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A Phase II Trial of First-Line Combination
Chemotherapy With Cisplatin, Pemetrexed, and
Nivolumab for Unresectable Malignant Pleural

Mesothelioma: A Study Protocol

Nobukazu Fujimoto,' Keisuke Aoe,” Toshiyuki Kozuki,? Isao Oze, Katsuya Kato,’

Takumi Kishimoto,® Katsuyuki Hotta’

Abstract

Background: The purpose of this study is to assess the efficacy and safety of combination chemotherapy with
cisplatin, pemetrexed, and nivolumab for unresectable malignant pleural mesothelioma (MPM). Patients and
Methods: Patients with untreated, advanced, or metastatic MPM who meet the inclusion and exclusion criteria will be
included. A total of 18 patients will be enrolled from 4 Japanese institutions within 1 year. Combination chemotherapy
with cisplatin (75 mg/m?), pemetrexed (500 mg/m?), and nivolumab (360 mg/person) is administered every 3 weeks for
a total of 4 to 6 cycles. Then, maintenance therapy with nivolumab will be administered until disease progression,
unacceptable toxicities, or the patient’s condition meets the withdrawal criteria. The primary end point is the centrally
reviewed overall response rate. The secondary end points include the disease control rate, overall survival,
progression-free survival, and adverse events. Conclusion: This phase |l trial evaluating first-line combination
chemotherapy for unresectable MPM commenced in January 2018. This is the first prospective trial to evaluate the
effect of an anti-programmed death-1 antibody combined with cisplatin and pemetrexed for unresectable MPM.

Clinical Lung Cancer, Vol. 19, No. 5, e705-7 © 2018 The Author(s). Published by Elsevier Inc. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Asbestos, Immune checkpoint inhibitor, Maintenance, Programmed death-1, Prospective study

Introduction

Malignant pleural mesothelioma (MPM) is a highly aggressive
tumor that arises from mesothelial-lined surfaces and has a poor
survival rate." MPM occurs more frequently in men (80%) than in

This trial is registered in the UMIN Clinical Trials Registry: UMIN000030892.

'Department of Medical Oncology, Okayama Rosai Hospital, Okayama, Japan
2Department of Medical Oncology, National Hospital Organization Yamaguchi-Ube
Medical Center, Ube, Japan

*Department of Thoracic Oncology, National Hospital Organization Shikoku Cancer
Center, Matsuyama, Japan

“Division of Molecular and Clinical Epidemiology, Aichi Cancer Center Research
Institute, Nagoya, Japan

°Department of Diagnostic Radiology 2, Kawasaki Medical School, Okayama, Japan
“Department of Medicine, Okayama Rosai Hospital, Okayama, Japan

“Center of Innovative Clinical Medicine, Okayama University Hospital, Okayama,
Japan

Submitted: Mar 25, 2018; Revised: Apr 12, 2018; Accepted: May 1, 2018; Epub: May
9, 2018

Address for correspondence: Nobukazu Fujimoto, MD, PhD, Department of Medical
Oncology, Okayama Rosai Hospital, 1-10-25 Chikkomidorimachil, Okayama
7028055, Japan

Fax: +81-86-2623391; e-mail contact: nobufujimot@gmail.com

15257304/© 2018 The Author(s). Published by Elsevier Inc. This is an open access article
under the CC BYNCND license (http://creativecommons.org/licenses/by-nend /4.0//).
https://doi.org/10.1016/1.cllc.2018.05.001

women, and the peak age of onset is between 60 and 80 years old.”
The industrial use of asbestos has been banned in Japan since 2006,
but the incidence of MPM is expected to continue to increase for the
next few decades because of the past usage of asbestos.” Treatment of
MPM is challenging. Most of the cases are diagnosed at an advanced
stage and are treated with systemic chemotherapy. Combination
chemotherapy with cisplatin and pemetrexed is the standard treat-
ment regimen; however, the median overall survival (OS) is only
approximately 12 .months.” Recently, the additional use of bev-
acizumab improved OS when used with cisplatin and pemetrexed in
unresectable MPM.” However, the prolongation of the OS was <3
months. In addition, it can be administered only to bevacizumab-
eligible patients. On the basis of these facts, cisplatin and peme-
trexed is still considered the standard treatment regimen, thus, addi-
tional treatment options are urgently needed.

Nivolumab is a human monoclonal antibody that targets the
programmed death (PD)-1 cluster of differentiation 279 cell surface
membrane receptor. Binding of PD-1 to its ligands, PD ligands 1
and 2, results in the downregulation of lymphocyte activation.
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Cisplatin, Pemetrexed, and Nivolumab for MPM

Figure 1 Overview of the Study Design

Cisplatin 75 mg/m? day1
Pemetrexed 500 mg/m?, day1
Nivolumab 360 mg/body, day1

Nivolumab
360 mg/body, day1

Every 3 weeks for 4-6 cycles Every dweeks

Key erigibility criteria

M Age220
M Pathologically confirmed MPM
HU d, N ic orur ble di

r
M Measurable lesion designated by Modified RECIST criteira
W ECOGPS:0or1

Design: Non-randomized, open label, multicenter phase ||
Enroliment: 18
Locations: Okayama Rosai Hospital, Okayama University Hospital,

Yamaguchi-Ube Medical Center, Shikoku Cancer Center Hospital
UMIN trial No: 000030892

Abbreviations: ECOG = Eastern Cooperative Oncology Group; MPM = malignant pleural me-
sothelioma; PS = performance status; RECIST = Response Evaluation Criteria in Solid Tumors.

Nivolumab inhibits the interaction between PD-1 and its ligands,
promotes immune responses, and triggers antitumor activity. It has
already been approved by the Ministry of Health, Labor, and
Welfare, Japan for muldple types of cancer including malignant
melanoma, non—small-cell lung cancer, and gastric cancer in Japan.
Additionally, a phase II trial showed there was a favorable response
with nivolumab for previously treated MPM.°

A recent report indicated that platinum drugs enhance the
effector immune response through modulation of PD-ligand 1.
These encouraging results might extend to the first-line treatment
of MPM with the hope of enhancing the antitumor response,
particularly in combination with the current standard chemo-
therapy. Unfortunately, no prospective clinical trial is being
conducted to evaluate the combination of nivolumab and cisplatin/
pemetrexed. Thus, we launched the current trial to assess combi-
nation chemotherapy with cisplatin, pemetrexed, and nivolumab
for MPM.

Table 1 Key Inclusion Criteria

1. Age: older than 20 years at the date of informed consent
2. Pathologically-confirmed pleural malignant mesothelioma

3. Advanced or metastatic malignant pleural mesothelioma that is untreated and
unresectable

4. Patients who have a measurable lesion designated according to modified
RECIST criteria

5. Tumor sample available to test for programmed death-ligand 1 expression
6. Eastern Cooperative Oncology Group performance status is O or 1

7. Life expectancy is >90 days

8. Oxygen saturation measured using pulse oximeter is >94%

9. Meet the defined lab value criteria

10. Females of childbearing potential who agree to prevent pregnancy and
lactation for at least 5 months after the last administration of nivolumab
11. Men who agree to contraception for at least 7 months after the last
administration of nivolumab

12. Patients who understand the study contents and provide written consent by
their own free will

Abbreviation: RECIST = Response Evaluation Criteria in Solid Tumors.
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Table 2 Key Exclusion Criteria

. History of anaphylaxis induced by any drug

. Autoimmune disease

. Double cancer

. Metastasis to the brain or meninges

. Interstitial lung disease or pulmonary fibrosis

. Diverticulitis or peptic ulcer

. Pleural effusion that requires drainage every 2 weeks or more
. Pericardial effusion or ascites that requires drainage

9. Uncontrollable cancer pain

10. Transient ischemic attack, cerebrovascular accident, thrombosis, or
thromboembolism within 180 days

11. Uncontrollable severe cardiovascular disease

12. Anticoagulant therapy

13. Uncontrollable diabetes

14. Receiving treatment for a systemic infection

15. Obviously positive for human immunodeficiency virus

16. HTLV-1 antibody-positive, HBs antigen-positive, or HCV antibody-positive.
Either HBs antigen positive or HBc antibody-positive and HBV-DNA detection
if HBs antigen is negative

17. History of treatment for T-cell regulation

18. Surgery with local or surface anesthesia within 14 days
19. Surgery with general anesthesia within 28 days

20. Pleurodesis within 14 days

21. Pleurodesis treated with picibanil within 28 days

22. Adhesion surgery of the pericardium or peritoneum

23. Radiation therapy for pain relief within 14 days

24. Radiopharmaceutical therapy within 56 days

25. Administration of unapproved drugs within 28 days or an unapproved
antibody within 90 days

26. Administration of systemic adrenal cortical hormone or immunosuppressive
agents

27. Women who are or might be pregnant or lactating

28. Patients who are incapable of giving consent (for example, because of
dementia)

29. Any other inadequacy for this study

o N O OB~ W NN =

Abbreviations: HB = hepatitis B; HBV = hepatitis B virus; HCV = hepatitis C virus;
HTLV = human T-cell leukemia virus.

Patients and Methods
Objectives/End Points

This study will assess the efficacy and safety of the first-line
combination therapy of cisplatin, pemetrexed, and nivolumab for
advanced or metastatic MPM. The primary end point is the cen-
trally reviewed overall response rate. The secondary end points
include efficacy evaluated according to the: (1) response rate assessed
by investigators; (2) disease control rate; (3) OS; (4) progression-free
survival; (5) duration of response; and (6) time to response. Safety
and adverse events will also be evaluated.

Study Design/Study Setting

This is a single-arm, prospective, nonrandomized, non-
comparative, open-label, multicenter, phase II trial. Figure 1 shows
an overview of the study design.

Eligibility Criteria
All patients who meet the main inclusion and exclusion criteria
(Tables 1 and 2) will be invited for screening. Written informed



consent must be obtained by an investigator from the patient before
any screening or inclusion procedure. This study will be conducted
in compliance with the principles of the Declaration of Helsinki,
and the protocol was approved by the institutional review board of
each of the participating hospitals.

Intervention

Treatment is composed of 2 sequential phases: the combination
phase and the maintenance phase. In the former, cisplatin (75 mg/rnz),
pemetrexed (500 mg/mz), and nivolumab (360 mg/person) will be
administered intravenously. Nivolumab was kindly provided by Ono
Pharmaceutical Co, Ltd. This treatment will be repeated every 3 weeks
with a total of 4 to 6 cycles. If patients have not progressed during the
combination phase, maintenance therapy with nivolumab will be
administered until disease progression, unacceptable toxicites, or the
patient’s condition meets the withdrawal criteria.

Nivolumab was administered at a dose of 240 mg/person
biweekly in recent clinical trials®® including the one for MPM that
showed encouraging clinical utility and acceptable toxicity profile.®
Both of cisplatin and pemetrexed are usually administered every 3
weeks. Under the consideration of practical udility and dose in-
tensity, we planned to administer nivolumab every 3 weeks with the
dose of 360 mg/person. The combination of nivolumab (10 mg/kg)
and pemetrexed/cisplatin every 3 weeks showed an acceptable
toxicity profile and encouraging antitumor activity in patients with
advanced non—small-cell lung cancer.” On the basis of these find-
ings, nivolumab will be administered at a dose of 360 mg/person,
every 3 weeks, in the current study.

Outcome Measurement/Follow-up

Response is evaluated using the modified Response Evaluation
Criteria in Solid Tumors.'® The OS is defined as the duration from
study registration until the date of death or the last patient visit.

Statistical Considerations

The target number of patients is 18 for the current phase II
study. If we assume that there would be 6 to 12 patients with a
response, the response rate would be 33.3% to 66.7%. In this case,
the estimated accuracy indicates the range between the point esti-
mate of the response rate and the lower confidence limit (2-sided
95% confidence coefficient on the basis of exact test) would be
18% to 22%. An OS curve will be constructed using the
Kaplan—Meier product limit method.

Discussion

There is a medical need for improved treatments for MPM. This
study is, to our knowledge, the first clinical trial to evaluate the
effect of combining an immune checkpoint inhibitor and platinum-
based chemotherapy for MPM. In addition, to our knowledge, this
is the first investigator-initiated prospective clinical trial evaluating
systemic chemotherapy for MPM that complies with Good Clinical
Practice in Japan.

Nobukazu Fujimoto et al

Conclusion

A phase II trial of first-line combination chemotherapy for
unresectable MPM commenced in January 2018. This study is, to
our knowledge, the first prospective trial to evaluate the effect of an
anti—PD-1 antibody combined with cisplatin and pemetrexed for
unresectable MPM.
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Background: The International Association for the Study of Lung Cancer, in collaboration with members
of the International Mesothelioma Interest Group (IMIG), developed a large international database and
TNM-based system to study malignant pleural mesothelioma (MPM). However, this database has some
limitations since it was a retrospective study and it was based predominantly on surgical cases. The Japanese
Joint Committee of Lung Cancer Registry (JJCLCR) employs a project of prospective registry database of
patients in Japan with MPM in order to clarify MPM’s epidemiology, current management practices, and
prognosis and also to investigate the potential capabilities to target the best patients for therapy.

Methods: Tumor stage is described using the 7th and 8th versions of IMIG staging system. This
prospective cohort study has been conducted from April 1, 2017 to March 31, 2019.

Discussion: We will analyze the data in this registry to determine the most recent outcomes and trends
related to MPM treatment in Japan. The present prospective study is expected to validate the 8th version of
IMIG staging system, and to investigate whether tumor thickness is a reliable T-descriptor.
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Introduction

Malignant pleural mesothelioma (MPM) is a rare but
aggressive neoplasm and deadly disease throughout the
world. The number of MPM cases in Japan is expected to
rise (1,2). Although there is a clear association between
occupational and environmental asbestos and mineral
fiber exposure and the development of MPM (3),
its epidemiology, adequate management protocols,
and prognosis are less studied. Surgery, chemotherapy,
and radiation are the 3 standard therapies used to
treat mesothelioma, but these are palliative treatments
and demonstrate poor median overall survival (4,5).
The International Association for the Study of Lung
Cancer (IASLC), in collaboration with members of the
International Mesothelioma Interest Group (IMIG),
developed a large international database and TNM-based
system to study MPM (6-8). It must be pointed out that the
TASLC clinical database has limitations. The most obvious
problems of the MPM database are the predominance of
surgical cases and lack of data on nonsurgical staging tools
such as positron emission tomography (PET) (9). The
database also has been used in retrospective analyses. Thus,
we will obtain new prospective data from Japanese teaching
hospitals to overcome the limitations of this retrospective
database.

The Japan Lung Cancer Society, the Japanese
Association for Chest Surgery, the Japanese Respiratory
Society, the Japan Society for Respiratory Endoscopy jointly
established the Japanese Joint Committee of Lung Cancer
Registry (JJCLCR), which regularly constructs nationwide
registrations of lung cancer cases. JJCLCR collects the
characteristics of lung cancer patients and aims to develop
treatments and provide data that support the TNM
classification organized by the Union for International
Cancer Control (UICC) and the American Joint Committee
on Cancer (AJCC) (10,11). JJCLCR currently maintains
a prospective registry database of patients in Japan with
MPM to better understand MPM’s epidemiology, current
management protocols, and prognosis and clarify potential
capabilities to target the best patients for each therapy.

Accurate diagnosis of MPM can be challenging because
it is often difficult to distinguish from benign conditions.
Furthermore, MPM staging is difficult (12). A new TNM
classification for MPM was integrated into the 8th TNM
classification of the AJCC/UICC staging system (9). To
validate these staging systems, tumor stage is described
using the 7th and 8th TNM classifications in the JJCLCR
registry. Furthermore, evaluating tumor volume using three
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measurements of pleural thickness seems to have a high
prognostic value (13). As tumor thickness measurements are
found to be practical and reproducible, theses clinical MPM
classifications will further improve for inclusion in the 9th
edition of the TNM staging system, and we will include
these registration contents in our registry.

Purpose

The aim of this study is to assess the clinicopathologic
features of new MPM cases diagnosed in Japan.

Study setting

This is a non-interventional, prospective, observational
cohort study of patients with MPM diagnosed from April 1,
2017 to March 31, 2019 in Japan. This study will review the
medical records of each patient.

Methods of analysis
Registry methods

JJCLCR maintains a prospective observational registry
of patients with MPM. The JJCLCR committee asked
teaching hospitals certified by the Japan Lung Cancer
Society, the Japanese Association for Chest Surgery, or the
Japanese Respiratory Society to join the study, and JJCLCR
committee also asked the hospitals affiliated with the Japan
Mesothelioma Interest Group and Japan Organization of
Occupational Health and Safety to participate.

This study was approved by the institutional review
board (IRB) of Osaka University Medical Hospital, where
the registry office is located, on October 11, 2016 (approval
no. 16038). This study is registered at the UMIN Clinical
Trials Registry as UMIN 000024664 (http://www.umin.
ac.jp/ctr/index.htm).

Institutions participate in this registry by accessing
a website established by JJCLCR. Each participating
institution is sent a USB flash drive that contains software
for accessing the registry after IRB approval by each
institution. Each institution is authorized to use the
registration form on the JJCLCR server after entering their
credentials (this form is also mailed to each institution). For
these procedures, JJCLCR uses SSL certification, which
is considered reliable and more secure than postal mail.
The data sheet containing the patient’s identification and
registration number (used for anonymity purposes) is kept
on the USB flash drive and placed in a location that can be
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locked by each participating institution. In addition, each
USB flash drive is coded with an individual serial key sent
from JJCLCR and known only by the institution.

This registry follows the ethical guidelines for
epidemiologic studies published jointly by the Japan
Ministry of Science, Culture, and Education and the Japan
Ministry of Health, Labor, and Welfare on June 17, 2002
and revised on February 28, 2017.

The following data will be collected and analyzed: (I)
demographic characteristics including date of registration,
sex, birth month and year, and asbestos exposure; (II)
preoperative status including Eastern Cooperative Oncology
Group performance status, preoperative comorbidity,
smoking status, pretreatment laboratory values [hemoglobin
(Hb), white blood cells (WBC), platelets (PLT), total
protein (TP), albumin (Alb), creatinine (Cr), C-reactive
protein (CRP), fibronectin, ferritin, hyaluronic acid, and
soluble mesothelin-related peptides] and tumor markers
[carcinoembryonic antigen (CEA), squamous cell carcinoma
antigen (SCC), and cytokeratin fragment 21-1 (Cyfra)],
maximum standardized uptake value (SUV) of the pleura on
PET, and respiratory function [forced vital capacity (FVC),
forced expiratory volume in one second (FEV)), % predicted
FVC, and % predicted FEV,]; (III) disease description at
diagnosis including date of diagnosis, diagnostic method
(cytology or histology), immunohistochemical evaluation
results [CEA, thyroid transcription factor 1 (T'TF-1),
cytokeratin (CK) 5/6, calretinin, D2-40, Wilms tumor 1
protein (WT-1), desmin, and p16], histologic type, clinical
T factor status (i.e., tumor involvement), pleural thickness,
presence of effusion, clinical N factor status (lymph
nodes), and clinical M factor status (metastasized organs);
(IV) surgical characteristics including induction therapy,
operations, combined resection, status of residual rumor,
and postoperative morbidity; (V) postoperative diagnosis
including tumor histology and pathologic T, N, and M
factors; (VI) chemotherapy regimen; (VII) radiotherapy
characteristics including irradiated sites and type of
radiation therapy; and (VIII) follow-up characteristics
including date of last follow-up, vital status at last follow-
up, date of initial relapse, and location of initial relapse. A
case report form is described online: http://jtd.amegroups.
com/public/addition/jtd/supp-jtd.2018.03.53-1.pdf.

Endpoints

Primary endpoints
We will analyze the data obtained from this registry to
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reveal the most recent outcomes (overall and disease-
specific survival) and trends related to MPM treatment in

Japan.

Secondary endpoints

Secondary endpoints include patient background, surgical
results, stage-specific prognosis, and correlations with the
primary endpoints.

Eligibility criteria

All new cases of MPM diagnosed in Japan from April 1,
2017 to March 31, 2019 will be included. MPM diagnosis
has to be confirmed by the industrial accident compensation
insurance or approved by the Environmental Restoration
and Conservation Agency of Japan.

Exclusion criteria
Patients who refuse to participate in this study will be
excluded.

Enrollment and study periods

Enrollment period
Patients can enroll from April 1, 2017 to March 31, 2019.

Study period
The study will be conducted from April 1, 2017 to March
31, 2026.

Statistical considerations

The association between patient background and survival
(overall and disease-specific survival) will be analyzed
using pertinent statistical methods, including the Kaplan-
Meier method and Cox proportional hazard modeling, by a
statistical collaborator.
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Antifolates are a class of drugs effective for treating malignant pleural mesothelioma
(MPM). The majority of antifolates inhibit enzymes involved in purine and pyrimidine
synthesis such as dihydrofolate reductase (DHFR), thymidylate synthase (TYMS), and
glycinamide ribonucleotide formyltransferase (GART). In order to select the most suitable
patients for effective therapy with drugs targeting specific metabolic pathways, there is
a need for better predictive metabolic biomarkers. Antifolates can alter global metabolic
pathways in MPM cells, yet the metabolic profile of treated cells has not yet been
clearly elucidated. Here we found that MPM cell lines could be categorized into two
groups according to their sensitivity or resistance to pemetrexed treatment. We show
that pemetrexed susceptibility could be reversed and DNA synthesis rescued in drug-
treated cells by the exogenous addition of the nucleotide precursors hypoxanthine and
thymidine (HT). We observed that the expression of pemetrexed-targeted enzymes in
resistant MPM cells was quantitatively lower than that seen in pemetrexed-sensitive
cells. Metabolomic analysis revealed that glycine and choline, which are involved in
one-carbon metabolism, were altered after drug treatment in pemetrexed-sensitive but
not resistant MPM cells. The addition of HT upregulated the concentration of inosine
monophosphate (IMP) in pemetrexed-sensitive MPM cells, indicating that the nucleic
acid biosynthesis pathway is important for predicting the efficacy of pemetrexed in MPM
cells. Our data provide evidence that may link therapeutic response to the regulation of
metabolism, and points to potential biomarkers for informing clinical decisions regarding
the most effective therapies for patients with MPM.

Keywords: tumor metabolism, mesothelioma, antifolate therapy, purine, pyrimidine

Abbreviations: ECAR, extracellular acidification rate; IMP, inosine monophosphate; MPM, malignant pleural
mesothelioma; MTA, 5-methylthioadenosine; MTAP, methylthioadenosine phosphorylase; PRPP, phosphoribosyl
diphosphate.
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INTRODUCTION

Malignant pleural mesothelioma is a locally invasive and rapidly
fatal malignancy linked to asbestos exposure (Liu et al., 2017;
Yap et al, 2017). MPM develops in the pleural cavity and is
highly resistant to a number of therapeutics, with prognosis
of patients remaining poor (Creaney and Robinson, 2017;
Liu et al, 2017; Scherpereel et al, 2018). A combination
of pemetrexed (PMX, also called Alimta or LY231514) and
cisplatin has been the first line chemotherapy regimen for more
than a decade (Vogelzang et al., 2003; Scagliotti et al., 2008;
Liu et al,, 2017). Pemetrexed is an antifolate that is able to
simultaneously inhibit the synthesis of purines and pyrimidines
(Shih et al., 1997). In clinical use, treatment with pemetrexed
plus cisplatin and vitamin supplements resulted in superior
survival, time to progression, and response rates compared to
treatment with cisplatin alone in patients with MPM(Vogelzang
et al, 2003; Scagliotti et al., 2008). Pemetrexed and its
polyglutamated derivatives inhibit thymidylate synthase (TYMS),
dihydrofolate reductase (DHFR), and glycinamide ribonucleotide
transformylase (GART), all of which are involved in the de
novo biosynthesis of thymidine and purine nucleotides (Shih
et al., 1997;Yap et al, 2017). Antimetabolite agents, including
pemetrexed, induce an imbalance in the cellular nucleotide pool
and inhibit nucleic acid biosynthesis that results in arresting the
proliferation of tumor cells and inducing cell death(Zhao and
Goldman, 2003; Yap et al., 2017).

The discovery of oncogenic driver mutations has allowed
the identification of druggable targets and development of new
therapies using small molecule tyrosine kinase inhibitors (TKI)
aimed at the relevant patient populations (Irmer et al., 2007;
Levitzki, 2013; Hylebos et al., 2016). Comprehensive genomic
analysis of MPM identified recurrent mutations, gene fusion
and splicing alterations (Bueno et al., 2016). Through integrated
analyses, alterations were identified in Hippo, mTOR, histone
methylation RNA helicase and TP53 signaling pathways in
MPM (Bueno et al., 2016). Other studies demonstrated that
the most frequent genetic variations clustered into two main
pathways (Hylebos et al., 2016). The first altered pathway was the
TP53/DNA repair pathway with genetic variations in TP53, BAPI
and CDKN2A genes, and the second pathway was the PI3K/AKT
pathway, with genetic variations in KIT, KDR, PIK3CA and NF2
genes, respectively (De Rienzo et al., 2016; Hylebos et al., 2016).
However, there has been a paucity of new actionable mutations in
MPM as drug targets.

Accumulating evidence shows that genetic mutations in
cancer-driver genes, tumor suppressors, and amplified oncogenes
are linked to specific alterations in metabolic pathways in cancer
cells, involving proteins such as isocitrate dehydrogenase (IDH),
fumarate hydratase (FH), MYC, K-RAS and BRAF (Levine and
Puzio-Kuter, 2010; Cairns et al., 2011; Cheong et al.,, 2012;
Dejure and Eilers, 2017; Palm and Thompson, 2017). The
Warburg effect, the phenomenon in which cancer cells exhibit
intense glucose consumption with production of lactate despite
abundant oxygen availability, has been recognized since the
1930s (Vander Heiden et al., 2009; Lunt and Vander Heiden,
2011; Soga, 2013). Genetic mutations in tumor cells might cause

several unique metabolic phenotypes that are critical for cancer
cell proliferation in MPM. The frequent loss of CDKN2A (at
9p21) in MPM typically includes the homozygous co-deletion
of MTAP (Illei et al.,, 2003). Specifically, MTAP catalyzes the
reversible phosphorylation of MTA to the purine adenine and
5-methylthioribose-1-phosphate and PRMTS5 inhibition induced
metabolic vulnerability (Kryukov et al., 2016; Mavrakis et al.,
2016; Yap et al, 2017). The MTAP protein plays a crucial
role in polyamine metabolism involving salvage of adenosine
and methionine from the substrate MTA (Bertino et al., 2011;
Makinoshima et al., 2018).

One-carbon metabolism involving the folate and methionine
cycle integrates carbon units from amino acids and generates
diverse outputs, such as the biosynthesis of nucleotides, lipids and
proteins in cancer cells (Yang and Vousden, 2016; Ducker and
Rabinowitz, 2017; Newman and Maddocks, 2017). Glycine can
be utilized for de novo purine biosynthesis by two mechanisms:
direct incorporation into the purine backbone or further
oxidation by the glycine cleavage system (GCS) to yield one-
carbon units for nucleotide synthesis and cellular methylation
reactions (Amelio et al., 2014; Newman and Maddocks, 2017).
The GCS has also been implicated in cell transformation and
tumorigenesis (Zhang et al., 2012). Given the high proliferation
rate of cancer cells and the requirement of nucleotides for
proliferation, cancer cells have a large demand for one-carbon
units for nucleotide synthesis (Yang and Vousden, 2016; Ducker
and Rabinowitz, 2017; Newman and Maddocks, 2017). To this
day, chemical variants of these initial folate antagonists such as
methotrexate and pemetrexed constitute a major class of cancer
chemotherapy agents and are used as frontline chemotherapy for
diverse cancers (Zhao and Goldman, 2003).

In this paper, we characterized the metabolic features of
mesothelioma using a non-targeted metabolic profiling strategy
based on capillary electrophoresis-mass spectrometry (CE/MS).
MPM cell lines were categorized into two groups according to
their susceptibility to pemetrexed treatment. Using end product
rescue, we showed that treatment with pemetrexed mainly targets
pyrimidine biosynthesis rather than purine biosynthesis in MPM
cells. We also demonstrated a metabolic response including
one-carbon cycle against pemetrexed treatment in sensitive or
resistant MPM cells. Our results link the antifolate therapeutic
response to the regulation of metabolism and imply that the levels
of glycine and IMP are potential biomarkers that may inform the
clinical utility of specific targeted therapies to treat patients with
MPM.

EXPERIMENTAL PROCEDURES

Materials

MPM an aggressive malignancy affecting pleural surfaces, is
divided into three main histological subtypes. The epithelioid
and sarcomatoid subtypes are characterized by cuboid and
fibroblastoid cells, respectively. The biphasic subtype contains
a mixture of both. Commercially available cell lines were
purchased from the American Type Culture Collection (ATCC),
which included MSTO-211H (biphasic), NCI-H28 (epithelial),
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NCI-H226 (epithelial), NCI-H2052 (epithelial) and NCI-H2452
(epithelial). 3 MPM cell lines (TCC-MESO1 (epithelial),
TCC-MESO2 (epithelial), and TCC-MESO3 (biphasic)) were
established from Japanese patients with MPM and some of the
biological characteristics were analyzed in a previous report
(Yanagihara et al, 2010). All cell lines were cultured in
RPMI-1640 supplemented with 10% FBS. RPMI-1640 (R8758),
glucose minus RPMI-1640 (R1383), phosphate buffered saline
(PBS), hypoxanthine, thymidine, 2-deoxy-D-glucose (2DG) and
MTA were purchased from Sigma-Aldrich (St. Louis, MO,
United States). Fetal bovine serum (FBS) was purchased
from Biowest (Nuaille, France). Dimethyl sulfoxide (DMSO)
and glucose were purchased from Wako Pure Chemicals
Industries (Osaka, Japan). Pemetrexed was purchased from
Selleck (Houston, TX, United States). Cell Counting Kit-8
was purchased from Dojindo Laboratories (Kumamoto, Japan).
FluxPak XF24 assay pack and XF glycolysis stress test kit
was purchased from Seahorse Bioscience (North Billerica, MA,
United States). Propidium iodide (PI) was purchased from
Thermo Fisher Scientific (Waltham, MA, United States). Mini-
PROTEAN TGX Precast Gel, Trans-Blot Turbo Transfer System
and Trans-Blot Turbo Transfer Pack were purchased from Bio-
Rad Laboratories, Inc. (Hercules, CA, United States). Primary
antibodies specific for DHFR, GART and TYMS were purchased
from Abcam (Cambridge, United Kingdom) and primary
antibody to phospho-RB1 (pRB1), RB1, p21 and GAPDH
were purchased from Cell Signaling Technologies (Danvers,
MA, United States). The peroxidase-linked secondary antibodies
for WB, HRP-linked sheep anti-mouse IgG and donkey anti-
rabbit IgG, were purchased from GE Healthcare Biosciences
(Pittsburgh, PA, United States). Oligomycin was purchased from
Merck Millipore (Darmstadt, Germany). SYBR Premix Ex Taq
and primers were purchased from TaKaRa Bio (Shiga, Japan).
Ribonuclease A (RNase A) was purchased from Roche Applied
Science (Penzberg, Germany) and contaminating DNase was
inactivated at 80°C for 30 min.

Cell Survival Assay and Proliferation

Assay

MPM cells were seeded in RPMI-1640 containing various
concentrations of pemetrexed in 96-well cell culture plates. After
72 h of incubation, cell viability was analyzed usinga WST-8 assay
using the Cell Counting Kit-8. The pemetrexed concentration
against the percent of cell survival was plotted using all MPM cell
lines. The ICsq values were calculated using Graph Pad Prism 7
software (GraphPad Software, Inc., La Jolla, CA, United States).
For rescue experiments, MPM cells were cultured in complete
medium supplemented with 100 uM hypoxanthine alone, 16 uM
thymidine alone or mixed hypoxanthine plus thymidine in the
presence of pemetrexed.

Cell Cycle Analysis

Cell cycle distribution was analyzed by flow cytometry. PBS,
pemetrexed or pemetrexed + HT treated cells were harvested,
washed twice with PBS, and fixed in 70% ethanol overnight at
—20°C. Fixed cells were harvested and washed twice with PBS,

incubated with 1 ml of PBS containing 40 pg/ml propidium
iodide and 100 pg/ml RNase A for 30 min at 37°C. Stained
cells were analyzed using a Becton Dickinson FACSMelody
instrument (Franklin Lakes, NJ, United States). FlowJo software
(FlowJo, LLC, Ashland, OR, United States) was used for data
analysis and generation of graphs. Single cell populations were
gated and the percentage of cells in the various stages of the
cell cycle (GO/G1, S, and G2/M phases) was determined by the
Watson Model.

Measurement of ECAR and OCR

ECAR and OCR were measured with a XF glycolysis stress
test kit according to the manufacturer’s instructions (Seahorse
Bioscience, Agilent). In brief, 4.5 x 10% cells were plated
onto XF24 plates in RPMI-1640 (10% FBS, 2 mM glutamine)
and incubated at 37°C, 5% CO; overnight. Cells were washed
with assay medium (minus glucose and unbuffered RPMI-
1640 (SIGMA R1383)), replaced with assay medium, and then
placed at 37°C in a CO;-free incubator for 30 min. ECAR
and OCR were monitored using a Seahorse Bioscience XF24
Extracellular Flux Analyzer over time and each cycle consisted
of 3 min mixing, 3 min waiting, and 3 min measuring. Glucose,
oligomycin and 2DG were diluted into XF24 media and loaded
into the accompanying cartridge to achieve final concentrations
of 10 mM, 5 pM, and 100 mM respectively. Injections of the
drugs into the medium occurred at the time points specified.

Western Blotting

Cells were lysed in CST lysis buffer on ice for 2 min
and centrifuged at 15,000 x g for 10 min. The protein
content of supernatants was measured by BCA assay (Pierce).
Equivalent amounts of protein samples were separated via 4-
20% SDS/PAGE, transferred to PVDF membranes, and incubated
overnight with primary antibodies (1:1000 dilution). The primary
antibodies used in this study are listed in the materials. ECL anti-
rabbit IgG HRP-linked whole antibody (1:10,000; GE Healthcare)
was used as secondary antibody. Signals were detected using
ECL Western Blotting Detection reagent (GE Healthcare) and
FUSION FX (VILBER, France). The intensity of bands was
quantified using Fusion Capt Advance FX7 software.

Quantitative RT-PCR

Cells were washed with PBS and total RNA from the MPM
cell lines was isolated with TRIzol Reagent (Invitrogen).
Complementary DNA (cDNA) was synthesized using the
SuperScript VILO ¢DNA synthesis kit (Invitrogen). Primers
for metabolic genes were purchased from TaKaRa Bio (Japan).
Real-time RT-PCR was carried out with specific primers and
a QuantStudio 3 Thermo Fisher Scientific (Waltham, MA,
United States). GAPDH was used for normalization as control
and the relative quantitation value compared to the calibrator for
that target is expressed as 2 (¢t=C¢),

Metabolite Measurements
Metabolic extracts were prepared from 1-5 x 106 MPM
cells with methanol containing internal standard solution
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(Human Metabolome Technologies; HMT, Inc., Tsuruoka, Japan)
and analyzed using a capillary electrophoresis (CE)-connected
electrospray ionization/time-of-flight mass spectrometry (ESI-
TOFMS) and capillary electrophoresis tandem mass spectroscopy
(CE-MS/MS) system (CARCINOSCOPE, Human Metabolic
Technologies, Tsuruoka, Japan). Procedures for metabolite
measurements were as previously described (Makinoshima
et al,, 2014, 2018). In brief, cells were washed twice in 5%
mannitol solution and then treated with 800 wL of methanol
and 550 uL of Milli-Q water containing internal standards
(H3304-1002, HMT, Inc., Tsuruoka, Japan). The metabolite
extract was transferred into a microfuge tube and centrifuged
at 2,300 x g and 4°C for 5 min. Next, the upper aqueous
layer was centrifugally filtered through a Millipore 5-kDa
cutoff filter to remove proteins. The filtrate was centrifugally
concentrated and resuspended in 50 L of Milli-Q water for CE-
MS analysis. Cationic compounds were analyzed in the positive
mode of CE-TOFMS and anionic compounds were analyzed
in the positive and negative modes of CE-MS/MS according
to the methods developed by Soga and Heiger (2000) and
Soga et al. (2002, 2003). To obtain peak information including
m/z, migration time (MT), and peak area, detected peaks by
CE-TOFMS and CE-MS/MS were extracted using automatic
integration software (MasterHands, Keio University, Tsuruoka,
Japan and MassHunter Quantitative Analysis B.04.00, Agilent
Technologies, Santa Clara, CA, United States, respectively).
Concentrations of metabolites were calculated by normalizing
the peak area of each metabolite with respect to the area of
the internal standard and by using standard curves obtained by
three-point calibrations.

Statistical Analyses

Unless otherwise indicated, results were reported as the
mean =+ SD. Statistical analyses were done by two-tailed Student’s
t-test and p-values were indicated as * < 0.05, ** < 0.01 and
% < 0.005. For metabolomic data analysis we used Welch
t-test and p-values were indicated as * < 0.05, ** < 0.01, and
X < 0.001.

RESULTS

IC50 Measurements in 8 Mesothelioma

Cell Lines Treated With Pemetrexed

We analyzed the in vitro sensitivity of MPM cell lines to the
antifolate inhibitor pemetrexed through proliferation assays.
MPM cell growth inhibition dose-response curves of pemetrexed
are shown in Figure 1. The cytotoxic effect of pemetrexed on
human MPM cells was analyzed using a WST-8 cell counting
kit after 72 h of exposure. The ICsy value was defined as the
dose of pemetrexed required to produce a 50% reduction in the
viability of MPM cells. ICs values were measured in 8 MPM cell
lines after 72 h treatment with pemetrexed and found to range
from 47.4 nM to >10,000 nM (Figure 1) as follows: MSTO-
211H (47.4 nM), NCI-H28 (84.1 nM), NCI-H226 (1950 nM),
NCI-H2052 (135 nM), NCI-H2452 (>10,000 nM), TCC-MESO1
(435 nM), TCC-MESO2 (94.3 nM), TCC-MESO3 (883 nM).

200+

150
= o H28
B H226
I H2052
S 100 —o— H2452
@ —e— 211H
3 —e— MESO1
o —e— MESO2

50+ —e— MESO3

0 T —

0.0001 0.001 0.01 0.1 1 10
Pemetrexed (pM)

FIGURE 1 | Pemetrexed treatment represses cell growth of MPM cells. WST-8
assay with pemetrexed. Cells were treated with the indicated concentration of
pemetrexed for 72 h, and their viability was assessed by the WST-8 assay. The
% viability data are shown as the mean =+ standard deviation (SD) (n = 6). Error
bars indicates the range of SD. Blue line: MSTO-211H, Orange line: NCI-H28,
Gray line: NCI-H226, Yellow line: NCI-H2052, Red line: NCI-H2452, Black line:
TCC-MESO1, Green line: TCC-MESO2, and Purple line: TCC-MESQOS. The

in vitro half maximal inhibitory concentration (ICsg) of pemetrexed for the
growth of MPM cell lines was calculated as the following values for each cell
line: NCI-H28 = 84.1 nM, NCI-H226 = 1950 nM, NCI-H2052 = 135 nM,
NCI-H2452 = >10,000 nM, MSTO-211H = 47.4 nM, TCC-MESO1 = 435 nM,
TCC-MESO2 = 94.3 nM, and TCC-MESO3 = 883 nM.

We found that MPM cell lines could be categorized into two
groups according to their susceptibility to pemetrexed treatment.
In agreement with previous findings (Satoh et al., 2017), the
NCI-H2452 cell line was resistant to pemetrexed treatment as
compared to other MPM cell lines. MSTO-211H was highly
sensitive to pemetrexed in the nanomolar range as compared to
the pemetrexed-resistant cell line NCI-H2452 (Figure 1). For the
rest of this paper, we utilized the MSTO-211H and TCC-MESO2
cell lines as pemetrexed-sensitive cells and the NCI-H2452 cell
line as pemetrexed-resistant cells.

End Product Reversal Studies of
Pemetrexed in MPM Cells

To confirm the target specificity of pemetrexed, we tested the
ability of exogenous nucleotide precursors (hypoxanthine and
thymidine) to rescue the antiproliferative effects of pemetrexed
on either sensitive or resistant MPM cells (Figure 2). The
cytotoxic effect of pemetrexed on human MPM cells was analyzed
using the WST-8 cell counting kit after 72 h of exposure. The
addition of either hypoxanthine (HXN) or thymidine (THY) did
not change the cell proliferation rate as compared to PBS control
(Figures 2A-C). Treatment with PMX significantly reduced cell
growth in both sensitive and resistant MPM cells (Figures 2A-C).
In agreement with previous findings (Shih et al., 1997), the
addition of HXN partially rescued PMX cytotoxicity in TCC-
MESO2 but had no effect for MSTO-211H and NCI-H2452
cell lines (Figure 2). Next, we found that the addition of THY
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FIGURE 2 | End product reversal analysis of pemetrexed in MPM cells. Cell
proliferation was measured with the WST-8 assay in the presence of either
nucleotide precursor alone (thymidine: THY, hypoxanthine: HXN), pemetrexed
(PMX) alone, or PMX + nucleotide precursor. Two pemetrexed-sensitive cell
lines, MSTO-211H (A) and TCC-MESO2 (B), and a pemetrexed-resistant cell
line NCI-H2452 (C) were used- Black: PBS, Light Green: 100 pM
hypoxanthine (HXN), Light Yellow: 16 uM thymidine (THY), Orange: 100 pM
hypoxanthine +16 wM thymidine (HT), Blue: Pemetrexed (PMX) 1 uM, Green:
PMX 1 uM + 100 uM HXN, Yellow: PMX 1 uM + 16 uM THY, Red: PMX

1 uM + HT. Dotted line denotes the level of proliferation by PBS control set at
1.0. Error bars indicate s.d. (n = 6). *P < 0.05, **P < 0.01, ***P < 0.005 vs.
control by two-tailed Student’s t-test.

nullified PMX cytotoxicity in TCC-MESO2 (Figure 2B) and
NCI-H2452 (Figure 2C) cells, and partially in MSTO-211H cells
(Figure 2A). The combination of hypoxanthine plus thymidine
(+HT) completely rescued the growth repression induced by
pemetrexed and the cell numbers here were significantly higher
than those seen with PBS control in MSTO-211H and NCI-
H2452 cells. These results demonstrate the target specificity of
pemetrexed in MPM cells.
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FIGURE 3 | Assessment of DNA content in MPM cells treated with
pemetrexed. Treatment with pemetrexed arrested cell cycle in both the
pemetrexed-sensitive MSTO-211H (A) and TCC-MESO?2 (B), and the
PMX-resistant NCI-H2452 (C) MPM cells. After 6 h of 1 wM pemetrexed
treatment, the cells were analyzed for DNA content via Pl staining. The
percentage of cell populations in the GO/G1, S, and G2/M phases. Black:
PBS, Blue: Pemetrexed (PMX) 1 uM, Red: PMX 1 uM + 100 uM
hypoxanthine + 16 wM thymidine (HT). The data were shown as means =+ s.d.
From at least three independent experiments (n = 3). *P < 0.05, **P < 0.01,
***P < 0.001 vs. control by two-tailed Student’s t-test.
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FIGURE 4 | Expression levels of target genes involved in one-carbon metabolism in pemetrexed-sensitive vs. pemetrexed-resistant MPM cells. (A) mRNA
expression was evaluated by real-time RT-PCR using the A ACT method normalized to the housekeeping gene GAPDH. Asterisks show significant difference from
NCI-H2452 cells. Error bars indicate s.d. (n = 6). *P < 0.05, **P < 0.01, ***P < 0.005 vs. control by two-tailed Student’s t-test. (B) Representative images of
Western blotting (WB) characterizing proteins involved in one-carbon metabolism. Equivalent amounts of proteins from whole-cell lysates were subjected to WB
analysis to detect the indicated proteins. GAPDH was used as a loading control.

Treatment of MPM Cells With
Pemetrexed Alters Cell Cycle

Populations

To characterize the impact of pemetrexed treatment on cell cycle
progression, we performed cell cycle analysis in MPM cells fixed
and stained with PI (propidium iodide). The DNA content of
the cells treated with pemetrexed for 6 h is shown in Figure 3,
while the data for 24 h is shown in Supplementary Figure S1.
Cell cycle distributions were determined by flow cytometric
analyses of MSTO-211H, TCC-MESO2 and NCI-H2452 cells
treated with PBS or 1 pM pemetrexed, which is a relatively high
concentration of pemetrexed for a short period of time (6 h). In
pemetrexed-treated MSTO-211H cells, we observed a significant
accumulation in the GO/G1 phase (47.7 £+ 0.4%) of the cell
cycle compared with 37.8 & 0.1% in G1 when treated with PBS
control (Figure 3A). The treatment of MSTO-211H cells with
pemetrexed also induced S phase cell cycle arrest at 50.7 £ 0.1%
of the cell population in the presence of pemetrexed as compared
to 45.8 £ 1.2% with PBS control. Cell cycle arrest was released

when HT solution was added into culture medium (Figure 3A).
In both pemetrexed-sensitive cell lines, MSTO-211H and TCC-
MESO2, the G2/M cell population was decreased after treatment
with pemetrexed. MSTO-211H cells in G2/M were changed from
12.8% =£ 0.1 to 0.0% and TCC-MESO?2 cells in G2/M were altered
from 9.5 £+ 1.0% to 7.7 £ 0.4% (Figures 3A,B). Similarly, we
observed statistically significant G1 arrest after treatment with
pemetrexed in NCI-H2452 cells (Figure 3C). As the treatment
with pemetrexed altered cell cycle in MPM cells, we analyzed the
levels of proteins involved in cell cycle regulation using Western
blot (WB). WB analyses of pRB1, RB1 and p21 did not evidence
substantial changes in their levels upon pemetrexed treatment
(Supplementary Figure S2).

Expression Level of Pemetrexed Target

Molecules

Pemetrexed and its polyglutamated derivatives mainly inhibit
thymidylate synthase (TYMS), dihydrofolate reductase (DHFR),
and glycinamide ribonucleotide transformylase (GART), all of
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FIGURE 5 | Quantification of metabolites involved in the one-carbon pathway. Intracellular concentration (pmol/million cells) of key metabolites involved in the
one-carbon metabolic pathway after treatment with pemetrexed is shown. Error bars indicate s.d. (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001 vs. control by Welch
t-test. Total metabolites were extracted with methanol from MSTO-211H (A), TCC-MESO?2 (B), or NCI-H2452 (C) cells treated with PBS (black), 1 uM PMX (red) or
1 uM PMX + HT (blue) for 6 h. Representative metabolites such as glycine (Gly), serine (Ser), and choline are shown.

which are involved in the de novo biosynthesis of thymidine and
purine nucleotides (Supplementary Figure S3). To investigate
the efficacy of one-carbon metabolic pathway inhibition against
MPM cells, we investigated whether the expression levels of
pemetrexed targets involved in this pathway were different
in pemetrexed sensitive vs. resistant MPM cell lines. Several
prior studies showed that TYMS overexpression is one of the
major factors leading to resistance in pemetrexed-resistant
cells and that regulation of DHFR, RFC, and FPGS expression
is associated with acquired resistance to antifolate (Zhao and
Goldman, 2003). Therefore, we measured the expression level
of TYMS, DHFR and GART at the transcriptional and protein
levels. Transcriptional expression of genes encoding pemetrexed-
target enzymes was measured by RT-PCR (Supplementary
Table S1). Interestingly, as shown in Figure 4A, we observed
that DHFR, GART, and TYMS mRNA expression levels
were all significantly higher in pemetrexed-sensitive cells as

compared to the pemetrexed-resistant NCI-H2452 cells (DHFR:
MSTO-211H = 4.7-fold, TCC-MESO2 = 6.5-fold; GART:
MSTO-211H = 35.5-fold, TCC-MESO2 = 23.0-fold;
TYMS: MSTO-211H = 2.3-fold, TCC-MESO2 = 1.9-fold).
To confirm the mRNA results, we analyzed protein levels
by WB. Representative images of WB results are shown in
Figure 4B and quantitative analysis is shown in Supplementary
Figure S4. Differences in DHFR protein levels in PMX-sensitive
MSTO-211H and TCC-MESO2 cells as compared to PMX-
resistant NCI-H2452 cells were not statistically significant
(Supplementary Figure S4, P = 0.055). Consistent with the
mRNA expression data, the expression of GART (MSTO-211H:
3.4-fold, TCC-MESO2: 3.3-fold), and TYMS proteins (MSTO-
211H: 71.9-fold, TCC-MESO2: 81.4-fold) was found to be higher
in pemetrexed-sensitive cells as compared to the pemetrexed-
resistant NCI-H2452 cells (Supplementary Figure S4). Relative
levels of GAPDH protein were not changed in MSTO-211H and
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FIGURE 6 | Quantification of metabolites involved in purine salvage pathway. Intracellular concentration (pmol/million cells) of key metabolites involved in the purine
salvage pathway after treatment of pemetrexed is shown. Error bars indicate s.d. (n = 3) and < indicates the metabolite was not detected (N.D.). *P < 0.05,
**P < 0.01, ***P < 0.001 vs. control by Welch t-test. Total metabolites were extracted with methanol from MSTO-211H (A), TCC-MESO?2 (B), or NCI-H2452 (C)
cells treated with PBS (black), 1 wM PMX (red) or 1 pM PMX + HT (blue) for 6 h. Representative metabolites including hypoxanthine (HXT), PRPP, and IMP are shown.

TCC-MESO?2 as compared to NCI-H2452 cells (Supplementary
Figure S4). The lower level of pemetrexed target molecules in
the pemetrexed-resistant NCI-H2452 cells as compared to the
sensitive cells suggests that the one-carbon metabolic pathway
is altered and that the resistant cells may survive by bypassing
folate related pathways.

Glycolytic Activities Are Not Altered in
MPM Cells After Treatment With

Pemetrexed

The expression level of enzymes in pemetrexed-sensitive cells was
different from resistant cells, suggesting that metabolic profiles
could be altered in cells sensitive or resistant to pemetrexed
treatment. In cancer cells, the Warburg effect, whereby glucose
is consumed with secretion of lactate despite abundant oxygen
availability, has been recognized since the 1930s (Vander Heiden

et al, 2009; Lunt and Vander Heiden, 2011; Soga, 2013).
We hypothesized that glycolytic activity would be correlated
with pemetrexed sensitivity. To test this idea, we measured
the glucose-induced ECAR, an indicator of lactate production,
and the oxygen consumption rate (OCR), an indicator of
oxidative phosphorylation (OXPHOS), using a flux analyzer.
Basal levels of ECAR at the beginning of measurements, which
indicated non-glycolytic acidification, were low in all MPM cells
(Supplementary Figure S5). Equivalent ECAR was observed
in MPM cells both pre- and post-treatment with an ATPase
inhibitor oligomycin to induce maximum cellular glycolytic
capacity (Supplementary Figure S5). At the final step, the
addition of 2-deoxy-D-glucose (2DG), an inhibitor of glycolysis,
completely shut down extracellular acidification (Supplementary
Figure S5). ECAR was not statistically different in sensitive
or resistant MPM cells either with or without pemetrexed
(Supplementary Figure S5).
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Alterations in Metabolic Pathways in the

Response to Pemetrexed Treatment

To investigate whether treatment of MPM cells with pemetrexed
affects global cancer metabolism, we employed metabolomics
analysis. Intracellular metabolites were extracted with methanol
and analyzed using capillary electrophoresis time-of-flight mass
spectrometry (CE-TOFMS) (Soga et al., 2003) and the profile of
117 quantified metabolites is shown in Supplementary Table S2.
Principal component analysis (PCA) and heatmap analysis of
metabolomics datasets within the indicated cell lines and culture
conditions are shown in Supplementary Figure S6. The amount
of adenosine triphosphate (ATP), which is the molecular unit
of currency of intracellular energy transfer, was not changed in
any of the three tested cell lines after pemetrexed treatment for
6 h (Supplementary Table S2). Thymidine was not detected in
MPM cells under any experimental conditions (Supplementary
Table S2). With respect to one-carbon metabolism, glycine
was significantly decreased in pemetrexed-sensitive cells after
treatment with pemetrexed, but not in the resistant NCI-H2452
cells (Figure 5). On the other hand, choline accumulated in
pemetrexed-sensitive cells after pemetrexed treatment, but not
in resistant NCI-H2452 cells (Figure 5). Although the folate
metabolic pathway is linked with the methionine cycle and
polyamine biosynthesis pathways (Supplementary Figure S3),
intermediate metabolites were not changed by pemetrexed
treatment in both pemetrexed-sensitive and resistant cells
(Supplementary Table S2).

The addition of exogenous hypoxanthine and thymidine is
sufficient to provide the end product of the pemetrexed block and
to permit DNA synthesis for cell division (Figure 2). Although
intracellular thymidine was not detected in MPM cells under any
experimental condition (Supplementary Table S2), intracellular
hypoxanthine was detected in TCC-MESO2 and NCI-H2452 cells
(Figure 6). Metabolome analysis revealed that HT treatment
with pemetrexed significantly decreased the levels of PRPP in
both pemetrexed-sensitive and pemetrexed-resistant cell lines
(Figure 6). On the other hand, IMP, which is a product of
the purine salvage pathway, was increased in the pemetrexed-
sensitive MPM cells treated with pemetrexed + HT solution
(Figures 6A,B), but not in resistant NCI-H2452 cells (Figure 6C).

MTAP Expression and MTA Effect for

MPM Cell Survival

A previous study has shown homozygous deletion of CDKN2A
and co-deletion of the MTAP gene in the majority of clinical cases
of MPM (Illei et al., 2003). To determine the status of MTAP
expression in MPM cell lines used here, we quantified MTAP
mRNA expression levels by RT-PCR. MTAP gene expression
was detected in the pemetrexed-sensitive MSTO-211H and TCC-
MESO?2 cells, but not in pemetrexed-resistant NCI-H2452 cells
(Figure 7). Given our observation that pemetrexed treatment
with HT solution significantly decreased the levels of PRPP in all
MPM cells whereas IMP was upregulated in pemetrexed-sensitive
but not pemetrexed-resistant cells (Figure 6), we hypothesized
that MTA changed the pemetrexed sensitivity of MPM cells. To
test this, we added MTA to the culture medium and measured
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FIGURE 7 | MTAP expression in MPM cells and effect of MTA on MPM cell
survival. (A) MTAP mRNA expression was evaluated by real-time RT-PCR
using the A ACT method normalized to the housekeeping gene GAPDH.
< indicates not detected (N.D.). Error bars indicate s.d. (n = 6). (B-D) Addition
of 5’-deoxy-5'-(methylthio)-adenosine (MTA) represses drug-resistant cells.
NCI-H2452 cell survival (%) was measured in the presence of 0.1 mM MTA
co-treated without (B) or with either 1 wM (C) or 10 uM pemetrexed (D). The
data are shown as the mean + s.d. (n = 6). Error bars represent one
s.d.*P < 0.05, **P < 0.01, ***P < 0.005 vs. control by two-tailed Student’s
t-test.

survival of the NCI-H2452 pemetrexed-resistant cell line treated
with 0, 1, or 10 pM pemetrexed (Figure 7). As predicted, the
addition of MTA to the culture media of the drug-resistant cell
line, NCI-H2452, resulted in a growth-repressive phenotype, as
reflected by decreased cell survival (Figure 7B). In contrast,
the addition of MTA to the culture media of NCI-H2452 cells
treated with pemetrexed resulted in a more pemetrexed-resistant
phenotype (Figures 7C,D). These results indicate that the
vulnerability to targeting of the one-carbon metabolic pathway
in MPM cells may be dependent on the purine biosynthesis
pathway.

DISCUSSION

Antifolate is feasible chemotherapeutic option to treat MPM in
the clinic. Most antifolate drugs including pemetrexed inhibit
DHFR, TYMS and GART molecules involved in purine and
pyrimidine biosynthesis. There still exists a need to develop
predictive metabolic biomarkers that would allow stratification of
patients for effective therapy with pemetrexed targeting the one-
carbon metabolism pathway. In this paper, we found that MPM
cell lines could be categorized into two groups based on their
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sensitivity to pemetrexed treatment. Hypoxanthine and
thymidine, which are end products of the pemetrexed-targeted
metabolic pathway, are sufficient to cancel the cytotoxic effects
of pemetrexed. Moreover, we found that the expression of
pemetrexed-targeted enzymes was lower in pemetrexed-resistant
MPM cells than in pemetrexed-sensitive cells on a molecular
basis. Metabolomic analysis revealed that glycine and choline,
which are involved in one carbon metabolism, were altered after
treatment in pemetrexed-sensitive MPM cells, but not in resistant
cells. In addition, the supplementation of HT induced higher
concentrations of IMP in pemetrexed-sensitive MPM cells.
Finally, we showed that the addition of MTA altered pemetrexed-
sensitivity in MTAP-negative NCI-H2452 cells, indicating that
the nucleic acid biosynthesis pathway is important for predicting
the efficacy of pemetrexed in MPM cells.

The lower level of pemetrexed target molecules in the
pemetrexed-resistant NCI-H2452 cells suggests that they may
survive by bypassing folate related pathways (Figure 4). In
addition, the level of intracellular glycine was decreased after
treatment with pemetrexed in the sensitive MSTO-211H
and TCC-MESO2 cells (Figure 5). In contrast to glycine,
serine accumulated only in the MSTO-211H cells (Figure 5).
Accumulating evidence indicates that serine and glycine
metabolism is important for cancer growth and proliferation
(Jain et al., 2012; Zhang et al., 2012; Kim et al., 2015; Ducker
et al, 2017). The enzyme serine hydroxymethyltransferase
(SHMT) catalyzes the conversion of serine and tetrahydrofolate
(THF) into glycine and 5,10-methylene-THF (Supplementary
Figure S3). Similarly, the enzyme glycine decarboxylase
(GLDC) catalyzes the conversion of glycine and tetrahydrofolate
(THF) into ammonia, carbon dioxide and 5,10-methylene-
THF (Supplementary Figure S3). Although serine is the
predominant source of one-carbon units in cancer cells
(Labuschagne et al., 2014), the level of glycine was more
dramatically down-regulated than serine (Figure 5). Glycine
consumption and synthesis are correlated with rapid cancer
cell proliferation and glycine metabolism supports de novo
purine nucleotide biosynthesis. Moreover, the metabolic
enzyme GLDC is critical for tumor-initiating cells in non-
small cell lung cancer (NSCLC) (Zhang et al., 2012). Further
investigation would be needed to characterize in greater detail
the molecular mechanisms that control glycine metabolism in
MPM cells.

Several studies have suggested that TYMS is a predictive
biomarker for the use of pemetrexed in NSCLC (Bukhari and
Goudar, 2013). However, these associations are controversial.
Prior studies showed that TYMS overexpression was one of the
major factors leading to resistance in pemetrexed-resistant cells
(Zhao and Goldman, 2003). However, our study demonstrated
the opposite results (Figure 4). This suggests that differences
in degree of pemetrexed-resistance and patterns of resistance
may be attributed to multiple factors that include drug transport
and polyglutamination as well as changes in cellular folate
pools that must be assessed and considered in pemetrexed-
resistant MPM cells. A recent report showed that the balance
between folic acid uptake, activation and utilization plays a
crucial role in the response to pemetrexed-based chemotherapy

and prognosis in MPM (Mairinger et al., 2017). We observed
that the addition of HXN partially rescued PMX cytotoxicity
in TCC-MESO2 cells but had no effect in MSTO-211H and
NCI-H2452 cell lines (Figure 2). With regards to the difference
between MSTO-211H and TCC-MESO2 cells in the treatment
of PMX + HXN, we speculate that pemetrexed mainly inhibits
the pyrimidine biosynthesis pathway in MSTO-211H cells and
inhibits both pyrimidine and purine biosynthesis pathways in
TCC-MESO2 cells. Our results showed that the combination
of hypoxanthine plus thymidine completely rescued the growth
repression induced by pemetrexed (Figure 2). We reasoned
that the treatment with HT solution might induce the mRNA
expression level of PMX-target genes involved in one-carbon
metabolism. However, the mRNA levels in both PMX-sensitive
vs. PMX-resistant MPM cells was almost equivalent even
after treatment with HT solution (Supplementary Figure S7).
Therefore, the measured concentrations of hypoxanthine and
thymidine in the serum or within the tumor tissue of MPM
patients may directly correlate with non-responsiveness for
pemetrexed treatment. To test this idea, we will need to analyze
nucleic acid metabolites in clinical samples for these and other
potential biomarkers to predict therapeutic response in MPM.
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58] BUABEOEZ S 03511357 % (81%), 2224 (49%) Tho72. PPEII,
SEDEH3() LLET, W R L 88% M EICKER % 7. EIYERA PP BET 78664
SD %, NP #:T 75263 i C PP #EAYH BICHE Th o 7225, eGFR IGMHHIZE BEEN R o 7.
NP #CT GPA JEfl 1 BIOFEAED D - 72. MPO-ANCA Dtk (PP #E6 6 : NP EE3BI) B X O°
PR3-ANCA @5 (13 6] : 11 f)ICT, MEERTHELEDS Zh o7, Zofb, Hi CCP Pk,
(14 %0 - 4 %1), ANA (59 5 : 26 1), RF (58 #l : 29 #) W31 d PP B THEICH RIS o
72 (p<0.001).

[¥55E] PP BECTVHERID NP BEICHARTEETH - 7245, ANCA BEREImHECHESZ LR
Moiz. L2L, PPEETRE, ANA, $iCCP Itk MR AEICE 2 o7z IO DR
5, UAMiIE ANCA Faths & BfRA B I REED D 5.

(HBESEEERE, 66 1 196—200, 2018)

—%—7—F—
MPO-ANCA, PR3-ANCA, Hfiisii

FL®IC

CABCIEA 7T VEREHZIZ LD, By~ F
R ZF OO BIEIR OGP S, 4TI o B
N %Ptk (anti-ncutrophil cytoplasmic antibody : BLT
ANCA) (2B L 72 A KB ROEHE U AMEE 1T

bbb LoHmEDALND".

ANCA Z H ¥k D —> T, 1982 4E pauci-immune
gromerulonephritis & XM 5 FIEBE GRS 2 Eb %
WAREREERICER I N TURY, ZoBofif5tT, W
BEPEZ 561145 4% (granulomatosis with polyangitis @ BAF
GPA), BAMSIIZJ8I45 % (microscopic polyangitis :
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1 MNRHDB L CRILAAR

L At L A DA

N 453 447 P
Ay = R AR 2 (REPR) 786%64 (57 ~92) 75263 (60 ~92) <0.001
MPO-ANCA Btk (Btk & B M 0 450 1.3% (67/447) 0.7% (3/443) NS
PR3-ANCA Bthse (BB o mAhie 1450 2.9% (13/447) 24% (11,443) NS
Pt CCP Hudkbutkae (R 8o WA B 40 32% (14/439) 0.9% (4/440) <0.05
PURPURRVESS (B B/ WA he 150 15.1% (59/390) 6.3% (26/416) <0.001
RE Batkse (Bt 8/ Moo s 50 16.3% (58/355) 7.0% (29,417) <0001
eGFR (ml/min) = B 7 65.6*17.6 65.0+154 NS

N : Number of subjects, P : chi-squared test, NS : not significant

LN MPA), BBV % & OB HE AR S iz
GBI D GPA * MPA @ 90% A% ANCA Btk & 27,
B O\ ThFBRERVE A 3 L4 9 %9 40% 12 ANCA 23
Bl 72 5 Z E LI E N TV AT,

ANCA ORI, Stk & ELISA o 2 5
WH Y, HOGHURE O T R IL &\ AT ELISA 0
DL OVERERNEVWESDbNR, L) E=RM% ELISA
DHETIEHIZ R > T 5D, MERTIE, kpERD
T A= VR R HERO NNV A F 2 57— BT 4 Y —
LAZHEAE T B F N ZF 1L PR3 (proteinase-3) & MPO
(myeloperoxidase) @ 2 DDOPLEAFERNIZ R >THD,
N BIZH T 5 PR A PR3-ANCA, MPO-ANCA T
A7,

AFIZBWTS CARIBFICE T 5 ANCA B
BOIEBIHEIXH 525, FOHEBEIIHSM» TRV, 2
TUANIBEZZ S »9 25 558 REICHEERCTH 5
CAMIEREE CABDA O BE T 723 W N8BS
MPO-ANCA, PR3-ANCA Ot otk 2B 2
o7z

MRETE

REE, 20144E11 H1 H2 5 2017461 H 14 HOH
M 5 DOWFEm Wb %2 L7z CAMEE 3 DLk
DOYHEEHZ 155 % (55 2400 FIFAH) BIXULA
OB HEEE (65 b E, FOXT7Tu4 NEHAEL
FOHIERE IR ) ZNFHR EEBRENFHI@ERE L T
WEHLBEERLICEE L o BAF—LFEY
WN—=FRTF ¥ 7 4 T —FiRD 65 ik LomkE S (R
A70UA4 FBIOHEEELRS. CAMUAL, @kl
TV B IEMESAIIAR) 25 L, fReT M7 e LT

H AR T AENCHEMIC CHESZ IS, i
Aoz 5O S OBKIZ, F— OB
BML TITw, HuEPifk, MPO-ANCA, PR3-ANCA, #t
CCP (cyclic citrulinated peptide) JUf&, RF (rheumatoid
factor), JRFE&EHK, ZLT7F=vzllE L Zheh
ORI E OFEHEAE S MBL #10 Z#Efl 2 v 72, MPO-
ANCA, PR3-ANCA IZ2oW T, & 1 12=351U0/ml = [
e L7z, F/, HEFEREKMANESEE (estimate glomeru-

lar filtration rate : PLF eGFR) ([Z2W T, HAEEH
FLRICTHWSLENRTW S eGFR (ml/min/1.73m?*) =194
xCr™'"'x i OFHERZ A L CRHRE L72%.

frakix, CAMEER L Z2h DA oo % IBM
SPSS Statistics Base, version 24 & F\2TH A Z5EME
ICTHETL, p<005 AL L7z &b, £htrvol]
FRERASS5 L0 b/hE vk X(21E, Fisher O EHEEIC
% EHEAE % 7z,

% BIOWIL, FEHERELSEEOMBER X%
SNIBM5 M DfHEB RIS TTREN TV S,

s R

U AT 453 %4, U A DAME 447 £ 53R S iz,
CAMIEEOFERERZ, I 367 % (81.0%), 23k 22
% (49%), BB 124 (26%), £BHL1L 10 % (22%),
P 6 % (1.3%), AT 54 (1.1%), A3 % (07%),
51 34 (0.7%), 0 25% (55%) Thotz. E7-,
SEE R A EEMGERE TR BUZ, 28093 4F (FIfl = 1E
#F2E DTREETZ) Thoz. LAMIBROETRE
AbHE, B3 (O)A45%, BFH4H55% 27z
C Ao W & Cld, MaEEOEETH 5 Profusion
Rate (BLF PR) 1 ®HEBIA 5%, PR2 DHEH 5%, PR3
DIEBIA 2%, PRAA 24%, PRAB 35%, PRAC 29% T -
72, DFE D KREEEZFFOUDI88% & 7z, Wil % bix
LziReR LIORL2. BRRTORK T, F4E
WS ANIBECT 78664 1%, LU AMiLIZMVEE T 752+63
T U AN BICE#CTH > 72, eGFR 13 U AMHE
T 65.6+175ml/min, U A DA T 65.1 +15.4ml/min
EHEBAI R o7 WEET ANCA BN 5 % A
LCw7/zgiE, UARMLAEE O GPASER 1 %] (PR3-
ANCA 3311U/ml) ® & T U AMIBISRE S 13 2 o 72
PR oB R 2 LT 5 &, MPO-ANCA OB4# 13 L
ANHET 6 B1(1.3%), U AMILAMET 3 61(0.7%) TH -
72. PR3-ANCA OBitE#iE, U AT 13 61 (2.8%),
CAMGPAMEEC 11 61 (25%) TH o7z, WIFh b mEET
HEAEI Do b, ANCA BT IRENR
PEZORIE, CAMBETS %4, CAMDAMECI A TH-
72. CrAa>1Img/dl Db Did, FHT24TO2TH-
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7. 7z, CAMEEOMT, HukbEE & HuREEIES I

BT, FEil (789+54 7% 1 786+64 %) BLUBH LA
BROEFEAER (275+804F 1 281+934F) ICHEA I &
Noz.

Z Do H YR B LR O ik T, $T CCP Hifkix
C AT 14 81 (32%), U AMLAMVET 4 61 (09%) &
U A CAT I RS A o 72 (p<0.001). Wiho
HCLRMY v ~F ORIEIT R A - 72, PP, RE
b LAME VI 5961 (151%), 58 Bl (151%) &
C A YAVED Zh2h 26 B (63%), 29 5 (7.0%) 12
W LA IERIE» - 72 (W d p<0001). %
VRO BB B OPUEOEIZ D% L, hodifkic
X o T ANCA BLEFARREEOFHINIEE L v, Fl 21,
MPO-ANCA & PR3-ANCA TiZ 1 flOATH - 7=

£z =

S ORI GI 7 o 72 UAMIBERE, ST
PRI T U AMIS LRI & OIS S BHERE L 4 Tl
HEZIITVDBIEFIEFETORAINLTH L. £VON
MrBLTHEWMAEZZITTCWRERBEL, 207
O L 25 CAMDAMEOERK LY b EiE o7z
bOLEZDL., TONBEXDLIRHEBI R 72,
ZORER, FAEH L U AN LAV TO A GPA i Bl A3
TFEL, UAMBETOREZ IV G572 $72, UANE
HCEFHERIIRIEIERTV D OO, T #E T MPO-
ANCA 3 X IFPR3-ANCA O G HERICHZAE T 5 H -
7o, LALads, ZhUAOBECHETSH 2 RE, Yl
ik, Bt CCP HURIE U AT CHBEICHEREH -
7.

Beaudreuil 5 O#EtTid, HERY FAETH CAWA
FEASD % JHY 26 15D ANCA Bt fabttdid v, v
HITHMERNRIELEEZITTODLATIEE SICEW 34
50 ANCA BtEofEBEdrH 5 Lt L Tw5". 4H
DF 4 DBET LR D 88% WIKIEH %A L7z LA
BHTHY, ZoMH2H > TLTH ANCA BtEZiz s
LiFBhorz. CAMTROND/NEER S ITKER
DFILIZIE, U I OFEPLETH Y, SHRE L7
U AR A U AW ATRAE AR Bt 28 4F & RiIC b 72
D, FHXS3UEEI ) I 2ELHUAZEEIINA
LB RIZLTWS. 200, YU HRAICEL
TRtHoaagEe®: 5. 2RCH22b 5, LI
OB L IIR R LERTH -7

U AMEET U AN DA IS8 L CHEMA 3 MIZE A
I Th oz, 20728, N ANCA W55
Ao MAFRICHBL72D 002N TLE ) N T AH
D BHEREYH D, L Lads, 4Eo U AN
BEICBIF 5 ANCA Bitk%iZ, c-ANCA (HEHAREI &
% Pufk. ELISA #:T? PR3-ANCA (ZAHY) kR AR 72
5500, URi#EIhz—Kk75 v ANGE®BE D

AxEh
IS AL

JJOMT Vol. 66, No. 3

MPO-ANCA Btk 0.73% & AZIEM DB ERTH -
720 ZOHIETIZ c-ANCA X 0% TH Y, SRR
T PR3-ANCA BtE#1225% TH ), ZOMIFHE %
5. ZOHWE TR, A2 OME LD b S 52 HIV EGR
RAL O Z L7 RZEZBRIL T2 iR % 50N
b Lz,

% 72, Fujimoto 6 DEIRFILD ANCA BY 5 LU 7
DFIEHE A D E 7042109 TH Y, S L7z
U Al DAV EE O SEIG4E 8 AS 75.2 + 6.3 % (FEPH 65~92 %)
THhY, ZIZHREFHEIN—LTVDEEEZZOND.
LD TO U AT, &REOIFIZUAMESE S
BOT—%THY), TOEKRTIEIARITO LAMEEDOH
REeRLTWHEEZ D, ANCA BIEBBE - ML
EREICRIET 52 0%, SLICLAMIBERLE
ELTWwa Z T, JECAMIED mE 2 hOc5E
L7-.

ZO—JT, ANCA DA o Bk Tad % RF, Pt
K, $UCCP Hifkizow T, U AN A &I Btk s
BT dH o7z, Zaghi HOWGTDH, EBROE Y v~ F
13 % W ASEENE B C RE O EERASE <, 4F R0 L
BRI B oz LTV DY, SR A ORET
b UAMIEH TRE BMES EAEICIECAMITELY S
<, FUAMMETRE Bt 58 % (>151U/ml) H, L
CCP YRR S (>45U/m) 139 %4 ThH o720 T2, U
AN LAAVEE T RE BatE& 29 &b, $L CCP Puikbah& &
3HTH o7 WTNOBLMBET, FEXT A M
SHEEOMEHIEIR %, B v F OBz T
v, LAMIE RE B X OF CCP ufkRathic b @) < EH i
%o TWATREDHS. ThHORIE 4FTO
CABICBT 2R EFE#THY, HEEDOD B UAM
BETHLEVZED. ZOBERT, SROMEIZICA
fins ANCA FptkseiC IR CThH D L 2 XREL TS
bDEEZSD.

YA EELH CATHOIES GRS 2 LA
bNTWBEH, ZoEFE LT, ¥ 4 ® adjuvant Zh#H
R EYE T MO IE R % & o | CEEE» 2 h
5ORBERICES LT B EEMEARE S hTn g,
SROWKE T, UAMEICHITS ANCA & 2R DsD
HOPMKOBERPREZL 2 Lk, CAMOELEE
ANCA FatEREIMERRTH 2 WMHETE X ANCA 23Sk
1% % B A3l B CHURDSBEYEC 2 R & Be7e B T B
HDOZONEZ HNL. SHOMEIMEESN 2.

SEOBRFOBRAE LT, CAMNGEDIDRN &
MBETF 5N 5. ANCA BIHEHE - B RKOFIER %
A ENE T LS, ANCA BIERSEHE - M4 %0
FEREFAE 10 77 A2 20 ATt TH 0, dFFlE % fEeC 20
FAHEOMLENLETHAH ). FO0, Sl
ANCA FptEf2 MR clig L7z, & 545 E otk
HEBTORFZECTH O, U AMAY ANCA BB & - M4
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ROFIENHG T 20890 DEHE$T 5701213, #Uj
ANBEELD CABIE 72138 CAWA L7t 88 2 HUE 2 h
Too TRIRFMICBIZ T 2 LEBHA S . 72721, SGHoD
WHEBETHSE TICHE SN ANCA BERZA L,
ANCA DA o HCYUERDBEHERP GO TE Y, S0
BETEZ S 0 L ORI TG L TWwb 2 E259) 2h%h
nz:.

w2, SRIOMETIECAMBEE T ANCA R
VEEEZ->TEVWEW) Z Li3Ero7 72751,
BEROFIEIE R VSO0, o TCHRTD % ikt
1K, RF, $iL CCP HifEA U AN T U A DIAVER I LR
L CHEICHBERIE R TH - 72,

W . C OWFZRIE, BOLATBOE NGB R 2 R A 3 57 5
BERIEHiB &I T T, R T PN A2 W 72& L7
FRIEFI R 7~ T BLEORNF S5 58 #%, B oI
HACTRINN 7272 & F U 72 Ak i3 v g 57 5 m B A BBl < 1 i -
TENSGHE, HWPSRATIRA, & FRAEL S CICHBIZES V— 75
WbE DIV REENG, BEh, MARRA, EmFEEHE OB S
INCERH L
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Clinical Investigation of ANCA (Anti-neutrophil Cytoplasmic Antibody) in Japanese
Pneumoconiosis Patients—Multicenter Cross-sectional Study—

Yoshinori Ohtsuka”, Ikuji Usami”, Keiichi Mizuhashi’, Takumi Kishimoto”, Kouichi Sakamoto’,
Kenji Miyamoto”, Kiyonobu Kimura’, Nobukazu Fujimoto”, Munehiro Kato”,
Takako Yokoyama” and Chiharu Ohta”
"Department of Internal Medicine, Hokkaido Chuo Rosai Hospital
Department of Respiratory Medicine, Asahi Rosai Hospital
¥ Asbestos Related Disease Prevention Center, Toyama Rosai Hospital
“Department of Internal Medicine, Okayama Rosai Hospital
Department of Respiratory Medicine, Kobe Rosai Hospital

Background: Silica exposure history has been reported as one of the etiological/environmental factors of
ANCA-related renal disease patients. Several cases of ANCA-related renal or vasculitis with silica exposure
have been reported in Japan, although no epidemiological study has been conducted. Therefore we have
planned a cross-sectional study to evaluate the prevalence rate of MPO (myeloperoxidase)-ANCA and PR3
(proteinase 3)-ANCA positivity both in Japanese pneumoconiotic patients (PP) and in non-pneumoconiotic pa-
tients or volunteers (NP).

Subjects and Method: During the period of November 1, 2014 to January 14, 2017, 455 PP recognized as
more than grade 3 (2 patients rejected later) and 477 NP without steroid treatment and without past history of
cancer treatment were recruited from 3 hospitals. With written permission of agreement, serum antibodies in-
cluding MPO-ANCA, PR3-ANCA, RF (rheumatoid factor), anti-CCP (citrulinated cationic protein) antibody,
ANA (anti-nuclear antibody) were analyzed with ELISA in a nation-wide clinical examination company. Statis-
tical analyses were conducted with chi-square tests and were considered as significant .with p value under 0.05.

Results: Four hundred fifty three PP and 447 NP were studied. PP were consisted with 45% of grade 3 and
55% of grade 4 according to the Japanese Pneumoconiosis Law grade criteria. PP were consisted with 12 %
simple silicosis type and 88 of complicated silicosis type. Mean age of PP was 78.6 +/—6.4 SD years old and was
significantly higher than that of NP group 75.2+/— 67.3 years old (p<0.05). Estimated eGFR was not signifi-
cantly different between the two groups. One GPA (granulomatous poly angitis) was detected in NP group.
There was not significantly difference in the positive rate of MPO-ANCA, and PR3-ANCA antibodies between
the two groups (MPO-ANCA; 6 case vs 3 case, PR3-ANCA; 13 cases vs 11 cases). Although, PP group had sig-
nificantly higher autoantibody positivity in anti-CCP antibody (14 cases vs 4 cases), ANA (59 cases vs 26 cases),
and RF (58 cases vs 29 cases). There were few overlap among antibody positivity and were difficult to estimate
the ANCA positivity form other antibody results.

Conclusion: PP group patients were significantly older than NP group by 3 years. Except ANCA, autoanti-
bodies, such as RF, ANA, and anti-CCP antibodies were more frequently positive in PP group than in NP
group. From these results, pneumoconiosis might have no relationship with the positivity of MPO-ANCA and
PR3-ANCA.

(JJOMT, 66: 196—200, 2018)

—Key words—
MPO-ANCA, PR3-ANCA, pneumoconiosis, silicosis

©]Japanese society of occupational medicine and traumatology http://www.jsomt.jp
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Tk B W2 s DR CT MR DRIV T

A B, kA fi—

L5 5B 7 AR A Mgt v & —
(FRC 30 4E 1 A 17 H32A)

B Wi i 782 Bl oM B EEOEEIT R OWTIHE CT LT 7 8% — 3 4bb, O
HIEREIERIZ R, QBRI GFERBENE, @HERUIRERE, ORKkoR, ©%%
PEIERE R, OIFRANC ) CEDOFEZ MR L7z & 24, BRIRMEIE A 39.0%, %51k IER
BAS 14.9%, #HEPBIURRARIE 25 14.8%, REMIBALE 12.7%, HIESHIBIERIZK 9.2%, KD H
84% Td -7z, KAMA & b BRRMIEIIE A58 d %o 7225, 1Rz R OF AR B C (50 B 10 1 s
MR, ARERCIEZ RIS 2 HIC S 2o 7o, —J5, ZAHBLC IS B S8 M ISR T 1 A%
64%, WHETTIIMKRDOARD 27% LIRETH 7.

EARNTIE~2008 4F F CTIIERKIBEILE, £ 5EIER IR AE 5o 7255, 2009 4 LARE L 1 AR
BRI, B 7K D A 2SEE M % 7= L 7z,

[ 1197 SRHED 166 FIZDOWTFHREMG L2k 24, HIRRIS) Tl b B2 10 i A A7 10 1 dr g
fifid 143 & A &3 LRI IR L CA i (p<0.05) ICREFTH - 72.

Staging HTl%, Stage 13244 » B, Stage 11X 17.0 # B & LK RIFCTH o 7295, Stage 111
13104 # H, Stage IV 86 7 AL FHARTH D, RIWE LT O MIZIZA B2 (p<0.05)
ZRO 2. MR TR IEERIE R L T & ) P RIFIER A —E BN 555, AfEHH
HIMETIZZE DDy — v LR e h oz —T, BIKRDRD 2 I3EE B AL 1% 2 ol
DY — VI L CTPREMFEINZR L7225, FEER R CHEREE L FHROMIZIZ—EDH
HEIIRD 5 NH o 7.

(HBEIEERE, 66 1 239—245, 2018)

—%—7— f—
WO, BRI, Ja7k o 2
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LIS

B o Bz I AL < BT & o TS A Ry 2 ik
@5 CTH 2205, ZHRBRIEITFEIPART, FHICEH LT
FRPE L WEATT 5 2 L 2ME—DRIEATE T NLIEHTT
HTH B ALFEEE L LTI 2007 H 12 CDDP + pe-
metrexed Bf B ENHE R L inH & L TRE SN TLL
B, BRREEERRCOPBIRTHS. £2T, 12
FEO R CT EHRISER LT, F#a 7837 — Y ICh8
L, €035 —RNZEEHL, AN & OB#EIZO W
THE$ %.

WREFE

X413 2003~2008 4F F TUZ i i CHE T L 7
B> 9 B o 4 E R A CTHIBL O E T & 72 482 #1,
2000~2016 45 % T B 11157 S99 e TR L 72 166 B,

2005~2016 4F F CIZILOFERERE L > ¥ — TRl L 72
110 f5, 2006~2016 4 F CTIZALIRE R = 5Hibe Talhr L 72
24 Bl AEE 782 BT OWT, MBFEOMFR CT ER D%
BT DWW THRE L 72,

J5 13 T 5 v Rz R o> 9 R WEE o0 TR BT LA D TR
CT ERNTFD 7787 — v 5bt, OBIEIEERIEZ,
QBRI REALIE,  (RE M AL, - G bra 0 B R
GRARD AR, ©FFMWEMRITZK, OFFHRE (3R 1) 125450
T, TOHEEEME L7z,

S O 1T HA AR e DAL (2008 4R % T & 2009 4R
DIBE) 120 C el L 7=,

F 72, R 57 SR BE O E B IS D v TR IR B AR,
Stage, Wf§/$% — > PIOAELFRIRIZOWTHE L7,
Staging & IMIG1995 73 4HICHE > THF L2V, £/, &
IR oA B 1% Wilcoxon rank sum test 12X 1), p<
005 #fHEEHD L LT
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B, etk 125 BICTd 5. 2005 EED LRI OIH 27 R
5 G T B OB B X P EEOFREI &
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DERHI8BHIT H - 7.
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60.6% Tab - 72745, 2000 4 LAEIE 484% & FilkE A% <

% BRI B o 72, 782 B K & £ 5 fE B 7% 89.1%
Hodz. FIHBIGTIZ EER 596%, —HHHY 18.3%,

PG 21.5%, JEBRELAT06% TdH -7z

2) 782 PlOW g 8y — U HITIX, K1 DT Bk
BRI AT 39.0%, £ 56T T R A% 14.9% , #6ER A1 g I
VLAY 14.8%, W EE BB 12.7 %, M5 M 1S HE 95 2 kg
92%, MIKDM 84% THFREIA 1.0% TH - 72.

#ﬁﬁkﬂ%ﬂ@@@m%%ﬂi 20T, wIFho

— Y CTOBRWRWERE 2SR b % 02> 7205, LERR D
JFE*"’C HEFREIRIEALE D 2 FH 1% <, AER T
LA VEERTE AT 2 T H ©, W MIEER %A 3 7 H
ThHol-.

—7, ZAHBLC I B N IR T R A% 6.4 %,
KD ARD27% ERRTH - 72,

RN TIRE 3 ITRT £ 912, BRI )

WER T

mb%

®2 WGIEBIOVER, Fi, FABPERO

BN ~ 2008 4EF T 2009 4 LK
SiE B 782 594 188
PERI B 657 (84.0%) 493 (83.0%) 164 (87.2%)
7k 125 (16.0%) 101 (17.0%) 24 (12.8%)
A ~ 60 % 159 (20.3%) 138 (232%) 21 (11.2%)
61 ~ 65 % 150 (19.2%) 119 (20.0%) 31 (165%)
66 ~ 70 1 142 (182%) 103 (174%) 39 (20.7%)
71~ 75 1% 137 (175%) 97 (16.3%) 40 (21.3%)
76 ~ 80 %, 111 (14.2%) 81 (13.7%) 30 (16.0%)
81 ik~ 77 (9.8%) 50 (8.4%) 27 (144%)
A 6 (0.8%) 6 (1.0%) 0 (0%)
400% 390%
35.0%
30.0%
25.0%
20.0%
14.8% 14.9%
15.0% 12.7%
10.0% 9.2% 8.4%
5.0%
1.0%
0.0% [
& S
‘,"@a \Sé Qg dif J &f?’o
o & & & & & &
& < © ® ¥ o A"
‘@f' @\\i& 4—@’ NG o N
4 o o & il
& Vv > .
N [ ©
1 4782 BIONEE CT W% LU HE



BARG © Ml i B R O CT BROBEHIIo>WT

50.0%
45.0%
40.0%
350%
30.0%
25.0%
20.0%
15.0%
10.0%

50%

0.0%

m | FEIAGGH]
M2 ik

45.0%
40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%

50%

0.0%
54
¥
o S
S

&

X

@f
D

%Q
&

—1BEE14 351

%-

241

!ﬂ 1 |! i

@A@f

Q@q‘ﬁ‘

‘%
o ¥

4?%0
o

oPfEE 168/l
20 77 5L

D2008F T B2009F MUk
B3 AR (R R

Ho 7278, ~2008 4F F TIEBRIRMIEALIE, % 56 %
BHSE 2o 7225, 2009 SE LR IS AERS BRI, FaaK
D HHHENME) 2 7R L7z,

C O ZALRRENISRE L7z 25 (K 4), R
Gk AR B BT o B 7K 0D i 00 7 5 2009 4F LU RS
A & > 72, L L, AR CIE BRI B A% 56.0 %
CIEBIMIZE <, 2009 4E DI D B 2 7R L7z, — 5,
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W TIE, 7R &9 (M IR R 1 13 T
M & D PRI RERA—EE 24, AR
ECTIEEDOMDINY — 2 LERIE R o7z, —T, Bk
DHBH B \IZBEERERE I Z Do 5 — 2k L
T, FPHRBIFHEMZR LA, FEE I -7 MUE
DOFERD S, WGFIERE L FHROBIIE—E DB IE R
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S Rz g CT oo IR S BEA M 12 56 2R 3 2 55 A%
RIS S ISAN A 7 ISR & 5 L CORSE T T390 3 % B
RIEEEL (pleural  rind) ANk d BV ERWS LT
277 BRI R D &b B DS
FTNTHDY. GM, Fxi3mEoELG RIS
W L 72 2003~2008 4F (2 st v iz il TR TS L 72
Bl ZEEKL OWRBED R Z A 155 117z 651 Flo 9 & w3
HLKREL 250 2 S T\ 72 482 61, Rl SERkRIc BV T
TeE W S 7z 166 BB X I FEEERY ¥ —T%
W S A7z 110 B & ALIE R = 49w be CTRelr & iz 24 1, &
it 782 Bl O FNFL W DR CT MK WL OFFBIZ DWW T
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IR 25 b % £, IR TERMIERIE, bR
PRSI, 8 M M M I, B 5 M S ek 3 2 B C Jg 7Kk oD A
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DOHARDREIETZD 18% T, EHMEREALE 2 /R
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476% Lk D%, WNTEHHEUENERILK, 3 FHICHSE
WREIEIR TR C B - 72A%, WKRDO A 27% L#d T
ol Thbb, HEAIIZWIG Y —  OHED
B ergEbhi:.
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Outcomes of Cancer-Directed Surgery for Malignant Pleu- Japan

Evaluation for Chest CT Images at the First Visit Clinic for Pleural Mesothelioma Patients

Takumi Kishimoto and Nobukazu Fujimoto
Research Center for Asbestos-related Diseases, Okayama Rosai Hospital

The incidence for the chest CT patterns of 782 pleural mesothelioma patients was investigated for 7 pat-
terns such as 1. Single tumor pattern, 2. Pleural rind pattern, 3. Slight thickening of pleura pattern, 4. Mediasti-
nal thickening pattern, 5. Pleural effusion without any pleural thickening pattern, 6. Multiple mass pattern, 7.
Special pattern was investigated. Pleural rind pattern occupied 39.0%, multiple mass pattern 14.9%, mediastinal
thickening pattern, 14.8%, slight thickening pattern 12.7%, single mass pattern 9.2% and pleural effusion with-
out any pleural thickening pattern 8.4%.

For 3 pathological types, pleural rind pattern is the highest percentage and 2" is mediastinal thickening
pattern for epithelioid and biphasic types but multiple mass pattern for sarcomatoid type. Single mass pattern
is the lowest (6.4%) for biphasic type and pleural effusion without any pleural thickening pattern is the lowest
(2.7%) for sarcomatoid type.

Before 2008, pleural rid and multiple mass patterns were the major patterns but after 2009, mediastinal
thickening and pleural effusion without any pleural thickening patterns increased.

Prognosis of pleural mesothelioma in Okayama Rosai Hospital by histological classification, median sur-
vival for epithelioid type was 14.3 months which is significantly (p<<0.05) better than non-epithelioid types. For
the staging by IMIG 1995, median survival for Stage I is 24.4 months and Stage II is 17.0 months, but Stage III is
10.4 months, and Stage IV is 8.6 months. Stage I and II are significantly (p<0.05) better than stage III and IV.
For the patterns of chest CT, single mass pattern seemed better for some patients by surgery, but no signifi-
cance than other types. On the other hand, slight thickening and pleural effusion without any pleural thicken-
ing pattern showed better prognosis, but no significance than other types. We cannot detect any significance of

survival for the patterns of chest CT.
(JJOMT, 66: 239—245, 2018)

—Key words—
pleural mesothelioma, pleural rind, pleural effusion without any pleural thickening pattern

©]Japanese society of occupational medicine and traumatology http://www.jsomt.jp
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I

IR 7 — & R — A &K % CAMBEAICIH T2 ANCA (R Hitd)
Bl i ¢ R AR FEREBHE DB

K& i, TR, K& B, BA B
PR Y EAR BT, RN Y, A
g R, BLSETY, OKH O TR

Vb i Fp 57 S BE R

DI 57 SR EIT- U Z A

VEIFTSIRIE T AN MEEE Y ¥ —
D 57 S5 e A
57 SO B 2 A

B}

(PR 29410 A 5 H%ZA$)

g [Z U] PulFh ek PR (anti-neutrophil antibody : LLF ANCA) B4 2 - &
REBFIZ, YINIKBELZILEVPLVERESINLD, X0 LAMEBZEICE TS ANCA
B R OFIE I S ThV. EXTULAMMEEB L O CAMDAOEFIZE TS ANCA |
MM S - FRBOHIE AV 50T 5720012, % ERBEDOFTIIE T — & X— 2 & T
L7,

[HE] %A SIRBERECABE L7 CANIERESB XL AU O BEICHBIT 5 ANCA
B IMAS 4 - B RO BE & L BME 5.

(65 & 5] 2005464 A 1 HA5 201448 9 A 19 H ¥ TICEE DY SR AR L 72 32 %L
Lol (CAMBEERES 3597 N, UAMDAOBHER 523541 N) ZRt% s L7z ICD-10
2B a—F [2M5RERRE SR ], DaBEmeE k], L RERE] [hio b5
RS LRMEIRE] [Fry—2 - AbIT A ICTY =1L, ZUBEOBRIEEHOI Y-
2 FETHMOZ LMz WX, EOMHEZ 32 BoE s T L7z,

[F55] CAMSMEZEICHB) % ANCA Mm% - BRBEZE I8 A, 100 HAHY 2362
N/AE. CABLAL O BB TIE ANCA BIELIMNAE % - B EBE I 123 A, 100 HADH- D 249
NAETH Y, HEICCANES T ANCA MEIME R - BREBEOFEIE - 72 (p<0.001).
CABTEADOIRGES 8 2P 5 B EMIEL B D LAMITH o7, 22T, AMEHICRET S
100 FAH720 5632 NAETH Y, LAMBEEERLI S ELICHVETH-72. 72, LA
BiEEEIECAMBEDFEREZTEL, FLAMBE BT 2EELRELEZRD S L 1155%
(95% fEHEX R : 11.53~11.57, p<0.05) T 100% % F 72\ TW§, UAMBERDRBERICILK
LCHBEIRMETH - 72,

[#am] UAMIERERICHE VT ANCA BIHINAE 2% - BHRBOBEEMIE U AMBHCILER L CHE
WCEoZ £, LA RO T 512 ANCA BEEA - M RER O
B AL LN

(HBESEEERE, 66 1 259—263, 2018)

—%—7—F—
Fikaht, A
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=1 oagH (B A)

L AT IE L AR

J60 225 J64 TY — F SNz LANK L4 (ByRLZE<) 3,599

Bz ) e 2l 1) 2

U AN DA o0 G He (32 A Lo P T L %2 B <) 523,541
A& 51 DR R 3597 523541
4DODF—7— F*TY — | SN MAT BB 9 285
V— P ENEBIT ) =AM S T » B 0 15
MR TERA L 7E B8 EIEAS I DAin, ANCA BIE4S  ASERSRES]) 1 162
e ANCA BB - A5 220 8 123

*4 50 ICD-10 ¥—"7— F : M300 [#&iivk%5s () Bkde), M301 [MiofsiE %9 258 (1) @)
k% (Fxw 7 - 2 I R) ], M310 MM %], NO19 [SErr v SAe el FiAsi |

I—FD J60 225 J64 12TV — M LAMMZ & U AN

BEX CAMBERE L. 2o ARBEZIEL

PUIF HERAI E LA (anti-neutrophil cytoplasmic anti- AR L7 Wi#EE 4 om0 a—F, ©oF ) M300[ ki
body : LLT ANCA) BIEIMEE 551%, /NI 25125038 & P25 (M) BiR2E ), M301 [ o PEFE % 1 9 2% (1)
NIBRMENZEETH Y, REBHGEIES L Bl BRE (Fr o7 - 2 boR) ], M310 [k s
BRICETING., 51T, HIRMEARRAEEREZE) 2 & 95, NOL9[ Z2MAEFT I B SO el SR S T RE

FL®IC

W% L, BAMERMZ F 14 %% (microscopic polyangiitis ANCA BYFEEHH - M RIEH 2520 AA T2
LUF MPA) 2820 RFETH 5. ANCA BB HRITIE, FHiE, ETY—FLTREZRD AATEHRITREER

FOMSEORFEERIE S LS, WIS R ME % B0 a2 —%2 BT L ANCA BB A - A& RICE
(granulomatous polyangitis : BL'F GPA), &FFEEkiE % KT 2022 L, ENIZERLEROED
P9 S O I 90 % 7R 3 AR ERPEZS S LAY 41 A ANCA BIMEM - MR E L, 2ol ET

EfESE (eosinophilic granulomatosis with polyangiitis : ABTTECHBERFERINZ 7 ARZ b — ¥ 20 kAH - 72
I EGPA) & FEhs. 260, W7 5 — 27 Ok H - 72 1 B, A ORIk

ANCA B IE RO EKFIE N E AW TH 228, K Hol 1 BIDABINBETNTATZN, BTWHHETLA
Ko—>& LTRENT L LTO YY) I 723 PR i & DB NT2OIE CAMBEORIZANI T T E L
ETOUENVTF AT 7 VVORGPRESHTHEY. & 72 CABGEERE & JE U AMEETEOERIER R 5
LI, AT HEBRT TIHRIFCEBZICHE L ANCA 7o, ke AL LR LR 2 A L 72,
FrERAm W E |G SN TV LY. AFHTH, YU %8, WA ZRRETERE T, ANCA BN %K % F8hE
DOFG-H3 b7z ANCA BN A 52 0% Bl A3 H R L7z CAMIEERD 1BIE [WET 7 —2 | OATHRM
ENBHH, CAMICHET S ANCA B#INE R F 72 13H i & BhE S TR S, [CAMIEEICY — b Shfla A
REOHEZHRIHE 32w, 22 THRA L, BAIH NHNTWD (K4 JERIS). AR T ANEED S HIBR

RIS 10 FE M7 Km e BRI ARe L 72 & BT, FTREEFTIEDH 555, BERF <) —%2 AP TEFEM
ANCA MM R T 23R BOHEZ R L. G C & 72 D1Z ANCA BN 3 98 % 58 L 72 HE D &

PR, THY, FIELTVRW [CANME] 123 R RER DS
: WB I EABHESND., 070, RIELEAOARE
Hiio AT, CAMEREOH T ANCA 55w BId 2281, X0 F— 2 OfR ) 2 R0 EERS D,

B MAERZFE L CBEDP TN THEETH - 2720, oI E [CANME] oEFL L7
FTRTOMNRBEZBHICHRE L2, T2 CAMOTRIEIS FEHE, ML S HIGREFEBTHRLTIOAAD

&, ZL OBER CAREDS 10 EU ELETHY), TA 72 OFIERE LTHREL L P BEICTHERS L, p<
FifEDHTY ) ARG Lawnx) )y LIRS 2 N 005 #fEE L7z

Bl EXREBED 2 MU LETH o 72720, I CAMITED 4 & =

i 32 LA EICHUE L7z, xbBid, 20054E4 H 1 HA 5

2014 429 7 19 H  TIC & E O SRV ATBUE N 57 83 1 e Al Bk L7z CAMIS R B 3597 A, 13y
TR (B, Zahéig) 57 90REE 34 IBEIC ARBEL, 2 i 724 % (BEHE(RZE (SD) 1 7.1). €09 5 ANCA
DM OB Z W 72 U AN B YERE 3597 44 &3k U AN B IMAE R EHIL, 8 NEoTz, —T5, IECAMB RS
PR 523541 24 CTH A (F D). EABMHEOW 1 05 oL EUL, 523541 AT, “F¥HEk 714 5% (SD 1 96
BT E TR EIBSE N B 10 B (LT, ICD-10) ). ANCA BJEHE - MEREERIZ 123 ATH o>



KIES  RKS © CAMEZ BT 5 ANCA B IE & HHEE

F2 ANCA B - mAF 50 H o0& HF

T Al FEC AT LR

N 8 123
iy (%) =SD 724+71 71496
A it PR 65 ~ 85 34 ~ 94
IS I I 685 72
MPO-ANCA =SD (U/ml) 625+1,117 316+479

MPA/RPGN/GPA/EGPA/Z Dty G 6/2/0/0/0 67/28/3/19/6

MPO-ANCA : myelo peroxidase anti-neutrophil cytoplasmic antibody, MPA :
microscopic polyangiitis, RPGN : rapidly progressive glomerular nephritis,
GPA : granulomatosis with polyangiitis, EGPA : eosinophilic granulomatosis
with polyangiitis.

®3 FEmHEEA
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C A T AN (J31E)
AR ANCA B#H REROIAST B BERRLE S R ANCA A B (UITEfH)
65 ~ 69 Jik 5 384 65,820 857.0
70 ~ T4k 0 689 71,758 0
75 ~ 79 1 1 958 68,379 714
80 ~ 84 ik 1 807 50,619 1253
85 ~ 89 ik 1 364 26,805 73.6
90 ~ 94 ik 0 90 9.183 0
B~ K 0 16 1830 0
at 8 3,308 294,395 1,064.7

R4 ULAMICE SN2 ANCA B M SAE S OPIR

It AR HG MPO-ANCA (U/ml) ®OWr Wt oLt
1 85 3,130 MPA-P L Al

2 68 68 MPA-P L Al

3 68 186 RPGN U At

4 76 ANit MPA-P A il

5 65 188 ANCA Btk 1P Wil 75 — 2
6 68 60 MPA-P Al

7 80 561 MPA-P Al

8 69 182 MPA, RPGN il

MPO-ANCA : myelo peroxidase anti-neutrophil cytoplasmic antibody
MPA : microscopic polyangiitis

MPA-P : MPA with pulmonary involvement

RPGN : rapidly progressive glomerular nephritis

GPA : granulomatosis with polyangiitis
IP : pulmonary interstitial pneumonia

72, ENENOHT ANCA BEEHRE - MEREED
TREE2IRT. MERBECTCONRIE, CAMET
MPA, 23 AT %R BKIRE % (rapidly progressive
gromerular nephritis : DL'F RPGN) 255 ® 72D (2L
L, JE U AN#E Tl MPARPGN L4k @ GPA, EGPA
DA G N7,

EM 100 TTADH 720 OFERIE, U AN MERIE 236.2
NAEC D, FECAMBERZRTIZI00 HAH2ZD
209 N/AETH -7z WBZRIKT 5 L, A2 AN
FETHIEDTI Do 72 (p<001). T 72, CANES O%E
BIOERREBIEORETZ D LI CAMEET, KEH
BERE O N2 $ CIE U AR IR S o p BRI E R

HY DL, 10647 N7 5. EBROREEKIZ 123 ATH
0, Ik U A O HE LR HE=123x100/1064.7=11.55%
(95% fEHEIX [ 5 1153~1157) T100% % 720372
END, UABBRICIE~IECAMBECHBEIIKMETH 5
LEZ LN (E3).

U ANEFIETA Sz ANCA B IMET 4% 8 ] % %
AR, 8Bl A BIASE AR, 1 B2 7 5 — 2 T
Hotz. ETTULAMMBEEZAMIZTICRET L,
OB PN HARAIL 754 AB D, ZoOHT ANCA B&E
M&%% 4 AFFRELTWAB. 100 FAH 720 IZHET S
L5632 NAEICR D, EHICEWELEHR SN,
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WI10EMICB I 2 &EHOY%SEREICAR L2 BE
T ablil, CAMBUREIECAMBERT
ANCA BIEER R - M RFERE 2 RWE L 72, 20k
B, FHERPARICCAMBECHYDO®, ANCA
R SHLE R - MAE 213 IS U AGBE CRIER D E R T
Bolz. Tz, ERE L L7 ANCA BIER A - M4
FRBILAFHLCH CAMMCR» 572, L LA
5, UAMIRECTIHAE L8l ANCA BIEE#HRE -
ERBZOSBIOTEFEIAMICEELZMEETH -
2. VUG TEEENDLLDRIBITH-T. 2
D 3B ICICMEECTORERZ LKL, 2 MEZIT- T
b, LAMIBCTHRICEETH-7 (p<0.001).

CAMGERECIE, UAMEICHIY U AN FEREZS 1 C4E
W1 W25 2 ME& kT 22 L Tnb. 207
B, U ABBERICHE LT, ANCA BEESE - 1
BRIFIE L7z BRI IR 57 SR Be & 275 LR 3 W i)
BEZOLND, Z0), 2L DOLAMBENETD
ANCA BYFEF A - I45 98 D FEREFR 2 158D T % 1) R
HHEZOLNL.

ERIZOWTIE, CAMBECHBEEL Y bEiTdh -
72. CABIDRIET 2720121307 L RERM LA
WIEAS10 4 LB TH A, CAMERIEL THH LA
M BETE b 2720, I T AMBEICHARTHERERAE <
BRLEDIILRTHLERbNG. SO U AN ONE
W 724 7% (SD @ 837%) &, BIFELTZIE L7z ANCA
B R - A R O SEIG4E G 704 7% (SD : 109
R LVEBTHYY, BIEOE—2 2@ X7 —Hoks
FATVLEREDEZ SN, L4 KD 2 Wik
HbH. EBZIE, UANITETERIC ANCA BEERE -
MBEROFBIEDNA SN TEBY, FiiEEMEENE b
na5.

AU A REET ANCA BB - 4% i3
SBIDK U AMIER LD & 5 BRI B L 72 Bk &
THho7z. 5B 4 PNEAMITTH D, 2O 1 FlEHfE
TT— U Thotz. ZHICEHHOUAMBEEECHRH
b a— FENTHEBNICHEE L THRE L7248, 100 75 A
Bz I T 5 & 5632 N/AELE LAMIBE RS
BrLb 3ol wiEitEshi. coZsid, A
WMBLADIELEE D T2 AT ANCA B 5
B MEROBIENS L RO DM 2RI L Tw
%.Pelclova 5, i< #E LR HETay ba—
ICHARTHBEIZ ANCA BHERREH VI L2 EL T
Y. 2oz kiR, AMIEKETY YA LD D ANCA
R ROFIEICHG LTV B IRt E2RIERT 5. 4
ML BEE T ANCA BtEEs w2 &%, ANCA B
MABFRPHCDE ) DERGET 5720121F, AE &%
% VT 72 R F T OFIERR & PR 5 i) EFSRIC & 2 MGE
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WLETH 5.

SH ORI, WL OPDOBRRANEH 5. L AMEE
CBWTIE, RO BT Bs) o
eI BRI NEH SO MBI 2D 2 855 1%, £ D ANCA
MBFRIEFIDER LR T WAL D 50 L, BTLLZ
DOHIRDHRTRZ M L 2 W2 H 5. 72, LA
MiBERECTIX, CANMTREZ f-72P4E L ORBYEDH
D, X0 CANEBEDTD, FHIERIZHR S 72BIZ00D
DU OHEIRHEICE L 2B T 2E0H 500 Ltk
V. L LARDS, SRIOIECAMEEHO 100 7T AH
720 OFRER 249 N/4EIL, EIFECHAE S/ ANCA
B - MBS OFIER 226 N/AE L IEFITIEVE
THY, ZHEER- - BFETREVWEEI LD, +
D720, RO T — 5 # BB 2 & T AMIBEEH
3 —fbsh, BuxtlafErd Lz,

Pk, SEoserstk i RNAI%ETHh L7720, LA
MiEZIECX D ANCA BB BE - M4 R EHHEM
LR T W R D VA, AHMBEERREZR TA
fiiodA & LCTH, ANCA B#IMERS3IHELRD, SR
LI LA BICHDED T <, CANIE ANCA B3
M55 9T 2 BN S8 2 BN TH 2 Wiz H 500D L
Nwv, S5, AMMITE DZ o ANCA B %
HIENRHA LN, Y H LD AMELBOHBELD
ANCA B A R FEFE ORI G- L T 5l gk 2s
HHMD LN,

BWEE © C OB, BT B AF BB R 2 A 3 15 ¢
PERRIEMBI & X 0 AT bz,

B & 7T S8R 723 U720 B ke e AW I PR AT 72
B ONEEEASEE, F— & AR S NSHAMLE A LT
ST R AHRA TR G P B RASETR, WY A7 A
VY= T BILEER, ¥ — WS B GRS, B
BEREHL EREEETR SEYIREEBRER S B
TERE L OB RS L L E T

ZOREO—EE, Tk 28 4 HARIE R EELFMAS (E)
BEOER 2947 A ) DR BEASRETHE VLT L
FIZSAIR © FUIASHI L3 i L
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Incidence Rate of ANCA-related Vasculitis and Renal Disease in Pneumoconiosis and Asbestosis Patients
—A Retrospective Study of 34 Rosai Hospital Group Admission Records—

Yoshinori Ohtsuka”, Tkuji Usami”, Keiichi Mizuhashi”, Takumi Kishimoto”, Kouichi Sakamoto’,
Kenji Miyamoto”, Kiyonobu Kimura’, Nobukazu Fujimoto”, Munehiro Kato?,
Takako Yokoyama” and Chiharu Ohta”
YDepartment of Internal Medicine, Hokkaido Chuo Rosai Hospital
"Department of Respiratory Medicine, Asahi Rosai Hospital
9 Asbestos Related Disease Prevention Center, Toyama Rosai Hospital
“Department of Internal Medicine, Okayama Rosai Hospital
“Department Respiratory Medicine, Kobe Rosai Hospital

Backgrounds: ANCA-related vasculitis and renal disease has been reported to be frequent among silica or
asbestos exposed patients. However, it is not clear whether it is true among Japanese pneumoconiosis or asbes-
tosis patients.

Purpose: To know the incidence rate of ANCA-related vasculitis in Japanese pneumoconiosis and asbesto-
sis patients, retrospectively.

Methods: Using ICD-10 cords(from J60 to J64), we selected 3,597 pneumoconiosis or asbestosis male pa-
tients and male 523,541 neither pneumoconiosis nor asbestosis patients as a control group among 34 Rosai hos-
pitals’ admission records from April 1%, 2005 to September 19% 2014. Then we sorted data with 4 ICD-10 key
words in both groups. We avoided duplication of cases and counted the number of patients. We examined the
discharge summary of the sorted cases and compared the incidence rate of ANCA-associated vasculitis with
the control group. Statistical analyses were done with Chi-square test, p<0.05 was considered as significant.

Results: The number of ANCA-related vasculitis patients was 8 (made up of 3 pneumoconiosis, 4 asbesto-
sis, and 1 asbestos-related pleural plaque), and annual incidence per million per year was 236.2. Restricted to as-
bestosis patients, annual incidence per million per year was 563.2, which was higher than that of the whole
pneumoconiosis group. In the control group, the number of ANCA-related vasculitis patients was 123, and an-
nual incidence rate was 24.9 per million. The incidence rate of ANCA-related vasculitis in pneumoconiosis or as-
bestosis was significantly higher than that in control patients (p<<0.001). The standardized incidence ratio of
control group was 11.55% (95%CI: 11.53-11.57) and was significantly low.

Conclusion: Not only silica but also asbestos might have a role in the development of ANCA-related vascu-
litis and renal disease in Japanese pneumoconiosis patients.

(JJOMT, 66: 259—263, 2018)
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