3 ligand; FPKM = fragments per kilobase of exon per million mapped fragments; HLA = major histocompatibility
complex, class |; Ifnar = interferon a and B receptor subunit 1; IRF7 =interferon regulatory factor 7; MAPK = mitogen-activated protein kinase; MAVS =
mitochondrial antiviral signaling protein; MEF = myocyte enhancer factor; MERTK = c-mer proto-oncogene tyrosine kinase; MHC = major
histocompatibility complex; NFAT = nuclear factor of activated T cells; PARP9 = poly(ADP-ribose) polymerase family member 9; PDPK =
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and considerably reduced the BALF NOx
levels, whereas the eNOS ™~ mice
exhibited a significant and insignificant
increase in expression levels of iNOS and

ATP-binding cassette, sub-family B; UBE2L6 =

nNOS, respectively, in the lung after the
hypoxic exposure along with fairly well-
preserved BALF NOx levels. These
results may explain in part why the
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n/i/eNOSs~'~ mice developed more
severe hypoxia-induced PH than the
eNOS™’~ mice. Because we did not use
double NOSs ™/~ mice, the relative
contribution of iNOS and nNOS to this
mechanism is unknown.

Bleomycin-induced PH was also more
aggravated in the n/i/eNOSs™'~ than in the
WT mice, as was the case for hypoxia-
induced PH, suggesting that the n/i/eNOSs
play a protective role in a broad range of
PH types.

Myelocytic n/i/eNOSs Deficiency
Promotes Development of Hypoxia-
induced PH in Mice

A large number of circulating BM-derived
VSMC progenitor cells and enhanced
plasma and lung SDF-1a levels were noted
in the n/i/eNOSs~'~ genotype exposed to
hypoxia. It has been reported that BM-
derived mononuclear cells differentiate
into VSMC progenitor cells and
contribute to vascular lesion formation
(34, 35) and that the CXC chemokine
SDF-1a is a pivotal chemotactic factor of
the BM-derived VSMC progenitor cells
(36). It is therefore likely that SDF-
la—induced recruitment of circulating
BM-derived VSMC progenitor cells was
involved in the pulmonary vascular
remodeling observed in the n/i/eNOSs ™'~
genotype exposed to hypoxia. We
obtained further direct evidence of
GFP/a-SMA-double-positive white
fluorescence in the thickened media

of the small pulmonary arteries in

the n/i/eNOSs ™'~ mice transplanted
with GFP-Tg-BM after the hypoxic
exposure. It is thus evident that BM cells
were involved in the development of
hypoxia-induced PH in the n/i/eNOSs™/~
genotype.

On the basis of these results, we
explored the role of n/i/eNOSs in BM cells in
the development of PH. There were lower
levels of plasma NOx in the WT genotype
transplanted with n/i/eNOSs™'~-BM
than in those with WT-BM. Surprisingly,
approximately 50% of systemic NO
production appears to be derived
from BM cells. n/i/eNOSs~'~-BM
transplantation deteriorated the
hypoxia-induced PH in the WT
genotype, and WT-BM transplantation
ameliorated the hypoxia-induced PH
in the n/i/eNOSs ™'~ genotype. This
is the first experimental demonstration
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transplanted with WT-BM; TP < 0.05 versus n/ileNOSs ™~ mice with n/i/eNOSs™/~-BM. AT14-R = angiotensin Il type 1a receptor; C = complement
component; CCL = chemokine (C-C motif) ligand; CXCR = chemokine (C-X-C motif) receptor; ECM = extracellular matrix protein; FPKM = fragments per
kilobase of exon per million mapped fragments; IL6-Ra = IL6 receptor a; MMP = matrix metalloproteinase; NLRP3 = NLR family, pyrin domain containing 3;

TLR =toll-like receptor.
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showing that myelocytic n/i/eNOSs

exert inhibitory effects against the
development of PH. The n/i/eNOSs '~ -BM
transplantation reduced RV ejection
fraction but did not affect LV ejection
fraction in the WT genotype. It is thus
possible that the observed alterations
were not due to left heart failure

(group 2 PH).

Immune and Inflammatory
Mechanisms Mediate the Promotion
of Hypoxia-induced PH Caused by
Myelocytic n/i/eNOSs Deficiency

We performed mRNA sequencing using a
next-generation sequencer to examine the
mechanisms involved in the deterioration
of hypoxia-induced PH caused by
myelocytic n/i/eNOSs deficiency.
Intriguingly, even though the lung tissues
were derived from the same WT mice,

n/i/eNOSs~/~-BM transplantation
significantly changed many genes of the
2,469 mRNAs as compared with WT-BM
transplantation. These results further
support the important role of myelocytic
n/i/eNOSs in the development of PH.
The software analyses concordantly
indicated that the n/i/eNOSs™'~-BM
transplantation increased the expression
of genes related to “immunity” and
“inflammation.” Consistent with these
results, as compared with WT mice
transplanted with WT-BM, the number
of inflammatory cells was increased in
the WT mice with n/i/eNOSs '~-BM
and in the n/i/eNOSs ™/~ mice with
WT-BM to a similar extent, and in the
n/i/eNOSs ™'~ mice with n/i/eNOSs /™ -BM
to a greater extent, suggesting the
involvement of inflammation in the
exacerbation of hypoxia-induced PH

caused by n/i/eNOSs deficiency in BM and
non-BM cells.

Conclusions

We were able to demonstrate that higher
PASP was associated with lower BALF NOx
levels in patients with IPF, and that the
presence or absence of n/i/eNOSs in BM
cells modulated the severity of hypoxia-
induced PH in mice via the immune and
inflammatory pathways, indicating a novel
protective role of n/i/eNOSs, specifically in
BM cells, in the pathogenesis of PH. Our
findings should contribute to a better
understanding of the cellular and molecular
basis of this fatal pulmonary-vascular
disorder.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Abstract

Hypertension is considered as one of the cancer progressive factors, and often found
comorbidity in cancer patients. Renin-angiotensin system (RAS) plays an important role
in the regulation of blood pressure, and angiotensin 1l (Ang Il) is well known pressor
peptide associated with RAS. Ang Il has been reported to accelerate progression and
metastasis of cancer cells. However, its precise mechanisms have not been fully
understood. In this study, we sought to elucidate the mechanisms by which Ang I
exacerbates hematogenous metastasis in mouse melanoma cells, focusing the adhesion
pathway in vascular endothelial cells. For this purpose, B16/F10 mouse melanoma cells,
which do not express the Ang Il type 1 receptor (AT1R), were intravenously injected into
C57BL/6 mice. Two weeks after cell injection, the number of lung metastatic colonies
was significantly higher in the Ang ll-treated group (1 pg/kg/min) than in the vehicle-
treated group. The AT1R blocker valsartan (40 mg/kg/day), but not the calcium channel
blocker amlodipine (5 or 10 mg/kg/day), significantly suppressed the effect of Ang Il. In
endothelium-specific Agtr1a knockout mice, Ang ll-mediated acceleration of lung
metastases of melanoma cells was significantly diminished. Ang Il treatment significantly
increased E-selectin mRNA expression in vascular endothelial cells collected from lung
tissues, and thus promoted adherence of melanoma cells to the vascular endothelium.
Ang ll-accelerated lung metastases of melanoma cells were also suppressed by
treatment with anti-E-selectin antibody (20 mg/kg). Taken together, Ang ll-treatment
exacerbates hematogenous cancer metastasis by promoting E-selectin-mediated
adhesion of cancer cells to vascular endothelial cells.

Copyright © 2018 Elsevier Inc. All rights reserved.

KEYWORDS: Adhesion molecules; Angiotensin Il; E-selectin; Lung metastasis; Vascular endothelial
cells
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Letter to the Editor (Case report)

doi:10.1093/rheumatology/kex392

Autoantibodies to the survival of motor neuron
complex in a patient with necrotizing autoimmune
myopathy

Rheumatology key message

o Autoantibodies to the survival motor neuron com-
plex may be a biomarker of necrotizing autoimmune
myopathy.

SIR, necrotizing autoimmune myopathies (NAMs) are a
subset of autoimmune inflammatory myopathies charac-
terized by proximal muscle weakness and distinctive
pathology that is usually associated with autoantibodies
to signal recognition particles (SRPs) and HMG-CoA re-
ductase (HMGCR). [1-4]. We report the case of a previ-
ously healthy 27-year-old female with a 5 month history of
arthritis and RP diagnosed by her general practitioner in
an outpatient setting. At that time, her workup consisted
of an RF that was slightly elevated at 22 kU/I (normal <20
kU/1), but anti-CCP and CRP were within normal limits. No
therapeutic intervention was prescribed at that time and
no further workup was completed until she presented to
hospital 5 months later following gastroenteritis of un-
determined aetiology accompanied by mild weakness.
At that time her ANA was highly positive on HEp-2 sub-
strate (titre 1:5120) with coarse nuclear speckled and nu-
clear dots staining patterns. Further testing revealed a
high anti-U1-RNP titre and elevated creatine kinase
(1729 U/l). A electromyogram in three separate muscle
groups showed normal recruitment, no denervation and
normal motor units with no myopathic units noted. One
area of a single positive sharp wave was noted in the
iliopsoas muscle. At presentation, her medications
included birth control pills and occasional naproxen for
joint pain. She had no known exposures to statins. Her
only relevant family history included maternal Graves’ dis-
ease. She was treated with prednisone 15 mg orally twice
daily and HCQ and completely recovered in 4 days.
Pulmonary function testing during this admission
showed a reduction in her diffusing capacity of carbon
monoxide at 75% of the predicted value. She was
admitted to hospital 30 days later with progressive prox-
imal muscle weakness and respiratory distress. A CT scan
of her chest was reported as unremarkable, with no evi-
dence of pulmonary embolism or interstitial lung disease.
A muscle biopsy showed diffusely scattered necrotizing
and regenerating myofibres, histiocytic but minimal
lymphocytic inflammation, upregulation of major histo-
compatibility complex class 1 and sarcolemmal depos-
ition of complement (C5b-9), compelling evidence for
the diagnosis of NAM. She received high-dose pulse cor-
ticosteroids and IVIG, but decompensated on her sixth

day of admission and required intubation for respiratory
failure. Her creatine kinase rose to >23000U/I.
Plasmapheresis and CYC were initiated, but despite max-
imal intervention, she was diagnosed with disseminated
intravascular coagulation, developed pulseless electrical
activity cardiac arrest and died on day 14 after her admis-
sion. At autopsy, findings were again consistent with NAM
and also showed myocardial necrosis without a particular
vascular territory as well as a transmural acute ulcer in the
terminal ileum consistent with ischaemia.

Additional serology was negative for SRP, HMGCR,
PM/Scl-100/PM/Scl-75, SSA/R060, Ro52/TRIM21,
dsDNA, Jo-1 (histidyl tRNA synthetase) and other myo-
sitis-related autoantibodies (PL-7, PL-12, Mi2, Mi2—a,
Mi2-B, MDA5, NXP2, TIF1-y, Ku, EJ, OJ). However,
high-titre autoantibodies to the survival of motor neuron
(anti-SMN) complex proteins and U1-RNP were identified
by immunoprecipitation (IP) of metabolically labelled cell
lysates (Fig. 1).

This case was unique with respect to both the anti-SMN
autoantibodies found as well as the severity of the myop-
athy and rapid time course of decompensation. To our
knowledge, there have been no publications of autoanti-
bodies directed towards the SMN complex in NAM. A
single previous publication reported autoantibodies to the
SMN complex in patients with PM and PM/SSc overlap [5],
but features of NAM were not reported. Defects in the
SMN gene are associated with a spinal muscular atrophy
genetic disorder [6]. Our patient also had antibodies to U1-
RNP components and clinical features of MCTD (RP, arth-
ritis, myositis and high-titre U1-RNP). Previous studies
have indicated that 20% of patients with anti-U1-RNP as
detected by RNA IP techniques had histological evidence
of NAM [7], but because RNA IP was used to detect auto-
antibodies, anti-SMN would not have been detected in
that study. It remains unclear as to why autoantibodies
to specific intracellular antigens SRP, HMGCR and tRNA
synthetase are so closely linked to predictable clinical fea-
tures and what role (if any) these autoantibodies play in the
development of these features and in the pathogenesis of
the associated disease processes [8]. The questions of
whether these autoantibodies are produced following initial
tissue damage or cell lysis and/or antedate the clinical
presentation of NAM requires further study.

Given the uniqueness of the clinical presentation of this
patient and the IP results, we believe that, along with anti-
bodies to SRP and HMGCR, autoantibodies to the SMN
complex may serve as an additional biomarker for NAM.
Since anti-SMNSs are the subject of a single publication to
date, where they were found in only ~5% of the PM sera
studied [6], further concerted research of a large multi-
centre cohort is needed to investigate a link between
these autoantibodies and NAM and other diagnostic and
prognostic features.

© The Author 2017. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For Permissions, please email: journals.permissions@oup.com 1
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Fiec. 1 Immunoprecipitation of patient sera revealed anti-SMN reactivity
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Radiolabeled human K652 cell lysates were prepared and then immunoprecipitated (IP) as previously described [5]
with control human sera bearing antibodies to signal recognition particle (SRP), U1 and U2 RNP and SMN (SMN, gemin-
2, -3 and -4). IP reactivity resolved on (a) 8% and (b) 12.5% gels. The 12.5% gels are used to provide better resolution of
U1-RNP proteins. Sera collected from the patient before (lane 1) and after (lane 2) plasmapheresis demonstrated strong
reactivity with U1-A, U1-70k, U1-C, D1/D2/D3, B/B" and E, F and G proteins (U1RNP components) and remarkably high
reactivity with SMN, gemin-2, -3 and -4, but not SRP72/69 or SRP54.
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ARTICLE INFO ABSTRACT
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Objective: To describe a new immunoprecipitation pattern identified in Italian patients affected by systemic
sclerosis (SSc), corresponding to the pyruvate dehydrogenase antigen complex recognized by anti-mitochondrial
antibodies (AMA) in primary biliary cholangitis (PBC).

Methods: Autoantibodies in sera from 85 patients with SSc were tested by protein- and RNA-immunoprecipitation.
Immunoprecipitation-Western blot was used to determine the identified proteins, and medical records re-evaluated for
liver function tests and PBC.

Results: In 13/85 (15%) SSc sera, a unique set of 75-50-40-34 kD proteins that had not been previously reported, was
noted. The four proteins were identified as the proteins X/E3BP, Ela, E1f3, and E2/E3 of the pyruvate dehydrogenase
antigen complex by immunoprecipitation-Western blot. From clinical record evaluation, 9/13 (69%) SSc patients with
this new pattern were positive for AMA by routine indirect immunofluorescence, and 7/13 (54%) had a diagnosis of
PBC, while 4/13 (31%) manifested no biochemical signs of cholestasis. Twelve of 13 patients with SSc and AMA by
immunoprecipitation have a limited cutaneous form of SSc and anti-centromere antibodies.

Conclusions: We describe a pattern of 4 proteins in 15% of SSc patients, identified for the first time by protein-
immunoprecipitation. This pattern corresponds to serum AMA against the pyruvate dehydrogenase antigen

complex and it must be considered in the interpretation of protein-immunoprecipitation results.

1. Introduction

A large proportion of patients with systemic sclerosis (SSc) manifest a
coexisting autoimmune condition, including primary biliary cholangitis (PBC)
(Assassi et al., 2009; Rigamonti et al., 2006). As immunoprecipitation (IP) is
currently one of the most sensitive techniques to detect new and known rare
autoantibodies, a clear understanding of common patterns is necessary for
proper interpretation of the results. Anti-mitochondrial autoantibodies (AMA)
are the hallmark of PBC (Gershwin et al., 2005; Selmi et al., 2014; Selmi
et al., 2004) and in clinical practice they may predate the clinical onset of
disease (Gershwin et al., 2000; Kaplan & Gershwin, 2005) when tested with
routine indirect immunofluorescence performed on tissue slides, while the
use of alternative techniques such as ELISA for mitochondrial antigens still is
not routinely used and it has unclear clinical significance (Cavazzana et al.,
2011). PBC is associated with other autoimmune diseases in about 30% of
patients, with SSc found in 7-12% of cases (Assassi et al., 2009; Rigamonti
et al.,, 2006), even though in clinical practice a higher percentage of SSc

patients may have biochemical liver abnormalities without clinical sig-
nificance (Norman et al., 2009).

We herein used IP to test new and uncommon serum autoantibodies in
SSc and in this screening analysis we observed that 15% of SSc sera manifest
a novel IP pattern, comprising a set of 4 proteins corresponding to the Ela,
E1B, protein X/E3BP, and E2/E3 subunits of the pyruvate dehydrogenase
complex (PDC) recognized by AMA (McHugh et al., 1990; Miyachi et al.,
1980; Fregeau et al., 1990). The prevalence of AMA by IP outnumbers what
is observed in routine tests in our cohort of SSc patients and this new IP
pattern should be known when interpreting IP data in SSc sera.

2. Patients and methods
2.1. Subjects

Eighty-five consecutive patients with SSc attending the outpatient
Rheumatology clinic at Humanitas Research Hospital (Rozzano, Milan,
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Italy) between 2012 and 2016, were enrolled to the study. Controls
included sera from 74 healthy subjects, 49 patients with polymyositis/
dermatomyositis (PM/DM), 32 patients with undifferentiated con-
nective-tissue disease (UCTD), and 2 patients with established PBC
previously AMA-positive and negative for serum antinuclear antibody
(ANA) without signs of rheumatic diseases. Internationally accepted
criteria were used for the diagnosis of SSc (van den Hoogen, 2013), PM/
DM (Targoff et al., 1997), UCTD (Mosca et al., 2014), and PBC
(Bowlus & Gershwin, 2014) and we collected clinical and laboratory
data at enrollment. SSc patients who did not fulfill the ACR/EULAR
criteria were defined as sine SSc (Poormoghim et al., 2000) and very
early diagnosis of SSc (VEDOSS) (Minier et al., 2014). Liver laboratory
tests included in our study are aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), gamma glutamyltransferase (gammaGT),
alkaline phosphatase (ALP), bilirubin (total, direct) and, when avail-
able, liver histology was also evaluated. The study was approved by the
Institutional Review Board of the Humanitas Research Hospital and a
signed informed consent was obtained from all subjects in accordance
with the Declaration of Helsinki and its subsequent modifications.

3. Methods
3.1. Protein- and RNA-immunoprecipitation (IP)

Sera were obtained from whole blood through centrifugation at
2000g for 15 min, and then stored in — 20 °C freezer until use. Serum
autoantibodies were screened by protein-IP using 2°S-methionine-la-
beled K562 cell extract followed by SDS-PAGE and autoradiography,
and by RNA-IP using unlabeled K562 cell extract followed by urea-
PAGE and silver staining (Ceribelli et al., 2012; Ceribelli et al., 2010).
Autoantibodies were analyzed using reference sera obtained from the
Autoantibody Standardization Committee (www.autoab.org) and from
internal controls, and they were used for the correct interpretation of
protein-IP bands for known ANA specificities. These reference sera help
in determining protein-IP specificities for ANA in connective tissue
diseases and are used also for SSc patients as in our cohort.

3.2. IP-Western Blot (IP-WB)

Sera with a novel IP pattern of a set of 4 proteins were tested by IP-
WB. In detail, 50 pl of candidate sera were cross-linked with protein-A
Sepharose beads and then immunoprecipitated with cell extract from
5 x 10° K562 cells/sample. Proteins were then fractionated by 8%
SDS-PAGE and transferred to a nitrocellulose filter, probed with 1:500
of mouse polyclonal anti-human PDH Ela antibody (Novus Biologicals,
Littleton, CO, USA) for a 41 kD protein identification, followed by
horseradish peroxidase (HRP) goat anti-mouse IgG (1: 10,000 dilution;
ThermoFisher, Waltham, MA, USA). The same procedure was used to
identify the other bands of the complex: mouse anti-human PDH E1(
(1: 500 dilution; Novus Biological, Littleton, CO, USA) for the protein of
34 kD; mouse anti-human PDH protein X/E3BP (1: 1000 dilution;
Novus Biological, Littleton, CO, USA) for the 54 kD; mouse anti-human
PDH E2/E3 proteins of 58 kD and 74 kD (1: 10,000 dilution; Abcam,
Cambridge, UK) followed by goat anti-mouse IgG (ThermoFisher,
Waltham, MA, USA). Development was performed by Immobilon
Western Chemiluminescent HRP substrate (Millipore, Darmstadt,
Germany) and acquired using ChemiDoc (Bio-Rad, California, USA).

3.3. Indirect immunofluorescence (IIF)

Antinuclear and cytoplasmic antibodies were tested by IIF on HEp-2
ANA slides (INOVA Diagnostics, San Diego, CA, USA) using a 1:80 dilution
of human sera of patients and controls, followed by AlexaFluor488
AffiniPure F(ab)2 fragment goat anti-human IgG, Fcy fragment specific
(Jackson Immunoresearch Europe Ltd., Suffolk, UK) as previously described
(Ceribelli et al., 2012). Images were acquired on Olympus BX53 Upright
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fluorescence microscope. No immunofluorescence analysis on tissue slides
was performed for AMA identification.

3.4. ELISA

Positive serum AMA identified by protein-IP (n = 13) were tested
for confirmation by ELISA using the QUANTA Lite M2 EP (MIT3) IgG
ELISA (INOVA Diagnostics, Inc., San Diego, USA) with the patented
pMIT3 antigen, which consists of a recombinant protein containing the
immunodominant epitopes of the 3 major AMA targets (Moteki et al.,
1996), currently limited to research settings. ELISA was performed
according to the manufacturer instructions, and results were shown as
Units.

3.5. Statistical analysis

All comparisons were performed by Fisher's exact test using Prism
version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). All analyses
were two-tailed and p values < 0.05 were considered as statistically
significant.

4. Results
4.1. Demographic and laboratory data of the SSc cohort

We included 85 patients (81 women, mean age *+ standard de-
viation 66 * 15 years) with SSc and their sera were studied by IP. The
age at SSc onset was 53 * 15years, and the mean follow-up was
106 months (range 4 to 408). From clinical record retrospective eva-
luation, nine patients with limited cutaneous SSc had a previous diag-
nosis of PBC with available liver biopsy, and in one patient an overlap
with ANA-positive autoimmune hepatitis was found. In 5/9 (56%) PBC
cases, the onset of chronic cholestasis preceded the diagnosis of SSc
(range 1-24 years), while in 4/9 (44%) the diagnosis of PBC followed
SSc by 3-24 years. Additional features of our SSc cohort are described
in Table 1. Fourteen cases defined as sine SSc (Poormoghim et al.,
2000) (n = 4) and very early diagnosis of SSc (VEDOSS, (Minier et al.,
2014), n = 10) are not included in the statistical evaluation shown in
Table 1, but two AMA-positive IP cases were identified in sine SSc
patients defined by ACA-positivity, Raynaud's phenomenon and ca-
pillaroscopy alterations but no signs of skin fibrosis.

Table 1

Main features of the limited and diffuse cutaneous SSc cohort analyzed for AMA identi-
fication by protein-IP. Only p values < 0.05 are reported. Fourteen cases defined as sine
SSc (n = 4) and VEDOSS (n = 10) are not included in the present table.

Limited cutaneous  Diffuse cutaneous p values
SSc (n = 59) SSc (n = 12)
PBC cases, % (n.cases) 13 (8) 8 (1) ns
Interstitial lung disease, % 25 (15) 67 (8) 0.014
(n.cases)
Pulmonary hypertension, 24 (14) 42 (5) ns
% (n.cases)
AMA by IP, % (n.cases) 17 (10) 8 (1) ns
ACA, % (n.cases) 59 (35) 33 (4) ns
ANA nucleolar, % (n.cases) 10 (6) 0 ns
ANA homogeneous, % 8 (5) 0 ns
(n.cases)
Anti-topol/Scl-70, % 5(3) 50 (6) < 0.001
(n.cases)
Anti-RNAPIII, % (n.cases) 0 8(1) ns

Abbreviations: ACA = anti-centromere antibodies; AMA = anti-mitochondrial anti-
bodies; ANA = anti-nuclear antibodies; IP = immunoprecipitation; PBC = primary
biliary cholangitis; RNAPIII = RNA polymerase III.
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Fig. 1. IP pattern of AMA-positive patients. The protein-IP pattern of the 75-50-40-34 kD
proteins (black arrows) of the mitochondrial complex antigen is shown in 13 SSc patients.
IP results in 8% SDS-PAGE gel are shown. PBC #1 and PBC #2 represent two cases with
isolated diagnosis of PBC and PBC #2 was known to have weak positivity for AMA by
routine IIF on tissue slides and ELISA. Normal human serum is included as negative
control.
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4.2. Autoantibody analysis

By protein-IP we observed a new pattern with a set of 4 proteins of
75-50-40-34 kD molecular weight (Fig. 1) in 13/85 (15%) SSc sera,
while no RNA band was detected by RNA-IP in these patients. The
protein-IP pattern was observed also in the two AMA-positive PBC
cases, and in one patient with UCTD without sign of liver disease sug-
gestive for PBC, while no PM/DM manifested such pattern. We could
identity each protein immunoprecipitated by these sera using IP-WB
(Fig. 2) as the Ela, E1f3, E2/E3 and protein X/E3BP subunits of the
mitochondrial pyruvate dehydrogenase complex.

The main features of SSc cases with the new protein-IP profile are
summarized in Table 2, and a comparison between AMA-positive and
AMA-negative limited cutaneous SSc patients is described in Table 3.
From a clinical viewpoint, 8/13 (61.5%) SSc patients with the AMA
protein-IP profile we describe for the first time were positive for serum
AMA by routine IIF on tissue slides, while 5/13 (38.5%) SSc patients
tested negative and had no cytoplasmic staining was reported by rou-
tine IIF on Hep-2 slides; among these, 6/13 (46%) had a pre-existing
diagnosis of PBC. In our cohort AMA-positive SSc patients have a lim-
ited cutaneous form and they are significantly associated with ACA
positivity (Table 3), and only one AMA-positive case has diffuse cuta-
neous SSc.

The pMIT3 ELISA results were in agreement with the new protein-IP

Fig. 2. IP-WB confirming the identity of the IP bands corresponding
to the mitochondrial antigen complex components. The samples
tested by IP-WB are the same shown in Fig. 1 for protein-IP, with
positivity for the IP-AMA pattern as described, and their main fea-
tures are described in Table 2. The molecular weight marker (MWM)
is shown for reference, and IP-WB for each component confirms the
identity of protein X/E3BP, Ela, E1 and E2/E3 corresponding to the
54 kD, 41 kD, 34 kD, 74/58 kD of the proteins shown in protein-IP,

respectively.

Table 2

Demographic, clinical and laboratory features of SSc patients with detectable AMA by protein-IP.
Patient # 1 2 3 4 5 6 7 8 9 10 11 12 13
Demography
Sex F F F F F F F F F F F F M
Age, years 72 76 70 56 40 63 54 81 49 58 77 59 87
SSc sine L L L L L L sine L L L L D
SSc year of onset 2005 2010 2009 - 2006 2007 2010 - 2006 2003 1981 2007 2001
PBC diagnosis, year 2004 — 2003 — - 2006 — - 2013 (+ AIH) 2006 2005 2011 1999
Liver cirrhosis - - + - - - - - - + - - -
Autoantibodies
ACA (+) + + + + + + + + + + + + +
Other autoAbs - - - - ANCA aPLs — - - - Ro/SSA - - Scl70
Laboratory
High bilirubin - n/a + n/a - - + - - - n/a - -
High gammaGT - n/a + + - + - - + + + + -
High ALP - n/a + n/a - + - - + + + - -
High AST/ALT - - + - - - - - + . + . -
Therapy
UDA therapy + - + - - + - - + + + + +
Immunosuppressive therapy for PBC  — - - - - - - - PDN, AZA PDN, AZA - - — (PDN, AZA,CTX for SSc)

Abbreviations: ACPA = anti cyclic-citrullinated peptide antibodies; ALP = alkaline phosphatase; ALT = alanine aminotransferase; aPLs = anti-phospholipid antibodies;

AIH = autoimmune hepatitis; AMA = anti-mitochondrial antibodies; ANCA = anti neutrophil cytoplasmic antibodies; AST = aspartate aminotransferase; AZA = azathioprine;
CTX = cyclophosphamide; D = diffuse SSc; gammaGT = gamma glutamyltransferase; IIF = indirect immunofluorescence; L = limited SSc; MTX = methotrexate; n/a = not available;

PDN = prednisone; SSc = systemic sclerosis; UDA = ursodeoxycholic acid.
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Table 3

Comparison of main clinical and laboratory features in patients with limited cutaneous
SSc based on serum AMA IP positivity. Two AMA-positive cases sine SSc and one AMA-
positive diffuse SSc patient are not included in the present table. Only p values < 0.05 are
reported.

AMA positive AMA negative p value

n=10 n =49
Interstitial lung disease, % 8 28 ns
Pulmonary hypertension, % 0 26 ns
ACA, % 100 51 0.004
ANA nucleolar, % 0 12 ns
Anti-topo1/Scl-70, % 0 6 ns
Anti-RNAPIII, % 0 0 -

profile in 13/13 (100%) sera but we should note that this serology
method is currently used only for research purposes. ACA-positive IIF
pattern with cytoplasmic staining at different titer is present in 12/13
(92.3%) AMA-positive SSc cases, and in one case we had anti-cyto-
plasmic, nuclear speckled + nucleolar pattern by IIF (Fig. 3).

5. Discussion

Serum autoantibodies remain the most commonly used and helpful
biomarker in the diagnosis and treatment of autoimmune diseases and
may precede the clinical manifestations by several years, as reported in
systemic lupus erythematosus (Arbuckle et al., 2003) and rheumatoid
arthritis (Nielen et al., 2004). In some cases, however, serum auto-
antibodies such as ANA are detected in non-rheumatic conditions or
may be falsely positive due to technical issues, particularly at low titer
(Selmi et al., 2016), while other autoantibodies have strong clinical
associations such as anti-topo 1/5cl70 being frequently associated with
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diffuse cutaneous SSc (Pope & Johnson, 2015). Indeed, PBC and SSc
represent unique conditions because they often coexist despite being
considered rare (Assassi et al., 2009) and they manifest serum auto-
antibodies with high specificity, represented by AMA and ACA, re-
spectively.

The diagnosis of PBC in patients with rheumatic diseases may be
challenging until the clinical and laboratory expression of the disease,
although it has been suggested that AMA-positive asymptomatic sub-
jects will eventually develop PBC and that an early use of ursodeoxy-
cholic acid may improve prognosis (Kikuchi et al., 2009). The ser-
ological scenario of SSc is further complicated by the recent description
of several rare autoantibodies associated with SSc (Kayser & Fritzler,
2015). These new autoantibodies are identified first by IP in research
laboratories and then validated by other techniques to be ultimately
used in clinical practice, as in the case of recently identified auto-
antibodies in PM/DM (Ceribelli et al., 2017). Based on this rationale,
identifying and sharing common patterns by IP is necessary to allow the
testing of new and rare autoantibodies, and to improve the inter-
pretation of IP results.

We herein report for the first time the IP pattern of serum AMA in
SSc and the prevalence of PBC-associated autoantibodies even in the
absence of biochemical sign of cholestasis, through the identification of
a set of 4 proteins that correspond to the subunits of the pyruvate de-
hydrogenase complex. The conventional pattern of AMA detected in
sera from PBC was first described by techniques such as immunoblot
(Frazer et al., 1985; Alderuccio et al., 1986) and showed the reactivity
of PBC sera with components of the PDC complex, namely Ela/f, E2,
E3 and the protein X later identified as E3BP (Fussey et al., 1989). The
novelty of our finding is based on the description for the first time of a
protein-IP pattern that corresponds to the antigenic subunits recognized
by AMA, which has never been described before. This identity of the

Fig. 3. Indirect immunofluorescence of AMA-positive SSc cases detected by protein-IP. HEp-2 ANA slides were used to analyze the immunofluorescence pattern of AMA-positive SSc cases
(a to m), or normal human serum (n). Serum dilution, 1:80. ACA-positive with cytoplasmic staining at different titer is present in 12/13 AMA-positive SSc cases (a to 1), and in one case we
had a cytoplasmic staining associated with positive anti-nuclear and nucleolar immunofluorescence staining (m).
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proteins identified in this new protein-IP pattern was confirmed using
the currently available ELISA, yet not routinely used, i.e. the re-
combinant pMIT3 antigen (Moteki et al., 1996), and the IP-WB tech-
nique. It is possible that AMA positivity we observed by protein-IP may
also include the reactivity only of some of the presented bands but this
was not observed in our series. Further, we report that 15% of SSc sera
are positive for AMA, a significant prevalence as demonstrated also by
previous reports with up to 25% AMA positivity in SSc patients
(Cavazzana et al., 2011), and ACA are reported in up to 30% of patients
with PBC (Rigamonti et al., 2011).

Our data demonstrate that one laboratory technique, protein-IP,
could be sufficient to achieve two goals: to screen for autoantibodies in
rheumatic patients such as SSc and to identify coexisting autoantibodies
that discriminate comorbidities. Moreover, we are currently living in an
era characterized by the use of automatic screening method for ANA
identification that often do not include the cytoplasmic pattern in AMA-
positive patients, thus we could overcome this problem by using IP
alone. Nonetheless, we are aware that protein-IP has a limited feasi-
bility in the routine laboratory due to the labor and time-consuming
protocols and the significant costs.

Four patients with SSc and the new protein-IP pattern had no sign of
PBC nor tested AMA positive by IIF and this is particularly intriguing as
the use of pMIT3-based ELISA has been shown to reduce the proportion
of AMA-negative PBC cases and was in 100% agreement with protein-
IP, confirming the identity of the protein pattern we observed (Bizzaro
et al., 2012). Our results have three possible implications. First, we may
speculate that AMA detected by protein-IP are more sensitive and
possibly appear earlier than ITF-AMA on tissue slides, and they could be
recognized in an early phase of autoantibodies screening. Second,
previous studies on the coexistence of PBC and SSc may have under-
estimated the prevalence of the association, as AMA are usually de-
tected when a clinical or laboratory suspect of PBC is present
(Cavazzana et al., 2011). We are well aware that AMA positivity in the
absence of biochemical cholestasis should be further investigated by
liver histology to confirm the presence of PBC but this is currently not
advisable for ethical reasons nor a diagnosis at asymptomatic stages
would change the natural history of PBC despite the use of urso-
deoxycholic acid (Ali et al., 2014). Third and last, we confirm that AMA
and PBC are associated with the limited cutaneous form of SSc and
positivity of ACA, and liver disease does not seem to worsen the
prognosis of our AMA-positive patients with SSc (Rigamonti et al.,
2006).

In conclusion, we describe for the first time the protein-IP pattern of
AMA and we demonstrate for the first time that protein-IP can be used
for AMA detection in our SSc cohort of patients. In 15% of our SSc
cases, in fact, a new AMA IP pattern was detected and characterized as a
set of 4 proteins corresponding to the subunits of the pyruvate dehy-
drogenase antigen complex, as described decades ago only by im-
munoblot (Frazer et al., 1985; Alderuccio et al., 1986; Fussey et al.,
1989). The definition of this protein-IP pattern is mandatory in the
interpretation of protein-IP, increasingly used for rare autoantibody
detection in clinical practice. Ultimately, we could also speculate that
IP-AMA are earlier predictors of PBC compared to routine AMA on
tissue slides, similar to the predictive role of AMA in patients without
cholestasis, but this needs to be verified in a larger prospective cohort.
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Patients treated with immune checkpoint inhibitors can develop various immunological complications;
however, few cases of immune thrombocytopenia occurring in association with the administration of
these agents have so far been reported. We herein report the case of a 62-year-old Japanese man with non-
small-cell lung cancer who developed immune thrombocytopenia and hypothyroidism during nivolumab
therapy. After the second administration of the drug, his peripheral blood platelet count rapidly de-
creased to 1.6 x 10*/ul with a petechial rash and symptoms associated with a low thyroid function.
Nivolumab-induced immune thrombocytopenia and hypothyroidism were suspected based on the pres-
ence of platelet-associated IgG, an increased level of autoantibodies to thyroglobulin and thyroid perox-
idase and an enlarged thyroid gland. The patient eventually made a full recovery after treatment with
oral prednisolone and levothyroxine. Further investigations and the accumulation of data are necessary
to elucidate the precise mechanisms underlying the autoimmune responses that occur in patients treated
with immune checkpoint inhibitors.

First draft submitted: 27 July 2017; Accepted for publication: 24 October 2017; Published online:
20 December 2017
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Certain cancer cells express the programmed death ligand (PD-L1/L2), which interacts with programmed death-1
(PD-1) on activated T cells, leading to the suppression of tumor immunity against cancer cells. Thus, blocking
this inhibitory pathway to enhance the immune reaction to cancer cells has been considered to be a promising
new strategy in cancer immunotherapy. New biologics that target PD-1 in order to enhance tumor immunity,
nivolumab and pembrolizumab, have recently become available for the treatment of non-small-cell lung cancer
(NSCLQ). Since these new drugs exhibit their effects by blocking the inhibitory pathway in tumor immunity,
induction of autoimmunity is a potential concern. Various adverse effects, in particular imnmune-related ones, have
been reported in clinical trials of immune checkpoint inhibitors as unique events, which are not usually seen with
conventional anticancer therapeutic agents [1]. We herein present a rare case of a NSCLC patient who developed
immune thrombocytopenia and hypothyroidism as possible immunological side effects of nivolumab treatment. In
the present study, we also review the literature to highlight the association between immune checkpoint inhibitors
and immune thrombocytopenia and hypothyroidism.

Case report

The patient was a 62-year-old Japanese man who was diagnosed to have stage IV lung adenocarcinoma with
bilateral malignant pleural effusion 2 years prior to this presentation. Immune checkpoint inhibitor treatment with
nivolumab (3 mg/kg) every 2 weeks was initiated as the third-line treatment regimen, although he was suspected to .
have asymptomatic Hashimoto’s thyroiditis, based on positive anti-TPO (thyroid peroxidase) (510 U/ml; normal ~ Future 3

range: <16 U/ml) and anti-TG (thyroglobulin) antibodies (572 U/ml; normal range: <28 U/ml) but normal levels Medicine ™
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Figure 1. The time course of the laboratory tests related to immune thrombocytopenia and hypothyroidism. The
time course of the PLT counts, PAIgG (top) and free T4 and TSH (bottom) during nivolumab treatment, is shown.
PAIgG: Platelet-associated immunoglobulin; PLT: Platelet; T4: Thyroxine; TSH: Thyroid-stimulating hormone.

offree T4 (0.97 ng/dl; normal range: 0.97-1.79 ng/dl) and thyroid-stimulating hormone (TSH; 2.28 ng/dl; normal
range: 0.34-6.50 pU/ml). The size of the primary lung lesions and the amount of bilateral pleural effusion were
reduced after the second administration of nivolumab. However, he visited our clinic because of general fatigue and
a loss of appetite. A physical examination revealed a petechial rash on both legs, and the laboratory findings showed
a decreased platelet count (1.6 x 10%/ul) but a white blood cell count of 9600/l (54% neutrophils and 42%
lymphocytes) and a normal hemoglobin level. The serum level of free T4 (0.13 ng/dl) was decreased while serum
TSH (146.0 uU/ml), anti-TPO antibodies (=600 U/ml) and anti-TG antibodies (>4000 U/ml) were increased.
Anti-TSH receptor antibody and TSH receptor stimulating antibody were negative. Antinuclear antibodies were
positive with a titer of 1:80. On ultrasound examination, both lobes of his thyroid gland were enlarged. In
addition, his increased levels of platelet-associated IgG (473 ng/10’ cells; normal range: 046 ng/10”cell), a high
percentage of immature platelet (9.3%) (normal range: 0.5-2.7%) and an increased number of megakaryocytes
without abnormal cells in a bone marrow biopsy, suggested a diagnosis of immune thrombocytopenia. Based on
these findings, he was diagnosed with immune thrombocytopenia and hypothyroidism due to acute exacerbation
of autoimmune thyroiditis.

Analysis of autoantibodies in his sequential sera revealed an appearance of a new specificity that recognized ap-
proximately 34 kD unidentified protein, after starting nivolumab treatment. Prednisolone (0.5 mg/kg) and levothy-
roxine (25 pg/body) were initiated to treat his immune thrombocytopenia and hypothyroidism, respectively. His
platelet count normalized (20.4 x 10%/ul), and the symptoms of hypothyroidism disappeared within a month
(Figure 1). He did not develop recurrence of thrombocytopenia or hypothyroidism during the tapering period.
Paclitaxel protein-bound was initiated as the fourth-line treatment regimen after the patient recovered from throm-
bocytopenia and hypothyroidism. After six courses of chemotherapy using paclitaxel protein-bound, repeated
computed tomography revealed stable disease.
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Immune-mediated thrombocytopenia & hypothyroidism in a lung cancer patient treated with nivolumab

Discussion

Nivolumab and pembrolizumab are immune checkpoint inhibitors that are used in the treatment of advanced
NSCLC as antineoplastic drugs with a new mechanism. They are associated with a unique set of side effects that
develop through a mechanism markedly different from those of conventional anticancer chemotherapeutic agents.
Since these immune checkpoint inhibitors interfere with the immunoinhibitory PD-1-PD-L1 interactions, adverse
reactions caused by immunostimulation and autoimmunity, such as endocrinological dysfunction or interstitial
pneumonia, may occur [1]. In the present case, a patient who had NSCLC developed immune thrombocytopenia
and hypothyroidism soon after the initiation of nivolumab as a third-line treatment. Several previous studies have
reported the induction of autoimmune adverse events such as endocrine and pulmonary disorders in patients
treated with nivolumab; however, to the best of our knowledge, this is a rare case of a NSCLC patient who
developed concomitant immune thrombocytopenia and hypothyroidism accompanied by increased levels of serum
autoantibodies associated with each disease during nivolumab treatment.

Table 1 summarizes the reported cases of immune thrombocytopenia during nivolumab and pembrolizumab
therapy. Detailed time point of development of immune thrombocytopenia is not available in most cases, however,
immune thrombocytopenia developed as early as only 1-2 cycles of treatment in four of five cases with information.
Shiuan er al. reported that the incidence of immune thrombocytopenia among malignant melanoma patients
receiving immune checkpoint inhibitor was <1% [2]. The mainstay treatment for immune thrombocytopenia is
corticosteroids, either with or without initial steroid-pulse therapy, and these therapies increase the platelet counts in
most cases within the first few weeks. Nevertheless, a case of corticosteroid-resistant immune thrombocytopenia 3]
and cases that required a combination of corticosteroids and intravenous immunoglobulin therapy [2,4,5], during
nivolumab treatment have been reported.

Although six potential mechanisms of drug-induced immune thrombocytopenia have been suggested (6], the
present case did not seem to correspond to any of these. Immune thrombocytopenia during treatment with
immune checkpoint inhibitors is thought to have resulted from the specific induction of autoimmunity to platelets,
because of the high levels of platelet-associated IgG, the absence of any other factors that were likely to cause
thrombocytopenia during the nivolumab treatment, and the platelet count did not increase until the initiation
of corticosteroid therapy. Antibody production and cell-mediated immunity can be stimulated by nivolumab via
the effects of blocking immunoinhibitory PD-1 on T cells, which may cause an autoimmune reaction. Therefore,
searching for drug-induced antibodies will be important for clarifying the mechanism underlying this condition.

Hypothyroidism developed along with the enlargement of the thyroid gland as confirmed by ultrasound and
increased levels of autoantibodies to thyroglobulin and thyroid peroxidase, at the same time when the patient
developed autoimmune thrombocytopenia. Based on these findings, an acute exacerbation of pre-existing subclinical
chronic thyroiditis via the inhibition of immune inhibitory pathway by nivolumab is a likely explanation in our
case. Development of hypothyroidism is relatively common, reported in 3.8—-7.0% in clinical trials of nivolumab
monotherapy for patients with NSCLC (Table 2), however, cases of patients with NSCLC who have multiple

complications associated with nivolumab are uncommon.

Conclusion

The increasing use of immune checkpoint inhibitors is likely to affect the prevalence of autoimmune clinical
conditions that are previously uncommon in patients with lung cancer. In addition, some patients may develop
multiple autoimmune complications, as seen in the present case. Although reports of immune checkpoint inhibitor-
associated immune thrombocytopenia are rare, immune thrombocytopenia represents a potentially life-threatening
complication. We speculate that nivolumab have triggered an autoimmune reaction to platelets and the thyroid
gland in the present case; however, the precise pathogenesis remains unknown and further research is therefore

needed.
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Executive summary

¢ Patients treated with immune checkpoint inhibitors can develop various immunological complications.

* We herein report a non-small-cell lung cancer patient treated with nivolumab who developed immune-mediated
thrombocytopenia and hypothyroidism.

* After starting nivolumab treatment, we detected a new specificity that recognized approximately 34 kD
unidentified protein.

* Some patients being treated with nivolumab may be affected by the production of autoantibodies.

* Further investigations and the accumulation of data are necessary to elucidate the precise mechanisms
underlying the autoimmune responses that occur in patients treated with immune checkpoint inhibitors.
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Abstract

Background: Interstitial lung disease (ILD) is a prognostic indicator of poor outcome in myositis. Although the
pathogenesis of myositis-associated ILD is not well understood, neutrophils are thought to play a pivotal role.
Neutrophils store azurophil granules that contain defensins, which are antimicrobial peptides that regulate the
inflammatory response. Here, we evaluated levels of the human neutrophil peptides (HNPs) a-defensin 1 through 3
in patients with myositis-associated ILD to determine whether HNPs represent disease markers and play a role in
the pathogenesis of myositis-associated ILD.

Methods: HNP levels were measured in the plasma and bronchoalveolar lavage fluid (BALF) of 56 patients with
myositis-associated ILD and 24 healthy controls by enzyme-linked immunosorbent assay.

Results: Analysis revealed significantly higher HNP levels in plasma and BALF samples from patients with myositis-
associated ILD as compared to those of healthy controls; however, plasma HNPs were significantly correlated with
total cell counts in BALF. Additionally, BALF HNP levels were positively correlated with serum surfactant protein-A
and the percentage of neutrophils in BALF, and BALF HNP levels correlated with the percentage of reticular
opacities in high-resolution computed tomography results for patients with anti-aminoacyl-tRNA synthetase (ARS)
antibody positive myositis-associated ILD. Survival did not differ between patients with higher and lower levels of
plasma and BALF HNPs.

Conclusions: Plasma and BALF HNPs might reflect the disease activities of myositis-associated ILD, especially in
patients with anti-ARS antibody positive myositis-associated ILD. However further studies are necessary to clarify
whether HNPs represent disease markers and play roles in disease pathogenesis.

Keywords: Bronchoalveolar lavage fluid, Human neutrophil peptide, Idiopathic inflammatory myopathies, Interstitial
lung disease
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Background
Idiopathic inflammatory myopathies (IIMs) are a hetero-
geneous group of disorders clinically characterized by
chronic muscle weakness, low muscle endurance, and
the presence of inflammatory cell infiltrates in muscle
tissue [1]. Polymyositis (PM), dermatomyositis (DM),
and clinically amyopathic dermatomyositis (CADM) are
subsets of IIMs that frequently affect the lungs. Intersti-
tial lung disease (ILD) is a common pulmonary mani-
festation considered a common cause of morbidity and
mortality in myositis [2, 3]. Risk factors for ILD in
patients with myositis include genetic predisposition and
myositis-specific autoantibodies [4, 5]; however, little is
known about the clinical course and pathogenesis of
myositis-associated ILD. Cellular profiles in bronchoalveo-
lar lavage fluid (BALF) can be used to help diagnose ILD,
but only serve to rule out infection in the current clinical
differential diagnosis in patients with myositis [6]. How-
ever, some reports suggest that the presence of neutro-
phils in BALF correlates with poor clinical course [2, 7, 8].
Defensins are small, arginine-rich, cationic peptides
that exhibit antimicrobial activity [9]. Human cells
express a- and B-defensins, and among the six known a-
defensins, human neutrophil peptides (HNPs) 1 to 4 are
mainly found in neutrophils, whereas human defensins 5
and 6 are primarily expressed in intestinal Paneth cells
and the respiratory and female reproductive tracts [10].
In addition to their antimicrobial functions, defensins
might also regulate inflammatory responses [11]. We
previously identified elevated plasma and BALF HNP
levels in patients with various inflammatory lung
diseases, including systemic sclerosis-associated ILD,
with these levels correlated with neutrophils in BALF
[12-19]. These results indicated that plasma and BALF
HNP levels play a pivotal role and might serve as bio-
markers of other connective-tissue-disease-associated
ILD. Here, we evaluated HNP concentrations in BALF
and plasma samples from patients with myositis-
associated ILD to determine whether HNPs could be
used as markers of myositis-associated ILD.

Methods

Study population

The study population comprised 56 patients with myositis-
associated ILD and who visited the Department of Respira-
tory Medicine at Nagasaki University Hospital between
2000 and 2015, as well as 24 healthy volunteers. PM/DM
and CADM diagnoses were based on the criteria reported
by Bohan and Peter [20] and Sontheimer et al. [21], respect-
ively. ILD was diagnosed by high-resolution computed
tomography (HRCT) of the lung, and three of these pa-
tients were pathologically diagnosed with fibrotic nonspe-
cific interstitial pneumonia by surgical lung biopsy. BALF
and blood samples were collected from each patient during
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the primary visit and stored at — 20 °C until use. Patients
were not under treatment with systemic steroid and/or im-
munosuppressants at the time of sample collection. All
data, including those from pulmonary function tests, arter-
ial blood gas analyses, markers of interstitial pneumonia,
such as Krebs von den Lungen 6 (KL-6), surfactant protein
(SP)-A, and SP-D expression, as well as survival rates, were
obtained from medical records. All healthy controls were
asymptomatic, not taking any medication, and had normal
chest radiographs. The study protocol was approved by the
Human Ethics Review Committee at Nagasaki University
School of Medicine, and all participants provided written,
informed consent before enrollment.

Evaluation of ILD

All HRCTs and BALF were obtained at the time of
diagnosis and at ~ 4-week intervals. HRCT results for all
patients were retrospectively and independently assessed
by two pulmonologists (N.S. and H.L). The extent of
visual ground glass opacity, consolidation, reticular
opacities, and honeycombing were determined by visu-
ally estimating the relative area of abnormality in the
upper, middle, and lower zones of each lung to the near-
est 10%, as previously described [22, 23]. The upper
zone was defined as the area above the level of the
carina, the lower zone as the area below the level of the
inferior pulmonary vein, and the middle zone as the area
between the upper and lower zones. The overall involve-
ment percentage was obtained by averaging the six lung
zones, with final involvement obtained by averaging the
scores of the two observers. BALF was collected with
three instillations of sterile physiological saline (50 mL)
through a flexible bronchoscope, as previously described
[24]. The collected lavage fluid was passed through two
sheets of gauze, centrifuged at 400 g for 10 min at 4 °C,
and the supernatant stored at — 20 °C until analysis.

HNP quantification

HNP concentrations in plasma and BALF samples were
measured using sandwich enzyme-linked immunosorbent
assay (ELISA) kits according to manufacturer protocol
(HNP1-3; HyCult Biotechnology, Uden, Netherlands).
Plasma samples were diluted 1000-fold prior to analysis.
The lower limit of detection was 156 pg/mL.

Immunoprecipitation (IP)

Sera were analyzed by IP of K562 cell extracts radiolabeled
with ?*S-methionine, and the specificities of autoanti-
bodies were determined using specific reference sera [25].

Anti-Jo-1 and MDAS5 ELISAs

Anti-Jo-1 and —melanoma-differentiation-associated pro-
tein 5 (MDAS) antibodies were also tested by ELISA, as
previously described [26], using recombinant Jo-1 and
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MDAS5 proteins (0.5 pg/mL; Diarect, Freiburg, Germany)
and 1:250 diluted sera. The optical density was measured
and converted into units using a standard curve created
with a prototype-positive serum.

Statistical analysis

All values are expressed as the median and inter-quartile
range (IQR). Differences between groups were compared
using Mann-Whitney U tests. Differences among groups
were determined using the Kruskal-Wallis test for
continuous variables. If a significant difference was
found by the Kruskal-Wallis test, multiple comparisons
were performed using the Dunn test. Statistical signifi-
cance was defined as p<0.05. Correlations between
parameters were determined by Spearman’s rank correl-
ation coefficient. To account for multiple comparisons,
we conducted false-discovery rate (FDR) calculations
using the Benjamini—Hochberg procedure [27], with
FDR q values of 0.1 considered significant.

Results

Patient characteristics

Patient demographics are shown in Table 1 (n=56).
Fifteen of the patients were men, and the median age
was 60 years. Half of the patients were diagnosed with
DM. The myositis-specific autoantibodies anti-ARS
(Jo-1, PL-7, PL-12, EJ, OJ, and KS) and anti-MDA5 were
detected in 46% and 18% of patients, respectively, as

Table 1 Characteristics of patients with myositis-associated ILD
N (%)
15/41

Characteristic

Gender (male/female)

Age (y) 60 (range, 50-66)
Clinical diagnosis
Polymyositis 7 (13%)
Dermatomyositis 28 (50%)
Clinically amyopathic dermatomyositis 21 (38%)
Myositis-specific autoantibodies
anti-ARS Ab 26 (46%)
anti-Jo-1 Ab 11 (20%)
anti-PL-7 Ab 6 (11%)
anti-KS Ab 3 (5%)
anti-PL-12 Ab 2 (4%)
anti-EJ Ab 2 (4%)
anti-OJ Ab 2 (4%)
anti-MDA5 Ab 10 (18%)
anti-Ku Ab 2 (4%)
anti-TIF1 gamma Ab 2 (4%)
Unknown 16 (29%)
Total 56
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determined by IP and ELISA analysis. Patient laboratory
findings are shown in Table 2.

HNP levels in plasma and BALF samples

HNP analysis revealed significantly higher levels in the
plasma of patients with myositis-associated ILD [78.5 pg/
mL (40.1-171.1 pg/mL)] than in that of healthy controls
[60.5 pg/mL (20.5-83.3 pg/mL), p < 0.05; Fig. 1a], as well as
that in the BALF [250.9 pg/mL (53.7-821.0 pg/mL) vs.
14.3 pg/mL (7.8-30.9 pg/mL), p<0.01; Fig. 1b]. Plasma
HNP levels were elevated only in patients with ARS auto-
antibody production; however, significant elevations were
observed in BALF samples from both anti-ARS-positive
and ARS/MDA5-double-negative subjects (“others”; Fig. 2).

Association between HNPs and clinical parameters in
myositis-associated ILD

We then analyzed the relationships between clinical
parameters and HNP levels in patient plasma and BALF
samples (Table 3). Interestingly, the plasma and BALF
HNP levels showed no significant association. Plasma
HNP levels were significantly correlated with total cell
count in BALF (Fig. 3 and Table 2). Moreover, BALF

Table 2 Laboratory findings in patients with myositis-associated

ILD

Variables N Median IOR

Laboratory data
CK (IU/L) 55 150 (66-393)
Aldolase (IU/L) 53 74 (5.1-19.0)
AST (IU/L) 55 34 (23-59)
ALT (U/D) 55 28 (20-46)
LDH (U/L) 55 302 (239-391)
Pa0O2 (torr) 44 794 (69.6-90.2)
KL-6 (U/mL) 53 1030 (440-1793)
SP-D (ng/mL) 49 204 (95-204)
SP-A (ng/mL) 37 72.7 (55.4-105.1)

Pulmonary function test
%VC (%) 40 83.6 (67.3-94.7)
FEV1/FEV (%) 40 83.7 (78.8-92.8)
%DLco (%) 40 54.8 (39.0-72.0)

BALF cell findings
TCC (x 10/mL) 45 35 (28-5.8)
Macrophages (%) 45 45.7 (34.4-63.9)
Lymphocytes (%) 45 334 (17.4-475)
Neutrophils (%) 45 78 (2.2-154)
Eosinophils (%) 45 2.2 (09-7.2)
CD4/CD8 43 04 0.2-1.1)

ALT: alanine aminotransferase; AST: aspartate aminotransferase; CK: creatine
kinase; DLco: diffusing capacity of the lungs for carbon monoxide; FEV: forced
expiratory volume; TCC: total cell count; VC: vital capacity
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HNP levels were positively correlated with serum SP-A
and neutrophil percentage in BALF (Fig. 4 and Table 2).
There were no significant associations between HNP
levels and pulmonary function test results or HRCT find-
ings. Furthermore, survival determined by Kaplan—Meier
survival analysis showed no association with HNP concen-
tration in the plasma or BALF (data not shown).

Next, we examined the association between HNP
levels and clinical parameters in each group according to

myositis-related autoantibodies (anti-ARS antibody,
anti-MDAS5 antibody, others). No other significant cor-
relation was evident in each group according to
myositis-related autoantibodies other than plasma HNP
levels and total cell count in BALF in patients with anti-
ARS-antibody positive myositis-associated ILD. On the
other hand, BALF HNP levels in patients with anti-ARS-
antibody positive myositis-associated ILD were signifi-
cantly correlated with the extent of reticular opacities
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Fig. 2 Associations between plasma and BALF HNP levels and patient autoantibody levels. ELISA analysis of associations between HNP levels in
the plasma (a) and BALF (b) and autoantibody levels in patients with myositis-associated ILD and healthy controls. “Others” indicates patients
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Table 3 Correlation between HNPs and clinical parameters in patients with myositis-associated ILD
HNPs in plasma HNPs in BALF
N r 95% Cl g-value N r 95% Cl g-value

Laboratory data

CK (IU/L) 55 0.135 -0.135-0.387 1.00 43 0.029 -0.274-0327 0.92

Pao, (torr) 28 —-0.062 -0425-0318 1.00 35 0.182 —0.161-0.486 049

KL-6 (U/mL) 53 -0.122 —0.380-0.153 1.00 41 0.267 —-0.044-0.531 0.23

SP-D (ng/mL) 49 0.029 —0.254-0.308 1.00 38 0.205 —0.123-0492 041

SP-A (ng/mL) 44 0.010 —0.288-0.306 0.95 29 0.528 0.200-0.750 0.02
Pulmonary function test

%VC (%) 40 -0.023 —0.332-0.291 1.00 34 —0.048 —0.380-0.295 0.93

%DLco (%) 40 -0.071 —0.374-0.246 1.00 34 -0.017 —-0.353-0323 0.92
BALF cell findings

TCC (x10°/mL) 45 0409 0.131-0.627 0.07 44 0.147 -0.157-0425 049

Lymphocytes (%) 45 -0.013 —0.305-0.282 1.00 44 —-0.305 —-0.552-0.009 0.17

Neutrophils (%) 45 0.266 —0.030-0.519 0.52 44 0.693 0499-0.821 0.01
HRCT findings

Ground glass opacity (%) 52 0.132 —0.146-0.391 1.00 41 0.102 -0.212-0397 0.69

Consolidation (%) 52 0.095 —0.183-0.359 1.00 41 —0.237 —-0.508-0.076 0.30

Reticular opacities (%) 52 -0.028 —0.299-0.247 1.00 41 0.284 —-0.026-0.544 0.23

Cl confidence interval, CK creatine kinase, DLco diffusing capacity of the lungs for carbon monoxide, TCC total cell count, VC vital capacity

and negatively correlated with consolidation according to
HRCT findings (Table 4). No other significant correlation
was evident in each group categorized by myositis-related
autoantibodies other than BALF HNP levels and neutro-
phil percentage in BALF from patients with anti-ARS-
antibody positive myositis-associated ILD. Additionally,
there was no significant correlation between HNP levels
and clinical parameters in anti-MDA5-antibody positive
myositis-associated ILD and ARS/MDAS5-antibody double-
negative subjects (data not shown).
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Fig. 3 Correlation between plasma HNPs and total cell counts in
BALF samples from patients with myositis-associated ILD

Discussion

In this study, we found elevated HNP concentrations in the
plasma and BALF from patients with myositis-associated
ILD as compared with that observed in those from healthy
controls. Notably, plasma HNP levels were associated with
total cell counts in the BALF, whereas those in BALF sam-
ples were associated with the interstitial pneumonia marker
SP-A and the percentage of neutrophils in BALF. Further-
more, BALF HNP levels in patients with anti-ARS-
antibody positive myositis-associated ILD were significantly
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Table 4 Correlation between HNPs and HRCT findings in patients with anti-ARS antibody positive myositis-associated ILD
HNPs in plasma HNPs in BALF
N r 95% Cl g-value N r 95% Cl g-value
HRCT findings
Ground glass opacity (%) 30 0.328 -0.037-0.616 049 27 0.085 —-0.305-0451 0.80
Consolidation (%) 30 0.031 —0.333-0.387 1.00 27 -0452 -0.710—-0.087 0.08
Reticular opacities (%) 30 -0.089 —0.435-0.280 1.00 27 0.465 0.103-0.718 0.09

Cl confidence interval

correlated with the extent of reticular opacities and nega-
tively correlated with consolidation in HRCT findings.

Previous studies demonstrated that BALF HNP levels
are associated with the prevalence of neutrophils in
BALF samples and disease activity in patients with
various lung diseases, including connective-tissue-
disease-associated ILD [14—19]. Moreover, several re-
ports suggest that neutrophils in the BALF correlate
with poor clinical course in patients with PM/DM [2, 7,
8]. Consistent with these findings, the present study
showed that BALF HNP levels correlated with the
amount of neutrophils in the BALF of patients with
myositis-associated ILD. Neutrophils release granular
and nuclear contents called neutrophil extracellular
traps (NETs), including HNPs, in response to different
classes of microorganisms, soluble factors, and host mol-
ecules [28]. Zang et al. [29] demonstrated that patients
with PM/DM have the capacity to form NETs that could
not be completely degraded, particularly in patients with
PM/DM-ILD. Moreover, they reported that abnormal
NET regulation might be involved in PM/DM pathogen-
esis and could be a factor that initiates and/or aggravates
ILD [29]. The authors also reported a higher percentage
of low-density granulocytes (LDGs) along with enhanced
NET-formation capabilities in patients with DM as com-
pared with healthy controls, and that this percentage
was also higher in DM patients with ILD than in those
without. Additionally, LDG percentage was positively
correlated with lung disease activity scores [30]. In line
with these reports, the present results showed that
increased HNP levels in the plasma and BALF from
patients with myositis-associated ILD suggested that
neutrophils are likely to release NETs, including HNPs,
which are difficult to degrade in patients with myositis-
associated ILD.

Our results also showed that BALF HNP levels corre-
lated with SP-A levels, suggesting the existence of inter-
stitial lung injury [31]; however, this was not observed in
HRCT findings for all patients. Additionally, these levels
in patients with anti-ARS-antibody positive myositis-
associated ILD were significantly correlated with the ex-
tent of reticular opacities according to HRCT findings,
which we previously reported in patients with systemic
sclerosis-associated ILD [19]. Reticular opacities are

common HRCT findings in anti-ARS-antibody positive
associated ILD with or without myositis [32-34] and
reflect fibrosis in anti-ARS-antibody positive ILD [33].
These findings indicate that HNP levels in BALF reflect
the fibrotic change in anti-ARS-antibody positive associ-
ated ILD. Furthermore, we previously reported that
HNPs induce the production of cytokines and growth
factors, which act on lung fibroblasts and epithelial cells
to induce pulmonary fibrosis and collagen production in
vitro [9, 35, 36]. This might suggest that HNPs in the
lung both indicate and induce fibrotic change. Further
studies are needed to determine whether neutrophil-
derived HNPs play a role in the pathogenesis of
myositis-associated ILD.

We also observed that plasma HNPs were associated
with total cell counts in BALE, which might reflect the
lung inflammation observed in patients with myositis-
associated ILD. Although the precise mechanism of
plasma HNP production is not well understood, these
factors are likely derived from neutrophil-precursor cells
in the bone marrow following stimulation by inflamma-
tory mediators [18, 37]. Therefore, these results might
suggest that lung inflammation elicits increased plasma
HNP levels. Nevertheless, further studies are needed to
clarify the functional significance of plasma HNPs in
patients with myositis-associated ILD.

Although we found that HNP levels were associated
with several clinical parameters and suggested to play a
role in myositis-associated ILD, it remains unclear
whether HNPs can be used as disease markers in
myositis-associated ILD. This might be because our
definition of myositis-associated ILD included different
disease types (PM, DM, or CADM) or the use of
myositis-specific antibodies (anti-ARS and anti-MDAD5).

The present study has several limitations. First,
because the patient population was strictly seen by phy-
sicians in the respiratory department, our study only
examined HNP levels in patients with myositis-
associated ILD, but not those without the ILD compo-
nent. Therefore, we were unable to confirm that lung
pathology was directly responsible for the observed dif-
ferences in HNP levels. Second, we did not show values
for plasma or BALF HNPs, which can discriminate be-
tween various types of ILD or infectious processes. We
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previously reported elevated HNP levels in several
types of ILD, as well as according to infectious status
[14-19], indicating that increased levels of HNPs were
nonspecific in myositis-associated ILD. Additionally,
the small patient cohort limited the clinical applica-
tion of these findings; therefore, a larger patient
population should be examined using a prospective
study model in future investigations.

Conclusions

In conclusion, this study demonstrated increased HNP
levels in the plasma and BALF of patients with myositis-
associated ILD as compared with that observed in those
of healthy controls. Although factors were associated
with clinical parameters, further studies are necessary to
clarify whether HNPs represent a candidate disease
marker and to elucidate the role of defensins in
myositis-associated ILD.
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Abstract

Background: Anti-mitochondrial antibodies (AMA) are
found in >90% of primary biliary cholangitis patients.
Anti-rods/rings antibodies (anti-RR) are most commonly
associated with interferon-o. and ribavirin treatment in
hepatitis C patients. Clinical laboratories routinely screen
for AMA and anti-RR using indirect immunofluores-
cence on HEp-2 cells (HEp-2-IFA). Therefore, we sought to
establish reference materials for use in AMA and anti-RR
testing.

Methods: AMA-positive and anti-RR-positive human
plasma samples (AMA-REF and RR-REF), identified as
potential reference materials based on preliminary data,
were further validated by multiple laboratories using
HEp-2-IFA, immunoprecipitation (IP), western blotting,
IP-western, line immunoassay (LIA), addressable laser
bead immunoassay (ALBIA) and enzyme-linked immuno-
sorbent assay (ELISA).
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Results: AMA-REF showed a strong positive cytoplasmic
reticular/AMA staining pattern by HEp-2-IFA to >1:1280
dilution and positive signal on rodent kidney/stomach/
liver tissue. AMA-REF reacted with E2/E3, E3BP, Elo. and
E1p subunits of the pyruvate dehydrogenase complex
by IP and western blotting and was positive for AMA
antigens by LIA, ALBIA and ELISA. RR-REF showed a
strong positive rods and rings staining pattern by HEp-
2-IFA to >1:1280 dilution. RR-REF reacted with inosine
monophosphate dehydrogenase by IP, IP-western and
ALBIA. RR-REF also produced a nuclear homogenous
staining pattern by HEp-2-IFA, immunoprecipitated pro-
teins associated with anti-UIRNP antibody and reacted
weakly with histones, nucleosomes, Sm and nRNP/Sm
by LIA.

Conclusions: AMA-REF and RR-REF are useful reference
materials for academic or commercial clinical laboratories
to calibrate and establish internal reference standards for
immunodiagnostic assays. AMA-REF and RR-REF are now
available for free distribution to qualified laboratories
through Plasma Services Group.
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Introduction

Autoantibodies targeting self-antigens are hallmarks of
many systemic and organ-specific autoimmune diseases.
In a clinical laboratory setting, autoantibodies against
nuclear and some cytoplasmic antigens are routinely
screened by the indirect immunofluorescence assay (IFA)
on HEp-2 cells (HEp-2-IFA). Several multiplex assays, using
methodological platforms such as the enzyme-linked
immunosorbent assay (ELISA), chemiluminescence immu-
noassay (CLIA), line immunoassay (LIA), addressable
laser bead immunoassay (ALBIA) and new chip-based
assays, are becoming more common in diagnostic labo-
ratories. However, HEp-2-IFA remains the “gold standard”
method for detection of antinuclear antibodies (ANA) [1].
ANA, which bind components of the nucleus, have been
the focus of study for decades, but many autoantibodies
that target cytoplasmic antigens are detected by HEp-2-
IFA. One example is anti-mitochondrial antibodies (AMA),
which target proteins of the inner and outer mitochondrial
membranes. AMA are classified into nine distinct catego-
ries, referred to as M1 through M9 subtypes [2, 3]. AMA-M2
target the E2 components of the 2-oxo-acid dehydrogenase
family of enzyme complexes, including the pyruvate dehy-
drogenase complex (PDC)-E2, branched-chain 2-oxo-acid
dehydrogenase complex (BCOADC-E2) and 2-oxo-glutarate
dehydrogenase complex (OGDC-E2), typically referred to as
the major AMA antigens [4]. AMA-M2 also target the minor
antigens dihydrolipoamide dehydrogenase (E3)-binding
protein (E3BP) and the Elo subunit of PDC (PDC-Ela).
AMA-M2 are highly specific for primary biliary cholangitis
(PBC), formerly known as primary biliary cirrhosis [5, 6], a
relatively uncommon chronic autoimmune disease result-
ing in progressive destruction of the intrahepatic biliary
tree that can eventually lead to liver cirrhosis. Approxi-
mately 95% of PBC patients are AMA-positive, with PDC-E2
being the main antigen, and circulating AMA-M2 is one of
three key diagnostic criteria for this disease [6-8]. As the
presence of AMA often precedes the clinical manifestation
of PBC, accurate and complete reporting of AMA in AMA-
specific assays and HEp-2-IFA is critical to enabling early
diagnosis and treatment of PBC [9-11].

Another example of an autoantibody to cytoplas-
mic components is anti-rods/rings antibody (anti-RR).
Unlike AMA, the study of anti-RR has uncovered only
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one major autoantigen, inosine 5-monophosphate
dehydrogenase 2 (IMPDH2) [12-14]. IMPDH1 might
also be recognized by anti-RR, considering the 84%
sequence similarity between the two isoforms. Some
human sera positive for anti-RR by HEp-2-IFA do not
immunoprecipitate IMPDH, suggesting there are other
antigens yet to be identified [15]. Despite reports that
cytidine triphosphate synthase (CTPS) colocalizes with
IMPDH in rods/rings structures under certain condi-
tions [12, 16, 17], no human anti-RR serum has been
found to react with CTPS [13, 15]. Several studies showed
that anti-RR is strongly associated with hepatitis C virus
(HCV) after treatment with interferon-o. and ribavirin
(IFN/RBV) therapy [13, 18-22]. However, anti-RR has
been observed occasionally in individuals without HCV
infection [23] and in rare cases of systemic lupus ery-
thematosus [24] and hepatitis B [19]. Low-titer anti-RR
has also been reported in the general population of the
United States [24]. Although the use of IFN/RBV therapy
will likely decrease with the recent development of
novel direct-acting antivirals (DAA), many DAA-based
treatment regimens still include RBV [25, 26]. IFN/RBV
therapy might also continue in parts of the world where
the considerable cost of new DAA prevent their rapid
adoption [27]. Considering how much is still unknown
about anti-RR antibody, it will be useful to continue
to accurately monitor and report its presence during
routine ANA testing in clinical laboratories.

In this report, we describe the development of ref-
erence materials for the detection of AMA and anti-RR
autoantibodies, which we refer to here as the AMA refer-
ence material (AMA-REF) and RR reference material (RR-
REF). AMA-REF and RR-REF can be used to calibrate and
establish internal reference standards for daily use by
academic or commercial clinical laboratories performing
HEp-2-IFA, immunoprecipitation (IP) or other immunodi-
agnostic assays, including western blot, ELISA, CLIA, LIA
and ALBIA.

Materials and methods
Patient information and reference sample preparation

AMA-REF and RR-REF sera were collected by Plasma Services Group
(PSG, Huntingdon Valley, PA, USA) from single donors. The AMA-REF
donor was a 65-year-old Caucasian woman diagnosed with PBC. The
RR-REF donor was a 47-year-old African-American woman diagnosed
with systemic lupus erythematosus, but is anti-dsDNA-negative,
HCV-negative and has never received RBV or IFN. Both samples were
prepared by PSG as defibrinated human plasma, undiluted without
preservative.
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Ethical approval

Research using only de-identified human samples in this study
complies with all relevant national regulations and institutional
policies. Informed consent was obtained by PSG in the collection
of reference materials and is approved by appropriate institutional
review boards.

HEp-2 indirect immunofluorescence assay (HEp-2-IFA)

HEp-2-IFA was performed on AMA-REF, RR-REF and positive control
sera using HEp-2 cell substrate from Inova Diagnostics (San Diego,
CA, USA), Bio-Rad (Hercules, CA, USA) or AESKU.Diagnostics
GmbH (Wendelsheim, Germany) as previously described [28]. AMA-
REF and RR-REF were confirmed by expert technicians to produce
characteristic staining patterns as designated by the International
Consensus on ANA Patterns (ICAP) [29]. AMA-REF and RR-REF were
tested by twofold serial dilution from a starting dilution of 1:40 to
at least 1:1280 and were positive at 1:1280 even when using differ-
ent secondary antibodies, which included the following: Alexa
Fluor 488-conjugated AffiniPure F(ab’), fragment goat anti-human
IgG, Fcy fragment specific (109-546-098, Jackson ImmunoResearch,
West Grove, PA, USA) diluted 1:400 in phosphate-buffered saline
(PBS) (used in Figures 1 and 2); Alexa Fluor 488-conjugated goat
anti-human IgG (A11013, Thermo Fisher Scientific, Waltham, MA,
USA) diluted 1:400 in PBS; and FITC IgG conjugate with DAPI pre-
mixed solution, undiluted (508102, Inova Diagnostics). Fluorescent
images were captured with a 40 x objective manually or with the
NOVA View automated microscopy system (Inova Diagnostics),
which produced the same results for AMA-REF and RR-REF up to
1:1280 dilution. Images shown in Figures 1 and 2 were captured on
an Olympus BX53 fluorescence microscope.

Radioimmunoprecipitation assay

Antigens recognized by AMA-REF, RR-REF and positive control sera
were analyzed by IP of radiolabeled K562 (human erythroleukemia)
cell extract and sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) as previously described [30-32]. Briefly,
cells were labeled for 14 h with 4.2 mCi in 45 mL *S-L-methionine
and *S-L-cysteine (NEG072, PerkinElmer, Waltham, MA, USA) and
lysed in 0.5 M NaCl NET/IGEPAL CA-630 buffer (500 mM NaCl, 2 mM
EDTA, 50 mM Tris-HCl pH 7.5, 0.3% IGEPAL CA-630) containing
0.5 mM PMSF and 0.3 TIU/mL aprotinin. Cell extract was cleared
by centrifugation and immunoprecipitated on Protein A Sepha-
rose beads (17-0780-01, GE Healthcare, Marlborough, MA, USA)
coated with antibodies from 8 uL of human serum. Beads were
then washed with 0.5 M NaCl NET/IGEPAL CA-630 buffer. Immu-
noprecipitated proteins were subjected to SDS-PAGE followed by
autoradiography.

AMA-REF western blotting

Twenty-five micrograms of mitochondrial extract from bovine heart
tissue lysate (ab110338, Abcam, Cambridge, MA, USA) was subjected
to 10% SDS-PAGE and transferred to nitrocellulose membrane. After
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blocking for 1h in 5% non-fat dry milk, the membrane was incubated
with AMA-REF (diluted at 1:3000 or 1:5000) for 1 h at room tempera-
ture, followed by washing in PBS with 0.05% Tween 20 before incu-
bation with goat F(ab’), anti-human IgG conjugated to horseradish
peroxidase (HRP) (2042-05, SouthernBiotech, Birmingham, AL, USA)
at 1:10,000 dilution for 1 h at room temperature. Reactivity of AMA-
REF was detected by SuperSignal West Pico PLUS chemiluminescent
substrate (34577, Thermo Fisher).

IP-western analysis of RR-REF

MOLT-4 (human acute lymphoblastic leukemia) cells (1x10°) were
lysed with 2 mL Buffer A (150 mM NaCl, 10 mM Tris-HCl pH 7.5, 1.5 mM
MgCL, 0.5% NP-40) on ice for 15 min and centrifuged for 15 min at
4 °C to obtain cell lysate. IP was performed using 5 uL RR-REF serum,
100 pL cell lysate and 50 pL Dynabeads Protein A (10001D, Thermo
Fisher) per manufacturer’s instructions. Immunoprecipitated pro-
teins were subjected to 10% SDS-PAGE followed by immunoblot-
ting with affinity-purified rabbit polyclonal anti-IMPDH1 antibody
(22092-1-AP, Proteintech, Chicago, IL, USA) at 1:1000 dilution and
HRP-conjugated goat anti-rabbit IgG (4050-05, SouthernBiotech) at
1:5000 dilution.

Line immunoassay (LIA), addressable laser bead
immunoassay (ALBIA) and enzyme-linked immunosorb-
ent assay (ELISA)

Aliquots of the reference materials were tested for AMA (M2, M2-3E)
and other autoimmune liver disease-related autoantibodies (sp100,
LKM-1, SLA/LP, gp210, Ro52/TRIM21) by LIA (EUROLINE Auto-
immune Liver Diseases Profile, Euroimmun, Liibeck, Germany) and
ALBIA (Inova Diagnostics) using kits and protocols provided by the
manufacturers. The cutoffs for ALBIA were set at three standard
deviations above the mean of control samples (100 median fluores-
cence intensity, MFI). RR-REF was tested for antibodies to IMPDH2
by utilizing the full-length human protein (Abnova, Taipei City, Tai-
wan) covalently coupled to addressable laser beads (Luminex Corpo-
ration, Austin, TX, USA) analyzed on a Luminex 200 fluorometer as
previously described [21]. ELISA for PDC-E2 was performed using an
in-house protocol at Fleury Medicine and Health Laboratories.

Results

Validation of AMA-REF and RR-REF as appropriate
reference materials was performed by nine laborato-
ries affiliated with the Autoantibody Standardization
Committee of the International Union of Immunologi-
cal Societies (www.AutoAb.org). These nine laborato-
ries acquired consistent results, and a consensus was
reached that these are appropriate reference materials
for detection of AMA and anti-RR. Data reported here
are representative of all data collected by these nine
laboratories.
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Figure 1: AMA-REF validation by HEp-2-IFA, radioimmunoprecipitation and western blotting.

(A) AMA-REF serum was serially diluted from 1:40 to 1:1280 and analyzed by HEp-2-IFA, which showed a coarse granular filamentous
staining pattern in the cytoplasm (ICAP AC-21) typical of known AMA sera. (B) Left panel: IP using *S-methionine-labeled K562 cell extract
(*°S-K562-1P) of AMA-REF and AMA-positive control sera PBC1 and PBC2. Right panel: **S-K562-IP of AMA-REF pre- and post-lyophilization.
Immunoprecipitated proteins were subjected to SDS-PAGE in an 8.5% gel followed by autoradiography. Like PBC1 and PBC2, AMA-REF
immunoprecipitated four protein subunits E2/E3, E3BP, Ela and E1f of the pyruvate dehydrogenase complex (PDC), typical of AMA sera. (C)
Western blotting of bovine mitochondrial extract (BME-WB) with AMA-REF diluted to 1:3000 or 1:5000 demonstrated reactivity with the same
E2/E3, E3BP, Eloc and E1f PDC subunits.
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Figure 2: RR-REF validation by HEp-2-IFA, radioimmunoprecipitation and IP-western.

(A) RR-REF serum was serially diluted from 1:40 to 1:1280 and analyzed by HEp-2-IFA, which showed distinct rod- and ring-shaped structures,
mainly in the cytoplasm of interphase cells, corresponding to the characteristic rods and rings staining pattern (ICAP AC-23). (B) Left panel:
IP using *S-methionine-labeled K562 cell extract (*S-K562-IP) of RR-REF and anti-RR-positive control serum RR1. Right panel: **S-K562-IP

of RR-REF pre- and post-lyophilization. Inmunoprecipitated proteins were subjected to SDS-PAGE in a 13% gel followed by autoradiogra-
phy. Like RR1, RR-REF immunoprecipitated ~56 kDa inosine 5’-monophosphate dehydrogenase (IMPDH). RR-REF also immunoprecipitated
proteins associated with anti-U1RNP antibody, including the U1-70K, U1-A and U1-C proteins, as well as Sm core proteins B’/B, D1/D2/D3, E,
Fand G. (C) IP of unlabeled MOLT-4 cell extract with RR-REF followed by western blotting (IP-western) with affinity-purified rabbit polyclonal
anti-IMPDH1 antibody. A ~56-kDa band corresponding to IMPDH was visible with no other bands detected, confirming reactivity of RR-REF
with IMPDH.
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AMA-REF validation

AMA-REF was first validated using HEp-2-IFA by seven
reference laboratories using HEp-2 cell substrate from
Inova Diagnostics (San Diego, CA, USA), and all reported
that AMA-REF had a strong positive cytoplasmic reticu-
lar/AMA staining pattern from 1:40 to 1:1280 dilution
(Figure 1A, representative images). Although five of these
laboratories tested the sample only to 1:1280, the other
two laboratories reported positive AMA staining at 1:2560
and 1:5120, respectively. Additionally, none of the seven
laboratories reported any other staining patterns pro-
duced by this sample. One additional reference laboratory
that uses HEp-2 cell substrate from AESKU.Diagnostics
GmbH (Wendelsheim, Germany) also tested AMA-REF
and reported similar results. In the case of AMA, HEp-2-
IFA is often performed in addition to IFA on rat (or mouse)
kidney, stomach and liver tissue, the traditional method
used to detect AMA [33]. In kidney/stomach/liver slides,
the typical AMA pattern shows coarse granular staining
in the cytoplasm of distal renal tubules, gastric parietal
cells and hepatocytes. Aside from HEp-2-IFA, two labo-
ratories also performed the kidney/stomach/liver assay,
and both determined that AMA-REF was positive for this
characteristic AMA pattern at 1:1280 dilution (data not
shown).

In addition to IFA, one reference laboratory utilized
IP to determine antigens recognized by AMA-REF. Using
»S-methionine-labeled K562 cell extract, AMA-REF immu-
noprecipitated protein bands corresponding to the four
subunits E2/E3, E3BP, Ela and E1B of PDC recognized by
AMA, which were clearly detected in the AMA-positive
control sera PBC1 and PBC2 (Figure 1B, left panel) [32, 34,
35]. Ceribelli et al. [32] were recently the first to describe
IP band patterns for AMA sera, identical to the bands
we observed for AMA-REF. After initial validation that
AMA-REF produced the correct IFA pattern and recognized
typical AMA antigens, PSG prepared prototype vials of
lyophilized AMA-REF and distributed them to eight refer-
ence laboratories to demonstrate the lyophilization, pack-
aging and distribution process for these sera. AMA-REF
post-lyophilization was retested by IFA, and all results
were consistent with our first round of testing (data not
shown). Additionally, IP of AMA-REF pre- and post-lyophi-
lization produced identical band patterns (Figure 1B, right
panel). Western blotting of bovine mitochondrial extract
with AMA-REF was also performed, at various dilutions
ranging from 1:200 to 1:10,000. Characteristic bands asso-
ciated with major PDC antigens were observed from 1:1000
to 1:5000 dilutions, with 1:3000 and 1:5000 showing the
best signal-to-noise ratio (Figure 1C).

DE GRUYTER

Table 1: Additional immunoassay data for AMA-REF.

Assay Positive Negative antigens
antigens
LIA M2-3E? sp100, PML, gp210, LKM-1, LC-1,
SLA/LP, SSA/Ro60, SSA/R052,
Scl70, CENP-A, CENP-B, PGDH
ALBIA M2-3E, LKM-1, SLA/LP, LC-1, HK, KL,
sp100 gp210, VCP
ELISA PDC-E2

23E/M2 includes PDC-E2, BCOADC-E2 and OGDC-E2 antigens.

We then analyzed AMA-REF with additional immu-
noassays, such as LIA, ALBIA and ELISA. Two laborato-
ries performed LIA to determine reactivity of AMA-REF
to highly purified antigens associated with autoimmune
liver diseases (EUROLINE Autoimmune Liver Diseases
Profile, Euroimmun, Liibeck, Germany). By LIA, AMA-REF
recognized AMA-M2 and M2-3E (PDC-E2, BCOADC-E2 and
OGDC-E2) antigens, but was negative for other autoanti-
bodies associated with autoimmune liver disease, such as
antibodies to sp100, PML, gp210, LKM-1, LC-1 and SLA/LP
(Table 1). AMA-REF was also negative on LIA containing
common autoantigens, such as Sm, Scl-70, Jo-1, Ro52 and
others. When tested by ALBIA, AMA-REF had a strong pos-
itive reactivity with M2-3E (MFI: 4569) and weak positive
reactivity with sp100 (MFI: 561). AMA-REF did not react
with gp210, LKM-1, LC-1, SLA/LP, HK, KL and VCP antigens
by ALBIA. Finally, AMA-REF was also positive by ELISA for
reactivity with PDC-E2, the most common AMA antigen,
with an absorbance value of 6.5 compared to a cutoff of 0.9.

RR-REF validation

RR-REF was validated first with HEp-2-IFA by six labora-
tories using HEp-2 substrate from Inova Diagnostics. All
laboratories reported that RR-REF showed a strong posi-
tive rods and rings staining pattern from 1:40 to 1:1280
dilution (Figure 2A, representative images). Although five
of these laboratories tested the sample only to 1:1280, one
group reported positive rods and rings staining at 1:5120.
In addition to the rods and rings pattern, RR-REF also
produced the nuclear homogenous pattern (ICAP AC-1)
in HEp-2 cells at 1:40 and 1:80 dilutions. The coexisting
AC-1 pattern may serve as an internal positive control for
detection of anti-RR, as the antigenic rods/rings struc-
tures appear in cells only under certain culture conditions
[12, 16, 36, 37]. It follows that if rods/rings structures are
not present in cells used as substrate, anti-RR antibod-
ies cannot be detected. To date, in our hands, only HEp-2
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Table 2: Additional immunoassay data for RR-REF.

Assay Positive antigens Negative antigens
LIA Histones, DFS70
nucleosomes,
Sm, nRNP/Sm
ALBIA IMPDH2 GW182, GE-1, Ago2, LAMP2,

EEA1, elastase, Jo-1, ribosome,
Sm, Sm/RNP, Ro52, Ro60, SSB,
PM/Scl, PCNA, CENP-B

cells from Inova Diagnostics and Euroimmun allow for
consistent detection of anti-RR. Two laboratories tested
RR-REF on HEp-2 cells from Bio-Rad (Hercules, CA, USA)
and AESKU.Diagnostics GmbH (Wendelsheim, Germany).
They also reported positive AC-1 pattern at low dilutions
but were unable to detect the rods/rings pattern, indi-
cating that these substrates are not suitable for anti-RR
testing. Thus, this additional AC-1 pattern is an important
aspect of the utility of RR-REF as a reference serum for
detection of anti-RR.

As IMPDH is the only known antigen of anti-RR,
one reference laboratory also analyzed the reactivity of
RR-REF with IMPDH by IP. RR-REF immunoprecipitated
a ~56-kDa protein corresponding to IMPDH (Figure 2B, left
panel), similar to anti-RR-positive control serum RR1 and
known anti-RR-positive sera [38]. RR-REF also immunopre-
cipitated proteins associated with anti-UIRNP antibody,
including the U170K, Ul-A and U1-C proteins, as well as
Sm core proteins B’/B, D1/D2/D3, E, F and G [30, 39]. We
then tested RR-REF pre- and post-lyophilization by IFA and
IP. Both assays demonstrated that lyophilization and dis-
tribution of RR-REF did not affect its reactivity (IP shown
in Figure 1B, right panel). To further confirm reactivity of
RR-REF with IMPDH, we performed an IP-western blot
procedure using unlabeled MOLT-4 cell lysate. Proteins
immunoprecipitated by RR-REF were subjected to 10%
SDS-PAGE followed by immunoblotting with purified anti-
IMPDH antibody, which showed positive reactivity with a
56-kDa protein corresponding to IMPDH (Figure 2C).

RR-REF reactivity was then analyzed by LIA and
ALBIA in a similar manner to AMA-REF. Although IMPDH
is not an antigen included in commercial LIA assays from
Euroimmun, we wanted to determine additional reactiv-
ity of this serum, considering its nuclear homogenous
pattern by IFA and reactivity with anti-UIRNP proteins
by IP. By LIA using the ANA Profile 3 from Euroimmun,
RR-REF reacted positively with histones and nucleosomes
and had a weak positive signal with Sm and nRNP/Sm
antigens, and was negative for all other antigens (Table 2).
By ALBIA, RR-REF reacted strongly with IMPDH2 but was
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negative for other antigens included in an extractable
nuclear antigen panel (Jo-1, Sm, nRNP/Sm, Ro52, Ro60,
SSB, Pm/Scl, PCNA, CENPB, ribosome) and cytodot panel
(GW182, GE-1, Ago2, LAMP2, EEAL, elastase).

Discussion

Detection of serum autoantibodies is a crucial factor in
the diagnosis of many autoimmune disorders. Clinicians
rely on the accurate and timely detection and quantifi-
cation of autoantibodies in patients suspected to have
an autoimmune disorder. Thus, there have been wide-
spread efforts to either standardize current detection
methods or develop novel immunoassays to improve
consistency in measurements of autoantibody produc-
tion. Some high-throughput clinical laboratories have
focused on automation to help reduce inter-laboratory
variability. Several companies now offer automated HEp-
2-IFA reading systems designed to reduce the subjectiv-
ity involved in analyzing certain HEp-2-IFA patterns by
microscopy. In parallel, groups of experts, such as the
Autoantibody Standardization Committee of the Interna-
tional Union of Immunological Societies (www.AutoAb.
org), European Autoimmunity Standardization Initiative
and ICAP (www.ANApatterns.org), focus on developing
guidelines, recommendations and standard reference
materials to improve interpretation of immunodiagnostic
assays [29, 40-43]. The use of reference sera to properly
calibrate assays can allow quantitative measurements to
be compared among laboratories.

The presence of circulating AMA-M2 is one of three
major criteria for diagnosis of PBC (detectable in ~95%
of PBC patients) [6-8] and often precedes clinical mani-
festations of the disease [9-11], highlighting the impor-
tance of accurate detection of AMA. However, significant
variability in test results and discrepancies in reporting
among different laboratories can affect proper diagnosis.
It is therefore critical that we improve the consistency and
accuracy in AMA testing across laboratories globally as
much as possible. Aside from its high specificity for PBC,
AMA-M2 can be detected in a low percentage of autoim-
mune hepatitis type 1 [44] and systemic sclerosis patients
[32]. Although these are often cases of overlapping PBC
[45], the measurement of AMA is certainly relevant for
patients suspected of having PBC and may be critical in
the prediction of PBC development for patients suffering
from other autoimmune manifestations. In addition, the
characteristic AMA-like AC-21 pattern can be detected by
HEp-2-IFA in individuals under diagnosis workout for a
variety of reasons [46].
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Accordingly, one of our major goals as a group
working towards standardization of autoantibody testing
was the establishment of a reference serum for AMA that
would be readily available to any laboratory seeking to
set up internal standards for AMA detection. As our data
show, AMA-REF consistently met expectations as a strong
positive reference material by IFA, IP, western blotting,
LIA, ALBIA and ELISA. IP and western blotting also dem-
onstrated that AMA-REF contains antibodies that recog-
nize antigens of the mitochondrial PDC (E2/E3, E3BP, Ela.
and E1P) typical of known AMA sera [5, 6, 32]. Further
examination by LIA and ALBIA confirmed reactivity with
M2-3E antigens, which include PDC-E2, BCOADC-E2 and
OGDC-E2, but ALBIA also showed weak positive reactivity
with sp100, which was not observed in other assays. The
multiple nuclear dots pattern (ICAP AC-6) associated with
sp100 was not detected by any laboratory in HEp-2-IFA.
Taken together, data from seven different methods show
that AMA-REF will be particularly useful for laboratories
seeking to establish internal standards for the detection of
AMA in a variety of immunoassays.

Although many anti-RR-positive sera are HCV-pos-
itive, RR-REF is from an HCV-negative individual, facili-
tating its safe distribution to laboratories worldwide. In
HEp-2-IFA, RR-REF produced the characteristic rods and
rings staining pattern (ICAP AC-23), which shows distinct
rod- and ring-shaped structures mainly in the cytoplasm
of interphase cells [12, 18], with some structures visible in
mitotic cells, and smaller structures evident in the nucleus
[15]. In addition to the rods and rings pattern, RR-REF
showed a nuclear homogenous pattern at 1:40 and 1:80
dilutions. Although HEp-2-IFA is the lone method capable
of detecting anti-RR per se, we also evaluated RR-REF
for its reactivity with IMPDH, the only known antigen of
rods/rings structures. We demonstrated that RR-REF rec-
ognizes a ~56-kDa protein corresponding to IMPDH by IP,
typical of many known anti-RR-positive sera [15, 38]. We
further validated this IMPDH reactivity by IP-western in
MOLT-4 cell extract. ALBIA for IMPDH?2 also confirmed
this positive reactivity, whereas LIA showed additional
reactivity to histones, nucleosomes, Sm and nRNP/Sm.
Altogether, these data suggest that RR-REF, especially
with its internal control nuclear homogenous pattern,
will be a useful tool as a reference material for anti-RR
detection.

The clinical implications of anti-RR antibodies
remain unclear. The rods and rings staining pattern, first
described in the context of ANA patterns approximately
10 years ago [47], is considered to be quite rare. However,
due to the peculiarity that only HEp-2 substrates from
select sources allow for consistent detection of rods/
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rings structures, it is not clear exactly how rare anti-RR
antibodies are. Many patient sera positive for anti-RR may
have been missed over the years due to being tested on
substrate where immunoreactive rods/rings structures
were not present. Additionally, anti-RR positivity does
not appear to be useful as a marker for any autoimmune
disorder or other types of disease, as the antibody tends
to appear in HCV patients only after treatment with IFN/
RBV [48-50]. This interpretation is generally correct
based on publications focused on anti-RR detection in
HCV [13, 18-22] but seems not to be the complete story. For
example, low-titer anti-RR were reported in 39 out of 4738
individuals in the National Health and Nutrition Examina-
tion Survey, and 38 of these 39 individuals had no history
of HCV [24]. Climent et al. [23] also recently reported 14
non-HCV cases of anti-RR in other diseases, mainly of
autoimmune origin. A third related point is that due to
advancements in HCV treatment, it is likely that fewer
patients will be treated with IFN/RBV in the future, thus
making anti-RR even more rare. Still, many new treat-
ment regimens continue to include RBV [25, 26] and are
extremely costly, potentially necessitating the continued
use of IFN/RBV in the developing world [27]. Although the
mechanisms behind this autoantibody production remain
unclear, we recommend continued monitoring and report-
ing of anti-RR rather than ignoring the unknown.

In summary, aliquots of AMA-REF and RR-REF are
available for free distribution (subjected to shipping
charges) to all qualified academic or commercial clinical
laboratories through PSG (https://www.plasmaservices
group.com) as catalogue numbers 1S2724 (AMA) and
1S2725 (anti-RR).
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To the Editor,

An international working committee of experts, aiming
to establish a consensus on the nomenclature of staining
patterns observed in the indirect immunofluorescence
assay (ITFA) on HEp-2 cell substrate (HEp-2 IIFA), was
initiated at a workshop designated as the International
Consensus on Antinuclear Antibody Pattern (ICAP). This
was hosted by the 12th International Workshop on Auto-
antibodies and Autoimmunity (IWAA 2014) held in Sao
Paulo, Brazil, in August 2014 [1]. The resulting consensus
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nomenclature and representative patterns are now avail-
able online at the ICAP website (www.ANApatterns.org).
Meanwhile, three consecutive productive ICAP workshops
have followed, addressing additional challenges and pro-
viding responses and advances by means of systematic
discussion and debate by the ICAP panel of experts. The
2nd ICAP workshop was held prior to the 12th Dresden
Symposium on Autoantibodies in Dresden, Germany, in
September 2015 [2, 3], the 3rd within the 13th IWAA in
Kyoto, Japan, in September 2016, and the 4th and latest
once again in Dresden, Germany, within the 13th Dresden
Symposium on Autoantibodies.

In the original ICAP classification algorithm, 28 dis-
tinct immunofluorescence patterns recognized by HEp-2
ITFA were defined and summarized into three main cat-
egories, comprising 14 nuclear, nine cytoplasmic and five
mitotic patterns, respectively. All patterns were assigned an
alphanumeric AC code (anti-cellular pattern), allowing for
a concise nomenclature that has been promptly adopted by
industry and investigators alike. At the first ICAP meeting
it was acknowledged that some patterns were yet to be
included and that subsequent editions of the ICAP initia-
tive might add new patterns to the consensus classification
tree [1]. As such, a novel pattern (Topo I-like) was recently
included in the category of nuclear patterns (paper submit-
ted). In addition, we present here two other AC codes that
address opposite aspects of the classification tree, i.e. the
absence of HEp-2 IIFA reactivity and the occurrence of yet
undefined HEp-2 IIFA pattern, respectively.

An important question was whether a negative HEp-2
ITFA sample as well as other undefined autoantibody-
specific patterns should also be assigned an AC code. At
the 4th ICAP meeting, consensus was reached on catego-
rizing negative HEp-2 IIFA reactivity as AC-0, and patterns
not yet defined by any of the current ICAP AC patterns as
AC-XX.

The ICAP committee requested and reviewed more
than 50 images representing examples of what were con-
sidered as a negative HEp-2 IIFA. A set of AC-O images
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were defined based on consensus among ICAP members.
Images rated AC-0 will be provided at the ICAP website as
examples of what is considered an autoantibody negative
HEp-2 IIFA, as viewed under the microscope. In the deci-
sion tree, AC-0 is placed at the same level as the primary
nuclear, cytoplasmic and mitotic categories (Figure 1), to
reflect that the first important decision in reading HEp-2
IIFA is to decide whether the assay is negative or positive.
As a negative HEp-2 IIFA can be represented by a variety
of images, it should be clear that images selected for
AC-0 should not be regarded as encyclopedic, but used for
comparison purposes only. The guiding feature that links
these various possibilities is the absence of clear-cut stain-
ing of any given subcellular structure (Figure 2), a defini-
tion that is both subjective and semi-quantitative at best.
There should be a discussion regarding how the
positive/negative cut-off for the HEp-2 IIFA is determined.
As was previously suggested [4], there is general consen-
sus that such cut-offs should be determined experimen-
tally and locally with appropriate population controls.
The cut-off is highly dependent on the HEp-2 substrate
used by individual laboratories, including factors specific
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to HEp-2 slide manufacturers and lot-to-lot variations, as
well as to peculiarities in fluorochrome-conjugated sec-
ondary antibody reagents, microscope and camera set-
tings, serum dilutions and other variables.

It is recognized that the 28 AC patterns initially
defined cannot cover HEp-2 IIFA patterns elicited by
autoantibodies directed against all components of the
cell. The typical autoantibody-related disease is systemic
lupus erythematosus (SLE), where more than 100 auto-
antibodies have been described [5], including antibodies
against several intracellular components. HEp-2 ITIFA pat-
terns that are not yet classified under the ICAP, including
certain autoantibodies described in the literature [6-8]
and others not yet identified, could be reported as AC-XX
with an additional description of the staining pattern
observed. This allows reporting of unusual patterns that
might hint at an autoimmune disorder, keeping in mind
that the pattern description has not yet been discussed or
harmonized by the ICAP.

The introduction of the additional codes AC-0 and
AC-XX allows for the moment the complete reporting of all
possible HEp-2 ITFA AC patterns. For completion, whatever

HEp-2 cell patterns
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Figure 1: |CAP decision tree for HEp-2 IIFA AC patterns including AC-0.
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Figure 2: Examples of AC-0 seen in different phases of the cell cycle are planned to be included in the ICAP picture gallery.

is seen by analyzing the slides under a microscope, can be
assigned with an AC code. AC-XX is a transitional solution
that accommodates yet undefined HEp-2 IIFA patterns
and does not prevent new patterns from being defined
eventually.

Acknowledgments: We thank the collaborating members
of the Executive Committee of ICAP for reading this manu-
script and giving their input. These members in addition
to the authors, were as follows: Orlando Gabriel Carballo,
Argentina; Paulo Luiz Carvalho Francescantonio, Brazil;
Ignacio Garcia-De La Torre, Mexico; Tsuneyo Mimori,
Japan.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: None declared.

Employment or leadership: None declared.

Honorarium: None declared.

Competing interests: The funding organization(s) played
no role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the
decision to submit the report for publication.

References

1. Chan EK, Damoiseaux J, Carballo OG, Conrad K, de Melo
Cruvinel W, Francescantonio PL, et al. Report of the First
International Consensus on Standardized Nomenclature of
Antinuclear Antibody HEp-2 Cell Patterns 2014-2015. Front
Immunol 2015;6:412.

2. Damoiseaux J, von Miihlen CA, Garcia-De La Torre I, Carballo OG,
de Melo Cruvinel W, Francescantonio PL, et al. International
Consensus on ANA Patterns (ICAP): the bumpy road towards a

Bereitgestellt von | Universitat Innsbruck / Universitats- und Landesbibliothek Tirol

Angemeldet
Heruntergeladen am | 28.09.18 11:50



1802 —— Herold et al.: ICAP defines AC-0 and AC-XX

consensus on reporting ANA results. Auto Immun Highlights
2016;7:1.

3. Chan EK, Damoiseaux J, de Melo Cruvinel W, Carballo OG, Conrad
K, Francescantonio PL, et al. Report on the Second International
Consensus on ANA Pattern (ICAP) Workshop in Dresden 2015.
Lupus 2016;25:797-804.

4. Agmon-Levin N, Damoiseaux J, Kallenberg C, Sack U, Witte T,
Herold M, et al. International recommendations for the
assessment of autoantibodies to cellular antigens referred to as
anti-nuclear antibodies. Ann Rheum Dis 2014;73:17-23.

5. Yaniv G, Twig G, Shor DB, Furer A, ShererY, Mozes O, et al.
Avolcanic explosion of autoantibodies in systemic lupus

DE GRUYTER

erythematosus: a diversity of 180 different antibodies found in
SLE patients. Autoimmun Rev 2015;14:75-9.

. Muro Y, Chan EK, Landberg G, Tan EM. A cell-cycle nuclear auto-

antigen containing WD-40 motifs expressed mainly in S and G2
phase cells. Biochem Biophys Res Commun 1995;207:1029-37.

. Covini G, Chan EK, Nishioka M, Morshed SA, Reed SI, Tan EM.

Immune response to cyclin B1in hepatocellular carcinoma.
Hepatology 1997;25:75-80.

. Fritzler MJ, Kerfoot SM, Feasby TE, Zochodne DW, Westendorf M,

Dalmau O, et al. Autoantibodies from patients with idiopathic
ataxia bind to M-phase phosphoprotein-1 (MPP1). | Investig Med
2000;48:28-39.

Bereitgestellt von | Universitat Innsbruck / Universitats- und Landesbibliothek Tirol

Angemeldet
Heruntergeladen am | 28.09.18 11:50



DE GRUYTER

Clin Chem Lab Med 2018; 56(10): 1783-1788

Guidelines and Recommendation

Luis E.C. Andrade*, Werner Klotz, Manfred Herold, Karsten Conrad, Johan Rénnelid,
Marvin J. Fritzler, Carlos A. von Miihlen, Minoru Satoh, Jan Damoiseaux, Wilson de Melo
Cruvinel and Edward K.L. Chan, on behalf of the Executive Committee of ICAP?

International consensus on antinuclear antibody
patterns: definition of the AC-29 pattern associated
with antibodies to DNA topoisomerase |

https://doi.org/10.1515/cclm-2018-0188
Received February 18, 2018; accepted April 25, 2018; previously
published online May 29, 2018

Abstract: The indirect immunofluorescence assay (IFA)
on HEp-2 cells is the reference method for autoantibody
screening. The HEp-2 IFA pattern provides useful infor-
mation on the possible autoantibodies in the sample. The
International Consensus on Antinuclear Antibody Patterns
(ICAP) initiative seeks to define and harmonize the nomen-
clature of HEp-2 IFA patterns. The most relevant and usual
patterns have been assigned an alphanumeric code from
anti-cell (AC)-1 to AC-28 and were organized into a classi-
fication algorithm (www.ANApatterns.org). The systemic
sclerosis-associated autoantibodies to DNA topoisomerase
I (Topo I) produce a peculiar composite 5-element HEp-2
IFA pattern (Topo I-like pattern) comprising the staining of
the nucleus, metaphase chromatin plate, nucleolar organ-
izing region, cytoplasm and nucleolus. In a recent assess-
ment of the European Consensus Finding Study Group
on autoantibodies, a well-defined anti-Topo I sample was
blindly analyzed and classified according to ICAP AC pat-
terns by 43 participant laboratories across Europe. There
were wide variations among these laboratories in reporting
nuclear, nucleolar and cytoplasmic patterns, indicating
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the inadequacy of the existing AC patterns to report the
Topo I-like pattern. Several ICAP member laboratories
independently demonstrated the overall consistency of
the HEp-2 IFA Topo I-like pattern using HEp-2 slides from
different manufacturers. The ICAP committee reviewed
24 candidate images and selected the four most representa-
tive images to be available on the ICAP website. The proper
recognition of the AC-29 pattern should trigger suspicion of
the presence of anti-Topo I antibodies, which may engen-
der appropriate analyte-specific reflex tests to confirm the
autoantibody specificity.

Keywords: antinuclear antibodies; autoantibodies; HEp-2
cell; indirect immunofluorescence.

Autoantibodies are key elements in the diagnosis of systemic
autoimmune diseases [1]. The indirect immunofluorescence
assay (IFA) on HEp-2 cells (HEp-2 IFA) is a well-established
method for the screening of autoantibodies against a wide
array of cellular autoantigens [2]. Traditionally known as the
antinuclear antibody (ANA) test, HEp-2 IFA has been increas-
ingly recognized as an anti-cell (AC) antibody screening test
because in addition to detecting antibodies directed against
nuclear targets, it also detects autoantibodies reactive with
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components in the cytoplasm and mitotic apparatus [3]. The
semi-quantitative information on the serum level of autoan-
tibodies (represented by the titer in regular microscopy or
fluorescence intensity assessed by computer-assisted image
analysis) provided by the HEp-2 IFA is augmented by very
useful information on the possible molecular targets and
the cognate autoantibody specificities, given that the HEp-2
IFA pattern reflects the putative topographic distribution of
the target autoantigens across the various cellular domains.
Because several autoantigens display peculiar cellular dis-
tribution patterns, supervised inferential analysis of HEp-2
IFA patterns allows approximation on the possible autoan-
tibody specificities present in a given serum sample. This
property has been recognized in the characterization of a
series of AC autoantibodies, including those reacting with
the centromere [4], proliferating cell nuclear antigen [5,
6], U3-ribonucleoprotein/fibrillarin [7, 8], CENP-F [9], Cajal
bodies [10], NuMA-2/HsEg5 [11, 12], rods and rings [13] and
others. Information provided by the HEp-2 IFA pattern is
also regularly used in the interpretation of HEp-2 IFA results
in the clinical laboratory.

In recognition of the important role of HEp-2 IFA
pattern in the interpretation of the test, an international
group of specialists has recently promoted an initiative
dedicated to define and harmonize the nomenclature

DE GRUYTER

of HEp-2 IFA patterns. The International Consensus on
ANA Patterns (ICAP) was launched as a workshop in con-
junction with the 12th International Workshop on Auto-
antibodies and Autoimmunity (IWAA) in 2014, Sdo Paulo,
Brazil [14]. Three subsequent ICAP workshops were held,
respectively, at the 12th Dresden Symposium on Autoanti-
bodies (DSA) in 2015, Dresden, Germany [15, 16]; at the 13th
IWAA in 2016, Kyoto, Japan; and at the 13th DSA, in 2017,
Dresden, Germany. Through these meetings and related
efforts, ICAP established a comprehensive classification
of the most relevant and prevalent HEp-2 IFA patterns and
harmonized their nomenclature (Figure 1). Each HEp-2 IFA
pattern was assigned an alpha-numeric code (AC-#, for
Anti-Cell). For example, the nuclear homogeneous pattern
is designated AC-1 pattern and the cytoplasmic mitochon-
drial-like pattern is designated AC-21. ICAP originally clas-
sified the HEp-2 IFA patterns into three main groups: the
nuclear group of 14 AC patterns, the cytoplasmic group of
nine AC patterns and the mitotic apparatus group of five
patterns. Each group is further subclassified into sub-
groups according to the texture of IFA staining or other
common features (Figure 1) [14]. The AC pattern algorithm,
representative images, detailed descriptions, historically
used terminology and autoantigen associations are avail-
able in nine languages at www.ANApatterns.org.
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Figure 1: New ICAP decision tree for HEp-2 IFA AC patterns.

The expert-level AC-29 pattern (red arrow) belongs to the speckled pattern group in the nuclear division of the classification tree.
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At the first ICAP workshop, it was acknowledged that
not all known HEp-2 IFA patterns could be included and
that subsequent editions of the ICAP initiative might add
new patterns to the consensus classification tree [14]. At
the fourth ICAP workshop, three novel AC patterns were
approved after extensive exchange of images and discussion
among the panel of experts. The AC-0 pattern was defined as
a negative HEp-2 IFA test, and the AC-XX pattern was coined
as an alternative to facilitate reporting unusual HEp-2 I[FA
patterns not covered by the current ICAP classification [17].
In this paper, we describe the features of the AC-29 pattern,
which was recently defined and achieved consensus at the
fourth ICAP as strongly associated with antibodies against
the enzyme DNA topoisomerase I (Topo I).

Autoantibodies from systemic sclerosis (SSc) sera that
recognized DNA Topo I were first reported as reactive to
a 70 kDa “Scl-70” antigen by Dr. Eng M. Tan’s laboratory
in 1979 [18]. Subsequently, the Scl-70 antigen was demon-
strated to be a fragment of the 100-kDa Topo I [19, 20], the
enzyme responsible for cleaving, relaxing and re-anneal-
ing one of the two strands of double-stranded DNA during
transcription and duplication of DNA [21]. Anti-Topo I anti-
body is a very specific biomarker for SSc, especially for the
diffuse cutaneous form with more severe disease [22].

In 2009, Dellavance et al. [23] reported on a composite
HEp-2 IFA pattern specifically associated with anti-Topo I
antibodies. The so-called anti-Scl-70 (hereafter called Topo
I-like) pattern was defined by the presence of five elements
(Figure 2): (1) prominent nuclear compact fine speck-
led pattern in interphase cells; (2) consistent strong fine
speckled staining of condensed chromatin in mitotic cells
(depending on the serum dilution used, the mitotic chro-
matin staining may appear homogeneous); (3) strong stain-
ing of nucleolar organizing region (NOR) associated on
condensed chromosomes in mitotic cells (this NOR stain-
ing may be obscured by the bright chromosomal staining
as NOR are not always in the same focal plane); (4) delicate
and weak cytoplasmic weblike staining radiating from the
perinuclear area to the vicinity of plasma membrane (in
general, the cytoplasmic staining becomes more promi-
nent during titering the sample to higher dilutions); and
(5) inconsistent staining of the nucleoli. One additional and
subtle feature of the Topo I-like pattern is the hazy interface
between the nuclear fine speckled staining and the cyto-
plasmic staining. In contrast to most nuclear patterns that
show a sharp nuclear border, the Topo I nuclear staining
has a rather blurry border in which the nuclear fine speck-
ling overreaches the neighbor cytoplasmic region (Figure 3).
The strong association of the HEp-2 IFA Topo I-like pattern
with anti-Topo I antibodies was demonstrated by showing
that 81 serum samples consecutively selected by presenting

Andrade et al.: ICAP defines HEp-2 IFA pattern specific for anti-Topo | antibodies = 1785

Figure 2: General characteristic features of the Topo I-like HEp-2 IFA
pattern (AC-29).

Indirect immunofluorescence on HEp-2 cells with human serum with
reactivity to DNA topoisomerase | diluted 1:100. Magnification x400.
Slides from Inova Diagnostics (upper panel) and MBL (lower panel).
Interphase nuclei are stained with fine speckled pattern. Metaphase
chromatin plate is stained with a compact fine specked pattern
(large arrows) as well as with three to eight tiny discrete dots
representing the nucleolar organizing regions (small arrows). Upper
panel: the cytoplasm depicts a faint weblike staining pattern span-
ning from the nuclear periphery to the plasma membrane region
(arrowheads). Lower panel: the staining of the nucleoli is variable
according to the HEp-2 cell preparation.

the Topo I-like pattern yielded a positive reactivity in spe-
cific assays to Topo I [23]. In addition, 16 samples consecu-
tively selected by providing a positive reactivity to Topo I
yielded the characteristic Topo I-like pattern [23]. The com-
plete Topo I-like pattern was also obtained with the interna-
tional anti-Topo I standard provided by the Autoantibody
Standardization Committee, affiliated with the Interna-
tional Union of Immunology Societies [24]. Finally, two
anti-Topo 1 affinity-purified antibody preparations repro-
duced the complete Topo I pattern [23].
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Figure 3: Peculiar aspect of the Topo I-like HEp-2 IFA pattern (AC-29): the fuzzy nuclear border.

Indirect immunofluorescence on HEp-2 cells (Inova Diagnostics) with human serum with reactivity to Topo | diluted 1:100. Magnification
x400. Nuclear borders are sharply defined in (A) nuclear homogeneous pattern (AC-1); (B) mixed nuclear pattern (AC-1+AC-4); and (C)
nuclear dense fine speckled pattern (AC-2). By contrast, the AC-29 composite pattern shows ill-defined nuclear borders (D).

The incorporation of the Topo I-like pattern into the
ICAP algorithm was initially proposed at the 2nd ICAP
edition at the 12th DSA in 2015, Dresden, Germany [15].
The consensus at the time was that more experience with
the Topo I-like pattern should be acquired, and in the
meantime, experts sought to analyze the reproducibil-
ity of this pattern using various HEp-2 slide brands and
particular laboratory conditions. Soon it became evident
that the main features of the Topo I-like pattern could be
observed independently by at least seven ICAP member
laboratories who used a variety of HEp-2 slides from dif-
ferent manufacturers (i.e. Bion, Biorad, Bioscientifica,
Inova, Euroimmun, Menarini, Immco [including DFS70
knock-out cells], MBL). The need to incorporate an AC
pattern specific for the Topo I-like pattern was evidenced
by the inadequacy of reports by clinical laboratories
across Europe in a recent assessment of the European
Consensus Finding Study Group on autoantibodies
(ECFSG) (Figure 4). In this ECFSG exercise, a well-defined
anti-Topo I serum was blindly analyzed by 43 participant

laboratories that were asked to classify the HEp-2 IFA reac-
tivity of the samples according to the existent ICAP clas-
sification algorithm. As shown in Figure 4, there was wide
variation among the several laboratories, ranging from
nuclear (AC-1, AC-2, AC-4), nucleolar (AC-8, AC-9, AC-10)
and cytoplasmic (AC-15, AC-17, AC-18, AC-19, AC-23) pat-
terns. Similar findings were obtained in a survey by the
Austrian Association for Quality Assurance and Standard-
ization of Medical Diagnostic Tests (OQUASTA) (Figure 4).
This wide variation clearly demonstrated the inadequacy
of the existing AC patterns for classification of the HEp-2
IFA pattern associated with anti-Topo I antibodies.

At the fourth ICAP meeting in 2017, there was a con-
sensus that the Topo I-like pattern be designated as AC-29.
The peculiar features that compose the Topo I-like pattern
were depicted in great detail and acknowledged by most
experts. The ICAP committee reviewed 24 candidate images
provided by four ICAP laboratories and achieved consen-
sus on those considered as representative of the proposed
AC-29 pattern. Seven images were approved by consensus
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Figure 4: Previous ICAP classification tree was inadequate for reporting on HEp-2 IFA pattern for anti-DNA topoisomerase | antibodies.

A blinded reference sample with anti-DNA topoisomerase | antibodies was distributed to 43 participant laboratories in the European Con-
sensus Finding Study Group on autoantibodies (ECFSG) and 25 participant laboratories in the Austrian Association for Quality Assurance
and Standardization of Medical Diagnostic Tests (OQUASTA). Laboratories should report according to ICAP classification (before establish-
ment of AC-29). Reports from ECFSG laboratories Il and OQUASTA laboratories BE show absence of consensus. AC-1, nuclear homogene-
ous; AC-2, nuclear dense fine speckled; AC-4, nuclear fine speckled; AC-8/9/10, nucleolar homogenous, clumply and speckled patterns,
respectively; AC-15, cytoplasmic fibrillary linear; AC-17, cytoplasmic fibrillary segmental; AC-18, cytoplasmic discrete dots; AC-19, cytoplas-
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mic dense fine speckled; AC-20, cytoplasmic fine speckled; AC-23, cytoplasmic rods and rings.

voting, and the top four are now available at www.ANApat-
terns.org. Due to the complexity of AC29 pattern, not all
images optimally depict all five of the AC-29 features. Thus,
the NOR dots at the metaphase chromatin mass may be in
different focal planes and not appear in focus in certain
images; the nucleolus is inconsistently stained and may
not be apparent on HEp-2 cells subjected to a variety of
fixatives and other manufacturing conditions; the delicate
weblike cytoplasmic staining may not be readily recog-
nized at lower dilutions (1/80; 1/160), only to become more
evident at higher dilutions (>1/320). In the ICAP classifica-
tion tree, the AC-29 pattern is arranged together with other
nuclear speckled patterns (Figure 1) due to the fact that the
nuclear staining is the most prominent of its five features.
It is classified as an “expert level” pattern due to its com-
plexity that requires training and expertise in the interpre-
tation of HEp-2 IFA patterns.

Although the five-element compound AC-29 pattern
has been observed in most commercial HEp-2 cell slides,
there may be some variations in the expression of each
element according to the slide brand. The detection of all
five elements may be a challenge especially when only
a single serum dilution is used (e.g. strong mitotic chro-
matin staining may obscure NOR) or in semi-automated
systems when images are often selected from a single
focal plane (e.g. NOR or cytoplasmic staining may not be
in same focal plane as interphase nuclei).

There are some practical recommendations on how to
routinely screen for the AC-29 pattern. If a compact fine
speckled pattern is observed in interphase nuclei and at
the mitotic chromatin mass, one should carefully look

for positive NOR staining by searching different focal
planes at the mitotic chromatin plates. Next, one should
look for the presence of the weblike cytoplasmic staining,
especially at higher dilutions of the sample. Lastly, the
nucleolar staining should be evaluated, although in some
HEp-2 slides the nucleolar staining is only visible near the
edge of the wells or not visible at all.

In conclusion, the establishment and incorporation of
the AC-29 pattern as a reliable representative of anti-Topo
I autoantibodies enriches and refines the ICAP classifica-
tion algorithm and contributes to the nomenclature har-
monization and dissemination of this important HEp-2 I[FA
pattern. The proper recognition of the AC-29 pattern should
trigger suspicion on the presence of anti-Topo I antibodies,
which should engender appropriate analyte-specific reflex
tests to confirm that autoantibody specificity.
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Abstract

Background: Dermatomyositis (DM) with rapidly progressive interstitial lung disease (DM RP-ILD) is a life-
threatening condition. Serum cytokine levels are potentially suitable biomarkers for DM RP-ILD. However, the
relationships among cytokine levels, lung imaging findings, and lung pathology have not been investigated. The
aim of the present retrospective study was to determine the association between hypercytokinemia and lung
inflammation in patients with DM RP-ILD.

Methods: The study subjects were nine patients with life-threatening DM RP-ILD and severe hypoxemia (partial
arterial oxygen pressure (PaO,)/fraction of inspired oxygen (FiO,) ratio <200) before receiving intensive care
management, who were admitted to our hospital between 2006 and 2015. The controls included 10 patients with
DM without RP-ILD and 19 healthy subjects. We assessed the association between serum cytokine levels and
computed tomography (CT) scores of the lung (ground glass opacity-score, G-score; fibrosis-score, F-score). Lung,
hilar lymph nodes, and spleen from two autopsies were examined by hematoxylin-eosin (H&E) staining and
immunostaining.

Results: Serum interferon (IFN)-y, interleukin (IL)-13 and IL-12 levels were significantly higher in patients with DM
RP-ILD than in the other two groups, whereas serum IL-6 levels were elevated in the two patient groups but not in
the healthy subjects. Serum levels of IL-2, IL-4, IL-8, IL-10, IFN-a, and TNF (tumor necrosis factor)-a were not
characteristically elevated in the DM RP-ILD group. Serum IFN-y levels correlated with G-scores in patients with DM
RP-ILD, while IL-1 was negatively correlation with F-scores. Immunohistochemical staining showed infiltration of
numerous IFN-y-positive histiocytes in the lung and hilar lymph nodes; but not in the spleen. Serum IL-6 levels did
not correlate with the CT scores. Numerous IL-6-positive plasma cells were found in hilar lymph nodes, but not in
the lungs or spleen.

Conclusions: Our results suggest strong IFN-y-related immune reaction in the lungs and hilar lymph nodes of
patients with life-threatening DM RP-ILD, and potential IFN-y involvement in the pathogenesis of DM, specifically in
the pulmonary lesions of RP-ILD.

Keywords: Rapidly progressive interstitial lung disease, Dermatomyositis, IFN-y
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Background

The rate of interstitial lung disease (ILD) in patients with
dermatomyositis (DM) is approximately 30% [1, 2]. While
most patients exhibit slow progression of ILD, some exhibit
rapidly progressive ILD (RP-ILD), in which the respiratory
status deteriorates rapidly within 2—3 months from the onset
of ILD [3-5]. In particular, a high incidence of RP-ILD has
been reported in patients with clinically amyopathic derm-
atomyositis (CADM) who are positive for anti-melanoma
differentiation-associated gene 5 (MDAS5) antibodies (Abs)
[6, 7]. RP-ILD in cADM is extremely difficult to treat and
associated with a high mortality rate. Kameda et al. [8]
reported the efficacy of intensive therapy with high-dose glu-
cocorticoids (GC), intravenous cyclophosphamide (IVCY),
and cyclosporine-A (CsA) in patients with DM complicated
with RP-ILD (DM RP-ILD). Nakashima et al. [9] also re-
ported marked improvement in prognosis of anti-MDA5
Abs-positive patients with DM using the same regimen, from
the early stages of RP-ILD, with 75% survival rate by inten-
sive immunosuppressive regimen versus only about 29% by
conventional step-up therapy. Despite these encouraging re-
ports, poor prognosis has been reported even in patients on
intensive therapy, such as those with anti-MDA5 Abs-posi-
tive cADM, with a mortality rate after 6 months of treatment
of as high as 25% [8]. In a retrospective analysis of 56 pa-
tients (including 49 patients with RP-ILD) treated in the in-
tensive care unit (ICU) for exacerbation of DM/polymyositis
(PM), Peng et al. [10] reported an overall survival rate of
14% (n = 8 out of 56), though the survival rate after 28 days
was 0% in patients with cADM. Thus, the prognosis of
anti-MDA5 Abs-positive cADM patients with RP-ILD is
poor, as is the prognosis of patients with DM who develop
RP-ILD during the course of treatment. Although it has been
reported that treatment with tacrolimus (TAC), a calcineurin
inhibitor, similar to CsA, and rituximab (RTX), is effective
for life-threatening DM RP-ILD refractory to the above
intensive therapy [11-13], this outcome remains to be
confirmed.

Almost all anti-MDA5 Abs-positive patients have
cADM with a high incidence of acute or subacute ILD [6,
14]. In a retrospective analysis of 13 patients with
anti-MDA5 Abs-positive cADM, Takada et al. [15] re-
ported that mortality was associated with high levels of
anti-MDAS5 Abs, suggesting that the levels of anti-MDAS5
Abs could be useful in predicting prognosis. Since a strong
association between DM RP-ILD and anti-MDA5 Abs has
been confirmed previously in several studies, research on
the pathophysiology of DM RP-ILD has been conducted
mainly in anti-MDA5 Abs-positive patients [16]. High
serum levels of ferritin and several types of inflammatory
cytokines have been described in patients with DM
RP-ILD [17-21], suggesting their involvement in the
pathogenesis of RP-ILD. The pathophysiology of DM
RP-ILD could be similar to that of macrophage activation
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syndrome (MAS), in which a variety of cytokines (e.g.,
interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)-«)
are involved [22]. However, despite studies suggesting that
serum cytokines levels could be useful biomarkers for
monitoring disease activity and to predict the prognosis of
DM RP-ILD, the associations among serum cytokine
levels, pulmonary image findings (e.g., computed tomog-
raphy (CT) score) and lung pathology, have not been in-
vestigated thoroughly. The present study was designed to
determine the relationships among serum cytokine levels,
CT scores of the lung, and the histopathologic assessment
of lung tissue.

Methods

Study design and patients

This study included nine Japanese patients with DM, aged
> 20 years, who had life-threatening RP-ILD and were ad-
mitted to our department between 2006 and 2015 and
treated at the in-patient intensive care management unit.
The term RP-ILD is not well-established and is used
mainly by rheumatologists but not by pneumologists.
Since we understand that the lack of standardization of
the term RP-ILD can cause clinical bias and confusion, we
defined RP-ILD with reference to the definition of acute
respiratory distress syndrome (ARDS) in this study [23,
24]. Life-threatening RP-ILD was defined based on previ-
ous reports [7, 23, 24] as “a critical condition character-
ized by severe hypoxemia (PaO,/FiO, ratio <200) that
progressed within 3 months before initiation of treatment
or intensification”. The control groups included 10 pa-
tients with DM with ILD (that did not meet the definition
of RP-ILD) who underwent high-dose GC therapy
(equivalent to prednisolone (PSL) of >1 mg/kg/day) and
19 healthy individuals. Age-matched patients with DM
without RP-ILD were randomly selected from the cohort
of patients with DM/PM who were admitted to our de-
partment (n = 38) between 2014 and 2015. Thus, the total
number of subjects in this study was 38. With regard to
evaluation of serum cytokines, the major cytokines (IL-1,
IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, interferon (IFN)-y,
IFN-«, TNF-a) involved in DM RP-ILD and MAS were se-
lected based on the literature [17-22]. Cytokine levels
were measured in all disease groups before the initiation
or intensification of the treatment.

For patients with DM RP-ILD, the CT scores of the lung
(ground glass opacity (GGO) score (G-score), fibrosis
score (F-score)) and their association with serum cytokine
levels were analyzed. This study was approved by the insti-
tutional review board of our university (#H28-033).

Diagnostic criteria
The diagnosis of DM was based on the Bohan and
Peter criteria for PM/DM while that of cADM was
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based on the diagnostic criteria of Euwer and Sonthei-
mer [25-28].

Exclusion criteria

Patients with pulmonary lesions due to bacterial
pneumonia, fungal pneumonia, or pneumocystis pneu-
monia (PCP) and those with sepsis were excluded.
Bacterial pneumonia was diagnosed based on positive
sputum culture and detection of bacteria phagocy-
tosed by leukocytes. Fungal pneumonia was diagnosed
based on positive sputum or bronchoalveolar lavage
fluid (BALF) culture for fungi, high serum B-D-glucan
levels, positivity for antigens of Candida, Aspergillus
or Cryptococcus, and chest CT findings consistent
with fungal pneumonia. PCP was diagnosed based on
positive polymerase chain reaction (PCR) of the spu-
tum or BALF for Pneumocystis jirovecii, and chest CT
findings consistent with PCP. Sepsis was diagnosed
based on The Third International Consensus Defini-
tions for Sepsis and Septic Shock [29].

RP-ILD assessment by CT scores

Lung CT was evaluated semi-quantitatively using two-types
of CT score; the G-score, which reflects changes in the acute
and active phases, and the F-score, which reflects changes
mainly in the chronic phase. Images were scored by two
rheumatologists with at least 15 years of clinical experience,
who were blinded to the demographic and clinical informa-
tion. The left and right lung fields were divided into three re-
gions and total of six lung zones were scored separately:
upper (aortic arch zone), middle (tracheal bifurcation zone),
and lower (supradiaphragmatic zone). The G-score and
F-score of each zone were scored on a scale of 0—3 (max-
imum score = 3 points). The final CT score used for the ana-
lysis was the mean score of the six zones assessed by the two
rheumatologists. The criteria used for the G-score were as
follows: 1 point for predominantly subpleural partial GGO
(Fig. 1A-a), 2 points for more pronounced GGO relative to
that of G-score 1 point (Fig. 1A-b), and 3 points for
diffuse GGO extending over a wide area (Fig. 1A-c).
On the other hand, the criteria used for the F-score
were as follows: 1 point for thickening and fibrosis of
parts of the interlobular septa, mainly in the sub-
pleural area (Fig. 1B-a), 2 points for more pro-
nounced fibrosis and bronchiectasis compared with
that for 1 point (Fig. 1B-b), and 3 points for diffuse
and widespread fibrosis, honeycomb lung, and bron-
chiectasis (Fig. 1B-c) [30-32].

Endpoints and clinical assessment

The primary endpoint was elucidation of the significance
of the elevated cytokines in DM RP-ILD. The secondary
endpoint was the correlation between serum cytokines
and CT scores in DM RP-ILD.
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Measurements of serum cytokine levels

We measured the serum concentrations of various cyto-
kines (IL-1pB, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IFN-a,
IEN-y, TNF-a) at the time of admission. Serum samples
were isolated and stored at — 80 °C until analysis. The
concentrations of these cytokines were measured by cy-
tometric bead array (Becton Dickinson, Franklin Lakes,
NJ, USA) using a FACSVerse flow cytometer (Becton
Dickinson). Data were analyzed using the FCAP Array
software (Becton Dickinson).

Immunohistochemical analysis

Immunohistochemical analysis was performed as de-
scribed previously [33]. Antigen retrieval was performed
by soaking the specimen on slides in 5 M sodium citrate
solution in phosphate-buffered saline containing 0.05%
(v/v) Tween 20 (PBST) (pH 6.0). The slides were subse-
quently blocked with serum-free protein block (Dako,
2016-08) for 30 min at room temperature and incubated
at 4 °C overnight optimally with rabbit polyclonal anti-
bodies to IFN-y (ab25101, Abcam Inc., Boston, MA,
USA) or IL-6 (21865—1-AP, Proteintech Inc., Rosemont,
IL, USA) diluted 1:200 in DAKO antibody diluent. After
washing three times with PBST, the slides were incu-
bated with anti-rabbit IgG secondary antibody conju-
gated with horseradish peroxidase-labeled polymer
(DakoCytomation, Glostrup, Denmark) and subse-
quently visualized by treatment with 3,3" diaminobenzi-
dine (DAB) Chromogen (DakoCytomation, #K3465)
according to the instructions provided by the manufac-
turer. Nuclei were visualized using Mayer’s hematoxylin
(MERCK, 1:1000 dilution in PBST). For mounting, the
sections were rinsed with water, dehydrated in graded
ethanol (90% ethanol for 30 s x 3 and 100% ethanol for
30 sx3), cleared in xylene (for 30 sx2), and sealed
using multi-mount 480 (Matsunami, FM48001). Images
were acquired and processed digitally.

Measurement of myositis-specific autoantibodies (MSAs)
We tested all serum samples by immunoprecipitation and
enzyme-linked immunosorbent assay (ELISA) using re-
combinant proteins for anti-MDAJ5, anti-Jo-1, centromere
protein A (CENP-A), CENP-B, Ro-52, and Ro-60 Abs. In
addition, in patients positive for anti-aminoacyl-transfer
ribonucleic acid synthetase (anti-ARS) Abs, the levels of
anti-glycyl-tRNA synthetase (anti-EJ), anti-threonyl-tRNA
synthetase (PL-7), anti-PL12, and anti-KS Abs were ana-
lyzed by ELISA.

Immunoprecipitation

Myositis-specific autoantibodies in serum were analyzed
by immunoprecipitation of K562 cell extracts radiola-
beled with 3°S-methionine as described previously [34];
the specificities of the autoantibodies were determined
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A G-score

a. Mild (Score 1)

B F-score

a. Mild (Score 1)

b. Moderate (Score 2)

b. Moderate (Score 2)

Fig. 1 Assessment of rapidly progressive interstitial lung disease (RP-ILD) by computed tomography (CT) scores. A Assessment of RP-ILD by CT
ground glass opacity (GGO) scores (G-scores): (a) thin-section CT scan shows small areas with GGO compared with normal parenchyma at the
right lower lobe (mild GGO = 1); (b) CT scan shows extensive GGO that could be easily identified when compared with the normal parenchyma
at the right lower lobe (moderate GGO = 2); (c) thin-section CT scan shows areas with diffuse GGO at the right lower lobe (severe GGO=3). B
Assessment of RP-ILD by CT fibrosis scores (F-scores): (a) thin-section CT scan shows areas with thickened interlobular septum or predominant
peripheral fibrosis (mild fibrosis = 1). (b) CT scan shows extensive fibrosis that could be easily identified when compared with normal parenchyma
at the right lower lobe (moderate fibrosis = 2), moderate fibrosis and bronchiolectasis. (c) thin-section CT scan shows areas with diffuse fibrosis at
the right lower lobe (severe fibrosis = 3). Note honeycombing, bronchiectasis, peribronchovascular thickening, and subpleural cysts

¢. Severe (Score 3)

using specific reference serum. Analysis of RNA compo-
nents of the immunoprecipitates was also performed
when necessary.

Anti-MDAS5 and Jo-1 ELISA

Anti-MDAS5 and Jo-1 Abs were tested by enzyme-linked
immunosorbent assay, using recombinant proteins
(0.5 pg/ml; Diarect AG, Freiburg, Germany) and 1:250 di-
luted serum, as described previously [34, 35]. The optical
density was measured and converted into units using a
standard curve created by a prototype-positive serum. The
specificity of ELISA-positive serum was confirmed by
immunoprecipitation.

Statistical analysis
Continuous variables were reported as mean plus or
minus standard deviation or median (interquartile

range). Differences between two groups were compared
using the Mann-Whitney U test. Differences among
multiple groups were compared using the Kruskal-Wal-
lis test, followed by post-hoc Dunn’s multiple compari-
son test. Multiple group tests using the median test were
also performed to determine the median values; the Wil-
coxon test was used as the post-hoc test. The correlation
between serum cytokine levels and CT scores was calcu-
lated using Spearman’s correlation coefficient. Statistical
significance was set at p < 0.05. Statistical analyses were
performed using the JMP version 9.0 (SAS Institute Inc.,
Cary, NC, USA).

Results

Demographic data of patients

The demographic data of patients in the DM RP-ILD
groups are summarized in Table 1. The disease duration
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Table 1 Clinical characteristics of patients
DM with RP-ILD DM without RP-ILD  p value

n 9 10

Age, years 69.3+39 639+ 14.2 0.68
Female (n, %) 8, 889 6, 60.0 031
Disease duration 18.1+£398 76+87 040
(months)

Smokers (current 11.1 30.0 031
and past) (%)

Number of GC 22+1.1 N/A

pulses

Pa0,/FiO; ratio 160 + 90 N/A

Leukocyte 9438 £ 5751 7620 £+ 5458 035
count (/uL)

LDH (U/L) 549 + 357 376+ 168 0.27
KL-6 (U/mL) 1087 + 584 1419+ 1756 0.46
I9G (mg/dL) 1225+ 398 1452 + 454 0.27
Positivity for anti- 66.7 500 0.76
CADM140/MDA5 Ab (%)

CT score (G) 21+07 N/A

CT score (F) 12+06 N/A

Data are mean + SD or number of patients (percentage)

DM dermatomyositis, RP-ILD rapidly progressive-interstitial lung disease,

GC glucocorticoid, PaO,/FiO, partial arterial pressure of oxygen/fraction of
inspired oxygen, KL-6 Kerbs von Lungren 6 antigen, CT computed tomograpghy,
G ground glass opacity, F fibrosis

of DM with and without RP-ILD was 18.1 + 39.8 and 7.6
+ 8.7 months, respectively (Table 1). Among the 19
patients, 11 were considered to have new-onset un-
treated anti-MDA5 Abs-positive DM. All six anti-MDA5
antibody-positive patients with DM with RP-ILD had
hypoxemia (partial arterial pressure of oxygen (PaO,)/
fraction of inspired oxygen (FiO,) ratio < 200) before start-
ing intensive therapy and their disease duration was 1.2 £
04 months. On the other hand, none of the five
anti-MDAS5 antibody-positive patients with DM who were
free of RP-ILD were hypoxemic before the start of treat-
ment, and their disease duration was 5.5 + 4.3 months.

The DM RP-ILD group included two patients positive
for anti-PL-7 Ab (Additional file 1: Table S1), who devel-
oped RP-ILD during the course of remission maintenance
therapy and thus, had long disease duration (35 and
120 months). One patient was treated with 7.5 mg/day
PSL and the other with 3 mg/day TAC. The disease dur-
ation was long in the DM with RP-ILD group because this
group not only included anti-MDA5 Abs-positive patients
but also two anti-PL-7 antibody-positive patients.

High serum IFN-y, IL-1B, and IL-12 levels in patients

with DM RP-ILD

Figure 2 and Additional file 2: Table S2 compare serum
cytokine levels among the DM RP-ILD, DM without
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RP-ILD, and HD groups, while Additional file 1: Table S1
shows antibody profiles and serum cytokine profiles in the
same three groups. Serum levels of IFN-y, IL-1f, and
IL-12 were significantly higher in the DM RP-ILD group
compared with the other two groups (IFN-y, p <0.01 vs
DM without RP-ILD, and p < 0.01 vs healthy donors (HD);
IL-1B, p=0.03 vs DM without RP-ILD, and p <0.01 vs
HD; IL-12, p <0.01 vs DM without RP-ILD and p < 0.01
vs HD). Furthermore, serum levels of IL-6, IL-10, and
IFN-a were significantly higher in the DM RP-ILD group
compared with the healthy donors, but were not signifi-
cantly different from those in the DM without RP-ILD
group. Interestingly, the serum levels of IL-2, IL-4, IL-8,
and TNF-a levels were within the normal ranges in the
DM RP-ILD group (Fig. 2). These results suggest that high
serum levels of IFN-y, IL-1f, and IL-12 are characteristic
of DM RP-ILD. Unlike previous studies [17, 20, 21], our
results showed no characteristic rises in IL-6, IL-8, IL-10,
IFN-a, and TNF-a in DM RP-ILD.

Serum IFN-y levels correlate significantly with G-score in
patients with DM RP-ILD

In addition to the high serum levels of IFN-y (Fig. 2), in the
DM RP-ILD group there was positive correlation between
serum IFN-y levels and the G-scores (p=0.69, p=0.04,
Table 2). Although serum IL-1p also correlated sig-
nificantly with the F-scores, the correlation was nega-
tive (p=-0.68, p=0.045, Table 2). None of the other
cytokines were significantly correlated with the CT
scores. These results demonstrate characteristically
high serum IFN-y in patients with DM RP-ILD, and
significant correlation between IFN-y and the
G-score, which is a marker of the acute phase and
disease activity in ILD. Moreover, the results suggest
that IFN-y plays a major role in the pathophysiology
of DM RP-ILD.

Accumulation of IFN-y-positive histiocytes in lungs and
hilar lymph nodes, and IL-6-positive plasma cells in hilar
lymph nodes in patients with DM RP-ILD
Serum IFN-y was characteristically high and correlated
with the G-scores in the DM RP-ILD group, whereas
serum IL-6 was not elevated characteristically and did
not correlate with the CT scores (Fig. 2 and Table 2), al-
though IL-6 is reported to be important in DM RP-ILD
[17, 19, 36, 37]. In the next step, we examined the roles
of IFN-y and IL-6 in the pulmonary pathophysiology of
DM RP-ILD by immunostaining and hematoxylin-eosin
(H&E) staining of lung tissues, hilar lymph nodes, and
spleen tissues from two patients from whom specimens
were obtained on autopsy (Fig. 3).

The first patient (Case 1) was a 70-year-old man with
anti-MDAS5 antibody-positive cADM. The patient was
treated with four courses of GC pulse therapy, TAC,
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Fig. 2 Serum levels of IL-1B3, IL-2, IL-4 IL-6, IL-8, IL-10, IL-12, interferon (IFN)-q, IFN-y and TNF-a in patients with dermatomyositis (DM), patients
with DM complicated with rapidly progressive interstitial lung disease (DM RP-ILD) and healthy donors (HD). Symbols represent data of individual
subjects. Statistical analysis is by Kruskal-Wallis followed by Dunn’s multiple comparison test

CsA, IVCY, and RTX (Fig. 3a). H&E staining showed dif-
fuse hyaline membrane formation in the alveolar spaces.
Fibroblast proliferation and incorporation of this hyaline
membrane were observed in some parts, suggesting dif-
fuse alveolar damage (DAD) extending from the exuda-
tive phase to the organizing phase (Fig. 3a (1)). Further
analysis showed extravasation of erythrocytes and infil-
tration and aggregation of histiocytes in the alveolar
spaces (Fig. 3a (2)). In these same tissues, IFN-y-stained
histiocytes had abundant cytoplasm and eccentrically
distributed large nuclei (Fig. 3a (3, 4), red arrows).
Marked infiltration of histiocytes was also noted into the
lymph sinus of the hilar lymph nodes, with disappear-
ance of nearly all lymphoid follicles (Fig. 3a (5, 6)). In
addition to the lung tissue, IFN-y-stained histiocytes
were also found in the hilar lymph nodes (Fig. 3a (7, 8),
histiocytes marked by red arrows). However, H&E stain-
ing of the spleen showed no marked histopathological
changes other than splenic white pulp atrophy (Fig. 3a
(9, 10)), with no infiltration of IFN-y-positive histiocytes
(Fig. 3a (11, 12)). The results of IL-6 staining are shown
in Fig. 3a (13, 14, 15, 16, 17, 18). In the lung and spleen
tissues, a few IL-6-positive histiocytes were observed,
but cytoplasmic immunostaining was relatively weak

(Fig. 3a (13, 14, 17, 18), histiocytes marked by the red
arrow). Numerous IL-6-positive plasma cells were ob-
served in hilar lymph nodes (Fig. 3a (15, 16), plasma
cells marked by blue arrows). A small number of
IL-6-positive histiocytes and plasma cells were also
found in the spleen (Fig. 3a (17, 18), histiocytes and
plasma cells are marked by the red and blue arrows).

The other autopsy specimen was from a 65-year-old
woman with anti-PL-7 antibody-positive DM treated with
one course of GC pulse therapy and IVCY (Fig. 3b). At
the onset of RP-ILD, she was treated with 7.5 mg/day PSL,
followed by a course of GC pulse therapy, TAC, and
IVCY. The histopathological findings were similar to those
of the first patient, despite different treatment histories
and types of MSA. These results suggest that the patho-
physiology of DM RP-ILD seems to be characterized by
local appearance of IEN-y-positive histiocytes in the lung
tissues and related lymphoid tissues and the appearance of
IL-6-positive plasma cells in hilar lymph nodes, regardless
of the treatment history and type of MSA.

Discussion
The present study demonstrated the presence of character-
istically high serum IFN-y in patients with life-threatening
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Table 2 Association between CT scores and cytokines in
patients with DM RP-ILD

o p value
CT scores (F)
IFN-y 0.10 0.80
IL-13 —-068 0.05
IL-6 0.35 0.36
IL-12 -0.14 0.71
TNF-a -043 0.25
IL-2 -0.17 0.67
IL-4 -0.07 0.85
IL-8 —-0.56 0.12
IL-10 -0.49 0.18
IFN-a -0.15 0.70
CT scores (GQ)
IFN-y 0.69 0.04
IL-18 0.14 0.72
IL-6 024 053
IL-12 0.10 0.80
TNF-a -0.21 0.59
IL-2 —045 0.22
IL-4 0.07 0.86
IL-8 -0.12 0.76
IL-10 -053 0.14
IFN-a -035 0.35

DM dermatomyositis, RP-ILD rapidly progressive-interstitial lung disease,
CT computed tomography, G ground glass opacity, F fibrosis, IFN interferon,
IL interleukin, TNF tumor necrosis factor

DM RP-ILD and that such levels correlated significantly
with CT scores and histopathologic findings of pulmonary
lesions. While high serum IL-6 reported in previous studies
was also observed in patients with DM without RP-ILD,
this finding might not be a characteristic of DM RP-ILD.
Our results also showed significant correlation between
serum IFN-y levels and CT scores/G-scores, and infiltra-
tion of IFN-y-positive histiocytes into the lung and hilar
lymph node tissues, but not in the spleen, in patients with
high disease activity. Numerous IL-6-positive plasma cells
were also observed in the hilar lymph nodes but not in the
lung. In the DM RP-ILD group, serum IFN-y was elevated
even in anti-MDAS5 antibody-negative cases, whereas in
the DM without RP-ILD group, serum IFN-y was not ele-
vated even in the majority of anti-MDAS5 antibody-positive
cases (Additional file 1: Table S1 and Additional file 2: Table
S2). These results suggest that high serum IFN-y is associ-
ated with the onset of RP-ILD, regardless of the presence of
anti-MDAS5 antibodies in patients with DM. Gono et al.
[19] reported that anti-MDA5 antibody-positive ILD
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patients with high disease activity and poor prognosis tend
to have a low IL-4/IFN-y ratio, relative to patients with
anti-ARS antibody-positive DM complicated with ILD.
Considered together, these findings highlight the potential
role of IFN-y in the pathophysiology of anti-MDAS5
antibody-positive DM.

No common pathophysiological processes between
MAS and DM RP-ILD have previously been described.
MAS is a secondary hemophagocytic syndrome (HPS) or
hemophagocytic lymphohistiocytosis (i.e., autoimmune-
associated HPS), in which various vital organs are dam-
aged due to abnormal production of pro-inflammatory
cytokines, such as IFN-y [38]. It has been reported that
hyperferritinemia, which reflects macrophage activation,
is observed in 82% of patients with MAS [39, 40].
Moreover, cytopenia and liver dysfunction were often
observed in patients with MAS [39, 41]. On the other
hand, serum ferritin levels correlated with disease activ-
ity in patients with anti-MDAS5 antibody-positive DM
complicated with RP-ILD [6], who often have liver dys-
function and cytopenia [6, 42, 43]. We identified high
serum IFN-y and the presence of IFN-y-positive histio-
cytes in the lung in patients with DM RP-ILD. These re-
sults suggest that in addition to its importance in MAS,
IFN-y seems to have a pathological influence in DM
RP-ILD by activating macrophages and accelerating in-
flammation. This is the first study to report the charac-
teristic presence of high serum IFN-y in DM RP-ILD
and that these levels correlate with the severity of pul-
monary lesions assessed by CT scores/G-scores and
histopathological examination.

In DM, serum IL-6 levels correlate with disease activ-
ity [44], and the use of tocilizumab (TCZ) is effective in
patients with refractory DM [45]. However, there is no
information on whether TCZ is effective against DM
complicated with ILD or DM RP-ILD. Our study showed
that (1) serum IL-6 was not specifically high only in DM
RP-ILD but also in patients with DM without RP-ILD;
(2) unlike IFN-y, high serum IL-6 did not correlate with
CT scores; and (3) numerous IL-6-positive plasma cells
were found in hilar lymph nodes but not in the lungs.
These results suggest that while IL-6 is important in the
pathogenesis of DM RP-ILD, it is unlikely to be involved
in local lung injury. Although serum IL-1p levels also
correlated significantly with F-scores, the correlation
was negative. Correlation between serum IL-1( levels
and disease activity and pulmonary lesions was exam-
ined in previous studies, but no significant correlation
was detected [17]. Our results also showed no significant
correlation among other cytokines and CT scores in DM
RP-ILD.

We expected to find systemic autoimmune inflam-
mation, particularly in secondary lymphoid tissues,
such as the spleen, in patients with DM RP-ILD.
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histiocytes, blue arrows show plasma cells

Fig. 3 Histopathological findings from two autopsies. a Case 1: (1, 2) lung; hematoxylin-eosin (H&E) staining; (3, 4) lung, immunostaining for
interferon (IFN)-y; (5, 6) hilar lymph nodes, H&E staining; (7, 8) hilar lymph nodes, immunostaining for IFN-y; (9, 10) spleen, H&E staining; (11, 12)
spleen immunostaining for IFN-y; (13, 14) lung, immunostaining for interleukin (IL)-6; (15, 16) hilar lymph nodes, immunostaining for IL-6; (17, 18)
spleen, immunostaining for IL-6. b Case 2: (1, 2) lung, H&E staining; (3, 4) lung, immunostaining for IFN-y; (5, 6) hilar lymph nodes, H&E staining;
(7, 8) hilar lymph nodes, immunostaining for IFN-y; (9, 10) spleen, H&E staining; (11, 12) spleen, immunostaining for IFN-y; (13, 14) lung,
immunostaining for IL-6; (15, 16) hilar lymph nodes, immunostaining for IL-6; (17, 18) spleen, immunostaining for IL-6. Red arrows show

0
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However, contrary to our expectation, the presence of
IEN-y-positive histiocytes was limited to local regions of
the lungs and pulmonary hilar lymph nodes showing dif-
fuse DAD. Neither infiltration of IFN-y-positive histio-
cytes nor histopathological changes suggestive of
inflammation were observed in the spleen. Inflammation
limited to localized regions of the lungs may be a signifi-
cant finding that could influence the selection of the drug
administration route in the future.

The present study has certain limitations. First, the
number of enrolled patients was relatively small be-
cause RP-ILD is an uncommon disease. Thus, our
findings need to be confirmed in larger cohort stud-
ies. Second, it is possible that immunosuppressive

therapy itself altered serum cytokine levels in the
present study.

Conclusions

IFN-y was characteristically high in patients with DM
RP-ILD after the onset of life-threatening RP-ILD. Fur-
thermore, serum IFN-y levels correlated with GGO, as
evaluated by CT. Our results also suggested that inflam-
mation might occur in localized regions of the lungs.
Considered together, the results suggest the high poten-
tial of IFN-y involvement in the pathophysiology of DM,
specifically in the formation of pulmonary lesions seen
in RP-ILD. Further prospective studies in large numbers
of patients are needed.
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