IL. AFFZERRR DFIATH - BRI
Z D3



Psychoneuroendocrinology 101 (2019) 240-245

Contents lists available at ScienceDirect

Psychoneuroendocrinology

journal homepage: www.elsevier.com/locate/psyneuen

Hair and fingernail cortisol and the onset of acute coronary syndrome in the = f)
middle-aged and elderly men gt

updates

Shuhei Izawa™", Keiichi Miki®, Masao Tsuchiya®, Haruyo Yamada®, Masatoshi Nagayama”

@ Occupational Stress Research Group, National Institute of Occupational Safety and Health, Kanagawa, Japan
b Sakakibara Heart Institute, Tokyo, Japan

ARTICLE INFO ABSTRACT

Cortisol levels in hair and fingernail samples could represent hormone levels that have accumulated over the past
weeks and months. In this study, by using retrospective indexes, the associations between cortisol and the onset
Hair of acute coronary syndrome (ACS) were investigated among middle-aged and elderly men. We measured hair/
Fingernail fingernail cortisol levels in 73 ACS patients and 93 healthy controls; hair and fingernail samples for ACS patients
:sc;ctliocs(:c?:f Zrz:drome were collected within a few weeks after the onset of ACS. The results indicated the patients exhibited sig-

nificantly higher cortisol levels in their hair and fingernails compared with the healthy controls. In multivariate
logistic regression analyses, adjusting for the traditional cardiovascular risk factors for ACS, high levels of hair or
fingernail cortisol were associated with two- to three-fold increased risk of ACS, compared with low levels. We
demonstrated that cortisol exposure over a relatively long period, assessed by hair and fingernail samples, was
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associated with the onset of ACS.

1. Introduction

Acute psychosocial stress triggers an activation of the hypothalamic-
pituitary-adrenal axis, which causes the adrenal cortex to secrete cor-
tisol. Traditionally, cortisol has been measured in blood and saliva
samples, which revealed hormone levels for a short time period.
Recently, cortisol has been reportedly measured in hair samples
(Russell et al., 2012). Scalp hair grows at an average rate of 1.0 cm/
month; 1.0 cm of scalp hair may be used to determine the level of the
hormone secreted during a period of 1 month. Previous studies reported
that psychosocial stress was associated with hair cortisol. Elevated hair
cortisol levels were observed in long-term unemployed individuals
(Dettenborn et al., 2010), dementia caregivers (Stalder et al., 2014),
and people who had been recently exposed to major life events
(Staufenbiel et al., 2014). Furthermore, hair cortisol was also associated
with health outcomes such as depression (Dettenborn et al., 2012),
posttraumatic stress disorder (Steudte-Schmiedgen, et al., 2015), and
cognitive decline after stroke (Ben Assayag et al., 2017).

Furthermore, more recent focus has been given to cortisol measured
in fingernail samples. Fingernails grow at an average rate of 1.0 mm/10
days (Gupta et al., 2005); therefore, 1.0 mm of fingernail may retro-
spectively reflect hormone levels over 10 days. Several months are re-
quired for nails to fully extend from the nail matrix (de Berker et al.,

2007; Gupta et al., 2005). Therefore, fingernail samples may reflect
cortisol levels several months prior to clipping. Previously, cortisol le-
vels in fingernail samples were associated with those in saliva samples
collected 4 or 5 months before (Izawa et al., 2015). Another study re-
ported that psychosocial stress in the past, but not the present, was
associated with elevated cortisol levels in fingernails (Izawa et al.,
2017). These findings supported the notions that fingernails retro-
spectively represent past hormone levels. However, evidence con-
cerning fingernail cortisol and health outcomes has been lacking. Only
one study reported elevated fingernail cortisol levels in subjects ex-
periencing a major depressive episode (Herane-Vives et al., 2018).
Fingernail samples can easily be collected by the participant, and only
small amounts are required. Therefore, further evidence is needed re-
garding fingernail cortisol.

In this study, we focused on coronary heart disease (CHD), one of
the well-known stress-related diseases. Chronic psychosocial factors
such as socioeconomic status (e.g., lower income and educational
level), as well as episodic psychosocial distress, accelerate the devel-
opment of arteriosclerosis in the coronary artery and contribute to the
onset of acute coronary syndrome (Kop, 1997). One cross-sectional
study using blood samples (Reynolds et al., 2010) and one prospective
study using saliva samples (Schoorlemmer et al., 2009) supported the
associations between cortisol and coronary heart disease; however,
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other prospective studies using blood samples did not (Phillips et al.,
2010; Rod et al., 2010; Smith et al., 2005). Cortisol levels in blood and
saliva represent hormone levels for a short time period with large
diurnal rhythms, which might produce inconsistent results. Hair and
fingernail cortisol represent hormone levels accumulated over the past
weeks and months, which could show some advantages for in-
vestigating this association. Previously, only a few studies have in-
vestigated the association between hair cortisol and CHD (Abell et al.,
2016; Manenschijn et al., 2013; Pereg et al., 2011), and two of them
(Abell et al., 2016; Manenschijn et al., 2013) only investigated the
cross-sectional associations of hair cortisol and a self-reported history of
CHD. To our knowledge, no studies have investigated the association
between fingernail cortisol and CHD.

The purpose of this study was to investigate the associations be-
tween the onset of acute coronary syndrome (ACS) and cortisol levels in
hair and fingernail samples. We measured hair/fingernail cortisol levels
in ACS patients and healthy controls. Hair and fingernail samples for
ACS patients were collected within a few weeks after the onset of ACS
to retrospectively assess cortisol levels before the onset. We expected
higher cortisol levels in hair and fingernails to be found in ACS patients,
because psychosocial stress could contribute to the onset of ACS (Kop,
1997). We further investigated the associations between hair/fingernail
cortisol and ACS, adjusting for ACS risk factors (e.g., dyslipidemia,
hypertension) and psychosocial factors (e.g., stressful life events), since
these risk factors may have confounded the associations. Furthermore,
only one study previously reported the association between hair and
fingernail cortisol (Izawa et al., 2015); therefore, this study investigated
this association.

2. Methods
2.1. Participants

A case-control study was designed to investigate the relationships
between hair/fingernail cortisol and ACS. The patient group comprised
73 men with ACS (acute myocardial infarction and unstable angina
pectoris) who were admitted to a hospital located in Fuchu-city in
Tokyo from September 2012 to October 2015. A medical doctor and
psychologists approached the patients and asked them to participate in
this study a few weeks after the onset of ACS (mean (SD) = 20.6 (8.9)
days). The definite diagnosis of ACS was based on the patients’ clinical
histories as taken by a cardiologist, standard ECG readings, and plasma
enzyme elevations.

The control group consisted of healthy 93 men living in Tokyo and
its surrounding area (Kanagawa, Saitama, and Chiba). They were re-
cruited via an internet-based survey during from October to November
2013. A portion of the data was identical to that used in a previous
study (Izawa et al., 2015).

The inclusion criteria of patients and controls were as follows: (1)
men; (2) no recurrent ACS (patients), or no previous history of cardi-
ovascular diseases (controls); (3) aged 35-79 years; (4) no adrenal
dysfunction (e.g., Cushing syndrome); and (5) not having taken steroid
medications in the previous six months.

We were unable to measure cortisol levels in 9 hair samples and 2
fingernail samples due to technical reasons (e.g., insufficient sample
volume, technical errors, measured absorbance being over the standard
range of the kit). Further, some hair cortisol values (1 control and 1
patient) and fingernail cortisol values (2 controls) were over 3 SD above
the mean, and we excluded these data from the analyses. Therefore,
155 hair cortisol samples (92 controls and 63 patients) and 162 fin-
gernail cortisol samples (90 controls and 72 patients) were ultimately
analyzed.

Written informed consent was obtained from each participant, and
the study was approved by the institutional review board of the
Sakakibara Heart Institute and the National Institute of Occupational
Safety and Health, Japan.
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2.2. Questionnaires

Participants were asked about their marriage status, job status,
smoking status, educational background (e.g., high school, university),
frequency of hair washing and manicures, and use of hair dye.

Additionally, to determine whether the participants had recently
experienced a stressful life event, they were asked to complete the
Japanese version of the Social Readjustment Rating Scale (Nomura,
1994), which included 28 stressful life events (e.g., death of spouse,
unemployment). Participants were asked whether they had experienced
any of 28 life events during the previous year using a yes/no format. If
they had, they were asked when the event had occurred. In this study,
we counted the total number of stressful life events in the previous six
months, because the hair/fingernail samples could reflect hormone le-
vels at any point within the previous weeks or months, up to six.

2.3. Biological risk factors

Data concerning low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, hemoglobin Alc, height, weight,
and use of medications for dyslipidemia, hypertension, and diabetes
mellitus were also obtained from both groups.

2.4. Procedure

Hair strands were collected by carefully cutting with fine scissors as
close as possible to the scalp from a posterior vertex region. Samples of
up to 6 cm long were obtained to determine the cortisol levels over the
previous 6 months. However, for patients who had longer periods of
time between the ACS onset and hair collection, hair strands between 0
and 1cm from the scalp were not obtained, because these portions
could reflect cortisol levels after hospitalization.

For the collection of fingernail samples, participants were asked to
grow their fingernails for 2 weeks and provide samples from every digit
by clipping the nail directly into a reclosable poly bag to avoid losing
any part of the sample.

2.5. Hair and fingernail hormone extraction and enzyme immunoassay

Our hair and fingernail hormone extraction method was identical to
that used in a previous study (Izawa et al., 2015). Hair samples were
washed 3 times in 2.5 ml of isopropanol, the nail samples were washed
twice in 5ml of isopropanol, and these samples were dried overnight.
Hair and nail samples were ground using a mixer mill (Retsch MM300,
Germany) at 30 Hz for 15 min and 40 min, respectively. Fifteen milli-
grams of hair and nail powder were weighted out, and 1.5 ml of pure
methanol was added for cortisol extraction over a period of 24 h under
slow rotation. Following this, the samples were spun in a micro-
centrifuge at 10,000 rpm for 2 min, and 1.0 ml of the clear supernatant
was evaporated at 60 °C until completely dry.

Cortisol level was determined by an enzyme immunoassay method
using the EIA Kit (Salimetrics LLC, USA). The evaporated samples were
re-suspended in 100 pl 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. For hair cortisol, the intra-assay and inter-
assay variations were 4.2% and 4.7%, respectively. For nail cortisol, the
intra-assay and inter-assay variations were 3.6% and 4.7%, respec-
tively. The findings are presented as pg cortisol /mg hair or fingernail
(pg/mg).

2.6. Statistical analyses

Independent t-tests and chi-squared tests were conducted to com-
pare biological factors, lifestyle factors, and psychosocial factors be-
tween the controls and patients. Mann-Whitney U-tests were conducted
to compare the cortisol levels between the controls and patients.
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Multivariate logistic regression analyses were performed to estimate
the odds ratios (ORs) of the cortisol levels for ACS, with ACS status
(patient = 1, control = 0) as a dependent variable and hair or finger-
nail cortisol as an independent variable. Hair/fingernail cortisol levels
were categorized into three groups (low, medium, or high) based on
tertile values because hair and fingernail cortisol values were not nor-
mally distributed even after conducting a statistical transformation
(e.g., a logarithmic transformation), and it was previously reported that
the associations between cortisol and health outcomes are not always
linear (e.g., cortisol awakening response and depression, as reported by
Chida and Steptoe, 2009). High and medium groups were compared
against the low group. We estimated crude ORs, as well as ORs adjusted
for the ACS traditional risk factors (age, obesity, dyslipidemia, diabetes
mellitus, hypertension, and current smoking status). Obesity was de-
fined as body mass index = 25kg/m? Dyslipidemia was defined as
LDL = 140 mg/dl and/or HDL < 40 mg/dL, and/or medical treatment
for dyslipidemia. Diabetes mellitus was defined as hemoglobin Alc =
6.5%, and/or medical treatment for diabetes mellitus. Hypertension
was defined as medical treatment for hypertension. Furthermore,
multivariate logistic regression analyses were performed to estimate
ORs adjusting for psychosocial factors as a means to test whether psy-
chosocial factors could be confounding the associations between hair/
fingernail cortisol and ACS. In these analyses, we also estimated P va-
lues for trends from the logistic regression analyses, including an or-
dinal variable for cortisol levels (low = 1, medium = 2, high = 3) in
the model.

In the preliminary analyses, we further investigated the logistic
regression analyses while excluding the participants who reported use
of hair dye (N = 39) or the use of manicure (N = 2). However, the
results were not largely different; therefore, we reported the results of
logistic regression analyses including those participants.

Pearson and Spearman rank-order correlations were also conducted
to investigate the relationships between hair cortisol, fingernail cor-
tisol, traditional risk factors, and psychosocial factors.

3. Results
3.1. Characteristics of the controls and patients

As shown in Table 1, the patients exhibited lower levels of HDL
cholesterol, and the percentage of persons with dyslipidemia was
higher among the patients. Current smokers were more prevalent
among the patients than the controls. For the psychosocial factors, more
highly educated persons were more prevalent among the controls, and
the patients reported higher frequency of stressful life events within the
previous six months.

3.2. Hair/fingernail cortisol levels in the controls and patients

Medians (ranges) of hair cortisol were 9.2 (3.1-45.9) pg/mg and
11.9 (1.3-67.2) pg/mg for controls and patients, respectively. Medians
(ranges) of fingernail cortisol were 7.0 (2.2-56.7) pg/mg and 8.2
(3.9-85.6) pg/mg for controls and patients, respectively. Patients sig-
nificantly exhibited higher cortisol levels in both hair (U = 2339.5,
p = 0.042) and fingernails (U = 2493.5, p = 0.012, Fig. 1).

3.3. Hair/fingernail cortisol, traditional risk factors, and ACS risk

In multivariate logistic regression analyses, high levels of hair cor-
tisol were associated with an elevated risk of ACS in the crude
(OR = 2.36 [95% CI 1.07-5.19], P trend = 0.032) as well as the tra-
ditional risk factor-adjusted models (OR = 3.27 [95% CI 1.28-8.33], P
trend = 0.012, Table 2). Further, we also found that high levels of
fingernail cortisol were associated with an elevated risk of ACS in the
crude (OR = 2.23 [95% CI 1.02-4.88], P trend = 0.046) as well as the
traditional risk factor-adjusted models (OR = 2.48 [95% CI 1.02-6.06],
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P trend = 0.049, Table 3).

The proportion of traditional risk factors did not differ among the
low, medium, and high hair cortisol groups or among the low, medium,
and high fingernail cortisol groups. We also computed rank-order cor-
relations between hair/fingernail cortisol and traditional risk factors,
and we found a significant correlation between hair cortisol and the
diabetes mellitus status of the patient (r; = .18, p = 0.023).

3.4. Hair/fingernail cortisol, psychosocial factors, and ACS risk

We found significant differences in educational background and
number of stressful life events between patients and controls. Therefore,
in the subsequent multivariate logistic regression analyses, we esti-
mated ORs additionally adjusting for psychosocial factors (specifically,
stressful life events and educational level) to test whether or not in-
clusion of these psychosocial factors in the model altered the associa-
tions between hair/fingernail cortisol and ACS. High levels of hair
cortisol were still associated with an elevated risk of ACS (OR = 2.90
[95% CI 1.12-7.46], P trend = 0.026, Table 2). However, the associa-
tion between high fingernail cortisol and ACS was attenuated and not
significant (OR = 2.14 [95% CI 0.85-5.38], P trend = 0.105, Table 3).

The proportion of marriage status, job status, and educational
background as well as number of stressful life events did not differ
among the hair cortisol groups or the fingernail cortisol groups. We also
computed rank-order correlations between hair/fingernail cortisol and
psychosocial factors, and we found significant correlations between
hair and fingernail cortisol and the number of stressful life events
(rs = .17, p = 0.036 and ry = .15, p = 0.052, respectively). Further,
men with a higher educational levels (rs -.16, p = 0.044) and mar-
ried men (rs = -.15, p = 0.061) exhibited lower fingernail cortisol.

3.5. Correlations between hair and fingernail cortisol

We found a significant rank-order, but not a Pearson correlation,
between hair and fingernail cortisol level (rs = 0.23, p = 0.004;
r = .04, p = .619). However, when excluding two data with higher
fingernail cortisol levels (56.7 and 85.6 pg/mg), we found both sig-
nificant rank-order and Pearson correlations (rs = 0.24, p = 0.003;
r = 0.22, p = 0.006, respectively; Fig. 2).

4. Discussion

The purpose of this study was to investigate the associations be-
tween the onset of acute coronary syndrome and cortisol levels in hair
and fingernail samples. We found higher cortisol levels in hair and
fingernail samples among the ACS patients compared with healthy
controls. Additionally, less educated persons were more prevalent
among the patients, and they reported higher frequency of stressful life
events over the previous six months, implying that the patients had
been under unfavorable psychosocial conditions before the onset, as we
expected. The findings on the psychosocial conditions were also con-
sistent with the previous prospective findings (e.g., Hirokawa et al.,
2006; Iso et al., 2002). The persons with traditional risk factors such as
dyslipidemia and smoking habits were more prevalent among the pa-
tients, but the associations between hair/fingernail cortisol and ACS
remained after adjusting for the effects of the risk factors in the logistic
regression analyses. Further, inclusion of psychosocial factors in the
logistic regression analyses attenuated the association between finger-
nail cortisol, but not hair cortisol, and ACS.

We found higher hair cortisol levels among the patients, indicating
higher cortisol levels for several months before ACS onset, because hair
samples can retrospectively reveal accumulated hormone levels
(Russell et al., 2012). Additionally, the logistic regression analyses re-
vealed that high level of hair cortisol was associated with a three-fold
increase in the risk of ACS. Previously, the reported associations be-
tween cortisol in saliva and blood and CHD were inconsistent (Reynolds
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Table 1
Characteristics of the controls and patients.
Controls ACS patients t scores or x? scores® P
(N =93) (N =73)

Biological factors
Age, mean *+ SD 59.6 + 9.2 60.5 = 9.4 0.57 0.567
Gender (men), n (%) 93 (100.0) 73 (100.0)
Body mass index, mean + SD 23.7 * 3.2 244 + 2.8 1.50 0.137
Obesity, n (%)° 23 (31.5) 29 (31.2) 0.00 0.964
LDL (mg/dL), mean * SD 121.2 = 27.8 126.1 = 37.6 1.05 0.313
HDL (mg/dL), mean + SD 58.6 = 14.8 46.5 = 12.8 5.53 < 0.001
Dyslipidemia, n (%)° 30 (32.3) 53 (72.6) 26.62 < 0.001
Diabetes mellitus, n (%) 10 (10.8) 13 (17.8) 1.71 0.192
Hypertension, n (%)° 24 (25.8) 29 (39.7) 3.65 0.056

Lifestyle factors
Smoking status (current smoker), n (%) 18 (19.4) 26 (35.6) 5.55 0.011
Hair dye use, n (%)" 24 (26.1) 14 (22.2) 0.30 0.583
Hair wash (frequency per week), mean + SD' 51 * 23 52 * 2.2 0.24 0.810
Manicure use, n (%)® 111 114 0.03 0.874

Psychosocial factors
Marriage status (married men), n (%) 76 (81.7) 59 (80.8) 0.02 0.883
Education (university graduates or those with higher education), n (%) 72 (77.4) 43 (58.9) 6.59 0.010
Job status (working men), n (%) 67 (72.0) 58 (80.0) 1.21 0.272
Number of stressful life events in the previous six months, mean = SD 0.37 = 0.64 0.74 = 1.30 2.25 0.027

2 independent t-tests or chi-squared tests were conducted.

> defined as body mass index = 25.

¢ defined as LDL = 140 mg/dl and/or HDL < 40 mg/dL, and/or medical treatment for dyslipidemia.
4 defined as hemoglobin Alc = 6.5%, and/or medical treatment for diabetes mellitus.

¢ defined as medical treatment for hypertension.
f'n = 92 and 63 for controls and ACS patients, respectively.
& n =90 and 72 for controls and ACS patients, respectively.

et al., 2010; Phillips et al., 2010; Rod et al., 2010; Schoorlemmer et al.,
2009; Smith et al., 2005), perhaps because saliva and blood samples
represented hormone levels for a short time period with a large diurnal
rhythm. Pereg et al. (2011) reported that hair cortisol was associated
with an increased risk of acute myocardial infarction when hair samples
were collected a few days after hospitalization. It is worth noting that
both their study (Pereg et al., 2011) and this study reported that CHD
patients exhibited higher cortisol levels in hair by approximately 30%
compared with controls, although reported cortisol levels differed
substantially, which may be due to the fact that in the previous study
(Pereg et al., 2011) hair strands were not washed with alcohol solvent
before the extraction. Furthermore, two previous studies cross-
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sectionally investigated the associations between hair cortisol and CHD,
and one supported the association in elderly participant samples
(Manenschijn et al., 2013), while the other did not in a large observa-
tional cohort (Abell et al., 2016). However, these studies only in-
vestigated the associations of hair cortisol with a self-reported history of
CHD, not with onset of CHD.

We also found a higher fingernail cortisol level among the patients.
A previous study found that 3—-4 months were required for nails to fully
extend from the nail matrix (Buzalaf et al., 2006). Our previous study
(Izawa et al., 2015) also indicated that cortisol levels in fingernail
samples were associated with those from saliva samples collected 4 or 5
months previously. Therefore, the findings of this study could indicate
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Fig. 1. Boxplots of hair (A) and fingernail (B) cortisol levels in the controls and ACS patients. Patients significantly exhibited higher cortisol levels in hair and

fingernails (ps < 0.05, Mann-Whitney U-test).
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Table 2

Risk of ACS and hair cortisol (N = 155)°.

Risk factors Crude OR OR (95% CI) OR (95% CI)

(95% CI) adjusting for adjusting for
traditional risk psychosocial factors
factors

Hair cortisol
Low 1.00 1.00 1.00
Medium 0.75 (0.33-1.70) 0.91 (0.35-2.35) 0.85 (0.32-2.27)
High 2.36 (1.07-5.19)  3.27 (1.28-8.40) 2.90 (1.12-7.46)

Age (per yr)
Current smoking
Obesity
Dyslipidemia
Diabetes mellitus
Hypertension

Stressful life events

(per event)
Higher education”

1.01 (0.97-1.06)
2.42 (1.01-5.80)
0.92 (0.40-2.11)
7.65 (3.44-17.00)
0.92 (0.29-2.88)
1.52 (0.65-3.52)

1.01 (0.97-1.06)
2.28 (0.92-5.67)
0.86 (0.36-2.07)
7.35 (3.26-16.59)
0.91 (0.28-2.94)
1.68 (0.70-4.03)
1.44 (0.84-2.46)

0.52 (0.22-1.24)

@ Logistic regression analyses were conducted to estimate the crude and
adjusted odds ratios (ORs) and 95% confidence intervals (CI) of ACS.

Significant ORs (p < .05) are indicated in bold.

> University graduates or those with higher education.

Table 3

Risk of ACS and fingernail cortisol (N = 162)".

Risk factors Crude OR (95% Cl) OR (95% CI) OR (95% CI)
adjusting for adjusting for
traditional risk psychosocial factors
factors

Fingernail cortisol

Low 1.00 1.00 1.00
Medium 1.27 (0.60-2.72) 1.06 (0.45-2.50) 0.93 (0.38-2.27)
High 2.23 (1.02-4.88) 2.48 (1.02-6.07) 2.14 (0.85-5.38)

Age (per yr)
Current smoking
Obesity
Dyslipidemia
Diabetes mellitus
Hypertension

1.01 (0.97-1.05)
2.14 (0.96-4.80)
0.87 (0.39-1.90)
5.52 (2.68-11.37)
1.01 (0.36-2.82)
1.81 (0.82-3.98)

1.01 (0.97-1.05)
1.98 (0.86-4.56)
0.80 (0.35-1.83)
5.31 (2.53-11.13)
1.02 (0.35-2.97)
1.91 (0.83-4.35)

Stressful life events 1.47 (0.90-2.40)
(per event)

Higher education” 0.50 (0.22-1.13)

@ Logistic regression analyses were conducted to estimate the crude and
adjusted odds ratios (ORs) and 95% confidence intervals (CI) of ACS.
Significant ORs (p < .05) are indicated in bold.

b University graduates or those with higher education.

higher cortisol levels among the patients several months before ACS
onset. Further, the logistic regression analyses revealed that high levels
of fingernail cortisol were associated with a two-fold increase in the risk
of ACS. To our knowledge, this is the first study demonstrating the
association between fingernail cortisol and ACS. Compared with hair
samples, fingernail samples have some advantages: the samples can be
self-collected, and only small amounts are required. Considering that
fingernail cortisol was significantly correlated with hair cortisol in this
study, future studies could investigate the value of fingernail samples
for predicting health outcomes.

The pathophysiological mechanisms underlying the relationship
between ACS and chronically elevated cortisol need to be considered.
Psychosocial factors could contribute to the development of arterio-
sclerosis in the coronary artery and the onset of ACS by a number of
different biological pathways (Kop, 1997). In a previous study, for ex-
ample, heightened cortisol reactivity to mental stress was associated
with coronary artery calcification (Hamer et al., 2012). Other studies
also reported that higher cortisol levels contributed to hypercoagulable
states such as increased concentration of fibrinogen (Lippi et al., 2008;
von Kanel et al., 2007). These pathophysiological states could link
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Fig. 2. Scatter plots illustrating the relationship between the cortisol levels in
hair and fingernail samples (n = 149). r: Pearson product-moment correlation,
rs: Spearman rank-order correlation.

cortisol and ACS onset.

In this study, we observed associations between hair/fingernail
cortisol and the onset of ACS, but these associations should be inter-
preted carefully. First, in the logistic regression analyses, inclusion of
psychosocial factors (stressful life events and educational level) atte-
nuated the association between fingernail cortisol and ACS, which
could imply that psychosocial factors confounded the association be-
tween fingernail cortisol and ACS and that fingernail cortisol might not
be directly associated with the onset of ACS. There is a possibility that,
in this study, fingernail cortisol could reflect the stress level of the
participants before the onset of ACS, but its physiological effect on ACS
was relatively small, which could be related to the fact that fingernails
reflects hormone levels for shorter periods of time compared with hair
samples. Second, although cortisol measured in the hair and fingernails
reflect cortisol levels prior to experiencing the ACS event, it is still
possible that subclinical disease (e.g., chest pain) before the onset of
ACS may have increased cortisol levels. Third, we only compared the
ACS patients with healthy controls, but not with patients hospitalized
for the other diseases. Therefore, it is not possible to say that the as-
sociation is specific to ACS, and cortisol levels could possibly be asso-
ciated with other diseases. However, a previous study (Pereg et al.,
2011) reported the association between CHD and hair cortisol, in which
CHD patients were compared with patients hospitalized for other dis-
eases. Their results suggested that cortisol could be specific to ACS.
Fourth, we also found a significant correlation between hair cortisol
and diabetes mellitus, which was consistent with previous findings
(e.g., Abell et al., 2016; Manenschijn et al., 2013; Stalder et al., 2013).
Careful attention should be paid to the role of traditional cardiovascular
risk factors, including diabetes mellitus, when considering the re-
lationship between cortisol and CHD. Although we found that hair/
fingernail cortisol levels were independently associated with ACS after
controlling for cardiovascular risk factors, it is still possible that high
cortisol levels additionally contributed to ACS through more severe
cardiovascular risk factors.

We found a statistically significant association between hair and
fingernail cortisol, but the association was relatively weak. In this
study, the fingernail samples could show cortisol levels for anywhere
from two weeks to several months prior to the ACS onset, because we
collected fingernail samples that had grown for two weeks, and several
months are required for nails to fully extend from the nail matrix (de
Berker et al., 2007; Gupta et al., 2005). The hair samples, however,
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could show cortisol levels for as long as the previous six months. The
time gap between the two specimens may contribute to the weak cor-
relation. For example, cortisol elevation by stressful experience one
month before the onset of ACS could be reflected in the hair but not the
fingernail samples. Although fingernail cortisol was previously in-
vestigated in several studies, the validity of the measurement was not
fully established. Two studies (Frugé et al., 2017; Izawa et al., 2015)
confirmed the associations between cortisol levels in the fingernail
samples and other specimens. Future studies need to systematically
investigate the validity of fingernail cortisol.

This study has several other limitations as well. The patients were
from one hospital, and the controls were recruited via an internet-based
survey. This may have caused sampling bias, although we carefully
checked the backgrounds of the participants, as demonstrated in
Table 1. Furthermore, the patients and controls consisted of only male
participants. This was because among the Japanese, CHD was more
common in males than in females. Further, considering the obvious
hormonal differences between males and females, we only included
male participants in this study. Future studies could investigate the
associations among psychosocial stress, cortisol, and onset of ACS in a
larger, less-biased sample.

In conclusion, we retrospectively investigated the associations be-
tween onset of ACS and cortisol levels using hair and fingernail samples
from middle-aged and elderly men. We found higher cortisol levels in
hair and fingernail samples among the ACS patients compared with the
healthy controls, indicating higher cortisol levels among the patients for
several weeks or months before the onset of ACS. The associations re-
mained after the adjustments for the other ACS risk factors. High levels
of hair or fingernail cortisol were associated with a two- to three-fold
increased risk of ACS. The association between fingernail cortisol and
ACS was, however, attenuated after the adjustments for psychosocial
factors. We demonstrated that cortisol exposure over a relatively long
period, as assessed by hair and fingernail samples, was associated with
the onset of ACS.
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Abstract

Herbs have many biologically and pharmacologically active compounds such as flavonoids and stilbenes. They
have been used in remedies for various disorders. Here we review the effects of herbs on catecholamine
synthesis and secretion in cultured bovine adrenal medullary cells.

Ikarisoside A (1.0-100 uM), a flavonol glycoside, inhibited the catecholamine secretion induced by
acetylcholine (0.3 mM). This inhibition was associated with the suppression of 22Na+ and 45Ca2+ influx induced
by acetylcholine. Ethanol extract (0.0003—0.005%) of matsufushi (extract of pine nodules) inhibited the
catecholamine secretion induced by acetylcholine. SJ-2, one of the stilbene compounds isolated from
matsufushi, inhibited acetylcholine-induced catecholamine secretion. Matsufushi extract and SJ-2 reversibly
inhibited acetylcholine-induced Na+ currents in Xenopus oocytes expressed with a3B4nicotinic acetylcholine
receptors. Sweet tea is the processed leaves of Hydrangea macrophylla. Extract of sweet tea (0.3—1.0 mg/ml)
suppressed catecholamine secretion induced by acetylcholine (0.3 mM). Moreover, sweet tea (0.1 — 1.0
mg/ml), ikarisoside A (1.0-100 uM), and matsufushi (0.001—0.003 %) or SJ-2 (10-30 uM) inhibited

acetylcholine-induced “C-catecholamine synthesis from 4C-tyrosine.
1
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These findings indicate that ikarisoside A, matsufushi (or SJ-2), and sweet tea inhibit the catecholamine
secretion and synthesis induced by acetylcholine in cultured bovine adrenal medullary cells and probably in

sympathetic neurons.
Keywords: Adrenal medullary cells, Catecholamine secretion, Ikarisoside A, Matsufushi, Sweet tea.

Abbreviations: ACh, acetylcholine, nAChR, nicotinic acetylcholine receptor

1. Introduction

Since herbs have many biologically and pharmacologically active compounds such as flavonoids and stilbenes,
they have been used in remedies for various disorders. A high dietary intake of herbs has become a focus of
research because of herbs’ potential to reduce the risks of diseases such as hypertension, coronary heart
disease, diabetes, and cancers [1, 2]. Flavonoids are a group of plant secondary metabolites with variable
phenolic structures, and they are found in plants, fruits, vegetables, roots, stems, flowers, wine, and tea [3, 4].
Over 5,000 individual flavonoids have been reported [5], and six principal groups of flavonoids (flavones,
flavonols, flavanones, flavanols, isoflavones, and anthocyanidins) are relatively common in human diets [1].
Polyphenol stilbenes have attracted scientific attention. For example, resveratrol (trans-3,4’,5-trihydroxy-
stilbene) is a natural phytoestrogen found in grapes, berries, and red wine [6, 7] that was reported to be
implicated in the beneficial effect of red wine, i.e., the lower incidence of coronary artery disease in certain
populations such as the French and the Greeks, despite diets rich in saturated fat and a rate of high smoking,
which has been dubbed the ‘French Paradox’ [8].

In the human body, the most abundant catecholamines are adrenaline, noradrenaline, and dopamine, all of
which are produced from phenylalanine and/or tyrosine. Catecholamines are biosynthesized mainly in the
adrenal medulla, the postganglionic fibers of the sympathetic nervous system, and the central nervous system.
Catecholamines play very important roles in aspects of the cardiovascular system such as heart rate and blood
pressure, blood glucose levels, and the general functions of the central and peripheral sympathetic nervous
system [9].

Adrenal medullary cells derived from embryonic neural crests are functionally homologous to sympathetic
postganglionic neurons. Our research demonstrated that in cultured bovine adrenal medullary cells, at
least three distinct types of ionic channels participate in catecholamine secretion, including nicotinic
acetylcholine receptor (MAChR)-ion channels, voltage-dependent Na* channels, and
voltage-dependent Ca2* channels [10]. In these cells, the Nat*influx induced by acetylcholine (ACh)
via nAChR-ion channels or by veratridine via voltage-dependent Na* channels, is a prerequisite for
Ca?+ influx via the activation of voltage-dependent Ca2* channels and subsequent catecholamine
secretion; in contrast, high K+ directly gates voltage-dependent Ca2+ channels to increase the Ca2*
influx without increasing the 22Na* influx [10] (Figure 1). ACh-induced Ca2+ influx is also a prerequisite

for the stimulation of catecholamine synthesis associated with the activation of tyrosine hydroxylase [11-14].
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The mechanisms underlying the stimulation of catecholamine synthesis and secretion mediated by these ion
channels in adrenal medullary cells are thought to be similar to those of noradrenaline in the sympathetic
neurons and brain noradrenergic neurons. Thus, adrenal medullary cells have provided a good model for the
detailed analysis of antipsychotic [15], cardiovascular [16], and analgesic [17] drugs that act on catecholamine
synthesis, secretion, and reuptake.

We have demonstrated the effects of several flavonoids and polyphenol stilbenes on catecholamine synthesis
and secretion. For example, the treatment of bovine adrenal medullary cells with daidzein (an isoflavone
derived from soy beans) stimulated basal catecholamine synthesis, but inhibited the catecholamine synthesis
and secretion induced by ACh [18]. Genistein (another isoflavone in soy beans) but not daidzein stimulated
the function of noradrenaline transporter in a human neuroblastoma cell line, SK-N-SH cells [19]. Nobiletine
(a compound of polymethoxy flavone in citrus fruits) stimulated the basal synthesis and secretion of
catecholamines, but it suppressed ACh-induced both the ACh-induced synthesis of catecholamines and
ACh-induced secretion of catecholamines [20]. Resveratrol also inhibited the catecholamine synthesis and
secretion induced by ACh [21].

The present review summarizes our recent and current studies of the pharmacological effects of herbs and
their components, i.e., ikarisoside A (a flavonol glycoside), matsufushi (extract of pine nodules), one of
matsufushi’s stilbene components (SJ-2), and sweet tea on the catecholamine signaling induced by ACh in
cultured bovine adrenal medullary cells and on ACh-induced Na+ current in Xenopus oocytes expressing o354

nAChRs.

2. Inhibitory effects of ikarisoside A, but not its aglycon, on the catecholamine secretion and
synthesis induced by ACh

Ikarisoside A is a natural flavonol glycoside derived from plants of the genus Epimedium, which have been
used in traditional Chinese medicine as tonics, antirheumatics, and aphrodisiacs [22]. Ikarisoside A has
antioxidant and anti-inflammatory effects [23] and anti-osteoporosis effects [24].

We observed that ikarisoside A (1—100 pM) concentration-dependently inhibited the secretion of
catecholamines induced by ACh (0.3 m) (Figure 2A), but not the secretion of catecholamines induced by
veratridine and 56 mK+*[25]. Ikarisoside A also suppressed the 22Na+ influx and 45Ca2+* influx induced by ACh
in a concentration-dependent manner similar to that of catecholamine secretion (Figure 2B, 2C). Ikarisoside A
is a flavonol glycoside with one rhamnose at the 3 position in the chemical structure. The aglycon of
ikarisoside A is 3,5,7-trihydroxy-2-(4-hydroxyphenyl)-8-(3-methylbut-2-enyl)-4H-chromen-4one (Figure 3A).
It is interesting to note that the aglycon of ikarisoside A had little effect on catecholamine secretion induced by
ACh (0.3 m) (Figure 3B), suggesting that the rhamnose moiety at the 3 position of ikarisoside A is essential to
inhibit the function of nAChR-ion channels. Ikarisoside A (1.0— or 10—100 pM) inhibited ACh (0.3

mM)-induced 4C-catecholamine synthesis from 4C-tyrosine and tyrosine hydroxylase activity [25].

3. Inhibitory effects of matsufushi and its stilbene component, SJ-2, on the catecholamine
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synthesis and secretion induced by ACh

Pine nodules of Pinus tabulaeformis or Pinus massoniana are formed by pine bark proliferation at places on
the trunk or limbs that have undergone damage, either by pests or physical injury. The effective curative
components in pine nodules extract (matsufushi) have been used as an analgesic for joint pain, rheumatism,
neuralgia, dysmenorrhea and other complaints in traditional Chinese medicine [26, 27].

Matsufushi ethanol extract (0.0003%—0.005%) concentration-dependently inhibited the catecholamine
secretion and 45Ca2+ influx induced by ACh (0.3 mM) and veratridine (0.1 mM), but not 56 mM K+ in cultured
bovine adrenal medullary cells [28]. Four compounds (SJ-2, SL-3, SJ-4, and SJ-16) were isolated from
matsufushi extract (Figure 4). SJ-2, a phenol stilbene, and the mixture of four compounds (Mix4; SJ-2, SJ-3,
SJ-4, and SJ-16), but not each of the other separate compounds, inhibited the catecholamine secretion (Figure
5) and 45Ca2* influx [28] induced by ACh (0.3 mM). In Xenopus oocytes expressed with a3f4 nAChRs,
matsufushi extract and SJ-2 reversibly inhibited ACh (0.2 mM)-induced Na+* currents (Figure 6A, 6C).
Matsufushi extract (0.00003%—0.001%) (Figure 6B) and SJ-2 (1—100 uM) (Fig. 6D) significantly suppressed
the Na+* current in a concentration-dependent manner. In addition, matsufushi and SJ-2 suppressed the ACh
(0.3 mM)-induced 4C-catecholamine synthesis from 4C-tyrosine and tyrosine hydroxylase activity [28]. These
results suggest that matsufushi extract inhibits ACh-induced catecholamine synthesis and secretion mainly

due to SJ-2 via the suppression of Na+ influx mediated through nAChR-ion channels.

4. Effects of extract of sweet tea on catecholamine secretion and synthesis in adrenal
medullary cells

Sweet tea is the processed leaves of Hydrangea macrophylla var. thumbergii Makino (Hydrangeae Dulcis
Folium), which is listed in the Japanese Pharmacopoeia XV and used as a sweetening agents for diabetic
patients. It also has anti-microbial and anti-allergic effects [29, 30]. There is, however, little evidence
regarding sweet tea’s effects on the sympathetic nervous system activity.

We investigated the effects of extract of sweet tea on adrenal medullary cell function. A dry powder of sweet
tea prepared from fermented leaves of Hydrangeae Dulcis Folium was solubilized at 5.0 mg/ml and extracted
at 90°C for 60 min. Extracted solution of sweet tea was used after centrifugation and filtration. Extract of
sweet tea (1.0 mg/ml) slightly increased the basal secretion of catecholamines (Figure 7A), whereas it
suppressed the catecholamine secretion induced by ACh (0.3 mM) in a concentration-dependent manner
(300—1000 pg/ml) (Figure 7A). In addition, extract of sweet tea (300— or 100—1000 pg/ml) inhibited basal
and ACh (0.3 mM)-induced “4C-catecholamine synthesis from 4C-tyrosine, respectively (Figure 7B). Sweet tea

at concentrations of 3 mg/ml is usually used for drinking as a tea.

5. The insight of pharmacological potential of herbs in the catecholamine signaling induced by
ACh in adrenal medulla
Adrenal medullary cells are derived from the embryonic neural crest and share many physiological and

pharmacological properties with postganglionic sympathetic neurons. The stimulation of AChRs in these cells
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increases the synthesis of catecholamines and causes the secretion of catecholamines into the systemic
circulation [10, 13]. In adrenal medullary cells, the Na+* influx induced by ACh via nAChR-ion channels is a
prerequisite for Ca2+ influx via the activation of voltage-dependent Ca2+ channels and the subsequent
catecholamine secretion and synthesis; in contrast, high K+ directly gates voltage-dependent Ca2+ channels to
increase 45Ca2* influx [10] (Figure 1).

As we noted, ikarisoside A and matsufushi (or SJ-2) inhibited the catecholamine secretion induced by ACh,
but not the secretion induced by 56 mM K+. In addition, ikarisoside A [25] and matsufushi or SJ-2 [28]
suppressed the Na* current induced by ACh in Xenopus oocytes expressing a.384 nAChRs. These results
suggest that the herbs and their components used as described herein inhibit the ACh-induced secretion and
synthesis of catecholamines via a suppression of Na+ influx mediated through nAChRs in adrenal medullary
cells.

It is well known that catecholamines have important roles in the regulation of normal function in the central
and peripheral sympathetic nervous systems as a neurotransmitter but also in the adrenal medulla as an
endocrine hormone. Strong and prolonged stress causes massive amounts of catecholamine release, which can
lead to cardiovascular diseases (such as hypertension, coronary heart disease, heart failure, and
atherosclerosis), and such stress also suppresses the immune system to induce some cancers [2, 9]. Indeed,
chronic heart failure is associated with the activation of the sympathetic nervous system as manifested by an
increased circulating level of noradrenaline and increased regional activity of the sympathetic nervous system
[31]. It was reported that the stress hormone adrenaline stimulates f2-adrenoceptors to activate the
Gs-protein-dependent protein kinase A and the B-arrestin-1-mediated signaling pathway, which, in turn,
suppresses p53 levels and triggers DNA damage [32]. On the basis of these previous and present results, it
appears that the herbs and their components such as ikarisoside A, matsufushi (or SJ-2), and sweet tea
suppress the induction of a hyperactive catecholamine system induced by strong stress or emotional excitation
(Figure 8).

6. Future perspective

Although the in vitro effects of the herbs and herb components described herein have been well clarified using
cultured bovine adrenal medullary cells and Xenopus oocytes, the in vivo results are not yet clear. To confirm
the pharmacological effects of these herbs on the catecholamine system, further in vivo studies of the effects of
the administration of herbs to animals or humans are needed. We observed a disturbance of the autonomic
nervous balance in women with climacteric symptoms measured by a power spectral analysis of heart rate
variability [33]. Using this assay method, we will examine the effect of herbs on the autonomic nervous activity

under some stress conditions.

7. Concluding remarks
We have reviewed the evidence that herbs and their components such as ikarisoside A, matsufushi (or SJ-2),

and sweet tea inhibit the catecholamine synthesis and secretion induced by ACh in cultured bovine adrenal
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medullary cells. These findings may provide new insights into the pharmacological potentials of herbs on the

hyperactive catecholamine system induced by stress.
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11. Figure legends

Figure 1. The mechanism underlying the regulation of catecholamine synthesis, secretion, and reuptake in

bovine adrenal medullary cells.

Figure 2. Effects of ikarisoside A on ACh-induced catecholamine secretion (A), 45Ca2* influx (B), and 22Na*

influx (C). (A) Cultured bovine adrenal medulary cells (106/well) were stimulated with ACh (300 uM) in the
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presence or absence of ikarisoside A (0.3—100 pM) for 10 min at 37°C. Catecholamine secretion is expressed
as a percentage of the total catecholamines in the cells. (B and C) Cells (4x10%/well) are stimulated with ACh
(300 uM) and 1.5 uCi of 45CaCl, (B) or 22NaCl (C) in the presence or absence of ikarisoside A (0.3—100 uM) for
5 min at 37°C. 45Ca2* influx and 22Na+* influx 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 vs. ACh alone (by one-way

ANOVA with Dunnett’s multiple comparison post hoc test) (cited from [25]).

Figure 3. Structures of ikarisoside A and its aglycon (A) and the effect of aglycon of ikarisoside A on the
catecholamine secretion induced by ACh (0.3 mM) (B). (A) Chemical structures of ikarisoside A and its
aglycon (3,5,7-trihydroxy-2-(4-hydroxyphenyl)-8- (3-methylbut-2-enyl)-4H-chromen-4-one). (B) Cells
(10%/well) were incubated with or without aglycon of ikarisoside A (1—100 uM) and ACh (300 pM) for 10 min
at 37°C. Catecholamine secretion is expressed as a percentage of the total. Data are means + SEM from three

separate experiments carried out in triplicate (cited from [25]).

Figure 4. Chemical structures of SJ-2, SJ-3, SJ-4, and SJ-16 (cited from [28]).

Figure 5. Effects of SJ-2, SJ-3, SJ-4, SJ-16, and their mixture (Mix4) on catecholamine secretion induced by
ACh in cultured bovine adrenal medullary cells. The cells (10%/well) were incubated with or without SJ-2 (10
uM), SJ-3 (10 uM), SJ-4 (10 uM), C-16 (10 uM) and their mixture (Mix 4) (10 uM) for 10 min at 37°C.
Catecholamines secretion is 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 vs. ACh alone. Rha: rhamnose,
(cited from [28]).

Figure 6. Effects of ethanol extract of matsufushi and SJ-2 on inward currents induced by ACh in Xenopus
oocytes expressing rat a3p4 nAChRs. Representative traces from a single Xenopus oocyte are shown. The
currents of matsufushi (Figure 6A)- and SJ-2 (Figure 6C)-treated oocytes were recorded for 10 min after
recording of the control currents, and the washout currents were obtained for 10 min after matsufushi extract
and SJ-2 treatment. Matsufushi extract (0.0001%) and SJ-2 (10 uM) suppressed the currents induced by the
EC50 (0.2 mM) of ACh, and the inhibitory effects were reversible. Concentration-response curve for the
inhibitory effects of matsufushi extract (Figure 6B) and SJ-2 (Figure 6D) on ACh-induced currents. The peak
current amplitude in the presence of matsufushi extract and SJ-2 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

FHH

experiments carried out in triplicate. “P<0.05 and ““P<0.001 vs. the control (cited from [28]).

Figure 7. Effects of sweet tea on 4C-catecholamine synthesis from [4C]tyrosine (Figure 7A) and tyrosine
hydroxylase activity (Figure 7B) in the cells. (Figure 7A) Cells (4x10°%/dish) were incubated with L-[U-4C]
tyrosine (20 uM, 1 uCi) in the presence or absence of sweet tea (100—1,000 pg/ml) and with or without 300
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uM ACh at 37°C for 20 min. The 4C-catecholamines formed were measured. (Figure 7B) Cells (10%/well) were
incubated with L-[1-14C] tyrosine (18 puM, 0.2 uCi) in the presence or absence of sweet tea (100-1,000 ug/ml)
and with or without 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, compared with 37°C
(control), and “P<0.01 and ““P<0.001 vs. ACh alone in Figure 7A, and “P<0.01vs. 37°C (control) and

“*P<0.001 vs. ACh alone in Figure 7B.

Figure 8. Inhibitory mechanism of plant herbs (ikarisoside A, matsufushi, and sweet tea) on stress or
excitation-induced excessive catecholamine secretion. Prolonged and strong stress or excitation
stimulates the brain cortex, limbic system, and hypothalamus which evoke acetylcholine release from
the splanchnic sympathetic nerves. Released acetylcholine induces a massive secretion of
catecholamines from the adrenal medulla which may cause various deleterious symptoms or diseases
such as high blood pressure (hypertension), vasculature proliferation (atherosclerosis), blood

coagulation (thrombus), immune suppression, and cancers ([2] modified).
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Abstract:

We herein report a 63-year-old woman with small-cell lung cancer (SCLC) who developed dermatomyosi-
tis (DM) after initial chemoradiotherapy despite tumor reduction. Serum anti-transcriptional in termediary fac-
tor (TIF) 1y antibody was detected before the development of DM, and its levels increased over time. She
died five months after the diagnosis of SCLC. Anti-TIF1y antibody is known to be a marker for cancer-
associated DM (CAM); however, the present case indicates that the antibody can be found in cancer patients

without DM. This case is also unusual, as DM developed later despite successful chemoradiotherapy.

Key words: anti-transcriptional intermediary factor 1 y antibody, chemoradiotherapy, dermatomyositis,

autoantibody, small-cell lung cancer
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Introduction

Dermatomyositis (DM) and polymyositis (PM) are sys-
temic autoimmune rheumatic diseases characterized by
proximal muscle weakness, myalgia, and characteristic skin
rash. An increased risk of cancer in DM/PM, particularly
DM, has been well described for many years. In recent
years, anti-transcriptional intermediary factor 1 y (TIF1y) an-
tibody was shown to be strongly associated with cancer-
associated DM/PM (CAM), as confirmed by a meta-
analysis (1-4).

We herein report a rare case of small-cell lung cancer
(SCLC) in which anti-TIF1y antibody was detected prior to
the appearance of DM. The patient developed muscle weak-
ness, elevated muscle enzymes, and typical skin rash of DM
after initial chemoradiotherapy for SCLC despite tumor re-
duction.

Case Report

A 63-year-old woman with a smoking history of 20 pack-
years, alcoholic liver injury, and hypertension had onset of
cough and hoarseness.

A chest X-ray showed left hilar enlargement, and chest
computed tomography (CT) revealed a 5-cm mass in the left
upper lobe and 8-cm diameter mediastinal lymph node swel-
ling (Fig. 1a). The levels of serum tumor markers, such as
pro-gastrin-releasing peptide (pro-GRP) (4,490 pg/mL; nor-
mal range, <46 pg/mL) and nerve-specific enolase (NSE)
(138 ng/mL; normal range, <10 ng/mL), were elevated. The
serum levels of aspartate transferase (35 IU/L) and creatine
kinase (57 U/L) were within normal limits, while those of
lactate dehydrogenase (286 IU/L) and C-reactive protein
(0.57 mg/dL) were slightly increased. Pathology of biopsy
specimens obtained from the mediastinal lymph node and
left main tumor by flexible bronchoscopy revealed SCLC,
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Figure 1.

Computed tomography (CT) image of the chest. CT at the initial admission showing a

mass in the left upper lobe (5 cm in diameter) and a mediastinal lymph node (8 cm in diameter) (a),

and CT five weeks after chemoradiotherapy showing reductions in the size of the lung and mediasti-

nal lymph node masses (b).

Figure 2. Cutaneous findings upon admission. Heliotrope (a), nail-bed bleeding (b), and Gottron’s
sign (b) (c) were observed.

and a systemic image analysis showed no distant metastasis;
thus, she was diagnosed with limited stage SCLC. Systemic
chemoradiotherapy with carboplatin plus etoposide was initi-
ated, which led to a significant reduction in the tumor size
in the lung and mediastinal lymph node on chest X-ray and
a decrease in the levels of serum tumor markers. She was
discharged without any clinical signs or symptoms of PM/
DM at 27 days after chemotherapy. However, a week later,
general malaise; facial edema; erythema on the hand, back,
and body; proximal myalgia; muscle weakness; and
dysphagia developed, and she was urgently readmitted to
our hospital.

At the time of readmission, she was alert, and physical
findings were as follows: height 146.5 cm, body weight 47.5
kg, body temperature 36.9 °C, blood pressure 134/85
mmHg, pulse rate 108 beats/min, and respiratory rate 17 cy-
cles/min. The Eastern Cooperative Oncology Group Per-
formance Status (ECOG-PS) was grade 4. Breathing and
heart sounds were normal. Upon an examination, erythema
on the face; heliotrope rash; aphthous ulcer in the oral cav-
ity; extensive edematous erythema in the neck extending to
the chest, back, and belt line; nail-bed bleeding; and Gottron
papule were observed (Fig. 2). Muscle grasping pain was
noted in both upper arms and thighs. Muscle weakness in

the proximal muscles of the upper and lower limbs was also
observed, and the results of a manual muscle test of the bi-
lateral pectoralis major muscles, deltoid muscle, triceps
brachii, iliopsoas, quadriceps muscle, and hamstrings were 4
of 5.

The serum levels of myogenic enzymes were elevated (as-
partate transferase, 166 IU/L; lactate dehydrogenase, 486
IU/L; creatine kinase, 3,272 U/L; aldolase, 15.2 U/L; myo-
globin, 1,854 ng/mL). The serum C-reactive protein levels
(1.59 mg/dL) and blood sedimentation rate (71 mm/h) were
elevated. The tumor marker levels were decreased compared
with those at the time of the diagnosis (pro-GRP, 62.8 pg/
mL; NSE, 30.9 ng/mL). Chest CT showed a marked reduc-
tion in the tumor size in the lung and mediastinal lymph
node (Fig. 1b). Antinuclear antibodies were positive, with a
titer of 1:640 in speckled and cytoplasmic patterns. Serum
autoantibodies were evaluated according to immunoprecipi-
tation and enzyme-linked immunosorbent assays, as de-
scribed previously (5). Anti-TIFly/a, anti-Ro60, and anti-
Ro52 antibodies were positive at the diagnosis of SCLC be-
fore the development of DM and chemoradiotherapy
(Fig. 3). The levels of anti-TIF1y/o antibodies increased by
2- to 6-fold after the onset of DM, whereas those of anti-Ro
52 antibodies decreased (Fig. 3b). Antibodies to aminoacyl-
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Figure 3. An analysis of autoantibodies. (a) Immunoprecipitation. Autoantibodies in the sera were
tested using **S-methionine labeled K562 cell lysate. Anti-transcriptional intermediary factor 1y /o
(anti-TIF1-y /o)) and Ro60 antibodies were positive at the diagnosis of small-cell lung cancer and five
weeks after chemoradiotherapy when dermatomyositis developed. Although a protein band of ap-
proximately 50 kD was noted, Ro52 could not be clearly seen in this condition. (b) ELISA. Levels of
autoantibodies to TIF1-y /o and Ro52 by ELISA at the diagnosis of lung cancer and five weeks after
chemoradiotherapy are shown. Anti-Ro60 was negative on ELISA.
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Figure 4. Clinical course.

tRNA synthetases and -Mi-2 were negative. She was diag-
nosed with classic DM based on muscle weakness, elevated
levels of muscle enzymes, and typical skin rash. In addition,
CAM was diagnosed because of the evidence of SCLC with
positive results for anti-TIF1y antibody (6). Although anti-
Ro60 and anti-Ro52 antibodies were positive, she did not
have sicca symptoms of Sjogren’s syndrome.

High-dose corticosteroid therapy (prednisone 1 mg/kg
body weight) was initiated for DM, resulting in only partial
improvement in muscle and skin symptoms (Fig. 4). Her
general condition and performance status did not improve
because of complicating bacterial pneumonia, a worsened

mental condition, and SCLC progression. Thus, additional
systemic chemotherapy could not be administered, and she
died five months after the diagnosis of SCLC at another
hospital where she had been transferred for terminal care.

Discussion

We herein report a rare case of CAM that developed after
initial chemoradiotherapy for SCLC despite tumor reduction.
Serum anti-TIF1y antibody was detected when the diagnosis
of SCLC was made before the treatment of cancer and the
development of DM, and its levels increased over time.
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In patients with CAM, the occurrence of DM/PM after
the diagnosis of malignant tumors is not rare (2, 7-9). In-
deed, one study reported that more than 30% of malignan-
cies preceded the diagnosis of DM/PM (7). Regarding the
association between the cancer and activity of DM/PM, suc-
cessful treatment of cancer, typically removal of cancer by
surgery, leads to an improvement of the activity of DM/PM,
and the relapse of cancers usually lead to flare-up of DM/
PM (10-13). Given previous findings, the present case ap-
pears to be a very rare one because CAM developed after a
marked reduction in tumor size by chemoradiotherapy and
anti-TIF1y antibodies were detected in a patient with SCLC
without any signs of DM/PM.

The mechanism through which CAM developed after in-
itial chemoradiotherapy for SCLC despite tumor reduction
with increased levels of TIF1y antibody in our patient is un-
clear. Since TIFI is a known tumor-suppressor gene, a mu-
tation in 7/F] may have been the primary event, leading to
the development of SCLC, with mutated TIFl antigens in-
ducing an autoimmune response (4). Abnormal proteins ex-
pressed by tumor tissues may lead to an immune response,
and the expression of mutated antigens may lead to the pro-
duction of specific autoantibodies, such as anti-p53 and
RNA polymerase III antibodies (14, 15). Furthermore, a
large amount of tumor antigens released during chemoradio-
therapy might play a role in stimulating the immune system,
accelerating the autoantibody production and the subsequent
development of DM in the present case. However, our
speculation cannot be definitively confirmed, and the devel-
opment of DM in this case might simply be a natural
course.

Another interesting point of this case is the detection of
anti-TIF1vy antibody at the cancer diagnosis before the onset
of DM. The detection of anti-TIF1y antibody in patients
with malignancy without DM has not been well docu-
mented; only three cases of borderline positivity of the anti-
body in breast cancer patients without rheumatic diseases
have been reported (16). The present case suggests that the
detection of anti-TIF1y antibody in cancer patients may be a
useful marker for predicting DM/PM onset. Of further note,
the levels of anti-Ro52 antibodies decreased while those of
anti-TIF1y and anti-TIFlo increased by 2- to 6-fold during
the development of DM (Fig. 3b). Some autoantibodies may
share common mechanisms of regulation, although non-
parallel changes in different specific autoantibodies have
also been reported. The development of anti-UIRNP or ri-
bosomal P antibodies and a reduction in anti-RNA helicase
A antibody levels in SLE has been reported (17). Our data
therefore suggest different mechanisms of regulation for
anti-TIFly and anti-TIFlow antibodies and for anti-Ro52
autoantibodies.

In the present case, anti-TIF1y and anti-TIFlo antibodies
were both positive. Fujimoto et al. showed that anti-TIF1o
antibody often coexists with anti-TIF1y antibody (18). An-
other report demonstrated that anti-TIFlo antibody can be
found in patients with anti-Mi-2 antibody but without anti-

TIF1y antibody. In the present case, anti-Mi-2 antibody was
negative, and cases with both anti-TIF1y and TIF1o antibod-
ies developed cancer more frequently than those with only
anti-TIF1a antibodies (19). However, the clinical signifi-
cance of these antibodies in lung cancer patients is not well
understood, and the accumulation of more cases is desired.

The prognosis of patients with CAM generally depends
on the prognosis of cancer (20-23); therefore, the treatment
of cancer is essential for CAM. Treatment with corticoster-
oids and/or immunosuppressants is considered when neces-
sary. In a review of 12 patients with CAM with SCLC, a
very poor prognosis of 2 weeks to 9 months (median: 5
weeks) was reported (24). Compared with the median sur-
vival of 9.4 to 12.8 months in patients with extensive-
disease SCLC, the prognosis of SCLC patients with CAM
may be worse than that in patients with SCLC without
CAM (25). An inadequate response of myopathy to corti-
costeroid treatment in certain patients may limit the treat-
ment options for cancer, as seen in our case, leading to a
poor prognosis.

Conclusion

We herein report a rare case of SCLC with anti-TIF1y an-
tibody and the subsequent development of DM despite tu-
mor reduction by systemic chemoradiotherapy along with an
increase in the levels of anti-TIF1y antibody. Anti-TIF1y an-
tibody is known to be a marker for CAM; however, the pre-
sent case indicates that the antibody can be found in cancer
patients without DM. It should be noted that CAM might be
a poor prognostic factor for SCLC.

The authors state that they have no Conflict of Interest (COI).
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Significance of nailfold videocapillaroscopy in
patients with idiopathic inflammatory myopathies
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Abstract

Objective. The aim of this study was to investigate the clinical and immunological significance of nailfold videocapil-
laroscopy (NVC) abnormalities in patients with idiopathic inflammatory myopathies (IIMs).

Methods. Seventy consecutive Japanese patients with untreated 1IMs, enrolled between April 2014 and August 2017,
were prospectively studied. Clinical features, NVC findings, autoantibody profile by immunoprecipitation and ELISA, and
histopathological findings of skin biopsies of DM rash were assessed at baseline and after 1-year of immunosuppressive
therapy.

Results. NVC abnormalities were found in 55.7% (39/70) of IIM patients, with significantly higher prevalence in DM
(65.4%) compared with PM (27.8%) (P=0.01). In subsets of patients classified by autoantibody specificities, the preva-
lence of NVC abnormalities was significantly higher in patients with anti-MDA5 (87.5%) and anti-transcriptional inter-
mediary factor 1y (88.9%) vs anti-aminoacyl-tRNA synthetase (26.9%, P < 0.001). Perivascular lymphocytic infiltration in
the upper dermis of skin rash biopsy of DM was more severe in patients with NVC abnormalities (P < 0.05). Unexpectedly,
NVC abnormalities disappeared in 75% of IIM patients after 1-year of immunosuppressive therapy in contrast to stable
NVC changes seen in scleroderma patients.

Conclusion. Nailfold microvascular abnormalities were common in DM patients, associated with anti-MDAS5 and tran-
scriptional intermediary factor 1y antibodies, and perivascular inflammation in skin histology. NVC abnormalities in 1IMs
may become clinically useful markers for defining subsets of DM and understanding the pathogenesis of the clinical
features seen in these patients.

Key words: DM, PM, nailfold videocapillaroscopy, myositis-specific autoantibodies, systemic sclerosis

Rheumatology key messages

o Nailfold videocapillaroscopy abnormalities were common in inflammatory myopathy patients and observed in
55.7%.

e The nailfold videocapillaroscopy abnormalities were correlated with the severity of perivascular lymphocyte
infiltration.

e The nailfold videocapillaroscopy abnormalities in more than half of the patients disappeared following immuno-
suppressive therapy.

Introduction

Idiopathic inflammatory myopathies (IIMs) are systemic
autoimmune rheumatic diseases characterized by
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inflammatory myopathy accompanied by heterogeneous
clinical features [1, 2]. lIMs in adults can be roughly
divided into DM, PM, and inclusion body myositis (IBM)
[3]. Two major extramuscular manifestations that influence
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NVC finding in inflammatory myopathies

prognosis include interstitial lung disease (ILD) and malig-
nancy [4, 5]. Myositis-specific autoantibodies (MSAs) are
important in the diagnosis, classification, predicting clin-
ical features and prognosis of [IMs. Clinical subsets of IIM
can be defined based on MSAs such as antibodies to
aminoacyl-tRNA synthetase (ARS), Mi-2, melanoma differ-
entiation-associated protein-5 (MDAD5), transcriptional
intermediary factor 1y (TIF1y), signal recognition particle
and associated clinical features [6, 7]. In particular, pa-
tients with anti-MDA5 antibodies associated with treat-
ment-resistant, rapidly progressive ILD and anti-TIF1y
antibodies associated with malignancy are known to
have a poor prognosis [6-8]. Patients with DM show not
only perivascular necrosis but also perivascular lympho-
cyte infiltration in muscle pathology [9], suggesting that
microvascular abnormalities may be a common
and basic pathological process associated with muscular,
skin and pulmonary inflammation.

Microvascular scleroderma spectrum disease-associated
abnormalities (scleroderma patterns) are characteristic of
SSc and can be detected in the nailfold of >80% of SSc
patients [10]. The detection of microvascular scleroderma
patterns helps understanding of the pathogenesis and en-
ables early diagnosis of SSc [11, 12]. Microvascular sclero-
derma patterns are detected by nailfold videocapillaroscopy
(NVC), which allows non-invasive, safe and real-time assess-
ment of the vascular abnormalities in the nailfold [10]. NVC is
used as an imaging modality in a scoring system for micro-
vascular abnormalities in SSc [13, 14]. Thus, the significance
of microvascular scleroderma patterns has been suggested
for various aspects of SSc, including diagnosis [11, 12], as-
sociation with organ damage [15, 16] and SSc-related auto-
antibodies [17, 18], treatment response, and disease
progression [19].

However, only a few studies have examined nailfold
microvascular abnormalities in [IMs, compared with ex-
tensive use of NVC in SSc. Several studies have reported
microvascular scleroderma patterns in 1IMs, with incon-
sistent descriptions of their clinical significance [20-23].
These inconsistent findings can be mostly explained
based on differences in the methods of assessment,
small numbers of subjects, as well as the lack of evalu-
ation of untreated patients.

In this study, we report a prospective analysis in 70
previously untreated patients with 1IMs to evaluate
the microvascular abnormalities by NVC and analyse
their association with clinical features and MSAs.
Comprehensive analysis of MSAs was performed by
immunoprecipitation and ELISA. In addition, the asso-
ciation of NVC changes with histopathological findings
in skin biopsy was analysed to understand the patho-
genesis of DM, focusing on the microvasculature.

Methods

Patients

Seventy consecutive patients with [IMs were enrolled to
this multicentre prospective study between April 2014 and

https://academic.oup.com/rheumatology

August 2017. All patients had been diagnosed previously
with PM/DM using the PM/DM Diagnostic Criteria of
the Ministry of Health, Labour and Welfare in Japan
(Supplementary Table S1, available at Rheumatology
online), which is commonly used in Japan [24]. Signs con-
sistent with inflammatory myopathy were confirmed in
68.0% (34/50) of patients by electromyography, 60.0%
(383/55) by MRI, and 90.9% (20/22) by muscle biopsy.
Twenty-eight (11 definite and 17 probable) patients ful-
filled the Bohan and Peter criteria of PM/DM [1, 2], while
19 fulfilled the Sontheimer’s criteria for clinically amyo-
pathic DM (CADM) [25]. In addition, 98.6% (69/70) of the
patients fulfilled the ACR/EULAR 2017 classification cri-
teria (63 cases fulfilled definite IMs and 6 cases fulfilled
probable 1IMs) [26, 27]. According to this classification,
21 patients were classified amyopathic DM, 31 patients
were classified DM, 16 patients were classified PM, and 1
patient was classified immune-mediated necrotizing my-
opathy. [IM patients with other systemic autoimmune
rheumatic diseases were excluded.

The study also included 60 age- and gender-matched
SSc patients who fulfilled the ACR/EULAR 2013 classifi-
cation criteria [11, 12] and 40 healthy individuals as con-
trols. The mean age of healthy individuals was 58.6 years
old, and 62.5% were female. The human ethics review
committee of our university reviewed and approved the
study (SCORPION study, UMIN ID 000014293). A signed
informed consent was obtained from all subjects in ac-
cordance with the Declaration of Helsinki and its subse-
quent modifications.

Clinical measurements

The clinical signs, including fever, muscle weakness,
Gowers’ sign, dysphagia, RP, heliotrope rash, Gottron’s
sign/papules, palmar papules, arthritis, and presence of
internal malignancy, were evaluated. The laboratory tests,
including CRP, ESR, creatine kinase, 19G, ferritin, partial
pressure of oxygen in arterial blood (PaO,) and fraction of
inspiratory oxygen (FiO,), were also evaluated. For the
assessment of ILD, chest CT was used in all patients.
For the evaluation of ILD by CT, the thorax was divided
into upper, middle and lower segments, and CT scores
(0-3) in each segment were recorded. The CT score was a
mean value of the independent scoring by three phys-
icians based on the previously described method
[28, 29]. Vital capacity as a percentage of predicted cap-
acity (%VC) was evaluated by respiratory function test.
Clinical data and serum samples were collected at the be-
ginning and 1 year after treatment. Eight patients (8/58,
13.8%) were lost during follow-up and excluded from the
analyses.

NVC images

All patients underwent NVC evaluation of nailfold micro-
vascular damage, as described previously [30]. Briefly,
NVC examination was performed using an optical probe
videocapillaroscope equipped with a 200-fold contact
lens and connected to image analysis software

121

610Z 1800100 9Z U0 Jasn epLo|4 1o Ausiaaiun Aq €£019805/02 L/1/8SAoesqe-a|oie/ABojojewnayl/woo dno-olwapeoe//:sdiy Wwol) papeojumo(]


Deleted Text:  and
Deleted Text: IIM
Deleted Text: gene
Deleted Text:  (SRP)
Deleted Text: the 
Deleted Text:  
Deleted Text: -
Deleted Text: systemic sclerosis (
Deleted Text: )
Deleted Text: , 
Deleted Text: to 
Deleted Text: in 
Deleted Text: IIM
Deleted Text: IIM
Deleted Text: the 
Deleted Text: z
Deleted Text: z
Deleted Text: METHODS
Deleted Text: l
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/key257#supplementary-data
Deleted Text: magnetic resonance imaging (
Deleted Text: )
Deleted Text: Twenty 
Deleted Text: 's
Deleted Text: dermatomyositis 
Deleted Text: IIM
Deleted Text: IIM
Deleted Text: dermatomyositis
Deleted Text:  (IMNM)
Deleted Text: Patients 
Deleted Text: '
Deleted Text: Raynaud's phenomenon
Deleted Text: Heliotrope 
Deleted Text: Gottron
Deleted Text: C-reactive protein (
Deleted Text: )
Deleted Text: erythrocyte sedimentation rate (
Deleted Text: )
Deleted Text:  (CK)
Deleted Text: computed tomography (
Deleted Text: )
Deleted Text: ,
Deleted Text: -
Deleted Text: one year

Satoshi Kubo et al.

(Videocap 3.0; DS Medica, Roma, Italy). The same oper-
ator, who was blinded to the patient’s clinical diagnosis,
disease severity and other clinical features except for skin
lesions, performed the NVC examination in all patients.
Nailfolds of the second, third, fourth and fifth fingers
were examined in each evaluation. The following capillaro-
scopic parameters were recorded: presence of enlarged
(defined as increase in capillary diameter >20um) and
giant capillaries (defined as homogeneously enlarged
loops with a diameter >50um), haemorrhages (recog-
nized as dark masses due to hemosiderin deposits), loss
of capillaries (reduced number of capillaries, i.e. <9 capil-
laries per linear millimetre at the distal row of the nailfold),
disorganization of the microvascular array (seen as irregu-
lar capillary distribution and orientation, along with hetero-
geneity in the loop shape) and capillaries with abnormal
morphologies and ramification (e.g. branching, bushy or
coiled capillaries that often originated from a single
normal-sized capillary) [14, 31].

The NVC scleroderma spectrum abnormalities were
defined as described previously (early, active, late, and
scleroderma-like pattern) [13, 18]. The early pattern is
characterized by few giant capillaries, few capillary micro-
haemorrhages, and no evident loss of capillaries. The
active pattern comprises abundant giant capillaries, sev-
eral capillary microhaemorrhages, and moderate loss of
capillaries. The late pattern is characterized by irregular
enlargement of capillaries, almost no giant capillaries or
microhaemorrhages, severe loss of capillaries, abnormal
shapes, and intense disorganization of the normal capil-
lary array [19]. The scleroderma-like pattern is defined as
a capillary pattern showing mixed microvascular markers
of the scleroderma NVC patterns, but not fully fitting the
definition for the single early, active or late pattern.
(Supplementary Fig. S1, available at Rheumatology
online) [13, 32].

Skin biopsies and scoring

Biopsies from the skin with Gottron’s sign/papules and
palmar papules were obtained from 40 patients.
Infiltration of inflammatory cells in the biopsy sections
was assessed by a pathologist blinded to the clinical in-
formation. The number of inflammatory cells around capil-
laries in the upper dermis layer was counted and scored
as follows: mild (<30 cells), moderate (30-99 cells) and
severe (=100 cells) (Fig. 1A).

Immunoprecipitation

MSAs and other autoantibodies in the sera were analysed
by immunoprecipitation of K562 cell extract radiolabelled
with %®S-methionine as described previously. The specifi-
city of each autoantibody was determined by using a spe-
cific reference serum sample [33]. Analysis of RNA
components of the target antigen was also performed
by immunoprecipitation, and silver staining when
necessary.
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Anti-MDAS and Jo-1 ELISA

Anti-MDA5 and Jo-1 antibodies were tested by ELISA,
using recombinant proteins (0.5 ug/ml, Diarect, Freiburg,
Germany) and 1: 250 diluted sera as described previously
[33, 34]. The optical density was measured and converted
into units using a standard curve created by a prototype
positive serum.

Statistical analysis

Data are expressed as mean = standard deviation or
number (%). Differences between groups were computed
using the Mann-Whitney U test, Fisher’s exact test, and
one-way analysis of variance. The Wilcoxon signed-rank
test and McNemar’s test were used to detect statistically
significant differences in NVC findings, clinical data, and
laboratory data between baseline and 1-year measure-
ments. All reported P values were two-sided and were
not adjusted for multiple testing. The level of significance
was set at P <0.05. All analyses were conducted using
JMP version 11.0 (SAS Institute Inc., Cary, NC) or SPSS
software version 22.0 (SPSS Inc., Chicago, IL).

Results

Baseline characteristics

The clinical characteristics in the 70 patients with 1IMs and
60 SSc patients are shown in Table 1. All were Asians, and
none was on immunosuppressive drugs or glucocortic-
oids at baseline. For the IIM patients, the mean duration
of illness was 0.7 years; 67.1% of the patients had muscle
weakness, and 75.7% of the patients had ILD. The base-
line characteristics of SSc patients were comparable with
those of IIM patients with regard to age and gender
(Table 1). When patients were classified into PM and
DM, the prevalence of muscle weakness and the levels
of creatine kinase were higher in PM patients
(Supplementary Table S2, available at Rheumatology
online). Anti-MDA5 and anti-TIF-1y antibodies were
found only in DM patients.

Prevalence of nailfold capillary scleroderma spectrum
abnormalities in IIM patients

The prevalence of scleroderma spectrum abnormalities by
NVC in patients with [IMs and SSc are summarized in
Table 2. The scleroderma spectrum abnormalities by
NVC were common in |IM patients and observed in
55.7%, though the prevalence was lower compared with
SSc patients (P=0.005) and healthy individuals. The per-
centage of patients with positive NVC scleroderma spec-
trum abnormalities was significantly higher in patients with
DM than in those with PM (P=0.01). Of note, the sclero-
derma-like pattern, which was not seen in patients with
SSc, was observed in 30.9% of patients with [IMs.

Association between NVC scleroderma spectrum
abnormalities and clinical findings

To analyse the clinical and laboratory features associated
with NVC scleroderma spectrum abnormalities in 1IMs, the

https://academic.oup.com/rheumatology
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NVC finding in inflammatory myopathies

Fic. 1 NVC scleroderma spectrum abnormalities correlated with pathological findings of the skin

A mild moderate severe

20% -

27

0%

p=0.006

NVC scleroderma

NVC scleroderma

spectrum abnormality (+) spectrum abnormality (-)

(A). Representative skin pathology images illustrating the grades (mild, moderate and severe) of perivascular inflam-
matory infiltrate in upper dermis. (B) The percentage of grades of perivascular inflammatory infiltrate in patients with vs
without NVC abnormalities. NVC: nailfold videocapillaroscopy.

characteristics were compared between patients with vs
without NVC scleroderma spectrum abnormalities
(Table 3). Certain clinical findings (heliotrope rash,
Gottron’s sign/papules, and palmar papules) were signifi-
cantly more prevalent in patients with NVC scleroderma
spectrum abnormalities (P=0.003, 0.04 and 0.001, re-
spectively); however, levels of serum myogenic enzymes,
acute phase proteins, IgG and pulmonary dysfunction were
comparable between the two groups. Surprisingly, the
prevalence of RP, which we predicted to have an associ-
ation with scleroderma-spectrum microvascular changes
detected by NVC, was also comparable. Strikingly, there

https://academic.oup.com/rheumatology

were significant differences in the prevalence of several
MSAs. Namely, the prevalence of anti-MDA5 antibodies
(P=0.004), which have strong association with CADM
accompanied by rapidly progressive ILD, and anti-TIF1y
antibodies (P=0.04), associated with DM with malig-
nancy, were significantly higher in patients with NVC
scleroderma spectrum abnormalities (Table 3). These
trends were similar even when the analysis was limited
to patients with DM, except for differences in the preva-
lence of Gottron’s sign/papules and anti-TIF1y antibodies
(Supplementary Table S3, available at Rheumatology
online). In sharp contrast, prevalence of anti-ARS was
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TaeLe 1 Baseline characteristics of patients with 1IMs,
SSc and HCs

lIMs SSc P-value

VELEL S (n=70) (n=60) IIMs vs SSc

Age, years 60.4 (16.1) 59.9 (16.1) 0.85
Female, n (%) 47 (67.0) 48 (80.0) 0.12
Disease dur- 0.7 (1.2 6.4 (8.3) <0.001
ation, years
Current smo- 6 (9.0) 11 (18.6) 0.12
kers, n (%)
Symptoms, %
Fever 45.7
Myalgia 84.3
Muscle 67.1
weakness
Gowers’ 14.3
sign
Dysphagia 14.3
RP 11.4 93.3 <0.001
Heliotrope 28.6
rash
Gottron’s 68.6
sign/papules
Palmar 30.0
papules
Arthritis 44.3 25.0 0.027
ILD 75.7 38.3 <0.001

Malignancy 15.7

Laboratory data
CRP, mg/dI 2.2 4.2 0.7 (1.7) <0.001
ESR, mm/h 46.7 (29.1) 27.7 (24.9) <0.001
CK, U/l 1878.2 (2747.6) 93.6 (72.8) <0.001
IgG, mg/dl  1612.8 (527.5) 1418.1 (415.9) 0.033

Ferritin, ng/  488.2 (840.9) 107.4 (106.1) <0.001
ml
PaO,/FiO, 388.5 (80.9)

CT score 0.93 (0.78)

VC, | 2.29 (0.95)

%VC 75.8
Autoantibodies, %

Antinuclear 67.1 96.6 <0.001

abs

Anti-MDA5 22.9

abs

Anti-ARS 37.1

abs

Anti-TIF1y 12.9

abs

Anti-Mi2 abs 1.4

Data are mean (s.p.) unless otherwise stated. P-values are
for lIIMs vs SSc and were determined by Fisher’s exact test.
Values highlighted in bold indicate statistical significance
(P <0.05). Abs: antibodies; ARS: aminoacyl tRNA synthe-
tase; CK: creatine kinase; HCs: healthy controls; 1IMs: idio-
pathic inflammatory myopathies; ILD: interstitial lung
disease; MDAS5: melanoma differentiation-associated pro-
tein-5; PaO,/FiO,: ratio of partial pressure of oxygen in ar-
terial blood to fraction of inspiratory oxygen; TIF1y:
transcription intermediary factor 1gamma; VC vital capacity.

significantly lower in patients with NVC scleroderma spec-
trum abnormalities (P < 0.001).

Based on the observed significant differences in the
prevalence of different MSAs in patients with vs
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without NVC scleroderma spectrum abnormalities
(Table 3), clinical and laboratory features were com-
pared according to the specificity of autoantibodies
(anti-ARS antibodies including anti-Jo-1, PL-7, PL-12,
EJ, KS and OJ, anti-MDA5 antibodies, anti-TIF1y
antibodies, and other antibodies including anti-Mi-2,
MJ/NXP-2, signal recognition particle, Ku, and cohesin
complex) (Table 4).

The differences in the prevalence of NVC scleroderma
spectrum abnormalities were more evident when patients
were classified based on their autoantibody specificities;
~90% of the patients with anti-MDA5 and anti-TIF1y anti-
bodies had NVC scleroderma spectrum abnormalities
compared with only 26.9% in anti-ARS-positive patients
(P <0.001) (Table 4). The clinical features associated with
each autoantibody were mostly consistent with previous
literature [6-8]; myopathy was less prominent in patients
with anti-MDA5 antibodies, malignancy was common in
patients with anti-TIF1y antibodies, and skin rash charac-
teristic of DM was more common in anti-MDA5- and
TIF1y-positive patients as they were exclusively found in
DM or CADM (Table 4).

Relationship between NVC scleroderma spectrum
abnormalities and skin pathology

The above results demonstrated a higher prevalence of
NVC scleroderma spectrum abnormalities in DM patients,
especially in patients with anti-MDA5 and anti-TIF1y anti-
bodies. However, the significance of the NVC sclero-
derma spectrum abnormalities in the pathogenesis and
clinical features of IIMs is unclear. The NVC abnormalities
represent microvascular injuries, whereas perivascular in-
flammation is often observed in the biopsy specimen of
the DM skin rash. The pathogenesis and pathological pro-
cess in these microvascular abnormalities may be com-
mon; however, their relationship has not been studied.
To address this issue, the histopathological changes
around the skin capillaries in skin rash of DM were eval-
uated and compared between patients with vs without
NVC scleroderma microvascular changes. Perivascular
lymphocytic infiltration was often observed in skin rash
biopsy tissue from patients with DM (Fig. 1A), although
the extent of such infiltration varied from one patient to
another. When the severity (mild, moderate or severe) of
perivascular lymphocytic infiliration was compared be-
tween patients with vs without scleroderma microvascular
changes by NVC, the former had more severe perivascu-
lar lymphocytic infiltration (Fig. 1B). Furthermore, severe
lymphocytic infiltration was noted only in patients with
scleroderma spectrum abnormalities by NVC. These find-
ings suggest that NVC scleroderma spectrum abnormal-
ites in DM correlate with perivascular lymphocytic
infiltration in skin rash, and local immune inflammatory
perivascular reaction may contribute to the pathogenesis
in these two features of the skin.

Effects of immunosuppressants on NVC changes

Finally, the changes in NVC abnormalities after 1-year
treatment with CYC or calcineurin inhibitors, in addition

https://academic.oup.com/rheumatology
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TasLe 2 Comparison of NVC findings (NVC pattern, %) among IIMs (PM or DM) and SSc

VELEL S IIMs (n=70) PM (n=18) DM (n=52) SSc (n=60) P-value (lIMs vs SSc)
NVC scleroderma spectrum abnormalities, % 55.7 27.8 65.4 80.0 0.005
Early pattern 15.7 5.6 19.2 43.3 0.001
Active pattern 74 0.0 9.6 26.7 0.004
Late pattern 2.9 0.0 3.8 10.0 0.143
Scleroderma-like pattern 30.0 22.2 32.7 0.0 <0.001

P-values are for IIMs vs SSc and determined by Fisher’s exact test. Values highlighted in bold indicate statistical significance
(P < 0.05). lIMs: idiopathic inflammatory myopathies; NVC: nailfold videocapillaroscopy.

TasLe 3 NVC scleroderma spectrum abnormalities and clinical/laboratory findings in 1IM

With NVC scleroderma

Without NVC scleroderma

Variables spectrum abnormality (n =39) spectrum abnormality (n=31) P-value
Age, years 59.7 (15.1) 61.4 (17.4) 0.49
Female, n (%) 27 (69.2) 20 (64.5) 0.80
Disease duration, years 0.6 (1.1) 0.7 (1.3 0.22
Current smokers, n (%) 5(12.8) 1@3.2) 0.22
Symptoms, %
Fever 51.3 38.7 0.34
Myalgia 79.5 90.3 0.32
Muscle weakness 64.1 71.0 0.31
Gowers’ sign 46.2 48.4 1.00
Dysphagia 17.9 9.7 0.50
RP 12.8 9.7 1.00
Heliotrope rash 43.6 9.7 0.003
Gottron’s sign/papules 79.5 54.8 0.04
Palmar papules 46.2 9.7 0.001
Arthritis 46.2 41.9 0.81
ILD 74.4 77.4 1.00
Internal malignancy 20.5 9.7 0.32
Laboratory data
CRP, mg/dl 8 (3.0) 7 (5.4) 0.93
ESR, mm/h 49 3 (29.3) 43 5 (29.0) 0.36
CK, U/l 1686.3 (2262.1) 2119.5 (3282.3) 0.96
1gG, mg/dl 1602.1 (515.3) 1626.4 (550.7) 0.89
Ferritin, ng/ml 570.4 (910.0) 387.5 (750.0) 0.13
Pa0O,/FiO, 387.2 (84.6) 389.8 (78.5) 0.17
CT score 0.90 (0.76) 0. 97 (0.80) 0.79
VG, | 2.2(1.2) 2 (0.71) 0.88
%VC 74.5 75.7 0.93
Autoantibodies, %
Antinuclear abs 71.8 61.3 0.44
Anti-MDAS5 abs 35.9 6.5 0.004
Anti-ARS abs 17.9 61.3 <0.001
Anti-TIF1y abs 20.5 3.2 0.04
Anti-Mi2 abs 2.6 0 1.00

Data are mean (s.n.) unless otherwise stated. P-values were determined by Fisher’s exact test or the Mann-Whitney test.
Values highlighted in bold indicate statistical significance (P <0.05). Abs: autoantibodies; ARS: aminoacyl tRNA synthetase;
CK: creatine kinase; IIM: idiopathic inflammatory myopathies; ILD: interstitial lung disease; NVC: nailfold videocapillaroscopy;

to  high-dose  glucocorticoids,  were  analysed
(Supplementary Table S4, available at Rheumatology
online), excluding 10 deceased cases. The levels of myo-
genic enzyme, IgG and acute-phase proteins decreased

https://academic.oup.com/rheumatology

and CT score improved after 1 year in all survivors
(Supplementary Fig. S2, available at Rheumatology
online, P < 0.001). Unexpectedly, NVC scleroderma spec-
trum abnormalities disappeared in more than half of the
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TasLE 4 NVC findings and clinical and laboratory features in patients with different myositis-specific antibodies

Anti-MDA5 Anti-ARS? Anti-TIF1y Others®
Variables (n=16) (n=26) (n=9) (ERL)] P-value
NVC scleroderma spectrum abnormalities, % 87.5 26.9 88.9 52.6 <0.001
Age, years 56.3 (12.8) 63.3 (17.8) 59.7 (12.7) 60.4 (18.1) 0.36
Disease duration, years 0.2 (0.2) 1.1 (1.6) 0.2 (0.2) 0.7 (1.1) 0.03
Female, n (%) 12 (75.0) 16 (65.4) 5 (55.6) 14 (73.7) 0.63
Current smokers, n (%) 2 (12.5) 0 (0.0 2 (22.2) 2 (10.5) 0.17
Symptoms, %
Fever 62.5 50.0 44.4 26.3 0.18
Myalgia 50.0 92.3 100 94.7 <0.001
Muscle weakness 375 69.2 100 73.7 0.01
Gowers’ sign 18.8 50.0 66.7 57.9 0.06
Dysphagia 6.3 3.8 55.6 15.8 0.001
RP 6.3 15.4 0 15.8 0.50
Heliotrope rash 50.0 15.4 55.6 15.8 0.01
Gottron’s sign/papules 100 46.2 100 57.9 <0.001
Palmar papules 100 3.8 22.2 10.5 <0.001
Avrthritis 62.5 57.7 0.0 31.6 0.006
ILD 100 96.2 0.0 63.2 <0.001
Internal malignancy 125 7.7 55.6 10.5 0.006
Laboratory data
CRP, mg/dI 0.9 (1.0) 3.1 (3.3 2.3 (4.5 1.9 (6.4) 0.01
ESR, mm/h 57.6 (25.8) 49.5 (30.4) 42.7 (36.7) 35.6 (23.4) 0.09
CK, U/l 427.3 (851.2) 2050.5 (2754.5) 2429.4 (2223.6) 2603.1 (3602.7) 0.02
19G, mg/dl 1593.3 (303.2) 1764.6 (637.9) 1352.4 (367.1) 1544.9 (541.0) 0.29

Ferritin, ng/ml 847.3 (1282.5) 447.5 (796.3) 650.7 (604.5) 146.8 (107.1) 0.006
Pa0,/FiO, 397.4 (107.1) 374.3 (79.2) - 406.7 (32.9) -

CT score 1.10 (0.52 1.3 (0.72) 0.0 0.71 (0.79) <0.001
Antinuclear abs, % 68.8 46.2 100.0 78.9 0.01

Data are mean (s.p.) unless otherwise stated. P-values were determined by the Kruskal-Wallis test. Values highlighted in bold
indicate statistical significance (P <0.05). ?Anti-ARS (n=26) including Jo-1(n=10), PL-7 (n=1), PL-12 (n=2), EJ (n=6), KS
(n=2), OJ (n=5). POthers (n=19) include Mi-2 (n=1), MJ/NXP-2 (n=1), SRP (n=3), Ku (n=2), cohesin complex (n=1), and no
myositis-specific antibodies (n=11). Abs: autoantibodies; ARS: aminoacyl tRNA synthetase; CK: creatine kinase; IIMs: idio-
pathic inflammatory myopathies; ILD: interstitial lung disease; MDA5: melanoma differentiation-associated protein-5; NVC:
nailfold videocapillaroscopy; PaO./FiO,: ratio of partial pressure of oxygen in arterial blood to fraction of inspiratory oxygen;
SRP: signal recognition particle; TIF1y: transcription intermediary factor 1gamma.

IIM patients following immunosuppressive therapy;
NVC scleroderma spectrum abnormalities were seen in
60.0% of the 40 patients before treatment, which reduced
to only 25.0% after treatment (P <0.001, Fig. 2A). Such
improvement was independent of the different NVC
scleroderma patterns (data not shown). Also, the treat-
ment responses to the muscle and lung involvement
were independent of the different NVC scleroderma pat-
terns. In contrast, no improvements in NVC scleroderma
spectrum abnormalities were seen in SSc patients (data
not shown). Fig. 2B shows the NVC images of two repre-
sentative cases, and Supplementary Fig. S3 (available at
Rheumatology online) shows NVC images before and after
treatment of all cases. Severe NVC scleroderma spectrum
abnormalities, seen in some cases before treatment, dis-
appeared completely after 1 year of treatment (Fig. 2A
and Supplementary Fig. S3, available at Rheumatology
online).
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Discussion

This is the first report to examine the significance of
microvascular abnormalities in IIMs combined with skin
pathology and detailed autoantibodies analysis. Nailfold
microvascular abnormalities in SSc, which reflect dis-
ease status and are often used as a marker for early
diagnosis [10], are characteristic of the disease and
included in the recent classification criteria of SSc [11,
12]. However, the significance of nailfold microvascular
abnormalities in other autoimmune diseases has not
been extensively investigated. The present study was
conducted to examine the nailfold microvascular sclero-
derma spectrum abnormalities and analyse their poten-
tial significance in lIMs. This is also the first study to
examine the association between nailfold microvascular
abnormalities, MSAs and histopathological findings of
the skin rash in DM.

https://academic.oup.com/rheumatology
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Fic. 2 Effects of immunosuppressant on the NVC scleroderma spectrum abnormalities

A 100% -
80% - 40
60% - 78
40% - \

20% -

0% T
0w 52w

B Casel.53M CADM

Oow
Casell. 74M DM

Ow

p<0.001

Without NVC scleroderma spectrum abnormalities
B With NVC scleroderma spectrum abnormalities

52w

52w

(A) The changes in NVC abnormalities at week 52 after treatment. (B) Two representative cases with improved NVC
abnormalities after treatment. NVC: nailfold videocapillaroscopy.

Previous studies on the nailfold microvascular abnorm-
alities in 1IMs had only small numbers of subjects, with the
reported prevalence ranging from 26.9% [35] to 57.1%
[36]. The limitations of the previous studies included
small number of patients, use of different assessment
methods and the evaluation of a mixture of untreated
and previously treated patients. To address these
issues, NVC spectrum abnormalities in untreated patients
with IIMs were evaluated by an established standard
method used in SSc [13, 14]. In the present study,

https://academic.oup.com/rheumatology

65.4% of DM patients and 27.8% of PM patients had
NVC scleroderma spectrum abnormalities. It is of interest
that microvascular changes detected by NVC are much
more common in DM than PM, considering the classic
difference in muscle pathology between DM and PM;
the key pathological change in muscle in DM is due to
perivascular inflammation involving perimysial capillaries
and arterioles [3]. These findings might provide a new
theory in which DM and PM are considered separately.
Although the prevalence of these changes in IIM patients
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was lower than those in SSc, our data indicated that a
significant number of IIM patients have NVC scleroderma
spectrum abnormalities. However, no association was
observed between NVC scleroderma spectrum abnormal-
ities patterns and the levels of myogenic enzymes, acute-
phase proteins, %VC, or CT score at baseline. Although a
previous study [21] showed an association between NVC
scleroderma spectrum abnormalities patterns and RP,
there were no association between them in this study.
From our study, the significance and pathogenesis of
RP in patients with [IMs could be different from that in
patients with SSc.

One of the most striking and new findings in the present
study is an association of NVC scleroderma spectrum
abnormalities with certain MSAs; NVC changes were seen
at high prevalence in patients with anti-MDA5 and anti-
TIF1y antibodies, but not in anti-ARS antibodies (Tables 3
and 4, Supplementary Table S3, available at Rheumatology
online). Although one study reported an association of anti-
Jo-1 antibodies with microvascular abnormalities [37], no
comprehensive analysis of other MSAs using immunopre-
cipitation and ELISA have been performed in the past to
examine the association between microvascular abnormal-
ities and specific MSAs. IIMs can be classified into subsets
according to the various specific MSAs, each of them asso-
ciated with a unique set of clinical features [6]. Of these,
anti-ARS and anti-Mi-2 antibodies are associated with typ-
ical symptoms of myositis, while anti-MDAS and anti-TIF1y
antibodies are associated with somewhat atypical features;
anti-MDAS5 antibodies are often seen in patients with CADM
complicated with treatment-resistant, rapidly progressive
ILD, while anti-TIF1y antibodies are often positive in
patients with cancer-associated myositis. Previous papers
have also reported an association between cancer-
associated myositis and NVC findings [21, 38]. The NVC
scleroderma pattern was seen in the majority of patients
with anti-MDA5 and anti-TIF1y antibodies but not in those
with anti-ARS antibodies, suggesting that NVC scleroderma
pattern was an additional feature of 1IMs associated with
certain subsets defined by specific MSAs. Importantly, the
trends were similar even when the analysis was limited to
patients with DM. The NVC data suggest that common
pathogenesis involving microvascular inflammation may
play a role in the pathologic process and clinical features
in anti-MDA5- and anti-TIF1y-positive DM patients. This hy-
pothesis was further supported by the pathological analysis
of the skin rash in DM, which showed an association be-
tween the severity of perivascular lymphocyte infiltration in
the skin rash and the presence of NVC scleroderma spec-
trum abnormalities. Nevertheless, it remains to be clarified
whether the micorovascular inflammation detected by NVC
and the pathology of perivascular lymphocytic infiltration
often seen in the skin tissue [39, 40] directly contribute to
the pathogenesis of myositis and ILD.

Another important finding in the present study was the
improvement and disappearance of NVC scleroderma
spectrum abnormalities in IIM patients after 1 year of
treatment with immunosuppressive drugs. A previous
two case reports showed similar findings [41, 42].
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Although improvement of NVC abnormality to some
degree by certain treatment has been reported in SSc
[43-47], the effects are limited, and microvascular
abnormalities in SSc usually take a chronic progressive
course [48, 49]. Since the presence of NVC abnormalities
is associated with perivascular lymphocyte infiltration in
the skin rash, it is tempting to speculate that NVC
abnormalities in 1IMs result from a perivascular immune
reaction and inflammation, which can be suppressed by
immunosuppressive therapy, leading to unexpected dis-
appearance/improvement of NVC abnormalities.

Our study has several limitations. First, all subjects were
Japanese, and whether the findings would be similar in
other ethnicities is uncertain. Collaborative work among
scientists from around the world is needed to validate
the results, in coordination with the EULAR Study Group
on Microcirculation in Rheumatic Diseases. Second, some
of the patients who participated in the study were not
followed up due to death or transfer to other medical facil-
ities. Finally, whether similar microvascular changes were
present in muscular and pulmonary tissues was not
studied.

Despite the above limitations, the present study high-
lighted the clinical and pathological significance of micro-
vascular abnormalities in IIMs. They were associated with
subsets of [IMs, defined by anti-MDA5 and TIF1y antibo-
dies and severe perivascular inflammation in the skin rash.
Furthermore, NVC abnormalities in IIMs disappeared or
improved in the majority of cases after 1 year of immuno-
suppressive therapy, in contrast to their chronic progres-
sive course in SSc, suggesting a different significance of
NVC abnormalities in 1IMs than in SSc. Further studies
with a special focus on previously under-recognized
microvascular abnormalities in 1IMs may help us to under-
stand further aspects of the pathogenesis.
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ABSTRACT

Case 1. A 23-year-old female with polyarthralgia, facial erythema, pleuritis, carditis, nephrop-
athy and cytopenia, the diagnosis of systemic lupus erythematosus (SLE) was established.
She did not have abdominal pain, but abdominal ultrasonography and CT scan demon-
strated acute acalculous cholecystitis (AAC) due to SLE. AAC was improved with glucocortic-
oid therapy. Case 2. A 26-year-old female with cytopenia, anti ds-DNA antibody, low
complements, nephropathy and pleuritis, the diagnosis of SLE was established. She was hos-
pitalized due to epigastralgia and high fever, abdominal ultrasonography and CT scan dem-
onstrated pericholecystic edoema without gallstones. AAC was diagnosed and which was
thought to be developed in accordance with active SLE. Reports of AAC in patients with SLE
are rare and it sometimes difficult to diagnose because the findings of abdominal symptoms
or immunological abnormalities are not specific. Because of the high risk of morbidity, surgi-
cal intervention remains as mainstay treatment of AAC. Pathophysiology of AAC is still
unclear, but present reports of AAC in SLE, its pathology is thought as vasculitis. It is said
that there is some possibility of avoiding surgical treatment if we could choose intensive
treatment of SLE with glucocorticoid after excluding infections. Here we report 2 cases of
AAC associated with SLE and which successfully treated with “non-invasive therapy”. It
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would be illuminating in clinical practice of treating AAC with SLE.

Introduction

Acute acalculous cholecystitis (AAC) is likely to occur
in critically ill patients with multiple trauma, high
invasive abdominal surgery due to ischemia of gall-
bladder and biliary stasis. Because of its high mortal-
ity, surgical treatment is often recommended [1].
Variety of intraperitoneal manifestations such as peri-
tonitis, and lupus hepatitis may occur in patients
with systemic lupus erythematosus (SLE), while rarely
gall bladder involvement such as AAC is reported
[2-6]. All of the cases had abdominal pain or other
symptoms, and because of the high risk of morbidity
surgery is the main treatment of AAC even in SLE
cases [1,6,7]. Recently there are some reports in the
literature addressing successful treatment with high
dose corticosteroid therapy as the first choice in
patients with AAC, if their general condition are well
and have no complications of infection [3,5].
However there is no particular consensus of treat-
ment for AAC in SLE, surgical therapy would be
chosen according to other AAC because of its rapid
progression with a high incidence of gangrene

(>50%) and perforation (>10%). We experienced
two cases of AAC associated with SLE, which pre-
sented different clinical aspects and got improved
with treatment with high dose corticosteroid therapy
and could avoid surgical treatment.

Case presentation
Case 1

A 23-year-old female was admitted to our hospital
with polyarthralgia, fever, chest pain, general malaise
and pharyngeal pain. She also had facial erythema
and Raynaud phenomenon. Her abdomen was flat
and soft, without tenderness and Murphy’s sign at
the admission. Urinalysis showed proteinuria (Upro
+2) with granular casts without any occult blood.
Blood laboratory evaluations revealed elevated white
blood cells (WBC;11,900/pl), decreased hemoglobin
(Hb; 7.3g/dl) with elevated hepatobiliary enzyme
(AST 421U/L, ALT 641U/L, y-GTP 75U/L and ALP
7961U/L). Serum creatinine level was normal
(Cre; 0.82mg/dl). CRP and ESR were elevated at
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Figure 1. Abdominal computed tomography showing gallbladder. (a,c) edematous gallbladder without gallstones, (b,d)

improvement of bladder wall thickness.

27.5mg/dl and 98 mm/h, respectively. Elevation of
serum IgG (1901U/ml), low complements (C3
84 mg/dl, C4 6 mg/dl, CH50 20 mg/dl) and high titre
of antinuclear antibody (x5120, Speckled pattern)
with positive anti- dsDNA antibody (34.5 IlU/ml), anti-
Sm antibody (971U/l) and anti-U1-RNP antibody
(>2001U/ml) were revealed. Anti-SS-A antibody, anti-
phospholipid antibody, MPO-ANCA and PR3-ANCA
were negative. Transthoracic echocardiography and
chest CT showed pericardial effusion and a small
amount of pleural effusion, indicating complication
of pericarditis and pleuritis. Also, abdominal CT and
ultrasonography showed edematous gall bladder
without gallstones or sludge, indicating acalculous
cholecystitis (Figure 1(a)). Sonographic Murphy’s sign
was negative and no other abnormal findings in the
intestinal tract were presented at that time. Clinical
criteria as malar rash, arthritis, serositis, kidney failure
and immunologic criteria as low complements, anti-
nuclear antibody positive, anti ds-DNA antibody
positive, anti Sm antibody positive, she was diag-
nosed as SLE. The day after administration, she
slightly started feeling right upper quadrant abdom-
inal pain. Generally the gall bladder drainage adapta-
tion will be concerned if the severity of cholecystitis
is moderate or higher, or if it is impossible to
undergo cholecystectomy and does not respond to
the initial treatment. But we determined this case
did not have urgent drainage because of her condi-
tion was not poor. We also considered of bacterial
acute cholecystitis but we determined bacterial
infection is not a main pathology because there was
no significant evident rise of procalcitonin or positive
blood culture. Since present reports of acalculous

cholecystitis in SLE were developed with high dis-
ease activity, AAC of this case (SLEDAI 23 points and
BILAG 22 points) was thought to be one of the man-
ifestations of SLE. So we administered glucocorticoid
(GQ) pulse therapy for 3 days followed by high-dose
GC therapy (1mg/kg) and cyclophosphamide pulse
therapy (IVCY) for the treatment of AAC. After
administering treatments, fever, inflammation, pleuri-
tis, cardial effusion, hepatobiliary enzymes and also
bladder wall thickness were improved with decrease
activity of SLE (Figure 1(b), Figure 2).

Case 2

A 23-year-old female, she was diagnosed as SLE with
kidney dysfunction, pancytopenia, low complements,
positive antinuclear antibody and anti-ds-DNA anti-
body. High-dose GC therapy and IVCY were started
and had been keeping its remission with low-dose of
GC and cyclosporine (CsA). On March in 20xx, CsA
therapy was discontinued because of her desire for
pregnancy. Two weeks after CsA was discontinued,
she felt fever and abdominal pain. Three weeks after,
the symptom got worse and she was admitted to the
hospital. Physical examination showed fever, facial
erythema, discoid rash and tenderness in the right
upper quadrant of the abdomen with a positive
Murphy’s sign. Urinalysis showed proteinuria without
any occult blood and granular casts. Blood laboratory
evaluations revealed elevated WBC (8000/ul),
decreased hemoglobin (Hb; 10.5g/dl) with elevated
hepatobiliary enzymes (AST 391U/L, ALT 551U/L, LDH
5931U/1, y-GTP 133 U/L, and ALP 8671U/L). BUN and
creatinine were normal. CRP and ESR were elevated
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Figure 2. Clinical course of case 1.

Figure 3. Clinical course of case 2.

at 14.1mg/dl and 58mm/h, respectively. Serum
immunoglobulin  and complements were normal.
Antinuclear antibody was x1280 (Speckled pattern).
Anti-dsDNA antibody, anti-Sm antibody, anti-U1-RNP
antibody, anti-SS-A antibody, anti-phospholipid anti-
body, MPO-ANCA and PR3-ANCA were all negative,
but anti RNA helicase antibody were positive.
Abdominal CT and ultrasonography showed gallblad-
der wall thickening and edematous gallbladder with-
out gallstones therefore acalculous cholecystitis was
suspected (Figure 1(c)). As a cause of AAC, vasculitis
by AAV or infections were also suspected but ANCA
and blood cultures were both negative and antibiot-
ics were ineffective. During the examination, the
symptoms of AAC such as vomiting, abdominal pain
and fever got worse. Since AAC was developed with
high disease activity of SLE (SLEDAI 6 points and

BILAG 23 points), we selected GC pulse therapy fol-
lowed by high-dose GC therapy and restarting CsA.
After the administration, fever, abdominal pain, pleuri-
tis, inflammation, abnormal hepatobiliary enzyme got
improved (Figure 3). With decrease of disease activity
of SLE, improvement of gall bladder thickness and
edema were confirmed by image (Figure 1(d)).

Discussion

AAC usually occurs in special circumstances, such as
severe trauma, sepsis and postoperative period of
major non-billiary surgery and/or prolonged paren-
teral nutrition. It may also be observed in the course
of medical disorders such as diverse infections, dia-
betes mellitus and vasculitis. AAC is rare, occurring
in only 2% to 15% of patients with acute



Table 1. Reports of AAC developed with SLE.

MODERN RHEUMATOLOGY CASE REPORTS . 17

Age/sex Symptom Autoantibody Treatment
M. Basiratnia et al. [16] 10/Male  Fever, abdominal pain, vomitting ANA, ds-DNA antiphospholipid High dose GC — Operation
D. Martinez et al. [12] 39/female Fever, abdominal pain - Operation
C.R. Swanepoel et al. [6] 22/female Abdominal pain, vomitting ANA High dose GC, CYC — Operation
A.J. Rhoton et al. [13] 22/female  Abdominal pain - Operation
S. Uetsuji et al. [11] 53/female  Abdominal pain - Operation
J.A. Mendonca et al. [4] 12/female Fever, abdominal pain, vomiting, anorexia ANA High dose GC, CYC
T. Kamimura et al. [14]  27/female Fever, abdominal pain ANA, ds-DNA High dose GC

Sm, RNP

K.M. Newbold et al. [7]  28/female Abdominal pain, vomiting, diarrhea ANA, ds-DNA GC, CYC — Operation
K.M. Newbold et al. [7]  38/female Fever, abdominal pain, vomitting ANA, ds-DNA Operation
S.J. Shin et al. [15] 39/female  Abdominal pain, vomitting ANA High dose GC
Case 1 23/female  Fever, fatigue ds-DNA, RNP Sm High dose GC, CYC
Case 2 25/female  Fever, abdominal pain, vomitting ANA High dose GC

AAC: Acute acalculous cholecystitis, GC; Glucocorticoid, CYC; Cyclophosphamide.

cholecystitis, and its diagnosis remains less well
defined [1,8,9]. The diagnosis is usually made by
image inspection, most often by sonographic exam-
ination of the gall bladder. The most reliable diag-
nostic clues to cholecystitis are thickness of the gall
bladder wall and accumulated fluid around the gall
bladder without gallstones. The pathophysiology of
AAC is multifactorial and likely results from bile stasis
or ischemia. Bile inspissation that is directly toxic to
gall bladder epithelium and ischemia causes leuko-
cyte margination. Inflammatory cells infiltrated in
gall bladder wall due to biliary stasis, it increase
endothelium disorder of the gall bladder [1,8]. The
mortality rate remains about 15-30% because the
affected patients are critically ill, and the disease
itself can progress rapidly and cause high incidence
of perforation and secondary infection [8]. The per-
foration rate in AAC with SLE does not have a report,
but there are some reports that surgical treatment
had been chosen at the time of a diagnosis when
the patient’s general condition is poor [6,7]. Because
of this, the mainstay of therapy for AAC has been
cholesystectomy [1]. It was no exception in patients
with SLE, cholesystectomy and drainage was main
therapy until 1990s and cooperation with surgeons
was thought to be necessary. Since the report of
Swanepoel et al.[6], 14 reports of AAC developed
with SLE can confirm until now including our cases
(Table 1) [3-7,10-16]. The average age of onset is
28.6 years old and 34 cases in 35 were women,
which consistent to susceptible age for general SLE.
Acalculous cholecystitis occurs in patients with SLE
when its disease activity is high. In general, fever,
gastrointestinal symptom such as abdominal pain or
vomiting originating and Murphy’s sign can be seen,
but in some cases lack gastrointestinal symptoms at
the time of diagnosis like our case 1 [9]. The majority
of cases shows liver dysfunction, but some cases do
not present. About the association between compli-
cations and the autoantibody of SLE, it is reported
that the positive percentage of the Sm/RNP antibody
is significantly higher in cases complicating polysero-
sitis than those of Ro/La antibody positive cases [17].

In AAC cases, ANA was positive in all cases, but the
positive rate of the specific antibody was erratic. Our
case (case2) presented RNA helicase antibody which
is detected around 10% of Japanese SLE and is
thought to be a specific autoantibody in SLE.
However, the association with clinical manifestation
is not clear [18]. About the image views, there are
not the views that are specific for AAC with SLE.
Although there is one case report presented the gall
bladder atrophy as image views unlike most of the
cases presented characteristic views of AAC such as
all lap-related thickenings of the gall bladder wall
and edema. AAC in SLE, vasculitis in the neighbor-
hood capillary of gall bladder is confirmed histologi-
cally in five of eight cases, the main pathophysiology
is thought as cholestasis by ischemia of gall bladder
wall and vascular obstructions due to the chorionic
vasculitis [1]. It is suggesting that the main patho-
physiology of AAC in patients with SLE might be
serositis with vasculitis. Therefore, AAC predomin-
antly occurs during exacerbations of disease activity,
mostly presenting pleuritis, carditis and high level of
CRP. Considering the pathophysiology of AAC from
this perspective, there is no doubt about complicat-
ing other abdominal vasculitis such as mesenteric
vasculitis. But as far as we searched, there are no
reports that developed other abdominal vasculitis
with the onset of AAC. There is no particular consen-
sus of treatment for AAC in SLE. However, from the
pathophysiological point of view, controlling the dis-
ease activity of SLE with high-dose GC therapy
would be considered as the first line of treatment
for AAC in patients with SLE. In most cases in previ-
ous reports, abdominal symptoms, inflammatory
reactions, liver dysfunction and the gall bladder wall
thickening are significantly improved after the
administration of high-dose GC therapy.

From the above, the immediate treatment with
GC is important when AAC is suspected in patients
with SLE with high disease activity and no other risk
factor for AAC or its serious complications. We here
report it is thought with enlightening cases in clin-
ical practice of treating SLE with AAC.
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Patient consent

For this case report, informed consent was obtained
in writing from the patient in all of the cases.

Conflict of interest

None

ORCID

Yurie Satoh

http://orcid.org/0000-0001-6484-2360

References

(1

[2]

3]

(4]

[5]

[6]

(7]

Huffman JL, Schenker S. Acute acalculous cholecyst-
itis: a review. Clin Gastroenterol Hepatol. 2010;8:
15-22.

Hallegua DS, Wallace CJ. Gastrointestinal and hep-
atic manifestations. In: Wallace DJ, Hahn BH, editors.
Dubois’ lupus erythematosus: 6th ed. Philadelphia:
Lippincott Williams & Wilkins; 2002.

Manuel V, Pedro GM, Cordeiro LB, Valdano M. Acute
acalculous cholecystitis in systemic lupus erythema-
tosus: a rare initial manifestation. Rev Bras
Reumatol. 2016;56:181-184.

Mendonca JA, Marques-Neto JF, Prando P, et al.
Acute acalculous cholecystitis in juvenile systemic
lupus erythematosus. Lupus. 2009;18:561-563.

Lie W, Chen W, He X. Successful treatment using
corticosteroid combined antibiotic for acute acalcu-
lous cholecystitis patients with systemic lupus eryth-
ematosus. Medicine. 2017;96:27.

Swanepoel CR, Floyd A, Allison H, et al. Acute acal-
culous cholecystitis complicating systemic lupus
erythematosus: case report and review. Br Med J
(Clin Res Ed). 1983;286:251-252.

Newbold KM, Allum WH, Downing R, et al. Vasculitis
of the gall bladder in rheumatoid arthritis and

(8]

(9]

[10]

systemic lupus erythematosus. Clin Rheumatol.
1987,6:287-289.

Barie PS, Eachempati SR. Acute acalculous chole-
cystitis. Gastroenterol Clin North Am. 2010;39:
343-357.

lyer SG, et al. Acute acalculous cholecystitis: chal-
lenging the myths. HPB. 2007;9:131-134.

Raijman |, Schrager M. Hemorrhagic acalculous
cholecystitis in systemic lupus erythematosus. Am J
Gastroenterol. 1989;84:445-447.

Uetsuji S, Yamamura M, Hamada Y, et al. Two cases
of cholecystitis and cholecystolithiasis complicating
systemic lupus erythematosus. Tantosui 1990;11:
1329-1332.

Martinez D, Lowe R. Case report: systemic lupus
erythematosus (SLE) serositis mimicking acute
cholecystitis. Clin Radiol. 1991;44:434-435.

Rhoton AJ, Gilliam JH, Geisinger KR. Hemobilia in
systemic lupus erythematosus. South Med J. 1993;
86:1049-1051.

Kamimura T, Mimori A, Takeda A, et al. Acute acal-
culous cholecystitis in systemic lupus erythemato-
sus: a case report and review of the literature.
Lupus. 1998;7:361-363.

Shin SJ, Na KS, Jung SS, et al. Acute acalculous
cholecystitis associated with systemic lupus erythe-
matosus with Sjogren’s syndrome. Korean J Intern
Med. 2002;17:61-64.

Basiratnia M, Vasei M, Bahador A, et al. Acute acal-
culous cholecystitis in a child with systemic lupus
erythematosus. Pediatr Nephrol. 2006;21:873-876.
Yamasaki Y, Narain S, Yoshida H, et al. Autoantibodies
to RNA helicase A: a new serologic marker of early
lupus. Arthritis Rheum. 2007;56:596-604.

Ching KH, Burbelo PD, Tipton C, et al. Two major
autoantibody clusters in systemic lupus erythemato-
sus. PLoS One. 2012;7:32001.

Mirvis SE, Vainright JR, Nelson AW, et al. The diag-
nosis of acute acalculous cholecystitis: a comparison
of sonography, scintigraphy, and CT. AJR Am J
Roentgenol. 1986; 147:1171-1175.



4
<
O
pd
3
O

SCIENCE

Rheumatology 2019;58:1784-1793
doi:10.1093/rheumatology/kez123
Advance Access publication 22 April 2019

RHEUMATOLOGY

Original article

Autoantibodies to a novel Rpp38 (Th/To) derived
B-cell epitope are specific for systemic sclerosis and
associate with a distinct clinical phenotype
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Abstract

Objective. Detection of antinuclear antibodies and specific autoantibodies is important in the diagnosis and classifi-
cation of SSc. Several proteins of the Th/To complex, including Rpp25, Rpp38 and hPop1 are the target of autoanti-
bodies in SSc patients. However, very little is known about the epitope distribution of this autoantigen. Consequently, we
screened Rpp25, Rpp38 and hPop1 for B cell epitopes and evaluated their clinical relevance.

Methods. Serum pools with (n=2) and without (n=1) anti-Th/To autoantibodies were generated and used for epitope
discovery. Identified biomarker candidate sequences were then utilized to synthesize synthetic, biotinylated, soluble
peptides. The peptides were tested to determine reactivity with sera from SSc cohorts (n=202) and controls (n=159)
using a chemiluminescence immunoassay. Additionally, samples were also tested for antibodies to full-length recom-
binant Rpp25 antibodies by chemiluminescence immunoassay.

Results. Several immunodominant regions were found on the three proteins. The strongest reactivity was observed with
an Rpp38 peptide (aa 229-243). Autoantibodies to the Rpp38 peptide were detected in 8/149 (5.4%) limited cutaneous
SSc patients, but not in any of 159 controls (P = 0.003 by two-sided Fisher’s exact probability test). Although reactivity to
the novel antigenic peptide was correlated with the binding to Rpp25 (rho=0.44; P < 0.0001), subsets of patient sera
either reacted strongly with Rpp25 or with the novel Rpp38-derived peptide.

Conclusion. A novel Rpp38 epitope holds promise to increase the sensitivity in the detection of anti-Th/To autoanti-
bodies, thus enhancing the serological diagnosis of SSc.

Key words: systemic sclerosis, autoantibodies, interstitial lung disease, diagnosis, epitope, peptide

Rheumatology key messages

o Epitope mapping identified several linear epitopes on Th/To antigens.
e The novel Rpp38 (Th/To) derived peptide helps to increase sensitivity.
o Antibodies to the novel Rpp38 (Th/To) B-cell epitope are specific for limited cutaneous SSc.

Introduction

SSc is characterized by the presence of circulating auto-
antibodies that bind a variety of intracellular antigens,
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generally referred to as antinuclear antibodies (ANA) [1,
2]. The most prevalent autoantibodies in SSc target topo-
isomerase | (topo-l, Scl-70), centromere proteins (CENP)
and RNA polymerase lll, which are also key components
of the revised SSc classification criteria [1, 3]. Several
other autoantibodies have been reported in SSc sera
including autoantibodies targeting the PM/Scl complex
(also known as the exosome) [4], U3SRNP/fibrillarin [5, 6],
U11/12 snRNA [7, 8] and the Th/To autoantigens [9-12].

Anti-Th/To antibodies are typically associated with a
homogeneous nucleolar staining by conventional IIF on
HEp-2 cells [9, 13], a pattern now designated as
AC-08 by the International Consensus on ANA patterns
(www.anapatterns.org). In addition to the contribution to
accurate diagnosis of SSc, ANA can also be used to
stratify SSc patients according to clinically relevant

© The Author(s) 2019. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For permissions, please email: journals.permissions@oup.com
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Autoantibodies to Th\To epitopes

phenotypes [14-16]. For example, anti-Th/To antibodies
have been associated with the limited cutaneous SSc
(IcSSc) subset where the reported prevalence of these
autoantibodies ranged from 1% to 13% [9, 17, 18]. In
addition to SSc, a few reports have described anti-Th/
To antibodies in localized scleroderma, RA and interstitial
lung disease (ILD) [19-21].

The Th/To autoantigen is a macromolecular protein-
RNA complex (human RNase MRP complex) consisting
of at least 10 proteins and catalytic RNA [2, 10]. RNase
MRP is a ubiquitously expressed eukaryotic endoribonu-
clease that cleaves various RNAs, including ribosomal,
messenger and mitochondrial RNAs [10]. Almost all pro-
tein components of the RNase MRP and the evolutionarily
related RNase P complex have been reported as autoanti-
body targets in patients with ANA-associated rheumatic
diseases [10, 11, 20], although Rpp25 [22], Rpp38 [10] and
hPop1 [10] have been described as the major target auto-
antigens. While some studies tested serological cohorts,
other investigations analysed selected samples initially
identified on the basis of a nucleolar IIF staining pattern
[9]. Historically, anti-Th/To antibodies have been mostly
detected by immunoprecipitation (IP) [9]. Several years
ago, a commercial line immunoassay (LIA) for the detec-
tion of anti-Th/To antibodies based on the hPop1 target
became available and was evaluated in two independent
studies [23, 24]. Just recently, a fully automated chemilu-
minescent immunoassay (CIA) for the detection of anti-
Rpp25 antibodies (research use only) has been developed
and evaluated [22, 25]. Lastly, an IP real-time PCR assay
has been evaluated [26].

Except for their association with IcSSc, the reported
clinical association of anti-Th/To antibodies over the
past two decades has been inconsistent. Furthermore,
due to technical challenges and limited availability of the
IP assay or alternative reliable immunoassays, anti-Th/To
autoantibody tests are rarely performed in routine diag-
nostic algorithms. In addition, very little is known about
the B-cell epitope distribution of the major Th/To autoanti-
gens. Consequently, the primary goal of this study was to
analyse the epitope distribution on Rpp25, Rpp38 and
hPop1 as an approach to adapting the identified epitopes
to a high performance immunoassay that may be easily
adopted by research and diagnostic laboratories.

Methods

Patient sera

Three pools of sera were generated, each containing
equal volumes of three individual samples. The first two
pools (Th/To Pool 1 and Th/To Pool 2) were based on
samples monospecific for anti-Th/To autoantibodies
(anti-Th/To by CIA; reactivity to other SSc-related anti-
gens were excluded using commercial methods) derived
from SSc patient sera and a third pool combining three
SLE sera (SLE Pool 3) served as negative control pool.
Reactivity to Th/To and other autoantigens was measured
using CIA (Inova Diagnostics, San Diego, CA). For the
evaluation of the assay based on the Rpp38-derived

https://academic.oup.com/rheumatology

biotinylated peptide, patients fulfiling the classification
criteria for SSc [3] were enrolled including 149 with limited
cutaneous (IcSSc), 49 with diffuse cutaneous SSc (dcSSc)
and four with sine SSc (absence of external skin involve-
ment, but the presence of RP and fibrosis in one or more
internal organs) [27].

As controls, samples from patients with SLE (n=15), SS
(n=>5), idiopathic inflammatory myopathies (n=27), pa-
tients with HBV (n=20), HCV (n=21), HIV (n=18), syphilis
infection (n =20) and various other conditions (n = 33) were
included.

Longitudinal samples were available for all anti-Rpp38
antibody positive samples. In addition, 13 patients with
primary RP without signs of SSc as well as samples
from various disease controls were included (n=159).

Under the terms of this study, all patient information
was anonymized prior to analysis, precluding the require-
ment of written informed consent. All clinical investigation
was conducted according to the principles expressed in
the Declaration of Helsinki. Biobank and clinical data col-
lection procedures were approved by the CHUM Ethical
Review Board.

Recombinant Rpp25 antigen and anti-Rpp25/Rpp38
immunoassay

Recombinant full-length, his-tagged human Rpp25 was
generated and purified as previously described and
used for CIA [22]. The Rpp25 assay (Inova Diagnostics)
is a novel CIA that is currently used for research purposes
only and utilizes the BIO-FLASH® instrument (Biokit,
Barcelona, Spain), fitted with a luminometer, as well as
the hardware and liquid handling accessories necessary
to fully automate the assay [28]. For the Rpp25 and Rpp38
screening assays, the two antigens were immobilized on
separate beads. Bead mixtures with different ratios of the
two beads were generated and a 50 : 50 ratio showed the
best discrimination between positive and negative
samples.

Epitope mapping using solid phase peptides

The amino acid sequences of the Rpp25 (#NP_060263),
Rpp38 (#NP_006405) and hPop1 (#NP_001139333) auto-
antigens were translated into 15-mer peptides with pep-
tide-to-peptide overlaps of 14 amino acids (aa, Rpp25
and Rpp38) and 13 aa (hPop1) resulting in 1041 different
peptides printed in duplicate (2082 peptide spots in all)
using solid phase peptide arrays (PEPperPrint,
Heidelberg, Germany) [18, 29, 30]. The three serum
pools, Th/To Pool 1, Th/To Pool 2 and SLE Pool 3 were
used. Epitope mapping was carried out as previously
described [29-31].

Synthesis of candidate peptides and detection

Soluble biotinylated peptides were synthesized by FMOC
define chemistry as previously reported [32] and purity
verified by HPLC. After reconstitution, the peptides were
coupled to streptavidin beads and tested by CIA.
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IIF on HEp-2 cells

ANA of SSc sera were detected by IIF performed on HEp-
2 cells (Antibodies Incorporated, Davis, CA, USA) [21].
Patterns were reported in concordance with the
International Consensus on ANA Patterns (ICAP) classifi-
cation [33].

Statistical evaluation

The data were statistically evaluated using Analyse-it soft-
ware (Version 3.90; Analyse-it Software, Ltd, Leeds, UK).
%%, Spearman’s correlation and Cohen’s kappa agree-
ment test were carried out to analyse agreements be-
tween portions and P values <0.05 were considered
significant. Descriptive statistics were used to summarize
the baseline characteristics of the patients. x?, Fisher's
exact and Mann-Whitney U tests were used as appropri-
ate and P values <0.05 were considered statistically
significant.

Results

Discovery of linear epitopes using high density solid
phase peptide array

When the two serum pools containing anti-Th/To autoan-
tibodies and the control SLE pool were used to probe the
Rpp25, Rpp38 and hPop1 peptide arrays, the highest in-
tensity signals were found in peptides representing amino
acids 226-246 of the Rpp38 antigen (Fig. 1). The identical
peptides were identified by both Th/To serum pools, but
not by the SLE negative control serum pool. Moreover, the
assays identified some additional but weaker epitopes of
Rpp38 and hPop1 (Fig. 1).

Next, all peptides that yielded at least 200 units of re-
activity (at 1 : 250 serum dilution) with at least one of the
Th/To serum pools, but not with the SLE pool, were se-
lected for further analyses. For Rpp25, one peptide was
positive for both pools, 10 peptides for Th/To pool 1 and 7
peptides for Th/To pool 2. Rpp38 displayed a greater
number of reactive peptides. Seven peptides were posi-
tive for both pools, six peptides for Th/To pool 1 and 24
peptides for Th/To pool 2. Last, two hPop1 peptides were
positive for both Th/To pools, 16 peptides for Th/To pool 1
and three peptides for Th/To pool 2. The number and per-
cent of positive peptides (>200 units) and highest signals
are summarized in Fig. 2.

Verification of identified epitopes using synthetic
Th/to derived soluble peptides

A total of eight soluble biotinylated peptides were designed
based on the identified sequences and used for further
studies (Table 1). Two peptides were based on the
hPop1 sequence, three on Rpp25, two on Rpp38 and
one was a Rpp38 and hPop1 hybrid (see Table 1). In further
analysis, peptide Rpp38- 2?° RELLDTSFEDLSKPK 243,
Rpp38- 2% DTSFEDLSKPKRKLA 2*” and Rpp38- 2**DTSFE
DLSKPKRKLA 24/hPop1- 4'® TGIIISDLTMEMNRF 32 were
most reactive. Further comparative descriptive analysis
showed significantly higher reactivity against peptide
Rpp38- 229243 and Rpp38- 233247 with the SSc sera.
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The best discrimination between SSc and controls was
observed with Rpp38- 22° RELLDTSFEDLSKPK 243,
which was then used for further analysis in a clinical study.

Prevalence and titres of anti-Rpp25 and Rpp38
antibodies in different diseases

When the prevalence and the titres of anti-Rpp25 and
anti-Rpp38 peptide antibodies were studied in SSc and
various other diseases, the highest prevalence and titres
were found with SSc sera (Fig. 3). Anti-Rpp25 antibodies
showed a higher sensitivity, but lower specificity com-
pared with anti-Rpp38 antibodies. Strikingly, the reactivity
to the Rpp38 derived peptide was very specific for SSc
and restricted to the limited cutaneous form.

Correlation between anti-Rpp25 and anti-Rpp38
peptide antibodies and development of anti-Th/to
screening assay

Antibodies to the novel Rpp38 peptide showed significant
correlation with antibodies to full length human recombin-
ant Rpp25 as measured by CIA. Using 299 serum samples
(202 SSc, 97 controls), the quantitative agreement ac-
cording to the Spearman equation was (rho=0.44, 95%
Cl 0.35, 0.53; P < 0.0001). However, there were subsets
of SSc sera that either reacted strongly with Rpp25 or with
the novel Rpp38 derived peptide (see Fig. 4). When beads
coupled with Rpp25 were mixed with Rpp38 coupled
beads in a 50 : 50 ratio and tested with four samples
positive for Rpp25 but negative for Rpp38 and two sam-
ples positive for Rpp38 but negative for Rpp25, it was
found that the bead mixture detected both autoantibody
specificities. Negative samples remained negative and
double positive samples remained positive.

Sequence comparisons between Rpp25 and Rpp38

Due to the observed correlation between the reactivity of
autoantibodies to Rpp25 and the Rpp38 derived peptide,
a sequence alignment was carried out that showed
limited similarity/identity between the two molecules
(Supplementary Fig. S1, available at Rheumatology
online). A total of four regions were identified on both pro-
teins that showed >30% sequence identity, none of them
overlap with the identified major Rpp38 epitope.

Clinical features of anti-Rpp38 peptide antibody
positive patients

We identified eight (seven females and one male) patients
that tested positive for anti-Rpp38 peptide antibodies in at
least one serum sample and for which clinical data could
be retrieved from medical records. Seven had IcSSc and
one had early IcSSc. The median age at disease onset
was 34.6years (7.8-48.7 years) and the median age at
blood sampling was 51.0years (32.2-73.9years). Of the
eight patients, two had co-morbid pulmonary fibrosis,
two had SS and two had primary biliary cholangitis. In
six of the eight patients, anti-Rpp38 antibodies were de-
tectable in the first longitudinal serum sample. The re-
maining two patients developed anti-Th/To antibodies
over the course of their disease. Although anti-Rpp38
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The peptide arrays stained with pools of Th/To positive SSc serum samples (A, B) show several immunoreactive regions
in all proteins. Reactivity with the pool of samples derived from SLE sera showed minor reactivity (C). Peptides that
showed reactivity (=200 units) with at least one of the two Th/To serum pools, but not with the SLE pool are shown in D.
In E, epitope map highlights main reactive peptides.
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antibodies were exclusively found in patients with IcSSc
(8/149 1cSSc vs 0/49 dcSSc; OR 6.0, 95% CI 0.33,
104.94), the difference between the two clinical subsets
did not reach statistical significance (P = 0.2235).
Nevertheless, anti-Rpp38 antibodies were significantly
more common in patients with IcSSc than in all other con-
trols including the dcSSc (8/149 vs 0/225, P = 0.0006 by
two-sided Fisher’s exact probability test, OR 27.1, 95% Cl
1.6, 473.04). Of the eight patients with anti-Th/To antibo-
dies, five had other antibodies in addition to anti-Th/To,
with anti-Ro52 being the most common one followed by
anti-centromere and anti-PM/Scl (see Table 2).

Association of anti-Rpp38 antibodies with IIF pattern

Of the eight anti-Rpp38 peptide positive samples, three
showed a homogeneous nucleolar pattern (ICAP AC-08)
as the main pattern. In the remaining five samples, AC-08
was the secondary IIF pattern. Within the group of dcSSc
patients, 12/49 (24.5%) showed a nucleolar pattern, but all

Fic. 2 Number of linear peptides on Rpp25, Rpp38 and
hPop1 identified by Th/To pools
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The number of peptides that showed a reactivity of >200
units with at least one of the Th/To pools, but not with the
SLE control pool, are displayed. For both Rpp25 and
hPop1, more peptides reacted with pool 1, but not with
pool 2. Rpp38 showed the highest number of peptides
that reacted with both Th/To sample pools.

TasLe 1 Designed Rpp25, Rpp38 and hPop1 peptides

No. Antigen aa Short ID

1 hPop 15 400 hpop1 414

2  Rpp25 20 °' Rpp25 8

3 Rpp38 15 229 Rpp3g 243

4 Rpp25 30 54 Rpp25 %8/ 123 Rpp25 %7
5

6 Rpp38 15 228 Rpp3g 247

7 hPopi 23 418 hpop 440

8

were negative for anti-Rpp38 antibodies confirming the
association with IcSSc.

Discussion

This is the first study to describe linear epitopes on three
Th/To antigens. In addition, we developed a particle-
based assay using the newly identified Rpp38 epitope
that showed high specificity for IcSSc and identified pa-
tients with a distinct clinical phenotype.

ANA are detected in >90% of SSc patients’ sera and
are valuable tools in establishing the diagnosis, predicting
the onset, internal organ involvement and the prognosis of
the disease [1, 34]. Besides anti-centromere, anti-topo I/
Scl-70 and anti-RNA polymerase Il antibodies, which are
part of the classification criteria of SSc, autoantibodies to
the Th/To complex have also been described in up to 10%
of SSc sera [9-12, 18]. Almost all protein components of
the Th/To complex have been reported to be targets of
the anti-Th/To autoantibody repertoire [10, 20]. Moreover,
recent studies using ELISA and CIA confirmed Rpp25 as
the major Th/To autoantigen, being detected in
~60-100% of anti-Th/To positive patients (as identified
by IP) [10, 22].

The observation that they are primarily detectable in
SSc makes this specificity an important serological ad-
junct in the diagnosis and clinical stratification of SSc. In
addition, a high prevalence (~25%) of anti-Th/To antibo-
dies was found in ANA-positive/ENA-negative SSc pa-
tients [25]. In our study, all samples with anti-Rpp38
antibodies showed the AC-08 (nucleolar) pattern, which
is consistent with the presence of anti-Th/To antibodies
[35]. The anti-Th/To antibody test may also have applica-
tions for non-SSc patients such as those with ILD, as anti-
Th/To antibodies were reported in ~50% of anti-nucleolar
antibody-positive idiopathic pulmonary fibrosis patients
[13]. However, this requires further studies on large idio-
pathic pulmonary fibrosis cohorts as only a portion of
these patients expressed nucleolar pattern.

When comparing the prevalence of anti-hPop1 or anti-
Rpp25 antibodies in SSc patients based on published
studies, similar prevalences were found (2.1-3.3%)
[22-24]. However, statistically significant differences in
the clinical specificities were reported 98.7% [23] and

ID

hPop- “°° IGDGTRDPCLPYSWI ***

Rpp25- °' AFATASMAQPATRAIVFSGC ©®

Rpp38- 2?° RELLDTSFEDLSKPK 2%3

Rpp25- °* TASMAQPATRAIVFS®® / Rpp25- '*® AASLSVLKNVPGLAI **7
Rpp25 26 8% Rpp25 '°° / 123 Rpp25 137 Rpp25- %° EPGVADEDQTA'®® / Rpp25- 2° AASLSVLKNVPGLAT 137
Rpp38- *® DTSFEDLSKPKRKLA 2*"

hPop1- *'® TGIIISDLTMEMNRFRLIGPLSH *°

Rpp38/hPop1 30 223 Rpp38 247 / - 418 hPop1 32 Rpp38- 2** DTSFEDLSKPKRKLA 2¢7 / hPopl- “®TGIIISDLTMEMNRF *2

aa: amino acid; ID: identification code.
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Fie. 3 Autoantibody reactivity to Rpp25 and to the major Rpp38 peptide epitope
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The levels of anti-Rpp25 (recombinant full-length protein) and anti-Rpp38 (the major Rpp38 peptide) antibodies are
shown as measured by chemiluminescence immunoassay (CIA) in A. In B, reactivity is displayed according to the IIF
pattern. The individual ICAP pattern as well as two groups [with (w) and without (w/0) any AC-08 pattern] are presented.
IcSSc: limited cutaneous SSc; dcSSc: diffuse cutaneous); IIM: idiopathic inflammatory myopathies; HBV: hepatitis B
virus; HCV: hepatitis C virus; HIV: human immunodeficiency virus; AC-01: homogeneous; AC-03: centromere; AC-04: fine
speckled; AC-05: large coarse speckled; AC-08: homogeneous nucleolar; AC-09: clumpy nucleolar; AC-10: punctate
nucleolar; AC-12: punctate nuclear envelop; AC-20: cytoplasmic fine speckled; AC-21: cytoplasmic anti-mitochondrial;

AC-22: cytoplasmic Golgi-like.

97.8% [24] for hPop1 by LIA vs 99.5% for Rpp25 by CIA
[22]. Whether the differences are attributable to different
control groups is unknown and should be analysed in
future studies.

In a recent study on a large cohort of Canadian SSc
patients, the LIA used to detect anti-hPop1 missed a sig-
nificant number (n=18) of anti-Th/To antibody positive
samples that were identified by IP [25]. This may be due
to low prevalence of anti-hPop1 autoantibodies among
anti-Th/To positive patients in this cohort or low sensitivity
of the hPop1 antigen used in LIA. However, 20% of the
anti-Th/To antibodies positive samples were also missed
using the Rpp25 CIA when compared with IP. An analysis
of the lack of concordance and the potential complemen-
tarity of anti-Rpp25 and anti-hPop1 antibodies is currently
ongoing. In a study by Kuwana et al. [20], anti-hPop1

https://academic.oup.com/rheumatology

autoantibodies were significantly more prevalent in anti-
Th/To positive SSc patients as detected by IP, compared
with anti-Th/To positive patients with other AARDs. In
contrast, Rpp30 and Rpp38 were equally targeted by
autoantibodies from SSc and non-SSc ANA-associated
rheumatic disease patients. This is inconsistent with our
findings, which showed that reactivity of an SLE serum
pool to linear peptides of hPop1 was higher compared
to Rpp25 and Rpp38. However, discontinuous conform-
ational epitopes were not analysed in our study. During
the course of this study, we also aimed to compare the
reactivity to the individual Th/To components using a re-
combinant Rpp38 and hPop1. However, we were unable
to develop an immunoassay or functional assays that
might be related to the recombinant constructs.
Nevertheless, when indirectly comparing the reactivity to
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Fic. 4 Autoantibodies to Rpp25 and Rpp38
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A: Correlation between anti-Rpp25 and anti-Rpp38 229243 peptide antibodies. The reactivity between anti-Rpp25 and

anti-Rpp38 peptide antibodies measured in 299 samples (203 SSc, 81 controls and 13 with unknown diagnosis) using a
chemiluminescence assay showed significant correlation (rho=0.44, 95% CI 0.35, 0.53; P < 0.0001). However, subsets
of some patients either reacted with Rpp25 or with the novel Rpp38 derived peptide. B: Using a mixture of Rpp25 and
Rpp38 coupled beads, samples that were positive for either of the two antigens were detected. All values on the ordinate
axis are expressed as relative light units (RLU). QF: QUANTA Flash.

Rpp38 described in the original study (6/303, 2%), the
identified Rpp38 epitope showed comparable reactivity.
Although autoantibodies to Th/To have been known for
over two decades, the clinical associations of anti-Th/To
antibodies are not yet fully established. Previous studies
are mostly consistent in showing an association with
IcSSc; however, association with more specific clinical
features is somewhat inconsistent. Small numbers of
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anti-Th/To positive patients, differences in ethnicity and
environment, differences in the detection methods, re-
cruitment bias and other factors could explain the incon-
sistencies [9, 11, 36-38]. Anti-Th/To antibodies have also
been associated with pericarditis, ILD and a high fre-
quency of isolated pulmonary hypertension [9, 17].
Compared with anti-CENP IIF positive patients, anti-Th/
To IcSSc patients have milder cutaneous, vascular and
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TasLe 2 Clinical features of SSc patients with anti-Rpp38 antibodies

ILD at
Age at Age at blood

# Sex Diagnosis Other onset sampling sampling

1 F IcSSc PBC 7.8 53.1 0
2 F IcSSc PBC 34.6 48.8 0
3 M IcSSc 23.3 36.6 1
4 F IcSSc C,DU  43.1 73.9 0
5 F IcSSc DU NA 36.1 0
6 F early SSc  SS 30.5 32.2 0
7 F IcSSc SS 45.6 73.9 0
8 F IcSSc none 48.7 57.7 0

ILD during Pulmonary
disease hypertension Capillaroscopy Other aab

0 0 1-Late pattern Ro52, CENP

0 0 1-Late pattern Ro52, PM/Scl

1 0 1-Late pattern  none

0 0 1-Late pattern Ro52

1 0 NA Ro52, CENP,
PM/Scl

1 0 1-Early pattern CENP

1 0 1-Late pattern none

0 0 1-Late pattern  none

IcSSc: limited cutaneous SSc; C: calcinosis; CENP: centromere protein; DU: digital ulcers; NA: not available; PBC: primary

biliary cholangitis; f: female; m: male; 0: absent; 1: present.

gastrointestinal involvement, but more often have pulmon-
ary fibrosis, renal crisis and reduced survival [36]. Like
other SSc-related autoantibodies, the presence of anti-
Th/To antibodies in patients with isolated RP is predictive
of early SSc [39]. Also, anti-Th/To positive SSc patients
demonstrated earlier development of nailfold capillary
abnormalities than anti-CENP B positive patients [39]. In
addition, anti-Th/To positive patients were younger and
more frequently male compared with anti-CENP IIF-posi-
tive patients [9]. The prevalence of anti-Th/To antibodies
might be higher in Caucasian Americans compared with
African and Latin American patients [37]. Lastly, in the
Canadian SSc cohort preselected for autoantibody re-
activity, the association of anti-Th/To and anti-Rpp25 anti-
bodies with ILD and nailfold capillary abnormalities was
confirmed [25]. In light of the importance of stratifying SSc
patients in more clinically meaningful subsets of patients
[14, 38], it is interesting to note that all eight anti-Rpp38
antibody positive subjects had I1cSSc and four patients
developed ILD during disease cause. This potential asso-
ciation is of interest as anti-Th/To antibodies fluctuate
over time and might predict future development of ILD
[40]. However, because the prevalence of ILD in the
anti-Rpp38 positive individuals is not significantly different
from general SSc cohorts [41], future research might also
consider severity of ILD and prognostic aspects. Although
not statistically significant, it is intriguing that two of the
eight (25%) patients had primary biliary cholangitis (PBC),
an uncommon autoimmune liver condition that may coex-
ist with 1cSSc [42]. This observation deserves further
investigation.

Several studies have analysed the epitope distribution
on SSc-related autoantigens, including CENP, PM/Scl
[43], RNA Pol lll and topo | [1]. For CENP-A and PM/Scl,
linear epitopes could be identified using the SPOT tech-
nology and these epitopes were then used to develop
sensitive and specific ELISA [44, 45]. In contrast, very
little has been published about the epitope specificity
and distribution on Th/To autoantigens. This is the first

https://academic.oup.com/rheumatology

study to describe linear epitopes on the Rpp25, Rpp38
and hPop Th/To autoantigens. The identified major epi-
tope on Rpp38 was then used to develop an immuno-
assay showing significant correlation to the results
obtained with the anti-Rpp25 immunoassay, which
raised questions about potential cross-reactivity. A se-
quence comparison between Rpp25 and Rpp38 revealed
low sequence similarity. In addition, the major Rpp38 epi-
tope does not show sequence similarity to any region on
Rpp25. Consequently, the correlation might be explained
by a polyclonal autoantibody response to several mem-
bers of the protein complex rather than by cross-reactiv-
ity. In the future, studies using, for example, the entire
Canadian Scleroderma Research Group (CSRG) SSc
cohort, or patients registered at the EULAR Scleroderma
Trials and Research (EUSTAR) [18, 46] or the German
Network for systemic scleroderma [18] and/or the
Australian SSc cohort [47] would be of great interest to
thoroughly analyse the clinical associations of autoantibo-
dies to the new Th/To epitopes. This could also provide
further insights about the future use of Rpp25 and Rpp38
peptide, either as single analytes, or as a screening ap-
proach to assess anti-Th/To antibodies as demonstrated
herein.

Despite the relatively low prevalence of anti-Th/To
antibodies in SSc, testing for these antibodies and the
sub-specificities (anti-Rpp25, anti-Rpp38 and anti-hPop1
antibodies) may have significant value for patient stratifi-
cation [5, 14]. The association with ILD is of particular
importance because lung disease accounts for 33% of
SSc-related deaths [48].

In summary, this is the first study to describe linear epi-
topes on the Th/To antigen. In addition, the assay based
on the identified epitope was specific for IcSSc and iden-
tified patients with a distinct clinical phenotype.
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ABSTRACT

Anti-OJ autoantibodies are rare myositis-specific autoantibodies that have been described to target isoleucyl-
tRNA synthetase. Routinely used multiplex assays perform poorly in detection of anti-OJ antibodies. In this
manuscript, we review the existing literature on critical issues in detection of anti-OJ and the clinical features
associated with anti-OJ. The challenging detection with line/blot immunoassays and ELISAs is most likely re-
lated to the characteristics of the autoantigen involved, which is part of a multi-enzyme synthetase complex.
Anti-OJ autoantibodies might therefore be more aptly termed anti-OJ complex autoantibodies. Anti-OJ auto-
antibodies are associated with the anti-synthetase syndrome, with interstitial lung disease (ILD) frequently being
the sole manifestation. Myositis, present in the majority of patients with anti-OJ antibodies, is more severe than
in patients with other anti-aminoacyl-tRNA synthetases. Most patients respond to glucocorticoid therapy. As
detection of anti-OJ is relevant for treatment, reliable and practical detection is needed. Meanwhile, clinicians
need to be aware of the possibility of anti-OJ in patients with ILD, isolated or in combination with myositis.

1. Introduction

Anti-OJ autoantibodies are myositis-specific autoantibodies (MSAs)
that can be found in < 5% of patients with idiopathic inflammatory
myopathies (IIMs) [1,2]. They presumably target isoleucyl-tRNA syn-
thetase and, as such, are part of the group of the anti-aminoacyl-tRNA
synthetases (anti-ARS, Table 1), of which anti-Jo-1 is the most pre-
valent [1,3]. Collectively, anti-ARSs can be found in 11-40% of patients
with IIM, depending on the detection method and the examined cohort
[1,4].

The anti-ARSs are associated with the anti-synthetase syndrome (ASS),
a subtype of IIM. ASS consists of the triad of myositis, interstitial lung
disease (ILD) and arthritis, with mechanic's hands, Raynaud phenomenon
and unexplained fever as frequently accompanying manifestations [3,5-7].
In addition to ASS, which is sometimes seen as a form of overlap myositis
(OM), four more IIM subtypes are recognized: dermatomyositis (DM),
immune-mediated necrotizing myopathy (IMNM), inclusion-body myositis
(IBM) and polymyositis (PM) [8]. Within these subtypes, other autoanti-
body-defined syndromes are being considered, highlighting the relevance
of reliable autoantibody detection [9,10].

Although the detection methods for autoantibodies in IIM are
evolving rapidly, detection of anti-OJ autoantibodies with newer im-
munoassays proves to be especially difficult. Therefore, knowledge of
the clinical features associated with anti-OJ is relevant for the physician
in order to avoid misdiagnosis or misclassification. To this end, we
provide an overview on the detection, with emphasis on the target of
anti-OJ, and associated clinical features of anti-OJ autoantibodies.

2. Methods

In PubMed and Embase the following search was performed: “Anti-
0J” OR ‘OJ autoantibodies” OR “anti-isoleucyl-tRNA synthetase”. After
removal of duplicates and exclusion of articles based on article type
(reviews and conference abstracts were excluded) and content (as based
on abstract) a full-text review was performed for articles available in
English. Additional articles were hand searched. Patients described in
multiple articles, if explicitly stated, were only included once for review
of associated clinical features.

Antigens recognized by sera were analyzed by immunoprecipitation
(IP) of radiolabeled K562 (human erythroleukemia) cell extract and
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Autoantibodies targeted at aminoacyl-tRNA synthetases or proteins associated with translation.

Autoantibody Autoantigen ARS class Molecular weight in kDa (IP)  Clinical phenotype Prevalence in IIM (%)

Aminoacyl-tRNA synthetases

Anti-Jo-1 [55] Histidyl-tRNA synthetase (HARS) 1I 50 ASS/ILD 25-30%

Anti-PL-12 [56] Alanyl-tRNA synthetase (AARS) 11 110 ASS/ILD [57] 2-5%

Anti-PL-7 [58] Threonyl-tRNA synthetase (TARS) I 80 ASS/ILD [59] 2-5%

Anti-EJ [11] Glycyl-tRNA synthetase (GARS) I 75 ASS/ILD < 2%

Anti-KS [60] Asparaginyl-tRNA synthetase (NARS) 11 65[60] ILD, arthritis, sicca syndrome [60,61] < 2% [60]

Anti-OJ [11] Components of the MSC I (IRS) 150 + 170/130/75 ASS/ILD < 5% [1,2]

Anti-YRS/Anti-Ha [62]  Tyrosyl-tRNA synthetase (YARS) I 59 ASS/ILD Rare

Anti-Zo [63] Pheynlalanyl-tRNA synthetase (FARS) I 60/70 ASS/ILD Rare

Anti-WRS [64] Tryptophanyl-tRNA synthetase (WARS) 1 120 SLE, RA, malignancy [65,66] NA

Proteins associated with translation

Anti-Mas [67] Selenocysteine-seryl-tRNA-protein NA 48 AIH, IIM 2% [68]
complex

Anti-KJ [69] Translocation factor NA 30/43 ASS-like syndrome Rare

Anti-Wa [70] NEFA/nucleobindin-2 [71] NA 48 ASS-like syndrome Rare

Anti-Fer [72] Eukaryotic elongation factor Ia [73] NA Unknown ASS-like syndrome Rare

ASS antisynthetase syndrome, IIM idiopathic inflammatory myopathy, IP immunoprecipitation, IARS isoleucyl-tRNA synthetase, MSC multienzyme synthetase
complex, NA not applicable, NEFA DNA binding/EF-hand/acidic amino acid rich region.

SDS-PAGE. In brief, cells were labeled for 14 h with 35S-L-methionine
and 35S-L-cysteine (NEG772, PerkinElmer, Waltham, MA, USA) and
lysed in NET/IGEPAL CA-630 buffer (500 mM NaCl, 2mM EDTA,
50 mM Tris-HCl pH7.5, 0.3% IGEPAL CA-630) containing 0.5mM
PMSF and 0.3 TIU/ml aprotinin. Cell extract was cleared by cen-
trifugation and immunoprecipitated on Protein A Sepharose beads (17-
0780-01, GE Healthcare, Marlborough, MA, USA) coated with anti-
bodies from 8 ul of human serum. Beads were then washed with 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). Immunoprecipitated proteins
were subjected to 8% and 12.5% SDS-PAGE followed by auto-
radiography.

3. The anti-OJ target

Anti-OJ autoantibodies were, concurrently with anti-EJ auto-
antibodies, discovered by IP and aminoacylation inhibition experiments
by Targoff in 1990 (Fig. 1) [11]. The immunoprecipitate of sera of two
patients, who had the initials OJ and EJ, revealed identical patterns of
tRNA, which co-immunoprecipitated with the ARS, and a distinct pro-
tein pattern, consistent with the multi-enzyme synthetase complex
(MSC). These sera inhibited the enzymatic activity of isoleucyl-tRNA
synthetase (IARS), a component of the MSC, most strongly in an ami-
noacylation assay, though reactivity with other components of the MSC
were noted in the initial and subsequent study by Targoff [11,12]. In-
terestingly, immunoblotting with anti-OJ positive sera did not show
reaction with the presumed main target IARS in most cases. These
findings challenge the notion of IARS as a singular isolated target and
points to considering IARS as a part of the MSC if we want to further
elucidate the target.

The MSC consists of 9 synthetases, including IARS, and 3 non-cat-
alytic components (Fig. 2a) [13,14]. It has a key role in protein
synthesis but is a central hub for many signaling pathways as well [14].
In addition to IARS, anti-OJ autoantibodies have shown reactivity with
lysyl-tRNA synthetase (KARS), a 160 kD synthetase protein that most
likely corresponds to the bifunctional glutamyl-prolyl-tRNA synthetase
(EPRS) or glutaminyl-tRNA synthetase (QARS), and possibly leucyl-
(LARS) and arginyl-tRNA synthetase (RARS) [12,15]. No reactivity with
methionyl-, arginyl- and asparaginyl-tRNA synthetases, the remaining
synthetases of the MSC, has been described. The 3 non-catalytic com-
ponents, p43, p38 and pl8, are instrumental for stabilization of the
interactions between the components [14,16]. Next to these established
components, additional components have been suggested, such as
threonyl-tRNA synthetase like-2 (TARSL2), an enzyme with similar

aminoacylation activity to threonyl-tRNA synthetase (TARS) [17],
which is a known autoantigen for anti-PL-7 autoantibodies [18].

These components are assembled into multiple subcomplexes and
ultimately into the MSC, which has an estimated weight of 1.5MDa
[14]. Cryogenic electron microscopy [19] and small angle X-ray scat-
tering [20] has allowed the construction of a low resolution model of
the entire native MSC. These structural studies reveal a large and
elongated, but probably flexible, structure. This organization befits the
dual role of the MSC in protein synthesis and signaling.

Considering the confounding results in defining the primary target
(s) of anti-OJ and the expanded knowledge of the components and
structure of the MSC, the epitope might be based on quaternary inter-
actions between MSC components. If the binding of autoantibody and
the OJ epitope would indeed be dependent on quaternary interactions,
anti-OJ autoantibodies may rather be seen as anti-OJ complex auto-
antibodies. Viewing anti-OJ autoantibodies as targeted at a complex has
direct implications for the development of an assay for detecting anti-
0OJ autoantibodies.

4. Detection of anti-OJ autoantibodies

In current clinical practice detection of anti-OJ autoantibodies is
problematic. IP is the preferred method as sera with anti-OJ auto-
antibodies have a specific pattern on RNA and protein IP (Fig. 2b).
However, differences between direct antigen-antibody interactions that
can be detected by solid phase assays vs. direct, indirect and quaternary
interactions captured by IP could negatively impact the agreement
between these methods. Furthermore, IP is laborious and technically
demanding, leading to increasing use of other assays in routine practice.

Line immunoassays (LIA) and dot blot assays (DBA) are the current
detection method for MSAs in many hospitals. These multiplex assays,
which are based on immunoblotting, agree only for some MSAs with IP
[21]. For anti-OJ, they perform poorly. In a comparison of a LIA
(Euroimmun Myositis profile, Liibeck, Germany) with IP in three stu-
dies, none of the 25 anti-OJ-positive sera (all three studies combined),
as confirmed by RNA and protein IP [1,22] or protein IP alone [21],
were positive on the LIA. Moreover, in large cohorts tested with LIA or
DBA, detection of anti-OJ was exceedingly rare, even more so than in
cohorts tested with IP with a similar number of patients [4,23-25].

Few other methods besides LIA and DBA have been investigated. In
a study of an ELISA for a mixture of 6 anti-ARSs, anti-OJ was the only
anti-ARS that could not be detected in RNA IP-confirmed anti-OJ po-
sitive sera [26]. The recombinant antigen was expressed in insect cell
expression system (Hi-5 cells). A novel detection technique called
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Characterization of the MSC complex

Fig. 1. The history of anti-OJ autoantibodies from biochemical and immunological perspective. MSC = multi-synthetase complex; LIA = Line immunoassay;

PMAT = particle-based multi-analyte technology.

particle-based multi-analyte technology (PMAT) has an excellent cor-
relation with IP for the most frequently encountered MSAs, but has not
been evaluated with anti-OJ positive sera as detected by IP [27].

The role of indirect immunofluorescence (IIF) in IIM is limited [28].
A cytoplasmic pattern can be seen in a proportion of patients with anti-
0J, as is the case for other anti-ARS [29-31]. Notably, ARSs can also be
found in nonconventional localizations such as the nucleus and mi-
tochondria [32]. Lack of sensitivity of IIF on HEp-2 cells for various
cytoplasmic antigens, including the ARSs, could be a consequence of
low relative antigen concentration, cell preparation or fixation proto-
cols [33]. As such, a negative result on IIF, even with separate reporting
of cytoplasmic staining [34], does not exclude MSAs such as anti-OJ.
Therefore, IIF alone is not adequate for screening patients with possible
anti-OJ or other anti-ARSs. Furthermore, identification of the specific
autoantibody is relevant for management of these diseases, even within
the ASS, given the heterogeneity in clinical features among anti-ARSs
[28,35].

Considering the detection issues with other techniques, IP remains
the preferred method for detection of anti-OJ autoantibodies, despite its
own limitations. The disappointing results with the other assays reflect
the complexity associated with OJ testing and the need to establish the
primary target/targets that represent anti-OJ reactivity. This in turn
may lead to development of a more practical immunoassay that cap-
tures the direct and indirect (quaternary) interactions involving anti-OJ
antibodies.

660

5. Coexistence with other autoantibodies

Of the patients described in literature, only one patient with anti-OJ
had coexisting anti-Jo-1 autoantibodies, both detected by RNA IP [15].
This is the only documented case of reactivity with a synthetase that is
not a part of the MSC. Furthermore, coexistence of anti-SS-A/Ro60 and
anti-SS-B/La, two autoantibodies frequently present in patients with
systemic autoimmune rheumatic diseases, have been reported in more
than one case [12,36,37]. In patients positive for anti-Jo-1 and other
anti-ARS, the anti-Ro52 status delineates a subgroup with more severe
muscular, respiratory and articular involvement [38]. The paucity of
patients with anti-OJ does not allow a similar analysis. Finally, several
patients were positive for rheumatoid factor, though this has no clear
relevance in IIMs [39].

6. Associated clinical features and treatment experience

Anti-OJ autoantibodies are reportedly associated with the ASS. Within
the ASS, there is heterogeneity in clinical features depending on the spe-
cific anti-ARS [35,40]. In general, patients with non-Jo-1 anti-ARS have a
poorer prognosis than patients with anti-Jo-1 [41,42]. For anti-OJ, we
identified 52 published cases with sufficient description of clinical features
(summarized in Table 2) [1,12,15,29-31,35-37,43-48]. These patients
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Fig. 2. Autoantibodies associated with the antisynthetase syndrome (ASS) or ASS-like syndrome. In a.) the composition of the multi-synthetase complex (MSC) is
illustrated. The panel b.) shows the reactivity profile of anti-synthetase autoantibodies including anti-OJ autoantibodies. a- = anti-, ASS = antisynthetase syndrome,
AARS = alanyl-tRNA synthetase, CARS = cysteine-tRNA synthetase, DARS = aspartyl-tRNA synthetase, EPRS = glutamyl-prolyl-tRNA synthetase, FARS = phe-
nylalanyl-tRNA synthetase, GARS = glycyl-tRNA synthetase, HARS = histidyl-tRNA synthetase, IARS = isoleucyl-tRNA synthetase, KARS = lysyl-tRNA synthetase,
LARS = leucyl-tRNA synthetase, MARS = methionyl-tRNA synthetase, MSC = multienzyme synthetase complex, NARS = asparagyl-tRNA synthetase, QARS =
glutaminyl-tRNA synthetase, RARS = arginyl-tRNA synthetase, SARS = seryl-tRNA synthetase, TARSL2 = threonyl-tRNA synthetase like 2, TARS = threonyl-tRNA
synthetase, VARS = valyl-tRNA synthetase, WARS = tryptophanyl-tRNA synthetase.

were between 13 and 79 years old at disease onset and had a female-to-
male ratio of 1.7:1. All but one patient, who was diagnosed with systemic
sclerosis (SSc), had a primary diagnosis of PM, DM, ILD or ASS. Given the
detection issues described in the previous section it is logical that anti-OJ
was detected by IP in all but two patients, of which one had confirmation
by IP afterwards [36,48].

ILD is present in 90% of patients and is in most cases the first and
presenting clinical feature [35]. Based on the results of high-resolution
computed tomography (CT) of chest or open lung biopsy, usual inter-
stitial pneumonia (UIP), organizing pneumonia (OP) and non-specific
pneumonia (NSIP) are the most encountered ILD patterns [36,46,49].
Data on respiratory function tests are scarce. In one study there was a
statistically significant difference in forced vital capacity between anti-
OJ and anti-ARS-negative patients while no difference in CT chest score
or diffusion capacity for carbon monoxide was noted. However, only 2
anti-OJ positive patients were included [46]. Death due to respiratory
failure was not reported in the studies listed in Table 2. As ILD is the
main and frequently sole feature, the possibility of anti-OJ needs to be
considered in patients with ‘idiopathic’ ILD, as is the case for all anti-
ARSs [50]. Moreover, follow-up should include regular respiratory
function tests and high-resolution CTs of the chest.

The majority of anti-OJ positive patients have muscle involvement.
Seventy-five percent of patients described in Table 2 had myositis, but,
importantly, muscle weakness was an inclusion criterion in the study by
Noguchi et al., which described the largest group of patients with anti-
OJ [1]. Interestingly, the prevalence of anti-OJ was higher in this study
(14/461) than in other studies, even rivalling the frequency of anti-Jo-1
(15/461 patients), though the frequency of anti-Jo-1 was notably lower
than reported in other studies. In a reply to this study, Castafieda et al.
stated that in a currently unpublished series of their patients with anti-
0J, 40% had hypomyopathic or amyopathic forms of ASS [6]. If muscle
involvement is present, it might be more severe as compared to myositis
patients with other anti-ARSs. In the study by Noguchi et al., an

increased incidence of severe limb and neck muscle weakness, dys-
phagia and muscle atrophy on muscle biopsy was noted [1]. Illustrative
of this potentially severe muscle involvement is a case report in which
the presenting symptom was rhabdomyolysis [48]. Accordingly, clin-
icians should consider the possibility of anti-OJ autoantibodies in pa-
tients with severe muscle involvement, besides anti-SRP and anti-
HMGCR autoantibodies or non-immune types of myopathy.

The remaining features of ASS vary in prevalence. Arthritis was
present in nearly half of patients, mostly as a polyarthritis. In a limited
number of patients arthritis was the presenting symptom, which con-
trasts with patients with anti-Jo-1 antibodies in whom arthritis is found
in a quarter of patients [29]. Several of these patients had a con-
comitant alleged diagnosis of rheumatoid arthritis [43,44], a finding
which has also been noted in patients with other anti-ARSs [51-53].
Fever is regularly present while Raynaud phenomenon occurs in a
minority of patients (5/49). Mechanic's hands have not been reported
consistently, but they have been described in at least 5 patients
[30,35,45]. A complete ASS is hence the exception, rather than the rule.

Skin involvement can occur in anti-OJ positive patients.
Approximately 30% of patients had a DM-associated skin lesion. More
specifically, heliotrope rash, Gottron's sign or papules, V sign, shawl
sign and holster sign have been reported [45]. Other skin lesions in-
clude ulceration and sclerodactyly, both described in 3 patients. Two of
these patients, who had both ulceration and sclerodactyly, could be
classified as both SSc and ASS [5,54].

Few cases of malignancies have been reported in patients with anti-
OJ. In one study, there was a history of a malignancy in 2 patients: one
with a gastric neuro-endocrine tumor and one with colon cancer [35].
In another study 2 patients with anti-OJ (of 5 in total) died due to
cancer without further specification of the type of cancer [41]. Due to
the small number of patients with anti-OJ, it is difficult to assess a
possible association with cancer.

Most cases of patients with anti-OJ had a good response to
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glucocorticoid therapy with improvement of ILD and/or myositis. The
dose of oral prednisolone used in literature varied between 20 and
60 mg or 0.5-1 mg/kg daily. More intensive regimens described include
pulse doses of glucocorticoids (1 g methylprednisolone) and cyclopho-
sphamide [30,36,44,48]. Intravenous immunoglobulins have been used
for cases refractory to glucocorticoid therapy [1]. As corticosteroid-
sparing agents, azathioprine and cyclosporine were used [30,44,48].
The response to immunosuppressive drugs in the majority of patients
underlines the importance of detection of anti-OJ in ILD patients.

7. Conclusion

Anti-OJ is a rare but frequently missed myositis-specific autoanti-
body. The precise target of anti-OJ remains elusive, but the epitope
might be dependent on quaternary interactions in the MSC. IP remains
the preferred detection method but is difficult to implement in daily
practice for many hospitals. The need for practical and reliable im-
munoassays for detection of anti-OJ is high as the detection of this
antibody is relevant for diagnosis and treatment. The performance of
available immunoassays, such as LIA or DBA, should improve and the
role of novel detection methods, such as PMAT, further explored. Anti-
0J is associated with ASS, with ILD often being the sole manifestation.
Myositis, if present, seems to be more severe than in patients with other
anti-ARSs. Overlap with or classification as other connective tissue-
diseases are possible. While awaiting a widely available and reliable
assay, clinicians need to consider anti-OJ in their workup of patients
with ILD, be it isolated or combined with severe muscle involvement.

Take home messages

® Detection of anti-OJ autoantibodies lacks standardization due to the
miss-understanding of the antigenic target.

e The reactivity of anti-OJ autoantibodies is heterogeneous and tar-
gets several components of the MSC.

o Clinically, anti-OJ autoantibody-positive patients have features of
ASS, but further studies are required to further define the precise
clinical phenotype.
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Abstract

Background: International autoantibody standards, tradi-
tionally based on material obtained from plasmapheresis
of single subjects, represent individual immune response
and may not comprehend the heterogeneity of the general
population. The anti-DFS70 autoantibody yields a charac-
teristic dense fine speckled (DFS) nuclear pattern on indi-
rect immunofluorescence assay on HEp-2 cells (HEp-2 IFA)
and speaks against autoimmunity. We propose a novel
strategy for developing autoantibody reference standards,
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based on stepwise pooling of serum samples from hun-
dreds of individuals with anti-DFS70 antibodies.
Methods: Within a 2-year period, serum samples were
selected from routine HEp-2 IFA according to the follow-
ing criteria: DFS HEp-2 IFA pattern at titer >1:640; anti-
DFS70 reactivity in three analyte-specific tests (Western
blot [WB], enzyme-linked immunosorbent assay [ELISA]
and chemiluminescent immunoassay [CLIA]). Aliquots
of individual samples were combined into progressively
larger pools with stepwise validation of intermediary
pools as for individual samples. Validated intermediary
pools were merged into a final pool for lyophilization.
Results: A total of 741 validated samples yielded a 750 mL
final pool that was lyophilized into thousands of 200 puL-
aliquots. Reconstituted aliquots yielded the expected
anti-DFS70 reactivity in ELISA, CLIA and WB, as well as
high-titer DFS HEp-2 IFA pattern. The appropriate anti-
DFS70 reactivity of the lyophilized pool was confirmed
by seven international expert centers, using HEp-2 IFA,
ELISA, WB and immunoprecipitation.

Conclusions: This proof-of-concept study provides an inno-
vative and efficient strategy to build serum reference stand-
ards for autoantibody testing. The anti-DFS70 standard will
integrate the panel of standards of Autoantibody Standard-
ization Committee (ASC, www.autoab.org), contributing to
education for proper assay validation and interpretation of
the DFS pattern and other HEp-2 IFA patterns.

Keywords: antinuclear antibodies; autoantibodies; auto-
immunity testing; DFS70; HEp-2 cells; reference standards.

List of abbreviations: AC, anti-cell; AC-1, homogeneous
nuclear pattern; AC-2, dense fine speckled; AC-3, cen-
tromere nuclear pattern; AC-5, coarse speckled nuclear
pattern; AC-29, anti-topo I-like pattern; AMA-M2, anti-
mitochondrial antibody type 2; ANA, antinuclear anti-
bodies test; Sm, Smith antigen; U1-RNP, U1 small nuclear
ribonucleoprotein; ASC, Autoantibody Standardization
Committee; AU, arbitrary units; CENP-A, anti-centromere
protein A; CENP-B, anti-centromere protein B; CLIA,
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chemiluminescence immunoassay; CONEP, Brazilian
Research Ethics Committee; DFS, dense fine speckled;
EASI, European Auto antibody Standardization Initia-
tive; ECFSG, European Consensus Finding Study Group;
EJ, anti-glycyl-tRNA synthetase; ELISA, enzyme-linked
immunosorbent assay; ERM-DA470K/IFCC, certified ref-
erence material 470; HEp-2 IFA, indirect immunofluores-
cence assay on HEp-2 cells; HI, healthy individuals; ICAP,
International Consensus on ANA Patterns; IgG, immu-
noglobulin G; IP-MS, immunoprecipitation and mass
spectrometry; IUIS, International Union of Immunology
Societies; Jo-1, Histidyl-tRNA synthetase; KS, asparaginyl-
tRNA synthetase; Ku, DNA-binding protein (p70/p80);
LEDGF, lens epithelium derived growth factor; LKM-1,
liver kidney microsome type 1; MDA5, melanoma differen-
tiation-associated gene 5; min, minute; MJ/NXP-2, nuclear
matrix protein; MOLT-4, T cell lines (human acute lymph-
oblastic leukemia); MT-PBS, skim milk and Tween 20 in
PBS; 0], Isoleucyl-tRNA synthetase; PBS, phosphate buff-
ered saline; PCNA, proliferating cell nuclear antigen; PL-12,
alanyl-tRNA synthetase; PL7, threonyl-tRNA synthetase;
PM-Scl, polymyositis-scleroderma; PSG, Plasma Services
Group; Rib-P, ribosomal P protein; RNA, ribonucleic acid;
SARD, systemic autoimmune rheumatic diseases; Scl-70,
70 kDa scleroderma antigen; SDS-PAGE, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis; SLE, systemic
lupus erythematosus; SRP, signal recognition particle;
SS-A/Ro, Sjogren’s syndrome-related antigen A; SS-A/
Ro52, SS-A/Ro 52 kDa; SS-A/Ro60, SS-A/Ro 60 kDa; SS-B/
La, Sjogren’s syndrome-related antigen B; Th/To, RNase
P nucleolar protein complex, Rpp 25 subunit; U3-RNP,
U3-ribonucleoprotein (fibrillarin); WB, Western blot.

Introduction

Autoantibodies are helpful elements in the diagnosis of
systemic autoimmune rheumatic diseases (SARD), estab-
lishment of prognosis and monitoring disease activity.
The indirect immunofluorescence assay on HEp-2 cells
(HEp-2 IFA), historically known as the antinuclear anti-
body (ANA) test, is a standard method for screening
antibody against antigens in the nucleus, cytoplasm and
mitotic apparatus. HEp-2 IFA allows the identification of
numerous morphological patterns that reflect the autoan-
tibody binding to cellular targets in several subcellular
domains, thus providing preliminary indication of the
autoantibody specificities in the sample being tested. This
property of HEp-2 IFA prompted a team of specialists to set
up the International Consensus on ANA Patterns initiative
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(ICAP) [1-4]. ICAP has established a classification algo-
rithm (www.anapatterns.org) comprising 30 relevant
HEp-2 IFA patterns, each one receiving an alphanumeric
code from AC-0O to AC-29 (AC for anti-cell). AC patterns
bear distinctive immunologic and clinical associations
[5]. For example, AC-1 (homogeneous nuclear pattern) and
AC-5 (coarse speckled nuclear pattern) are correlated with
anti-native DNA/nucleosome and with anti-Sm/U1-RNP,
respectively, which are valuable biomarkers for systemic
lupus erythematosus (SLE) [4, 6]; AC-29 is highly sugges-
tive of anti-topoisomerase 1 [7], which is associated with
systemic sclerosis [8, 9].

A rather frequent HEp-2 IFA pattern in the clinical
laboratory is AC-2, the dense fine speckled (DFS) nuclear
pattern (Figure 1), which is highly correlated with autoanti-
bodies to the 70/75 kDa DFS70 antigen [10, 11], also referred
to as lens epithelium derived growth factor (LEDGF)
[12, 13]. Anti-DFS70 antibodies and the AC-2 pattern have
been observed in healthy individuals (HI) and in patients
with miscellaneous chronic inflammatory conditions
[10-18]. Intriguingly, mono-specific anti-DFS70 reactivity
is frequently observed in HI but rarely in SARD patients
[14]. As the AC-2 pattern is characteristically observed
when anti-DFS70 is the only antibody in the sample, this
HEp-2 IFA pattern is seldomly observed in SARD patients
and relatively common in HEp-2 [FA-positive subjects in
the general population. Therefore, the isolated presence
of anti-DFS70 antibodies (and the resultant AC-2 pattern)
has been proposed to represent a strong evidence against

Figure 1: Nuclear dense fine speckled pattern on HEp-2 IFA.

HEp-2 slides stained with human serum diluted 1:80 and anti-
human IgG goat immunoglobulin labeled with fluorescein
isothiocyanate (MBL Bion Enterprise Ltd, Des Plaines, EUA). Full
arrows: Mitotic cells; arrowheads: Interphase cells. (A) Color image;
(B) black and white image. Scale bars 5 um.
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SARD [10, 11, 19-21]. This contrasts with the consistent
association of the Homogeneous (AC-1) [22, 23], Large/
Coarse Speckled (AC-5) [22, 23] and Centromere (AC-3) [24]
nuclear patterns with SARD, emphasizing that the precise
identification of the HEp-2 IFA pattern is relevant to the
appropriate clinical interpretation of a positive HEp-2 IFA
test as well as to guide further testing for autoantibodies
possibly present in the sample.

However, the proper interpretation of HEp-2 IFA pat-
terns may be challenging due to inter-observer variability
in skill and heterogenity of HEp-2 slide manufacturer and
microscope characteristics. In particular, the topographic
features of the AC-2 pattern may eventually lead to misinter-
pretation [25]. An inexperienced observer may erroneously
interpret AC2 as a homogeneous pattern (AC-1), a regular
nuclear fine speckled pattern with stained mitotic chro-
matin (not defined by ICAP), or a mixed pattern composed
of AC-1 and AC-5 patterns. In fact, the distinctive features
among these patterns can be subtle, based on the texture
and distribution of the staining throughout the nucleus.

Reference standards are crucial to the generation
of reliable and interpretable laboratory results, which
in turn are vital for accurate patient diagnosis and
management [26]. For several HEp-2 IFA patterns with
meaningful clinical associations, reference standards
have been developed by the Autoantibody Standardiza-
tion Committee (ASC, www.autoab.org), a subcommit-
tee of the International Union of Immunology Societies
(IUIS, http://www.iuisonline.org) Quality Assessment
and Standardization Committee [27], and distributed by
Plasma Services Group (https://www.plasmaservices-
group.com/). Most of these international reference stand-
ards originated from large plasmapheresis batches from
single donors. Standards obtained by the plasmapher-
esis strategy represent the immune response of single
individuals to a particular autoantigen, comprising a
collection of polyclonal autoantibodies peculiar to that
individual. It can be argued that these plasmapheresis-
derived standards do not necessarily reflect the heteroge-
neity of autoantibodies to that particular antigen present
in other patients with the same general autoantibody
specificity. In fact, polyclonal antibodies to any particu-
lar antigen differ from one individual to another with
respect to targeted epitopes, avidity, isotype, etc. This is
particularly relevant because the available methods for
autoantibody detection may show significantly different
inter-patient results depending on the availability and
display of epitopes. Therefore, the use of standards based
on large batches from a single donor ensures the optimi-
zation of kits according to that specific donor’s immune
response, but that may not be ideal for other individuals
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[26, 28]. Theoretically, a reference material comprised of
well-characterized samples from hundreds of individu-
als would better represent the variability in the humoral
response the relevant antigen.

This study investigates the immunologic character-
istics of a reference standard for anti-DFS70 antibodies
established by pooling samples from hundreds of indi-
viduals with high-titer mono-specific reactivity to DFS70.

Materials and methods
Samples

From March/2013 to July/2015, serum samples from individuals with
high-titer characteristic AC-2 pattern were selected among routine
samples from a large clinical laboratory in Sdo Paulo, Brazil. Sample
selection criteria included: HEp-2 IFA titer >1:640; sample volume
>0.8 mL; bona fide AC-2 pattern (Figure 1) confirmed by two experi-
enced and independent technologists; and confirmation of anti-DFS70
antibodies in the three specific tests: Western blot (WB), enzyme-
linked immunosorbent assay (ELISA) and chemiluminescence immu-
noassay (CLIA) [29-31]. Samples were stored at 80 °C.

HEp-2 indirect immunofluorescence assay

Samples were screened by HEp-2 IFA using slides from MBL-Bion
Enterprise Ltd. (Des Plaines, IA, USA), according to manufacturer’s
instructions. Incubation steps were performed at room tempera-
ture in a moist chamber. Samples diluted 1:80 in sample buffer
were incubated with HEp-2 cell substrate for 30 min. After wash-
ing twice in PBS for 10 min, cells were incubated with fluorescein
isothiocyanate-conjugated goat anti-human IgG for another 30 min
in the dark. After washing twice as before, slides were fitted with buff-
ered glycerol pH 8.5 and cover slips. HEp-2 IFA titer was determined
by testing successive 2-fold dilutions of the serum up to endpoint. All
slides were analyzed on an Olympus BX50 fluorescence microscope
at 400x magnification by two expert observers.

Immunoassays for detection of anti-DFS70 antibodies

Detection and semi-quantitation of anti-DFS70 antibodies were per-
formed using CLIA (QUANTA Flash®, Inova Diagnostics, San Diego,
CA, USA) with a cutoff of 20 arbitrary units (AU) and ELISA (Anti-DFS
EA-159z-9601-G, Euroimmun Medizinische Labordiagnostika, Lue-
beck, Germany) with a cutoff of 1.0 AU. We also determined reactivity
to DFS70 antigen in WB as reported previously [10]. Briefly, HEp-2 cell
whole extracts were separated in 3%-8% NuPAGE® Novex Bis-Tris Gel
SDS-PAGE and transferred onto nitrocellulose membrane using the
iBlot® 2 Dry Blotting System (Thermo Fisher Scientific Inc., Waltham,
MA, USA). All steps were performed at room temperature. Test sam-
ples and an anti-DFS70 standard (kindly donated by Professor Carlos
Casiano, Loma Linda University, USA) were incubated with nitrocel-
lulose strips at 1:100 dilution in 5% skim milk and 0.05% Tween-20 in
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PBS (MT-PBS) for 1 h. After washing in 0.05% Tween PBS, strips were
incubated with horseradish peroxidase-labeled goat anti-human IgG
(Bio-Rad Laboratories, Hercules, USA) diluted 1:1500 in MT-PBS for
1 h. After washing as before, the strips were incubated with chromo-
genic solution (6 mg 4-chloro-I-naftol in 2 mL methanol, 10 mL PBS
and 20 uL 30% H,0,). The reaction was stopped with distilled water
once bands became visible.

Preparation and validation of ranked pools

A total of 778 anti-DFS70 sera were validated according to the pre-
defined inclusion criteria: AC-2 pattern >1/640; anti-DFS70 reactiv-
ity on CLIA and ELISA; clear-cut 75 kDa-band co-migrating with the
band elicited by the DFS70 standard. If these samples were pooled
together as one standard, it would not be possible to troubleshoot
any potential interference from putatively problematic sera. Mix-
ing each serum one to one to observe potential interference would
also be technically challenging to analyze due to the sheer number
of possible serum combinations. A novel pooling process, provi-
sionally named mega-pooling, was designed with a small aliquot
of each sample, obeying a hierarchical strategy based on consecu-
tive pooling of penta-pools (five individual samples), icosa-pools
(four penta-pools), centum-pools (three to five icosa-pools) and
final pool (Figure 2). Individual samples were ranked according
to the intensity of CLIA anti-DFS70 reactivity and the penta-pools
were formed with neighboring groups of five samples, as consid-
ered by the CLIA intensity ranking. The generated penta-pools were
also ranked according to increasing intensity of CLIA anti-DFS70
reactivity. Icosa-pools were formed with four neighboring penta-
pools. The same process applied to the ranking of the icosa-pools
and the assembly of centum-pools. Each penta-pool, icosa-pool and
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centum-pool underwent the same validation process applied to the
individual samples, and only the validated ones were further used.

Screening for infectious agents and other autoantibodies
in the samples

Antibodies against Treponema pallidum, hepatitis B virus, hepati-
tis C virus and HIV, as well as autoantibodies to native DNA, SS-A/
Ro, SS-B/La, Sm, UIRNP, Jo-1, Scl-70, smooth muscle, mitochondria,
LKM-1, parietal cell, IgG Fc (rheumatoid factor) and cyclic citrulli-
nated peptide were screened accordingly. Samples presenting any
reactivity in these tests were discarded prior to inclusion to pooling.

Preparation and validation of the final pool

All validated samples were thawed and carefully mixed. The final
pool was centrifuged at 689 g for 30 min and filtered consecutively
through sterile gauze and through a non-pyrogenic sterile 0.22 pym
polystyrene filter system (Corning Inc., NY, USA) in a sterile laminar
flow hood. The final filtered pool had the DFS70 reactivity further
tested in ELISA and CLIA, as well as by absorption with recombi-
nant DFS70 antigen using the NOVA Lite HEp-2 Select product (Inova
Diagnostics).

A 30-mL aliquot of the final filtered and sterile pool was lyo-
philized at Butantan Institute (Sdo Paulo, Brazil) and 0.5 mL-indi-
vidual vials were used for preliminary evaluation by four HEp-2 IFA
specialists in Sao Paulo, Brazil, Gainesville, USA, Calgary, Canada
and Kitakyushu, Japan, respectively. After this preliminary valida-
tion step, the whole pool was shipped under dry ice to PSG (Hun-
tington Valley, PA, USA) for lyophilization and preparation of vials

Penta-pools (5 individual samples)* =» Icosa-pools (4 penta)* =» Semi-final pools (3-5 icosa)* =» Final-pool
(8 semi-final)*
* Cross-validation in HEp-2 IFA, WB, CLIA and ELISA
.;LLULL SECSE [y
: L.U v :-—:— : -
VoW iy EESssssssssscses
i ==
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Figure 2:

Stepwise production strategy to develop the pooled standard with anti-DFS70-positive samples from hundreds of individuals.
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for worldwide distribution. Vials of the lyophilized material were
submitted to reference centers across the world (LA, Sdo Paulo; EC,
Gainesville; MF, Calgary; FH, Berlin, Germany; MS, Kitakyushu;
IGT, Guadalajara, Mexico; MW, Seattle, USA as well as evaluated as
an unknown sample within the European Consensus Finding Study
Group on autoantibodies [ECFSG]).

All steps of sample selection, immune serological assays and
construction of intermediate pools and the final pool were performed
at the Research and Development Department of Fleury Medicine
and Healthy Laboratory (Sdo Paulo, Brazil) with the approval of
the Brazilian Research Ethics Committee (CONEP-http://conselho.
saude.gov.br/web_comissoes/conep/index.html) under protocol
69959517.3.0000.5474.

Reactivity of the Megapool standard on HEp-2/DFS70
Knock-out cells

The reconstituted Megapool standard was tested by IFA on HEp-2
ELITE slides containing a 9:1 ratio of DFS70 knock-out and regular
HEp-2 cells, respectively, according to the manufacturer’s instruc-
tions (Immco Diagnostics, Buffalo, NY, USA). In brief, HEp-2 IFA-
positive, HEp-2 IFA-negative, and anti-DFS70 positive controls from
the manufacturer were stained as recommended, and the Megapool
was analyzed at dilutions 1:40, 1:80, and 1:160.

Immunoprecipitation and mass spectrometry (IP-MS)
analysis

A 10 pL-aliquot of the Megapool standard was mixed with Protein
A Dynabeads (Dynal Biotech Inc., Lake Success, USA) for 10 min
at room temperature. These IgG-bound beads were cross-linked by
dimethyl pimelimidate dihydrochloride (Sigma) for 30 min at room
temperature and then incubated with MOLT-4 whole cell lysate at
4 °C for 1 h. Negative controls included IP reactions without the addi-
tion of cell lysate and controls with other unrelated HEp-2 IFA positive
standards. IP products without further purification were submitted
to direct analysis using Nano-liquid chromatography tandem mass
spectrometry (nano-LC/MS/MS) at the University of Florida Mass
Spectrometry Research and Education Center.
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Results

Samples

Altogether 778 serum samples were initially identi-
fied as high-titer bona fide AC-2 pattern and 741 of these
samples (95.2%) were approved according the selection
criteria resulting in a total volume of 800 mL. The 37 non-
approved samples were rejected because of low volume
(25 samples), hemolysed or icteric samples (four samples),
presence of other autoantibodies (one anti-LKM-one posi-
tive and one anti-gastric mucosa-positive sample) and evi-
dence of infectious agents (one HBsAg-positive and five
anti-HCV-positive samples). Along centrifugation, filter-
ing and pilot analytic steps, 50 mL of the final pool was
used, yielding a 750 mL pool, which was shipped for final
lyophilization at PSG.

Anti-DFS70 reactivity of individual samples,
hierarchical pools and final pool

All 741 individual samples presented the expected anti-
DFS70 reactivity in CLIA (Table 1). Likewise, the 152 gen-
erated penta-pools, 38 icosa-pools, eight centum-pools
and the final pool also yielded consistent reactivity in
anti-DFS70 CLIA and ELISA (Table 1). The final pool also
yielded a clear-cut 75 kDa band in WB (Figure 3B) and
the typical AC-2 pattern on HEp-2 IFA at 1:1280 dilution
according to the blinded analysis by six experienced and
independent readers. In addition, the final pool exhibited
the expected fading in AC-2 pattern with no additional
HEp-2 IFA reactivity after absorption with the recombinant
DFS70 antigen using the NOVA Lite HEp-2 Select kit (Inova
Diagnostics).

Table 1: ELISA and CLIA anti-DFS70 reactivity along the sequential stages of assembly of the final pool.

n Composed by CLIA (AU) ELISA (AU)

Median Median

(Max and min value) (Max and min value)
Individual samples 741 N/A 337.7 (26.1-3547) N/D
Penta pools 152 5 validated individual samples 420.6 (60.4-3518) 5.5(2.8-6.8)
Icosa pools 38 4 validated penta pools 407.2 (77.5-1823) 5.5(3.7-6.7)
Semi-final pools 3-5validated icosa pools N/D 5.2 (3.8-6.2)
Final pool before lyophilization 8 validated semi-final pools 241.2(221.7-260.7) 7.4(7.25-7.55)
Final pool reconstituted after 1 Total 741 samples 339.2(329.3-349.0) 4.77 (4.58-4.96)

lyophilization

N, number of samples or pools; N/A, not applicable; N/D, not done.
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Figure 3: Reactivity of Megapool reference material in three methodological platforms.

(A) Dense fine speckled pattern on HEp-2 IFA with reconstituted lyophilized final pool diluted 1:80 (provided by MS). (B) Western blot with
whole HEp-2 cell extract separated in 3%-8% SDS-PAGE and probed with sera diluted in the ratio 1:100. [1] negative sample; [2] positive
control; [3] final pool before lyophilization process; [4] final pool lyophilized and reconstituted in distilled water; [5] final pool lyophilized
and reconstituted in PBS+10% FBS; (provided by AD). (C) Autoradiograph of 8.5%-11% gradient SDS-PAGE of 35S-labeled proteins from
total Hela cell extract immunoprecipitated by human serum reactive with [1] anti-DFS70 serum confirmed by ELISA, [2] reconstituted

Megapool, [3] normal human serum; (provided by MS).

Validation of lyophilization of the DFS70
Megapool

After reconstitution with distilled water, vials of the DFS70
Megapool aliquot lyophilized at the Butantan Institute
yielded the expected anti-DFS70 reactivity when tested by
ELISA and CLIA (Table 1), as well as recognized a clear-cut
75 kDa band in WB and yielded the expected AC-2 pattern
on HEp-2 IFA at 1:1280 dilution. Aliquots of this prepara-
tion were kindly evaluated by the ECFSG in 38 clinical
laboratories across Europe, with 32 (84%) reporting the
expected AC-2 pattern. Vials with the DFS70 Megapool
lyophilized at PSG were evaluated in seven expert labo-
ratories worldwide (one each in Brazil, Canada, Germany,
Japan, Mexico, and two in the USA) and all reported the
expected AC-2 reactivity in HEp-2 [FA (Figure 3A), WB
(Figure 3B), immunoprecipitation (Figure 3C) and in anti-
DFS70 CLIA and ELISA.

The Megapool lyophilized at PSG was further vali-
dated using commercially available DFS70 knock-out
HEp-2 cells (Figure 4). On this substrate, the Megapool
had practically identical results, as compared to the
anti-DFS70 positive control (Figure 4C), by producing
the expected AC-2 pattern on non-knock-out cells and no
staining on knock-out cells (Figure 4D-F).

IP-MS analysis identified DFS70, gene name PSIP1, as
the 75 kDa antigen recognized by the Megapool sample.

Common autoantigens such as SS-A/Ro60, SS-B/La, Sm,
U1-RNP, CENP-B, Jo-1, PCNA, PM-Scl, Scl-70, Rib-P, RNA
polymerase I/II/III, Th/To, U3-RNP, PL7, PL-12, EJ, O], KS,
SRP, Ku, Ki, MJ/NXP-2, RNA helicase A, Replication protein
A, mitochondria complex, and SMN complex were not
detected in this IP-MS analysis as well as in standard IP.
Consistently, the Megapool sample was negative in ELISA
for antibodies against U1-RNP, Sm, Scl-70, SS-B/La, SS-A/
R060, Ro52, CENP-A, CENP-B, MDA5, and Jo-1. PSIP1 was not
identified with other unrelated normal human sera (n=2)
and 10 autoantibody positive sera in the IP-MS analysis.

Discussion

Autoantibodies are useful biomarkers for the diagnosis
and clinical management of SARD. Therefore, accurate
and standardized laboratory tests are needed to provide
reliable and useful clinical information. However, uncoor-
dinated actions from academic researchers and industry
innovators have generated a plethora of novel immuno-
assays with differing performance characteristics. This
prompted the need for standardization and harmoniza-
tion of current and novel methods for detection and meas-
urement of autoantibodies. International initiatives, such
as the Autoantibody Standardization Committee (ASC) of
the IUIS (www.autoab.org), ICAP (www.anapatterns.org),
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Figure 4: Indirect immunofluorescence assay on DFS70 knock-out HEp-2 cells.

Standard IFA was performed on a mosaic culture containing 10% normal HEp-2 cells and 90% DFS70 knockout HEp-2 cells (Elite DFS70-KO
HEp-2 Immco Diagnostics/Trinity Biotech). Serum samples were diluted 1:40 according to manufacturer’s instructions, except otherwise
stated. (A) positive control (anti-native DNA antibodies), (B) negative control, (C) positive anti-DFS70 serum, (D) DFS70 Megapool 1:40,

(E) DFS70 Megapool 1:80, and (F) DFS70 Megapool 1:160.

the European Autoantibody Standardization Initiative
(EASI) and the ECFSG, focus on developing guidelines and
recommendations for the use and interpretation of immu-
nodiagnostic assays [27, 32-34]. In particular, the ASC has
established several reference sera for calibration and har-
monization of immunoassays with the goal of improving
inter-laboratory harmonization of results [27].

Antibodies have a greater degree of molecular hetero-
geneity than any other serum protein due to the inherent
variability of the antigen-binding site, existence of multi-
ple chain isotypes, extensive variation in avidity and heter-
ogeneous degree of glycosylation [35]. In fact, the humoral
immune response comprises a polyclonal population of
antibodies directed against different epitopes of the rele-
vant antigens. Different individuals develop different rep-
ertoires of antibodies against any given antigen and this
applies to the autoantibody response as well. Therefore, it
is entirely plausible that the set of autoantibodies against
a hypothetical autoantigen X can differ substantially
between any two patients with the same autoantibody
“specificity”. There may be a variable degree of overlap in
the panel of anti-X autoantibodies across patients in the
general population, but there are likely patients that differ
considerably in epitopes targeted by their autoantibodies
against the same antigen. This may be even more relevant
in diverse ethnic populations.

The time-honored convenient strategy of obtaining
large volumes of serum or plasma from a single donor
has been used for the establishment of reference materi-
als for several autoantibody specificities related to SARD
[27]. Such reference materials have been extensively used
to standardize and calibrate immunoassays worldwide.
However, considering the above-mentioned heterogene-
ity in polyclonal antibodies against any given antigen,
one concern is that the plasmapheresis-based autoanti-
body standards derived from single individuals may not
be always representative of the general population. An
apparently appropriate alternative would be the estab-
lishment of standards by building a serum pool from hun-
dreds of different individuals [26, 28]. An autoantibody
reference material based on pooled samples with the same
antigenic specificity but derived from different individu-
als should preserve individual immunologic differences,
thus representing the diversity across patients worldwide.
The use of pooled serum for protein standardization is
well established for some certified reference prepara-
tions, such as the ERM-DA470k/IFCC human plasma
protein standard [36]. However, this material is based
on samples from normal donors, whereas samples with
autoantibodies usually derive from patients with SARD,
who often show high concentrations of rheumatoid factor
or immune complexes, which may potentially interfere to
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varying degrees in immunoassays. Therefore, any attempt
at mixing samples from different patients to build a refer-
ence material should be carefully evaluated for the possi-
bility of mutual interference and spurious findings.

Autoantibodies against the DFS70 autoantigen were
originally identified in the 1990s in patients with inter-
stitial cystitis [12] and subsequently were shown to be
present in a host of clinical conditions [10, 13-18]. Even-
tually, it was demonstrated that anti-DFS70 antibod-
ies and the DFS pattern are relatively prevalent in the
general population with as high as 4%-5% frequency
reported in some studies [11, 16, 19, 20]. It has been gen-
erally agreed that high-titer HEp-2 IFA results caused by
anti-DFS70 should not be considered as a factor in favor
of a SARD diagnosis [11, 21]. This scenario indicates that
the prompt recognition of the DFS70-associated HEp-2 [FA
pattern (AC-2) is very important. However, the proper rec-
ognition of AC-2 pattern is not trivial and requires consid-
erable expertise [25]. The ICAP team provides information
and representative images on the www.anapatterns.org
website. In addition, a mono-specific anti-DFS70 refer-
ence material for onsite processing of HEp-2 slides would
be helpful in improving the expertise regarding recog-
nition of the AC-2 pattern. As with any other HEp-2 IFA
pattern, the anti-DFS70 reactivity in samples yielding the
AC-2 pattern needs to be confirmed in follow-up specific
immunoassays. To fulfill this demand, some kit manufac-
turers have developed solid phase immunoassays that are
now commercially available. However, the concordance
rate among the several specific immunoassays for anti-
DFS70 antibodies is not optimal [37]. The availability of an
international reference standard for anti-DFS70 antibod-
ies would be highly useful for the calibration and harmo-
nization of such assays.

Taking into consideration that the bona fide
AC-2 pattern is usually elicited by mono-specific
anti-DFS70 samples from apparently normal individuals
[10, 11], we reasoned that this would be an appropriate
opportunity to develop and test a multiple-sample pooling
strategy as an approach to developing more reliable and
representative autoantibody reference materials. Accord-
ingly, we established a careful stepwise strategy in which
small pools were successfully tested and merged into
progressively larger pools that were themselves tested.
In fact, with a few minor exceptions the vast majority of
intermediate pools behaved as expected.

The anti-DFS70 antibody system has several peculi-
arities that may have contributed to the favorable results
obtained using this mega-pooling strategy. First, high-
titer mono-specific anti-DFS70 samples produce a char-
acteristic and distinctive DFS nuclear HEp-2 IFA pattern.

DE GRUYTER

This property provided a simple and effective method
for screening thousands of samples of interest using the
routine HEp-2 IFA. Any serum that had other antinuclear
or anti-cytoplasmic antibodies was excluded after the
initial screening step. Second, as isolated anti-DFS70 anti-
bodies occur predominantly in HI, the selected samples
had low probability of containing elements that might
interfere with anti-DFS70 antibodies present in the pool,
such as rheumatoid factor, immune complexes and high
immunoglobulin concentration.

One outstanding finding in the present study was
the extremely strong association between AC-2 pattern
and anti-DFS70 antibodies, as all samples selected at
the HEp-2 IFA screening stage by presenting the char-
acteristic AC-2 pattern yielded the expected anti-DFS70
reactivity in specific immunoassays. However, as
pointed out before, HEp-2 IFA pattern interpretation is
challenging and subjective. Therefore, similar to other
HEp-2 IFA patterns, the definition of anti-DFS70 anti-
bodies cannot rely solely on the identification of the
AC-2 pattern, but must be confirmed by specific anti-
DFS70 immunoassays.

The reference material produced by pooling serum
samples from hundreds of individuals with high-titer
mono-specific anti-DFS70 reactivity resulted in the pro-
duction of a large volume of human serum reference
material with strong and apparently ‘mono-specific’
anti-DFS70 reactivity in different immunoassays, includ-
ing WB, immunoprecipitation, ELISA and CLIA, as well
as the expected AC-2 pattern in the HEp-2 IFA test using
kits from several manufacturers. This material has been
lyophilized and stored for global distribution as 0.2 mL
aliquots. The reconstituted material reproduced the anti-
DFS70 reactivity profile of the original material in seven
expert laboratories across the world. In addition, the
HEp-2 IFA pattern elicited by this reagent was correctly
assigned as AC-2 by 84% of 38 laboratories participat-
ing in a European external quality assessment program,
which is very acceptable as ICAP nomenclature had been
introduced the year before. One limitation of the study
is that all samples were retrieved from a single country
— Brazil. However, given the highly heterogeneous ethni-
cal composition of the Brazilian population [38, 39] and
the high number of individuals sampled, this first proof-
of-concept study offers a reasonable proxy to future
approaches based on samples evenly retrieved from
several regions in the world.

This novel reference material should contribute to
continuing education for proper interpretation of the
AC-2 pattern, as well as to the harmonization and cali-
bration of specific anti-DFS70 immunoassays, such as
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ELISA, CLIA and WB. This novel autoantibody standard
will add to the panel of autoantibody standards of the
IUIS Autoantibody Standardization Committee. Aliquots
of the anti-DFS70 reference material will be made avail-
able for free distribution (subjected to shipping charges)
to qualified academic or commercial clinical laboratories
through PSG (https://www.plasmaservicesgroup.com) as
catalogue number 1S2726.

Acknowledgments: The authors are deeply indebted to
Vitor Anselmo Sakihara and Paulo Ho, from Butantan
Institute, Sdo Paulo, Brazil for lyophilizing the preliminary
serum pools; Inova Diagnostics, Inc, San Diego, CA, and
Euroimmun Medical Laboratory Diagnostics AG, Liibeck,
Germany, for providing the anti-DFS70 ELISA and CLIA
kits, respectively; Trinity Biotech, Jamestown, NY, for pro-
viding the HEp-2 ELITE slides; Kathryn Kohl, at the Plasma
Service Group, for preparing the lyophilized aliquots of the
Megapool; Kari B. Basso at the University of Florida Mass
Spectrometry Research and Education Center supported
by NIH S10 OD021758-01A1; Tomoko Hasegawa and Shin
Tanaka from the Department of Clinical Nursing, Univer-
sity of Occupational and Environmental Health, Kitaky-
ushu, Japan.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: Fleury Medicine and Health Labora-
tory provided the material support for the selection and
testing of all samples (NP-084). Luis Eduardo C. Andrade
receives a research grant (#232711/2014-3) from the Brazil-
ian Research Agency CNPq.

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. MJF is a
consultant or received honoraria form Inova Diagnostics,
Euroimmun GmbH and Alexion Canada.

References

1. Chan EK, DamoiseauxJ, Carballo OG, Conrad K, Cruvinel WM,
Francescantonio PL, et al. Report of the first international consen-
sus on standardized nomenclature of antinuclear antibody HEp-2
cell patterns 2014-2015. Frontiers Immunol 2015;6:1-13.

2. Andrade LE, Klotz W, Herold M, Conrad K, Rénnelid J, Fritzler M),
et al. International consensus on antinuclear antibody patterns:
definition of the AC-29 pattern associated with antibodies to DNA
topoisomerase I. Clin Chem Lab Med 2018;10:1783-8.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Herold M, Klotz W, Andrade LE, Conrad K, Cruvinel WM, Damoi-
seaux ), et al. International Consensus on Antinuclear Antibody
Patterns: defining negative results and reporting unidentified
patterns. Clin Chem Lab Med 2018;10:1799-802.

. Chan EK, Damoiseaux J, de Melo Cruvinel W, Carballo OG,

Conrad K, Francescantonio PL, et al. Report on the second
International Consensus on dense fine speckled Pattern (ICAP)
workshop in Dresden 2015. Lupus 2016;25:797-804.

. Damoiseaux J, Andrade LE, Carballo OG, Conrad K, Francescan-

tonio PL, Fritzler MJ, et al. Clinical relevance of HEp-2 indirect
immunofluorescent patterns: the International Consensus on ANA
patterns (ICAP) perspective. Ann Rheum Dis 2019; pii: annrheum-
dis-2018-214436. doi: 10.1136/annrheumdis-2018-214436.

. Cozzani E, Drosera M, Gasparini G, Parodi A. Serology of lupus

erythematosus: correlation between immunopathological fea-
tures and clinical aspects. Autoimmune Dis 2014;2014:321359.

. Dellavance A, Gallindo C, Soares MG, Silva NP, Mortara RA, Andrade

LE. Redefining the Scl-70 indirect immunofluorescence pattern:
autoantibodies to DNA topoisomerase | yield a specific immuno-
fluorescence pattern. Rheumatology (Oxford) 2009;48:632-8.

. Douvas AS, Achten M, Tan EM. Identification of a nuclear protein

(Scl-70) as a unique target of human antinuclear antibodies in
scleroderma. ) Biol Chem 1979;254:10514-22.

. Shero JH, Bordwell B, Rothfield NF, Earnshaw WC. High titers of

autoantibodies to topoisomerase | (Scl-70) in sera from sclero-
derma patients. Science 1986;231:737-40.

Dellavance A, Viana VS, Leon EP, Bonfa ES, Andrade LE, Leser
PG. The clinical spectrum of antinuclear antibodies associated
with the nuclear dense fine speckled immunofluorescence pat-
tern. ) Rheumatol 2005;32:2144-9.

Mariz HA, Sato El, Barbosa SH, Rodrigues SH, Dellavance A,
Andrade LE. ANA HEp-2 pattern is a critical parameter for discrimi-
nating ANA-positive healthy individuals and patients with autoim-
mune rheumatic diseases. Arthritis Rheum 2011;63:191-200.
Ochs RL, Stein TW Jr, Peebles CL, Gittes RF, Tan EM. Autoantibod-
ies in interstitial cystitis. ) Urol 1994;3:587-92.

Ochs RL, Muro Y, Si Y, Ge H, Chan EK, Tan EM. Autoantibodies to
DFS 70 kd/transcription coactivator p75 in atopic dermatitis and
other conditions. J Allergy Clin Immunol 2000;105:1211-20.
Ochs RL, Mahler M, Basu A, Rios-Colon L, Sanchez TW, Andrade
LE, et al. The significance of autoantibodies to DFS70/LEDGFp75
in health and disease: integrating basic science with clinical
understanding. Clin Exp Med 2016;16:27393.

Yamada K, Senju S, Shinohara T, Nakatsura T, Murata Y, Ishihara
M, et al. Humoral immune response directed against LEDGF in
patients with VKH. Immunol Lett 2001;78:161-8.

Ayaki M, Ohoguro N, Azuma N, Majima Y, Yata K, Ibaraki N,

et al. Detection of cytotoxic anti-LEDGF autoantibodies in atopic
dermatitis. Autoimmunity 2002;35:319-27.

Okamoto M, Ogawa Y, Watanabe A, Sugiura K, Shimomura Y,
Aoki N, et al. Autoantibodies to DFS70/LEDGF are increased in
alopecia areata patients. ] Autoimmun 2004;23:257-66.
Watanabe K, Muro Y, Sugiura K, Tomita Y. IgE and IgG (4) autoan-
tibodies against DFS70/LEDGF in atopic dermatitis. Autoimmun-
ity 2011;44:511-9.

Watanabe A, Kodera M, Sugiura K, Usuda T, Tan EM, Takasaki

Y, et al. Anti-DFS70 antibodies in 597 healthy hospital workers.
Arthritis Rheum 2004;50:892-900.

Mahler M, Parker T, Peebles CL, Andrade LE, Swart A, Carbone
Y, et al. Anti-DFS70/LEDGF antibodies are more prevalent in

Brought to you by | CAPES
Authenticated
Download Date | 4/22/19 1:30 PM


https://www.plasmaservicesgroup.com

10

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

—— Dellavance et al.: Anti-DFS70 reference standard: novel Megapool strategy

healthy individuals compared to patients with systemic auto-
immune rheumatic diseases. ] Rheumatol 2012;39:2104-10.
Mahler M, Hanly JG, Fritzler MJ. Importance of the dense fine
speckled pattern on HEp-2 cells and anti-DFS70 antibodies for
the diagnosis of systemic autoimmune diseases. Autoimmun
Rev 2011;11:642-45.

Egner W. The use of laboratory tests in the diagnosis of SLE.

J Clin Pathol 2000;53:424-32.

Damoiseaux JG, Tervaert JW. From ANA to ENA: how to proceed?
Autoimmun Rev 2006;5:10-7.

Fritzler M), Rattner B, Luft LM, Edworthy SM, Casiano CA,
Peebles C, et al. Historical perspectives on the discovery and
elucidation of autoantibodies to centromere proteins (CENP) and
the emerging importance of antibodies to CENP-F. Autoimmun
Rev 2011;4:194-200.

Bentow C, Fritzler M), Mummert E, Mahler M. Recognition of the
dense fine speckled (DFS) pattern remains challenging: results
from an international internet-based survey. Autoimmun High-
lights 2016;7:8.

Sheldon J, Dellavance A. Strategies for building reference stand-
ards for autoantibodies. Front Immunol 2015;6:194.

Chan EK, Fritzler M), Wiik A, Andrade LE, Reeves WH, Tincani A,
et al. Autoantibody Standardization Committee in 2006. Autoim-
mun Rev 2007;6:577-80.

Jacobs JF, Bossuyt X. Standardization and harmonization of
autoimmune diagnostics. Clin Chem Lab Med 2018;56:1563-7.
Bizzaro N, Pesente F, Cucchiaro F, Infantino M, Tampoia M,
Villalta D, et al. Anti-DFS70 antibodies detected by immunoblot
methods: a reliable tool to confirm the dense fine speckles ANA
pattern. ] Immunol Methods 2016;436:50-3.

Bonroy C, Schouwers S, Berth M, Stubbe M, Piette Y, Hoffman I,
et al. The importance of detecting anti-DFS70 in routine clinical
practice: comparison of different care settings. Clin Chem Lab
Med 2018;56:1090-9.

31

32.

33.

34.

35.

36.

37.

38.

39.

DE GRUYTER

Shovman O, Gilburd B, Chayat C, Amital H, Langevitz P, Watad A,
et al. Prevalence of anti-DFS70 antibodies in patients with and
without systemic autoimmune rheumatic diseases. Clin Exp
Rheumatol 2017;36:121-6.

Shoenfeld Y, Cervera R, Haass M, Kallenberg C, Khamashta M,
Meroni P, et al. EASI — the European Autoimmunity Standardi-
sation Initiative: a new initiative that can contribute to agreed
diagnostic models of diagnosing autoimmune disorders
throughout Europe. Ann N'Y Acad Sci 2007;1109:138-44.
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 antinuclear antibodies. Ann Rheum Dis
2014;73:17-23.

Meroni PL, Biggioggero M, Pierangeli SS, Sheldon J, Zegers |,
Borghi MO. Standardization of autoantibody testing: a para-
digm for serology in rheumatic diseases. Nat Rev Rheumatol
2014;10:35-43.

Seeling M, Bruckner C, Nimmerjahn F. Differential antibody
glycosylation in autoimmunity: sweet biomarker or modulator of
disease activity? Nat Rev Rheumatol 2017;13:621-30.

Merlini G, Blirup-Jensen S, Johnson AM, Sheldon J, Zegers I. IFCC
Committee on Plasma Proteins (C-PP). Standardizing plasma
protein measurements worldwide: a challenging enterprise. Clin
Chem Lab Med 2010;48:1567-75.

Infantino M, Shovman O, Pérez D, Grossi V, Manfredi M, Benucci
M, et al. A better definition of the anti-DFS70 antibody screening
by IIF methods. ) Immunol Methods 2018;461:110-6.

Pena SD, Bastos-Rodrigues L, Pimenta JR, Bydlowski SP. DNA
tests probe the genomic ancestry of Brazilians. Braz ] Med Biol
Res 2009;42:870-6.

Parra FC, Amado RC, Lambertucci JR, Rocha J, Antunes CM, Pena
SD. Color and genomic ancestry in Brazilians. Proc Natl Acad Sci
USA 2003;100:177-82.

Brought to you by | CAPES
Authenticated
Download Date | 4/22/19 1:30 PM



Internal Medicine

doi: 10.2169/internalmedicine.1516-18
Intern Med 58: 837-841, 2019
http://internmed.jp

Clinical Features of Anti-MDAS Antibody-positive Rapidly
Progressive Interstitial Lung Disease without
Signs of Dermatomyositis
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Anti-melanoma differentiation-associated gene 5 (anti-MDAS) antibody is associated with rapidly progres-
sive interstitial lung disease (RP-ILD) in patients with clinically amyopathic dermatomyositis (CADM) or
dermatomyositis (DM). We herein report three Japanese cases of anti-MDA35 antibody-positive RP-ILD with-
out signs of CADM or DM. High-resolution computed tomography revealed patchy or subpleural distribution
of consolidations and/or ground-glass opacities accompanied by traction bronchiectasis. All patients suc-
cumbed to respiratory failure within two months. Anti-MDAS antibody-positive RP-ILD without signs of
CADM or DM should be included in the differential diagnosis of acute/subacute ILD. Measurement of anti-
MDAS antibody and an intensive immunosuppressive regimen might rescue these patients from RP-ILD.

rds: acute interstitial pneumonia, anti-melanoma differentiation-associated gene 5, clinically

amyopathic dermatomyositis

(Intern Med 58: 837-841, 2019)
(DOI: 10.2169/internalmedicine.1516-18)

Clinically amyopathic dermatomyositis (CADM), defined
as the presence of cutaneous features of dermatomyositis
(DM) without clinical muscle weakness, may be. compli-
cated by life-threatening rapidly progressive interstitial lung
disease (RP-ILD) (1). The anti-melanoma differentiation-
associated gene 5 (anti-MDAS) antibody, also known as
anti-CADM140 antibody, is associated with RP-ILD in pa-
tients with CADM or DM (2). We herein report three Japa-
nese cases of anti-MDAS antibody-positive RP-ILD without
signs of CADM or DM.

A 72-year-old woman visited our hospital complaining of
general fatigue. She had undergone surgery for left-sided
breast cancer two years earlier and subsequent hormonal
treatment with letrozole before this admission. Lung auscul-
tation on admission revealed normal vesicular sounds in
both Iungs and no signs of DM or CADM in the skin or
muscle. Laboratory investigations revealed an increased
Krebs von den Lungen-6 level and a normal creatine kinase
level (Table). High-resolution computed tomography
(HRCT) of the chest on admission showed a patchy distribu-
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Table.

Characteristics of Patients with Interstitial Lung Disease with Anti-MDAS Antibody.

Patient number 1 2 3
Gender Female Female Male
Age (years) 72 68 70
Smoking Ne Ne Ex
Dust exposure - - +
Complications HT HT, Comlete AV block HT, Dyslipidemia
Month of onset October July May
Malignancy Breast cancer - Prostate cancer
Laboratory data
CK (IU/L) 183 140 105
Aldolase (U/L) NA 53 NA
Ferritin (ng/dL) 1,486 235 1,428
ANA - %80 (S) x40 (H, S)
SP-D (ng/mL) 40.9 320.0 55.7
KL-6 (U/mL) 858 2,330 526
Pulmonary function test NA NA NA
Bronchoalveolar lavage fluid findings
Total cell counts (x105/mL) 5.7 NA 0.6
Macrophages (%) 83.9 NA 81.3
Lymphocytes (%) 15.2 NA 15.1
Neutrophils (%) 0.9 NA 0.8
Eosinophils (%) 0.0 NA 23
CD4/CD8 ratio 1.00 NA - 169
Treatment mPSL, PSL, IVCY, CyA mPSL, PSL,IVCY, TAC mPSL, PSL, IVCY
Pneumomediastinum - + +
Outcome death death death
42 days 27 days 44 days
Anti-MDAS antibody index >150 >150 >150

M: male, F: female, Ne: never-smoker, Ex: ex-smoker, HT: hypertension, AV: atrioventricular block, CK: creatine kinase, NA: not
assessed, ANA: anti-nuclear antibody, SP: surfactant protein, KL: Krebs von den Lungen, S: speckled, H: homogeneous, mPSL:
methyl prednisolone pulse therapy, PSL: prednisolone, CyA: cyclosporine, TAC: taclorimus, IVCY: intravenous cyclophosphamide

tion of consolidations accompanied by traction bronchiecta-
sis (Figure). An analysis of the bronchoalveolar lavage fluid
revealed increased total cell counts with a slightly increased
proportion of lymphocytes (Table). Transbronchial lung bi-
opsy specimens revealed organizing inflammation accompa-
nied by fibrin deposition, suggesting acute lung injury.
Methylprednisolone pulse therapy followed by oral predniso-
lone and subsequent treatment with oral cyclosporine, intra-
venous cyclophosphamide, and invasive positive pressure
ventilation did not improve the patient’s status. She died of
respiratory failure 42 days after admission. After her death,
anti-MDAS antibody in serum obtained at 35 days after ad-
mission was found to be positive.

A 68-year-old woman was referred to our hospital be-
cause of deterioration of dyspnea and abnormal shadows on
a chest radiograph. She had been treated previously for
third-degree atrioventricular block and had undergone sur-
gery for aortic dissection. Lung auscultation on admission
revealed fine crackles in both lungs but no signs suggestive
of DM or CADM. Laboratory investigations revealed
slightly increased Krebs von den Lungen-6 and ferritin lev-
els and a normal creatine kinase level (Table). HRCT of the

chest on admission showed peripleural ground-glass opacity
(GGO) and consolidations accompanied by traction bron-
chiectasis (Figure). Anti-MDAS antibody in serum obtained
on admission was positive. Methylprednisolone pulse ther-
apy followed by treatment with oral prednisolone, oral
tacrolimus, and intravenous cyclophosphamide supported by
high-flow nasal oxygen did not improve the patient’s status,
and she died of respiratory failure 27 days after admission.

A 70-year-old man visited our hospital complaining of
deterioration of dyspnea. He worked as an automobile me-
chanic and had been receiving treatment with enzalutamide
for prostate cancer immediately before this admission. Lung
auscultation on admission revealed fine crackles in both
lungs but no signs suggestive of DM or CADM. Laboratory
investigations revealed increased Krebs von den Lungen-6
and ferritin levels and a normal creatine kinase level (Table).
HRCT of the chest on admission showed peripleural GGO
and consolidations that were accompanied by traction bron-
chiectasis (Figure). An analysis of the bronchoalveolar lav-
age fluid revealed slightly increased proportions of lympho-
cytes and neutrophils (Table). Transbronchial lung biopsy
specimens did not suggest a specific disease. The patient did
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Figure.

not improve on methylprednisolone pulse therapy followed
by treatment with oral prednisolone and intravenous cyclo-
phosphamide, and he died of respiratory failure 44 days af-
ter admission. After the patient’s death, anti-MDAS antibody
in serum obtained 35 days after admission was found to be
positive.

Discussion

We have reported three cases of anti-MDAS5 antibody-
positive RP-ILD without signs of DM or CADM. Anti-
MDAS5 antibody is a myositis-specific autoantibody that is
specific for CADM and DM and is associated with RP-ILD
in patients with CADM or DM but not in those with idi-
opathic interstitial pneumonias (IIPs) (2, 3). However, it was
reported that ILD preceded skin and muscle symptoms in 2
of 43 patients with anti-CADM-140 antibody-positive
CADM and DM (4). There have also been case reports of
RP-ILD with anti-CADM-140/MDAS antibody-positive
CADM preceding cutaneous symptoms (5, 6). Consistent
with those reports, the patients described in the present re-
port might have had RP-ILD that preceded CADM. There
has been a recent report of RP-ILD without skin involve-
ment (7). That case and our experience in the present three
cases indicate that patients who are anti-MDAS antibody-
positive might be considered to have an IIP, such as acute
interstitial pneumonia (AIP). AIP is a major IIP and is char-
acterized by rapidly progressive hypoxemia with a mortality
rate exceeding 50% (8). There is still no proven treatment
for AIP. Biopsy specimens in patients with AIP show an

. ment Med 35 o7 g, Allo DOV 10210 dreriamedising. J16-18

Case 1 ’

Case 2 \ Case 3

Findings on high-resolution computed tomography of the chest at the time of admission.
Patchy distribution of areas of consolidation accompanied by traction bronchiectasis (case 1). Peri-
pleural ground-glass opacity and areas of consolidation accompanied by traction bronchiectasis (case
2). Peripleural ground-glass opacity and areas of consolidation (case 3).

acute and/or organizing form of diffuse alveolar damage that
is typically seen in patients with RP-ILD of the anti-MDAS
antibody-positive CADM type (9).

"1t has been reported that GGO/consolidation in a subpleu-
ral, lower, or random distribution is a common HRCT find-
ing in patients with anti-MDAS antibody-positive dermato-
myositis, whereas a peribronchovascular distribution and in-
tralobular reticular opacities are significant in those with
anti-MDAS  antibody-negative  dermatomyositis (10, 11).
However, no marked difference in the loss of lung volume
or presence of traction bronchiectasis was found between
these two groups of patients (11). Pneumomediastinum has
also been reported to be more common in patients with anti-
MDAS antibody-positive DM than in anti-MDA35 antibody-
negative DM (12). Our three cases had features of anti-
MDAS antibody-positive dermatomyositis on HRCT, sug-
gesting an association between the anti-MDAS antibody and
HRCT findings, regardless of the skin involvement in these
cases.

All three patients in the present series died within two
months of admission. In previous reports, all deaths in pa-
tients with anti-MDAS antibody-positive DM occurred
within the first six months (12, 13). These reports are con-
sistent with our own experience. The anti-MDAS5 antibody
titers in patients with RP-ILD and DM have been reported
to be lower before treatment and to decline significantly
more in survivors than in non-survivors after treat-
ment (13, 14). Anti-MDAS antibodies were measured about
1 month after treatment in 2 of our 3 patients, both of
whom had a titer of 2150. The serum ferritin levels are re-
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ported to be higher in anti-MDAS-positive patients with ILD
and DM than in anti-MDAS antibody-negative ILD with
DM as well as higher in non-survivors than in survivors of
anti-MDAS-positive ILD with DM (12, 13). In addition,
pneumomediastinum has been reported to be more common
in anti-MDAS5-positive patients with ILD and DM than in
anti-MDAS antibody-negative patients with ILD and
DM (12, 15). These reports indicate that our patients who
all had a high anti-MDAS antibody titer, a high ferritin
level, and the complication of pneumomediastinum had
either RP-ILD preceding CADM or a type of RP-ILD with-
out CADM.

An intensive immunosuppressive regimen of high-dose
glucocorticoids, oral cyclosporine, and intravenous cyclo-
phosphamide pulse therapy is reported to be effec-
tive (16, 17), and additional immunosuppressive therapy,
such as tofacitinib and rituximab, was recently identified as
being potentially useful for treating refractory anti-MDAS
antibody-positive ILD accompanied by DM (18, 19). Two of
our patients (cases 1 and 3) were treated initially with high-
dose glucocorticoids and subsequently with oral calcineurin
inhibitors (cyclosporine/tacrolimus) and/or intravenous cy-
clophosphamide pulse therapy two weeks after the first
treatment. The early measurement of the anti-MDAS anti-
body should be considered in patients who are found to
have GGO/consolidation in a subpleural, lower, or random
distribution on HRCT. Although the efficacy of these thera-
pies should be confirmed in prospective trials, the early de-
tection of the anti-MDAS antibody in patients with an AIP-
like presentation might guide the use of these intensive im-
munosuppressive regimens and improve the prognosis.

Signs of skin involvement from dermatomyositis were
sought by experienced pulmonologists in the present cases
(except in case 2). However, slight skin involvement from
dermatomyositis might be missed when the skin examina-
tion is performed by pulmonologists who are not experi-
enced in checking for dermatomyositis.

We herein report three Japanese patients with anti-MDAS
antibody-positive RP-ILD without signs of CADM or DM.
Anti-MDAS antibody-positive RP-ILD without CADM or
DM should be included in the differential diagnosis of
acute/subacute ILD. The measurement of the anti-MDAS an-
tibody level and an intensive immunosuppressive regimen
might rescue these patients from RP-ILD.
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Clinical relevance of HEp-2 indirect
immunofluorescent patterns: the International
Consensus on ANA patterns (ICAP) perspective
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Karsten Conrad,’ Paulo Luiz Carvalho Francescantonio,® Marvin J Fritzler,”
lgnacio Garcia de la Torre,® Manfred Herold,” Werner Klotz, '
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The indirect immunofluorescence assay (IIFA) on HEp-

2 cells is widely used for detection of antinuclear
antibodies (ANA). The dichotomous outcome, negative
or positive, is integrated in diagnostic and classification
criteria for several systemic autoimmune diseases.
However, the HEp-2 IIFA test has much more to offer:
besides the titre or fluorescence intensity, it also provides
fluorescence pattern(s). The latter include the nucleus
and the cytoplasm of interphase cells as well as patterns
associated with mitotic cells. The International Consensus
on ANA Patterns (ICAP) initiative has previously reached
consensus on the nomenclature and definitions of HEp-2
[IFA patterns. In the current paper, the ICAP consensus

is presented on the clinical relevance of the 29 distinct
HEp-2 IIFA patterns. This clinical relevance is primarily
defined within the context of the suspected disease and
includes recommendations for follow-up testing. The
discussion includes how this information may benefit the
clinicians in daily practice and how the knowledge can
be used to further improve diagnostic and classification
criteria.

Autoantibodies, as detected by the indirect immu-
nofluorescence assay (IIFA) on HEp-2 cells (ITFA
HEp-2), are recognised as important diagnostic
markers in a plethora of autoimmune diseases, in
particular the systemic autoimmune rheumatic
diseases (SARD).! Although somewhat dated
by today’s standards, members of the American
College of Rheumatology (ACR) prepared an
evidence-based guideline for the usefulness of the
HEp-2 IIFA results for diagnostic and prognostic
purposes and also for meeting diagnostic criteria.?
That guideline was based on reactivity with nuclear
antigens as detected by IIFA on rodent tissue or
HEp-2 cells. More recently, the IITFA on HEp-2 cells
was reinforced as the gold standard for autoanti-
body screening in SARD.?

Interestingly, the HEp-2 IIFA test reveals much
more information than the mere absence or pres-
ence of autoantibodies, that is, the level of antibody
as well as the HEp-2 IIFA pattern. Based on titra-
tion or appropriate evaluation of the fluorescence
intensity, the antibody level can be determined and
this information has general concordance with the

Tsuneyo Mimori,"* Carlos von Muhlen," Minoru Satoh, ™

clinical relevance of the test result. Indeed, higher
antibody levels are better associated with SARD and
have an increased likelihood to identify the auto-
antigen in follow-up testing.*® The importance of
the level of autoantibodies is also recognised in the
ACR guideline as well as by the recommendations
issued by the European Autoimmunity Standardiza-
tion Initiative (EASI) and the International Union of
Immunologic Societies (IUIS) Autoantibody Stan-
dardization Subcommittee.?”

The HEp-2 IIFA pattern may also reveal clini-
cally relevant information. This information is not
restricted to giving direction to follow-up testing for
antigen-specificity, but, for instance, the centromere
pattern is included in the classification criteria for
systemic sclerosis,® while the nuclear dense fine
speckled pattern is reported to be more prevalent
in apparently healthy individuals as compared with
patients with SARD.” To harmonise the names and
descriptions of the distinct HEp-2 IIFA patterns, an
ordered classification taxonomy was proposed.'
This proposal was subsequently elaborated on
by the International Consensus on ANA Patterns
(ICAP), initiated in parallel to the 12th Interna-
tional Workshop on Autoantibodies and Autoim-
munity (2014) held in Sao Paulo, Brazil. During this
workshop, a consensus was reached on the nomen-
clature and definitions of 28 HEp-2 IIFA patterns.
Each HEp-2 IIFA pattern was ascribed an alphanu-
meric code from AC-1 to AC-28."" The consensus
nomenclature for each pattern and representative
images were also made available online at the ICAP
website (http://www.ANApatterns.org).

In addition to the nuclear patterns, important
cytoplasmic and mitotic patterns may also be
observed in HEp-2 IIFA analysis. Although
reporting non-nuclear patterns is considered clin-
ically relevant,” for various jurisdictional reasons
there is no clear-cut consensus viewpoint on
reporting non-nuclear patterns as a negative or
positive test.'> With the understanding that the
term ‘Antinuclear antibody (ANA) test’ may be
inappropriate to designate a test that also addresses
autoantibodies to antigens in the cytoplasm and
mitotic apparatus, an alternative name, anticellular
antibodies, was suggested in the EASI/IUIS recom-
mendations.” Recent publications from ICAP have
preferred the term HEp-2 IIFA as it covers the
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whole spectrum of patterns that can be observed when using
the HEp-2 cells as substrate.'® '

Originally, the HEp-2 IIFA patterns were associated with
diseases, but it was anticipated that many of these associa-
tions are only valid if the antigen-specificity was confirmed by
follow-up testing. In subsequent ICAP workshops, it was agreed
that the disease associations should be replaced by clinical rele-
vance. In this current paper, we present the consensus on the
clinical relevance of the distinct HEp-2 ITFA patterns as achieved
by consecutive workshops and discussions among the executive
ICAP members.

For discussion about the structure of clinical relevance templates
were prepared for AC-2 (LECA), AC-3 (JD) and AC-5 (MS).
This formed the basis of a guideline for description of each
AC pattern (EC). Of highest importance, it was agreed that the
information should be objective and helpful for the clinician, the
pattern—antigen associations should be put in the right clinical
context and information should be evidence-based.

In preparation for the third ICAP workshop in Kyoto (2016),
composition of the clinical relevance documents was started
for the nuclear patterns (JD, LECA, MS), cytoplasmic patterns
(CAvM, EKLC) and mitotic patterns (MH, TM). As far as already
available, the documents were commented on by the ICAP exec-
utive board and, after appropriate adjustment, discussed with
the workshop participants. The feedback from participants
mainly focused on the structure of the information provided,
on the required level of detail and the format of recommended
follow-up testing.

In anticipation of the fourth ICAP workshop in Dresden
(2017), the set of clinical relevance documents was completed
for all patterns. Further comments from the ICAP executive
board were included. The resulting documents were individ-
ually discussed with the workshop participants for nuclear
(JD), cytoplasmic (CAvyM) and mitotic (MH) patterns. Besides
several substantive comments, there was general agreement that
the information should be provided in tabular format at two
distinct levels. The first level should contain information on
relevant follow-up testing in the respective clinical context, the
recommended follow-up tests should be commercially available
and detailed test characteristics should not be given because of
potential geographic and jurisdictional differences. Information
based on case reports or small patient cohorts, as well as infor-
mation on possible follow-up testing that is only available in
specialised research laboratories, should only be provided in the
second level information.

Tables for nuclear, cytoplasmic and mitotic patterns were
prepared for first and second level information (JD). These
tables were commented by the ICAP executive board and final-
ised by JD. Of note, since the starting point of the tables on
clinical relevance is the HEp-2 IIFA pattern and not the clinically
suspected disease, the tables do not list all autoantibodies related
to the respective disease.

Nuclear HEp-2 IIFA patterns

To date, a total of 15 nuclear HEp-2 IIFA patterns have been
described, that is, AC-1-AC-14 and AC-29. Table 1 summarises
the clinical relevance of these patterns.®® 7% Since AC-29 was
only recently described,'* the advice for follow-up testing for
autoantibodies to topoisomerase I (Scl-70) in case of clinical
suspicion of systemic sclerosis is also added as a note to the

clinical relevance of AC-1. In particular, disease-specific immu-
noassays, like autoimmune liver disease profile, inflammatory
myopathy profile, systemic sclerosis profile, are often only avail-
able in specialty clinical laboratories.

For six nuclear HEp-2 IIFA patterns (AC-3, 5,7, 8, 12 and 13),
additional information about clinical relevance is summarised
in online supplementary table S1. Although some assays for
anti-CENP-A antibodies are commercially available, these anti-
bodies are included in online supplementary table S1 because the
majority of sera revealing the AC-3 pattern are also reactive with
CENP-B. In contrast to CENP-A, CENP-B is included in many
routine extractable nuclear antigens profiles.

Cytoplasmic HEp-2 IIFA patterns

Table 2 summarises the clinical relevance of the nine cyto-
plasmic HEp-2 IIFA patterns, that is, AC-15-AC-23.%¢ 33 80-101
It is recognised that the distinction between AC-19 (dense fine
speckled) and AC-20 (fine speckled) can be challenging. More-
over, within the spectrum of anti-tRNA synthetase antibodies,
not all produce an HEp-2 IIFA pattern and only some anti-Jo-1
antibodies are considered to give the AC-20 pattern, while the
other anti-tRNA synthetase antibodies (EJ, KS, OJ, PL-7 and
PL-12) are more likely to reveal the AC-19 pattern. Solid infor-
mation on the pattern of two additional anti-tRNA synthetase
antibodies (Ha and Zo) is lacking. Overall, the relation between
these two cytoplasmic HEp-2 IIFA patterns and the distinct anti-
tRNA synthetase antibodies is subject to further discussion. In
clinical practice, the complete spectrum of the anti-tRNA synthe-
tase antibodies should be determined irrespective of the subtype
of cytoplasmic speckled pattern, that is, AC-19 or AC-20.

For seven cytoplasmic HEp-2 IIFA patterns (AC-15-AC-19,
AC-22 and AC-23), more detailed information is provided in
online supplementary table S2. In particular, for AC-16-AC-18,
the clinical associations are quite diverse, depending on the
antigen recognised. Overall, the clinical associations provided
are primarily based on antigen-specific immunoassays and not
on the HEp-2 IIFA pattern as such.

Mitotic HEp-2 IIFA patterns

The clinical relevance of the five mitotic patterns is summarised
in table 3,'97'>2 with more detailed information in online
supplementary table S3. As for the cytoplasmic patterns, clinical
associations for the mitotic patterns are primarily based on anti-
gen-specific immunoassays and not on the HEp-2 IIFA pattern
as such.

In the current paper, we present the ICAP consensus on the clin-
ical relevance of 29 HEp-2 IIFA patterns defined by ICAR' '
The consensus on clinical relevance is defined in the clinical
context of the patient, that is, suspected disease, and includes
recommended follow-up testing within the spectrum of anti-
gen-specificities that are commercially available. Obviously, if
follow-up testing identifies the antigen, the clinical relevance can
be further refined.'”

Defining the clinical relevance of HEp-2 IIFA patterns in the
context of disease manifestations is meant to be an important
tool for the clinician in the diagnostic work-up of patients
suspected of SARD. Unfortunately, good data on the associa-
tion between HEp-2 IIFA patterns and the distinct diseases are
lacking, probably due to reasons summarised below. There are
several reasons for not finding a perfect association between
HEp-2 IIFA patterns and diseases. First, pattern assignment in
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Table 1 Nuclear HEp-2 IIFA patterns

Code AC pattern—clinical relevance Refs
AC-1 HOMOGENEOUS

» Found in patients with SLE, chronic autoimmune hepatitis or juvenile idiopathic arthritis

» I SLE is clinically suspected, it is recommended to perform a follow-up test for anti-dsDNA antibodies, 15,16

alone or in combination with dsDNA/histone complexes (nucleosomes/chromatin); anti-dsDNA antibodies
are included in the classification criteria for SLE

» If chronic autoimmune hepatitis or juvenile idiopathic arthritis is suspected, follow-up testing is not 17
recommended because the respective autoantigens revealing the AC-1 pattern are not completely defined

Notes: Although autoantibodies to Topoisomerase | (formerly Scl-70) may be reported as nuclear 14,18
homogeneous, they typically reveal a composite AC-29 HEp-2 IIFA pattern; as such, clinical suspicion of SSc
may warrant follow-up testing for reactivity to this antigen.

Although AC-1 is the most prevalent pattern in chronic autoimmune hepatitis, other HEp-2 IIFA patterns may 19
occur, but also for these patterns the autoantigens are not completely defined.

AC-2 DENSE FINE SPECKLED

» Commonly found as high titer HEp-2 IIFA-positive in apparently healthy individuals or in patients who do 9
not have a systemic autoimmune rheumatic disease (SARD)

» The negative association with SARD is only valid if the autoreactivity is confirmed as being directed to 20, 21
DFS70 (also known as LEDGF/p75) and if no other common ENA is recognized

» Both in apparently healthy individuals as well as patients who do not have a SARD the AC-2 pattern may 22
be caused by autoantibodies to other antigens than DFS70

Note: Confirmatory assays for anti-DFS70 antibodies may be available only in specialty clinical laboratories.

AC-3 CENTROMERE (see online supplementary table S1 for further details
» Commonly found in patients with limited cutaneous SSc, and as such included in the classification criteria 8, 15, 23
for SSc
» In combination with Raynaud phenomenon, the AC-3 pattern is prognostic for onset of limited cutaneous 15, 23
SSc

» Strongly associated with antibodies to CENP-B; especially in case of low titers, confirmation by an antigen- 15
specific immunoassay is recommended to support the association with limited cutaneous SSc; the CENP-B
antigen is included in many routine ENA profiles

» The AC-3 pattern is also apparent in a subset of patients with PBC; these patients often have both SScas 15

well as PBC
AC-4 FINE SPECKLED
» Present to a varying degree in distinct SARD, in particular SjS, SLE, subacute cutaneous lupus 15
erythematosus, neonatal lupus erythematosus, congenital heart block, DM, SSc, and SSc-AIM overlap
syndrome

» If SjS, SLE, subacute cutaneous lupus erythematosus, neonatal lupus erythymatosus, or congenital heart 15
block is clinically suspected, it is recommended to perform follow-up tests for anti-SS-A/Ro (Ro60) and
anti-SS-B/La antibodies; in most laboratories these antigens are included in the routine ENA profile
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» Autoantibodies to SS-A/Ro are part of the classification criteria for SjS (the criteria do not distinguish 25
between Ro60 and Ro52/TRIM21)
» If SSc, AIM, or to a lesser extend SLE, is clinically suspected, it is recommended to perform follow-up 26

tests for detecting autoantibodies to Mi-2, TIF1y, and Ku; these antigens are typically included in disease
specific immunoassays (i.e., inflammatory myopathy profile*)

» Autoantibodies to Mi-2 and TIF1y are associated with DM; autoantibodies to TIF1y in patients with DM, 26, 27
although rare in the overall AC-4 pattern, is strongly associated with malignancy in old patients

» Autoantibodies to Ku are associated with SSc-AIM and SLE-SSc-AIM overlap syndromes 26
Notes: Anti-SS-A/Ro (Ro60) and AIM-specific autoantibodies may be undetected in HEp-2 IIFA-screening. 28
AC-5 LARGE/COARSE SPECKLED (see online supplementary table S1 for further details)

» Present to a varying degree in distinct SARD, in particular SLE, SSc, MCTD, SSc-AIM overlap syndrome, and 29
UCTD (i.e, patients with rheumatic symptoms without a definite SARD diagnosis)

» I SLE is clinically suspected, it is recommended to perform follow-up tests for anti-Sm and anti-U1RNP 16, 30, 31
antibodies; these antigens are commonly included in the routine ENA profile; anti-Sm antibodies are
included in the classification criteria for SLE

» If SScis clinically suspected, it is recommended to perform a follow-up test for anti-RNApol Il antibodies 8
(e.g., SSc profile*); the anti-RNApol Il antibodies are included in the classification criteria for SSc

» If MCTD is clinically suspected, it is recommended to perform a follow-up test for anti-U1RNP antibodies; 32
the antigen is commonly included in the routine ENA profile; anti-U1RNP antibodies are included in the
diagnostic criteria for MCTD

» If the SSc-AIM overlap syndrome is clinically suspected, it is recommended to perform follow-up tests for 26, 33
anti-U1RNP and anti-Ku antibodies; these antigens are included in the routine ENA profile (U1RNP), or in
disease specific immunoassays (Ku, i.e., inflammatory myopathy profile* and SSc profile*)

» In non-SARD individuals in the general population, the presence of the AC-5 pattern is not associated with
the autoantigens mentioned above and most often concerns low antibody titers

Continued

Damoiseaux J, et al. Ann Rheum Dis 2019;78:879-889. doi:10.1136/annrheumdis-2018-214436 881


https://dx.doi.org/10.1136/annrheumdis-2018-214436
https://dx.doi.org/10.1136/annrheumdis-2018-214436
http://ard.bmj.com/

Table 1

Continued

Code

AC pattern—clinical relevance

Refs

AC-6

AC-7

AC-8

AC-10

AC-11

AC-12

MULTIPLE NUCLEAR DOTS

>

>

Found in a broad spectrum of autoimmune diseases, including PBC, AIM (DM), as well as other
inflammatory conditions

If PBC is clinically suspected, it is recommended to perform follow-up tests for anti-Sp100 (and PML/
Sp140) antibodies; in particular anti-Sp100 antibodies have the best clinical association with PBC and
have added value, especially when associated with AMA; the Sp100 (and PML-Sp140) antigen is included
in disease specific immunoassays (ie, liver profile*)

If DM is clinically suspected, it is recommended to perform a follow-up test for anti-MJ/NXP-2 antibodies;
these anti-MJ/NXP-2 antibodies are highly specific for AIM, are found in up to one third of patients with
juvenile DM, and have been reported to be associated with malignancies in adult AIM patients; the
antigen is included in disease specific immunoassays (i.e., inflammatory myopathy profile*)

FEW NUCLEAR DOTS (see online supplementary table S1 for further details)

>
>

The AC-7 pattern has low positive predictive value for any disease

Antigens primarily localized in the dots include p80-coilin and SMN complex; specific immunoassays for
these autoantibodies are currently not commercially available

HOMOGENEOUS NUCLEOLAR (see online supplementary table S1 for further details)

>

>

>

Found in patients with SSc, SSc-AIM overlap syndrome, and patients with clinical manifestations of other
SARD

If limited cutaneous SSc is clinically suspected, it is recommended to perform a follow-up test for anti-Th/
To antibodies; the antigen is included in disease specific immunoassays (ie, SSc profile*)

If SSc-AIM overlap syndrome is clinically suspected, it is recommended to perform a follow-up test for
anti-PM/Scl antibody reactivity; the antigen may be included in the routine ENA profile and is included in
disease specific immunoassays (i.e., inflammatory myopathy profile* and the SSc profile*); in general, anti-
PM/Scl antibodies yield a diffuse nuclear fine speckled staining in addition to the AC-8 pattern

Other antigens recognized include B23/nucleophosmin, No55/SC65, and C23/nucleolin, but the

clinical significance of these autoantibodies is not well established; specific immunoassays for these
autoantibodies are currently not commercially available

Notes: Although some anti-Th/To antibody immunoassays are commercially available, technical issues relating
to the limited sensitivity of these immunoassays should be taken in to consideration.

CLUMPY NUCLEOLAR

>
>

>

>

Found in patients with SSc

If SSc is clinically suspected, it is recommended to perform a follow-up test for anti-U3RNP/fibrillarin
antibodies; the antigen is included in disease specific immunoassays (i.e, SSc profile*)

If confirmed as anti-U3RNP/fibrillarin reactivity by inmunoassay, the clinical association is with diffuse
SSc, increased incidence of pulmonary arterial hypertension, skeletal muscle disease, severe cardiac
involvement, and gastrointestinal dysmotility

Among SSc patients, anti-U3RNP/fibrillarin antibodies are most commonly found in African American and
Latin American patients

Notes: Although some anti-U3RNP/fibrillarin immunoassays are commercially available, technical issues
relating to the limited sensitivity of these immunoassays should be taken into consideration.

PUNCTATE NUCLEOLAR

>

>

The AC-10 pattern can be seen in various conditions, including SSc, Raynaud’s phenomenon, SjS, and
cancer

If the AC-10 pattern is observed in the serum of patients with conditions mentioned above, follow-up
testing for anti-NOR90(hUBF) antibodies is to be considered; the antigen is included in disease specific
immunoassays (i.e. SSc profile*)

While AC-10 is associated with anti-RNApol | antibodies, these antibodies almost always coexist with
anti-RNApol Il antibodies which reveal the AC-5 pattern; therefore, if SSc is clinically suspected, it

is recommended to perform a follow-up test for anti-RNApol Il antibodies (See also AC-5); specific
immunoassays for anti-RNApol | antibodies are currently not commercially available

SMOOTH NUCLEAR ENVELOPE

>

>

The AC-11 pattern is infrequently found in routine autoantibody testing and has been described in
autoimmune-cytopenias, autoimmune liver diseases, linear scleroderma, APS, and SARD; current
information on clinical associations is based mainly on case reports and small cohorts

Antigens recognized include lamins (A, B, C) and LAP-2; specific immunoassays for these autoantibodies
are currently not commercially available

PUNCTATE NUCLEAR ENVELOPE (see online supplementary table S1 for further details)

>
>

>

Found in patients with PBC, as well as patients with other autoimmune liver diseases and SARD

If PBC is clinically suspected, it is recommended to perform a follow-up test for anti-gp210 antibodies; the
antigen is included in disease specific immunoassays (ie, extended liver profile*)

Other antigens recognized include p62 nucleoporin, LBR, and Tpr; specific immunoassays for these
autoantibodies are currently not commercially available

34

17, 35,36

37-39

40, 41
42,43

44-46

44, 45

46

44,47

48
48

23,48-50

48, 49, 51

24

52-56

54, 55

52, 53,57

58-60

58-60

61
62-64

65-68
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Table 1 Continued

Code AC pattern—clinical relevance

Refs

AC-13

» The AC-13 pattern has formerly been considered highly specific for SLE, but this specificity is debated

PCNA-like (see online supplementary table S1 for further details)

69,70

» If SLE is clinically suspected, it is recommended to perform a follow-up test for anti-PCNA antibodies; the 69

antigen is included in several routine ENA profiles

» Recent studies with antigen-specific immunoassays show clinical associations also with SSc, AIM, RA, HCV, 70-73

and other conditions

AC-14 CENP-F-like

» The majority of sera exhibiting the AC-14 pattern are from patients with a diversity of neoplastic
conditions (breast, lung, colon, lymphoma, ovary, brain); paradoxically, the frequency of the AC-14 pattern

in patient cohorts with these malignancies is low

» The AC-14 pattern is also seen in inflammatory conditions (Crohn’s disease, autoimmune liver disease, SjS,
graft-versus-host disease); current information on clinical associations is based mainly on case reports and

series of cases

» Possible associations only hold if the reactivity to CENP-F is confirmed in an antigen-specific

74-18

immunoassay; current information on clinical associations is based mainly on case reports and series of
cases; specific immunoassays for this autoantibody are currently not commercially available

AC-29 TOPOI-like

» The AC-29 pattern is highly specific for SSc, in particular with diffuse cutaneous SSc and more aggressive

forms of SSc

» If SScis clinically suspected, it is recommended to perform a follow-up test for anti-Topoisomerase |

14,18, 23

8,23,79

(formerly Scl-70) antibodies; the anti-Topoisomerase | antibodies are included in the classification criteria
for SSc and the antigen is included in routine ENA profiles

*Availability of the inflammatory myopathy profile, the SSc profile and the (extended) liver profile may be limited to specialty clinical laboratories.

AIM, autoimmune myopathy; AMA, antimitochondrial antibodies; APS, antiphospholipid syndrome; CENP, centromere-associated protein; DFS, dense fine speckled; DM,
dermatomyositis; ENA, extractable nuclear antigens; HCV, hepatitis C virus; IIFA, indirect immunofluorescence assay; LAP, lamin-associated polypeptide; LBR, lamin B receptor;
LEDGF, lens epithelial derived growth factor; NOR, nucleolus organiser region; NXP, nuclear matrix protein; PBC, primary biliary cholangitis; PCNA, proliferating cell nuclear
antigen; PML, promyelocytic leukaemia; PM/Scl, polymyositis-scleroderma; RA, rheumatoid arthritis; RNApol, RNA polymerase; RNP, ribonucleoprotein; SARD, systemic
autoimmune rheumatic diseases; SLE, systemic lupus erythematosus; SMN, survival of motor neuron; SSc, systemic sclerosis; SjS, Sjogren’s syndrome; TIF, transcription
intermediary factor; TRIM, tripartite motif; Tpr, translocated promoter region; UCTD, undifferentiated connective tissue disease; dsDNA, double stranded DNA; hUBF, human

upstream binding factor.

clinical laboratories is rather inconsistent as shown by external
quality assessments.'* '2* % This is exactly the reason why ICAP
was initiated: the consensus on nomenclature and definitions of
HEp-2 IIFA patterns allows to align pattern description across
laboratories. Also, the integration of computer-aided immu-
nofluorescence microscopy (CAIFM) may further improve the
consistency in pattern assignments.'2*™*! As such, it is promising
that several companies involved in CAIFM have declared their
intention to accommodate to the ICAP classification. Second,
even apparently healthy individuals may have autoantibodies as
detected by the HEp-2 IIFA. Such autoantibodies, being either
innocent bystander antibodies or predictive antibodies, may
still be present on development of SARD and interfere with
the SARD-related pattern. Interestingly, the pattern best asso-
ciated with apparently healthy individuals is the nuclear dense
fine speckled pattern (AC-2), but this association only holds if
the specificity is confirmed as monospecific for DF$70.20 2! 132
Third, the HEp-2 IIFA patterns may slightly differ depending
on the cellular substrate used. For this reason, the ICAP website
contains for each pattern multiple pictures taken from different
brands of HEp-2 slides. Fourth, diseases like systemic lupus
erythematosus and autoimmune inflammatory myopathies may
be associated with distinct autoantibodies, each associated with
a distinct HEp-2 IIFA pattern. If the autoantigens are ill defined,
as is the case, for instance, in autoimmune hepatitis, only the
most prevalent patterns are included. Altogether, it is evident
that, with the exception of the centromere pattern (AC-3), all
patterns are to be confirmed by antigen-specific immunoassay
for a solid association with the respective autoimmune diseases.

While consensus statements have been generated for all 29
HEp-2 IIFA patterns, and it is highly recommended to report

patterns,” ' it is anticipated that laboratories may restrict their
reports to the so-called ‘competent level’ patterns (http://www.
ANApatterns.org).'*® Although, for instance, the nucleolar
patterns may not be reported as distinct entities (AC-8, AC-9
and AC-10), all three subtypes represent autoantibodies reactive
with antigens associated with systemic sclerosis, either alone or
in combination with autoimmune inflammatory myopathies.
Follow-up testing, therefore, anyhow involves the systemic
sclerosis multiparameter assay including all the relevant auto-
antibodies. Traditionally, only nuclear HEp-2 IIFA patterns
have been considered as a true positive HEp-2 IIFA test, and
this is most likely related to the time-honoured terminology
‘Antinuclear Antibody Test’,'? but it is evident from this report
that even for nuclear HEp-2 IIFA patterns, the clinical associ-
ations are quite diverse. In particular, the nuclear dense fine
speckled pattern (AC-2) seems to have an inverse association
with SARD.” ** On the other hand, the cytoplasmic HEp-2 ITFA
patterns, and to a lesser extent the mitotic patterns, are also
clinically relevant and may demand dedicated follow-up testing
in daily clinical practice. Therefore, the ICAP executive board
advocates that information on HEp-2 IIFA patterns should be
reported to the clinician and should also be incorporated in diag-
nostic and classification criteria instead of the simple assignment
‘ANA-positive’.'

Although the HEp-2 IIFA has been considered the gold stan-
dard for autoantibody detection in SARD,’ the limitations of
this assay are understood.”***® Indeed, up to 35% of healthy
controls may be positive if a screening dilution of 1/40 is used.'*’
Therefore, in the EASI/IUIS recommendations, it is advocated
that each laboratory verifies that the screening dilution is
defined by a cut-off set at the 95th percentile.” However, by
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Table 2  Cytoplasmic HEp-2 IIFA patterns

Code

AC pattern—clinical relevance

Refs

AC-15

AC-16

AC-17

AC-18

AC-19

AC-20

FIBRILLAR LINEAR (see online supplementary table S2 for further details)

» Found in patients with AIH type 1, chronic HCV infection, and celiac disease
(IgA isotype); rare in SARD

» If AlH type 1 is clinically suspected, it is recommended to confirm reactivity
with smooth muscle antibodies (IgG isotype), typically detected by IIFA on
rodent tissue (liver, stomach, kidney); anti-smooth muscle antibodies are
included in the international criteria for AlH type 1

» F-actin is the main target antigen of anti-smooth muscle antibodies in
AlH type 1; autoantibodies to F-actin are of more clinical importance than
antibodies to G-actin

Notes: Although anti-F-actin inmunoassays are commercially available, technical
issues relating to the sensitivity of these immunoassays should be taken into
consideration.

FIBRILLAR FILAMENTOUS (see online supplementary table S2 for further details)
» Found in various diseases, but AC-16 is not typically found in SARD

» Antigens recognized include cytokeratins 8, 18, & 19, tubulin, and
vimentin; specific immunoassays for these autoantibodies are currently not
commercially available

FIBRILLAR SEGMENTAL (see online supplementary table S2 for further details)
» Found very infrequently in a routine serology diagnostic setting

P Antigens recognized include o-Actinin and Vinculin; specific immunoassays
for these autoantibodies are currently not commercially available

DISCRETE DOTS (see online supplementary table S2 for further details)

» Autoantibodies revealing the AC-18 pattern have been reported in distinct
SARD and in a variety of other diseases; their prevalence in unselected or
specified disease cohorts has not been thoroughly studied

» Antigens recognized include GW-body (Processing or P body) antigens (Ge-
1/Hedls, GW182, and Su/Ago2) and endosomal antigens (EEA1, CLIP-170,
GRASP-1, and LBPA); specific immunoassays for these autoantibodies are
currently not commercially available

Notes: Autoantibodies to GW-bodies and endosomes may yield slightly different
HEp-2 IIFA patterns.

DENSE FINE SPECKLED (see online supplementary table S2 for further details)

» Found in patients with SLE and the anti-synthetase syndrome (a subset of
AIM), interstitial lung disease, polyarthritis, Raynaud's phenomenon, and
mechanic’s hands; these features may occur in various combinations or as
an isolated manifestation, especially interstitial lung disease

» If SLE is clinically suspected, follow-up tests for antibodies to ribosomal P
phosphoproteins (PO, P1, P2, C22 RibP peptide) are recommended; these
antigens may be included in the routine ENA profile

» Anti-RibP antibodies have been associated in some studies with
neuropsychiatric lupus, and in childhood-onset SLE with autoimmune
hemolytic anemia

» IfAIM, in particular the anti-synthetase syndrome, is suspected, it
is recommended to perform follow-up tests for antibodies to tRNA
synthetases; antigens are included in disease specific immunoassays (ie,
inflammatory myopathy profile*)

» If AIM, in particular necrotizing myopathy, is suspected, it is recommended
to perform follow-up tests for anti-SRP antibodies; the antigen is included in
disease specific immunoassays (ie, inflammatory myopathy profile*)

Notes: The fine distinction between AC-19 and -20 may depend on HEp-2
substrates and/or antibody concentration; antibodies to both RibP as well as
tRNA synthetases may be undetected in HEp-2 IIFA-screening.

FINE SPECKLED

» Found in patients with the anti-synthetase syndrome (a subset of AIM),
interstitial lung disease, polyarthritis, Raynaud’s phenomenon, and
mechanic’s hands; these features may occur in various combinations or as
an isolated manifestation, especially interstitial lung disease

» Autoantibodies associated with the AC-20 pattern are primarily reported
for the anti-Jo-1 antibody, which recognizes histidyl-tRNA synthetase; since
AC-20 is not specific for Jo-1, it is recommended to perform a follow-up test
for anti-Jo-1 antibodies; the antigen is included in the routine ENA profile,
as well as in disease specific immunoassays (i.e., inflammatory myopathy
profile*); the anti-Jo-1 antibodies are included in the classification criteria
for AIM

Notes: The fine distinction between AC-19 and -20 may depend on HEp-2
substrates and/or antibody concentration; antibodies to Jo-1 may be undetected
in HEp-2 IIFA-screening.

17

17,80

81-83

84

84,85

33, 86, 87

86, 88, 89

26, 33

26

33,90

91,92

Continued
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Table 2 Continued

Code AC pattern—clinical relevance

Refs

AC-21 RETICULAR/AMA

» Commonly found in PBC, but also detected in SSc, including PBC-SSc

93-97

overlap syndrome and PBC-SjS overlap syndrome

» If PBCis clinically suspected it is recommended to perform a follow-up

93,94

test for AMA, historically detected by IIFA on rodent tissue (liver, stomach,
kidney); these autoantibodies are primarily directed to the PDH complex,
and in particular the E2-subunit (PDH-E2); the antigen is included in disease
specific immunoassays (i.e., liver profile*) as well as in some routine ENA

profiles

» Additional antigens recognized include the E1o and E1f subunits of PDH,

93,94

the E3-binding protein of PDH, and the 2-0GDG; these antigens are only
included in extended disease specific inmunoassays (i.e., extended liver

profile*)
AC-22

POLAR/GOLGI-like (see online supplementary table S2 for further details)

» Found in small numbers of patients with a variety of conditions

» Antigens recognized include giantin/macrogolgin and distinct golgin 85
molecules; specific immunoassays to detect autoantibodies directed to
specific Golgi antigens are currently not commercially available

AC-23

»  Most commonly found in HCV patients who have been treated with

RODS and RINGS (see (online supplementary table S2 for further details)

98-101

pegylated interferon-a/ribavirin combination therapy, but autoantibodies
revealing the AC-23 patterns were undetected prior to treatment; as the use
of interferon-o/ribavirin in HCV treatment is decreasing, the frequency and
clinical associations of the AC-23 pattern may change

P Specific immunoassays to detect autoantibodies directed to specific Rods
and Rings antigens, for instance IMPDH2, are not commercially available

Note: Presence of the AC-23 pattern depends on the HEp-2 cell substrate.

*Availability of the inflammatory myopathy profile, the SSc profile and the (extended) liver profile may be limited to specialty clinical laboratories.

AlH, autoimmune hepatitis; AIM, autoimmune myopathy; AMA, anti-mitochondrial antibodies; APS, antiphospholipid syndrome; Ago, argonaute protein; CENP, centromere-associated protein;
CLIP, class Il-associated invariant chain peptide; DFS, dense fine speckled; DM, dermatomyositis; EEA, early endosome antigen; ENA, extractable nuclear antigens; HCV, hepatitis C virus; IFA,
indirect immunofluorescence assay; LAP, lamin-associated polypeptide; LBR, lamin B receptor; LEDGF, lens epithelial derived growth factor; NOR, nucleolus organizer region; NXP, nuclear matrix
protein; PBC, primary biliary cholangitis; PCNA, proliferating cell nuclear antigen; PML, promyelocytic leukaemia; PM/Scl, polymyositis-scleroderma; RA, rheumatoid arthritis; RNApol, ribonucleic
acid polymerase; RNP, ribonucleoprotein; SARD, systemic autoimmune rheumatic diseases; SLE, systemic lupus erythematosus; SMN, survival of motor neuron; SRP, signal recognition protein; SSc,
systemic sclerosis; SjS, Sjogren’s syndrome; TIF, transcription intermediary factor; TRIM, tripartite motif; Tpr, translocated promoter region; dsDNA, double stranded deoxyribonucleic acid; hUBF,

human upstream binding factor; tRNA, transfer ribonucleic acid.

taking into account that the HEp-2 IIFA nowadays is ordered
by a wide spectrum of clinical disciplines,' the number of clin-
ically unexpected positive results, that is, positive test results
with no clinical evidence of an associated autoimmune disease,
is ever increasing and may even equal the likelihood of a clini-
cally true-positive result.'** "' A study performed in a commu-
nity setting concluded that many patients with a positive ANA
test are incorrectly given a diagnosis of systemic lupus eryther-
matosus and sometimes even treated with toxic medications.'**
These arguments are used to introduce a gating strategy in order
to restrict test-ordering to those cases that have a sufficiently
high pretest probability for having a SARD. However, it can also
be argued that patients with a low pretest probability should be
tested using the HEp-2 IIFA in order to prevent true cases, espe-
cially those with very early disease manifestations, from being
missed. This is a paradigm shift to disease prediction and preven-
tion.' In this strategy, the HEp-2 IIFA could be integrated in
multianalyte ‘omic’ profiles for case finding and establishing an
early diagnosis and preventing severe complications.'* '** Obvi-
ously, it is anticipated that the added value of the HEp-2 IIFA in
this approach can be increased by incorporating information on
both patterns as well as titres in combination with well-directed
advices on follow-up testing.

Although the current consensus on the clinical relevance of
HEp-2 IIFA patterns has come across after extensive discussion
and debate within the ICAP executive board as well as with the
workshop participants, the information provided is not based
on a systematic review or meta-analysis of the existing litera-
ture. Because of the short history of ICAP, being founded in
2014, inclusion of older literature might have been hampered

by potential differences in pattern nomenclature and defi-
nitions. For instance, the nuclear dense fine speckled (AC-2)
and topo I-like (AC-29) patterns were previously often consid-
ered homogeneous, speckled or even mixed patterns. The
centromere pattern (AC-3) or the cytoplasmic reticular/AMA
(AC-21) patterns, on the other hand, are examples that prob-
ably have been less prone to change in pattern definition over
time. The universal use of the ICAP nomenclature and pattern
definitions, both in daily clinical practice as well as in the scien-
tific literature, may enable systematic reviews in the future, and
may well fine-tune current consensus based on expert opinions
only.

In conclusion, the consensus statements on clinical relevance
should be readily available to clinicians and this will enable
further harmonisation of test-result interpretation with respect
to HEp-2 IIFA patterns. Obviously, clinicians should be aware
of the clinical suspicion for the respective patient, and therefore
should order specific tests accordingly, also taking into account
the anticipation of prevalence of HEp-2 IIFA negative (AC-0)"}
results in SARD. The information on clinical relevance of HEp-2
ITFA patterns is intended to support the decision strategy of the
clinician. Information presented in the online supplementary
tables 1-3 is primarily intended to be used for complex cases
in the consultation of the laboratory specialist by the clinician.
Depending on various jurisdictional regulations, follow-up
testing can be automated in predefined algorithms which even-
tually will shorten the diagnostic delay. Eventually, appropriate
integration of HEp-2 IIFA pattern information may help to
better define disease criteria and even enable a paradigm shift in
the pretest probability paradox.
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Table 3 Mitotic HEp-2 IIFA patterns

Code AC pattern—clinical relevance Refs

AC-24  CENTROSOME (see online supplementary table 3 for further
details)

» The AC-24 pattern has low positive predictive value for
any disease

»  Within the spectrum of the SARD, the AC-24 pattern
is found in patients with Raynaud's phenomenon,
localized scleroderma, SSc, SLE and RA, either alone or in
combination with other SSc-associated antibodies;

102-105

» Antigens recognized include o-enolase, y-enolase, 104, 106-108
ninein, Cep-250, Mob1, PCM-1/2, pericentrin; specific
immunoassays for these autoantibodies are currently not

commercially available

AC-25 SPINDLE FIBERS (see online supplementary table 3 for further
details)

» The AC-25 pattern has low positive predictive value for 109
any disease

» Found very infrequently in a routine serology diagnostic 109
setting

» Antigen recognized includes HsEg5; specific
immunoassays for this autoantibody, or other spindle
fiber targets, are currently not commercially available

AC-26 NuMA-like

»  Approximately one-half of the patients with the AC-26
pattern have clinical features of a SARD (SjS, SLE, UCTD,
limited SSc, or RA); the AC-26 pattern is also observed in
patients with organ-specific autoimmune diseases and
less frequently in non-autoimmune conditions, especially
when in low titer

110,111

109, 111-114

» Found very infrequently in a routine serology diagnostic 109
setting

» Antigens recognized include NuMA, centrophilin, SP-H 115
antigen and NMP-22; specific inmunoassays for these
autoantibodies are currently not commercially available

AC-27 INTERCELLULAR BRIDGE (see online supplementary table 3
for further details)

» The AC-27 pattern has low positive predictive value for 116
any disease

»  Found very infrequently in a routine serology diagnostic 117
setting

P Antigens recognized include, among other, CENP-E,
CENP-F, TD60, MSA36, KIF-14, MKLP-1, MPP1/
KIF20B, and INCENP; specific immunoassays for these
autoantibodies are currently not commercially available

AC-28 MITOTIC CHROMOSOMAL (see online supplementary table 3
for further details)

» The AC-28 pattern has low positive predictive value for
any disease

116,118,119

» Found very infrequently in a routine serology diagnostic 120
setting

» Antigens recognized include DCA, MCA1, and MCA5;
specific immunoassays for these autoantibodies are
currently not commercially available

120-122

CENP, centromere-associated protein; Cep, centrosomal protein; DCA, dividing cell antigen;
IIFA, indirect immunofluorescence assay; INCENP, inner centromere protein; KIF, kinesin
family; MCA, mitotic chromosomal antigen; MKLP, mitotic kinesin-like protein; MPP, M-phase
phosphoprotein; MSA, mitotic spindle apparatus; NMP, nuclear matrix protein; NuMA,
nuclear mitotic apparatus; PCM, pericentriolar material; RA, rheumatoid arthritis; SARD,
systemic autoimmune rheumatic diseases; SLE, systemic lupus erythematosus; SSc, systemic
sclerosis; SjS, Sjogren’s syndrome; UCTD, undifferentiated connective tissue disease.
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Abstract

Administration of oral agents is a standard postoperative adjuvant chemotherapeutic regimen in
colorectal cancer patients. However, little is known about medication adherence of oral chemotherapy
in Japanese patients. This study was aimed to elucidate the current status of medication adherence
and 1dentify the factors associated with low adherence to postoperative adjuvant chemotherapy in
colorectal cancer patients. Among 81 enrolled patients receiving postoperative adjuvant chemother-
apy, 61 patients (oral anticancer agents alone : 33, combination of oral anticancer agents and IV
administration : 28) were analyzed. Medication adherence (MMAS-8), and anxiety and depression
(HADS) were evaluated longitudinally at 3 time-points (1-2, 3-4, 5-6 months) using questionnaires.
Factors associated with low adherence were analyzed by multivariate logistic regression. The median
medication adherence score and anxiety and depression score did not change significantly over the
6-months of chemotherapy. At 1-2 months after initiation of treatment, low medication adherence was
associated with treatment using oral anticancer agents alone (OR : 9.49) and depression (OR : 1.30). At
5-6 months, treatment with oral anticancer agents alone was also associated with low adherence (OR :
6.39).

To maintain adherence, health care professionals should focus on patients who have higher risk for
low adherence by monitoring those receiving oral chemotherapeutic agents alone and patients with
depression. Thus, continuous educational and emotional support tailored each patient should be
considered from the initiation of chemotherapy.

Key words : colorectal cancer, medication adherence, MMAS-8, postoperative adjuvant chemother-
apy, longitudinal study

Introduction

Colorectal cancer is one of the most common
malignancies worldwide. In Japan, approximately
370,000 cancer-related deaths were recorded in
2016, with colorectal cancer being the second
most common cause. Adjuvant chemotherapy is

administered to patients with high-risk stage II
and stage III colorectal cancer to prevent
recurrence and improve postoperative prognosis.
In general, adjuvant chemotherapy is recom-
mended to start by 4 to 8 weeks after surgery and
to continue for 6 months”. This treatment
schedule puts additional burden on patients as
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they receive the chemotherapy as a new treat-
ment at outpatient clinics while also returning to
the society after surgery.

There are three types of postoperative ad-
juvant chemotherapy : (1) oral administration
only, (2) a combination of oral and intravenous (IV)
administration, and (3) IV administration on1y2>.
This study focused on adherence to oral postop-
erative adjuvant chemotherapy in patients tre-
ated with oral administration only and a combina-
tion of oral and IV administration. Oral che-
motherapy requires fewer hospital visits than
intravenous therapy, entailing lesser lifestyle
changes than the combination of oral and IV
administration. To maintain high levels of medica-
tion adherence, patients need to not only comply
with treatment requirements, but also proactively
participate in the treatment. It has been reported
that most patients undergoing anticancer treat-
ment prefer oral to intravenous therapy3>.
Hence, as the oral chemotherapy is increasing,
improvement of adherence in this group of
patients will be a key issue in cancer care. Poor
medication adherence and failure to reach the
desired treatment goal could result in poor
prognosis and increased medical costs®.

Previous studies on medication adherence
using a patient’s self-reported data or a medica-
tion event monitoring system reported that the
non-adherence rates for capecitabine treatment
regimens ranged 9%-25%° 7. In Japan, a recent
longitudinal study on 338 colorectal cancer
patients treated by a combination therapy of oral
and IV administration (CapeOX) reported that a
median adherence rate was high (94% in the first
cycle, and 98% in the final cycle)’’. Another
cross—sectional study reported compliance rate of
77% in 104 patientsg). Poor adherence was
reported to be associated with many factors such
as the complexity of the treatment, side effects,
inconvenience of visiting the hospital, cost,
dissatisfaction with the treatment, forgetfulness,
and depressionlo%w. Conversely, factors associ-

ated with high adherence included good relation-

ship with healthcare providers, social support,
milder adverse events, and adequate knowledge
on medication'”. Some studies suggested that
adverse events did not necessarily lead to reduced
medication adherence'”, however, results have
been inconsistent'? .

Furthermore, regimens for postoperative ad-
juvant chemotherapy differ in Japan with those in
other countries due to the differences in overall
survival?, health insurance system, and economic
backgrounds. For example, in Japan, all citizens
are covered by universal healthcare systems
having unlimited access to standard medical
cares. Thus, to develop a support program to
improve adherence to postoperative adjuvant
chemotherapy in patients with colorectal cancer,
we first need to understand the current status of
their adherence and identify the factors associ-
ated with poor medication adherence, particularly
psychological conditions, social backgrounds,
knowledge on the treatment, and complexity of
the treatment.

The objectives of this study were to elucidate
the status of adherence to postoperative adjuvant
chemotherapies and to analyze factors associated
with low medication adherence in patients with

colorectal cancer.
Materials and Methods

1. Study design

This is a prospective longitudinal study based
on self-report questionnaires administered during
outpatient visits at two cancer centers and one
general hospital in Japan. Patients were followed,
and the questionnaires were handed out in the
hospital or sent through mail. The surveys were
conducted from October 2014 to March 2017 at 3
time points ; 1-2 months, 3-4 months, and 5-6
months after starting postoperative adjuvant
chemotherapies. This study was approved by the
Institutional Review Board of University of
Occupational and Environmental Health, Japan
(Approval number : H26-116) and that of all the
collaborating institutions.
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2. Participants

The inclusion criteria for our study was
patients who (1) had clinical stage II or III disease
who had started adjuvant chemotherapy with oral
anticancer agents with/without intravenous
administrations after curative surgery for colorec-
tal cancer, (2) were aged 20 years and above, and
(3) had the intellectual ability to fill out the
self-administered questionnaire. After providing
verbal and written information about the study, a
written informed consent was obtained from all
participants prior to enrollment. The standard
treatment regimens for participants were either
1) oral treatment with uracil/tegafur with leuco-
vorin (UFT + LV) that was administered only
orally or 2) oral capecitabine plus intravenous
oxaliplatin (CapeOX). In the UFT + LV regimen,
one cycle consisted of 3 times a day oral
administration for 28 days, followed by a week of
off-drug period. In the CapeOX regimen, the
anticancer agents were administered both orally
(capecitabine) and intravenously (oxaliplatin). One
cycle consisted of intravenous oxaliplatin on day 1
at an outpatient clinic and oral administration of
capecitabine twice a day for 14 days followed by a
week of off-drug period. It is recommended that

these regimens continue for 6 months.

3. Questionnaires

1) Medication adherence

In this study, medication adherence was
evaluated through a self-report questionnaire
using Morisky Medication Adherence Scale-8
(MMAS—8)13>. The MMAS-8 is a scale designed to
evaluate the psychosocial characteristics of adher-
ence, social support, and satisfaction with care
related to medication adherence. A systematic
review and meta—analysis showed that MMAS-8
had acceptable internal consistency and

4" and it has been used in more

reproducibility
than 200 studies since its development in 2009.
The MMAS-8 score ranges from 0 to & where
higher points indicate better adherence. Patients

were classified into three groups for analysis

based on their total adherence scores : the low
adherence group comprised patients who scored
less than 6 points ; the moderate adherence group,
patients who scored from 6 points to less than 8
points ; and the high adherence group, 8 points. A
Japanese translation of the MMAS-8 was de-
veloped by Dr. Morisky in collaboration with the
Mapi Institute. A license agreement for the use of
the copyrighted MMAS-8 is available from
Donald E. Morisky.

2) Anxiety and depression

To evaluate the state of anxiety and depression
of the patients, a Japanese version of the Hospital
Anxiety and Depression Scale (HADS) for general
outpatients (registration #13105116) was used'”.
HADS consists of 14 items : 7 items for anxiety
(HADS-A) and 7 items for depression (HADS-D).
Higher total scores indicate more severe depress-
lon and anxiety. Each item is scored from O to 3,
and the total score ranges from 0 to 21 points.
The patients were stratified into those with
normal (= 7 points), mild (8 to = 10 points),
moderate (11 to = 14 points), and severe (15 to =
21 points) using the HADS. The validity and
reliability of the Japanese version of HADS had

1017 with calculated

been assessed previously
Cronbach’'s o of 0.73 to 0.81.

3) Adverse events

The occurrence of adverse events was sur-
veyed using a 10-item questionnaire of the
Japanese version of Common Terminology
Criteria for Adverse Events v4.0 from the Japan
Clinical Oncology Group18>. The adverse events
surveyed were fatigue, anorexia, altered taste,
constipation, nausea, diarrhea, rash, fever, stoma-
titis, and hand-foot syndrome. Basic information
on the patient’s cancer (e.g., diagnosis, location,
stage, duration, date when treatment was started,
and regimen) was collected from electronic
medical records.

4. Statistical analysis
Descriptive statistics were calculated in accord-
ance with the MMAS-8 and HADS scoring
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manuals. The Mann-Whitney U-test, chi-square
test, and Fisher’s exact test were used to compare
the 2 groups. Repeated measures ANOVA were
used to analyze the longitudinal changes in
medication adherence during the treatment. In
the analysis of factors associated with low levels
of medication adherence, individuals with low and
moderate MMAS-8 scores were grouped
together and categorized as the low adherence
group, following the method in a previous
studylg) . The low adherence group and the high
adherence group were used as dependent vari-
ables. Factors associated with low adherence at
each time point were analyzed via logistic
regression analysis. A univariate regression
analysis was used to determine significant differ-
ences between the high and low adherence group
for the following independent variables : age (<
65 years vs. > 65 years), sex, marital status,
employment status, educational background (<
high school vs. > high school), cancer location
(colon vs. rectal), stage (stage II vs. stage III),
stoma, administration route of adjuvant che-
motherapy (oral vs. oral + IV), dose schedule
(complex vs. simple), difficulty in each of the 4
items on the original questionnaire on the
treatment experience and concerns on medica-
tion, depression (as assessed via HADS-D), and
anxiety (as assessed via HADS-A). SPSS
(Japanese version 22.0 for Windows, IBM Japan,
Inc., Tokyo) was used for statistical analysis, and
all tests used a 5% significance threshold.

Results

1. Demographic and clinical characteristics of

the patients

A total of 81 patients were enrolled, of which
data from 61 patients who completed the survey
at 3 time points were analyzed. The demographic
and clinical characteristics of the 61 patients are
summarized in Table 1. The average age was
69.0 £ 8.1 (range, 44-83) years, and 67% of the
participants were men. Thirty-three patients
(54%) received oral chemotherapeutic agents only

(the oral treatment group), whereas 28 patients
(46%) received a combination of oral and IV
chemotherapeutics (the oral + IV treatment
group). In the oral treatment group, UFT/LV
therapy was administered in 27 patients (44%),
capecitabine in 4 patients (7%), and S-1 therapy in
2 patients (3%), while all 28 patients (46%) in the
combination group were on CapeOX therapy.
There were no significant differences in demog-
raphic and clinical characteristics between the
oral treatment group and the oral + IV treatment
group. However, the oral + IV treatment group
tended to include more stage III patients (P = .06).

2. Medication adherence and anxiety and
depression

The medication adherence as measured by
MMAS-8 during the treatment period is summa-
rized in Table 2. The mean MMAS-8 scores at
1-2 months, 3-4 months, and 5-6 months from the
start of treatment were 7.0 = 1.2, 6.8 = 1.3,
and 6.9 £ 1.3, respectively. A total of 16.4%
-27.9% of patients had low medication adherence
(MMAS < 6) during the study ; however, no
significant differences were observed in MMAS-8
scores at different time points (F (2, 120) = 1.21, P
=.30).

The anxiety and depression as measured by
HADS during the treatment period is summa-
rized in Table 2. Regarding anxiety, mild and
moderate levels were observed in 1.6%-11.5%
of the patients throughout the study period.
Regarding depression, a total of 13.1%-16.4% of
patients were mild or moderate level during the
study period. No significant differences were
observed in HADS-A (F (2, 180) = 0.29, P = .75)
and HADS-D (F (2, 180)=0.19, P=.83) at
different time points.

The comparison of MMAS-8 scores according
to different attributes is shown in Table 3.
MMAS-8 scores were not significantly associated
with age, sex, marital status, occupational status,
educational level, location, or stage of cancer, or
having stoma. However, the MMAS-8 score was
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Table 1 Clinical Characteristics of the Patients

Y. Nagamatsu et al.

Overall Oral treatment group Oral + IV treatment group P-value
Number 61 33 28 -
Age, years 69.0 = 8.1 70.0 = 8.6 67.9 7.5 .32
Men 41 (67.2) 23 (69.7) 18 (64.3) .65
Married 47 (77.0) 26 (78.8) 21 (75.0) 73
Employed 22 (36.1) 12 (36.4) 10 (35.7) .96
Educational level

Primary 8 (13.1) 2 (6.1 6 (21.4)

Secondary 39 (63.9) 23 (69.7 16 (57.1) .21

College 14 (23.0) 8 (24.2 6 (21.4)

Location of cancer

Colon 41 (67.2) 23 (69.7 18 (64.2)

Rectum 20 (32.8) 10 (30.3 10 (35.7) o
Clinical stage of cancer

11 23 (37.7) 16 (48.5) 7 (25.0)

111 38 (62.3) 17 (51.5) 21 (75.0) 0
Patients with stoma 9 (14.8) 5 (15.2) 4 (14.3) .92
Chemotherapy regimen

UFT/LV - 27 (44.3 -

Capecitabine - 4 ( -

1 - 2 ( - .

CapeOX - - 28 (46.0)

Abbreviations : Oral, patients with oral medications only ; Oral + IV, patients with oral and intravenous medications ; UFT,

Uracil-tegafur ; LV, Leucovorin ; S-1, tegafur-gimeracil-oteracil ; CapeOX, capecitabine and oxaliplatin.

The UFT/LV therapy group included 2 patients on monotherapy, and the UFT/LV/protein-bound polysaccharide K group

included 3 patients.

Data are displayed as mean = SD or number (%).

We compared differences between patients with oral medications and patients with both oral and intravenous medications.

significantly lower (P < .001-.01) in the oral
treatment group than in the oral + IV treatment
group at all three time points. Compared with
patients taking chemotherapeutics at similar
doses (“Simple” in Table 3), those taking different
doses of oral anticancer agents during the day (e.
g., 2 tablets in the morning, 3 tablets at noon, and
2 tablets in the evening, “Complex” in Table 3)
had significantly lower MMAS-8 scores at 56
months (P = .02) or tended to have lower MMAS-
8 scores at 1-2 months and 3-4 months (P = .051-
.08) after treatment.

Because there were significant differences in
MMAS-8 scores between the oral group and oral
+ IV treatment group, the answers to each item of
the MMAS-8 questions were compared to
analyze whether there were certain items of
MMAS-8 that were responsible for the differ-
ences (Table 4). Throughout the treatment period,
the non-adherent answer to the question “Do you
sometimes forget to take your pills?” was signifi-
cantly higher in the oral treatment group than in
the oral + IV treatment group (P < .001).
Similarly, in the first 2 months of the treatment,
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Table 2 MMAS-8 Score and HADS score at Each Phase

1-2 Months (T1) 3-4 Months (T2) 5-6 Months (T3) P-value

MMAS-8 score 7.0x1.2 6.8 1.3 6.9+1.3 .30
MMAS-8 adherence level

Low 0 (16.4) 17 (27.9) 2 (19.7)

Medium 2 (36.1) 24 (39.3) 6 (42.6) .40

High 29 (47.5) 20 (32.8) 3 (37.7)
HADS-A score 29+29 2.7x2.4 3.1+29 .75
HADS-A score ranges

Normal 57 (93.4) 60 (98.4) 54 (88.5)

Mild 3 (4.9 1 (1.6 7 (11.5) 19

Moderate 1 (1.6 0 (0.0 0 (0.0

Severe 0 (0.0 0 (0.0 0 (0.0
HADS-D score 3.9+3.3 4.1 +3.2 3.7+3.3 .83
HADS-D score ranges

Normal 53 (86.9) 51 (83.6) 53 (86.9)

Mild 5(8.2) 8 (13.1) 5(8.2) %

Moderate 3(4.9 2 (3.3 3 (4.9

Severe 0 (0.0 0 (0.0 0 (0.0

Abbreviations : MMAS-8, Morisky Medication Adherence Scale-8.

Data are displayed as mean £ SD or number (%).

The patients were stratified into those with low adherence (< 6 points), medium adherence (6 to < 8 points), and high

adherence (8 points) using the MMAS-8.

Abbreviations: HADS, Hospital Anxiety and Depression Scale

HADS-A; Anxiety scores from HADS, HADS-D; Depression scores from HADS

Data are displayed as mean * SD or number (%).

The patients were stratified into those with normal (= 7 points), mild (8 to = 10 points), moderate (11 to = 14 points), and

severe (15 to = 21 points) using the HADS.

the non-adherent answer to the question “Think-
ing over the past two weeks, were there any days
when you did not take your medicine?” and to the
question “When you travel or leave home, do you
sometimes forget to bring along your medica-
tion?” were also significantly higher in the oral
treatment group than that in the oral + IV
treatment group (P = .03 and .0I, respectively).
For the question “Do you ever feel hassled about
sticking to your treatment plan?” the non-adhe-
rent answers were significantly higher in the oral
treatment group than those in the oral + IV
treatment group at 5-6 months of treatment (P =
.049).

3. Adverse events

The most common adverse event throughout
the treatment period was fatigue. A total of 39%,
56%, and 51% of the patients reported fatigue at
1-2, 3-4, and 5-6 months after starting treatment,
respectively. The second most frequent adverse
event was decrease in taste sensation that was
reported by 34%, 43%, and 39% of the patients at
1-2, 3-4 months, and 5-6 months after starting
treatment, respectively. There were no signifi-
cant differences in MMAS-8 scores between
patients with vs without adverse events.
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Table 3 Differences in MMAS-8 Scores at Each Phase

1-2 Months (T1) 3-4 Months (T2) 5-6 Months (T3)
MMAS-8 MMAS-8 MMAS-8
P-value P-value P-value
score score score
Age
< 65 years old 7.30.9 6.5*1.4 6.7*1.0
71 42 .28
=65 years old 6.9+1.3 6.9*+1.2 6.9*1.4
Sex
Male 7.1x1.0 6.8 1.3 7.0=x1.1
.88 .83 .38
Female 6.9+t1.6 6.7+ 1.3 6.5+1.7
Marital status
Married 7.0x1.2 6.7=*1.3 6.8 1.4
.87 .92 .81
Single/divorced 7.0+1.3 6.9+1.1 7.0+1.0
Occupational status
Employed 7.0=x1.3 6.8 1.5 6.6 1.5
.98 .57 .39
Unemployed 7.0*+1.2 6.8+ 1.2 7.0+1.2
Educational level
Primary 6.8+ 1.1 6.8 1.6 7.0=*0.9
Secondary 7.0x1.4 .64 6.8 1.3 .92 6.8 1.5 .99
College 7.3x0.8 6.8 =0.9 7.0=1.1
Location of cancer
Colon 7.0=x1.3 6.8 1.3 6.6 1.4
.92 .86 11
Rectum 7.1x1.2 6.8 1.3 7.3x1.0
Clinical stage of cancer
11 6.9+1.4 6.8 1.4 6.9 1.6
.88 .73 .46
111 7.1x1.2 6.8+ 1.2 6.8 1.2
Stoma
Yes 7.30.9 6.8 1.0 7.4*0.9
.46 .55 .24
No 7.0x1.3 6.8 1.3 6.8 1.4
Route of administration
Oral 6.5+1.4 6.4+1.3 6.4 1.5
< .001 .01 < .001
Oral + IV 7.7+0.6 7.2+1.1 7.4+0.9
Dosage
Simple 7.2+x1.1 7.0=x1.1 7.1x1.0
.051 .08 .02
Complex 6.4+1.6 6.2*1.6 6.0*x1.8

Abbreviations : MAAS-8, Morisky Medication Adherence Scale-8 ; Stoma, patients with stoma ; Oral, patients with oral

medications ; Oral + IV, patients with both oral and intravenous medications.

Data are displayed as mean * SD.
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4. Factors associated with medication adher-

ence

The results of logistic regression analyses are
presented in Table 5. On univariate analysis,
factors significantly associated with low adher-
ence at 1-2 months of treatment were oral
treatment only (P < .001) and depression (P =
.02), while “knowing the names of medicines”
was associated with high adherence (P = .04).
Meanwhile, multivariate analysis showed that
oral treatment (odds ratio (OR) : 9.49 ; 95%
confidence interval (CI) : 2.63-34.23) and de-
pression (OR : 1.30 ; 95% CI : 1.04-1.61) were
significantly associated with low adherence at 1-2
months after starting treatment, whereas there
were no factors significantly associated with low
adherence at 3-4 months. At 5-6 months, oral
therapy was significantly associated with low
adherence on multivariate analysis (P < .001)
with an OR of 6.39 (95% CI : 1.80-22.69).

Discussion

The present study aimed to analyze longitudin-
al changes in medication adherence and to
identify the factors associated with low adherence
in Japanese patients with colorectal cancer
receiving oral adjuvant chemotherapy. In the
present study, the MMAS-8 scores during the 6
months of adjuvant chemotherapy ranged from
6.8 to 7.0, which were similar to previous studies
on adjuvant chemotherapylg) and on patients with
breast cancer patients under hormone therapy in
Western countries””. Studies on medication
adherence using the MMAS-8 in Japanese
patients are limited in the studies of non-cancer
patients such as type 2 diabetes (MMAS-8 scores
of 5.9-6.2) and psoriasis (6.3)21)22).

In general, patients with cancers are considered
to be highly motivated to take their medication
and have high adherence to chemotherapy
because they understand the risks of not taking
the medication and fear for potentially life-thre-
atening disease®. The MMAS-8 scores in the

patients with colorectal cancer in the present

study are higher than those reported in Japanese
patients with chronic diseases. Nevertheless,
further improvement of medication adherence in
patients with cancer is critical to achieve the
treatment goal of postoperative adjuvant che-
motherapy, 1.e., to prevent recurrence and im-
prove prognosis.

In the present study, depression as assessed by
HADS-D was associated with low medication
adherence at 1-2 months after starting the
treatment. Regarding the types of therapy,
treatment with oral anticancer agent alone was
associated with low medication adherence at 1-2
and 5-6 months after starting treatment. The
lower adherence in the oral treatment alone
compared with the combination of oral + IV
treatment was consistent with the results of

2025 .04 suggested to be a

previous studies
common characteristic among patients receiving
oral chemotherapeutics only.

One of the main reasons for these results could
be the complexity of the oral chemotherapy
regimen. It has been reported that the complexity
of regimen such as the combination of different
times and/or doses per day has a negative impact
10 and the schedule of
medication is an important factor in adherence

status%) .

on medication adherence

Previous studies reported that the
timing and times of oral administration affected
adherence. One study reported that taking oral
chemotherapy medication every 8 hours was
significantly associated with non-adherence
among patients with gastroenterological
cancers'® . UFT, the most commonly used drug in
the present study, is taken every 8 hours, with
recommendation to avoid taking the drug one
hour before and after meals. Thus, compared with
patients receiving capecitabine that is taken twice
a day, patients on UFT have more concerns such
as timing of taking the drug and eating meals and
carrying the medication. This is consistent with
our data that the patients on oral chemotherapy
alone more frequently answered “Yes” to the
questions “When you travel or leave home, do you
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sometimes forget to bring along your medica-
tion?” and “How often do you have difficulty
remembering to take all your medicine?” due to
simple forgetting. Therefore, it was suggested
that early educational intervention focusing on
the complexity of treatments was necessary for
patients receiving treatment with oral anticancer
agents alone.

Another reason for the low adherence in the
oral treatment group may arise from shorter time
spent with health professionals aside from visiting
a doctor than that of combination therapy. Jacob
Arriola et al reported a significant correlation
between the frequency of patients’ communica-
tion with medical professionals and medication

20, Collectively, these results sug-

adherence
gested that limited communication with medical
professionals may be one of the reasons causing
low medication adherence in patients receiving
oral chemotherapy alone. Patients on oral che-
motherapy typically receive a prescription from
the hospital, bring it to a local pharmacy, and
consume the drugs as prescribed. Meanwhile, oral
+ IV chemotherapy patients usually spend more
time with health professionals as they need to
stay in the infusion room and interact with health
professionals when the drug is administered
intravenously. Patients on oral chemotherapy
alone have less opportunity for communication to
get information and for consulting with nurses,
pharmacists, and other health professionals com-
pared with those on oral + IV chemotherapy. In a
survey of 397 cancer institutions in Japan, the
patients with oral anticancer agent alone received
less medication information from pharmacists
compared to the patients treated with in-
travenous chemotherapeutics%).

In the present study, depression at 1-2 months
after starting chemotherapy was associated with
low medication adherence during the same
period. Depression in patients with cancer is not
only caused by psychological problems, but also
by physical symptoms and the adverse effects of
chemotherapy, among others. Anxiety and de-

pression in addition to physical symptoms such as
fatigue and abdominal symptoms during the
postoperative period were also reported among
patients with colorectal cancer'”,

On the other hand, 1-2 months after starting
postoperative adjuvant chemotherapy, patients
try to return to their social life while adjusting to
their altered gastrointestinal function and hand-
ling adverse events of chemotherapy. Depression
along with physical and psychological instability
may be a reason for the low medication adherence
during this period.

As an increased use of oral chemotherapy is
predicted, intervention for patients at high risk for
poor adherence, such as those receiving oral
chemotherapy or those with depression is neces-
sary. For this purpose, methods to evaluate
medication adherence at outpatient clinics, where
time and manpower are limited, are necessary.
Medication adherence is defined by the World
Health Organization as the extent to which a
person’s behavior - taking medications, following
a diet, and/or executing lifestyle changes -
corresponds with agreed recommendations from
a health care provider29>. Seal et al reported the
usefulness of MMAS-8 as a method to briefly and
effectively evaluate medication adherence®’.
Evaluating adherence from the viewpoint of
patients is also important, although measuring
adherence via self-report has a risk for over-
estimation of the actual adherence status®.

Our data indicate that “simple forgetting™ is
one of the main reasons for low adherence, which
suggests that factors like remembering the time
to take medications and carrying the drugs are
obstacles to maintaining adherence. Patients on
postoperative adjuvant chemotherapy struggle to
add medication management as a new daily
routine, and this issue may lead to low adherence.
Thus, nurses will need to identify problems in
taking medication in individual patients and
provide success stories from other patients to
solve problems, such as suggesting methods for
simple packing of medication to carry, using the
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reminder function in mobile phones, and obtaining
support from family members.

The limitations of the present study include the
small number of patients recruited in a few
medical facilities. As such, comparison with
previously published data on the association of
demographic factors with adherence was incom-
plete. Additionally, the statistical power was low
due to the small number of subjects, which might
lead to failure in achieving statistical significance.
Another limitation is the relatively short surveill-
ance period, which is set to 6 months based on the
length of the standard postoperative adjuvant
chemotherapy. However, the treatment period
can be extended in certain patients, and clinical
trials with longer treatment period are ongoing.
Thus, the surveillance period has to be extended
corresponding to each treatment period and
follow—up studies will be necessary to address
these issues. Furthermore, establishing a support
program to help medication adherence in patients
receiving oral chemotherapy, according to the
setting of medical practice would be possible by
accumulating data on medication adherence in

Japan.
Conclusions

Medication adherence of the patients with
colorectal cancer who received postoperative
adjuvant chemotherapy was longitudinally evalu-
ated by questionnaire survey. The results sug-
gested that treatment with oral chemotherapeu-
tic agent alone and depressive state were
significantly associated with low medication
adherence. Thus, additional attention might be
given to these patients who are at a high risk of
low medication adherence, and nurses in col-
laboration with other medical professionals would
need to develop individualized patient education
programs and provide emotional intervention to
improve medication adherence in this patient
population. However, the generalization of the
results needs to be evaluated by future studies
because they were based on the small num-

ber-survey at only three facilities.
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Distinctive association of peripheral immune cell
phenotypes with capillaroscopic microvascular
patterns in systemic sclerosis
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Abstract

Objective. The pathological changes in SSc include immune system dysregulation and microvascular damage.
However, the association of immune cell phenotype heterogeneity and microvascular abnormalities is unclear. The
aim of this study is to elucidate this association in SSc.

Methods. Peripheral blood mononuclear cells obtained from 150 SSc patients were used for comprehensive flow
cytometric analysis based on the Human Immunology Project. Hierarchical cluster analysis was used to classify SSc
patients into subgroups and their association with microvascular abnormalities, as assessed by nailfold videocapillaro-
scopy (i.e. ‘early’, ‘active’ and ‘late’ patterns), was analysed.

Results. The proportions of activated CD4™ T cells, T cells re-expressing CD45RA, activated Th1 and Th17 cells and
IgD~CD27~ B cells were higher in SSc patients than in healthy individuals. Hierarchical cluster analysis stratified SSc
patients into three groups: patients with few immune abnormalities (fewer abnormalities group), patients with high pro-
portions of activated T and Treg cells (Treg-dominant group) and patients with high proportions of Tth and plasmablasts
(Tfh-dominant group). Age and disease duration were comparable among the groups. On the other hand, microvascular
abnormalities, especially the ‘late’ nailfold videocapillaroscopy pattern, correlated with internal organ involvement.
Among the groups stratified according to immune cell phenotype, the progression to the ‘late’ nailfold videocapillaro-
scopy pattern was more frequent in the Tfh-dominant group.

Conclusion. Our study confirmed the presence of immunophenotypic abnormalities in SSc. Immunological abnorm-
alities were not uniform but rather limited to subpopulations, particularly the Tfh-dominant group, where they were highly
associated with microvascular abnormalities and organ involvement.

Key words: Systemic sclerosis, nailfold videocapillaroscopy, microvascular damage, cluster analysis, the
human immunology project

Rheumatology key messages

e This study confirmed the immunophenotypic abnormalities by comprehensive flow cytometric analysis in sys-
temic sclerosis patients.

o Immunological abnormalities in systemic sclerosis patients were not uniform but rather limited to subpopulations.

o Tfh-dominant immune cell phenotype in systemic sclerosis patients was associated with the progression of
microvasculopathy.

include immune system activation, microvascular damage

and fibrosis [2]. However, the exact pathogenic mechan-
SSc is an autoimmune disease characterized by fibrosis in isms have not been fu”y elucidated and there is no dis-

multiple organs [1]. The pathological changes in SSc ease-specific treatment [3].
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One of the early pathological changes observed in pa-
tients with SSc is microvasculopathy. The pathological
role of this process in organ involvement has been exam-
ined extensively [4-7]. In addition, the efficacy of various
vascular-targeting therapies has been demonstrated in
certain organs involved in patients with SSc, such as for
skin ulceration and pulmonary arterial hypertension [2].

On the other hand, SSc is also known as an immune-
mediated disease [2] with distinctive specificity of autoan-
tibodies associated with unique clinical subsets. Several
studies stressed the roles of pathogenic lymphocytes in
SSc, including T helper (Th) 17 cells [8], regulatory T (Treg)
cells [9], as well as abnormal activation and function of B
cells [10, 11]. However, the pathogenic role of autoimmun-
ity in SSc is so far less convincing compared with that in
other autoimmune diseases, such as SLE. In fact, the
above studies focused on specific subsets of lympho-
cytes, rather than comprehensive analysis of the immuno-
logical abnormalities in SSc. In addition, there is little
information on the effects of molecular targeted therapy
on these immune cells [3]. Although B cell depletion ther-
apy [12] and anti-IL-6 receptor antibody [13] are con-
sidered beneficial, there are no double-blind placebo
controlled studies of any compound with clear effects
on skin sclerosis. One of the most important reasons for
the lack of specific treatment is the heterogeneity of SSc.
In other words, therapeutic management of individual
cases based on one kinetic molecular theory is likely to
be associated with large variability in treatment outcome,
which makes interpretation of the data of any clinical
study difficult. Moreover, there is so far no convincing evi-
dence for a link between microvasculopathy, which is dir-
ectly associated with organ involvement in SSc [4] and
immune abnormalities. This fact is reflected in EULAR
treatment recommendations for SSc [14]. The recommen-
dations advise separate treatment regimens for various
affected organs, and the use of a combination of immuno-
suppressants and vasoactive drugs.

The reasons for these limited clinical efficacies of im-
munosuppressive therapy include the unclear role of
immune dysregulation in microvascular damage and fibro-
sis and the diversity of SSc patients. Accordingly, the
lack of appropriate molecular targets is one of the major
clinical challenges. Based on the above background, it is
important both clinically and pathologically to elucidate
the relationship between microvasculopathy and the im-
munological heterogeneity of SSc.

The aim of this study was to determine the immunophe-
notypes and microvascular abnormalities, as detected by
nailfold videocapillaroscopy (NVC) [15, 16], in patients
with SSc. For this purpose, we conducted comprehensive
analysis of immune cell phenotypes in peripheral blood of
SSc patients using multicolour flow cytometric analysis,
as recommended by the Human Immunology Project
Consortium [17]. We also divided SSc patients into im-
munological subgroups, using hierarchical cluster analysis
methods, to investigate the relationship between immune
cell phenotypes and morphological markers of
microvasculopathy.

Methods

Subjects

One hundred and fifty SSc patients seen at our clinics
between March 2014 and September 2017 and diagnosed
according to the classification criteria for SSc [18-20]
were enrolled in this study. The study also included a con-
trol group of age- and sex-matched healthy individuals.
The Ethics Committee of Medical Research, University of
Occupational and Environmental Health, Japan, reviewed
and approved this study, which was named the
SCORPION study (UMIN ID 000014293). A signed in-
formed consent was obtained from all subjects in accord-
ance with the Declaration of Helsinki and its subsequent
modifications.

Clinical measurements

Skin sclerosis was assessed using the modified Rodnan
skin score (MRSS) [21, 22]. The assessment of interstitial
lung disease (ILD) was by high-resolution chest computed
tomography in all patients. Pulmonary arterial hyperten-
sion (PAH) was screened by Doppler echocardiography,
and once identified it was confirmed with right heart cath-
eterization. The diagnosis of PAH was made when the
mean pulmonary arterial pressure exceeded 25mmHg.
Oesophageal motility disorders were evaluated by
barium oesophagography, and oesophageal manifest-
ations were diagnosed based on findings indicative of a
dilated oesophagus, barium retention in the oesophagus
and abnormal oesophageal motility. Patients who required
antibiotics for inhibition of intestinal bacteria overgrowth
or who had history of pseudo ileus obstruction were
judged to have lower gastrointestinal lesions. In addition,
the presence of joint contractures and digital ulcers was
noted. SSc-related antibodies were evaluated by enzyme-
linked immunosorbent assay.

Flow cytometric analysis

Immunophenotyping analysis of peripheral blood mono-
nuclear cells was conducted by multi-colour flow cytome-
try. Flow cytometric analysis was conducted as described
previously [23]. Briefly, the cells were incubated in block-
ing buffer and then suspended in FACS solution with
fluorochrome-conjugted monoclonal antibodies. After
staining with the indicated antibodies (Supplementary
Fig. S1, available at Rheumatology online), the cells
were analysed with a FACSVerse (BD Biosciences, San
Jose, CA, USA) and analysed with Flow Jo software (Tree
Star, Ashland, OR, USA). Isotype-matched mouse IgG
controls (BD Biosciences) were used to evaluate the
background. The phenotype of immune cell subsets was
defined based on the Human Immunology Project
Consortium protocol of comprehensive eight-colour flow
cytometric analysis proposed by NIH/FOCIS with some
modification for detecting Tfh cells [17]. Details of the
gating strategy are described in Supplementary Figs S1
and S2, available at Rheumatology online.

https://academic.oup.com/rheumatology
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Peripheral immunophenotyping of SSc

Nailfold videocapillaroscopy images

All patients underwent nailfold videocapillaroscopy (NVC)
evaluation of nailfold microvascular damage, as described
previously [24, 25]. Briefly, NVC examination was per-
formed using an optical probe videocapillaroscope
equipped with a 200-fold contact lens and connected to
image analysis software (Videocap; DS MediGroup,
Milano, ltaly). The same operator, who was blinded to
the patient’s clinical diagnosis and/or disease severity,
performed the NVC examination. The following capillaro-
scopic parameters were recorded: presence of enlarged
and giant capillaries, haemorrhages, loss of capillaries,
disorganization of the microvascular array, and capillaries
with abnormal morphologies and ramification [15, 26].
The NVC scleroderma spectrum abnormality pattern
was defined as described by Cutolo and colleagues
(‘early’, ‘active’ and ‘late’ patterns) [27, 28]. The ‘early’
pattern is characterized by a few giant capillaries, few
capillary microhaemorrhages and no evident loss of capil-
laries. The ‘active’ pattern comprises abundant giant
capillaries, several capillary microhaemorrhages and
moderate loss of capillaries. The ‘late’ pattern is charac-
terized by severe loss of capillaries, abnormal shapes and
intense disorganization of the normal capillary array [29].

Hierarchical cluster analysis

Hierarchical cluster analysis was performed by the Ward
method [30], using the immunophenotypes of SSc pa-
tients. The number of clusters was determined based
on a scree plot (Supplementary Fig. S3, available at
Rheumatology online), which showed the sum of within-
cluster dissimilarities. Consequently, the appropriate
number of clusters was judged as three and a tree dia-
gram was created accordingly.

Other statistical analysis

Differences between groups were compared using
Student’s t-test or Tukey’s test. Correlation analysis
was performed using Pearson’s correlation coefficient.
Changes in values were represented with colours (blue
for negative changes and red for positive changes), as
shown in Fig. 1. All reported P-values were two-sided
and were not adjusted for multiple testing. The level of sig-
nificance was set at P < 0.05. All analyses were conducted
using JMP version 11.0 (SAS Institute Inc., Cary, NC, USA).

Results

Patients’ disposition and baseline characteristics

A total of 150 SSc patients and 30 healthy individuals were
enrolled in this study. The mean age of the patients was
64.8 years. The mean duration of illness was 7.2 years and
the mean mRSS was 9.6 (Table 1). ILD was identified in
41.6% of the patients, while PAH was in 12.8%. Other
involvements included joint contractures and digital ulcer-
ations in 9.4 and 16.4% of the study patients, respect-
ively. Anti-nuclear antibodies (dilution >160) were
positive in 89.7% of the patients. Among them, 61.8,
13.8 and 10.7% were also positive for anti-centromere

https://academic.oup.com/rheumatology

antibodies, anti-Scl-70 antibodies and anti-RNA polymer-
ase lll antibodies, respectively (Table 1).

Peripheral immune cell phenotypes of SSc

The immune cell phenotypes of SSc patients based on
peripheral blood analysis are shown in Fig. 1. For helper
T cells, significantly higher proportions of T cells re-ex-
pressed CD45RA (termed TEMRA) (P=0.02) and acti-
vated T helper cells (P <0.001) were significantly more
common in SSc than in healthy controls. Similarly, the
proportion of central memory CD8* T cells was signifi-
cantly higher in SSc than in healthy controls.

We also assessed the properties of functional subsets
of T helper cells, such as Th1, Th17, Treg and Tfh cells.
Among them, the proportions of activated Th1 (P < 0.001)
and activated Th17 (P <0.001) were higher in SSc, but
no differences in Th1, Th17, Treg and Tfh cells were
observed between the two groups (Fig. 1).

For B cells, the proportions of IgM memory (P < 0.001)
and class-switched B cells (P =0.02) were lower, while that
of IgD~CD27~ (double negative) B cells (P=0.03) was
higher in SSc than in healthy controls. The proportion of
plasmablasts was not different between the two groups.

The proportions of dendritic cells subsets and mono-
cyte subsets were comparable.

In addition, we investigated the change of immunophe-
notypes in patients who were not treated with immunosup-
pressive therapy. At baseline, the immune phenotypes
except the proportion of activated Th17 were similar to
those of patients with immunosuppressive therapy
(data not shown). No changes in immunophenotypes
were observed after 1 years’ observation in 18 patients who
were not on immunosuppressive therapy (Supplementary
Table S1, available at Rheumatology online).

Cluster analysis based on immune phenotype in SSc

Activation and differentiation abnormalities of T and B
cells have been described in patients with SSc.
However, the clinical efficacy of immunosuppressive ther-
apy in patients with SSc generally seems limited, although
a clinically meaningful response has been described in at
least some patients [14]. In order to clarify such heteroge-
neous pathology, we classified SSc patients into sub-
groups. In this regard, hierarchical cluster analysis of
150 SSc patients suggested that they can be divided
into three subgroups. These subgroups are coloured
red, green and blue in Fig. 2, and Fig. 3 shows details of
their immunophenotypes. In the group shown in blue
(which comprised about half of the patients), the propor-
tions of naive T helper cells and naive B cells were higher,
whereas that of activated helper T cells was not, unlike the
high proportion found in the entire group of SSc patients.
In other words, about half of the SSc patients exhibited
poor immunological abnormalities in the peripheral blood
(it can therefore be named the fewer abnormalities group).

On the other hand, the proportion of naive T helper cells
was lower and that of activated T cells was higher in the
groups shown in green and red, and abnormal immuno-
phenotypes were noted. In particular, in addition to the
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TasLe 1 Characteristics of participating patients

SSc patients

Healthy control

Variable ((ERE)] (n=30) P-value

Age, mean (s.n.), years 64.8 (14.4) 59.3 (12.3) 0.07
Gender, % female 91.3 80.0 0.22
Disease duration, mean (s.n.), years 7.2 (8.0)
mRSS, mean (s.p.) 9.6 (8.5)
Organ involvement, % of patients

Interstitial lung disease 41.6

Pulmonary arterial hypertension 12.8

Oesophageal manifestations 59.2

Lower gastrointestinal lesions 10.1

Joint contracture 9.4

Digital ulceration 16.4
Positivity, % of patients

Anti-nuclear antibodies 89.7

Anticentromere antibodies 61.8

Anti-Scl70 antibodies 13.8

Anti-RNA polymerase Il antibodies 10.7

Anti-UTRNP antibodies 6.2
Laboratory tests

CRP, mean (s.p.), mg/dl 1.1 (2.8)

ESR, mean (s.n.), mm/h 21.9 (25.0)

IgG, mean (s.p.), mg/d| 1500 (581)

mRSS: modified Rodnan skin score.

higher proportion of activated T helper cells, a higher pro-
portion of Treg cell was found in the group shown in green
(it can therefore be named the Treg-dominant group)
compared with the other two groups.

Moreover, the group shown in red had markedly high
percentages of TEMRA and activated helper T cells, and
the highest degree of immune cell phenotypic abnormal-
ity. Another distinct feature of the group shown in red was
the high proportion of Tth cells and plasmablasts, which
was not seen in the other two groups (it can therefore be
named the Tfh-dominant group).

The clinical features of patients of the three groups ac-
cording to the immunophenotype are summarized in
Supplementary Table S2, available at Rheumatology
online. While the age and disease duration were compar-
able among the three groups, progression of skin scler-
osis, prevalence of lower gastrointestinal lesions and
prevalence of digital ulceration were more common in
the Tfh-dominant group, while the prevalence of these
involvements was lower in the Treg-dominant group.
With regard to the autoantibodies, although anti-RNA
polymerase |l antibody was more commonly found in
the Treg-dominant group, the proportions of anti-centro-
mere antibody, anti-Scl-70 antibody and anti-U1RNP anti-
body were comparable among the groups. Also
comparable were the serological inflammatory findings
and serum immunoglobulin.

Microvascular abnormalities according to peripheral
blood immune phenotypes

The above results showed that SSc patients could be
divided immunologically into three subgroups. Therefore,

we next investigated the correlation between these
immune cell phenotypes and the morphology of microvas-
culopathy. The NVC-based scleroderma spectrum
abnormalities were observed in 70% of SSc patients.

Of note, comparison of the different NVC patterns
(‘early’, ‘active’ and ‘late’ patterns) among the three
immune cell phenotype subgroups demonstrated more
common progression of microvasculopathy to the ‘late’
pattern in the Tfh-dominant group (P=0.055), and pro-
gression to the ‘active’/‘late’ pattern in the Tfh-dominant
group (Fig. 4A, B). The results suggested earlier progres-
sion of microvasculopathy in the Tfh-dominant group
since the mean disease duration was comparable in the
three groups. This tendency was clearer in patients with
disease duration of <10years (Fig. 4C, D). We also com-
pared the mean disease duration according to the NVC
pattern. The results showed a shorter mean disease dur-
ation in patients of the Tfh-dominant group with the ‘late’
pattern (Fig. 4E). Furthermore, a linear progression of NVC
pattern was noted in the Tfh-dominant group, whereas a
slow progression from the ‘active’ pattern to the ‘late’
pattern was seen in the other two groups. These results
suggest rapid progression of the NVC pattern in the Tfh-
dominant group.

Association of microvascular abnormalities and organ
involvement

Finally, we investigated the association between NVC pat-
terns and organ involvement using the data of 200 SSc
patients, including those evaluated for immune cell
phenotype. The clinical background of these patients is

https://academic.oup.com/rheumatology
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Peripheral immunophenotyping of SSc

Fic. 1 Differences in immune cell phenotypes between patients with systemic sclerosis and age-sex-matched healthy

control subjects

SSc patients  Healthy control

(n = 150) (n = 30) P-value

CD4+ T cells Naive

44.7 (16.3) 45.7 (15.8) 0.75

Central memory 29.9 (14.2) 35.2 (12.7) 0.06
Effector memory 18.1 (12.0) 15.3(9.6) 0.23
TEMRA 7.1 (11.0) 3.8 (6.0) 0.02
Activated 8.1 (4.7) 6.4 (2.2) <0.001
CD8* T cells Naive 32.0 (17.7) 35.3(18.6) 0.36

Central memory

21.3 (16.6) 14.7 (13.7) 0.03

Effector memory 23.0 (14.3) 20.2 (15.1) 0.33
TEMRA 23.7 (18.1) 29.8 (16.9) 0.09
Activated 13.2 (8.1) 12.4 (6.6) 0.61
CD4* T cells subsets Thl 22.0 (7.5) 21.6 (6.5) 0.81
Activated Thl 2.0 (1.7) 1.4 (0.6) <0.001
Th17 12.0 (4.9) 11.9 (5.9) 0.94
Activated Th17 1.3(0.9) 0.9 (0.4) <0.001
Treg 4.6 (1.6) 4.3(1.4) 0.29
Activated Treg 1.7 (0.9) 1.6 (0.9) 0.52
Naive Treg 1.0 (0.6) 0.9 (0.5) 0.70
Memory Treg 3.7 (1.6) 34(1.2) 0.34
Tth 1.0 (0.6) 0.9 (0.4) 0.66
Activated Tfh 0.3 (0.2) 0.3 (0.2) 0.83
B cells Naive 71.5 (13.1) 61.2 (16.7) <0.001
IgM memory 21.2 (8.8) <0.001
Class-switched 8.6 (7.6) 12.2 (8.2) 0.02
Double negative 6.9 (3.6) 5424 0.03
Plasmablast 4.7 (6.8) 3.2 (4.5) 0.29
Monocytes Classical 87.5 (6.1) 88.4 (4.4) 0.45
Non-classical 11.2(5.8) 10.2 (4.3) 0.38
Dendritic cells Myeloid 1.3 (1.1) 1.4 (0.6) 0.67
Plasmacytoid 0.1(0.1) 0.1 (0.0) 0.16
NK cells CDl16* 84.5 (15.3) 90.8 (10.2) 0.03
CD16~ 14.8 (15.3) 8.3 (10.1) 0.03
The extent of changes, compared with healthy control, is shown in colour
| e —— |
x 0.5 x 2.0

Data are mean (s.n.) of percentages of patients, with levels that were significantly different in the patient group compared
with the healthy control group highlighted in colour. The colour shows the ratio of x0.5 to x2.0 (blue for decreased; red
for increased). P-values in the univariate analysis were determined by Student’s t-test. TEMRA: terminally differentiated

effector memory cells; Tfh: follicular helper T cells.

shown in Supplementary Table S8, available at
Rheumatology online.

Division of the 200 patients into those with and without
NVC patterns (‘normal’ vs ‘early’, ‘active’ and ‘late’ pat-
terns) showed differences in mRSS, oesophageal motility
disorders (P=0.07) and digital ulcers (P=0.06)
(Supplementary Table S4, available at Rheumatology
online). On the other hand, division of the patients into
those with and without ‘late’ pattern (‘normal’, ‘early’
and ‘active’ vs ‘late’ pattern) showed differences in all
organ involvement related to SSc (Supplementary Table
S5, available at Rheumatology online). In other words, the
skin score, presence of oesophageal dismotility and

https://academic.oup.com/rheumatology

digital ulcers increased linearly with the progression of
NVC scleroderma spectrum abnormality, while the likeli-
hood of severe organ involvement, such as ILD and PAH,
increased suddenly between the ‘active’ pattern and the
‘late’ pattern (Fig. 5B). These results indicate that progres-
sion to the late pattern is important for organ involvement
in patients with SSc.

Discussion

This is the first study to examine how both microvasculo-
pathy, as assessed by capillaroscopy, and the autoim-
mune response, evaluated by comprehensive immune
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Fic. 2 Results of statistical cluster analysis based on immune cell phenotypes in patients with systemic sclerosis

| \
I \l .HHH

|mnHmn\wuwmthn il

Activated Treg

Memory Treg

Treg

Plasmablast

Activated Tfth

Tth

Activated cytotoxic T cell
Activated Thl

Activated helper T cell
Plasmacytoid DCs

Myeloid DCs

Activated Th17

Th17

Effector B cell

Central memory B cell

IgM memory B cell

Effector memory cytotoxic T cell
Effector T cell

Effector memory helper T cell
CD16- NK cell

Classical monocyte

Thl

Central memory cytotoxic T cell
Central memory helper T cell
CD16+ NK cell

Non-cllasical monocyte
Naive B cell

Effector cytotoxic T cell
Naive Treg

Naive cytotoxic T cell

Naive helper T cell

Hierarchical statistical clustering of scleroderma patients. Subgroups are coloured red, green and blue.

cell phenotypic analysis, are strictly linked in patients with
SSc. In particular, the study showed higher proportions of
activated Th1 and Th17 cells in SSc patients compared
with healthy individuals and the presence of abnormal B
cell differentiation in SSc patients.

One of the most important goals of this study was to
elucidate immunological and pathophysiological hetero-
geneity in SSc patients. Our results showed that SSc
patients could be subclassified into three groups and
each group had unique vasculopathic and clinical
characteristics.

The characteristic of the Treg-dominant group was the
high proportion of Treg cells. Conflicting results have
been reported on the status of Treg cells in peripheral
blood and skin of SSc patients, with one study showing
high proportion [31] while other studies showed a low
proportion [32] or no changes in the proportion of Treg

cells [33]. One of the reasons for the inconsistent results
on Treg may be the small number of patients in these
studies. The present study with 150 cases showed no
differences in the proportion of Treg cells in the entire
SSc patients though some SSc patients had a higher
proportion of Treg cells after classification of the patients
into subgroups.

Patients of the Tfh dominant group had markedly high
proportions of Tfh cells and plasmablasts, as well as plas-
macytoid dendritic cells. These results further suggest the
potential involvement of the Type | IFN-B cell axis in the
SSc pathology [10, 11]. Furthermore, these patients also
had a significantly high proportion of activated T cells
compared with other groups. However, contrary to our
expectations, there was no substantial difference in the
prevalence of autoantibodies between these three
groups.

https://academic.oup.com/rheumatology
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Fic. 3 Statistical cluster analysis based on immune cell phenotypes in patients with systemic sclerosis

Tth dominant

Treg dominant

Fewer abnormalities

(red group) (green group) (blue group) P-value
(n=35) (n=39) (n=606)
CD4* T cells Naive 33.2(15.4) 38.0 (14.7) 53.9(11.6) <0.001
Central memory 41.6 (12.1) 29.7 (8.9) <0.001
Effector memory 17.3 (9.0) 13.3 (8.0) <0.001
TEMRA 3.2(4.1) 3.1(3.4) <0.001
Activated 11.1(6.2) 8.3 (4.0) 6.2 (3.1) <0.001
CD8* T cells Naive 29.4 (17.0) 29.6 (18.9) 35.1(17.4) 0.18
Central memory 17.5 (15.3) 18.6 (15.0) <0.001
Effector memory 24.6 (14.1) 24.9 (17.3) 22.0 (12.9) 0.54
TEMRA 28.1(19.0) 24.3 (17.1) <0.03
Activated 16.4 (10.3) 12.9 (7.4) 11.3 (6.8) <0.01
CD4* T cells subsets Thl 21.8(7.4) 22.6 (7.6) 21.5(7.4) 0.75
Activated Thl 2.1(1.3) 1.4 (0.8) <0.001
Th17 13.1 (4.9) 15.2 (5.6) 9.7 (2.8) <0.001
Activated Th17 1.5 (1.0) 1.5 (0.9) 1.1 (0.6) 0.01
Treg 4.7 (1.8) 5.8 (1.6) 3.8 (0.9) <0.001
Activated Treg 1.7 (0.8) 2.2 (0.8) 1.2 (0.5) <0.001
Naive Treg 0.9 (0.4) 1.1 (0.8) 0.9 (0.5) 0.03
Memory Treg 3.9 (1.6) 4.6 (1.6) 2.9 (0.8) <0.001
Tth 1.3 (0.7) 1.0 (0.5) 0.7 (0.3) <0.001
Activated Tth 0.4 (0.2) 0.2 (0.1) 0201 <0001
B cells Naive 65.8 (17.1) 71.7 (10.2) 74.2 (11.6) 0.01
IgM memory 15.5 (8.6) 12.7 (5.6) 12.1 (6.0) 0.05
Class-switched 11.9 (11.7) 8.4(5.2) 7.0(5.7) 0.05
Double negative 6.8 (3.6) 7.1 (3.5) 6.7 (3.6) 0.86
Plasmablast 3.2 (2.5) m
Monocytes Classical 86.6 (4.7) 84.9 (8.7) 89.7 (3.3) <0.001
Non-classical 11.8 (4.3) 13.7 (8.0) 9.1 (3.4) <0.001
Dendritic cells Myeloid 1.7 (1.7) 1.1 (0.7) 1.2 (0.8) 0.15
Plasmacytoid 0.1 (0.0) 0.1 (0.1) <0.001
NK cells CDl6* 85.9(9.2) 79.2 (22.9) 87.2 (8.6) 0.11
CD16~ 13.3 (9.0) 20.1 (22.9) 12.2 (8.6) 0.13

The extent of changes, compared with healthy control, is shown in colour

| DO
x 0.5 x 2.0

Data are mean (s.p.) of percentage of baseline immunophenotypes of each group. Levels that were significantly different
in the patient group compared with the healthy control group are highlighted in colour. The colour shows the ratio
between x0.5 to x2.0 (blue for decreased; red for increased). P-value in the univariate analysis were determined by one-

way analysis of variance. See Fig.1 for definitions.

On the other hand, although there were no differences
among subgroups, there were significant differences be-
tween SSc patients and healthy controls in terms of the
peripheral CD16~ NK cells. In addition, the proportion of
CD16~ NK cells was increased in patients who had ILD,
PAH and oesophageal manifestations (data not shown).
CD16™ NK cells are considered to have high ability to pro-
duce cytokines such as IFNy and TNFa [34]. Thus, CD16™
NK cells might contribute to these organ involvements.

https://academic.oup.com/rheumatology

Several studies have reported the association of micro-
vascular abnormality with the pathological abnormalities
and organ involvement in SSc patients [35]. In the present
study, we applied the most commonly used method [26,
28, 36] to assess semi-quantitatively the nailfold capillary
abnormality. Our results showed that microvascular ab-
normality in SSc is associated with organ involvement in
SSc patients, which is consistent with the previous stu-
dies [4]. Moreover, our study also demonstrated two
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Fic. 4 Nailfold videocapillaroscopy scleroderma spectrum abnormalities in the three subgroups

A Proportion of B Proportion of
patients with NVC late pattern patients with NVC active or late pattern
(%) (%) P=0.14
[
50 A 50 1 455
32.8
P =0.055 28.9
| |
25 A 25 4
18.2
53 7.6
0 - 0 -
Tth Treg Fewer Tfh Treg Fewer
dominant dominant  abnormalities dominant dominant  abnormalities
(n=33) (n=38) (n=64) (n=33) (n=138) (n=64)
C Proportion of D Proportion of
patients with NVC late pattern patients with NVC active or late pattern
(%) (%)
P=029
50 50 A
[
38.5
P=0.01 26.7 28.0
25 25 A
15.4
4.0
0.0
0 - 0 4
Tth Treg Fewer Tth Treg Fewer
dominant dominant  abnormalities dominant dominant  abnormalities
(n=26) (n=30) (n=50) (n=26) (n=30) (n=50)
E
Mean disease duration
(year)
normal mearly M active o Jate

Tfh-dominant
(n=33)

Treg-dominant

(n=

Fewer abnormalities
38) (n=64)

(A, B) Proportion of patients with NVC late pattern (A) and NVC active or late pattern (B). (C, D) Proportion of patients (with
disease duration of <10years) with NVC late pattern (C) and NVC active or late pattern (D). (E) Mean disease duration in
each pattern of nailfold videocapillaroscopy scleroderma spectrum abnormalities.

patterns of organ involvement in SSc patients. One pat-
tern was characterized by a linear increase in organ in-
volvement with advancement of NVC abnormalities. The
other pattern showed a rapid increase in organ involve-
ment after NVC abnormality exceeds a certain threshold
(‘late’ pattern). Namely, mild vasculopathy in organs with
large vascular beds [37], such as the lungs and lower oe-
sophagus, does not immediately result in organ involve-
ment, whereas mild vasculopathy may result in organ

involvement in fingers and the oesophagus. In this re-
spect, attention needs to be paid to the progression of
nailfold capillary abnormality to ‘late’ pattern, since such
progression may ultimately progress to lethal organ in-
volvement. It is noteworthy that organ involvement was
observed in some patients without NVC changes. This
finding suggests that the mechanism(s) of organ involve-
ment may include pathological processes other than
vasculopathy.

https://academic.oup.com/rheumatology
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Fic. 5 Correlations between organ involvement and nailfold videocapillaroscopy scleroderma spectrum abnormalities

A
modified Rodnan total skin thickness score
100% -

40 4 e

r=0.37 .5

P<0.001 °

S .
o s . 50%

20 4

oesophageal manifestations

digital ulceration

100% -

50% -

0%
normal early active late normal early active late normal early active late
NVC pattern NVC pattern NVC pattern
interstitial lung disease pulmonary arterial hypertension lower gastrointestinal lesions
100% - 100% - 100% -
A
50% 50% - 50% -
0% 0% 0%
normal early active late normal early active late normal early active late
NVC pattern NVC pattern NVC pattern
100% - joint contracture
50% -

0%
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(A) Correlations between nailfold videocapillaroscopy scleroderma spectrum abnormalities and modified Rodnan total
skin thickness score, oesophageal manifestations and digital ulceration. (B) Correlations between nailfold videocapil-
laroscopy scleroderma spectrum abnormalities and interstitial lung disease, pulmonary arterial hypertension, lower

gastrointestinal lesions and joint contractures.

We also examined the relationship between micro-
vascular abnormality and immune cell phenotypes.
Progression to the ‘late’ pattern was observed in many
patients of the Tfh-dominant group. The disease duration

https://academic.oup.com/rheumatology

was also shorter in patients of the Tfh-dominant group
who progressed to ‘late pattern’, compared with those
of the other groups. Thus, it seems that progression of
vasculopathy tends to occur in patients with the most
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severe form of immunophenotypic abnormality, suggest-
ing that we need to focus on the development of organ
involvement.

From these results, several speculations were raised
involving the pathogenesis and therapeutic application.
First, the results demonstrated the heterogeneity of
immune cell phenotypes in patients with SSc is more
than was originally recognized. Of note, nearly half of
SSc patients did not show severe immune dysregulation.
The molecular targeted therapy for chronic fibrosis may
be better than aggressive immunosuppressive therapy for
these patients, since they had a slow progression in
microvascular damage. On the other hand, the results
identified a subgroup with Tfh-plasmablast-dominant
phenotype, which was highly associated with the progres-
sion of microvasculopathy and concurrent organ involve-
ment. The early intervention using molecular target
therapy for T cells or B cells, such as rituximab, might
be expected in the patients included in this group.

Our study has the following three limitations. First, we
did not evaluate the therapeutic response in each group.
In addition, it was a single-centre Asian study with inher-
ent selection bias. For instance, this study included high
frequency of the patients who had anti-centromere anti-
body. Thus, further studies are needed to validate our re-
sults in a multicentre prospective study. Second, the
results did not verify the causal relationship between vas-
culopathy and immunophenotypic abnormality. We were
unable to demonstrate statistically that advanced vascu-
lopathy results in a high degree of immune cell phenotypic
abnormality or that advanced immunophenotypic abnor-
mality is directly linked to significant vasculopathy. It is
always difficult to demonstrate such a causal relationship
in humans. This finding suggests that the immune cell
phenotypic abnormality contributes to microvasculopa-
thy. Third, we focused on immunophenotypic abnormal-
ities by analysing peripheral blood only, but not in the skin
and organs. It is important to ascertain that the observed
immunophenotypic abnormalities in peripheral blood are
also present in different organs.

Despite these limitations, we were successful in detect-
ing abnormal immune cell phenotypes in SSc patients and
subclassifying SSc patients. Accumulation of more data
should help in the elucidation of pathological mechanisms
of SSc as well as in the design of new therapies for SSc
[38].

Acknowledgements

The authors thank all medical staff at all institutions for
providing the data. The authors thank Narumi Sakaguchi
for helping in flow cytometric analysis.

Funding: This work was supported in part by a Grant-In-
Aid for Scientific Research from the Ministry of Health,
Labour and Welfare of Japan, the Ministry of Education,
Culture, Sports, Science and Technology of Japan (JSPS
KAKENHI 15K08790, 17K16218), and the University of
Occupational and Environmental Health, Japan, through
UOEH Grant for Advanced Research.

10

Disclosure statement: S.K. has received speaking fees
from Bristol-Myers, Pfizer, Takeda and Eli Lilly. S.N. has
received speaking fees from Bristol-Myers, Sanofi,
Abbvie, Eisai, Eli Lilly, Chugai, Pfizer, Takeda and also
research grants from Mitsubishi-Tanabe, Novartis and
MSD. K.N. has received speaking fees from UCB,
Astellas, Mitsubishi-Tanabe and research grants from
Mitsubishi-Tanabe and Eisai. V.S. has received research
grants from Actelion Pharmaceuticals, Boehringer
Ingelheim, Bayer and Hoffmann-La Roche. M.C. has
received research grants from Actelion Pharmaceuticals,
Bristol-Myers, Celgene Corporation and Boehringer
Ingelheim. Y.T. has received speaking fees and/or honor-
aria from Daiichi-Sankyo, Astellas, Eli Lilly, Chugai, Sanofi,
Abbvie, YL Biologics, Bristol-Myers, Glaxo-Smithkline,
UCB, Mitsubishi-Tanabe, Novartis, Eisai, Takeda,
Janssen, Asahi-kasei and has received research grants
from Mitsubishi-Tanabe, Bristol-Myers, Eisai, Chugai,
Takeda, Abbvie, Astellas, Daiichi-Sankyo, Ono, MSD,
Taisho-Toyama. The other authors have declared no
conflicts of interest.

Supplementary data

Supplementary data are available at Rheumatology online.

References

1 Bhattacharyya S, Wei J, Varga J. Understanding fibrosis in
systemic sclerosis: shifting paradigms, emerging oppor-
tunities. Nat Rev Rheumatol 2012;8:42-54.

2 Denton CP, Khanna D. Systemic sclerosis. Lancet
2017;390:1685-99.

3 Denton CP, Ong VH. Targeted therapies for systemic
sclerosis. Nat Rev Rheumatol 2013;9:451-64.

4 Ingegnoli F, Ardoino |, Boracchi P et al. Nailfold capil-
laroscopy in systemic sclerosis: data from the EULAR
scleroderma trials and research (EUSTAR) database.
Microvasc Res 2013;89:122-8.

5 Smith V, De Keyser F, Pizzorni C et al. Nailfold capillaro-
scopy for day-to-day clinical use: construction of a simple
scoring modality as a clinical prognostic index for digital
trophic lesions. Ann Rheum Dis 2011;70:180-3.

6 Smith V, Decuman S, Sulli A et al. Do worsening sclero-
derma capillaroscopic patterns predict future severe
organ involvement? A pilot study. Ann Rheum Dis
2012;71:1636-9.

7 Cutolo M, Sulli A. Therapy. Optimized treatment algo-
rithms for digital vasculopathy in SSc. Nat Rev Rheumatol
2015;11:569-71.

8 Rodriguez-Reyna TS, Furuzawa-Carballeda J, Cabiedes J
et al. Th17 peripheral cells are increased in diffuse cuta-
neous systemic sclerosis compared with limited illness: a
cross-sectional study. Rheumatol Int 2012;32:2653-60.

9 Zabinska M, Krajewska M, Koscielska-Kasprzak K et al.
CD4*CD25*CD127~ and CD4*CD25*Foxp3* regulatory T
cell subsets in mediating autoimmune reactivity in sys-
temic lupus erythematosus patients. Arch Immunol Ther
Exp (Warsz) 2016;64:399-407.

https://academic.oup.com/rheumatology

6102 1800100 9Z U0 Jasn epLo|4 10 AusisAlun Aq Zv 1 2ZSS/yrzzex/Abojorewnayl/c60 1L 0 |/10p/oBsqe-aoie-soueApe/ABojolewnayl/woo dno-oiwspese/:sdny wolj pepeojumoq


Deleted Text: i
Deleted Text: plasmablast 
Deleted Text: center
Deleted Text: focused 
Deleted Text: s
Deleted Text: analyzing 
Deleted Text: <bold>:</bold> 
Deleted Text: Labor 
Deleted Text: <bold>CONFLICT OF INTEREST:</bold> 
Deleted Text:  
Deleted Text: ,
Deleted Text:  
Deleted Text: akayamada
Deleted Text: ,
Deleted Text: ,
Deleted Text:  
Deleted Text: mith
Deleted Text: ,
Deleted Text: ,
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/kez244#supplementary-data

Peripheral immunophenotyping of SSc

10 Yoshizaki A, Sato S. Abnormal B lymphocyte activation
and function in systemic sclerosis. Ann Dermatol
2015;27:1-9.

11 Sato S, Fujimoto M, Hasegawa M, Takehara K. Altered
blood B lymphocyte homeostasis in systemic sclerosis:
expanded naive B cells and diminished but activated
memory B cells. Arthritis Rheum 2004;50:1918-27.

12 Jordan S, Distler JH, Maurer B et al. Effects and safety of
rituximab in systemic sclerosis: an analysis from the
European Scleroderma Trial and Research (EUSTAR)
group. Ann Rheum Dis 2015;74:1188-94.

13 Khanna D, Denton CP, Jahreis A et al. Safety and efficacy
of subcutaneous tocilizumab in adults with systemic
sclerosis (faSScinate): a phase 2, randomised, controlled
trial. Lancet 2016;387:2630-40.

14 Kowal-Bielecka O, Fransen J, Avouac J et al. Update of
EULAR recommendations for the treatment of systemic
sclerosis. Ann Rheum Dis 2017;76:1327-39.

15 Smith V, Beeckman S, Herrick AL et al. An EULAR study
group pilot study on reliability of simple capillaroscopic
definitions to describe capillary morphology in rheumatic
diseases. Rheumatology (Oxford) 2016;55:883-90.

16 Cutolo M, Melsens K, Herrick AL et al. Reliability of simple
capillaroscopic definitions in describing capillary morph-
ology in rheumatic diseases. Rheumatology (Oxford)
2018;57:757-9.

17 Maecker HT, McCoy JP, Nussenblatt R. Standardizing
immunophenotyping for the human immunology project.
Nat Rev Immunol 2012;12:191-200.

18 Subcommittee for scleroderma criteria of the American
Rheumatism Association Diagnostic and Therapeutic
Criteria Committee. Preliminary criteria for the classifica-
tion of systemic sclerosis (scleroderma). Arthritis Rheum
1980;23:581-90.

19 van den Hoogen F, Khanna D, Fransen J et al.
Classification criteria for systemic sclerosis: an American
College of Rheumatology/European League against
Rheumatism collaborative initiative. Arthritis Rheum
2013;65:2737-47.

20 van den Hoogen F, Khanna D, Fransen J et al.
Classification criteria for systemic sclerosis: an American
college of rheumatology/European league against
rheumatism collaborative initiative. Ann Rheum Dis
2013;72:1747-55.

21 Rodnan GP, Lipinski E, Luksick J. Skin thickness and
collagen content in progressive systemic sclerosis and
localized scleroderma. Arthritis Rheum 1979;22:130-40.

22 Clements P, Lachenbruch P, Siebold J et al. Inter and
intraobserver variability of total skin thickness score
(modified Rodnan TSS) in systemic sclerosis. J Rheumatol
1995;22:1281-5.

23 Kubo S, Yamaoka K, Kondo M et al. The JAK inhibitor,
tofacitinib, reduces the T cell stimulatory capacity of
human monocyte-derived dendritic cells. Ann Rheum Dis
2014;73:2192-8.

https://academic.oup.com/rheumatology

24 Etehad Tavakol M, Fatemi A, Karbalaie A, Emrani Z,
Erlandsson BE. Nailfold capillaroscopy in rheumatic dis-
eases: which parameters should be evaluated? Biomed
Res Int 2015;2015:974530.

25 Kubo S, Todoroki Y, Nakayamada S et al. Significance of
nailfold videocapillaroscopy in patients with idiopathic in-
flammatory myopathies. Rheumatology (Oxford)
2019;58:120-130.

26 Sulli A, Secchi ME, Pizzorni C, Cutolo M. Scoring the
nailfold microvascular changes during the capillaroscopic
analysis in systemic sclerosis patients. Ann Rheum Dis
2008;67:885-7.

27 Cutolo M, Pizzorni C, Tuccio M et al. Nailfold
videocapillaroscopic patterns and serum autoantibodies
in systemic sclerosis. Rheumatology (Oxford)
2004;43:719-26.

28 Smith V, Pizzorni C, De Keyser F et al. Reliability of the
qualitative and semiquantitative nailfold videocapillaro-
scopy assessment in a systemic sclerosis cohort: a two-
centre study. Ann Rheum Dis 2010;69:1092-6.

29 Sulli A, Pizzorni C, Smith V et al. Timing of transition be-
tween capillaroscopic patterns in systemic sclerosis.
Arthritis Rheum 2012;64:821-5.

30 Ward JH. Hierarchical grouping to optimize an objective
function. J Am Stat Assoc 1963;58:236-44.

31 Jiang N, Li M, Zeng X. Correlation of Th17 cells and
CD4*CD25" regulatory T cells with clinical parameters in
patients with systemic sclerosis. Chin Med J (Engl)
2014;127:3557-61.

32 Antiga E, Quaglino P, Bellandi S et al. Regulatory T cells in
the skin lesions and blood of patients with systemic
sclerosis and morphoea. Br J Dermatol
2010;162:1056-63.

33 Klein S, Kretz CC, Ruland V et al. Reduction of regulatory T
cells in skin lesions but not in peripheral blood of patients
with systemic scleroderma. Ann Rheum Dis
2011;70:1475-81.

34 Poli A, Michel T, Theresine M et al. CD56°"9" natural killer
(NK) cells: an important NK cell subset. Immunology
2009;126:458-65.

35 Cutolo M, Sulli A, Smith V. Assessing microvascular
changes in systemic sclerosis diagnosis and manage-
ment. Nat Rev Rheumatol 2010;6:578-87.

36 Cutolo M, Sulli A, Pizzorni C, Accardo S. Nailfold
videocapillaroscopy assessment of microvascular
damage in systemic sclerosis. J Rheumatol
2000;27:155-60.

37 Stenmark KR, Abman SH. Lung vascular development:
implications for the pathogenesis of bronchopulmonary
dysplasia. Annu Rev Physiol 2005;67:623-61.

38 Wermuth PJ, Piera-Velazquez S, Rosenbloom J, Jimenez
SA. Existing and novel biomarkers for precision medicine
in systemic sclerosis. Nat Rev Rheumatol
2018;14:421-32.

11

6102 1800100 9Z U0 Jasn epLo|4 10 AusisAlun Aq Zv 1 2ZSS/yrzzex/Abojorewnayl/c60 1L 0 |/10p/oBsqe-aoie-soueApe/ABojolewnayl/woo dno-oiwspese/:sdny wolj pepeojumoq



HEH¥EA b L AW (Job Stress Res.), 26(3), 305-306(2019)

[4F&£E FEEZ ML X 2040]

FERBESFICBUT B MR FEDARK

moH B R
P - R WA SN & R S o

20194E 4 A LB X B (8 & o] 78
BTSN, WERDTHRAOBHEFIINT2E2H
BEbILTW5E, ZOEBROWRILIZIE, £L0BEY
- mmEREBEIE L2 RED T TL RS,
NI D BEDSHATIN TV [EEMEDRE
ORI BT B KRR EE | [ 857585 B 1kt SR
B TEBOEEAE] 2 EoEg, BeE R e
T AL @B - BFEREZIET 2 E %o 72,

i, BRI EORBEB LS o /2DTH A
Do BAEDE L OB B W CIIEEREROKE Y
BALSEHIENTEY, FBELTHEERE
0L L) ICRBEERT ARE L o722 LK
SLRERTHHILIFIE) TTHLWA, FEICHES
REREROD D FICBE2HE DT TIadho722
ELFERTERVW—HATHSH, TITHRBTIEHE &
KERICDH ZBER, FFICHRRERE) X AI2H 2 1m0}
T, INFCORELSHROEEFEBST BT N&E
EMEREZHEOHIEIC OV THRAEERD,

HARZ & 4AEHEEIIURRTRICEZEALTA LW
75, BAETIES  OFWEIE HE LS OB HA T
HFEL L TWb, BlziE, HE - RETFIHEEL T
WEHHEEIIH SEFEL, ToHEARELHENL
T&72o TOWN, WACENEREE I7EHE 2K D218%
Kb kB Y, 29 L BEHE CIRIEERY X4
AEL, BREEZFETLIIENELL RS (BHY

ALMEREEE), 20, BEEEZT T2, B
HEFLEBEE R CEFRET L2 L%, BVl
MIRRBEHIHETL L, PALERLSTWVWI LD
HMohTwa,

BHY X ANENBMotE EOER E LTt
HERD BT OND TH A H . HARBEDWIEIIE
W, BSMEER OB L T A RS B Y, s
BRAHEICAT ) B CIBEIETIC L » THRREREY X
LHEN G o WESHIRICHE D B OB E A IREE O
BAEDIEDDEEMAMIIEZ 2D,

O L) ISR ZRETEV R, ER
B XA LOENDTFERSNEEZETLZ LI, R
FREERESEECHESNTE 2, LL, HFEH
H#E CTH o CHIRRBESLHSHIEEIZT (Social
jetlag) 12X DR EMNLE UL Z EAHBL, B
2HEOTV D, ASWEEEITT LI, FECEZLITE
H o BEARFSE 7 & K H o BRIREE M o P e o BRI K
ERThrdrZ eafiy (M), SICLHHETIE
BELEIL o TZOMBSWREZTVPEAL LT W
Wi H 55, MEEIIOL) 2BECEBRBELAT
LEwv, EFSETCLEIZLTHL, CNETOD
WFZETiE, MBI 2BMMU EICR 2 &3
Ao, AN, BB, AFZRY v -y FO—4A, B
R EOEBDEMT L 2 EPRESRTEY,
T d =V AREEREOKT, WBMOBME &1

-

FFOEAGSE  PHDGR T 1078402 HHEREXARIK 4-1-26

EBEFAEA A RS R AR FER
TEL : 03-5574-3962

E-mail : nakataa@iuhw.

acjp

— 305 —



BEEA b L ARFSE (Job Stress Res.) #5264

HIER
=

LT LI ELRBENTWSY, TIE, HEmE
ZIZTREBEOHBEZILEOBREFETLIOTHS )
o BAEOBE @B LR E LR TE, B
SED1EHU LOMANBEZUEAETLI LN
#HEINY, RAOMEORAETH | B Loit&hy
W22 AT 5 EE 4 SR L 2%, Hamis
RIPTIISRPHEBTELVERFHEE LOMETH %,
PRI L) H@EL T2 &4 BICARL
72723 TH, BPEOK 6 Bl OFEEICHEIEE
BEY) A LBEEDPELTWATRENASH 5 2 &AM 2
b0 29 LIZERDG, EREREFFEETIE, LV
— R YA ER A W) AN LIS
PVEEBHBEEL D, FWILT, BATIE 74 v+
Yy VEDQY TS TIVFNAL AR EN, MAOE
MARBN R ERT -7 PPEITEEI 2D, 20k
BTNA A% W BRI RSP LS oGS5 &
Ik otz THOHLOT—F LB AT (AD
RIT oA vy -3y M) LEMEFENT &Eh
5, SHBFIE, 10T 25w RIF7MEA DR % &
R » 75— 5 L7 — 5 REBRBRE 2T
AT TN T AL ELTHSH ) BbL, 29 L
7278 DWEMFERDP SEAD T — T — 2 4 FOER
OA—F IR EbWREICRD EBbNS,

EFEFIB BT ABIRMFEEORRIEHL b L
2\,

51 A CER

1) AREE : BPEOREEMNOH S OEROHER ]
UOEH, 36, 273-276 (2014)

2) MAKET, BEES, EHHER W/ LEROESICHE
5952 MLV ARFEZOME HMKER, 66 398-403
(2018)

3) Beauvalet, J. C. Quiles, C. L., Oliveira, M. A. B, Igenfritz,
C. A. V,, Hidalgo, M. P. and Tonon, A. C.: Social jetlag
in health and behavioral research: a systematic review.
ChronoPhysiol. Therapy, 7, 19-31 (2017)

4) Islam, Z., Akter. S., Kochi, T., Hu, H., Eguchi, M,,
Yamaguchi, M., Kuwahara, K., Kabe, 1. and Mizoue, T.
Association of social jetlag with metabolic syndrome among
Japanese working population: the Furukawa Nutrition and
Health Study. Sleep Med., 51, 53-58 (2018)

5) WHNKR, KERE, KHEA, HFLBEET  HEwEE
T & SR IEOBE~ S BE R L U KRR 5

B35 20197 R

306 —

~. EfE

61 (EREsEF)5), 404 (2019)

i ? T 4 5} 6 ? 8 8 1811 12 (8§
| H
T HOBRERS ;
|

B OBRRBET ‘ k4

.

FHO %hao
WRARE || ERbRE
v
[  sexmsi-onm

B #HIMFEETOREE. 054, FHIZFH
ORFICAIRL, FH76BFICEERK. hABHIIFHI28F
ICABRL, FRT10BFICERK. REOHHIZEEREAR
HEET B,

(5ef4 20194F 5 H28H, =% 20194 5 H29H)



€ T %)

BIECRERZZEAS -

BEARHYHECR e I 122l

REtRE EPrDO<KE
BH HEDOY
EAETA DA B BHERAERE

ERSE | T107-8402 HRERERFI 4-1-26

AVREES FY

HANGHEF A LT b MR 2% E R
Th 5. FEFW 6B (Organisation for
Economic Co-operation and Development:
OECD) 2853 L 72 2018 £ 7 — ¥ 12 L g,
HAAD 1 H ORI 7 Ref 22 5+,
S0 30 & B, &HHE. %7 NHK 2
1960 4E 5 5 £ T L IZAT o T B THERAER
RERIENAY ) Cid, HAR A OBEREG I ARG
Pk, —BLCTHEMLTED, REICTIISE
HiZF L CTHEN OBELS ZoTwiE I L
DRINT WS, HEIRE % H) o CTiGE) (5718)
M zECTUL, EEREmEL, BESts
DIFEHE L 2 NDDIES ) H. HAEORRRKIC
F2%RE, IhETBUohTER THRE
iy CIIRRIMERERL TS, EBREEAS
TR, EEIRAE R R OB O T 255
FEI SN, HRORKOMMRPE OEHD
R, A VI AN ARTR G EER O
EPMFELEI NG, EREOBTIX, £9H0
BT X B HEEOIKT, K HWRLTLE
YT A =X AOHEN, SFEOREOAHHHE
25,

ARTHE, B AL OEROERE Y £ 12
R OBE»OBIT 2 & L big, HEIREEKE
—RZHLHBEOBRIIONTHRT 5. %
LT, 57838 O KR BER S BEIR A R & 5
Ay FERIRT 5.

ERERBUAFALRELMANARBFELTRHR

H AN 55 (8 O IR [ DO FE 18 & |
HRICE T S MER T

kiR L7z NHK o EERABREREAAICE, X
REORFOEESRHAEHEHICETNTSEY,
HIBE O A ORERFEHE b TR TH 2. 1995
FELDREOF S BOFEZR LR 1VITORT. K
RHALEEOTF— 5 THLHH, FHIEIREER
WFEH, LR, HEEEZ D ICHRENICBAS L Tw
5., FHIZER204ETI95, LRIz 125,
HEE 16 3@ LT 5,

—F, BBEHITRNSEBEICEHRBLTY
5 THESEFEERRE T, RYBLOF
H, W& BHEOREIRMHOT— % 2 IEL T
Wb, 1976 4R 5 2016 £ F TODORE DY
B DOY-H LIKH OPHEREF O7— 5 2K
220TRY. RRIPRTEBY, Bl HICF
YHEMRFEIZEH, HEEEL HISREMITHRAD L
Tw5hb, 1986 £ TR ERPYBHTH o 72
728, HERFREIZER ZIFEFHC ) ICERBL
TWa Y, FhIUBIIZFHIVTH L. B
B2 42 4E T H O BRIRE B A% 49
G, LEEDH 1545, HWEDH 36 SEML, &
P TIEEH OREIRIFE 29 36 47, T 8
5, HEEPH 22 50EMHLTwd Thoo?2
DORMEE BT LD S L, AEHERCHSR
DI o T H IR OB OB AUTIZR L
THAHZLIZHEHIET 5.

Z DM, ASETERAFTED L JAINS O
X, ZEOFPEREIY LB LTEHR, L
We, HIEX ICHERMENCETHL. F

)

©IGAKU-SHOIN Ltd, 2019

390 | DML vol. 83 No.5 201945 H 0368-5187/10/4€: %800/ BF-: ¥ 1200/ WK/ JCOPY

BB E B R AREAL R % @RV —7 10086 2019/04/22 15:55:33



8:09 8:03 8:06
18 O\\O——-———‘O\ 7:51 7:53....
=] T~0——-0
T 7:36 .
% , 7:82 7:29 7:04 7:24
Eﬁ 3
E§
7:15
7 7:07 7.056 @
6:55 6:56
6995 2000 2006 2010 2015 &)
1 #WMFHEORBIDIEEREOHR
© 78 R Ogma. XE1) 2015 EEREERESE
BEREEp 47 4. BESEE(DEE) LOER.
9
8:51 Bt Eo43

8:15

Juh =i R oS SINNE
o

7:50

7:42

7:35

7.3 7:34

7:34
7:39

7:23 7124

7:31

7:21
7:14

704 704 703

712

7:09
1

7 1 1 L L I 1
1976 1981 1986 1991 1906 2001

2006 2011 2016 (%) 1976 1981 1986 1991 1996 2001 2006 2011 2016 (&)

2 MFHBLA - BEOERRFEO®ES

© =8,

I, KB4 el 2 5 & OPIIRIRER R 2T 7
BER R & 2 0, 50 AREAEE TE M
Fles 5 (® 3?7, miyrktittFEoMm xE

tiH OREA. (@t 2 KOERD

B, Ni#ELC0REIE L, IO DEIRE
ML b Z 0 BHiO—2 L E2 N5,
— 5, Lot i3 AR A e o AR E S s L 4h

R B I (B PR B AL R B A V-7 10086

ARME vol.83 No5 201945 A | 391

2019/04/22 15:55:33



10}
: 9:33
i o
1T ,/9:23
g 9 8:49 -4
§§ i 8:21 ,.’
iR L 7.59 8:04 /' 8:28
B 8t e 7:50 A 748 /.¢
Faﬁ :756 7;;\'“..‘ 729 7:25 7:32 “.¢' 7:59
" ' 7136-.~.'*~~ 713 711 7:18 ""' 7:40
7_ 7:27 ~®. @ 724
7:12 M g 55
i O---@-..-@° 708
i 8:55 @52 é%
e s o 5 3 e o o o o
v 5 ™ S A o > & A A S ol
SRS SR s G SN SR S S S S P P S @Q
S
3 MEBLH - EHRBIOERESM (GELAEL SER)
B -@-uit. (xXEt 2 LDERD)
WELERTH D720, ZOEBRBIZHEVTIIY "
W E DR L B 5B & ISR 02
% 4 A L . S —m
ING VR LR

THOREIRREASHEL D b L, it
OF A LB LTCOHAOBHTHL LV
%. 2018 4E® OECD O F— % Z IR L7z
16 7 [ o 3657 55 2 3 o R AR W R % B 4% 1R
T B30 & EH, o T HEIR R 2
WENZDT 5 FEEAR, [V F, AXA4 ¥,
IAMZT, AFZVT)T, HOENDHLDIE
HALA Y FEIZ1453), DWTANAL V(9
B, TAMZTUS), AFUTQ2H)TH
A, oL, EBRFERE2BZE D ICEVEIRH
KOKTH L., 7B, KON IR E
WEHBEWEICAY 2 —F Y @0, 5V
¥, TANVT Y FEHT184) TH 5.

Db, HARORI# TR T b
MREEMI 2V S, EL ML, FFICHEL LI
40 &2 5 50 AR THEBBIERTH 5
B, TR ZOMMIBEETHL L2 5.

1. BERICHITBHEHED 1 HORFEOENE

HAR NS @5 OBERIEENII 2 EH 2 20T
HHI. FTORRKOBERO—DL L THDLN
5 DR @ R BEOKRETH L. OECD
DF— ¥ T, HARANGZBFH OFERHIXE 4
BAL T e MEEINTVWDIY, HED
T ZIE Y — EARERLHS T O @R A
GEInnwz kR, FEHBEHSC/—FF AL L
e EHBEIN L 72 2 81T & B EH BRI RO B
BREPKRELSFEBLTVWLIHDLEEZONS.

HEEOHBHEH O 1 HOMRB B O
FoOFERSIRT. 1HIZ24BETHS 2
b, FERHEE QLT 2L, BiRAD
1R, w1 e, & - BES - K8 -
EH - oM AR EIRES T, BRDIX10
W E %5, RIEXZO I0BEMNICETIND

392| ARmE Vol 83

BT EBREREAL RS- SRV —7 10086

No.5 2019#5 A

2019/04/22 15:55:33



< 5 %)

BRCBEEE1S

10 854840 @31g5y 847 gan 831 gop BM6 BT w835 ?f?m

S IO b T T = A e S B e TN TR <
B s NN AN BN s T
=
% 6 ................... M (IR DT I b LB [l e PO (NN (e .
@ 5 .......... bl Lk L b e e ) ki kil |
gg 4 ................... W | WO (DN § . i) bl L AL | I - 1

3 ................... el fediit] [ e B L L] B vediid] beendii ] L
Féi 2 .......... S § I Ll B el LB LBl L A - | I - 1 S N I 1

1 ] o i b B ] bl e W | I

’ N YW IR c 8 4

’)\‘ °}\’ //\ \>‘) =) @‘ ’253 J\\\ < ‘*’ );(/ ’3’/ /‘)Y /’) f{
A ¢~§g I g< AU Fw)§>ﬁﬂ %?d%
4 A
4 OECD DELEBERD 1 HEMEIER
18 [« (3TEk 3 &£ DO 1ERR)

Lrak, SEROREREHET S0 ‘__gkg, ggaﬁﬂ
HEE%2mME (@5 0ET), 7HHEOMRER S iy
RHERT 701013 1 HREREIEE T T, 68 - BT

MOBERZ R T 57201213 1 HIRE4 M E
TEhbh, FRFENRMI]1HOKRMEEL S LHE
RIZABRB LR CELWETEL 22, HO
BREMNSO~100 BRIDLE, $4%b5H, 1HI12
R EOHE % LBHEOBEENEE S
CEEEZDE, FREVREZHEFT L7720
I RAK 6~7 B O MEIRSHEDR S N2 LB
H5b.

2. FEEFEECERIFEDNT 2 AEX IV

WA

HEF 5L, HETERA 1 HOBBOME W
YW E 2T, FARETBER 2600 A EIR
LT, HEnEE L BIRREE O/NT VX OB
PHRELREEOMMEERE LY. £,
B & BRI Z0 b0 L) DO BET
&, FEEERIDY 6 BERIDLLE 8 BRI R O 38
(BHE) LB L, HERMP KR L VS
C IOV ToETHY DHOHMRE
(CES-D) DBE 16 sl E @205 0) D
ok v A 1.03095% E X B (CD
085~1.26), 10K/ & b2\t 1.37(95%Cl :

FEERRR ]

I 6| |5

4 |3 5

B7% %R 120 100 80 60 40
1 By 14 13 12 11 10

B5 @MJAOHBRICHEITHREL 1 BOM

1.02~183) Th v, REMIBOH I DI
HEEMPIEETED L2, FRIEKREW
bOLiZFDOLNLh oz, —F, HBIEREE
oM, HEIR 6 FRILLL 8 BERIRE O
HEFH (BB T, BIE6 BERHOE
TCES-DERMP1I6 AU LoFEOPES v X
Hix 143(95%C1: 1.19~1.71), R 8 BEFI L E
DFHET 0.96(95%C1:062~147) TH Y, HHHFH
EIROETH) DOF v AWEFEIC LA L.

WIZ, SRR & IR R OMLAE DS

AREE vol.83 No.5 201945 A

(3 5 15 - [ R P R A AL K 22 - B2V — 7 10086

| 393

2019/04/22 15:556:33



3.0 4

#
2 251
2
gQO- ' 90
3
é15' { 1.41 1
= 1.00 |
R e BT P
g N oo l 0.95
]
X 0.5 4
2]
O'O T T T T ¥ T
O6~8E @6~8EE ©G8~10KH @W8~10K/E ©>10B8 ®>10 K
HE X 8 ¥ HE < FE X HE) X HE X
BRECHKYE BECKYE EBECRY EREoRY HECRE EEREORH
Bl bS BLE PN bk S
X6 EEFHEEEBREOEASDEERND DORE
(3@t 4 LD ERR)

AWK LTCED LS ICHEST 222 RE L
(6" MAaBbEELTIE EENO3ILEB

DO, 2 B0 ORIRERE»TE
b, st6 ool izok BEMICE R
6V LM A ST, D 5718 6 R L. E 8 Ky
Kl OER 6 D E(ZoBEY THERE
EF ), @ SFEEEE L6 BRI LLE 8 I R A
2o BENR 6 R, O @R A 8 Bl X
D% < 10 BERBLF 2o lEIR 6 BERILL L, @ %
B2 8 el & 1 % < 10 e DUT 2D R
6 REfIRI, © FERFES 10K IIZ 2
DOIENR 6 REFILL L, © SFERER A 10K X D
% P OREIR 6 R RW TH 5.

KR, FEREIES 2SR 51EEHS O
FEF IS 225, BT 5 OEA+ 5k
IRBF R (6 BFRIRT) OF IR W (EFR @ &
©), M6 BEMLL LR L T2 138y o
PEML2W(ERE® & ®) 2 LWL 2.

VAR, BRI L S OBWORIEITDONWT T D
Dak— MR T LD A M AHED &
N7z2%, REBBEMAKIZY DOHROY A7 ZED
BROEVIERTH o BELLICHLT,

BEDHHVTH>IDOROY X7 D 1.075
(p>0.05)). AT ERRO X5 ICHERIRFER 2
TR THEELEENTWE 2D, KE
WX o THEIRARICH - T, ZORE, 92
R FIE L 728 AR/ & LT BT REE YE
ZHNG., BisERETEHSEREFTH S
ZEITRMEEC WY, RS X 2 IR
ARNOEBEREORIFICHETH .

3. FEEE CRERRSEDNT O AEH MK E

LROMIOOEELFE L LI, EHELIT
FEEE L BIREEOMAGLE L, HEOF
EOBEIZOVWTRF L@ 7)Y, Zo/E,
FRIZOWTIEFHRHEAOEZE D H, ©®
DFFEEERT AT 10 B X 0 % < O RIR 6 B
KGO H THFIHEIEMT 2 2 EI9RERN
7z.

Dbzt S5 A BREIRRE R 0 &5 5 512
HHY 20T, FBEPH —HIIBW
TEDI) EREOFENFE LT %
HELZVED, EOBRTREOMR - Bk
ERTERWEEZOLND,

394 | AHAE vol. 83

MG ERRE RS KRS B AV —T 10086

No.5 201945 H

2019/04/22 15:55:33



ke

BECREEELD
2.5+
%20
0
@D
715 1.54
z 1.27 1.27 1.26
2 /100 ' '
9B 1.0 omeeamslicneiniten b b b
% 0.89
B 05
B
O»O T T T T T T
Db~8KE @6~8HHE @8~10KM @8~10KE ©>10KE ©>10 KM
HBX  BEx BEBX X HE X B8 X
BIEGHY MWECKE BECRYN MEONY EEcRN EECKY
BUE *7 BLE H BlE e
B7 HEEsHCERFEBOEASDEEHFRKOME
(AR 6 & O1ERD)
. R1 HSHREFTEREORERTOER
3 SN S Iy 4
oy MADRIZD FESIIEAT) © ZeRER] | RECLBRERD
HEHE FH AR HORER | WL EORE) S
BRSO TS L | 5 HIRR 2 AR &
i < Ax i FHBS TR R L STHLLAH | CHRN TR
W, B35 LT IERE RN % 5. B T s P LA
B cotHFods, FHS HEBWTHAEK2H N
Rtz o, ZO%E, BRICPS LT HE_ [nL By
FHORBAREMELES b3, coxy  ESER RAR AED BEE_Ut
= Y = P A, 7 -~ - ME
ZERIRATE 2 M7V ETO X 5 1247 T 2 5 A
BHENEEBbNAY, FE, ORKSES BLERER| ) 0oMmW LERA | —BEOEREE, K
. " < - & W, A YK | FH BERRE BHRO
PR OV EEHE L BB 2 T REPE AR e
nTW»5, BMIE, FH 2 RH ORI vABETRE | ETRE

WHRFNDLZLICLoTHELIZARE THAN
BT ) BRRCY, o4 AREE IR DIRIR
DEOETIZND Th, AFXRIv 7 - ¥
Fa—2a, B, )0 OfBREFELT
EHENTWES, B£FTIL, HEWREITT
EREAEIC K BRI GBE OREITIT) O
HEBOERER1IORT.

W, HEMBEEZZTOEAAI LR 8 IR
7. Bz FHORBERAL TR ORE L,
IR 2 TR 6 L 5%, —F, KHOME

BRI % R 20 s L, MIRIFR % P80 10 B &
5L, FRENOF RO REZ] (IR R L)
RIS FRT 6 BEE 2 B, AT
DRE EERFET212E, ZORIBHREZ O
HEROD, ZOFIOBEIL IBETH A,
72771, HAMEEITTORE R, BB,
BERRIIA R Ry FIZ Ao 2B Tk <
R D ICEBICA - 2L, BRFZIZHPED
BRI SR END,

AFAE vol.83 No.5 201945 A

] 5 s - [ R B AR AL R - B BRIV~ 10086

| 395

2019/04/22 15:55:33



=1 Liszl

FEHORMERZ

FRONBHROMH
FROUMBOBH

B8 #HRMEFEZT (TR KB OIEERETO
LRI

AARNS@E 205 e LT, #Hen
BT AT ] BERIRI OF LD &, 2 KRy
DEDBETASRY 7 « vV F—L0O#E
F v ZH (aOR) 2% 1.92(95%C1: 1.01~367) T
HIENHMEEINRTWAED, —F, E£F5HE
WD 227 OHBIORZEREBRH 7 H AR
RESRIZOVWTRI L2 25, HEHEE
ZT A1 BRSROFH IS &, 1 BERLLE
2 AW OE THHLESE D aOR 2 0.94
(95%C1:0.85~1.04), 2 B§RILAE 3 B AR O
aOR 78 1.20(95%CI : 1.04~1.37), 3EERELLED
aOR %% 1.97(95%C1: 157~247) Th -7z, 2D
DRFFERERD S, 2 B L EOMKRR 2T
ICIXRIRAMOUBEILETH L L VA L.

TIBbhic
ARTIRE AL ORERRBICEEL, HA

N5 B O BEIREE [ O 72 © DI ERIRIE [ &
AVINANNVA - FROBE, EEEHSNT
W LA AR I O BB R E IO W TS L
7o, FBEFERETEEIAEZ LB -0,
100 7 AR R B O W AR & BRIR OFLHIME MR T %
IIYRERBESFEHRE LM T 5LENDH
5. DAED TEERAEEMES 2HET 5720
i, Ak, AT TR AR 1T
PERE & AR % U083 2 R W REBRYICEL D LA
TWS eI E LS.

—
SCHk
1) NHK Jie 5 SCBEFZERT © 2015 4F B RAE B M T8 s
& https//www.nhk.orjp/bunken/research/yoron/
pdf/20160217_1.pdf
DRBEMER T 28 FHSEFERFE. htps//
www.stat.go.jp/data/shakai/2016/index.html
3)OECD: Society at a glance 2009. https.// www.oecd-
ilibrary.org/social-issues-migration-health/society-at-a-
glance-2009_soc_glance-2008-en
4)Nakata A:Work hours, sleep sufficiency, and preva-
lence of depression among full-time employees:a com-
munity-based cross-sectional study. J Clin Psychiatry 72:
605-614, 2011
5) Watanabe K, et al: Working hours and the onset of
depressive disorder:a systematic review and meta-
analysis. Occup Environ Med 73 877-884, 2016
6)Nakata A:Effects of long work hours and poor sleep
characteristics on workplace injury among full-time male
employees of small-and medium-scale businesses. J Sleep
Res 20:576-584, 2011
7)Islam Z, et al : Association of social jetlag with metabolic
syndrome among Japanese working population:the
Furukawa Nutrition and Health Study. Sleep Med 51 : 53-
58, 2018

(URL &7 2 A 2019.14)

396 | ANRME vol. 83 No.5 20194 5 J

BSERE L : R R BRARAL K 2 - 5 3/ —7 10086

2019/04/22 15:55:33



BEFA I L ABFSE (Job Stress Res.), 26(3), 335-339(2019)

L% Hszma)

TEOERE— FO-LVETN

HE EE (LEAPESIAREESLEM)

F—7—F

Occupational stress model (Bi¥M X b L XEFIL) |, Job strain model / job demands-control
model (FFEDEXRE—I> bO—JLEFIV) , Demand-control-support model (BXKE—3 >
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