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ABSTRACT

Immune checkpoint inhibitors (ICls) have drastically altered cancer treatment paradigms, with increas-
ing numbers of novel ICls being currently evaluated in numerous clinical trials for various cancers. ICls
release ‘brakes’ against tumor immunity to control cancer growth through T cell-dependent anti-tumor
activity. Meanwhile, side effects associated with ICls are directly related to their mechanism of action,
as nonspecific immune activation targeting non-tumor organs results in undesirable off-target inflam-
mation and autoimmunity. Accumulating data reveal that immune-related adverse events (irAEs) of
ICIs in cancer patients can resemble various rheumatic diseases. Moreover, while patients with preex-
isting rheumatic diseases can theoretically experience irAEs and disease flares, observational studies
have shown that ICls can be used successfully in these patients. As ICIs continue to provide long-
lasting disease control in cancer patients and their usage correspondingly increases, the rheumatolo-
gist will be managing new ICl-associated clinical entities mimicking common autoimmune diseases
and will need to be prepared to rapidly diagnose and treat these irAEs. Early recognition and
treatment of these rheumatic adverse events will allow for improved outcomes and quality of life for
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cancer patients faced with previously rapidly fatal disease.

Introduction

Monoclonal antibodies (mAbs) against coinhibitory immune
checkpoint molecules have demonstrated clinical activities
in various malignancies [1]. Targets include cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4 or CDI152),
programmed cell-death protein 1 (PD-1 or CD279) and its
ligand (PD-L1; B7-H1 or CD274), which negatively regulate
T cell activation and T cell receptor (TCR) signaling,
respectively. By disinhibiting these regulatory pathways,
immune checkpoint inhibitors (ICIs) overcome self-toler-
ance and promote T cell-mediated expansion, leading to
robust anti-tumor immunity [1]. Originally approved by the
US Food and Drug Administration (FDA) for the treatment
of advanced melanoma [2], ICIs have led to a paradigm
shift in the field of cancer therapy, with the list of indica-
tions for ICI use in advanced cancers being now ever-
expanding, to include non-small cell lung carcinoma, bladder
cancer, head and neck squamous carcinoma, breast cancer,
gastric cancer, colorectal carcinoma or solid tumors with high
microsatellite instability or mismatch-repair deficiency, hepa-
tocellular carcinoma, Merkel cell carcinoma, urothelial carcin-
oma, Hodgkin’s lymphoma and leukemia [1].

As a consequence of their mechanism of action, ICI ther-
apy can induce nonspecific immune activation, which can
target non-tumor tissues. These side effects are collectively
referred to as immune-related adverse events (irAEs) [3].

irAEs can resemble various rheumatic diseases, such as
inflammatory arthritis (IA) [4], but also exhibit diverse
manifestations throughout the body [5,6] (Figure 1). As
indications for ICIs use expand and as these novel agents
are combined with each other, it becomes increasingly
important for rheumatologists to recognize irAEs and
appropriate management. In this paper, we summarize the
underlying immune mechanisms and the latest findings
regarding the rheumatic manifestations and the general
approach to management of ICI-associated irAEs in cancer
patients treated with these novel agents. Reviewing many
recently published work on rheumatic irAEs, this review
will provide rheumatologists an updated understanding of
these emerging cancer therapies, with particularly a focus on
their associated immunopathologic mechanisms and rheum-
atic complications, and their management.

Normal immune response and immune homeostasis

The classical definition of immunity is protection from
infectious pathogens, and the mechanisms of host defense
fall into two broad categories, innate immunity and adaptive
immunity [7]. During the innate response process, activa-
tion of antigen-presenting cells (APCs) leads to enhanced
expression of costimulatory molecules. The principal T cell
costimulatory molecule CD28 is recognized by the B7
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Figure 1. Spectrum of immune-related adverse events induced by immune checkpoint inhibitors. Details are described in the text. *DRESS: drug reaction with
eosinophilia and systemic symptoms; **HUS: hemolytic uremic syndrome; ***TTP: thrombotic thrombocytopenic purpura.

molecules CD80 (B7-1) and CD86 (B7-2) that are expressed
on APCs [8,9]. Antigen-specific T cells are activated by spe-
cific antigens (‘signal 1) and the costimulatory molecules
(‘signal 2’) [8,10] (Figure 2(A)). Once activated, proliferated
and expanded clonally, antigen-specific T cells exhibit
enhanced cell surface expression of immune inhibitory mol-
ecules (immune checkpoints) to prevent uncontrolled
immune responses and inflammatory tissue damages and to
maintain self-tolerance [8,9,11].

CTLA-4 is a transmembrane glycoprotein that is a homo-
log of the immune costimulatory protein CD28 [9,12] and
plays a key role in the development of peripheral tolerance
to self-proteins by neutralizing the function of CD28 [9,13].
CTLA-4 is a receptor that inhibits T cell activation by
blocking CD28-CD80/CD86 engagement through its
approximately 20 times greater affinity to CD80/CD86 on
APCs [9,14-16] (Figure 2(B)). In addition, regulatory T cells
(Treg), a CD4 subset involved in global regulation of
the innate and adaptive immunity, constitutively express

CTLA-4, which binds to CD80/CD86 on APCs to reduce
their ability to activate T cells through CD28 [17] (Figure
2(C)). The significant role of CTLA-4 in immunity is clearly
demonstrated in the CTLA-4~'~ mouse model, with the ani-
mals being moribund at 3-4-week-old and exhibiting severe
pancreatitis, myocarditis and T cell infiltration in the liver,
heart, lung and pancreas [18,19].

PD-1 molecules are expressed on the T cell surface
within 24h of activation, and subsequently, disappear once
the antigen is eradicated [8]. While CTLA-4 mainly affects
naive T cells, PD-1 is primarily expressed on mature T cells
in peripheral tissues and the tumor microenvironment
(TME) through downmodulation of TCR signaling [20],
hence altering effector T cell survival, proliferation and bio-
logical function [21,22] (Figure 2(D)). There are two known
ligands to PD-1: PD-L1 and PD-L2 (B7-DC or CD273)
[21,22]. PD-L1 is widely expressed on hematopoietic and
non-hematopoietic cells, including heart, endothelium, pan-
creatic islets, small bowel and placenta, while PD-L2 is
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Figure 2. Mechanisms of T cell costimulation, coinhibition, and T cell dependent anti-tumor immunity. (A) Adaptive immune response develops in a stepwise
fashion, consisting of initial antigen recognition, followed by activation of specific lymphocyte subsets that results in proliferation and differentiation into effector
and memory cells, then elimination of the antigen, and decline of the response, with memory cells being the long-lived survivors of the process. In an activation
step, T cells are primed by antigen-presenting cells (APCs) with antigen peptides loaded by major histocompatibility complex (MHC) molecule. TCR complex recog-
nizes peptide antigens that are presented by MHC molecules (class | MHC for CD8+ and class Il for CD4-+ T cell) on the surface of APC, followed by engagement of
CD28 on the surface of T cells by CD80 or CD86 expressed on APCs which provides a costimulatory second signal, cooperatively activating antigen-specific T cells.
(B) After activation, T cells express PD-1 and CTLA-4 coinhibitory molecules that bind to PD-L1/PD-L2 and CD80/86 (with significantly higher affinity than CD28),
respectively, leading to suppression of antigen-specific T cell activity through anergy and apoptosis, and secretion of inhibitory mediators including TGF-B, IL-10
and indoleamine 2,3-dioxygenase (IDO). If the antigen is presented to T cells without adequate levels of costimulatory signals, the cells become anergic to the anti-
gen, a process which is mediated by coinhibitory molecules including CTLA-4 and PD-1. (C) Regulatory T cells (Treg) also constitutively express CTLA-4 and PD-1 as
an inhibitory extrinsic mechanism leading to proliferation and activation of Treg, induction of T cell anergy and apoptosis, and secretion of inhibitory mediators.
Meanwhile, a key role of Treg is to prevent immune reactions against self-antigens, a function mediated in part by the secretion of immunosuppressive cytokines
such as IL-10 and TGF-B, which inhibit lymphocyte activation and effector function. (D) Mechanisms described in panels of B and C on PD-1 and CTLA-4 immune
checkpoint molecules lead to tumor escape in the tumor microenvironment. PD-L1 and PD-L2 are expressed on various tumor cells, which could partly explain the
ability of tumor cells to evade the process of immune surveillance. Following continuous exposure of effector T cells to antigens, such as in the setting of the tumor
microenvironment, T cells lose the ability to respond to the antigen, a process termed T cell exhaustion, with PD-1 signaling playing a critical role. PD-1 is also
highly expressed on Treg, and enhances their proliferation and suppressive activity upon ligand binding, likely further helping tumor escape by suppressing effect-
ive immune response.
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expressed mainly on dendritic cells and macrophages [22].
Induction of PD-L1 expression on tissue cells in the inflam-
matory regions may be a protective mechanism to downre-
gulate effector T cell activity and reduce immune-mediated
injury [23] (Figure 2(B)). PD-1"'" mice demonstrate evi-
dence of autoimmunity, specifically, mild lupus-like auto-
immunity and dilated cardiomyopathy [23,24]. The PD-1
knockout autoimmune effects appear to be less severe and
display a later onset than those observed in CTLA-4'~
mice [22,25]. As is the case with CTLA-4, PD-1 is also
highly expressed on Treg, and enhances their proliferation
and suppressive activity upon ligand binding [26]
(Figure 2(C)).

An important group of diseases which reflects the failure
of the normal control mechanisms described above is auto-
immune diseases, which result from the lack of tolerance to
self-antigens. The mechanisms of self-tolerance can be
broadly classified into two groups: central tolerance and
peripheral tolerance [11]. In central tolerance, immature
self-reactive T and B lymphocyte clones that recognize self-
antigens during their maturation in the central lymphoid
organs are eliminated or rendered harmless by negative
selection [11]. Autoreactive lymphocytes which manage to
escape from the central tolerance mechanisms are subse-
quently silenced in peripheral tolerance by anergy, Treg and
apoptotic deletion [11] (Figure 2(B,C)).

Taken together, immune checkpoints such as CTLA-4
and PD-1 systems are regulatory inhibitory pathways that
contribute to immune homeostasis, being essential in pre-
venting autoimmunity, maintaining self-tolerance and avoid-
ing tissue damage that could result from persistent
immune activation.

Mechanism of action of immune
checkpoint inhibitors

Multiple studies have demonstrated that many tumors use
the same pathways involved in immune regulation to evade
immune attack [1]. This realization has led to the develop-
ment of mAbs that block CTLA-4 and PD-1 for tumor
immunotherapy, by removing the brakes on the immune
response and promoting responses against tumors [1]. The
first approved ICI by FDA was ipilimumab, a fully human
IgG; anti-CTLA-4 mAb, and subsequently, several agents
including anti-PD-1 mAb and anti-PD-L1 mAb have been
developed for clinical use as shown in Figure 3(A).

Anti-cytotoxic T-lymphocyte-associated antigen
4 inhibitors

Following the discovery of the CTLA-4 receptor in 1986,
work involving a murine preclinical model revealed the
anti-tumor activity of anti-CTLA-4 Ab [13]. Clinical studies
subsequently demonstrated that ipilimumab extended sur-
vival time by nearly four months in patients with advanced
melanoma [27,28]. Tremelimumab, a fully-human IgG, that
also targets CTLA-4, is currently under development as
monotherapy or combined therapy [29]. Treatment with

CTLA-4 mADb results in persistent T cell activation by block-
ing the inhibitory pathway in the antigen priming phase
(Figure 3(A,B)). Moreover, anti-CTLA-4 mAb-mediated
inhibition increases the ratio of effector T cells to Treg in
the TME, due to depletion of intratumoral Treg through
complement-dependent cytotoxicity (CDC) and antibody-
dependent cell-mediated cytotoxicity (ADCC) [30] (Figure
3(A)). Of note is that the therapeutic agent for rheumatoid
arthritis (RA) abatacept, a fusion protein consisting of the
extracellular domain of CTLA-4 and the Fc region of IgGj,
acts in an opposite manner as ICIs, by facilitating coinhibi-
tory signaling of T cells through its binding affinity for
CD80/CDS6 [31,32].

Anti-programmed cell-death protein-1 inhibitors

Generation of tumor-reactive CD8+ T cells requires the
successful processing and presentation of tumor-derived
peptide antigens with class I major histocombatibility com-
plex (MHC) molecules by APCs [10,33]. Once developed,
tumor-specific CD8+ T cells subsequently differentiate into
effector T cells, undergo clonal expansion, migrate to the
TME, and ultimately eliminate tumor cells expressing
tumor-specific antigens bound to class I MHC molecules
through the release of cytotoxic granules [10]. The presence
of enhanced PD-1 expression on CD8+ tumor infiltrating
lymphocytes (TILs) may either reflect an anergic or
exhausted state, consistent with the findings that cytokine
production by PD-1+ TILs is decreased [34]. Initial studies
showed that PD-1/PD-L1 blockade reversed the exhausted
state of effector T cells in the TME, leading to the clinical
development of anti-PD-1 inhibitors for cancer immuno-
therapy [20]. In addition, a large proportion of intratumoral
CD4+ T cells are Treg with increased level of PD-1 expres-
sion. These findings thus provide an important scientific
rationale for a therapeutic approach involving anti-tumor
immunity through PD-1/PD-L1 blockade [35]. Currently,
pembrolizumab, a humanized IgG, mAb, and nivolumab, a
fully human IgG, mAbD, are approved as anti-PD-1 mAbs
for clinical use. Treatment with anti-PD-1 mAbs leads to
persistent T cell activation by blocking the inhibitory path-
way both in the antigen priming phase as well as the
effector phase (Figure 3(A,B)).

Anti-programmed cell-death protein-ligand 1 inhibitors

Atezolizumab is a humanized IgG; anti-PD-L1 mAbD, engi-
neered to delete binding to the Fc receptor [36]. It upregu-
lates T cell activation by blocking the interaction between
PD-1 and PD-L1 or CD80 and PD-L1, with a safety profile
similar to that of anti-PD-1 mAbs [37]. Other novel anti-
PD-L1 mAbs being evaluated currently in various clinical
trials are the fully human IgG; mAbs durvalumab
and avelumab.
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Figure 3. Points of action of anti-PD-1, anti-PD-L1 and anti-CTLA-4 inhibitors. (A) Anti-CTLA-4 inhibitor prevents CTLA-4 from binding to CD80/86, reinvigorat-
ing the inhibited T cell. Anti-PD-1/PD-L1 inhibitors restore down-modulated TCR signaling and reinvigorate the exhausted T cell. Anti-CTLA-4 and anti-PD-1/PD-L1
inhibitors also deplete regulatory T cells (Treg). (B) Cycle of tumor antigen loading to antigen-presenting cells (APCs), migration to lymph node of APC, tumor-spe-
cific T cell activation by antigen-loaded APC, accumulation of activated tumor-specific T cells in the tumor microenvironment and targeting of tumor cells.
Activation of Treg concomitantly leads to tumor escape. Anti-CTLA-4 inhibitor results in persistent T cell activation by blockade of inhibitory pathway in antigen pri-
ming phase. Anti-PD-1/PD-L1 inhibitors result in persistent T cell activation by blockade of inhibitory pathway both in antigen priming phase and in effector phase.

They also exert anti-tumor activity through depletion and suppression of Treg.

Combined therapy

The combination of ipilimumab and nivolumab has been
approved for the treatment of metastatic melanoma by the
US-FDA [38]. Other combined ICI therapy such as tremeli-
mumab and durvalumab is under clinical trials for various
cancers. Although these combinations may improve efficacy,
they can result in significantly increased toxicity [3,6,39-43].

Immune-related adverse events

As discussed earlier, human immune system normally exists
in a state of equilibrium in which lymphocyte activation for

protection against pathogens is delicately balanced by the
mechanisms of tolerance to prevent deleterious reactions
against self-antigens, and the failure of tolerance allows for
responses against self-antigens, leading to autoimmune dis-
eases [8,11,44]. Consequently, ICI-mediated blocking of the
inhibitory checkpoints can enhance immune activation to
result in unwanted off-target effects, including immune-
related and inflammatory events [3-6]. Involving any organ
system (Figure 1), irAEs from ICIs are increasingly recognized
as unique entities mimicking classical rheumatic diseases [4].
The accurate diagnosis and management of these side effects
are of the utmost importance, given the fact that the use of
ICIs in cancer patients with preexisting autoimmune disease
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TABLE 1. Summary of relevant literature regarding arthro-musculoskeletal manifestations of rheumatic irAEs.

ICI drugs Treatment Outcome of
No. of patients (N) PD/CTLA/Combi® (N) N/S/M/B® (N) ICI therapy (N) irAEs (N) Ref.
Inflammatory 20 (3.8%) 19, Continued 20, Remission [48]
arthritis 7, RA-pattern 6/1/0 0/7/1/0 1, Withheld
2, PsA-pattern 2/0/0 2/0/1/0
11, PMR 11/0/0 2/9/0/0
- 30 16/0/14 —-/24/3/7 Cessation 3, Remission [46]
18, Persistence
- 14 (3.5%) 12/1/1 11/14/8/0 3, Continued 3, Remission [49]
3, Withheld 10, Persistence
8, Cessation 1, Unknown
Myositis 5 (0.8%) 5/0/0 0/5/0/0 Discontinued 3, Remission [55]
2, Fatal
Myositis-fasciitis 2 (0.9%) 2/0/0 N/A Discontinued Remission after [59]
ICl cessation
Non-inflammatory 15 (2.8%) 14/0/1 2/3/0/0 Continued Remission [48]

musculoskeletal
conditions

irAEs: immune related adverse events; ICl: immune checkpoint inhibitor; N/A: not applicable ; Ref: reference.
?PD, anti-PD-1 or anti-PD-L1 therapy; CLTA, anti-CTLA-4 therapy, Combi, anti-PD plus anti-CTLA-4 therapy.

PN, NSAIDS; S, Corticosteroids; M, Methotrexate; B, TNF inhibitor.

is expected to increase in the future as ICI therapy becomes
more prevalent in a variety of human neoplasms [3].

Arthritis

While arthralgia and myalgia were by far the most com-
monly reported rheumatic irAEs in clinical trials [45,46],
their exact prevalence may have been underestimated since
only high-grade irAEs were noticed in some trials. On the
other hand, case series and case reports have provided
details on patients with IA including seropositive RA [47].
Large cohort studies on ICIs and rheumatic irAEs have
been recently reported (Table 1). A single-center prospective
study in France revealed that 35 patients (6.6%) among 524
patients receiving ICIs developed musculoskeletal symptoms
[48]. All but two patients had no prior history of auto-
immune disease — one with axial spondyloarthritis (AxSpA)
and one with psoriasis (PSO). Among 20 patients (3.8%)
who developed IA, 11 patients (1.9%) were diagnosed with
polymyalgia rheumatica (PMR), exhibiting clinical findings
that fulfilled the 2012 EULAR (European League Against
Rheumatism)/ACR (American College of Rheumatology)
criteria for PMR, and 1 patient was diagnosed with PMR
based on the typical clinical presentation and complete dis-
ease resolution following treatment with 12.5mg of prednis-
one. One patient with preexisting stable condition of AxSpA
developed a PMR-like condition 20 days after commence-
ment of ICI therapy. Seven patients (1.3%) developed bilat-
eral and symmetric hand pain and stiffness, mimicking RA.
One patient had a positive result for anti-cyclic citrullinated
peptide (CCP) antibodies while testing negative for rheuma-
toid factor (RF). Two patients (0.4%) developed psoriatic
arthritis (PsA), including one with pre-existing PSO. All of
nine patients with clinical findings mimicking RA or PsA
required prednisone treatment, which resulted in clinical
improvement or remission. Two patients required metho-
trexate (MTX) to achieve remission of IA. All patients but
one continued on ICI therapy. For the one exception, ICI
therapy was temporally withheld as per the requirements of
the study protocol in which this patient participated.

More recently, investigators at Johns Hopkins University
reported a retrospective longitudinal cohort study on IA
patients receiving ICI therapy with no prior history of auto-
immune disease [45]. Thirty patients with ICI-induced IA
were identified in longitudinal visits to Rheumatology from
January 1, 2013 to July 1, 2017 (The incidence of IA in this
study was not ascertained since the overall size of the
patient population was not stated). Fourteen patients treated
with combined CTLA-4/PD-1 therapy were more likely to
present with knee arthritis, to have higher levels of C-react-
ive protein (CRP) and to have negative results for anti-CCP
antibodies, RF and anti-nuclear antibodies (ANA). Sixteen
patients treated with PD-1 or PD-L1 monotherapy were
more likely to have initial small joint involvement and to
have IA as their only irAEs. One patient had low levels of
anti-CCP antibodies, one had a high titer of RF and one
had low titer of ANA. Twenty four among 30 IA patients
required systemic steroids for the management of IA. Ten
patients had additional immunosuppressant including tumor
necrosis factor-inhibitors (TNFi) and/or MTX with clinical
improvement of their arthritis. Those receiving combined
ICI therapy were more likely to require additional immuno-
suppressant. Tumor progression while on TNFi and/or
MTX was not observed in those with initial tumor response
to ICIs. Outcome regarding IA symptoms was evaluated in
21 patients with clinic visits at least 3 months following ces-
sation of their ICI treatment. Eighteen patients still exhib-
ited IA symptoms after ICI discontinuation.

A group from Israel has also reported 14 patients (3.5%)
with rheumatic manifestations among 400 patients receiving
ICI therapy between January 1, 2013 and April 30, 2017
[49]. Twelve patients were treated with anti-PD-1 mAb, one
with anti-CTLA-4 mAb, and one with a combination of
anti-PD-1 and anti-CTLA-4 mAbs. IA was identified in 12
patients (3.0%), including 4 patients with predisposing fac-
tors such as a personal or family history of PSO, a prior epi-
sode of uveitis or anti-CCP antibodies positivity. Other
rheumatic diseases such as pulmonary sarcoidosis and
biopsy-proven eosinophilic fasciitis were diagnosed in two
patients (0.5%). Treatment of IA with non-steroidal anti-



inflammatory drugs (NSAIDs) was mostly unsuccessful
while steroid therapy was beneficial in dose >20mg/day.
The addition of MTX allowed steroid tapering without an
excess of adverse events or tumor progression in the short
follow-up time available. There was no patient treated with
TNFi in this cohort study. Among 14 patients with rheum-
atic manifestations, ICI therapy was discontinued in 8
patients, temporarily withheld in 3 patients and continued
in 3 patients. Among the 8 patients who stopped ICI treat-
ment, 3 patients experienced remission and had their anti-
rheumatic medicine withdrawn, while 5 patients continued
on anti-rheumatic medication with low disease activity. In
the 6 patients with continued or temporarily withheld ICI
therapy, all patients but one continued on anti-rheumatic
medication with low or moderate disease activity (one
patient with ICI therapy withheld was classified as
‘unknown’ for anti-rheumatic medication and rheumatic
disease status).

Findings from recent large cohort studies indicated that
IA appears to be the most common type of rheumatic
irAEs, mimicking seronegative RA and PMR [50,51]. Most
patients with IA have been reported to be seronegative for
anti-CCP antibodies or RF. Meanwhile, in general, imaging
studies including magnetic resonance imaging and ultrason-
ography have shown joint erosion, tenosynovitis, Doppler-
positive synovitis and joint effusion [52-54]. It is therefore
important for the rheumatologist to recognize IA as an
irAEs related to ICI therapy and to understand the diagnosis
and management of IA with atypical signs/symptoms of
arthralgia and myalgia, given the expected increase use of
ICIs in cancer patients in the future.

Inflammatory and non-inflammatory muscle disease

Myositis is less common than IA (Table 1). One retrospect-
ive study which included 654 patients receiving anti-PD-1
therapy showed that biopsy-proven myositis was diagnosed
in five patients (0.8%) [55]. A severe case of dermatomyo-
sitis related to anti-CTLA-4 mAb administration for meta-
static melanoma has been reported [56]. The signs/
symptoms were initially resolved by treatment with steroids
and discontinuation of ICI therapy. The patient was again
treated with anti-CTLA-4 mAb on recurrence, followed by
prompt flaring of dermatomyositis. Recently, three cases of
ICI-related muscle disorder were reported in patients with
pulmonary adenocarcinoma by French investigators [57].
These patients had initially moderate bilateral proximal
weakness with elevated levels of serum creatine kinase. Two
patients subsequently developed myastheniform symptoms
while one patient’s case was complicated by severe myocar-
ditis. One case of ICI-related myo-fasciitis has also been
reported [58]. The muscle symptoms were resolved by treat-
ment with steroids and discontinuation of ICI therapy,
while myocarditis was irreversible. A recent retrospective
study of 220 patients with anti-PD-1 therapy showed that 2
patients (0.9%) developed symptomatic inflammatory myo-
sitis with fasciitis in lower extremities [59]. The French
group above also reported that non-inflammatory
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musculoskeletal conditions developed in 15 patients of 35
rheumatic irAEs among 524 patients receiving ICIs (2.8%)
[48]. The symptoms were characterized by arthralgia of
proximal or distal joints, which worsened with physical
activity and improved with rest, and the absence of joint
stiffness. Elevated levels of CRP were observed in 4 patients,
likely associated with their malignancies since increased
CRP values had been present prior to the development of
rheumatic symptoms. The patients were managed success-
fully with NSAIDs, analgesics and/or physiotherapy, and no
modification of ICI therapy was necessary.

Other rheumatic immune-related adverse events

Sicca syndrome including dry mouth with or without dry
eyes has been reported in patients receiving ICI therapy
[46,54,60]. Johns Hopkins investigators described four
patients who developed sicca syndrome associated with ICI
therapy [54]. Three patients had positive results for ANA
while one patient was positive for anti-La/SSB antibodies
with low titer. Dry mouth tended to be more severe than
dry eyes. Most patients with ICI-related siccas syndrome
have reported not to have concomitant parotitis, in contrast
to the typical form of sicca syndrome including
Sjogren’s syndrome.

irAEs involving blood vessels such as vasculitides are
quite rare and appear to be at a reported rate of less than
1% [61]. Recent work elucidated the molecular mechanisms
involved in immune checkpoint-mediated medium and large
vessel vasculitis such as giant cell arteritis (GCA) [62],
which may be the most commonly described vascular IRAE
in patients undergoing ICI therapy. Two cases of GCA with
PMR following anti-CTLA-4 mAb administration were
reported, with high responsiveness to steroids [63]. One
case of isolated lymphocytic uterine vasculitis and digital
vasculitis was also reported [64]. More recently, a case of
small vessel vasculitis during anti-CTLA-4 mAb therapy was
reported [65]. After receiving anti-CTLA-4 mAb therapy for
melanoma, this patient developed digital vasculitis with
negative results for ANA, cytoplasmic and perinuclear anti-
neutrophil cytoplasmic antibody (C- and P-ANCA), and
cryoglobulin. Despite intensive treatment with high dose ste-
roids, epoprostenol, botulinum toxin and rituximab, the
patient had to undergo multiple distal digital amputations.

One patient with melanoma developed nephrotic syn-
drome after two doses of anti-CTLA-4 mAb [66], with
results from a kidney biopsy suggestive of lupus nephritis.
Glomerulonephritis resolved following treatment with anti-
coagulation and steroids. Circulating anti-double-stranded
deoxyribonucleic acid (dsDNA) antibodies appeared con-
comitantly =~ and  subsided  following  withdrawal
of ipilimumab.

Cases of sarcoidosis or sarcoid-like reactions related to
ICI therapy have also been reported [60,67,68]. Biopsy is the
gold standard for evaluation of new lesions to guide man-
agement and to minimize the risk of premature discontinu-
ation of ICI therapy with the potential to provide durable
tumor response. Management of patients should be tailored
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for each individual situation. In general, asymptomatic
patients benefiting from ICI therapy with sufficient tumor
response can be continued on therapy with appropriate
monitoring, while symptomatic patients may need long
courses of steroids or secondary immunosuppressants to
control the inflammatory process and avoid organ dysfunc-
tion and fibrosis caused by sarcoidosis or sarcoid-
like reactions.

Non-rheumatic immune-related adverse events

Skin manifestations are the most common irAEs in all ICIs
[6,69], including rash, vitiligo, pruritus and bullous pem-
phigoid. A recent meta-analysis showed that development of
a rash with ipilimumab is fairly common, with mild cases
occurring in about 24% of patients and high-grade rashes
occurring in 2% [70]. In patients with anti-PD-1, skin toxic-
ities have been reported to occur in 30-40% [71-74]. On
the other hand, severe cutaneous irAEs such as toxic epider-
mal necrolysis rarely developed [6,69].

Enterocolitis as gastrointestinal irAEs are manifested by
diarrhea, obstruction, perforation and toxic megacolon [75].
Onset is usually 10-12 weeks following the commencement
of treatment [75-77]. Diarrhea occurs in up to 30% of
patients receiving anti-CTLA-4 mAb therapy and less fre-
quently in patients undergoing anti-PD-1 therapy [6].
Enterocolitis is most pronounced in patients treated with
combination therapy [6,78]. Colonoscopic and histologic
findings resemble those observed in inflammatory bowel
disease [79].

Several endocrinopathies have been reported in patients
receiving ICI therapy, with thyroiditis being the most com-
mon, often presenting as hypothyroidism but occasionally as
hyperthyroidism, occurring in 6-20% of patients with ICI
therapy [80-82]. The pituitary gland can also be affected by
ICI therapy, manifesting as hypophysitis, which can occur
up to 1-16% of patients [2,39,40,83,84]. Other endocrinopa-
thies include autoimmune diabetes mellitus (DM) or type
1 DM, pancreatitis, hypogonadism and primary adrenal
insufficiency [80,81]. Although the acute inflammatory pro-
cess can be treated, most patients with ICI-induced endocri-
nopathies develop long-term sequelae and require long-term
hormone replacement therapy [81].

Neurologic irAEs are less frequently reported and include
paresthesia, altered sensation, aseptic meningitis, encephal-
opathy, seizures, transverse myelitis, acute and chronic
inflammatory demyelinating polyneuropathy, metabolic
myopathy, Guillain-Barré syndrome and myasthenia gravis-
like syndrome [85].

Pneumonitis is found in less than 5% of patients, ranging
from dyspnea to hypoxic respiratory failure [86,87]. The
median time to onset is 2.8 months [87]. High dose steroids
therapy is required for moderate to severe pneumonitis.
ICI-induced pneumonitis is reported with both anti-PD-1
and anti-CTLA-4 therapy and occurs more often with com-
bination therapy [86].

Autoimmune hepatitis is manifested as elevated levels of
hepatic enzymes and occurs in up to 5% of patients

[2,39,40,72,84,88]. Liver biopsy reveals a pan lobular active
hepatitis picture with a predominant CD8-positive inflam-
matory infiltrate [89]. More rarely, predominant injury to
bile ducts can be seen with mild portal mononuclear infil-
trate around proliferated bile ductules.

Myocarditis related to ICI therapy has been rarely
reported to cause severe irAEs [90]. With the increased
application of ICI therapy, incidence of ICI-induced myo-
carditis is seen to rise over time. A recent report indicated
that there were 46 deaths among the 101 patients with
severe myocarditis following ICI therapy [91]. Fatality rate
was higher with combination therapy than with monother-
apy. Myocarditis induced by ICIs tends to occur early after
treatment initiation, has a generally fulminant course and
responds to higher steroids doses [92].

Other reported ICI-mediated irAEs include uveitis, con-
junctivitis, scleritis, retinitis, pericarditis, acute kidney injury,
acute interstitial nephritis, rhabdomyolysis, hemolytic
anemia, thrombocytopenia, neutropenia and hemo-
philia [5,60,93-96].

Immune-related adverse events with preexisting
rheumatic diseases

While the underlying mechanisms involved in the develop-
ment of irAEs are not completely understood, the nonspe-
cific upregulation of T cell activation and the suppression of
Treg activity resulting from ICI treatment could conceivably
exacerbate inflammation and autoimmunity in patients with
preexisting autoimmune diseases. It is important to under-
stand whether irAE development in patients with preexisting
rheumatic diseases represents flares of their disease or new
autoimmune events following ICI therapy. Of note is the
fact that patients with preexisting autoimmune or rheumatic
disease were typically excluded from the original trials,
resulting in a relative paucity of data to fully address this
issue. Retrospective analyses have demonstrated that a flare
of preexisting autoimmune disease was induced by ICI ther-
apy in 6-43% of patients with preexisting autoimmune dis-
ease and that new irAEs developed in 16-33% of the
cohorts [97-100]. In general, flares were mild, occurred
more often in those with active autoimmune disease, did
not lead to discontinuation of ICI therapy, and were readily
manageable with standard therapies when intervened in a
timely fashion [5]. While preexisting autoimmune diseases
should not be an absolute contraindication to ICIs, a careful
assessment of disease activity is important prior to starting
ICI therapy because of the risk of potential flares.

Management of immune related adverse events in
cancer treatment

No definitive prospective trial for the treatment of irAEs has
been conducted, and therefore the best approaches and rec-
ommendations are based on expert consensus opinion [3].
Several recent publications proposed useful clinical recom-
mendations for the management of irAEs [5,93,101]. The
diagnosis of irAEs is primarily clinical, and most patients do



not express the more generic autoantibodies. Many of the
initial symptoms, such as arthralgia and fatigue, are rela-
tively nonspecific and can potentially arise from comorbid-
ities or concomitant use of other medications. Approach to
the diagnosis and management of irAEs always includes a
thorough evaluation for infection. Most patients with irAEs
are initially treated with steroids and supportive therapy.
The initial steroid dose depends on the relative disease
severity, the relative degree of end-organ damages and the
presence of potentially life-threatening  signs/symp-
toms [5,93,101].

irAEs are graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(CTCAE) [102], which were developed primarily to stand-
ardize reporting of adverse events for clinical trials, although
they are included in toxicity management algorithms in
recent irAEs guidelines [5,93,101]. As general recommenda-
tion guidelines, for grade 1 toxicities, ICI therapy may be
continued with close monitoring, with the exception of
some neurologic (such as aseptic meningitis, encephalitis
and transverse myelitis), hematologic (such as aplastic
anemia, hemolytic uremic syndrome, thrombotic thrombo-
cytopenic purpura and hemophilia), and cardiac toxicities
(such as myocarditis, pericarditis and arrhythmia). For grade
2 toxicities, ICI therapy should be withheld, and generally
lower doses of steroids may be administered. For grade 3
toxicities, ICI therapy should be withheld, and high doses of
steroids may be administered with a gradual tapering course
with resolution of signs/symptoms. Grade 4 toxicities war-
rant permanent discontinuation of ICIs, with the possible
exception of endocrinopathies controlled by hormone or
insulin replacement. Of note is that for the relative rate sit-
uations where steroids are not effective, other immunosup-
pressive agents would need to be wused, taken into
consideration the patients’ overall performance status and
end-organ functions. For non-life-threatening rheumatic
events such as IA, while there are no clear guidelines, pub-
lished reports suggest that most patients respond well to
moderate doses of steroids [5,93,101]. Occasionally, MTX or
TNFi might be necessary to allow for quicker tapering of
steroids. Meanwhile, severe colitis will require discontinu-
ation of ICIs and treatment with high dose steroids and
possibly other immunosuppressive drugs such as TNFi.
Recent large observational studies have demonstrated that
treatment with TNFi is not associated with increased risks
of tumor development, cancer progression, recurrence or
survival when used to treat TA such as RA [103,104].
However, it should be noted that the risk for tumor pro-
gression or impaired cancer response is theoretically pos-
sible with TNFi [105].

The decision to recommence ICI therapy following reso-
lution of high-grade irAEs represents a challenge for rheu-
matologists as well as oncologists. The safety of temporarily
withholding ICI therapy in patients who developed high-
grade irAEs with the combination of ipilimumab/nivolumab
has been studied [106]. This retrospective analysis was to
evaluate the safety and efficacy of re-challenging 80 patients
with anti-PD-1 monotherapy who discontinued anti-CTLA-
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4/anti-PD-1 combination therapy for metastatic melanoma
due to clinically significant irAEs (including colitis, hepatitis
and pneumonitis). Fourteen patients (18%) had recurrent
irAEs at a median of 14 days following resumption of prior
ICI therapy (including 1 patient with grade 5 Steven-
Johnson syndrome). Moreover, distinct toxicities occurred
in an additional 17 (21%) patients. Of the 14 patients with
recurrence of the same irAEs, 7 had grade 3-4 toxicities,
and 10 discontinued treatment due to the recurrent irAEs.
Colitis was less likely to recur than other irAEs, with only 2
of 33 (6%) patients experiencing recurrent colitis or diarrhea
with anti-PD-1 resumption. With the exception of endocrine
toxicities which can be treated with hormone replacement
therapy, recent guidelines recommend permanent discon-
tinuation of ICIs following a CTCAE grade 4 toxicity
[5,93,101]. Due to the potential for morbidity and mortality,
permanent discontinuation for grade 1 cardiac toxicities and
grade 3 hepatitis, pneumonitis, neurologic, hematologic and
ophthalmologic toxicities are recommended [5,93,101].
Prospective studies are needed to determine whether
resumption of anti-PD-1 maintenance is beneficial for
patients who cease combination ICI therapy due to toxicity.

Conclusions

Despite their proven efficacies in the treatment of various
human neoplasms, ICIs can cause severe irAEs that limit
their full therapeutic benefits and result in considerable mor-
bidity and mortality. The role of the rheumatologist will be of
increasing importance as ICI therapy becomes more estab-
lished in cancer treatment, given its demonstrated benefits in
many cancer patients, including those with advanced diseases
refractory to other treatment modalities. As shown in recent
large cohort studies, increased awareness of IA, as well as
other rheumatic manifestations, as an adverse association
with ICI therapy is required to make the correct diagnosis
and determine the correct course of action. The CTCAE
grading system has recently been noted to be insufficiently
suitable for grading the severity of many rheumatic complica-
tions, and while rheumatology-specific modifications of the
CTCAE have been proposed [107], these changes have not
been applied to ICI trials to date. Rheumatic irAEs can be
late adverse events occurring up to 2 years following initi-
ation of ICI therapy [60,105], and occasionally even after the
patient has stopped the therapy. Until larger, well-powered
studies are available to help determine in a more precise way
the potential risks of ICI therapy, careful evaluation of the
risks and benefits and individual preferences need to be con-
sidered when making decisions regarding ICI therapy for
patients with cancer and autoimmune disease.
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Malignant pleural mesothelioma (MPM) is an aggressive malignancy arising from mesothelial lining of
pleura. It is associated with a poor prognosis, partly due to the lack of a precise understanding of the
molecular mechanisms associated with its malignant behavior. In the present study, we expanded on our
previous studies on cell cycle control of MPM cells by targeting CD26 molecule with humanized anti-
CD26 monoclonal antibody (HuCD26mAb), focusing particularly on ubiquitin-specific protease 22
(USP22). We showed that USP22 protein expression is detected in clinical specimens of MPM and that
USP22 knockdown, as well as CD26 knockdown, significantly inhibits the growth and proliferation of
MPM cells in vitro and in vivo. Moreover, depletion of both USP22 and CD26 suppresses MPM cell pro-
liferation even more profoundly. Furthermore, expression levels of USP22 correlate with those of CD26.
HuCD26mAb treatment induces a decrease in USP22 level through its interaction with the CD26
molecule, leading to increased levels of ubiquitinated histone H2A and p21. By demonstrating a CD26-
related linkage with USP22 in MPM cell inhibition induced by HuCD26mAb, our present study hence
characterizes USP22 as a novel target molecule while concurrently suggesting a new therapeutic strategy
for MPM.
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next decades, especially in developing countries where asbestos
has not yet been prohibited [1]. Due to the lack of efficacy of con-

1. Introduction

Malignant pleural mesothelioma (MPM) is an aggressive ma-
lignancy arising from mesothelial lining of pleura [1]. It is generally
associated with a history of asbestos exposure and has a very poor
prognosis. Once rare, the incidence of MPM has increased in
industrialized nations as a result of past wide spread exposure to
asbestos [1]. Its incidence is predicted to increase further in the

Abbreviations: CD26si, siRNA against CD26; CSC, cancer stem cell; Csh, control
shRNA; Csi, control siRNA; CDKI, cyclin-dependent kinase inhibitor; HuCD26mAb,
humanized anti-CD26 monoclonal antibody; MPM, malignant pleural mesotheli-
oma; s.c., subcutaneous; USP22, Ubiquitin-specific protease 22; USP22-shRNA,
shRNA against USP22.
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ventional treatments, novel therapeutic strategies are urgently
needed to improve outcomes [2].

We recently showed that mesothelioma cells expressing high
level of CD26 displayed high proliferative activity and invasiveness,
and microarray analysis of CD26 knockdown and CD26-transfected
mesothelioma cells showed that CD26 expression was closely
linked to the expression of genes contributing to cell proliferation
and cell cycle regulation [3—5]. We have reported that treatment
with anti-CD26 antibody induced G1 cell cycle arrest and enhanced
cyclin-dependent kinase inhibitor (CDKI) p21 (CIP1/WAF1)
expression [6—8]. More recently, we demonstrated that humanized
anti-CD26 monoclonal antibody (HuCD26mAb) exhibited a favor-
able safety profile and substantial clinical activity in heavily pre-
treated CD26-positive MPM patients who had previously
progressed on conventional standard chemotherapies [9]. Howev-
er, the precise cellular mechanisms involved in the regulation of
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Fig. 1. Suppression of USP22 decreases tumor growth and proliferation in MPM cells.

(A) Representative immunohistochemistry images of USP22 in MPM clinical specimens, including epithelioid, sarcomatoid, and biphasic type. USP22 (brown staining in nuceli) was
highly expressed in each MPM type. Scale bars, 50 um

(B) Confocal microscopy images of USP22 (green) in MPM cell lines, (a) MESO1 and (b) JMN. Nuclei (blue) were stained with DAPI. USP22 was expressed in both the cytosol and the
nuclei, and was barely detectable on the cell surface. Scale bars, 10 um

(C) MESO1 or JMN cells were stably transfected with USP22-shRNA-1, USP22-shRNA-2 or control shRNA (Csh). Cell proliferation was directly examined at the indicated days.
Proliferation was significantly decreased following transfection of USP22-shRNA-1 or -shRNA-2. **p < 0.01, USP22-shRNA-1 vs Csh; *#p < 0.01, USP22-shRNA-2 vs Csh.

(D) MESO1 cells were stably transfected with USP22-shRNA-1 or control shRNA (Csh), and were inoculated s.c. into the dorsal region of SCID mice (3 x 10° cells/mouse, n = 8).
Tumors were resected at day 10 to be weighed. Tumor weight was significantly decreased in the group transplanted with USP22-shRNA-1-transfected cells (*p <0.01).
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Fig. 2. Silencing of both USP22 and CD26 contributes to a more profound suppression of MPM cell growth than either alone.

(A) Representative 2-D dot plots of CD26 (PE) and USP22 (FITC) in MESO1 and JMN cell lines. MESOT1 cells contained CD26 * USP22" and CD26~ USP22" populations. JMN cells
contained mainly CD26" USP22" with faint amount of CD26" USP22" cells.

(B) CD26 " or CD26~ MESO1 cells were sorted by a flow cytometric cell sorter. As shown in (A), both CD26" and CD26~ MESO1 cells expressed USP22 (CD26™ USP22" and
CD26~ USP22" populations, respectively). In vitro proliferation of CD26" USP22* or CD26~ USP22* cells was evaluated by MTT assay at the indicated time points (left panel).
CD26" USP22* cells exhibited significantly higher proliferative activity than CD26~ USP22" cells (*p <0.05). For in vivo proliferation assay, each CD26" USP22* and
CD26~ USP22* cell population was inoculated s.c. into the dorsal region of SCID mice (3 x 10° cells/mouse, each n = 6). Tumors were resected at day 10 to be weighed. Tumor
weight was significantly increased in the group transplanted with CD26" USP22" cells (*p < 0.01). Representative macroscopic plot is indicated in the upper panel. Scale bar, 1 cm
(C) Cell cycle analysis of the MESO1 cells transfected with CD26-siRNA (CD26si) or control siRNA (Csi) (left two panels) and USP22-shRNA-1 (USP22sh) or control shRNA (Csh) (right
two panels). Representative histograms are shown. Accumulation in G1 phase (green area) with decreased S (greenish brown area) and G2/M (light blue area) phase was observed in
CD26si and USP22sh cells compared with each control cell population (similar results were obtained in five independent experiments) (p < 0.01).

(D) In vitro proliferation of MESO1 cells stably transfected with USP22-shRNA-1 (USP22sh), CD26-siNRA (CD26si), both USP22sh and CD26si, or control shRNA and siRNA (Csh) was
evaluated by MTT assay at the indicated time points (left panel). The combined knockdown of USP22 and CD26 resulted in a more profound inhibition of MPM cell proliferation,
compared with knockdown of USP22 or CD26 alone or Csh (*p < 0.05, USP22sh vs Csh; #p < 0.05, CD26si vs Csh; **p < 0.01, USP22sh plus CD26si vs Csh. For in vivo tumor growth
assay, (right panel) MESOT1 cells stably transfected with USP22sh, CD26si, both USP22sh and CD26si, or control shRNA and siRNA (Csh) were inoculated s.c. into the dorsal region of
SCID mice (3 x 10° cells/mouse, n = 8). Tumors were resected at day 10 to be weighed. Tumor weight was significantly decreased in the group transplanted with the combined
knockdown of USP22 and CD26 (*p < 0.05, **p < 0.01 vs Csh). Representative macroscopic plot is indicated in the upper panel. Scale bar, 1 cm. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this article.)

Representative macroscopic plot is indicated in the upper panel. Scale bar, 1 cm

(E) USP22-shRNA-1 or control shRNA (Csh) stably transfected MESO1 cells were injected into SCID mice intravenously (3 x 10° cells/mouse, n = 8). Survival was evaluated by
Kaplan-Meier analysis. Survival of mice transplanted with USP22sh MESO1 cells was prolonged significantly. P value was calculated by log-rank test. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 3. HuCD26mADb treatment suppresses MPM cell growth, associated with USP22-CD26 complex formation and decreased USP22 expression.
(A) Western blot analysis of expression of USP22 and CD26 in MESO1 cells stably transfected with USP22-shRNA-1 or control shRNA (Csh) (left panels) and USP22 expression vector
or control vector (Contl) (right panels). Decreased expression of CD26 was associated with USP22 knockdown, while increased expression of CD26 was associated with USP22
overexpression. Representative result is shown in the panels, with similar results being obtained in five independent experiments.
(B) MESO1 cells stably transfected with USP22-shRNA-1 (USP22sh) or control shRNA (Csh) were incubated with HA-tagged ubiquitin (5 uM) for 1 h. Cell lysates were immuno-

precipitated (IP) with HuCD26mAb and the samples were probed with anti-HA, or anti-CD26, antibodies. Amount of CD26 protein was decreased and immunoprecipitants of

HuCD26mAb was significantly ubiquitinated in USP22sh cells (right lane).
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MPM cell cycle checkpoint by HuCD26mAb have not yet been
elucidated.

Ubiquitin-specific protease 22 (USP22) is a novel deubiquiti-
nating enzyme and is also known to be a component of the SAGA
(Spt-Ada-Gcen5-Acetyltransferase) transcriptional cofactor complex
[10]. It was first identified as one of the cohort of genes that predict
the recurrence of metastasis and therapeutic responses of various
types of cancers, known as the “death-from-cancer” signature. In
cancer cells, USP22 deubiquitylates histone H2A and H2B, and is
necessary to counteract heterochromatin silencing and thereby
transactivate specific target genes including CDKI p21, contributing
to aberrant cell cycle control [10—13]. Overexpression of USP22 is
detected in many human cancers and elevated USP22 protein levels
are associated with advanced tumor stage and poor prognosis in
several cancer types [14]. However, the expression and function of
USP22 in MPM remain to be clearly characterized.

In this study, we investigate the role of USP22 in the growth and
progression of MPM in association with CD26-mediated cell cycle
regulation through p21 expression. We showed that USP22 protein
expression is detected in clinical specimens of MPM and that USP22
knockdown, as well as CD26 knockdown, significantly inhibits the
growth and proliferation of MPM cells in vitro and in vivo. Moreover,
depletion of both USP22 and CD26 suppresses MPM cell prolifer-
ation even more profoundly. Furthermore, expression levels of
USP22 correlate with those of CD26. HuCD26mAb treatment in-
duces a decrease in USP22 level through its interaction with the
CD26 molecule, leading to increased levels of ubiquitinated histone
H2A and p21. By demonstrating a CD26-related linkage with USP22
in MPM cell inhibition induced by HuCD26mADb, our present study
hence characterizes USP22 as a novel target molecule while
concurrently suggesting a new therapeutic strategy for MPM.

2. Materials and methods
2.1. Cells and antibodies

MPM cell line ACC-MESO1 (MESO1) was obtained from RIKEN
Bioresource Center. JMN was a kind gift from Dr. Brenda Gerwin
(Laboratory of Human Carcinogenesis, NIH, Bethesda, MD).
HuCD26mAb was manufactured and provided by Y's AC Co., Ltd
(Tokyo, Japan) [9,15]. Other antibodies used in this study were
described in the Supplementary material.

2.2. Histology and immunohistochemistry

MPM specimens from autopsies were generously permitted for
research use by the bereaved families. The purpose of the study was
explained to all patients and their written, informed consent was
obtained. Methods of histology and immunohistochemistry were
described in the Supplementary material. Histological studies were
conducted in the Department of Pathology of Keio University
School of Medicine, after official approval of the Keio University
School of Medicine Review Board was obtained (ID number 2012-
100-1).

2.3. Flow cytometry and immunofluorescence analysis

Cells were collected, fixed and permeabilized using cytofix and
cytoperm solution (BD Biosciences), and washed and stained with
appropriate antibodies. For detection of only cell surface molecules,
cells were stained without fixation and permeabilization. The
samples were analyzed using BD FACSCalibur (BD Biosciences). For
cell sorting, BD FACSAria (BD Biosciences) was utilized. Data were
analyzed by FACSDiva version 6.1.2. and Flow]Jo software (Tree Star
Inc). Flow cytometric cell cycle analysis by DNA staining with
propidium iodide was conducted by the same methods described
previously [7]. Immunocytochemistry was conducted by the same
methods described previously [16].

2.4. Transfection of shRNA and cDNAs

For transfection of shRNAs, lentiviral plasmids containing USP22
shRNA-1, or -2, or plasmids containing non-targeting control were
co-transfected with ViraPower Lentiviral packaging mix to 293FT
cells using Lipofectamine 2000 (Invitrogen), generating lentiviral
particles. The MPM cell lines were infected with these shRNA-
expressing lentiviral particles, and stable cell lines were gener-
ated by selection with puromycin (Sigma-Aldrich). For transfection
of USP22 expressing vector, MESO1 cells were cultured for 2 days
and transfected with full-length cDNA of USP22 subcloned into
pDONS5 vector (TAKARA BIO Inc) with Lipofectamine reagent. As
controls, cells were transfected with pDON5 vector. For siRNA
transfection, 3 x 10% cells were cultured for 24 h and CD26 siRNA
dissolved in Opti-MEM1 was transfected using Lipofectamine
RNAIMAX (Invitrogen). The sequences of oligonucleotides used in
this study were described in the Supplementary material.

2.5. Immunoprecipitation and western blotting

Immunoprecipitation was performed as previously described
[4,16—18]. Briefly, after cells were treated as indicated, cell lysates
were prepared and incubated with HuCD26mAb. The immune
complexes were precipitated by protein G-agarose beads to the
lysate (GE Healthcare). The incubated beads were centrifuged and
washed with ice-cold lysis buffer. The samples were suspended and
denatured in SDS sample buffer. Cell lysate and nuclear extract
samples for western blotting were prepared and submitted to
western blotting analysis as the same method described previously
[4,16—18]. Quantification of protein expression was measured by
using C-DiGit Blot Scanner (M&S TechnoSystems, Inc).

2.6. In vitro cell proliferation assay and murine xenograft model of
tumor progression and survival

Cells were grown to exponential phase and their proliferations
were determined by MTT assay or direct counting by the same
methods described earlier [4,5].

Female SCID mice (5—6 weeks age) (Charles River) were used for
in vivo tumor growth experiments by the same method as

agarose was performed. USP22 (bands at an arrow head) was co-precipitated in the presence of HuCD26mAD (right two lanes). Representative result is shown in the panels, with
similar results being obtained in five independent experiments. IgH denotes immunoglobulin heavy chain.

(D) Western blot analysis of nuclear extracts of the HuCD26mAb-treated (incubated with 10 pg/ml of HuCD26mAb for 12 h at 37 °C) MESO1 (left panels) and JMN (right panels) cells.
Suppression of USP22 expression with following HuCD26mAb treatment was observed, while expression of GCN5 was not changed. Representative result is shown in the panels,

with similar results being obtained in five independent experiments.

(E) Proliferation of MESO1 (left panel) and JMN (right panel) cells treated with HuCD26mADb was evaluated by MTT assay. Proliferation of each cell line was significantly decreased
following HuCD26mADb treatment in a dose-dependent manner (HuCD26mAb vs control IgG, *p < 0.05, *p < 0.05, **p < 0.01, **p < 0.001, *p < 0.05, *p < 0.01, **#P <0.001, each

n=6).

(F) Cell cycle analysis of MESOT1 cells treated with HuCD26mAb or control IgG (10 pg/ml) for 12 h. Representative histograms are shown. Accumulation in G1 phase with decreased S
and G2/M phase was observed following HuCD26mAb treatment compared with control IgG treatment (p < 0.01). Similar results were obtained in five independent experiments.
(G) Hypothetical schema of the effect of HuCD26mAb treatment on USP22-mediated cell cycle control and tumor growth in MPM cells. See text for more details.
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described previously [4,5]. Briefly, for in vivo tumor progression,
mice were anesthetized with isoflurane and subjected to subcu-
taneous (s.c.) inoculation of MPM cells into the dorsal region. For
murine Xxenograft survival study, mice were intravenously
implanted with MESO1 cells transfected with USP22 shRNA-1 or
control vector shRNA.

2.7. Statistics

Data are represented as meanztstandard deviations (SD) for
murine xenograft study and mean+standard errors (SE) for other
assays. Data were analyzed by two-tailed Student's t-test for two
group comparison or by ANOVA test for multiple comparison
testing followed by the Tukey-Kramer post-hoc test. P values < 0.05
were considered statistically significant. In murine xenograft sur-
vival study, prolonged survival was evaluated by Kaplan-Meier
analysis.

3. Results and discussion

3.1. Expression of USP22 in MPM clinical specimens and inhibitory
effect of USP22 depletion on MPM cell proliferation

USP22 overexpression is detected in many human tumors,
including non-small cell lung cancer, salivary duct carcinoma,
bladder cancer, colorectal cancer, oral squamous cell carcinoma,
and esophageal squamous cell carcinoma [14,19]. However, a role
for USP22 in MPM has not yet been clearly elucidated. To address
this issue, we first evaluated USP22 expression in clinical speci-
mens of all three histopathologic subtypes (epithelioid, sarcoma-
toid, and biphasic). Among 26 patients with epithelioid type, 21
patients (81%) had USP22" MPM histopathology. Moreover, 3 (60%)
among 5 patients with sarcomatoid type and 7 (58%) among 12
with biphasic type had USP22* MPM histopathology. Fig. 1A shows
a representative immunohistochemistry study demonstrating that
USP22 protein expression was clearly detected in all three histo-
pathologic subtypes. We next examined USP22 expression in the
MPM cell lines used in our experimental studies. As shown in
Fig. 1B, USP22 was found to be localized both in the nucleus and the
cytosol of the MPM cell lines MESO1 and JMN (Fig. 1B). We there-
fore used these cell lines for our present study. Since depletion of
USP22 expression has been reported to suppress tumor growth in
various cancers other than MPM [14,19], we next examined the
potential regulatory effect of USP22 on MPM cell proliferation. For
this purpose, we conducted knockdown experiments in MPM cells
utilizing shRNA transfection. As shown in Fig. 1C, knockdown of
USP22 by shRNA (USP22-shRNA-1 or -2) significantly inhibited
in vitro proliferation of MESO1 (left panel) and JMN (right panel).
Moreover, knockdown of USP22 in MESO1 cells suppressed in vivo
proliferation in transplantation assay (Fig. 1D), which was associ-
ated with prolonged survival of mice receiving USP22-abrogated
cells (Fig. 1E). Similar results were obtained in transplantation
assay utilizing JMN cells with knockdown of USP22 (data not
shown). Collectively, these results suggest that USP22 depletion
attenuates tumor growth and proliferation of MPM.

3.2. Silencing of both USP22 and CD26 contributes to more
profound suppression of MPM cell growth than either alone

We previously demonstrated that abrogation of CD26 expres-
sion in MPM suppressed cell growth, invasion and proliferation
in vitro and in vivo [4,5]. Moreover, we have found that cell surface
expression of CD26 is one of the cancer stem cell (CSC) markers that
correlated with CSC properties in MPM cells [20,21]. On the other
hand, we previously found that USP22 played a role in the CSC

property in human B-acute lymphocytic leukemia [22], as well as in
various other cancers [23]. We therefore explored the potential
cooperative effect of USP22 and CD26 on cell proliferation in MPM.
Flow cytometric analysis revealed that the MESO1 cell line con-
tained both CD26™ USP22*" and CD26™ USP22™" cell populations and
that the JMN cell line contained CD26" USP22" cells almost
exclusively (Fig. 2A). We then characterized the biological functions
of USP22" MPM cells that differed in the expression of CD26. For
this purpose, CD26" (and USP22") and CD26~ (and USP22") cells
were isolated from the MESOT1 cell line through cell sorting anal-
ysis, and then subjected to various biological assays. As shown in
Fig. 2B, USP22" cells exhibited greater increase in in vitro prolifer-
ation and in vivo growth in the CD26 " population than the
CD26 ™ population (left and right panels, respectively). These data
suggest that CD26 and USP22 have a cooperative effect on tumor
growth in MPM. We previously demonstrated that decreased
expression of CD26 played a role in cell cycle control of tumor cells
via enhanced expression of CDKI p21 [6—8]. Moreover, USP22
expression counteracted heterochromatin silencing and thereby
transactivated specific target genes including CDKI p21, contrib-
uting to aberrant cell cycle control [10—13]. We therefore per-
formed cell cycle analysis of CD26 or USP22-depleted MPM cells. As
shown in Fig. 2C, G1/S arrest was provoked by the abrogation of
CD26 or USP22 expression, suggesting that the inhibitory effect of
CD26 and USP22 depletion on MPM cell growth was exerted via cell
cycle arrest at the G1/S checkpoint. Further analysis showed that
the combined knockdown of USP22 and CD26 resulted in a greater
level of inhibition of MPM cell proliferation in vitro (left panel of
Fig. 2D) as well as in vivo (right panel of Fig. 2D), compared to
knockdown of USP22 or CD26 alone. In the above clinical speci-
mens of USP22* MPM histology, co-expression of CD26 was
revealed in 15 patients (71%) with epithelioid type, 1 (33%) with
sarcomatoid type, and 5 (71%) with biphasic type. The clinical
outcome was relatively worsened in these 21 patients with
USP22" CD26™ MPM histology than other groups, although small
number of each groups made it hard to have statistical significance.
Taken together, our data indicate that USP22 and CD26 coopera-
tively contribute to a more profound regulation of MPM cell
growth.

3.3. HuCD26mAb induces suppression of MPM cell growth via a
decrease in CD26-associated USP22

The results described above suggested a molecular association
between USP22 and CD26 in MPM cells. To further investigate the
mechanisms involved in this interaction, we analyzed the effect of
changes in the expression level of USP22 on CD26 expression. As
shown in Fig. 3A, silencing or overexpression of USP22 led to
decreased (left panel) or increased (right panel) CD26 expression,
respectively. These data hence suggest that expression level of USP22
regulates CD26 expression in MPM. Since USP22 contains a deubi-
quitinating enzyme activity [10], we next examined a ubiquitination
state of CD26 molecules in association with USP22 expression. As
shown in Fig. 3B, decreased USP22 expression led to increased
ubiquitination of CD26 clearly. These data suggest that USP22
expression regulates CD26 expression through its physical interac-
tion of a deubiquitinating enzyme activity in USP22" CD26" MPM
cells.

We have previously shown that CD26 is expressed mainly on the
cell surface of MPM cells [3,15,24], while USP22 is a nuclear protein,
a component of the SAGA transcriptional cofactor complex [12], and
is mainly localized in the nucleus (as shown Fig. 1A and 1B). In view
of their cellular localization, the mechanisms involved in CD26-
USP22 interaction in MPM cells would need to be elucidated. We
recently demonstrated that treatment of MPM cells with
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HuCD26mAD led to internalization of cell surface CD26 molecule
into the nucleus and inhibition of tumor cell growth [25]. We
therefore hypothesize that nuclear localization of CD26 molecule
by HuCD26mAb potentiates an association of USP22 with CD26,
leading to the abrogation of USP22 protein and p21 upregulation in
MPM cells. As shown in Fig. 3C, treatment with HuCD26mAb
induced the formation of a CD26-USP22 complex in CD267 MPM
cells in a dose dependent manner of exogenous HuCD26mAb.
Moreover, while HuCD26mADb treatment led to decreased expres-
sion of USP22 in the nucleus, there was no noticeable alteration in
the expression level of GCN5, another component of the SAGA
transcriptional cofactor complex (Fig. 3D). These results suggest
that HuCD26mAb mediates the formation of a CD26-USP22 com-
plex and the removal of USP22 from the nucleus.

We further examined a functional analysis on HuCD26mAb-
mediated removal of USP22 in the nucleus. A key function of
USP22 is to deubiquitinate histone H2A, which regulates p21
expression [10,12,13]. As shown in Fig. 2C, knockdown of USP22
induced G1/S arrest in MPM cells, similar to the effect seen with
CD26 depletion. We further investigate that HuCD26mAb treat-
ment increases expression of p21 via ubiquitination of histone H2A
in MPM cells. Furthermore, we showed that HuCD26mAb treat-
ment led to enhanced ubiquitination of histone H2A and expression
level of p21 in MPM cells (Table 1), similar to findings observed
following knockdown of USP22. In addition, HuCD26mAb treat-
ment suppressed cell proliferation in a dose-dependent manner
(Fig. 3E), and induced G1/S arrest in MPM cells (Fig. 3F). These re-
sults strongly suggest that HuCD26mAb-mediated targeting of
CD26 suppresses proliferation of MPM cells via downmodulation of
USP22 in the nucleus.

Based on our experimental findings, Fig. 3G depicts a schematics
of the effect of HuCD26mAb on USP22-mediated cell cycle control
and tumor growth in MPM cells; constitutive expression of USP22
stabilizes de-ubiquitination of histone H2A (also probably H2B),
leads to heterochromatin silencing and suppresses expression of
p21, resulting in enhanced tumor growth (upper panel). On the
other hand, HuCD26mAb-mediated internalization of cell surface
CD26 leads to the formation of a CD26-USP22 complex and the
removal of USP22 from the nucleus to counteract heterochromatin
silencing, thereby transactivating specific target genes including
CDKI p21 to suppress tumor growth (lower panel).

In summary, we have demonstrated that suppression of USP22
results in decreased growth and proliferation of MPM cells, and that
HuCD26mAb treatment of MPM cells internalizes cell surface CD26
molecules, leading to a physical association with USP22 and sup-
pressing tumor growth via increased expression of CDKI p21. While
USP22 is a potential therapeutic target for various cancers, the

Table 1
Increased level of ubiquitinated histone H2A and p21 expression in USP22-depleted
cells or cells treated with humanized anti-CD26 monoclonal antibody.

Ubiquitinated histone H2A (%) p21 (%)
Control-shRNA 95.6 325
USP22-shRNA 98.4* 40.8*
Control IgG 933 64.0
HuCD26mAb 98.8** 68.2**

MESOT1 cells stably transfected with control shRNA, or USP22-shRNA-1 (USP22-
shRNA), or cells treated with HuCD26mAD (5 pg/ml, for 24 h at 37 °C) or control
IgG (5 pg/ml) were stained with anti-ubiquitinated histone H2A or anti-p21 anti-
bodies, followed by staining with FICT-secondary antibody and analyzed utilizing
flow cytometry. USP22-shRNA cells or HuCD26mAb treated cells demonstrated
significantly increased expression of ubiquitinated histone H2A and p21 (*p < 0.01
vs Control shRNA or **p < 0.01 vs Control IgG treated cell, respectively). Represen-
tative data are shown in the Table, and similar results were obtained in five inde-
pendent experiments.

direct targeting of USP22 by its specific antibody is technically
challenging due to the lack of target accessibility, given its subcel-
lular localization. Meanwhile, our present study showing that
HuCD26mAb-mediated targeting of CD26 can induce down-
modulation of USP22 suggests a potentially promising approach to
suppress growth of MPM cells as well as other CD26™ cancers,
including colorectal cancer, lung adenocarcinoma, hepatocellular
carcinoma and selected hematologic malignancies.
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This data article contains complementary tables related to the
research article study entitled, ‘Effects of repetitive transcranial
magnetic stimulation on ER stress—related genes and glutamate,
Y—aminobutyric acid, and glycine transporter genes in mouse
brain’ (Ikeda et al. (2017) [1]), which showed that rTMS modulates
glutamate, GABA and glycine transporters and regulates ER
stress—related genes. Here, we provide accompanying data col-
lected using Affymetrix GeneChip microarrays to identify changes
in gene expression in mouse CBS treated with rTMS for 30 days
(Tables 1-21) and mouse cerebrum (Tables 22-57) and CBS
(Tables 58-94) treated with rTMS for 40 days.
© 2018 The Authors. Published by Elsevier Inc. This is an open
access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Specifications Table

Subject area
More specific subject area

Abbreviations: CBS, cerebellum with brain stem

Neuroscience
Gene expression
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E-mail address: ikedatetsurou@kochi-u.ac.jp (T. Ikeda).
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Type of data Tables

How data was acquired Affymetrix GeneChip RNA microarray

Data format Filtered, analysed

Experimental factors Mouse brain treated with rTMS for 30 and 40 days
Experimental features RNA isolation, global gene expression analyses
Data source location Wako, Saitama, Japan

Data accessibility Data are contained within this article

Value of the data

® Global gene expression analysis of mouse cerebellum with brain stem (CBS) treated with repetitive
transcranial magnetic stimulation (rTMS) for 30 and 40 days

® These data may be useful for comparison with microarray data obtained from rTMS of different
durations.

® Genes identified as differentially expressed in this data set could be useful in further studies
investigating the effects of rTMS on mouse brain.

® In contrast to the advantage of using microelectrodes, inflammation never occurs while using TMS
because it is non-invasive. Immune system may recognise the microelectrode and cause
inflammation.

1. Data

Affymetrix GeneChip microarray analyses of mRNA isolated from mouse CBS after 30days rTMS
showed altered expression of several genes (Tables 1-21), including glutamatergic, GABAergic and
glycinergic (e.g. glycine transporter) neurotransmission systems and ER stress—related genes. Affy-
metrix GeneChip microarray analyses of mRNA isolated from mouse cerebrum after 40 days rTMS also
showed altered expression of several genes (Tables 22-57), including glutamatergic (e.g. glutamate
transporters), GABAergic and glycinergic neurotransmission systems. Furthermore, Affymetrix Gen-
eChip microarray analyses of mRNA isolated from mouse CBS after 40days rTMS showed altered
expressions of several genes (Tables 58-94), including glutamatergic (e.g. glutamate transporters),
GABAergic and glycinergic neurotransmission systems. Mice CBS and cerebrum stimulated by rTMS
for 30 or 40days were denoted as M1 and M2, and sham control were denoted as C1 and C2 (n=2). All
the expression ratios were converted into the log, (expression ratio) values. L1: Signal Log Ratio (M1/
C1), L2: Signal Log Ratio (M2/C1), L3: Signal Log Ratio (M1/C2), L4: Signal Log Ratio (M1/C2). C1 and
C2 were used as control, and M1 and M2 were normalized with regard to C1 and C2 to obtain
expression ratios. Expression Console (EC) Ver.1.4 and Transcriptome Analysis Console (TAC) Ver.3
were used for comparison analysis as a manufacturer procedure. C means data analysis output for a
comparison analysis showing change p—values with the associated Increase (I) or Decrease (D) call.
Increase calls have change p—values closer to zero and Decrease calls have Change p—values closer to
one. Finally, the change algorithm assesses probe pair saturation, calculates a change p—values, and
assigns an (I), marginal increase (MI), no change (NC), marginal decrease (MD), or (D) call for C. Genes
with more than two significant difference calls were chosen. Abbreviations; TC ID: Transcript Cluster
ID, GS: gene symbol, *: Total number of increase, #: Total number of decrease. TC ID is available for
pathway analysis.

2. Experimental design, materials and methods

We performed a comprehensive analysis of altered gene expression in CBS after chronic rTMS
by using a high-density oligonucleotide array (GeneChip; Affymetrix, Santa Clara, CA, USA.
MG_U74Av2 probe array), as described elsewhere [2]. Using the Affymetrix algorithm [3] and
multiple analysis comparison software for assessing gene expression differences, mRNAs that
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increased or decreased in the mouse brain after chronic rTMS relative to levels in the control
mouse brain were identified. Pathway analysis was used to identify the significant pathway of the
differential genes based on KEGG. Furthermore, gene ontology (GO) analysis was performed to
analyse the main function of the differentially expressed genes based on GO, which is the key
functional classification of NCBI that can organise genes into hierarchical categories and uncover
the gene regulatory network based on biological process and molecular function [4]. Stimulation
was performed using a round—coil (7.5 cm outer diameter) and a Nihon Kohden Rapid Rate Sti-
mulator (Nihon Kohden, Japan). Stimulation conditions were as follows: 20 Hz, 2 s; 20 times/day;
inter—stimulus 1-min interval (30% machine output, representing approximately 0.75 T). The coil
was placed over the head without touching the skull. Sham control mice were ‘stimulated’
> 10 cm from the head. rTMS did not produce either notable seizures or changes in behaviour,
such as excessive struggling. The animals were killed 24 h after the last stimulation, and their
brains were processed for further analysis [6,7]. Whole mouse brain was divided at the midbrain
into the cerebrum and CBS. This method of stimulation is applied to the whole brain but not to
specific regions of brain. Hence, the feedback effect of the afferent pathway should be considered.
Total RNA was isolated from the cerebrum and CBS by acid-phenol extraction [5]. Poly(A)+ RNA
was isolated from the samples using an mRNA purification kit (TaKaRa Bio, Japan).
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1. ABSTRACT

CD26 is a 110 kDa surface glycoprotein therapy in selected immune disorders and cancers,
with intrinsic dipeptidyl peptidase IV activity that is advances that can lead to a more hopeful future for
expressed on numerous cell types and has a multitude patients with these intractable diseases.
of biological functions. The role of CD26 in immune
regulation has been extensively characterized, with 2. INTRODUCTION

recent findings elucidating its linkage with signaling

pathways and structures involved in T-lymphocyte CD26 is a 110-kDa cell surface glycoprotein
activation as well as antigen presenting cell-T-cell with known dipeptidyl peptidase IV (DPPIV.
interaction. In this paper, we will review emerging data EC3.4.1.4.5) activity in its extracellular domain (1-3),
on CD26-mediated immune regulation suggesting that capable of cleaving amino-terminal dipeptides with
CD26 may be an appropriate therapeutic target for either L-proline or L-alanine at the penultimate position
the treatment of selected immune disorders as well (3). CD26 activity is dependent on the expressing
as Middle East respiratory syndrome coronavirus. cell type and the microenvironment which influence
Moreover, we'have had a Iong-standllng interest in the its multiple biological roles (4-7). CD26 plays an
role of CD26 in cancer biology and its suitability as a important role in immunology, autoimmunity, diabetes
novel therapeutic target in selected neoplasms. We and cancer (8-12). Interacting directly with various
reported robust in vivo data on the anti-tumor activity other cell surface and intracellular molecules, CD26
of anti-CD26 monoclonal antibody in mouse xenograft can regulate receptor specificity and the function of

models. We herein review significant novel findings various interleukins (ILs). cytoki :
A : ines and chemok
and the early clinical development of a CD26-targeted via its DPPIV activity((13)). 4 i
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CD26 as therapeutic target

In this review, we summarize our recent
work on CD26/DPPIV that elucidated its suitability
as a potential therapeutic target in selected immune
diseases and cancers. We also discuss our current
knowledge of the molecular mechanisms of CD26/
DPPIV-mediated T-cell regulation, focusing particularly
on CD26/DPPIV role in immune checkpoint pathways
and programs associated with human immune
regulation. In addition, we describe CD26/DPPIV
involvement in cancer immunology.

3. IMMUNE MEDIATED DISORDERS
3.1. Chronic graft-versus-host disease

3.1.1. T cell costimulation in chronic graft-versus-
host disease

Graft-versus-host disease (GVHD) is a
severe complication and major cause of morbidity and
mortality following allogeneic hematopoietic stem cell
transplantation (alloHSCT) (14). Based on differences
in clinical manifestations and histopathology, GVHD
can be divided into acute and chronic forms (14).
Acute GVHD (aGVHD) and chronic GVHD (cGVHD)
are traditionally diagnosed primarily by time of onset,
with cGVHD occurring after day 100 of transplantation
(15). However, cGVHD has distinct clinicopathologic
features and is often diagnosed based on these
features regardless of time of onset, being
characterized by cutaneous fibrosis, involvement of
exocrine glands, hepatic disease, and obliterative
bronchiolitis (OB) (16, 17). OB, characterized by airway
blockade, peribronchiolar and perivascular lympho-
fibroproliferation and obliteration of bronchioles, is
a late-stage complication of cGVHD (18). Patients
diagnosed with OB have a 5-year survival rate of only
10 to 40%, compared to more than 80% of patients
without OB (19, 20). Furthermore, while multiple
strategies to control cGVHD involving T cell depletion
from the graft or global immunosuppression have been
developed, cGVHD is still a common clinical outcome
in many alloHSCT patients (17, 21). In addition,
immunosuppression potentially abrogates the graft-
versus-leukemia (GVL) effect, associated with
increased relapses following alloHSCT (22). Novel
therapeutic approaches are thus needed to prevent
c¢GVHD without eliminating the GVL effect.

GVHD is initiated when donor-derived T cells
are primed by professional antigen presenting cells
(APCs) to undergo clonal expansion and maturation
(14). Costimulatory pathways are required to induce
T cell proliferation, cytokine secretion and effector
function following antigen-mediated T cell receptor
activation (23), and the important role of costimulatory
pathways in transplant biology has been established
(24). CD26 is associated with T cell signal transduction
processes as a costimulatory molecule, as well as
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being a marker of T cell activation (1, 25, 26). We
previously showed that CD26-mediated costimulation
in human CD4 T cells exerts an effect on production
of T,1 type proinflammatory cytokines such as
interferon (IFN)-y (). Moreover, CD26""CD4 T cells
respond maximally to recall antigens with a high
competence for trafficking to inflammatory tissues
and for antibody synthesis by B cells (6, 26). We also
showed that CD26-caveolin-1 interaction leads to
activation of both CD4 T cells and APCs (27-29). More
recently, we demonstrated in in vitro experiments that
blockade of CD26-mediated T cell costimulation by
soluble Fc fusion proteins containing the N-terminal
domain of caveolin-1 (Cav-lg) diminished primary and
secondary proliferative responses not only to recall
antigen, but also to unrelated allogeneic APC (30).
Other investigators recently reported that CD26"" T
cells contain T,17 cells, and that CD26"s" T,17 cells
are enriched in inflamed tissues including rheumatoid
arthritis (RA) and inflammatory bowel diseases (IBD)
(31). These accumulating data strongly suggest that
CD26-mediated costimulation plays an important
role in memory response to recall antigens, and that
blockade of CD26 costimulation may be an effective
therapeutic strategy for immune disorders including
GVHD or autoimmune diseases.

3.1.2. Newly established humanized murine model
of cGVHD

We previously analyzed a humanized murine
aGVHD model involving mice transplanted with human
adult peripheral blood lymphocytes (PBL), and showed
that liver and skin were predominantly involved as
target organs in this model of aGVHD, which was
clearly impeded by the administration of humanized
anti-CD26 monoclonal antibody (mAb) (32). Our data
suggest that CD26* T cells play an effector role in
this aGVHD model. However, since the mice studied
in our previous work succumbed to aGVHD around
4 weeks after transplantation of human adult PBL,
this early-onset model of aGVHD does not permit
the assessment of longer term consequences of
interventional therapies, such as their effect on the
development of OB, a form of cGVHD of the lung.

In contrast to adult PBL, human umbilical
cord blood (HUCB) lymphocytes have been reported
to be immature, predominantly consisting of CD45RA*
naive cells (33, 34). We previously showed that, while
all HUCB CD4 T cells constitutively express CD26,
CD26-mediated costimulation was considerably
attenuated in HUCB CD4 T cells, compared to the
robust activation via CD26 costimulation of adult PBL
(34). These findings provided further insights into the
cellular mechanisms of immature immune response
in HuCB. Based on these findings, we hypothesized
that HUCB naive CD4 T cells gradually acquire a
xenogeneic response via attenuated stimulatory
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signaling with indolent inflammation in the target
organs, leading eventually to chronic inflammatory
changes. We therefore sought to develop a humanized
murine pulmonary cGVHD model utilizing HUCB donor
cells, and to overcome the limitations seen in the
humanized murine aGVHD model such as vigorous
activation of all engrafted T cells and extensive loss of
B cell maturation and activation (35, 36).

We first attempted to establish a humanized
murine model utilizing NOD/Shi-scidlL2ry" (NOG)
mice as recipients and HuCB as donor cells (37).
Whole CB transplant mice exhibited clinical signs/
symptoms of GVHD as early as 4 weeks post-
transplant, and demonstrated significantly decreased
survival rate. The lung of whole CB transplant mice
showed perivascular and subepithelial inflammation
and fibrotic narrowing of the bronchiole. Skin of whole
CB transplant mice manifested fat loss, follicular
drop-out and sclerosis of the reticular dermis in the
presence of apoptosis of the basilar keratinocytes
while the liver exhibited portal fibrosis and cholestasis.
These findings indicate that whole CB transplant mice
develop pulmonary cGVDH as well as concomitant
active GVHD in skin and liver. Taken together, our data
demonstrate that the lung of whole CB transplant mice
exhibits OB as manifestation of pulmonary cGVHD.

3.1.3. IL-26 contributes to the pathophysiology of
pulmonary cGVHD

Todeterminethe potential cellularmechanisms
involved in the pathogenesis of pulmonary cGVHD,
we next analyzed the composition of donor-derived
human lymphocytes in the GVHD lung. Utilizing flow
cytometric analysis for cell suspension isolated from
the lung specimens, donor-derived human CD3* cells
were found to be the predominant cell type observed in
the lung of whole CB transplant mice, comprising more
than 99% of the lymphocyte population. Moreover,
the human CD4 T cell subset was observed to be the
predominant cell type compared to CD8 T cells in the
lung of whole CB transplant mice. We nextanalyzed the
expression profile of MRNAs of various inflammatory
cytokines in human CD4 T cells isolated from the lung
of whole CB transplant mice. We found that /FNG,
IL17A, IL21 and IL26 were significantly increased over
the course of GVHD development following whole
CB transplantation, while /L2, TNF (TNF-c), /L4, IL6
and IL10 were decreased. In addition, substantial
increases were seen in levels of IFNG and /L26, with
IL17A and IL21 remained at a low level. It has been
reported that IFN-y is produced by T 1 cells (6), while
IL-17A and IL-26 are produced by T, 17 cells (38, 39).
Since both T,1 and T,17 cells strongly express CD26
(6, 31), we next analyzed the expression level of CD26/
DPP4, finding that DPP4 mRNA expression in human
CD4 T cells infiltrating in the lung of mice with OB
was significantly increased. These findings regarding
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mRNA expression levels were further supported by
enzyme-linked immunosorbent assay (ELISA) studies
examining protein levels in sera of recipient mice. To
determine whether these cytokines were produced
by the infiltrating human CD26'CD4 T cells, we next
conducted flow cytometric analyses of lymphocytes
isolated from the lung of the recipient mice. Levels
of human IFN-y* or IL-26*CD26'CD4 T cells were
significantly increased in whole CB transplant mice.
Multicolor-staining flow cytometric studies showed that
CD26*CD4 T cells in the lung of whole CB transplant
mice predominantly produced IL-26 rather than IFN-y.
In addition, while CD26*IFN-y"CD4 cells exclusively
expressed IL-26, CD26*IL-26'CD4 cells were
predominantly IFN-y-negative cells, and IL-17A" cells
were exclusively IL-26-negative. These data suggest
that CD26*CD4 T cells in the lung of mice with OB
express IL-26 as well as IFN-y but do not belong to the
T,,17 cell population.

To further extend the above in vitro results
to an in vivo system, we analyzed the lung of murine
alloreactive GVHD using human /L26 transgenic (Tg)
mice. For this purpose, we used mice carrying human
JFNG and IL26 transgene (190-IFNG Tg mice) or mice
carrying human IFNG transgene with deleting /L26
transcription (ACNS-77 Tg mice). 190-/IFNG Tg mice
exhibited production of IL-26 by CD4 T cells under T,,1-
or T, 17-polarizing conditions, while expression of IL-26
was completely abrogated in ACNS-77 Tg mice (38).
In addition, production of IFN-y by T or NK cells was
equivalent in both 190-/FNG Tg and ACNS-77 Tg mice
(40). Histologic examinations of the lung of recipient
NOG mice deriving from parental C57BL/6 (B6 WT)
mice or ACNS-77 Tg mice showed peribronchial
infiltration and cuffing denoting GVHD, while collagen
deposits were not detected by Mallory staining, and
IL-26* cells were not detected. On the other hand, the
lung of recipient NOG mice deriving from 190-IFNG
Tg mice showed peribronchial infiltration and cuffing
denoting GVHD with collagen deposition and IL-26*
cell infiltration. These results suggest that human
IL-26, but not human IFN-y, plays a critical role in
pulmonary fibrosis associated with lung cGVHD.

3.1.4. IL-26 production via CD26-mediated T cell
costimulation

To test whether human CD4 T cells produce
IL-26 following CD26 costimulation, we conducted in
vitro costimulation experiments using HUCB CD4 T
cells and analyzed expression of various inflammatory
cytokines. We found that levels of /L26 and DPP4 were
significantly increased following CD26 costimulation
compared with CD28 costimulation. We next
conducted costimulation experiments evaluating dose
and time kinetics using the CD26 costimulatory ligand
Cav-lg as well as anti-CD26 or anti-CD28 mAbs.
We showed that production of IL-26 was increased
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following CD26 costimulation with Cav-Ig or anti-CD26
mAb in dose- and time-dependent manners, while a
slight increase in IL-26 level was observed following
CD28 costimulation only at higher doses of mAb and
longer stimulation periods. Blocking experiments were
then performed for further confirmation, showing that
IL-26 production induced by Cav-Ig or anti-CD26 mAb
was clearly inhibited by treatment with soluble Cav-lg
in a dose-dependent manner, while no change was
observed with CD28 costimulation. These findings
strongly suggest that production of IL-26 by HuCB CD4
T cells is regulated via CD26-mediated costimulation.
Moreover, since the functional sequences of the
N-terminal of caveolin-1 are highly conserved between
human and mouse (41) allowing for the capability
to bind human CD26 as a costimulatory ligand, it is
conceivable that donor HUCB T cells transferred into
mice were activated via CD26 costimulation triggered
by murine caveolin-1. In fact, using polyclonal antibody
recognizing the N-terminal of both human and murine
caveolin-1, expression of caveolin-1 was detected in
endothelial cells and macrophage-like cells of OB-
like lesions in cGVHD lung. Taken together, CD26-
mediated IL-26 production triggered by caveolin-1 is
identified as a possible therapeutic target in cGVHD
using HUCB NOG mice.

3.1.5. Prevention of lung cGVHD development by
Cav-lg administration

Given the role of CD26 costimulation in IL-26
production and IL-26 regulation of collagen production,
we therefore sought to determine whether disruption
of CD26 costimulation by a blocking reagent, Cav-Ig,
prolonged survival of the recipient mice associated
with a reduction in the incidence of OB. Recipients
treated with Cav-Ig survived for 7 months without any
clinical findings of cGVHD. Meanwhile, the survival
rate of recipient mice treated with control Ig was
significantly reduced, with clinical signs/symptoms of
¢GVHD. Human cells were engrafted similarly in both
groups. Histologic examinations of the lung showed
the development of OB in the control Ig cohort, while
the lung of Cav-lg recipient mice displayed normal
appearances with none having positive pathology
scores. These effects of Cav-lg were also observed in
other GVHD-target organs such as the skin and liver.
Moreover, collagen contents in the lung were reduced
in Cav-lg administered-recipients. Taken together,
the above results support the notion that Cav-lg
administration prevents the development of pulmonary
c¢GVHD in whole CB transplant mice by decreasing the
number of IL-26*CD26*CD4 T cells.

3.1.6. Treatment with Cav-lg preserves GVL
capability

Since GVHD and GVL effect are highly linked
immune reactions (42), we evaluated the potential
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influence of Cav-lg treatment on GVL effect. For
this purpose, cohorts of Cav-lg or control Ig treated
recipient mice of whole CB transplant were irradiated
at sublethal doses and then injected intravenously with
luciferase-transfected A20 (A20-luc) cells 1 day prior
to whole CB transplantation to allow for dissemination
of tumor cells. The next day following transplantation,
treatment with Cav-Ig or control Ig thrice a week began
on day +1 until day +28. Mice inoculated with A20 cells
alone all died of tumor progression within 6 weeks.
Recipients treated with control Ig exhibited clinical
evidence of GVHD such as weight loss and ruffled fur
and died of GVHD without tumor progression in 13
weeks. In contrast, recipient mice treated with Cav-
Ig displayed significantly prolonged survival without
involvement of A20-luc cells. To better characterize
the potency of the GVL effect, we repeated these
studies with injection of A20-luc cells on day +28
after whole CB transplantation to allow for acquisition
of immunosuppression by Cav-lg treatment. Mice
inoculated with A20 cells alone all died of tumor
progression within 2 weeks after tumor inoculation.
Recipient mice treated with control Ig demonstrated
clinical evidence of GVHD such as weight loss and
ruffled fur and died of GVHD without tumor progression
within 13 weeks after transplantation. In contrast,
recipients treated with Cav-lg exhibited significantly
prolonged survival without involvement of A20-luc
cells. Collectively, these results demonstrate that Cav-
lg treatment of recipient mice of whole CB transplant
was effective in reducing the symptoms of cGVHD
without a concomitant loss of the GVL effect.

3.1.7. Role of CD26 in cGVHD

While the human CD26 amino acid (AA)
sequence has 85% AA identity with the mouse
CD26 (43), the mouse CD26 has different biologic
properties from the human CD26, including the
fact that the mouse CD26 is not a T cell activation
marker, and does not bind to adenosine deaminase
(ADA) (43, 44). Therefore, humanized murine models
need to be developed to explore the role of CD26-
mediated costimulation in cGVHD. With relevance
as a costimulatory ligand for human CD26, human
caveolin-1 has 95% AA identity with the mouse
caveolin-1 (41), and the binding regions of the mouse
caveolin-1 for human CD26 are well conserved.
Therefore, costimulatory activation of human T cells in
NOG mice can occur via CD26-caveolin-1 interaction.
Moreover, the N-terminal domain is present in the outer
cell surface during the antigen presenting process (27),
and caveolin-1 forms homo-dimer or homo-oligomer
via its N-terminal domain (41). These collective data
suggest that the administered Cav-lg binds to the
N-terminal of caveolin-1 on the cell surface of APCs
as well as to CD26 in T cells, leading to suppression
of ¢cGVHD in HuCB-NOG mice via blockade of
CD26-caveolin-1 interaction. Conclusively, our work
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demonstrates that caveolin-1 blockade controls
cGVHD by suppressing the immune functions of
donor-derived T cells and decreasing IL-26 production.
Moreover, IL-26*CD26*CD4 T cell infiltration appears
to play a significant role in cGVHD of the lung and skin.
~ While complete suppression of cGVHD with current
interventional strategies represents a difficult challenge
at the present time, our data demonstrate that control
of cGVHD clinical findings can be achieved in a murine
experimental system by regulating IL-26*CD26'CD4 T
cells with Cav-lg. Our work also suggests that Cav-
Ig treatment may be a novel therapeutic approach for
chronic inflammatory diseases, including RA and IBD,
in which IL-26 plays an important role.

3.2. Middle East respiratory syndrome coronavirus

3.2.1. Current efforts against Middle East respira-
tory syndrome coronavirus

Middle East respiratory  syndrome
coronavirus (MERS-CoV) was first identified in a
60-year-old patient in June 2012 who presented
with acute pneumonia, followed by acute respiratory
distress syndrome andrenalfailure with afatal outcome
(45). Between 2012 and August 28, 2017, 2067
laboratory-confirmed cases of MERS-CoV infection
were reported to the World Health Organization
(WHO), which has notified of at least 720 deaths
(around 35% fatality rate) related to MERS-CoV since
September 2012 (46). Efforts to develop effective
preventive and therapeutic intervention strategies
are currently ongoing. Several treatment modalities
have been investigated to develop effective therapies
against MERS-CoV, including interferon, ribavirin,
cyclosporin A, protease inhibitors, convalescent
plasma and immunoglobulins. Several promising
anti-MERS-CoV therapeutic agents have recently
been reviewed extensively (47), while broad spectrum
antiviral agents might not be sufficient to treat severe
MERS-CoV patients because of its limited effective
therapeutic window of opportunity (48).

An alternative approach using prophylactic
regimens would be theoretically suitable to limit the
spread of MERS-CoV. This scenario includes MERS-
CoV vaccine and neutralizing MERS-CoV-specific
mADb (48). The MERS-CoV genome encodes for 16
non-structural proteins (nsp1-16) and 4 structural
proteins, the spike (S), envelope (E), membrane
(M), and nucleocapsid (N) (49). The viral structural
proteins, S and N, show the highest immunogenicity
(50). While both S and N proteins induce T-cell
responses, neutralizing antibodies are almost solely
directed against the S protein, with the receptor binding
domain (RBD) being the major immunodominant
region (51). These great challenges have been
extensively reviewed in previously published papers
(48, 52).
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Recent reports indicated that the spike
protein S1 of MERS-CoV is required for viral entry
into human host cells (53-55), using CD26/DPPIV as
a functional receptor (56). Inhibiting virus entry into
host cells could also be achieved by targeting the
host receptor CD26/DPPIV. While inhibitors of the
CD26/DPPIV enzymatic activity are used clinically to
treat type 2 diabetes patients, commercially available
DPPIV inhibitors would not serve this purpose since
these agents have been shown not to inhibit binding
of the RBD of MERS-CoV to CD26/DPPIV (57). We
previously showed that human CD26 is a binding
protein for ADA (58). Currently, it is known that there are
two isoforms of ADA, ADA1 and ADA2 (59). ADAT1 is
particularly present in lymphocytes and macrophages,
while ADA2 is found predominantly in the serum and
other body fluids including pleural effusion (59). CD26/
DPPIV binds to ADA1, but not ADA2 (58, 60, 61). The
crystal structure of CD26/DPPIV and the S protein of
MERS-CoV allowed for visualization of the interacting
AA in both proteins. However, our in vitro experiments
showed that blockade of MERS-CoV binding to CD26/
DPPIV by ADA1 is incomplete (62). Therefore, mAbs
blocking CD26/DPPIV binding to the RBD of MERS-
CoV needs to be developed.

3.2.2. CD26/DPPIV is a functional receptor for
MERS-CoV entry into host cells

CD26/DPPIV, a host receptor for MERS-
CoV, is conserved among different species such as
bats and humans, partially explaining the large host
range of MERS-CoV (63). In addition to being widely
expressed in most cell types including T lymphocytes,
bronchial mucosa or the brush border of proximal
tubules, CD26/DPPIV exists in systemic circulation
as soluble form (13). This distribution of CD26 may
play a role in the systemic dissemination of MERS-
CoV infection in human (64-66). Therefore, an
effective therapy for MERS-CoV is needed not only to
block the entry of MERS-CoV into CD26-expressing
organs such as the respiratory system, kidney, liver or
intestine, but also to eliminate circulating MERS-CoV.
In this regard, manipulation of CD26/DPPIV levels or
the development of inhibitors that target the interaction
between the MERS-CoV S1 domain and its receptor
may provide therapeutic opportunities to combat
MERS-CoV infection. More recently, the RBD in the S
protein was mapped to a 231-AA fragment of MERS-
CoV S proteins (residues 358-588) (51).

3.2.3. ldentification of specific anti-CD26 mAb
clone for blocking MERS-CoV

We have recently mapped MERS-CoV S
protein-binding regions in human CD26 molecule
and demonstrated that anti-CD26 mAbs, which
had been developed in our laboratory, effectively
blocked the interaction between the spike protein and

© 1996-2018



CD26 as therapeutic target

ot |_ADA binding region
? (340-344th AAs)

1F7,YS110
__recognition area P 2F9 recognition area
AA 24 35 449
CD26
TM Extracellular = * 1a ko xam *
domain %

MERS-CoV contacting residues
(AA229, 267, 286, 288, 291, 294, 295, 317, 322, 336, 341, 344, 348, and 392)

Figure 1. Schematic diagram of human CD26 profiling the predicted contacting areas of anti-CD26 mAbs 2F9, 1F7, YS110 and MERS-CoV S1. 2F9
recognizes between 248-449th AAs including the ADA binding regions, and 1F7 or YS110 recognize between 248-358th AAs excluding the ADA binding
regions. MERS-CoV contacting residues of human CD26 are indicated in stars, with available information obtained from recently published data (55, 69).
TM indicates the transmembrane region of human CD26 (black box), and the extracellular domain of CD26 is located at the C-terminal residues of TM.
This Figure is reprinted with permission from K Ohnuma et al., J Virol 87: 13892-13899, 2013 (62).

CD26, thereby neutralizing MERS-CoV infectivity. To determine whether treatment with anti-
To determine the specific CD26 domain involved in CD26 mAbs 2F9 as well as 1F7 and YS110 could
MERS-CoV infection, we chose six different clones inhibit MERS-CoV infection, susceptible cells, Huh-7,
of anti-CD26 mAbs (4G8, 1F7, 2F9, 16D4B, 9C11, were pre-incubated with various anti-CD26 mAbs prior
14D10), and the humanized anti-CD26 mAb YS110, to inoculation with the virus (62). In this experimental
which recognize 6 distinct epitopes of the CD26 system, infection was almost completely blocked
molecule (67, 68), to conduct MERS-CoV S1-Fc (S1 by 2F9 but not by control IgG or several other anti-
domain of MERS-CoV fused to the Fc region of human CD26 mAbs recognizing other epitopes (4G8, 16D4B,
IgG) binding inhibition assays (62). 2F9 inhibited fully 14D10 or 9C11). Moreover, the anti-CD26 mAbs
binding of MERS-CoV S1-Fc to JKT-hCD26WT (Jurkat 1F7 and YS110 considerably inhibited MERS-CoV
cells transfected with full-length human CD26/DPPIV), infection of Huh-7 cells. These results demonstrate
while other anti-CD26 mAbs demonstrated certain that 2F9 inhibits MERS-CoV entry, and therefore can
levels of inhibition (1F7, or YS110) or no significant potentially be developed as a preventive or therapeutic
inhibition (4G8, 16D4B, 9C11 or 14D10). These results agent for MERS-CoV infection in the clinical setting.
strongly suggest that the anti-CD26 mAb 2F9 has More importantly, the humanized anti-CD26 mAb
better therapeutic potential than recombinant MERS- YS110 has been evaluated in patients with CD26-
CoV S1-Fc in preventing viral entry into susceptible expressing cancers in our recent first-in-human (FIH)
cells, and that 1F7 or YS110 also block MERS-CoV phase | clinical trial (70). Since no apparent adverse
infection. effects of YS110 have been reported besides transient
and tolerable injection reactions, YS110 may be an
Moreover, we have characterized the CD26 immediate therapeutic candidate for clinical use as
epitope involved in MERS-CoV S1-Fc binding to CD26 potential treatment for MERS-CoV infection.
through the use of various CD26 mutants with deletion
in the C-terminal extracellular region, since CD26 is a 3.3. Psoriatic pruritus
type Il transmembrane protein (9, 29). Our biological
experiments on binding regions of CD26 to MERS- 3.3.1. CD26/DPPIV and psoriasis
CoV using mAbs showed results comparable to those
obtained from crystal structure analysis (55, 69), which Psoriasis (PSO) is one of the most common
are summarized in a schematic diagram of human inflammatory skin diseases, found in about 1-3% of
CD26 at 1-449th AAs (Figure 1). Our observations the world general population (71). For a long time,
strongly suggest that the main binding regions of CD26 PSO had been considered as a non-pruritic dermatitis.
to MERS-CoV appear to be close to the 358th AAs However, within the past 30 years, a number of
recognized by 2F9, and the regions of CD26 defined studies have demonstrated that approximately 60-
by 1F7 and YS110 (248-358th AAs) are also partially 90% of patients with PSO suffer from pruritus (71-76).
involved in MERS-CoV binding. Pruritus is an important symptom of PSO. Despite
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the fact that several studies have been undertaken
to investigate the pathogenesis of pruritus in PSO,
many aspects have not yet been studied (71, 77).
Therefore, the pathogenesis of this symptom is far
from being well-understood and, as a consequence,
the therapy of pruritic psoriatic patients still remains
a significant challenge for clinicians (78). It has been
demonstrated that DPPIV is expressed at high levels
on keratinocytes and that DPPIV inhibition suppresses
keratinocyte proliferation in vitro, and restores partially
keratinocyte differentiation in vivo (79). Moreover,
it has been reported that DPPIV is expressed on
keratinocytes and its activity is upregulated in PSO
(80, 81), findings which support a potential role for
DPPIV enzyme activity in the pathogenesis of PSO.
While other investigators have reported a significant
improvement in disease severity in PSO patients
treated with a DPPIV inhibitor (82, 83), the precise
mechanisms involved in DPPIV-mediated regulation
of PSO have not been elucidated (84). Recent report
showed that T-cell bound expression of CD26/DPPIV
in psoriatic skin was explicitly present, albeit in small
quantities (81). One hypothesis of potential effect of
DPPIV in PSO is that T cell activation mediated by
DPPIV is associated with the pathogenesis of PSO
(85). Cytokines and chemokines represent the third
key player in the psoriatic chronic immune response
(86). They are considered as mediators responsible
for activation and recruitment of infiltrating leukocytes
and therefore play a crucial role in the development
and persistence of psoriatic skin lesions (87). DPPIV
likely plays a pivotal role in the processing of these
molecules (84). The extracellular protease domain of
DPPIV (both on keratinocytes and T cells) can cleave
dipeptides from the amino terminus of proteins, such
as cytokines and chemokines, which are abundantly
present in a chronic immune response in PSO,
resulting in alterations in receptor specificity and
subsequent modifications of biological activity. Taken
together, it is conceivable that PSO is a disease
involving the complex interplay among activated T
cells, keratinocytes and cytokines, and that DPPIV has
a key regulatory role in the interactions of these three
disease components.

3.3.2. Elevation of sCD26 and DPPIV enzyme in
sera of PSO patients

To determine whether serum soluble CD26
(sCD26) and soluble DPPIV (sDPPIV) enzyme play
a role in PSO, we evaluated levels of sCD26 and
sDPPIV enzyme activity in sera of patients with PSO
(88). For this purpose, we performed our in-house
capture assay method using anti-human CD26 mAb
as a capture antibody for detecting DPPIV enzyme
activity specific to sCD26 (89). Since commercially
available DPPIV enzyme assay kits measure DPPIV
activity in whole serum, but not in captured sCD26
molecules from the samples, it is possible that DPPIV-
like peptidase activity other than that possessed
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by the captured sCD26 molecules was measured,
leading to an overestimate of the DPPIV activity in the
samples (90). Analyses of serum samples obtained
from 18 healthy adult volunteers and 48 PSO patients
demonstrated that serum sCD26 concentration of PSO
patients was significantly higher than that of healthy
adults. Moreover, serum levels of sDPPIV enzyme
activity were also significantly higher in patients with
PSO compared with healthy adult controls. These data
suggestthat DPPIV enzyme activity is increased in sera
of patients with PSO, which is linked to a concomitant
increase in sCD26 in the same patient population.
These observations also suggest that DPPIV enzyme
plays a role in the pathogenesis of PSO.

3.3.3. Increased pruritus by truncation of sub-
stance P, a ligand for CD26/DPPIV

Among various mediators of pruritus
investigated in inflammatory skin diseases, substance
P (SP) is a key molecule in an itch sensory nerve (91-
93), consisting of 11 AA residues with dual DPPIV
cleavage sites at its N-terminal position. In fact,
DPPIV enzyme digests full-length SP(1-11) resulting
in a truncated form of SP(5-11), an activity inhibited
by the presence of the DPPIV enzyme inhibitor
sitagliptin (88). Moreover, we observed that levels
of SP degraded by DPPIV were increased in sera of
patients with PSO. Taken together with the above data
regarding an increase of sCD26/DPPIV levels in PSO
patients, these results also suggest that the increase
in DPPIV activity appears to play an important role in
PSO by truncating SP.

We next utilized an itchy mouse model by
intradermal injection (i.d.) of recombinant SP and
quantified scratching behavior in mice to determine
an itchy symptom. Mice treated with SP(5-11) i.d.
demonstrated a significant increase in scratching
behavior, compared with mice receiving control solvent
or mice receiving fulllength SP(1-11). On the other
hand, scratching behavior in SP(1-11) i.d. mice was
significantly decreased in mice treated with the DPPIV
inhibitor sitagliptin. Furthermore, SP-induced scratching
behavior was significantly attenuated in CD26/DPPIV
knockout (CD26KO) mice compared with that observed
in B6 WT mice. Our data suggest that truncated
form of SP cleaved by DPPIV enzyme increases an
itch sensation and that SP-induced itch sensation is
attenuated by inhibition of the DPPIV activity.

To further determine that DPPIV inhibition
affects pruritus, we evaluated scratching behavior
utilizing an imiquimod (IMQ)-induced psoriatic itch
model (94, 95). Serum levels of truncated form of
SP were significantly increased in IMQ-treated mice
compared with control cream-treated mice. Moreover,
scratching behavior was significantly increased in
IMQ-treated mice than control cream-treated mice.
These data indicate that IMQ induces psoriatic itchy
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skin lesions in mice associated with an increase in the
truncation of SP. We next analyzed the frequencies
of itch scratching behavior following DPPIV inhibitor
administration. IMQ-treated mice receiving sitagliptin
showed significant decrease of scratching behavior
compared with IMQ-treated mice receiving control
solvent. Meanwhile, there was no change in scratching
behavior between control cream-treated mice receiving
sitagliptin or control saline, with baseline levels of
scratching behavior in both cohorts. Taken together,
our data suggest that treatment with the DPPIV
inhibitor sitagliptin attenuates psoriatic itch sensation
via a decrease in the truncated form of SP.

Previous studies have reported that serum
levels of SP were decreased in patients with PSO (96-
98). Meanwhile, since SP is cleaved by DPPIV enzyme
and DPPIV enzyme activity is increased in PSO (88), it
is important for a detailed understanding of the role of
SP in PSO to precisely measure the truncated form of
SP separately from full-length SP. In our recent study,
we evaluated full-length SP(1-11) and truncated forms
of SP and demonstrated that there was no change
in the serum levels of full-length SP(1-11), SP(2-
11) and SP(3-11) between PSO and healthy adult
controls (88). However, we found that DPPIV enzyme
activity and the truncated form of SP were significantly
increased in PSO, and that the truncated form of SP(5-
11) resulting from DPPIV enzyme activity is associated
with an increase in itch sensation. In the IMQ-induced
PSO model, the truncated form of SP was significantly
increased in sera compared with control mice, and
scratching behavior was decreased by administration
of sitagliptin. On the other hand, there were no
differences in serum levels of DPPIV enzyme activity
between IMQ and control cream-treated mice. It is
conceivable that the persistent existence of psoriatic
skin lesions may be required for the increased serum
levels of DPPIV enzyme activity seen in PSO patients,
and that SP truncation may result from the increased
levels of DPPIV enzyme activity in skin lesions rather
than in the circulation (80, 99, 100). Our recent study
has conclusively demonstrated that increase in DPPIV
enzyme activity exacerbates pruritus in PSO, and that
inhibition of DPPIV enzyme reduces severity of itch
scratching behavior. Moreover, our results suggest
that DPPIV inhibitors are useful as therapeutic agents
for pruritus including PSO.

4. CANCERS

4.1. Novel mechanism of CD26/DPPIV in cancer
immunology

4.1.1. Anti-tumor effect of CXCL10-mediated
CXCR3* lymphocyte via DPPIV inhibition

CD26/DPPIV regulates the activities of a
number of cytokines and chemokines. However, direct

in vivo evidence for a role for CD26 in tumor biology
and its interaction with the tumor microenvironment
(TME) has not yet been reported. Recent work has
demonstrated clearly the interaction between DPPIV
and substrate CXCL10, as well as the functional role
of DPPIV-mediated post-translational modification
of chemokines in regulating tumor immunity (101).
Preservation of the full length, bioactive CXCL10 by
DPPIV inhibition results in increased level of CXCR3*
effector T cells in the TME and subsequent tumor
growth reduction. CXCR3 has been shown to be a
functional receptor for CXCL10 (102). Importantly,
the combination of DPPIV inhibition and checkpoint
blockade therapy remarkably augments the efficacy
of naturally occurring and immunotherapy-based
tumor immunity. These investigators therefore provide
the direct evidence of DPPIV as an in vivo regulator
of CXCL10-mediated T cell trafficking with relevance
for tumor immunity and immunotherapy (Figure 2).
The TME consists of numerous cell types along with
the neoplastic cells. Among them are the effector
lymphocytes capable of infiltrating into the tumor sites
that are specifically required for anti-cancer immune
response (103). CXCL10 is a chemoattractant for
immune cells such as monocytes, T cells and NK cells
and is secreted from a variety of cells in response to
IFN-y, including monocytes, neutrophils, eosinophils,
epithelial cells, endothelial cells, fibroblasts and
keratinocytes (104). CXCL10 appears to have a dual
role on tumor growth, with its proliferative or anti-
proliferative activity being cell-type-dependent as
a result of differences in the subtype of its receptor
CXCR3(104). CXCR3israpidlyinducedon naive Tcells
following activation and preferentially remains highly
expressed on T, 1-type CD4* cells and CD8* cytotoxic
T lymphocytes (CTL), resulting in enhancement of T
cell migration to facilitate tumor immune responses
(105). Although strong T,1 and CTL responses in
the TME are beneficial for tumor suppression, these
responses are counterbalanced to prevent unwanted
tissue damage and immunopathology by disrupting
the proinflammatory loop. CXCR3* T, has been
recently identified (106) , as IFN-y signaling activates
the T,1 transcription factor T-bet, which in turn
promotes CXCR3 expression to induce T,1-specific
T, in the inflammatory sites. Moreover, CXCR3 is a
marker of CD8* IL-10-producing cells with suppressive
activity in both mice and human (107). The exact
factors determining whether CXCR3* effector T cells
and CXCR3* regulatory lymphocytes will oppose or
cooperate with each other during the tumor growth
process in vivo remain to be elucidated.

4.1.2. Immune checkpoint mechanism via CD26/
DPPIV

Although the cellular and molecular

mechanisms involved in CD26-mediated T cell
activation have been extensively evaluated by our
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Figure 2. DPP4 inhibition suppresses truncation of its ligand CXCL10, leading to recruitment of CXCR3* T cells into tumor parenchyma. Through an in
vivo xenotransplant models, DPPIV inhibitor is found to reduce tumor growth through the preservation of bioactive CXCL10 in the tumor microenvironment
(TME). In the normal physiological state, CXCL10 is rapidly degraded by CD26/DPPIV, resulting in decreased recruitment and migration of CXCR3* T
cells into the tumor parenchyma. In contrast, DPPIV inhibition enhances tumor rejection by preserving the full-length biologically active form of CXCL10,
leading to increased trafficking of CXCR3* T cells into the tumor parenchyma. This anti-tumor response is potentiated in combination with other anti-
tumor immunotherapeutic approaches including CpG adjuvant therapy, adoptive T cell transfer therapy and checkpoint blockade therapy. This Figure is
reprinted with permission from K Ohnuma et al., Nat Immunol 16: 791-792, 2015 (156).

group and others (4-6, 9, 13, 90), potential negative
feedback mechanisms to regulate CD26-mediated
activation still remain to be elucidated. Utilizing human
PBL, we found that production of IL-10 by CD4* T cells
is preferentially increased following CD26-mediated
costimulation  compared  with ~ CD28-mediated
costimulation (108). IL-21 production was also greatly
enhanced in the late phase of CD26 costimulation.
On the other hand, production of IL-2, IL-5 or TNF-o.
was much lower following CD26 costimulation than
CD28 costimulation. In contrast, no difference in the
production of IL-17A, IFN-y, or IL-4 was observed
following CD26 or CD28-mediated costimulation.
These data indicate that CD26 and CD28 costimulation
of CD4* T cells results in different cytokine production
profiles, with IL-10 production being preferentially
enhanced following CD26 costimulation. Furthermore,
we found that both the cell surface and intracellular
expression of LAG3 (lymphocyte activation gene-3)
was clearly enhanced with increasing doses of anti-
CD26 mAb, and that CD26-induced enhancement of
LAG3 was more pronounced than the effect of CD28-
mediated costimulation. On the other hand, both
CD26 and CD28-mediated costimulation enhanced
the expression of CTLA-4 (cytotoxic T-lymphocyte-
associated antigen 4) and FOXP3 (forkhead box
protein P3), with no significant difference being
detected between these two costimulatory pathways.
In contrast with CD28 costimulation, LAP (latency
associated protein) complexed with TGF-B1 was hardly
induced following CD26 costimulation. We showed
that all the CD4* T cells expressed LAG3 following
CD26 or CD28 costimulation, and that no difference
was observed in the percentage of LAG3 expressing
cells, while the expression intensity of LAG3 after
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CD26-mediated costimulation was significantly higher
than after CD28-mediated costimulation. LAG3 serves
as a marker of IL-10 producing T, (109), and binds
to major histocompatibility complex (MHC) class I
molecules with higher affinity than CD4, leading to
transduction of inhibitory signals for both T cells and
APCs (110, 111). Therefore, our data strongly suggest
that signaling events via CD26 may induce the
development of CD4* T cells to a Type 1 regulatory
T cells (Tr1)-like phenotype. By expression analysis
with Western blotting and quantitative real-time
polymerase chain reaction (RT-PCR) experiments and
by cell functional analysis utilizing chemical inhibitors
and small interfering RNA (siRNA) experiments,
we showed that co-engagement of CD3 and CD26
induces preferential production of IL-10 in human
CD4* T cells, mediated through NFAT (nuclear factor
of activated T cells) and Raf (rapidly accelerated
fibrosarcoma)-MEK (mitogen-activated protein kinase
(MAPK)/extracellular signal-regulated kinase (ERK)
kinase)-ERK pathways (108). High level of early
growth response 2 (EGR2) is also induced following
CD26 costimulation, possibly via NFAT and AP-1
(activator protein-1)-mediated signaling, and knock
down of EGR2 leads to decreased IL-10 production.
Taken together, these observations strongly suggest
that CD26-mediated costimulation of CD4* T cells
results in enhanced NFAT/AP-1-dependent EGR2
expression, which is associated with the preferential
production of IL-10. Finally, we demonstrated that
CD3/CD26-stimulated CD4* T cells clearly suppress
proliferative activity and effector cytokine production
of bystander T cells in an IL-10-dependent manner
(108). Collectively, our results above suggest that
CD3/CD26 costimulation induces the development of
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human Tri-like cells from CD4* T cells with high level
of IL-10 production and LAG3 expression. Preclinical
models showed that antibody-mediated blocking of
LAG3 as potential anti-cancer therapy led to enhanced
activation of antigen-specific T cells at the tumor sites
and disruption of tumor growth (112). Moreover, anti-
LAG3/anti-PD-1 (programmed cell death 1) antibody
treatment cured most mice of established tumors that
were largely resistant to single antibody treatment
(112). Taken together, it is conceivable that CD26 itself
may function as an inhibitory molecule of an immune
checkpoint system in certain disease conditions,
similar to LAG3 or PD-1.

4.2, Malignant pleural mesothelioma

4.2.1.-FIH phase | clinical trial of humanized
anti-CD26 mAb

Our previous work analyzing extracellular
matrix (ECM) interactions and intracellular signaling
events demonstrated that the malignant mesothelial
cell line JMN expresses CD26 (113). Our recent
in-depth studies of CD26 expression in malignant
pleural mesothelioma (MPM) revealed that CD26 is
preferentially expressed in MPM cells but not in normal
mesothelial cells (114, 115). These intriguing findings
propelled our development of CD26-targeted therapy
for MPM. For this purpose, we had developed a novel
humanized anti-CD26 mAb, namely YS110. YS110
is a recombinant DNA-derived humanized mAb that
selectively binds with high affinity to the extracellular
domain of CD26. The antibody is an IgGx with a
molecular weight of 144 kDa and was humanized via
an in silico design based on the AA sequence of anti-
human CD26 murine mAb (14D10), which inhibited
tumor cell growth, migration and invasion, and
enhanced survival of mouse xenograft models (116).
YS110 is produced by fermentation in CHO (Chinese
hamster ovary) mammalian cell suspension culture
with the Glutamine Synthetase Expression System. /n
vitro pharmacologic evaluation of YS110 demonstrated
its selective binding to human CD26 on a number of
human cancer cell lines and tissues, with no apparent
effect on immune activation and no inhibition of
DPPIV activity, while exhibiting direct cytotoxic effect
on certain human CD26-positive cancer cell lines.
Moreover, our in vitro data indicated that YS110
induces cell lysis of MPM cells via antibody-dependent
cellular cytotoxicity (ADCC) in addition to its direct
anti-tumor effect via cyclin-dependent kinase inhibitor
(CDKI) p27¢** and p21°*' accumulation (68, 117).
In vivo experiments with mouse xenograft models
involving human MPM cells demonstrated that YS110
treatment drastically inhibits tumor growth in tumor-
bearing mice and reduces formation of metastases,
resulting in enhanced survival (68). Our data strongly
suggest that YS110 may have potential clinical use as
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a novel cancer therapeutic agent for CD26-positive
malignant mesothelioma.

In addition to our robust in vitro and in
vivo data on antibody-mediated dose-dependent
tumor growth inhibition, YS110 exhibited excellent
safety and pharmacological profiles in non-human
primate models using single and repeated increasing
intravenous doses. Considering the lack of T cell
proliferation and cytokine production in vitro, YS110
was therefore considered not to have an agonistic
nor activating effect on human CD26-positive
lymphocytes. Other key safety findings were obtained
from studies involving cynomolgus monkeys which
express YS110-reactive CD26 molecules, with similar
tissue distribution profiles and expression levels
to human CD26. We therefore conducted the FIH
clinical trial of YS110 for patients with MPM and other
CD26-positive solid tumors (70). Thirty-three heavily
pre-treated patients with CD26-positive cancers
including 22 malignant mesothelioma, 10 renal
cell carcinoma (RCC) and 1 urothelial carcinoma
underwent YS110 administration. A total of 232
infusions (median 3 (range 1-30)) of YS110 were
administered across 6 dose levels ranging from 0.1
to 6.0 mg/kg. Maximum tolerated dose (MTD) was
not reached and 2 dose limiting toxicities (DLTs) (1
patient with grade 3 anaphylactic reaction at 1.0 mg/
kg and 1 patient with grade 3 allergic reaction at
2.0 mgl/kg) were reported with complete resolution
following dose omission. Subsequent use of systemic
steroid prophylaxis and exclusion of patients with
significant allergy histories improved safety profile.
No dose-dependent adverse events were observed.
Blood exposure pharmacokinetics parameters (AUC
and C_,) increased in proportion with the dose.
Cytokines and immunophenotyping assays indicated
CD26 target modulation with no occurrence of
infectious nor autoimmune disease complications.
These results demonstrated that YS110 is tolerable
in human subjects. A secondary objective of this
FIH study was to evaluate the potential antitumor
activity of YS110 according to RECIST 1.0 (response
evaluation criteria in solid tumors) criteria (or modified
RECIST criteria for mesothelioma). No objective

. response was achieved in any of the treated patients.

However, stable disease as the best overall response
was observed in 13 out of the 26 valuable patients on
Day 43 of the first cycle (1 at 0.1 mg/kg, 2 at 0.4 mg/
kg, 7 at 2.0 mg/kg, 1 at 4.0 mg/kg and 2 at 6.0 mg/
kg). Prolonged stabilization with 26 weeks or more
was observed in 7 out of 13 stable disease patients
who have received a total of 143 (5 to 30 infusions/
patients) infusions with a median PFS (progression-
free survival) of 33 weeks (26 to 57 weeks). This FIH
study conclusively demonstrated that YS110 exhibits a
favorable safety profile and substantial clinical activity
in heavily pretreated CD26-positive MPM patients
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who had previously progressed on conventional
standard chemotherapies. Further clinical trial of
YS110 for MPM is in progress worldwide (118).

4.2.2. DPPIV enzyme activity and efficacy of
YS110

The FIH clinical study of YS110 revealed that
an increase in YS110 infusion dose was associated
with decreased serum sCD26 level, particularly in
cohorts 4-6 (2.0 to 6.0 mg/kg), with an approximately
80% decrease in sCD26 level (70). Moreover, since
sCD26 level reflects DPPIV enzyme activity in sera
(119), similar reduction in DPPIV enzyme activity was
observed, again particularly in patients in cohorts
4-6. Although DPPIV inhibitors are clinically used as
oral hypoglycemic agents (120), hypoglycemia was
not observed during YS110 administration. Of note
is the fact that greater than 80% inhibition of serum
DPPIV activity was obtained 24 hours after oral
administration of clinically available DPPIV inhibitors
(drug information published by manufacturers of
sitagliptin, vildagliptin, saxagliptin and etc.), a level of
inhibition comparable to that seen in patients treated
with YS110. Our current data would therefore indicate
that YS110 therapy is tolerable in the clinical setting.
As described in the previous section, recent work has
demonstrated the functional role of DPPIV-mediated
post-translational modification of chemokines in
regulating tumor immunity through its interaction
with its substrate CXCL10 (101). This anti-tumor
response is potentiated in combination with other
anti-tumor immunotherapeutic approaches including
CpG adjuvant therapy, adoptive T cell transfer therapy
and checkpoint blockade therapy (anti-CTLA-4 and
anti-PD-1) (101). In view of these recent findings,
data from our current trial showing that serum DPPIV
activity was decreased following treatment with YS110
in a dose-dependent manner would suggest that anti-
tumor activity via DPPIV inhibition may constitute yet
another mechanism of action for the anti-tumor activity
of YS110.

4.2.3. Mechanisms of action of YS110 for cancer
treatment

We previously showed that depletion of
CD26 by RNAi results in the loss of adhesive property,
suggesting that CD26 is a binding protein to the
ECM (68). Moreover, our observations regarding the
CD26-CD9-0581 integrin complex suggest that CD26
regulates the interaction of MPM cells with the ECM
via yet-to-be-determined integrin adhesion molecules
(121). Recently, we found that expression of CD26
upregulates periostin secretion by MPM cells, leading
to enhanced MPM cell migratory and invasive activity
(122). Periostin is a secreted cell adhesion protein of
approximately 90 kDa, which shares a homology with
the insect cell adhesion molecule fasciclin 1 (FAS1)
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(123). We also demonstrated that the cytoplasmic
region of CD26 plays a crucial role in MPM tumor
biology through its linkage to somatostatin receptor
4 (SSTR4) and SHP-2 protein tyrosine phosphatase
in cell membrane lipid rafts, leading to cytostatic
effects in MPM cells without direct association of the
ECM to CD26 by anti-CD26 mAb treatment (Figure
3) (124). In view of the findings above, we propose
that CD26 forms macromolecular complexes in the
cell surface of MPM by connecting periostin and ECM
to intracellular signaling events (125); (i) In CD26-
negative MPM cells, SSTR4 mediated inhibitory
signaling to suppress cell proliferation and motility. In
contrast, by locking the signaling domain of SSTR4
with CD26 association, SSTR4-mediated anti-tumor
effects were abrogated, leading to increased cell
proliferation and motility in CD26-positive MPM cells.
(i) In addition, CD26 regulated ECM-associated
tumor cell behavior in association with integrins
and periostin-ECM complex. CD9 suppressed cell
invasion and migration by inhibiting the formation of
CD26-05B1 integrin complex. Moreover, expression
of CD26 upregulated periostin secretion by MPM
cells, leading to enhanced MPM cell migratory and
invasive activity. (i) Furthermore, periostin is a
secreted cell adhesion protein. The N-terminal region
regulates cellular functions by binding to integrins
at the plasma membrane of the cells through cell
adhesion domain. The C-terminal region of the protein
regulates cell-matrix organization and interaction by
binding such ECM proteins, leading to increased
MPM cell motility. As a result, CD26 molecule in
MPM also plays a pivotal role in connecting ECM
to intracellular signaling events associated with cell
proliferation and motility. It is therefore conceivable
that targeting CD26 may be a novel and effective
therapeutic approach for MPM.

In addition to the ECM association, our in
vitro data indicate that YS110 induces cell lysis of MPM
cells via ADCC in addition to its direct anti-tumor effect
via CDKI p27%°* accumulation (68). More recently, we
evaluated the direct anti-tumor effect of YS110 against
the MPM cell lines H2452 and JMN, and investigated
its effects on cell cycle and on the cell cycle regulator
molecules (117). YS110 suppressed the proliferation
of H2452 cells by approximately 20% in 48 hours of
incubation. Cell cycle analysis demonstrated that the
percentage of cells in G2/M phase increased by 8.0.%
on average following YS110 treatment. In addition,
level of the cell cycle regulator p21°" was increased
and cyclin B1 was decreased after YS110 treatment.
Inhibitory phosphorylation of both cdc2 (Tyr15)
and cdc25C (Ser216) was elevated. Furthermore,
activating phosphorylation of p38 MAPK (Thr180/
Tyr182) and ERK1/2 (Thr202/Tyr204) was augmented
following 24 hours of YS110 treatment. In addition, - we
investigated the synergistic effects of YS110 and the
anti-tumor agent pemetrexed on selected MPM cell
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Figure 3. Amodel for cytostatic signaling mediated by SSTR4 and CD26 coassociation in MPM cells. SSTR4 molecules form homo- or oligo-dimers when
stimulated by its agonists (Ago), followed by manifestation of their cytostatic effects via SHP-2 signaling (A). When coassociation of SSTR4 with CD26
oceurs, CD26 binds to the C-terminal region of SSTR4, which is necessary to transduce SSTR4 signaling, hence blocking the SSTR4-mediated cytostatic

effects (B). Meanwhile, anti-CD26 mAb ligates CD26, leading to dissociation of

f SSTR4 from CD26 and to recruiting lipid rafts with clustering of SSTR4

molecules (C). As a result, downstream signaling of SSTR4 occurs with activation of SHP-2, leading to the observed cytostatic effects.

lines in both in vitro and in vivo studies. Pemetrexed
rapidly induced CD26 expression on cell surface, and
treatment with both YS110 and pemetrexed inhibited
in vivo tumor growth accompanied by a synergistic
reduction in the MIB-1 index (117).

We also demonstrated that treatment with
YS110, which inhibited cancer cell growth, induced
nuclear translocation of both cell-surface CD26 and
YS110 (126, 127). In response to YS110 treatment,
CD26 was translocated into the nucleus via caveolin-
dependent endocytosis, and interacted with a genomic
flanking region of the POLR2A gene, a component
of RNA polymerase Il. This interaction consequently
led to transcriptional repression of the POLR2A
gene, resulting in retarded cancer cell proliferation.
Furthermore, impaired nuclear transport of CD26
reversed the POLR2A repression induced by YS110
treatment. These findings reveal that nuclear CD26
functions in the regulation of gene expression and
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tumor growth, and yet another novel mechanism
of action of anti-CD26 mAb therapy may involve
the regulation of inducible traffic of surface CD26
molecules into the cell nucleus.

4.3. Other cancers

In contrast to our robust findings regarding
the role of CD26/DPPIV on MPM, the exact role
of CD26/DPPIV in other cancers remains to be
elucidated, partly due to its variable expression on
these tumors. In general, it is strongly expressed on
some cancers, while being absent or present at low
levels in others (8). Furthermore, given its multiple
biological functions, including its ability to associate
with several key proteins and its cleavage of a number
of soluble factors to regulate their function, it is likely
that the CD26/DPPIV effect on tumor biology is at
least partly mediated by the effect of these biological
functions on specific tumor types (128).
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CD26 has also been shown to be expressed
on RCC (129, 130), including the cell lines Caki-1,
Caki-2, ACHN, and VMRC-RCW (116). We previously
showed that anti-CD26 mAb inhibition of the Caki-2
cell line was associated with G1/S cell cycle arrest,
enhanced p27+#' expression, down regulation of cyclin-
dependent kinase 2 (CDK2) and dephosphorylation of
retinoblastoma substrate (Rb) (116). We also found
that anti-CD26 mAb therapy attenuated Akt activity and
internalized cell surface CD26 leading to decreased
CD26 binding to collagen and fibronectin. Finally, we
showed that anti-CD26 mAb inhibited human RCC in a
mouse xenograft model (116).

Immunofluorescence  analysis  revealed
expression of CD26/DPPIV on peripheral blood
lymphocytes of patients with B chronic lymphocytic
leukemia (B-CLL), but not on peripheral B cells from
normal donors (131). CD26/DPPIV could also be
induced in normal B cells following treatment with IL-4,
indicating that expression was regulated at the level
of transcription (131). CD26/DPPIV has also been
shown to be a marker for aggressive T-large granular
lymphocyte (T-LGL) lymphoproliferative disorder. Our
work indicated that patients with CD26-positive disease
were more likely to require therapies for cytopenia
and infections associated with the disease than
those with CD26-negative T-LGL (132). Furthermore,
CD26-related signaling may be aberrant in T-LGL
as compared to T-lymphocytes from normal donors
(132). Disease aggressiveness is also correlated with
CD26/DPPIV expression in other subsets of T-cell
malignancies including T-lymphoblastic lymphoma/
acute lymphoblastic leukemia (LBL/ALL), as those
with CD26-positive T-LBL/ALL had a worse clinical
outcome compared to patients with CD26-negative
tumors (133, 134).

JKT-hCD26WT cells resulted in a greater
sensitivity to doxorubicin and etoposide compared
to mock transfected cells (135-138). Jurkat cells
transfected with a nonfunctional DPPIV catalytic
site mutant (Ser630Ala) did not show increased
doxorubicin and etoposide sensitivity, suggesting that
DPPIV activity is required for chemo-sensitization.
A CD26 transfectant with a mutation at the ADA
binding site retains DPPIV activity and had a higher
level of doxorubicin sensitivity. Surface CD26
expression and DPPIV activity are associated with
increased doxorubicin sensitivity and cell cycle
arrest in Jurkat cells. Also, there are differences in
hyperphosphorylation and inhibition of p34<*2 kinase
activity, phosphorylation of cdc25C, and alteration
in cyclin B1 expression associated with doxorubicin
sensitivity in Jurkat cell lines (136). Therefore, inhibition
of CD26 increases cell survival, while increased
CD26 expression is associated with decreased
drug resistance. The mechanism of this decreased
resistance appears to be attributed to enhanced
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expression of topoisomerase llo. mediated by CD26
— the target for both doxorubicin and etoposide. The
increased sensitivity to doxorubicin and etoposide in
CD26 expressing tumors may be important in T-cell
hematologic malignancies as well as other cancers.
Surface expression of CD26 increases topoisomerase
lloe level in the B-cell line Jiyoye and increases
doxorubicin sensitivity (139). This was demonstrated
by using CD26 transfection constructs in the Jiyoye
B-cell lymphoma cell line as well as by target specific
siRNA inhibition of CD26 in the Karpas-299 T-cell
leukemia cell line. Therefore, CD26 has effects on
topoisomerase llo. and doxorubicin sensitivity in
both B-cell and T-cell lines. Increased CD26/DPPIV
levels are associated with increased phosphorylation
of p38 and its upstream regulators — MAPK kinase
(MAPKK) 3/6 and apoptosis signal-regulating kinase
1 (ASK1). Therefore, the p38 signaling pathway
may be involved in the regulation of topoisomerase
llo. expression. Doxorubicin treated SCID mice had
increased survival in those injected with wild type
CD26 compared to vector or DPPIV catalytic site
mutant (Ser630Ala) injected mice. CD26/DPPIV levels
may be useful predictive markers for doxorubicin
treatment of cancer. CD26 level is also associated
with etoposide resistance. CD26 mediated changes
include hyperphosphorylation of p34°, variation in
cdc25C level and phosphorylation, and changes in
cyclin B1 level. Since CD26/DPPIV cleaves substrates
resulting in altered function (140, 141), it is possible
that CD26-associated drug sensitivity may therefore
be mediated by serum-derived factors. However,
our work showed that the increased doxorubicin
and etoposide sensitivity of JKT-hCD26WT was
independent of serum, data which suggest an effect
of CD26 on cell-mediated processes, such as signal
transduction, rather than serum-derived factors (137).

Pang et al. identified a subpopulation of
CD26* cells uniformly presenting in both primary and
metastatic tumors in colorectal cancer (CRC), and
showed that CD26* cancer cells were associated with
enhanced invasiveness and chemoresistance (142).
These investigators showed that in CD26* CRC cells,
mediators of epithelial to mesenchymal transition (EMT)
contribute to the invasive phenotype and metastatic
capacity. These results suggest that CD26* cells are
cancer stem cells in CRC, and that CD26/DPPIV can
be targeted for metastatic CRC therapy. Recently, other
investigators demonstrated in a murine model that lung
metastasis of CRC was suppressed by treatment with
a DPPIV inhibitor (143). They showed a reduction of
EMT markers, suggesting that the EMT status of the
murine colon cancer cell line MC38 was at least in part
affected by DPPIV inhibition, with a diminution in the
growth of metastases. They also showed that DPPIV
inhibition decreased the growth of lung metastases of
colon cancer by downregulating autophagy, increasing
apoptosis and arresting the cell cycle. These data
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therefore suggest that DPPIV inhibition may be an
effective therapeutic strategy for the treatment of
cancers with pulmonary metastases (143).

Yamada et al. comprehensively investigated
gene expression profiles in surgical samples of
untreated gastrointestinal stromal tumors (GIST) of
the stomach and small intestine. They found that the
disease-free survival of patients with CD26-positive
GIST of the stomach was worse than that of patients
with CD26-negative GIST (144). Moreover, the
postoperative recurrence rate of CD26-negative gastric
GIST cases was as low as 2.0.%. They concluded that
CD26 is a significant prognostic factor of gastric GIST
and may also serve as a therapeutic target (144).
Meanwhile, CD26 expression was not associated with
clinical outcome of small intestinal GIST.

5. SUMMARY AND PERSPECTIVES

Initially described in 1966 as an enzyme
with intrinsic DPPIV activity (145), this activity was
subsequently found to be identical to CD26, a 110 kDa
extracellularmembrane-bound glycoprotein expressed
on many tissues including brain, endothelium, heart,
intestine, kidney, liver, lung, skeletal muscle, pancreas,
placenta, and lymphocytes (26, 146, 147). Originally
characterized as a T cell differentiation antigen, CD26
is preferentially expressed on a specific population of
T lymphocytes, the subset of CD4*CD45RO" memory
T cells, and is upregulated following T cell activation
(15, 26). Besides being a marker of T cell activation,
CD26 is also associated with T cell signal transduction
processes as a costimulatory molecule (5-7). CD26
therefore has an important role in T cell biology and
overall immune function, and represents a novel
therapeutic target for various immune disorders (13,
52, 148-150). CD26 is also expressed on various
tumors such as MPM, CRC, RCC, hepatocellular
carcinoma, lung cancer, prostate cancer, GIST,
thyroid cancer, and hematologic malignancies such
as T-anaplastic large cell lymphoma and T-LBL/
ALL (10). Moreover, in several human malignancies
including CRC, chronic myeloid leukemia, gastric
adenocarcinoma and MPM, CD26/DPPIV expression
is reported to be a marker of cancer stem cells (142,
151-155). Given the potential role of CD26 surface
expression in cancer biology, YS110 therapy may also
influence tumor growth through its potential effect on
the cancer stem cells of selected tumors. We recently
developed novel anti-human CD26 mAbs that can be
used as companion diagnostic reagents suitable for
immunohistochemical staining of CD26 in formalin-
fixed tissue sections with reliable clarity and intensity
(155). Since these mAbs display no cross-reactivity
with the therapeutic humanized anti-CD26 mAb
YS110, they may be suitable for assays analyzing
CD26 expression during or following treatment with
YS110, with important implications in the clinical
setting.

1767

Since CD26/DPPIV has a multitude of
biological functions in immune system and human
tumor cells, further detailed understanding of the role
of this molecule in various clinical settings may lead
potentially to novel therapeutic approaches.
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New drugs have significantly improved the survival of patients with multiple myeloma (MM), but the
prognosis of MM patients with high-risk cytogenetic changes such as t(4; 14), t(14; 16) or del17p remains
very poor. A natural product, komaroviquinone (KQN), was originally isolated from the perennial semi-
shrub Dracocephalum komarovi and has anti-protozoal activity against Trypanosoma cruzi, the organism
causing Chagas’ disease. Here we demonstrate that a novel KQN-derivative, GTN024, has an anti-MM
effect both in vitro and in vivo. GTN024 induced the apoptosis of MM cell lines including those with
high-risk cytogenetic changes. GTN024 produced reactive oxygen species (ROS) and increased phos-
phorylated elF2a. The ROS production and subsequent endoplasmic reticulum (ER) stress are thought to

Keywords:
Multiple myeloma
Natural product

Apoptosis A . . . .
Reactive oxygen species play a key role in GTN024-induced apoptosis, as the apoptosis was completely abrogated by anti-oxidant
ER stress treatment. In a mouse xenograft model, an intraperitoneal injection of 20 mg/kg of GTN024 significantly

delayed tumor growth. Hematological toxicity and systemic toxicity as indicated by weight loss were not
observed. These results suggest that the novel KQN-derivative GTN024 could become a candidate drug
for treating high-risk MM.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Multiple myeloma (MM) is a B-cell neoplasm that causes clonal
plasma cell proliferation in bone marrow and bone lesions. The 5-
year prevalence rate of MM incidence in Japan is reported to be
9.7 per 100,000 persons [1]. New agents such as proteasome in-
hibitors and immunomodulatory drugs (IMiDs) have significantly
improved the overall survival of MM patients [2—5], drugs from
different categories such as a histone-deacetylase inhibitor [6], an
anti-SLAMF?7 antibody [7], and an anti-CD38 antibody [8] have also

* Corresponding author. Clinical Physiology and Therapeutics, Keio University
Faculty of Pharmacy, Tokyo, Japan.
E-mail address: hattori-yt@pha.keio.ac.jp (Y. Hattori).

https://doi.org/10.1016/j.bbrc.2018.09.177
0006-291X/© 2018 Elsevier Inc. All rights reserved.

been reported to be effective for refractory MM in combination
therapy with IMiDs and proteasome inhibitors.

Despite these advances, the survival of certain groups of MM
patients remains unsatisfactory [9—11]. Those patients are known
as having ‘high-risk MM,’ and their MM cells frequently possess
chromosomal abnormalities such as t(4; 14), t(14; 16), del17p, and
1921 amplification. The revised International Staging System in-
dicates that the overall survival of the patients with high-risk
cytogenic abnormalities is significantly short [12]. Another limita-
tion of newly developed drugs is their toxicities [13,14], which
impede the optimal drug efficacy and result in unsatisfactory
treatment outcomes, especially among elderly patients. New ther-
apeutic modalities that are effective for high-risk MM with less side
effects are thus currently an unmet clinical need in MM treatment.

A series of anti-neoplastic drugs were developed from natural
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products, and there are some reports describing anti-neoplastic
activities of anti-protozoal agents. For example, nifurtimox, a
drug for Chagas’ disease, showed anti-tumor effects against neural
tumor cells. Nifurtimox induced the apoptosis of neuroblastomas
by inhibiting extracellular signal-regulated kinase (ERK) phos-
phorylation [15]. Artesunate, an anti-malaria drug, also showed
anti-MM effects by inhibiting nuclear factor-kappa B (NFkB) func-
tion [16]. With these drugs, the anti-tumor activities were discov-
ered as off-target effects in drug repositioning studies.

Komaroviquinone (KQN) is one of the natural products isolated
from the perennial semi-shrub Dracocephalum komarovi (family
Laminaceae), which shows anti-protozoal activities. Suto et al. re-
ported the asymmetric synthesis of KQN [17]. In a study of the
structure activity relationship study of KQN [17], a series of low-
molecular-weight compounds were discovered to exhibit prom-
ising anti-protozoal activities against Trypanosoma cruzi, which is
the causative pathogen of Chagas’ disease [18]. It is also reported
that KQN was reduced by T. cruzi old yellow enzyme (TcOYE) to
form its semiquinone and produced reactive oxygen species (ROS),
which showed trypanocidal activities [19]. A biomedical assay of
both KQN and its derivatives demonstrated that the new KQN-
derivative GTN024 had high anti-proliferation activities against
MM cells [20]. In addition, in the above-cited structure-activity
relationship study, GTN024 was shown to be readily accessible and
a valuable compound for the further pharmacodynamic study of
MM cells [20].

With this background, we carried out the present study to
determine the anti-tumor effects of GTN0O24 on MM cell lines
including those with high-risk cytogenetic changes, and we clari-
fied this promising new drug's mode of action and safety.

2. Materials and methods
2.1. Cells

The human myeloma cell lines KMM1, KMS11, KMS21, KMS26,
KMS27, KMS28 and KMS34 were kindly provided by Dr. T. Otsuki
(Kawasaki Medical School, Kurashiki, Japan) [21]. The cell line
MUM24 was established in our laboratory from a patient with
thalidomide-resistant MM [22]. These cell lines were maintained in
RPMI1640 medium (Sigma-Aldrich, St. Louis, MO, USA) containing
10% fetal bovine serum (FBS, Gibco, Life Technologies, Carlsbad, CA)
and 1% penicillin-streptomycin (Pen Strep, Gibco). Chronosomal
abnormalities were detected by the fluorescence in situ hybridiza-
tion (FISH) analysis. (LSI medience, Tokyo).

2.2. Reagents

GTNO024 (Fig. 1A) was prepared as described by Suto et al. [18]. In
the present in vitro study, GTN024 was diluted in phosphate-
buffered saline (PBS, Sigma-Aldrich) containing 1% Tween®80
(Otsuka Pharmaceutical, Tokyo) and 10% DMSO.

2.3. Patient's samples

Bone marrow samples were collected from MM patients treated
at Tokyo Saiseikai Central Hospital. The collection of clinical sam-
ples was approved by ethical committee of Saiseikai Central Hos-
pital (No. 28—66) and the Faculty of Pharmacy, Keio University (No.
1706165, 180615—5). Written informed consent for their samples
to be used was obtained from all patients. Cells were isolated by
centrifugation with Lymphoprep™ (Axis-Shield, Oslo, Norway).
Cells were labeled with CD138 MicroBeads (Miltenyi Biotec, Ber-
gisch Gladbach, Germany). The magnetically labeled CD138-
positive cells were purified by MACS Columns (Miltenyi Biotec).

2.4. Trypan blue exclusion assay

Cells (2 x 10° cells/mL) were seeded on six-well plates and
cultured in various concentrations of GTN024 (0—20 uM) with or
without 6 mM of N-acetyl cysteine (NAC, Sigma-Aldrich) or 3 mM of
glutathione (GSH, Sigma-Aldrich) at 37 °C in 5% CO,. The cells were
stained with Trypan Blue Stain 0.4% (Gibco) and viable cells were
counted by an automatic cell counter TC20™ (Bio-Rad, Hercules,
CA). Viable cells were counted three times, and the average was
calculated. The IC5¢ of GTN024 was calculated by approximation.

2.5. MTT assay

Collected clinical samples (6 x 10* cells/mL) were seeded on 96-
well plates and cultured with various concentrations of GTN024
(0—30 uM) at 37 °Cin 5% CO, for 48 h. The viability of the cells was
calculated by MTT dye absorbance (Roche Diagnostics, Indianapolis,
IN) according to the manufacturer's instructions.

2.6. Apoptosis detection assay

Cells (2 x 10° cells/mL) were seeded on six-well plates and
cultured at 37 °C in 10 uM GTNO024 for 72 h. Apoptotic cells were
detected by an annexin V-FITC Apoptosis Detection Kit (BioVision,
San Francisco, CA) following the manufacturer's protocol. Briefly,
cells were collected and resuspended in 500 uL of 1 x Binding
Buffer and stained with annexin V —FITC and propidium iodide (PI)
for 5 min. The cells were analyzed using a BD™ LSRII flow cytom-
eter (Becton Dickinson, Lincoln Park, NJ).

2.7. Detection of reactive oxygen species

Cells (2 x 10° cells/mL) were seeded on six-well plates and
cultured at 37 °C with or without 6 mM NAC or 3 mM GSH for 2 h.
Then, 20 pM GTNO24 was added and incubated in 5% CO,. After
72h, 1uM chloromethyl-dichlorodihydrofluorescein diacetate,
acetyl ester (CM-H,DCFDA, Invitrogen, Carlsbad, CA) was added
and incubated for 30 min. The stained cells were analyzed using the
BD LSRII flow cytometer.

2.8. Western blotting

Cells were cultured with GTN024 and lysed in 1% NP-40 buffer
containing 1 mM PMSF, 1 mM Na;PO4, 20 mM NaF, 2 mM NayPO,
and protease inhibitors (Complete Protease Inhibitor Mixture,
Roche Diagnostics, Mannheim, Germany). After incubation for
10 min on ice, the lysates were centrifuged at 15,000 rpm for
10 min at 4 °C, and the supernatants were collected. The amount of
protein was evaluated by BCA Protein Assay Kit (Thermo Fisher
Scientific, Waltham, MA).

The lysates were mixed with Laemmli's buffer (1.33% SDS, 10%
glycerol, 0.083 M Tris-HCl, 0.04% bromphenol blue, 2% 2-ME) and
boiled for 5min. The lysates were subjected onto 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
and transferred to a PVDF membrane. The membranes were
blocked with 5% skim milk and then immunoblotted. Antibodies
against elF2a (Cell Signaling Technology, Danvers, MA), p-elF2a
(Cell Signaling Technology), B-actin (Santa Cruz Biotechnology,
Santa Cruz, CA), and cleaved caspase-3 (Cell Signaling Technology)
(diluted at 1:1000) was used. The second antigen-antibodies was a
horseradish peroxidase (HRP)-coupled anti-rabbit, anti-mouse Ig
antibody (diluted at 1:500). Antigen-antibody complexes were
detected using enhanced chemiluminescence (Amersham, Arling-
ton Heights, IL).
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2.9. Toxicity assessment

To evaluate the toxicity of GTN024 in vivo, we intraperitoneally
injected 0, 10, 20, or 40 mg/kg of GTN024 in 1% Tween®80 and 10%
DMSO in saline to 5-wk-old male ICR mice (Clea, Tokyo) daily for
three consecutive days. The body weights of the mice were
measured every 3 days. We took peripheral blood samples with a
heparinized hematocrit tube (Terumo, Tokyo) from the tail veins of
the mice every 3 days. Blood samples were diluted 10 times by
Tiirk's solution (Merck, Darmstadt, Germany), and the numbers of
leukocytes and neutrophils were counted under a light microscope.
All animal experiments were approved by the Ethics Committee for
Animal Experiments at Keio University (Approval no. 12067-(2)).

2.10. In vivo tumor growth assay

KMS11 cells (3 x 107 cells) were inoculated into 5-wk-old male
ICR/SCID mice (Clea) subcutaneously in the flank. When the
resulting tumors reached 100 mm?>, 20mg/kg of GTN024 (1%
Tween®80, 10% DMSO in saline) was injected intraperitoneally daily
for three consecutive days. The tumor volume was calculated by
length x width? x 0.52 [23].

2.11. Histopathologic examination

Xenografted mice were sacrificed, and isolated tumors were
fixed with 10% formalin and embedded in 5-um pieces of paraffin.
Sliced sections were stained with hematoxylin and eosin (H&E).
Anti-human cleaved PARP polyclonal antibody (Cell Signaling
Technology Japan, Tokyo), anti-human cleaved caspase-3 (Asp175)
polyclonal antibody (Cell Signaling Technology Japan), anti-human
Ki-67 monoclonal antibody (clone MIB-1) (Dako Japan, Tokyo), and
anti-human PCNA polyclonal antibody (Atlas Antibodies,

Stockholm, Sweden) were used for immunohistochemistry.

2.12. Statistical analysis

The significance of differences was determined using Student's
t-test. The level of significance was set at p < 0.05.

3. Results
3.1. GTN024 inhibited the growth of MM cells

We examined the tumoricidal effects of GTN024 against various
MM cell lines. GTN024 induced the cell death of all of the MM cell
lines tested (KMM1, KMS11, KMS21, KMS26, KMS27, KMS28,
KMS34, and MUM24) (Fig. 1B). ICsq varied from 3.36 uM (KMS21) to
16.5 uM (KMS28). One arm of chromosome 17 is deleted in KMM1,
KMS11, KMS26, KMS34 and MUM24 cells, and KMS11, KMS26,
KMS28, KMS34 and MUM?24 also show t(4; 14) (our unpublished
data).

We then examined whether GTN024 could induce cell death in
CD138™ cells obtained from three MM patients. Patient #1 and #2
had untreated MM and both of their MM cells had 1q21 amplifi-
cation. Patient #3 had been treated with and showed resistance to
bortezomib, lenalidomide, pomalidomide, ixazomib, and elotuzu-
mab. Based on the results shown in Fig. 1C, their ICs¢ values in
response to GTN024 were calculated as 5.09 uM (patient #1),
5.94 UM (patient #2), and 0.84 pM (patient #3).

3.2. Anti-MM effect via the ROS production of GTN024
We examined the ROS production in GTN024-treated MM cells.

The flow cytometric analysis using CM-H,DCFDA showed that
GTNO024 significantly induced ROS production in MM cells (Fig. 2A).
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We next examined whether the growth inhibitory effect of GTN024
depends on ROS production. As shown in Fig. 2B, the growth in-
hibition by GTN024 treatment was mostly abrogated when the MM
cells were preincubated with anti-oxidants. The flow cytometric
analysis also showed that the GTN024 treatment of MM cells
increased the number of annexin V* cells, indicating that GTN024
induced apoptosis (Fig. 2C).

3.3. Excessive ER stress pathway appears to be the cause of
GTN024's anti-MM activity

Since GTN024 showed tumoricidal effects in an ROS-dependent
manner, we hypothesized that GTN024 would cause excessive
endoplasmic reticulum (ER) stress. We observed that the phos-
phorylation of elF2o. was increased in GTN024-treated MM cells
(Fig. 3A). We also observed an increased amount of cleaved
caspase-3 following treatment with GTN024 (Fig. 3B).

3.4. Safety and the anti-MM effects of GTN024 in vivo

To determine the optimal dosage of GTN024 in the KMS11-
xenografted mice model, we administered 10, 20, or 40 mg/kg day
of GTNO24 to ICR mice by intraperitoneal injection for three
consecutive days (days 1—3). When mice were treated with 40 mg/
kg day of GTNO024, significant weight loss and bowel obstructions
were observed. However, when 10 mg/kg day or 20 mg/kg day were
given to mice, no loss of body weight was observed (Fig. 4A). No
hematological toxicities were detected at any dosage levels (Fig. 4A).
Given these results, we considered 20 mg/kg for three consecutive
days as the maximal tolerated dose for mouse experiments.

To examine the growth-inhibitory effects of GTN024 in vivo, we
intraperitoneally injected 20mg/kg of GTN024 in KMS11-
xenografted mice for three consecutive days. As shown in Fig. 4B,

GTNO024 significantly delayed tumor growth in xenografted mice. At
14 days after the first injection, the average tumor volume was
383 mm? in the GTNO24-treated mice, and 843 mm? in the control
mice (p < 0.05).

The H&E staining showed an agglutination of chromatin in the
tumors of GTNO024-treated mice (Fig. 4C). Cleaved-caspase-3-
positive and PARP-positive cells were also significantly increased
in the GTN024-treated tumors. In contrast, staining with MIB-1, a
strong marker of cell proliferation, was weaker in the tumors of the
GTNO024-treated mice compared to those of the control mice
(Fig. 4Q).

4. Discussion

A number of novel drugs have been derived from natural
products. For example, irinotecan, a derivative of camptothecin that
was originally isolated from the deciduous tree Camptotheca acu-
minata, is now widely used as an anti-cancer agent for lung cancer
and colorectal cancer [24]. Paclitaxel, which is derived from the tree
Taxus brevifolia, induces the apoptosis of cancer cells via binding to
B-tubulin, inducing depolymerization and stabilizing microtubules
[25]. A variety of molecular-targeting agents have been developed,
but their success is limited to a few malignant diseases such as
chronic myelogenous leukemia.

Multiple myeloma is a genetically heterogenenous disease, and
target molecules (such as a driver gene mutation) have not been
discovered. More therapeutic options including novel compounds
are needed for treating high-risk MM patients to improve their
prognoses and quality of life. The exploitation of clinically effective
drugs is time-consuming and involves significant costs. Therefore,
natural products remain an important resource for drug develop-
ment. In this study, we focused on a novel natural compound, KQN,
and its derivative, GTN024 analogues.
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Suto et al. synthesized a series of KQN-related compounds. The
above-cited structure-activity relationship study revealed that the
hydroquinone moiety is necessary to potent anti-tumor effects of
these compounds [20]. Among them, GTN024, which has a ben-
zoquinone moiety, showed significant anti-MM effects, and was
readily accessible because it has only a single chiral carbon [20]. We
therefore conducted further research regarding GTN024.

Our present findings demonstrated that GTN024 had in vitro
anti-MM effects against MM cell lines and clinical samples obtained
from MM patients including those with high-risk chromosomal
abnormalities, indicating that GTN024 is a promising candidate for

treating MM patients with high-risk cytogenic changes.

As described in results, we concluded that 20 mg/kg for 3 days is
the maximum tolerated dose for our mouse model. In our mouse
xenograft model, significant anti-MM effects were produced by the
same schedule of drug administration without severe toxicities.
The results of the histopathological examination confirmed that
GTNO024 caused the apoptosis of xenografted tumors.

KQN, the mother compound of GTN024, was reduced by TcOYE
to its semiquinone form, and the production of ROS is the key
mechanism of anti-trypanocidal effects [18,19]. In the present
study, we observed that GTN024 showed ROS production and
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induced the apoptosis of MM cells, which were abrogated by anti-
oxidants. We therefore speculate that the anti-MM effects of
GTNO024 are due mainly to the cytotoxicity by ROS. Several ROS-
mediated compounds have also shown significant cytotoxicity
against MM cells, via various pathways such as the inhibition of
thioredoxin 1 by PX-12 [26], DNA damage by an ATR inhibitor [27],
and the activation of p53 by CP-31398 [28]. It is thus apparent that
ROS-mediated cytotoxicity plays an important role in treatments
for MM.

MM cells are characterized by the excessive accumulation of
unfolded M-protein. In this study, we focused on endoplasmic re-
ticulum (ER) stress, because ROS cause the apoptosis of cells by an
excessive ER response, which could be a therapeutic target in MM
[29—32]. ROS induced ER stress via many signals including PERK
and mitochondria pathway [33,34]. Here we focused on elF2a, a key
molecule of ER stress, and our findings showed an increased
phosphorylation of elF2a. in MM cells by GTN024. We also observed
increased level of cleaved caspase-3. These results suggested that
ROS-mediated ER stress is a putative target pathway of GTN024-
induced apoptosis.

In conclusion, we developed GTN024 from a natural product,
KQN, and our present results demonstrated the induction of the
apoptosis of MM cells with high-risk cytogenic abnormalities
in vitro and in vivo. The major merits of using GTN024 in MM
treatments are as follows. First, GTN024 showed cytotoxicity to MM
cells with high-risk chromosomal changes that are resistant to
currently available drugs. Some of the cell lines used in this study
are resistant to lenalidomide or dexamethasone [22,23]. MUM24
cells were established from a thalidomide-resistant patient [22].
Second, in our mouse xenograft model, GTN024 significantly
inhibited tumor growth without eminent hematological or sys-
temic side effects when the mice were treated with 10—20 mg/kg of
GTNO024. Third, GTN024 induced apoptosis via ROS-mediated
excessive ER stress, to which MM cells were highly vulnerable.
We therefore propose that GTN024 is a promising candidate com-
pound for the treatment of high-risk MM.
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Chronic low-grade inflammation in the pancreatic islets is
observed in individuals with type 2 diabetes, and macrophage
levels are elevated in the islets of these individuals. However, the
molecular mechanisms underlying the interactions between the
pancreatic 3 cells and macrophages and their involvement in
inflammation are not fully understood. Here, we investigated
the role of S100 calcium-binding protein A8 (S100A8), a mem-
ber of the damage-associated molecular pattern molecules
(DAMPs), in -cell inflammation. Co-cultivation of pancreatic
islets with unstimulated peritoneal macrophages in the pres-
ence of palmitate (to induce lipotoxicity) and high glucose (to
induce glucotoxicity) synergistically increased the expression
and release of islet-produced S100A8 in a Toll-like receptor
4 (TLR4)-independent manner. Consistently, a significant
increase in the expression of the $100a8 gene was observed in
the islets of diabetic db/db mice. Furthermore, the islet-derived
S100A8 induced TLR4-mediated inflammatory cytokine pro-
duction by migrating macrophages. When human islet cells
were co-cultured with U937 human monocyte cells, the palmi-
tate treatment up-regulated S100A8 expression. This SI00A8-
mediated interaction between islets and macrophages evoked
B-cell apoptosis, which was ameliorated by TLR4 inhibition in
the macrophages or S100A8 neutralization in the pancreatic
islets. Of note, both glucotoxicity and lipotoxicity triggered
S100AS8 secretion from the pancreatic islets, which in turn
promoted macrophage infiltration of the islets. Taken
together, a positive feedback loop between islet-derived
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S100A8 and macrophages drives 3-cell apoptosis and pancre-
atic islet inflammation. We conclude that developing thera-
peutic approaches to inhibit SI00A8 may serve to prevent
B-cell loss in patients with diabetes.

Activation of the innate immune system and circulating lev-
els of acute-phase inflammatory proteins play important roles
in the onset and development of type 2 diabetes (1-3). Evidence
of chronic inflammation has been demonstrated in the adipose
tissue, liver, vascular endothelial cells, circulating leukocytes,
and pancreatic islets in obese and/or diabetic humans (4-8).
Chronic islet inflammation evokes a decline in the -cell mass
by promoting B-cell apoptosis, which is a hallmark of type 2
diabetes (9, 10).

It has been reported that macrophages are elevated in the
pancreatic islets in patients with type 2 diabetes (11). Chronic
hyperglycemia promotes amyloid formation in the islets by
inducing the secretion of islet amyloid polypeptide (12), pro-
duction of reactive oxygen species in 3 cells (13), and formation
of advanced glycation end products (14, 15). These conditions
lead to activation of the NLRP3 inflammasomes, IL-18 secre-
tion, macrophage infiltration of the 3 cells, and pro-apoptotic
processes (12, 16). Thus, islet inflammation is closely related
to B-cell failure and apoptosis in diabetes. A previous study
showed that the co-culture of MING6 insulinoma cells with
RAW264.7 macrophage cells in the presence of palmitate
increased the expression of inflammatory genes in the MIN6
cells and decreased insulin secretion (17). However, the precise
mechanisms involved in the mutual interaction between the
pancreatic 3 cells and macrophages in diabetes remain unclear.

In this study, we identified S100a8 as an up-regulated gene
after chronic glucose stimulation, which reflects a state of sus-
tained hyperglycemia, in the pancreatic islets. SI00A8 is a small
calcium-binding protein that is found at high levels in the extra-
cellular milieu under inflammatory conditions. Furthermore,
the S100A8 protein is known to be associated with various
chronic inflammatory diseases and both type 1 and type 2
diabetes (18, 19). S100A8 is thought to be a member of the
damage-associated molecular pattern molecules and sti-
mulates macrophages (20-23). Consequently, to test the
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Figure 1. Glucose stimulation up-regulated S100A8/A9 expression in the
islets. A, mRNA expression levels in the islets stimulated with GKA Cpd A
(glucokinase activator; 30 umol/liter) for 2, 6, or 24 h. Horizontal bars, mean
values. *, p = 0.05 versus other groups (n = 4/group). B, mMRNA expression
levels in islets cultured in the presence of 2.8, 5.6, 11.1, or 22.2 mmol/liter
glucose for 24 h. Horizontal bars, mean values. *, p < 0.05; **, p =< 0.01 (n =
4/group).

hypothesis that SI00A8 contributes to islet inflammation,
we established a co-culture system with freshly isolated pri-
mary pancreatic islets and resident peritoneal macrophages
to investigate the role(s) of SI00AS8 in the sustenance of islet
inflammation.

Results

S100A8/A9 expression in the islets was up-regulated by
chronic glucose stimulation

Chronic hyperglycemia induces B-cell apoptosis, in part,
through continuous glucokinase activation (24). We previously
identified the target genes of glucokinase by examining the gene
expression profiles of glucokinase activator (GKA)’-treated
isolated islets (NCBI GEO database GSE41248) (25). Among
them, S100a8 and S100a9 (S100a8/a9) expression showed the
greatest increase following chronic glucokinase activation of
the islets (90- and 254-fold increase, respectively). We validated
the gene expression changes in isolated islets stimulated with a
glucokinase activator (Fig. 1A) and confirmed that glucose
stimulation increased the expression of S100a8/a9 in the islets
in a concentration-dependent manner (Fig. 1B). Thus, SI00A8
expression was induced by high glucose in the islets without
macrophages.

S100A8/A9 expression in the islets was enhanced by co-culture
with macrophages in the presence of palmitate

We co-cultured islets with macrophages using co-culture
inserts (Fig. 2A) and observed that the islet expression of

® The abbreviations used are: GKA, glucokinase activator; TLR, Toll-like recep-
tor; TUNEL, TdT-mediated dUTP nick-end labeling; ER, endoplasmic
reticulum.
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§100a8, S100a9, II-1b, Tnf-a, Il-6, and Ccl2 was increased in the
presence of macrophages (Fig. 2B). The absence of elevated
expression of the macrophage markers, Cd11b and F4/80, sug-
gested that it was unlikely that there was contamination of the
co-cultured islet samples with macrophages (Fig. 2C). The
expression of $100a8 and S100a9, but not of Il-1b, Tnf-a, II-6,
or Ccl2, was enhanced in the islets co-cultured with macro-
phages in the presence of the saturated fatty acid palmitate
(16:0) (Fig. 2B). We confirmed the secretion of SI00A8, but not
of S100A9, by ELISAs in the supernatant of islets co-cultured
with macrophages in the presence of palmitate (Fig. 2D). Nota-
bly, secretion of SI00A8 from the macrophages was not
affected by the concentration of glucose or palmitate (Fig. 2E).
S100A8 proteins were predominantly expressed in the mouse
pancreatic islets, but not in acinar cells (Fig. 2F).

To test the possibility that the adipocyte-derived fatty acids
contributed to the macrophage-mediated islet inflammation in
vivo, we added isolated white adipocytes from the epididymal
fat to the co-culture of islets with macrophages and examined
islet gene expression. As expected, the adipocytes and macro-
phages synergistically increased the expression of $100a8 and
S$100a9 in the islets, and this was not associated with elevation
of the expression of macrophage or adipocyte markers (Fig.
3A). Palmitate has been reported to induce islet inflammation
through the TLR4/MyD88 pathway (17). Islets obtained from
TLR4-knockout mice and co-cultured with WT macrophages
in the presence of palmitate showed a significant increase in the
expression of $100a8/a9 (Fig. 3B). These results suggest that
TLR4-mediated signaling was not required for the SI00A8 pro-
duction induced by macrophage-derived factors and palmitate
in the co-cultured islets.

Glucotoxicity further enhanced the induction of ST00A8/A9 in
co-cultured islets

Chronic high ambient glucose concentration has been
shown to accelerate inflammation in various tissues in diabetes
(26, 27). We undertook experiments under normal glucose (5.6
mmol/liter) conditions and under high glucose (11.1 mmol/
liter) conditions to mimic the environment in diabetes. The
protein expression of SI00A8/A9 in the co-cultured islets was
enhanced following culture in the presence of 11.1 mmol/liter
glucose (high concentration) (Fig. 44). SI00A8 secretion from
islets co-cultured with macrophages in the presence of palmi-
tate was also enhanced by glucose stimulation (Fig. 4B). High
glucose enhanced palmitate-induced $10048 and S100a9 gene
expression, whereas expression of other inflammatory or
macrophage markers in the co-cultured islets was not influ-
enced by the glucose concentration (Fig. 4C). In addition,
inflammatory gene expression in the macrophages was up-reg-
ulated by the ambient glucose level (Fig. 4D).

We next examined the expression of S100a8/a9 in the islets
of the db/db mouse, an established model of diabetes. Six- and
12-week-old db/db mice exhibited morbid obesity, severe
hyperglycemia, and irregular «/B-cell distribution within the
islets; however, the ratio of 3 to « cells and the proportion of
apoptotic 3 cells were not altered in the db/db mice compared
with control db/+ mice (Table S1 and Fig. 5 (A and B)). Isolated
pancreatic islets from db/db mice, at both 6 and 12 weeks of age,
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Figure 2. Chronic stimulation with high concentrations of glucose, palmitate, and macrophages induced S100A8/A9 expression in the pancreatic
islets. A, illustration of co-cultured islets and macrophages (right). Flow cytometry of the adherent peritoneal macrophages (left). B-D, isolated mouse
pancreatic islets (50 islets) were co-cultured with peritoneal macrophages (1 X 10° cells) in the presence of BSA (0.5%) or palmitate (500 wmol/liter). Band C,
mMRNA expression levels in islets co-cultured with macrophages in the presence/absence of palmitate for 24 h. Horizontal bars, mean values. *, p < 0.05; **, p <
0.01 (n = 9). D, secreted S100A8 protein (left) and S100A9 protein (right) levels in the supernatant obtained from co-culture of islets with macrophages in the
presence/absence of palmitate for 48 h. Horizontal bars, mean values. N.D., not detected; **, p = 0.01 (n = 4). E, secreted ST00A8 protein levels in the
supernatant of macrophages cultured in the presence of 5.6 or 11.1 mmol/liter glucose with/without palmitate for 48 h. Horizontal bars, mean values (n =
3/group). F, pancreatic sections from 8-week-old male WT C57BL/6J mice were stained with antibodies to insulin (green), glucagon (red), and S100A8 (blue).

Scale bar, 50 um.

showed higher levels of expression of $100a8/a9, of the inflam-
matory cytokine gene [l-6, and of the macrophage marker
F4/80 compared with db/+ islets (Fig. 5C).

Factors from the islets, but not from macrophages, activated
the macrophages in co-culture via TLR4

In macrophages co-cultured with islets in the presence of
palmitate, expression of Tuf-a, Ccl2, Il-1b, 1I-6, 1I-12, II-22,
1l-23, and Il-24 genes were elevated (Fig. 6A4). IL-23 and IL-24
are potent inducers of oxidative and ER stress in 3 cells (28). No
increase in the expression of S100a8/a9 genes was observed in
the macrophages co-cultured with the islets in the presence of
palmitate or in the presence of high ambient glucose (Fig. 6B).
This implies that the production of S100A8 induced by co-cul-
ture with macrophages was predominantly derived from the

5936 J. Biol. Chem. (2018) 293(16) 5934 -5946

islets. The aforementioned increase in the cytokine gene
expression was blunted by the TLR4-inhibitory peptide VIPER
(Fig. 6C). These results suggest that a humoral factor derived
from the co-cultured islets stimulated the macrophages via
TLR4.

Because S100A8 is reported as a ligand of TLR4, we exam-
ined whether SI00A8 induces inflammation in the co-cultured
macrophages. Treatment with the recombinant S100A8-GST
peptide increased the expression of the Tnf-a, Ccl2, Il-1b, Il-6,
1l-12, 1I-22, and 1I-23 genes in the macrophages and prompted
macrophage migration (Fig. 7, A and B). Neutralization of
S100A8 using an antibody significantly reduced the migration
of the macrophages induced by co-culture with islets (Fig. 7C).
Neutralization of SI00A8 with an antibody also reduced the
cytokine expression of the macrophages induced by co-culture
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of the macrophages with islets in the presence of palmitate (Fig.
7D). Inhibition of TLR4 with VIPER or TAK-242 attenuated the
migration of the macrophages and the cytokine expression in
these cells induced by purified SI00A8-GST peptide (Fig. 7,
E and F). TLR4™’~ macrophages exhibited a significant
decrease of cytokine expression following co-culture with
islets in the presence of palmitate as compared with
TLR4"’" macrophages (Fig. 7G). Taken together, SI00A8
leads to the up-regulation of inflammation mediators in
macrophages via TLR4.

Co-cultivation of islets with macrophages in the presence of
palmitate coordinately promoted B-cell apoptosis via
islet-derived S100A8 and macrophages

Exogenous S100a8/a9 expression induced by adenoviral
transduction was also influenced by the ambient glucose levels
(Fig. 8A4), suggesting that glucose stimulation possibly en-
hanced translation or stabilized the S100A8/A9 mRNA or
protein. Overexpression of SI00A8/S100A9 exerted no effect
on glucose-induced insulin secretion from the islets (Fig. 8B) or
on the degree of apoptosis in the islets (Fig. 8C). SI00A8 over-
expression in the MIN6KS8 S cells slightly decreased insulin
secretion from the cells, and conversely, S100a8 knockdown
was capable of restoring the insulin secretion, even in the
absence of macrophages (Fig. 8D). In the presence of macro-
phages, however, S100A8 overexpression increased insulin
secretion, whereas S100a8 knockdown tended to decrease insulin
secretion in S100A8-overexpressing MIN6K8 f3 cells (Fig. 8E).

To assess the effects of the co-cultivation on the islets, B-cell
apoptosis was evaluated. Co-culturing with macrophages
increased the number of apoptotic B cells, and palmitate
enhanced macrophage-induced B-cell apoptosis (Fig. 94). The
combination of glucose stimulation further induced apoptosis
of B cells in the presence of macrophages (Fig. 94). The apo-
ptosis-associated Bax protein expression level, but not that of
the necrosis-associated HMGBI protein, increased in the islets
co-cultured with macrophages in the presence of palmitate and

SASBMB

ambient high glucose levels (Fig. 9B). The TLR4-inhibitory pep-
tides VIPER and TAK-242 showed a tendency to reduce 3-cell
apoptosis caused by co-culturing of the islets with macrophages
(Fig. 9, C and D). Furthermore, neutralization of S100A8 with
an antibody specific to S100A8 significantly reduced the degree
of B-cell apoptosis in the islets co-cultured with macrophages
(Fig. 9, Cand D).

Expression of S100A8 in human islets

Next, investigation of human islets revealed that expression
of S100A8 was significantly enhanced after stimulation with
GKA in both nondiabetes and type 2 diabetes donors (Fig. 104).
Co-existence of human monocyte U937 cell line and palmitate
significantly up-regulated the expression of SI00A8 in human
islets (Fig. 10B). We also explored the localization of SI00A8 in
human islets. Immunohistochemical staining for SI00A8 was
predominantly detected in f3 cells in the islets (Fig. 10C). The
degree of B-cell apoptosis in the human islets co-cultured with
U937 cells and palmitate tended to be decreased by the SI00A8-
specific neutralizing antibody (Fig. 10D). Further study is war-
ranted to clarify the pathological significance of S100A8 in
human islet inflammation.

Discussion

The results of the present study identified SI00A8 as an endog-
enous islet-derived secretory peptide that is induced by a combi-
nation of infiltrating macrophages, palmitate (lipotoxicity), and
high glucose (glucotoxicity), resulting in the activation of macro-
phages and potentiation of islet inflammation and B-cell death
through a positive feedback loop (Fig. 11). The current results are
consistent with a recent report suggesting that the serum level of
the S100A8/A9 complex is a sensitive marker of acute inflamma-
tion associated with islet transplant rejection (29).

Several studies have shown that TLR4 signaling and MyD88
signaling in (3 cells play important roles in the development of
islet inflammation (17, 30, 31). However, TLR4 stimulation did
not induce S100A8/A9 production in the islets, whereas
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Figure 4. Increased ambient glucose concentrations enhanced the expressions of ST00A8/A9 in co-cultured islets with macrophages. Isolated pan-
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S100A8 protein from the islets acted as a ligand for the TLR4
expressed in macrophages. Because TLR4 and RAGE (receptor
for advanced glycation end products) receptors are also
expressed in the pancreatic B cells (17), it was suggested that
S100A8 also exerts direct effects on the B cells. TLR4 stimula-
tion by SI00A8 triggered the release of the inflammatory cyto-
kines Il-12, 1I-23, and I/-24 from the macrophages, which
resulted in B-cell apoptosis. Further production of SI00A8 may
evoke inflammation of the surrounding islets, neighboring tis-
sues, or feeding vessels. TNFa, CCL2, and IL-1f are known to
induce islet inflammation through the NF-«B pathway (3), and
IL-23 and IL-24 have been shown to be potent inducers of oxi-
dative and ER stress in 8 cells (28). The expression of these
cytokines was also induced in the macrophages following stim-
ulation with SI00A8 in the present study.

5938 J Biol. Chem. (2018) 293(16) 5934 -5946

Overexpression of SI00A8/A9 had no inhibitory effect on
insulin secretion from isolated islets (Fig. 8B8). We also report
that SI00A8 per se impaired insulin secretion from MIN6K8
cells in the absence of macrophages (Fig. 8D). However,
overexpression of S1I00A8 enhanced insulin secretion from
MIN6KS8 B cells in the presence of macrophages (Fig. 8E).
Overexpression of SI00A8 has been reported in ductal ade-
nocarcinoma of the pancreas, and it has been suggested that
a peptide metabolite of S100A8 released from pancreatic
cancer possibly suppresses insulin secretion to induce dia-
betes (32). Further research is required to clarify the effects
of S100A8 on insulin secretion under similar pathophysio-
logical conditions.

Our results suggested that SI00A8 did not act directly to
induce B-cell apoptosis, but via a mutual interaction with
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Figure 6. Activation of the macrophages in co-culture with islets via TLR4. Peritoneal macrophages (1 X 10° cells) were co-cultured with isolated
pancreatic islets (50 islets) in a medium containing BSA (0.5%) in the presence/absence of palmitate. A and B, mRNA expression levels in macrophages
co-cultured with islets for 24 h. Horizontal bars, mean values. **, p < 0.01 (n = 5). C, mRNA expression levels in macrophages co-cultured with islets in the

presence of the TLR4 inhibitory peptide VIPER or the control peptide CP7 for 24 h. Horizontal bars, mean values. *, p = 0.05 (n = 5).

macrophages. S100A8 in (3 cells probably triggers destruction
of the B-cell membrane, because SI00A8 and S100A9 have the
ability to form oligomers and induce amyloid deposition (33).
Because S100A9 protein was detected in the islets but not in the
culture medium, the contribution of SI00A9 in our experimen-
tal conditions remains unclear. S100A9 protein, a hetero-

U

SASBMB

dimerization partner of S100A8, possibly plays an essential
role in the protein expression of S100A8 protein, as indicated
by previous studies that found that SI00A8 was not detectable
in S100A9-KO peripheral tissues (20, 34).
Glucokinase-mediated induction of S100A8 production
seems specific to pancreatic 3 cells, as deduced from the results
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Figure 7. Islet-derived S100A8 activated macrophage migration and inflammation. A, mRNA expression levels in peritoneal macrophages (1 X 10°

cells) stimulated with STOOA8-GST peptide for 24 h. Horizontal bars, mean v

alues.*, p = 0.05; **, p = 0.01 versus 0 ng/ml control (n = 3). B, fluorescence

intensity of Calcein-AM-labeled macrophages migrating in response to ST00A8-GST peptide stimulation for 24 h. Horizontal bars, mean values. *, p <
0.05 versus 0 ng/ml control (n = 3). C, fluorescence intensity of migrated Calcein-AM-labeled macrophages migrating in response to co-culture with
islets in the presence of anti-S100A8 neutralizing antibody (10 wg/ml) or IgG,; isotype control for 48 h. Horizontal bars, mean values. *, p < 0.05; **, p <
0.01 (n = 6). D, mRNA expression levels in macrophages co-cultured with the islets with/without palmitate in the presence of anti-S100A8 neutralizing
antibody or 1gG,g isotype control. Horizontal bars, mean values. **, p < 0.01 (n = 4). E, fluorescence intensity of migrated Calcein-AM-labeled
macrophages in response to co-culture with islets in the presence of recombinant S100A8 peptide and the TLR4-inhibitory peptide VIPER or TAK-242
(100 nmol/liter) for 24 h. Horizontal bars, mean values. *, p = 0.05; **, p =< 0.01 (n = 6). F, mRNA expression levels in ST00A8-stimulated macrophages
cultured in the presence of the TLR4 inhibitory peptide VIPER or TAK-242 for 24 h. Horizontal bars, mean values. *, p < 0.05; **, p < 0.01 (n = 3). G, mRNA

expression levels in TLR4™/* or TLR4~/~ macrophages co-cultured with TLR

values. *, p = 0.05; **, p = 0.01 (n = 4).

of previous studies carried out in other organs (35-37). Glu-
cokinase activation enhances adaptive B-cell proliferation and
prevents 3-cell apoptosis induced by glucotoxicity or ER stress
(25, 38, 39). However, chronic glucokinase activation and high
glucose act to trigger B-cell apoptosis (24, 39). There is consid-
erable debate about the role of glucokinase in the protection of
B cells from the S100A8-mediated positive feedback loop of

5940 J Biol. Chem. (2018) 293(16) 5934 -5946

4*/* islets in the presence of palmitate for 24 h. Horizontal bars, mean

islet inflammation under glucolipotoxicity. Additional studies
are necessary to confirm the production of S100A8 in human 8
cells from obese or diabetic subjects.

In summary, our studies support the identification of SI00A8
as a secretory protein to promote 3-cell apoptosis and consti-
tute an important step in the development of approaches to
protect B cells in patients with diabetes.
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Figure 8. Effects of ST00A8 on insulin secretion from pancreatic islets. A, islets were treated with adenoviral LacZ or adenoviral ST00A8/A9 for 48 h. The
mRNA expression levels in the adenoviral ST00A8/A9-transduced islets (50 islets) cultured in the presence of 5.6 or 11.1 mmol/liter glucose are shown.
Horizontal bars, mean values. *, p < 0.05 (n = 3). B, glucose-stimulated insulin secretion analysis from the adenoviral ST00A8/A9-transduced islets (50 islets).
Horizontal bars, mean values (n = 4). C, TUNEL assay in the adenoviral ST00A8/A9-transduced islets (200 islets). Horizontal bars, mean values. D and E,
glucose-stimulated insulin secretion analysis from shRNA-treated MIN6K8 cells. MIN6K8 cells were cultured for 24 h for adenoviral ST00A8 transduction
with/without peritoneal macrophages. D, without macrophages. Horizontal bars, mean values. **, p < 0.01 (n = 8). E, with macrophages. Horizontal bars, mean

values. **, p = 0.01 (n = 4).

Experimental procedures
Animals and animal care

Animal handling procedures were in accordance with insti-
tutional animal care and use committee protocols approved by
Yokohama City University. Animals were housed in rooms
maintained at a constant room temperature (25 °C) under a
12-h light (07:00 h)/12-h dark (19:00 h) cycle, and the animals
were given free access to food and water. C57BL/6] mice were
purchased from CLEA Japan (Tokyo, Japan). All of the mice
used in this study belonged to the C57BL/6] background. db/db
mice and db/+ mice (BKS.Cg-Lepr®/Lepr™ and BKS.Cg-
Lepr®/Dock7™) were purchased from Charles River Laborato-
ries Japan (Yokohama, Japan). TLR4 '~ mice were purchased
from Oriental Bio Service (Kyoto, Japan).

Reagents, viruses, and cells

The S100A8 and S100A9 ELISA kits were purchased from
Cloud-Clone Corp. (Houston, TX). GKA Cpd A was purchased
from Merck (Darmstadt, Germany). Collagenase L was pur-
chased from Nitta-Gelatin (Osaka, Japan). Thapsigargin was
purchased from Sigma. Collagenase XI and LPS were pur-
chased from Sigma-Aldrich. The TLR4 peptide inhibitor
VIPER (40) was purchased from Novus Biologicals, LLC (Little-
ton, CO). TAK-242 was purchased from Chemscene, LLC
(Monmouth Junction, NJ). b-Mannoheptulose was purchased
from Carbosynth Ltd. (Compton, Berkshire, UK). Adenovi-
ruses containing S100A8, S100A9, or LacZ were generated
using the Virapower adenoviral expression system (Invitrogen).

SASBMB

Five micrograms of adenoviral constructs were digested with
Pacl, and the linearized DNA was transfected into HEK293A
cells. The adenovirus produced by these cells was then collected
and subjected to three cycles of freezing and thawing to release
the adenovirus. The resulting adenovirus was stored at —80 °C
for later use. Viral titers were determined by plaque assays using
cultured HEK293A cells, according to the manufacturer’s
instructions. Monoclonal rat IgG,;; anti-mouse S100A8 anti-
body and monoclonal rat IgG, isotype control were purchased
from R&D Systems (Abingdon, UK). Calcein-AM was pur-
chased from Dojindo Laboratories (Kumamoto, Japan). The
MING6KS cell line was provided by Dr. Susumu Seino (Kobe
University). Lentivirus particles expressing short hairpin RNA
for S100A8 were purchased from Santa Cruz Biotechnology,
Inc.

Isolation and co-culture of islets, resident peritoneal
macrophages, and white adipocytes

Islets and peritoneal macrophages were isolated as described
elsewhere (41, 42). The proportion of F4/80- and CD11b-posi-
tive macrophages was more than 90%, as confirmed by flow
cytometry (Fig. 2A). Adipocytes were prepared by collagenase
digestion (Nitta Gelatin) of epididymal fat tissue, as described
previously (43). Glucose-stimulated insulin secretion from the
islets was induced as described previously (44). The co-culture
was performed at 37 °C in a Krebs—Ringer bicarbonate HEPES
buffer, pH 7.4, containing 0.2% BSA. Isolated pancreatic islets
and peritoneal macrophages were plated in a Netwell insert
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Figure 9. S100A8-stimulated macrophages induced B-cell apoptosis. Isolated pancreatic islets (200 islets) were co-cultured with peritoneal macrophages
(5 X 10° cells) in medium containing BSA in the presence/absence of palmitate for 48 h. A and C, the islets were subjected to the TUNEL assay. The proportion
of TUNEL-positive B cells is shown as a percentage of the co-cultured islets. Insulin is stained red, nuclei are stained blue, and TUNEL-positive nuclei are stained
green. A, left, co-cultivation in the presence of 5.6 or 11.1 mmol/liter glucose. Horizontal bars, mean values. *, p =< 0.05; **, p = 0.01 (n = 3). Right, representative
images. B, isolated islets were co-cultured with macrophages in the presence of 5.6 or 11.1 mmol/liter glucose with/without palmitate for 48 h. Total cell
extracts from the islets were subjected toimmunoblotting as indicated. C, isolated islets were co-cultured with macrophages in the presence of 11.1 mmol/liter
glucose with palmitate for 24 h. Co-cultivation in the presence of anti-S100A8 neutralizing antibody, IgG,g isotype control, the control peptide CP7, the TLR4

inhibitory peptide VIPER, or the TLR4 inhibitor TAK-242. Horizontal bars, mean values. *, p =< 0.05; **, p = 0.01 (n = 6). D, representative images of C.

with a 74-um mesh size polyester membrane (Corning, Inc.)
and in the bottom wells, respectively, and the cultures were
incubated for 24 or 48 h in RPMI1640 containing fatal bovine
serum, Krebs—Ringer bicarbonate containing BSA, or 500
pmol/liter palmitate (Fig. 24). Adipocytes (from 25 mg of epi-
didymal fat) were co-cultured above the co-culture Netwell
insert.

Real-time PCR

Total RNA isolation from pancreatic islets, cDNA synthesis,
and quantitative PCR were performed as described previously

5942 | Biol. Chem. (2018) 293(16) 5934 -5946

(25, 45). Data were normalized according to the expression
level of B-actin, 18S rRNA, or GAPDH. The primers used for
the real-time PCR are listed in Table S2.

Immunohistochemical analysis

Pancreases and islets were fixed and immunostained as
reported previously (25, 45). Pancreatic tissue sections were
immunostained with antibodies to S1I00A8 (Santa Cruz Bio-
technology, Abcam), SI00A9 (Abcam), insulin (Santa Cruz Bio-
technology), or glucagon (Abcam). Alexa Fluor 488-, 555-, and
647-conjugated secondary antibodies (Invitrogen) were used

SASBMB
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Figure 10. The expression of S100A8 was induced by glucose stimulation, monocytes, and palmitate in human islets. A, mRNA expression levels in
human islets from nondiabetes (non-DM) donors after stimulation with GKA Cpd A (glucokinase activator; 30 umol/liter) for 24 h. Horizontal bars, mean values.
* p=0.05;**p=0.01(n=5).B,mRNA expression levels in human islets co-cultured with U937 human monocyte cell line (1 X 10° cells) in the presence of BSA
(0.5%) or palmitate (500 wmol/liter) for 24 h. Horizontal bars, mean values. ¥, p < 0.05; **, p < 0.01 (n = 5). C, embedded human islets from nondiabetes donors
were stained with antibodies to insulin (green), glucagon (red), and S100A8 (blue). Scale bar, 50 um. D, human islets from nondiabetes donors were co-cultured
with U937 cellsin the presence of 11.1 mmol/liter glucose with palmitate for 24 h. They were co-cultivated in the presence of anti-S100A8 neutralizing antibody
or IgG,g isotype control. The proportion of TUNEL-positive B cells is shown as a percentage of the co-cultured islets. Horizontal bars, mean values. *, p < 0.05

(n=15).

for the fluorescence microscopic analysis. B-cell apoptosis was
evaluated using a TdT-mediated dUTP nick-end labeling
(TUNEL) assay of the co-cultured B cells. Co-cultured islets
(200 islets) were attached to poly-L-lysine—coated coverslips
(Falcon) and subjected to a TUNEL assay using the ApopTag in
situ detection kit (EMD Millipore, MA). All of the images were
acquired using a FluoView FV1000-D confocal laser-scanning
microscope (Olympus, Tokyo, Japan).

Immunoblotting

For immunoblotting, isolated islets (200 islets) were lysed in
radioimmune precipitation buffer (Cell Signaling Technology,
Danvers, MA) with complete protease inhibitor mixture

SASBMB

(Roche Diagnostics). After centrifugation, the extracts were
subjected to immunoblotting with antibodies. The primary
antibodies used were Calgranulin A (S100A8), Calgranulin B
(S100A9), Bcl-2—associated X protein (BAX), Bcl-2 (Santa Cruz
Biotechnology), high-mobility group box 1 (HMGB1), and glyc-
eraldehyde-3 phosphate dehydrogenase (GAPDH) (Abcam).

GST-fused proteins

GST-fused constructs comprising the mouse S100A8 and
S100A9 proteins were generated in pGEX4T-1 and were
received as kind gifts from Dr. Sachie Hiratsuka and Dr.
Yoshihiro Maru (Department of Pharmacology, Tokyo
Women’s Medical University) (46). The proteins were
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Figure11.Anillustrative model of isletinflammation-induced p-cellapo-
ptosis via S100A8 in diabetes. A combination of infiltrating macrophages,
saturated fatty acids (palmitate), and hyperglycemia augmented the produc-
tion of STO0A8. S100A8 secreted from the islets induced further macrophage
migration and inflammation through TLR4. This positive feedback loop
potentiates islet inflammation and B-cell death.

expressed in Escherichia coli BL21 and purified on a GSH-
Sepharose column.

Macrophage migration assay

The migrated macrophages were labeled with Calcein-AM
(WAKO, Osaka, Japan) and measured using an ARVO™ MX
plate reader (PerkinElmer Life Sciences) at an excitation wave-
length of 485 nm and emission filter of 535 nm. The migration
of macrophages was evaluated using 8-um pore Falcon BD
FluoroBlok™ inserts and plates (BD Biosciences) with isolated
pancreatic islets (50 islets) or SI00A8-GST in the presence or
absence of anti-S100A8 antibody, isotype control IgG2b,
VIPER/CP7, or TAK-242. Macrophages were seeded onto the
insert mesh and incubated for 24 or 48 h at 37 °C under 5% CO.,,.

Humanislets

Human islets were obtained from the Integrated Islet Distri-
bution Program (National Institutes of Health). All studies and
protocols used were approved by the Joslin Diabetes Center’s
Committee on Human Studies (approval CHS#5-05). Details
of human islets are described in Table S3. Upon receipt,
islets were cultured overnight in Miami Medium 1A (Cell-
gro). Co-culture was performed at 37 °C in final wash/cul-
ture medium (Cellgro) or RPMI1640 medium. Cadaveric
human islets and U937 human monocyte cell line (ATCC)
were plated in a Netwell insert with a 74-um mesh size pol-
yester membrane (Corning) and in the bottom wells,
respectively.

Statistical analyses

All experiments were independently repeated at least three
times. Horizontal bars indicate mean values. Statistical analyses
were conducted using IBM SPSS Statistics version 19. Equality
of variances was determined by using an F-test or Levene’s test.
Statistical comparisons between groups were analyzed for sig-
nificance by an unpaired two-tailed Student’s ¢ test and one-
way analysis of variance with post hoc Tukey tests for a para-
metric test or Welch’s ¢ test or Games—Howell test for a
nonparametric test. Differences were considered significant at
p < 0.05.
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Case Report

Necrotizing enterocolitis associated with Clostridium
butyricum in a Japanese man

Yukio Sato,’? ¥ Dai Kujirai,"? Katsura Emoto,** Toshiaki Yagami,” Taketo Yamada,>*°

Manabu Izumi,” Masaki Ano,® Kenichi Kase," and Kenji Kobayashi'-’

"Department of Emergency Medicine, Saiseikai Utsunomiya Hospital, Tochigi, Japan, Department of Emergency
and Critical Care Medicine, Keio University School of Medicine, Tokyo, Japan, *Department of Pathology, Saiseikai
Utsunomiya Hospital, Tochigi, Japan, “Department of Pathology, Keio University School of Medicine, Tokyo,
Japan, °Department of Radiology, Saiseikai Utsunomiya Hospital, Tochigi, Japan, °Department of Pathology,
Saitama Medical University, Saitama, Japan, ’Department of General Internal Medicine, Saiseikai Utsunomiya
Hospital, Tochigi, Japan, ®Department of Critical Care Medicine, Saiseikai Utsunomiya Hospital, Tochigi, Japan,
and °Department of Surgery, Saiseikai Utsunomiya Hospital, Tochigi, Japan

Case: Necrotizing enterocolitis (NEC) caused by Clostridium butyricum is common in neonates; however, a case of NEC in adults has
not been previously reported. An 84-year-old Japanese man developed C. butyricum-related NEC during hospitalization for treatment
of stab wounds to the left side of the neck and lower abdomen, without organ damage, and concomitant pneumonia.

Outcome: The patient developed acute onset of emesis accompanied by shock during his admission; partial resection of the small
intestine was carried out due to necrosis. Pathologic findings showed mucosal necrosis and extensive vacuolation with gram-positive
rods in the necrotic small intestine. Blood culture tests revealed C. butyricum infection. The patient’s condition improved after the

surgery. He was moved to a rehabilitation hospital on day 66.

Conclusion: This study suggests that hospitalized adult patients who receive antibiotic treatment are at risk for NEC.

Key words: Adult, Asia, Clostridium butyricum, enterocolitis, necrotizing

INTRODUCTION

EVERAL STRAINS OF Clostridium butyricum have

been cultured from the stool of healthy children and
adults.! One of those strains, MIYAIRI 588, is used
widely as a probiotic in Asia, including Japan.” It has
been reported that it inhibited the cytotoxicity of
Clostridium difficile in an in vitro study and reduced
C. difficile toxin A in an in vivo study.>* However, some
of these strains produce endotoxins and cause necrotizing
enterocolitis (NEC) in neonates.” The only toxin C. bu-
tyricum has been reported to produce is analogous to the
type E botulinum neurotoxin secreted by Clostridium
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botulinum.® After the first report of NEC due to C. bu-
tyricum type E in an infant,’” many similar cases have
been reported, including two cases of intestinal botulism
involving adolescents,® and one case of sepsis in an
adult.” Additionally, cases of food-borne botulism caused
by C. butyricum have been reponed.10 However, a case
of NEC due to C. butyricum in an adult has not been
reported to date.

CASE

N 84-YEAR-OLD MAN visited our hospital owing to
a neck (left) and abdominal penetrating injury by a
short sword in a suicide attempt. The patient had a medical
history of cerebral infarction and paroxysmal atrial fibrilla-
tion on apixaban. He lived in his home with his family and
had no recent history of hospitalization or admission to a
nursing home.
On examination, his vital signs were normal except for
disturbed consciousness: Glasgow coma scale score, 6;
blood pressure, 158/92 mmHg; respiratory rate, 18 breaths/

194 © 2018 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
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min; heart rate, 72 b.p.m.; and body temperature, 35.9°C. A
short sword had been inserted into the left lateral neck.
There was no exit wound. There was another stab wound in
the middle of the lower abdomen. There were no hard signs
of bleeding around either wound. There were no peritoneal
signs. Otherwise, the physical examination was unremark-
able. Laboratory examination showed: white cell count,
13,000/pL; neutrophils, 11,180/uL; lymphocytes, 1,300/uL;
hemoglobin, 12.3 g/dL; platelet count, 33.6 x 104/uL; acti-
vated partial thromboplastin time, 27.8 s; prothrombin time
— international normalized ratio, 1.27; and fibrinogen level,
377 mg/dL.

On image examination, a chest radiograph did not indi-
cate a hemopneumothorax, and a focused assessment with
sonography for trauma did not indicate fluid in the chest or
abdominal cavities (Fig. 1A). To examine the trajectory of
the sword, a cervical radiograph was carried out (Fig. 1B).
Neck and chest radiographs did not show any free air in the
soft tissue. A whole body computed tomography (CT) scan
with i.v. contrast revealed the sword penetrating through the
left thoracic cavity from the left side of the neck and an
injury in the lower abdomen. There was s.c. emphysema
with signs of pneumothorax. The peritoneum was pene-
trated; however, there were no free air or free fluid in the
abdominal cavity (Fig. 1C,D). It was difficult to ascertain
whether the left subclavian artery was injured because of an
artifact on the CT images generated by the sword; therefore,

emergency exploratory thoracotomy and laparotomy were
carried out.

During the surgery, no organ damage was found, and the
sword was removed safely. The patient was treated in the
intensive care unit after surgery; however, he needed contin-
uous mechanical ventilation owing to respiratory failure.
Subsequently, the patient developed ventilator-associated
pneumonia due to methicillin-resistant Staphylococcus aur-
eus on postoperative day (POD) 13 and was treated using
meropenem 1.0 g/day and vancomycin 2 g/day i.v. until
POD 23. The patient was extubated on POD 20. The patient
was transferred from the intensive care unit and moved to
the step-down unit on POD 21. As ambulation and oral
intake were difficult, due to a continuously disturbed mental
state, enteral feeding was continued. On POD 36, the patient
presented with sudden onset of vomiting, with hypoxemia
and shock. On examination before intubation, generalized
abdominal tenderness with peritoneal signs was recognized.
Laboratory examination showed: white blood count, 11,240/
pL; neutrophils, 10,453/uL; lymphocytes, 674/uL; hemoglo-
bin 7.4 g/dL; platelet count, 34.5 x 104/uL; activated
partial thromboplastin time, 33.6 s; prothrombin time —
international normalized ratio, 1.38; and C-reactive protein,
3.21 mg/dL. Niveau formation was observed on the chest
radiograph obtained after intubation. A whole-body CT scan
showed portal vein gas and pneumatosis cystoides intesti-
nalis, suggesting ischemic enteritis (Fig. 2). Consequently,

Fig. 1. Radiographs and whole body computed tomography (CT) scans taken on admission of an 84-year-old man with self-inflicted
stab wounds to the neck and abdomen. A, Radiograph of the chest. B, Radiograph of the neck. C, CT image of the chest. Arrows indi-
cate the air leakage. D, CT image of the abdomen. The arrow indicates the injury to the posterior layer of the rectus sheath.
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the patient was brought to the operating room for the emer-
gent exploratory laparotomy. Despite the patient’s age, arte-
riosclerosis suggesting ischemic enteritis was not observed.
One hundred and twenty centimeters of jejunum and ileum
was resected, located 70 cm away from the ligament of Tre-
itz; the first 20 cm was necrotic, the next 30 cm looked pale,
suggesting ischemia, and the last 70 cm was necrotic
(Fig. 3A). Mesenterium at the region was congested with
blood. The remaining intact tracts, comprising 170 cm in
total, were stapled by functional end-to-end anastomosis.

Histopathologic examination of the resected intestine
showed extensive mucosal necrosis, innumerable gram-
positive bacilli, and associated vacuolation and epithelial
regeneration (Fig. 3B-D). The findings suggested NEC. In
addition, C. butyricum, a gram-positive bacillus, was con-
currently isolated from two cultured blood samples drawn
just before the partial enterectomy. We also reconfirmed that
the blood culture samples obtained on POD 42 were sterile.
An antibiotic, meropenem 1.0 g/day, was given for
2 weeks, starting at onset of shock, and had a susceptibility

Fig. 2. Whole body computed tomography scan of an 84-year-old man with self-inflicted stab wounds to the neck and abdomen,
taken when the patient presented with vomiting. A, Image of the upper abdomen. Arrows indicate portal vein gas. B, Image of the

lower abdomen. Arrows indicate pneumatosis cystoides intestinalis.

Fig. 3. Histological observation of the resected small intestine of an 84-year-old man with necrotizing enterocolitis associated with
Clostridium butyricum, using hematoxylin—eosin staining with a macro image. A, Macro image of resected tract. Arrow indicates the
oral side. B, Severe inflammation, several vacuoles, congestion, and hemorrhage in the muscularis propria and subserosal layer indi-
cate gas gangrene. Scale bar, 500 pm. C, Vacuoles are surrounded by acute severe inflammation and considered as gas accumula-
tion. Scale bar, 100 um. D, Observation by oil immersion lens reveals numerous bacilli adjacent to vacuoles. Scale bar, 20 pm.
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to C. butyricum. The patient recovered and was moved to a
rehabilitation hospital on POD 66 following his first
surgery.

DISCUSSION

ECROTIZING ENTEROCOLITIS CAUSED by

C. butyricum is common in preterm neonates, and can
be 1ife-threatening.5 However, to the best of our knowledge,
no such cases have been reported in adults.

In the present case, we initially suspected ischemic enteri-
tis; however, surgical and pathological findings suggested
NEC. In addition to the lack of obvious obstruction of ves-
sels on surgery, histopathology results indicated that C. bu-
tyricum isolation from the patient’s blood samples resulted
from mucosal breakdown and transmigration of these bacte-
ria into the bloodstream. These findings indicated that patho-
genic C. butyricum infection in the gut resulted in septic
shock, leading to ischemia of the small intestine. With
regard to the route of infection, in this case, the initial
exploratory laparotomy for the stab wound did not involve
any bowel injuries; therefore it was not related to the devel-
opment of NEC. We hypothesized that the patient was a
C. butyricum carrier, and treatment with several antibiotics
for methicillin-resistant Staphylococcus aureus pneumonia
might have resulted in the microbial substitution. Neverthe-
less, the invasion route is still unclear. In addition, a previ-
ous report suggested that lactose fermentation is involved in
the pathogenesis of NEC.!' However, the enteral nutrient
administered to this patient did not include lactose. More-
over, the patient had been admitted for 30 days before the
development of NEC. During that period, no outbreak of
this kind of bacterial infection was observed in our hospital,
thus, excluding the possibility of nosocomial infection.’
Therefore, the course of C. butyricum infection remains
unclear.

Regarding the differential diagnosis, we discussed the
possibility of the following three diseases. Neutropenic
enterocolitis, also known as typhlitis, is confused with
NEC; however, our patient’s background was completely
different to reported cases.'? Although its cause is still
unclear, it basically occurs in patients with neutropenia,
such as leukemic patients receiving chemotherapy. The
patient did not have any medical history suggesting neu-
tropenia. In addition, a test for antibodies against HIV
yielded negative results. The possibility of non-occlusive
mesenteric ischemia (NOMI) was definitely difficult to
rule out, because of similar traits between both diseases:
ischemia and infection.'®> Moreover, segmental and discon-
tinuous necrosis in a region perfused by the superior

mesenteric artery can be typically observed in NOMI,
although it was difficult to confirm that necrotic and
ischemic regions were completely continuous in our case.
Nonetheless, if our case was NOMI, the innumerable bac-
teria propagated in such a short period would have been
incongruous, as the patient had no risk factors at the
onset, such as cardiac failure, low flow states, multi-organ
dysfunction, or Vasopressors.14 The probability of ischemic
enteritis was low because there was no arteriosclerosis,
and it typically occurs in a region perfused by the inferior
mesenteric artery. Thus, based on the above reasons, we
diagnosed NEC.

Regarding the prevention of adult NEC, a clonal strain
was found to be circulating in neonatal intensive care unit,
during an outbreak of NEC in preterm neonates.”’*'> There-
fore, it is necessary for medical and nursing staff to control
infection effectively, even in adult care units. In addition,
although prediction is difficult, a risk for developing NEC,
owing to microbial substitution, could be considered during
treatment with antibiotics in the same manner as considera-
tion for C. difficile colitis.

Limitations of this study include the inability to assess the
neurogenic symptoms (vision impairment and dysphagia) of
the patient, because of his continuous disturbed mental state.
Furthermore, gene sequencing to confirm the type of strain
isolated could not be carried out.

CONCLUSION

E PRESENT A rare case of successful management

of a hospitalized elderly patient with NEC associated
with C. butyricum. The present case suggests that hospital-
ized adults who receive antibiotic therapy carry a risk of
critical illness associated with pathogenic C. butyricum.
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ARTICLE INFO ABSTRACT
Keywords: Objectives: The primary aim was to reveal the prevalence of lung cancer (LC) and malignant pleural mesothe-
Asbestos lioma (MPM) in subjects with past asbestos exposure (AE). We also examined pulmonary or pleural changes
Low-dose CT correlated with the development of LC.
Screening Materials and methods: This was a prospective, multicenter, cross-sectional study. There were 2132 subjects
]I;/}l;it;i;icj;a enrolled between 2010 and 2012. They included 96.2% men and 3.8% women, with a mean age of 76.1 years;
78.8% former or current smokers; and 21.2% never smokers. We screened subjects using low-dose computed
tomography (CT). The CT images were taken with a CT dose Index of 2.7 mGy. The evaluated CT findings
included subpleural curvilinear shadow/subpleural dots, ground glass opacity or interlobular reticular opacity,
traction bronchiectasia, honeycombing change, parenchymal band, emphysema changes, pleural effusion, dif-
fuse pleural thickening, rounded atelectasis, pleural plaques (PQs), and tumor formation.
Results: The PQs were detected in most of subjects (89.4%) and emphysema changes were seen in 46.0%.
Fibrotic changes were detected in 565 cases (26.5%). A pathological diagnosis of LC was confirmed in 45 cases
(2.1%) and MPM was confirmed in 7 cases (0.3%). The prevalence of LC was 2.5% in patients with a smoking
history, which was significantly higher than that in never smokers (0.7%, p = 0.027). The prevalence of LC was
2.8% in subjects with emphysema changes, which was higher than that of subjects without those findings
(1.6%); although, the difference was not statistically significant (p = 0.056). The prevalence of LC in subjects
with both fibrotic plus emphysema changes was 4.0%, which was significantly higher than that of subjects with
neither of those findings (1.8%, p = 0.011). Logistic regression analysis revealed smoking history, fibrotic plus
emphysema changes, and pleural effusion as significant explanatory variables.
Conclusions: Smoking history, fibrotic plus emphysema changes, and pleural effusion were correlated with the
prevalence of LC.
1. Introduction thickening, and malignant neoplasms such as malignant pleural me-
sothelioma (MPM) and lung cancer (LC) [3,4]. According to the World
Asbestos was commonly used during the 20th century and remains Health Organization, > 107,000 people die each year from asbestos-
prevalent in many developing countries [1]. Asbestos causes patholo- related diseases due to occupational exposure [1]. These diseases
gical changes in the lung or the pleura including asbestosis, pleural usually develop after long latency periods of 40-50 years [5]. Thus,
plaques (PQs), benign asbestos pleural effusion [2], diffuse pleural there will be more LC or MPM developing in the next few decades,

Abbreviations: AE, asbestos exposure; CT, computed tomography; LC, lung cancer; LDCT, low-dose computed tomography; MPM, malignant pleural mesothelioma; PQs, pleural plaques;
SCLS/DOTS, subpleural curvilinear shadow/subpleural dots
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despite that asbestos use was banned in Japan in 2004. Subjects with
histories of asbestos exposure (AE) in Japan are examined by annual
chest X-ray; however, it is established that chest X-ray is not an efficient
method forLC screening [6,7]. Thus, there is a need to establish a more
useful screening strategy for subjects.

Mass screening of high-risk groups to detect LC could potentially be
beneficial. Multidetector computed tomography (CT) has made high-
resolution volumetric imaging possible during a single breath hold with
acceptable levels of radiation exposure [8]. There were several reports
that low-dose helical CT of the lung detected more nodules and LCs,
including early-stage, than chest X-ray [9]. Recently, the National Lung
Screening Trial, which recruited subjects at high-risk for LC, demon-
strated that low-dose CT (LDCT) screening could decrease the death
rate due to LC by about 20% compared with screening using chest X-ray
[7]. In addition, there are some recent reports that LDCT screening is
useful to detect LC at the earlier stages [10-12].

In the current study, we performed LDCT screening for subjects with
histories of AE. The primary aim of the study was to reveal the pre-
valence of LC and MPM in the subjects. In addition, we focused on other
pulmonary or pleural changes, such as fibrotic or emphysema changes
and plaques, to determine what findings correlated with the prevalence
of LC.

2. Materials and methods
2.1. Study approval

This study was conducted in compliance with the principles of the
Declaration of Helsinki. This study was carried out according to The
Ethical Guidelines for Epidemiological Research by the Japanese
Ministry of Education, Culture, Sports, Science, and Technology, and
the Ministry of Health, Labour, and Welfare. This study was approved
by the Japan Health, Labour, and Welfare Organization and the in-
stitutional review boards of each institution. Patient confidentiality was
strictly maintained and written informed consent was obtained from
the subjects.

2.2. Subjects

This was a prospective, multicenter, cross-sectional study to reveal
the prevalence of LC and MPM, and the prevalence of CT findings due to
AE. The inclusion criteria of the subjects are 1) those who had engaged
in asbestos-product manufacturing for more than 1 year, 2) those who
had engaged in other industries related to AE for more than 10 years, or
3) those who had engaged in industries related to AE and demonstrated
pleural plaques on chest X-ray or CT (regardless of the duration of AE).
There were 2132 subjects enrolled in this study between 2010 and
2012. They included 2050 (96.2%) men and 82 (3.8%) women, with a
mean (range) age of 76.1 (51-101) years. There were 502 subjects from
Okayama Rosai Hospital, 392 from Chiba Rosai Hospital, 370 from
Tamano Mitsui Hospital, 313 from Kinki Chuo Chest Medical Center,
214 from Kagawa Rosai Hospital, 196 from Toyama Rosai Hospital, 96
from Yamaguchi-Ube Medical Center, and 49 from Hokkaido Chuo
Rosai Hospital. The occupational categories associated with AE are
shown in Fig. 1. The main categories included 612 subjects (28.7%) in
shipbuilding, 260 (12.2%) in chemical manufacturing, 259 (12.2%) in
asbestos-product manufacturing, and 245 (11.5%) in construction. The
smoking history was obtained from 2095 subjects and revealed 1651
(78.8%) former or current smokers and 444 (21.2%) never smokers.

2.3. CT acquisition and analysis

The CT images were taken in each institution with a median (range)
CT dose Index of 2.7 (2.4-2.8) mGy. 2 mm thick images were obtained
and stored in Digital Imaging and Communications in the Medicine
format. The evaluated CT findings included pulmonary fibrotic
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changes, such as subpleural curvilinear shadow/subpleural dots (SCLS/
DOTS), ground glass opacity or interlobular reticular opacity, traction
bronchiectasia, honeycombing change, and parenchymal band (Fig. 2).
Other evaluated findings were emphysema change, pleural effusion,
diffuse pleural thickening, rounded atelectasis, PQs with or without
calcification, and tumor formation. The CT images were taken with the
subject in a prone position to differentiate slight pulmonary changes on
the dorsal portion of the lungs from gravitational effects. Images were
analyzed independently on the monitor, based on a quality standard,
agreed on by two reference radiologists who were blinded to the clin-
ical and demographic information of the subject and the results of one
another’s assessments. If there was a difference between the inter-
pretations of the two radiologists, more rigorous interpretation was
adopted with regard to emphysema changes, pleural effusion, diffuse
pleural thickening, PQs, and tumor formation. For fibrotic changes, a
third radiologist made the second-round interpretation and gave the
final decision. When LC or MPM was suspected in subjects, further
examinations such as bronchoscopy, needle biopsy, thoracentesis, and/
or surgery were performed in the clinical practice.

This was a cross sectional study with only one CT performed in each
subject. No follow up was performed for patients with a negative CT.

2.4. Statistical analysis

Comparisons between independent groups were performed using
the chi-square test and the Mann-Whitney U test was used for non-
parametric analysis. The average values were compared using the t-test.
Overall survival of LC patients was obtained by using Kaplan-Meier
methods. Logistic regression analysis was conducted as a multivariate
analysis. Statistical calculations were performed using SPSS statistical
package version 22.0 (IBM, Armonk, USA).

3. Results
3.1. CT findings

The CT findings of the 2132 subjects are summarized in Table 1. The
PQs were detected in the majority of subjects (89.4%) and emphysema
changes in about half of the subjects (46.0%). Fibrotic changes (at least
one of: SCLS/DOTS, ground glass opacity or interlobular reticular
opacity, traction bronchiectasia, honeycombing change, and par-
enchymal band) were detected in 565 cases (26.5%). There were 116
cases (5.4%) with suspected LC, including 101 with possible LC and 15
with definite LC.

The pathological diagnosis of LC was confirmed in 45 cases (2.1%),
44 men and 1 woman. Median (range) age at the diagnosis was 73
(60-87) years old. There were 31(68.9%) adenocarcinoma, 10(22.2%)
squamous cell carcinoma, 3(6.7%) small cell carcinoma, and 1(2.2%)
adenosquamous carcinoma. According to the International Association
for the Study of Lung Cancer staging (7th Edition), there were 13 Stage
IA, 14 Stage IB, 4 Stage IIA, 3 Stage IIB, 4 Stage IIIA, 2 Stage IIIB, and 1
Stage IV patients. Median overall survival (95% confidence interval) of
these 13 patients was 26.8 (4.01-71.93) months.

Pleural effusion was detected in 45 subjects. Among them, LC was
diagnosed in six cases including four adenocarcinomas and two squa-
mous cell carcinomas. Pleural carcinomatosis was revealed in 2 of the 4
cases of adenocarcinoma. Another two subjects with adenocarcinoma
and one of the 2 subjects with squamous cell carcinoma underwent
thoracic surgery, suggesting they had post-operative pleural effusion.
There were 16 subjects (0.8%) with suspected MPM and the patholo-
gical diagnosis was confirmed in seven cases (0.3%) including 4 cases of
epithelioid, 2 cases of biphasic, and 1 case of sarcomatous subtype.

3.2. CT characteristics of LC cases

We examined the specific characteristics of patients in whom LC



K. Kato et al.

0 100
Shipbuilding
Chemical manufacturing

200

European Journal of Radiology 101 (2018) 124-128

Number of subjects

300 400 500 600 700

Asbestos product manufacturing

Construction industry —————————d
Plumbing —_
Electrical work ——T
Steel mill production —— |

Electric appliance manufacturing il

Cement manufacturing 3
Demolition work —
Automobile manufacturing B
Warehouse management [
Manufacturing =
Others [ em———————

Fig. 1. Occupational categories of the enrolled subjects.

Fig. 2. Examples of pulmonary CT findings. (A) Subpleural curvilinear shadow, (B) subpleural dots, (C) parenchymal band, (D) ground-glass opacity, and (E) intralobular reticular

opacities.

was detected. There was no significant difference in the prevalence
when comparing genders, 2.1% (44/2050) in men and 1.2% (1/82) in
women (p = 0.567). The prevalence of LC was 2.5% (42/1651) in pa-
tients with a smoking history, which was significantly higher than the
prevalence in never smokers (0.7%, p = 0.027).

The associations between CT findings and the prevalence of LC are
shown in Table 2. There was no difference concerning the prevalence of
LC in those with and without PQs (2.1% and 2.2%, respectively,
p = 0.910). The prevalence of LC was 2.8% in subjects with emphysema
changes, which was higher than that of subjects without those findings

126

(1.6%); although, this difference was not statistically significant
(p = 0.056). The prevalence of LC in subjects with both emphysema
changes and fibrotic changes was 4.0%, which was significantly higher
than that of subjects with neither of those findings (1.8%, p = 0.011).
The prevalence of LC was significantly higher in subjects with pleural
effusion.

Logistic regression analysis was conducted using smoking history,
fibrotic plus emphysema change, and pleural effusion as explanatory
variables, and revealed that all of them were statistically significant
(Table 3).
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Table 1
CT findings of enrolled subjects.

Findings Cases %
Pleural plaques 1906 89.4
Emphysematous changes 980 46.0
Ground glass opacity/Interlobular reticular opacity 482 22.6
Subpleural curvilinear shadow/Subpleural dots 297 13.9
Diffuse pleural thickening 292 13.7
Parenchymal band 287 13.5
Traction bronchiectasia 186 8.7
Rounded atelectasis 70 3.3
Pleural effusion 45 2.1
Honeycombing change 42 2.0
Table 2
Associations between CT findings and the prevalence of lung cancer.
Findings Lung Lung Total P
Cancer Cancer
=) (+)
Subpleural curvilinear + 289 8 297
shadow/subpleural dots
(SCLS/DOTS)
- 1798 37 1835 0.451
Ground glass opacity/ + 469 13 482
interlobular reticular
opacity
- 1618 32 1650 0.309
Traction bronchiectasia + 182 4 186
- 1905 41 1946  0.968
Honeycombing change + 40 2 42
- 2047 43 2090 0.277
Parenchymal band + 282 5 287
- 1805 40 1845 0.641
Emphysema changes 953 27 980
- 1134 18 1152 0.056
Pleural effusion 38 7 45
- 2049 38 2087 < 0.001
Diffuse pleural thickening + 287 5 292
- 1800 40 1840 0.61
Rounded atelectasis + 70 0 70
- 2017 45 2062 0.212
Fibrotic® plus emphysema + 315 13 328
change
- 1772 32 1804 0.011

2 Either of traction bronchiectasia, honeycombing change, or parenchymal band.

Table 3
Logistic regression analyses concerning the risk of lung cancer.

Exp(B) 95% C.1.* p-value
Smoking 0.270 0.082-0.891 0.032
Fibrotic” plus emphysema changes 1.954 0.999-3.824 0.050
Pleural effusion 10.238 4.221-24.833 < 0.001

? C.L confidence interval.
b Either of traction bronchiectasia, honeycombing change, or parenchymal band.

4. Discussion

Asbestos is one of the risk factors for LC as well as MPM; therefore, a
strategy should be established for medical checkups among subjects
with past AE. In the current study, we screened subjects with occupa-
tional AE using LDCT. The primary aim was to reveal the prevalence of
LC and MPM, and the secondary aim was to examine what findings
correlated with the prevalence of LC to determine the subjects at high-
risk for LC. For this reason, we focused on slight pulmonary or pleural
changes such as SCLS/DOTS, ground glass opacity or interlobular re-
ticular opacity, in addition to emphysema changes or PQs. To our
knowledge, this is the largest study (> 2000 subjects) evaluating
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subjects with past AE.

In the current study, PQs were detected in 89.4% of the enrolled
subjects. In previous reports of CT screening of subjects with AE
[13-18], the detection rates of PQs varied from 32 to 81% [13,15-18].
The high detection rate of PQs in the current study supports the con-
firmed history of AE for the enrolled subjects. As a result, 45 cases
(2.1%) of LC and 7 cases (0.3%) of MPM were detected. The prevalence
of LC in the current study was higher than that of previous studies using
LDCT screening in Japan [10,11]. These findings suggest that subjects
with past AE are a high-risk population for LC. There is another report
of CT screening of subjects with AE that found the prevalence of LC was
4.28% in the high-risk group of subjects with AE and a heavy smoking
history [19]. Smoking and AE are independent risk factors for LC and
raise the incidence in a synergistic manner [20]. Subjects with past AE
should be screened with LDCT, especially those with a smoking history.

We examined the prevalence of pulmonary CT findings, including
pulmonary fibrotic changes in subjects with AE. Pulmonary fibrotic
changes were found in 26.5% of the subjects. There are previous reports
of radiologic findings of subjects with AE [16,18]. In those reports,
pulmonary fibrotic changes were found in 6-24% of the subjects. There
is another report that some sort of pulmonary fibrotic change was de-
tected in 27% of subjects with a smoking history [21]. Many subjects in
the current study had a history of smoking, so it is unclear whether
these slight fibrotic changes are specific to AE or due to other causes,
such as smoking. In either case, the prevalence of LC was higher in
subjects with fibrotic changes, such as traction bronchiectasis and
honeycomb fibrosis. In addition, the prevalence of LC was significantly
higher in subjects with both fibrotic and emphysema changes. Multi-
variate analysis revealed smoking history, fibrotic plus emphysema
changes, and pleural effusion as significant explanatory variables.
These findings suggest that subjects with AE and these factors are at
high-risk for LC.

There were 7 subjects with MPM detected in the current study. In
previous studies, two cases of MPM were identified in 516 AE in-
dividuals [13] and no case was detected in 1045 AE workers [17].
Unlike LC, the treatment outcome of MPM is poor even when cases are
diagnosed in the earlier stages [22]. The usefulness of LDCT for the
early diagnosis and improvement of treatment outcome in MPM should
be addressed and investigated in future studies.

There are limitations to the current study. It is a cross-sectional
study. The causal connection between LC and some CT pulmonary
findings were suggested; however, these should be clarified in a future
prospective study.

5. Conclusions

We demonstrated that smoking history, fibrotic plus emphysema
changes, and pleural effusion were correlated with the prevalence of
LC. Future studies are warranted to examine the utility of LDCT
screening for subjects with AE to improve the prognosis of LC.
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Abstract

Background: Previous studies have indicated that people with malignant pleural mesothelioma (MPM) have a poor
quality of life (QOL); however, information about the QOL of people with MPM in Japan is anecdotal. The aims of
this study were to investigate the QOL of survivors of MPM in Japan and to determine the factors that correlate

with their QOL.

Methods: This was a cross sectional study. The included patients were those diagnosed with MPM in Japan. We
created a self-administered questionnaire consisting of 64 questions. The questionnaires were sent to hospitals and
patient advocacy groups, distributed to the patients, completed, and sent back to the researchers by postal mail.
QOL was assessed with the European Organization for Research and Treatment of Cancer 16 questionnaire (QLQ)
and the short version of the core domains of the Comprehensive Quality of Life Outcome questionnaire (CoQolo).

Results: In total, 133 questionnaires were collected. The QLQ assessments demonstrated that the survivors of MPM
most frequently complained of fatigue, pain, sleep disturbances, and dyspnea. The symptom scales were
acceptable, but the functional scales were significantly poorer for the patients with poor performance statuses (PSs).
The short CoQolo assessment was very unfavorable for ‘Being free from physical pain.’ Being a long-term survivor
and a survivor with a poor PS were significantly correlated with poor global health status.

Conclusions: Survivors of MPM have impaired function, a variety of symptoms, and lower QOL. Survivors of MPM,
even those in good physical condition, need broad support.

Keywords: Asbestos, CoQolo, Mesothelioma, Palliative care, Quality of life, Questionnaire

Background

The World Health Organization (WHO) reported that
107,000 people die from occupational exposure to asbes-
tos each year, and the WHO advocates for the elimin-
ation of asbestos-related diseases [1, 2]. Mesothelioma is
a rare malignancy caused by asbestos exposure that af-
fects the pleura, peritoneum, and pericardium [3]. Ma-
lignant pleural mesothelioma (MPM), which is the most
common mesothelioma, is almost always fatal [4]. The
overall median survival time and 2-year survival rate of
patients with resectable disease, who have undergone
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trimodal treatment composed of induction chemother-
apy followed by extrapleural pneumonectomy and post-
operative radiation therapy, are 19.9 months and 42.9%,
respectively [5], and the median overall survival of pa-
tients with advanced surgically unresectable disease who
received cisplatin and pemetrexed is approximately
12 months [6]. Additionally, MPM causes debilitating
physical symptoms, such as pain, dyspnea, fatigue, and
loss of appetite [7, 8]. The British Thoracic Society Stan-
dards of Care Committee recommends that palliative
care and symptom control be central to any manage-
ment plan for mesothelioma patients [9]. Recently,
maintaining patients’ quality of life (QOL) has become
more important in the treatment of MPM because of its
poor prognosis. The Australian guidelines were
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developed by employing questions about the QOL of
the patient, interventions, comparisons, and outcomes
[4]. The QOL has been assessed in studies of treat-
ments for MPM, such as chemotherapy [10], pleurect-
omy [11], and extrapleural pneumonectomy [12].
There are previous reports that MPM impairs the
QOL of patients and their care givers [13, 14]. Kao et
al. reported that health-related QOL is associated
with survival in MPM patients [15].

Japan is one of the world’s largest importers and users
of asbestos [16, 17], and the number of deaths due to
MPM reached 1500 in 2015 [18]. A total of 100,000
deaths are expected in Japan in the next 40 years [19].
Previous research has demonstrated that patients with
MPM in Japan exhibit different care needs in the differ-
ent stages of the disease. A previous study reported a
lack of information about their disease and treatment
options upon diagnosis, pain and deteriorated physical
condition after extrapleural pneumonectomy, uncom-
fortable symptoms from chemotherapy, shock of the re-
currence of the disease, uncontrolled symptoms in the
terminal stage, anxiety and anger about developing dis-
ease due to asbestos, and burden of legal procedures in
all stages [20]. Nurses who care for patients with MPM
also experienced difficulties, such as struggling with care,
failure to introduce palliative care, limited support for
patients with decision making, difficulty in dealing with
families, unsuccessful communication, and emotional
distress after being with patients with MPM [21]. Previ-
ous studies indicate that people with MPM have a poor
QOL. Moore et al. reported that support groups can
provide an important source of information and support
for patients with MPM and their family members [22].
However, information about the QOL of people with
MPM in Japan is anecdotal.

This study investigated the QOL of patients with
MPM in Japan and determined factors that correlated
with their QOL.

Methods

Study design

This was a cross-sectional study. The inclusion criteria
were 1) patients who were diagnosed with MPM and 2)
those who could respond to self-administered question-
naires written in Japanese. No exclusion criteria were ap-
plied. A request for cooperation was sent to all hospitals
designated to promote quality oncologic care by the Jap-
anese Ministry of Health and Welfare. Based on their
agreements, the questionnaires were sent to the hospi-
tals and distributed to patients with MPM. Question-
naires were also sent to 15 branches of a patient
advocacy group (Patients and Family Support Group in
Japan) for distribution to survivors of MPM. Completed
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questionnaires were returned to the researchers by pos-
tal mail.

QOL assessment

A self-administered questionnaire was developed that
consisted of 64 questions about QOL and collected in-
formation about the patients’ age, gender, duration of
their disease, and treatments received. The questionnaire
also asked whether the patient had received worker’s
compensation or support from the asbestos-related
health damage relief system and whether the patient had
contact with a patient advocacy group. QOL was
assessed with the European Organization for Research
and Treatment of Cancer questionnaire (EORTC-QLQ
C30; QLQ) [23] and the short version of the core do-
mains of the Comprehensive Quality of Life Outcome
questionnaire (CoQoLo) [24]. These measures were in-
cluded in the distributed questionnaire.

The QLQ is a validated, patient-rated, core question-
naire for assessing the health-related QOL of cancer pa-
tients. The questionnaire incorporates 5 functional
scales (physical, role, cognitive, emotional, and social),
symptom scales (fatigue, pain, and nausea and vomiting),
a global health and QOL scale, and single items for
assessing additional symptoms commonly reported by
cancer patients (i.e., dyspnea, loss of appetite, sleep dis-
turbances, constipation, and diarrhea) as well as the per-
ceived functional influence of the disease and its
treatment. All items are scored on a 4-point Likert scale
(1 =not at all, 2 =a little, 3 = quite a bit, 4 = very much)
except for the global health and QOL scale, which uses a
modified 7-point linear analog scale (from 1 = very poor
to 7 =excellent). The scores for each scale and single-
item measures were averaged and linearly transformed
into a score ranging from 0 to 100. A high score for the
Global Health Status/QOL represents health-related
QOL, whereas high scores for the functional and symp-
tom scales and single items represent worse functional
ability or significant symptomatology.

The CoQoLo consists of 10 subscales and 28 items
and has been validated for Japanese cancer patients. The
CoQoLo assesses the QOL of patients with advanced
cancer in the terminal stage to support a ‘good death’
based on the patient’s perspective [24]. In the current
study, we applied the short version of the CoQoLo
(short CoQoLo) to minimize the burden on participants.
The short CoQoLo includes the following 10 items that
assess physical and psychological comfort: staying in the
patient’s favorite place, maintaining hope and pleasure,
good relationships with the medical staff, not being a
burden to others, good relationships with family, inde-
pendence, environmental comfort, being respected as an
individual, and having a fulfilling life. These items were
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answered on a 7-point Likert scale (from 1 = completely
disagree to 7 = completely agree).

Statistical analysis

The scores on the QLQ were calculated using a previ-
ously described scoring procedure [25]. The Likert scales
for each item on the short CoQoLo were used to score
each item. A multiple regression analysis was assessed to
estimate the correlations between the QOL scores and
the clinical and social factors that potentially affected
the factors for the QOL scores. Age was categorized as
less than 60 vyears, 60—-69 years, 70-79 vyears, and
80 years or older. Sex, receiving surgery, receiving
chemotherapy, receiving radiotherapy, receiving support-
ive care, receiving compensation, and membership in an
advocacy group were treated as dichotomous variables.
The years from diagnosis were divided into categories of
less than 2 years and two or more years. A p value less
than 0.05 was considered statistically significant. The
statistical analyses were performed using STATA version
14.2 (STATA corporation, College Station, TX, USA).

Results

Collection of questionnaires

Requests for cooperation were sent to 422 cancer hospi-
tals, and 64 (15.2%) agreed to participate. The main rea-
son for nonparticipation was the absence of patients
with MPM. In February 2016, 438 questionnaires were
distributed throughout the hospitals to patients with
MPM. By the end of April 2016, 88 patients had
returned the questionnaires to the researchers by postal
mail. Additionally, 94 questionnaires were mailed to sur-
vivors of MPM through a patient advocacy group in
March 2016. Among these, 45 (47.9%) were returned. In
total, 133 questionnaires were collected.

Characteristics of the participants

The characteristics of the participants are presented in
Table 1. Overall, 83.5% were male, and the mean age
was 69.3 years. The mean (+ standard deviation) dur-
ation of MPM was 31.0 (+ 43.6) months, 55.6% of the
patients had undergone surgery, 83.5% had received
chemotherapy, 28.6% had received radiotherapy, and 45.
9% had received palliative care. Either worker’s compen-
sation or assistance from the asbestos-related health
damage relief system was received by 74.4%, and 36.8%
were members of a patient advocacy group.

QOL assessment in MPM survivors

The QOL scores are presented in Table 2. The mean
global QOL score was 47.9, and the mean scores for the
5 functional scales, i.e., physical, role, cognitive, emo-
tional, and social function, were 64.4, 54.1, 64.5, 70.1,
and 67.0, respectively. Regarding the symptom scales,
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Table 1 Sociodemographics of the participants

N (133)  Percent

Sex

Male m 83.5

Female 22 16.5
Age

<59 17 12.8

60-69 56 42.1

70-79 47 353

2380 13 9.8
Duration of disease (months)

0-11 49 36.8

12-23 35 263

24-35 17 12.8

36-47 6 45

48-60 6 45

261 20 15.0
Performance status

0 19 14.3

1 66 496

2 21 15.8

3 25 188

4 2 1.5
Received treatment 0 0
Surgery 57 556

Extra pleural pneumonectomy 31

Pleurectomy decortication 23

Unknown 3
Chemotherapy 111 835
Radiotherapy 38 286
Palliative Care 61 459
Compensated (there is some overlap) 99 744

Workmen's accident compensation insurance 58

The asbestos-related health damage relief system 61

Patient and family support group membership 49 36.8

the mean scores for fatigue, pain, nausea and vomiting,
dyspnea, appetite loss, sleep disturbance, constipation
and diarrhea were 50.8, 34.7, 12.9, 50.1, 38.3, 36.1, 38.1,
and 14.8, respectively. The scores on the symptom scales
and functional scales were significantly worse among
those with poor performance statuses (PSs).

The results of the short CoQoLo assessment re-
vealed favorable scores for ‘Trusting physician’ (5.8),
‘Being dependent in daily activities’ (5.4), ‘Being val-
ued as a person’ (5.4), ‘Being able to stay at one's fa-
vorite place’ (5.3), and ‘Spending enough time with
one's family’ (5.0). The scores were not very favorable
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Table 2 Quality of life scores of the survivors with MPM
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EORTC QLQ C-30 Mean SD Short CoQolo Mean SD
Global QOL 479 249 Total score 489 9.7
Physical functioning 64.4 258 Being free from physical pain 38 19
Role functioning 54.1 303 Being able to stay at one’s favorite place 53 14
Emotional functioning 70.1 24.8 Having some pleasure in daily life 44 1.7
Cognitive functioning 64.5 257 Trusting physician 58 1.5
Social functioning 67.0 28 Feeling like the cause of trouble for others 40 18
Fatigue 50.8 264 Spending enough time with one’s family 50 16
Nausea & Vomiting 129 21.7 Being dependent in daily activities 54 1.6
Pain 34.7 290 Living in calm circumstances 54 14
Dyspnea 50.1 29.0 Being valued as a person 54 13
Insomnia 36.1 309 Feeling that one’s life was complete 44 1.7
Appetite loss 383 347

Constipation 38.1 346

Diarrhea 14.8 230

Financial difficulties 331 319

for ‘Having some pleasure in daily life’ (4.4), ‘Feeling
that one's life was complete’ (4.4), ‘Feeling like the
cause of trouble for others’ (4.0), and ‘Being free from
physical pain’ (3.8). The mean total score across the
10 items was 48.9.

Clinical factors correlated with QOL

The correlations between the QOL scores and the clin-
ical factors are presented in Table 3. The score for the
global health status on the QLQ among female survivors
was 10.89 points higher than that among males. Long-
term survivors (=2 years from diagnosis) and survivors
with poor PSs were significantly correlated with poor
global health status. The total score on the core domain
of the short CoQoLo was also significantly lower among
the long-term survivors and survivors with poor PSs.

Discussion

In this cross-sectional study, we intended to clarify the
QOL of survivors with MPM at various stages of their
disease, including diagnosis and during and after cancer
treatment. To our knowledge, this is the first study in
Japan to focus on the assessment of QOL of patients
with MPM and to include a considerable number of
long-term survivors.

The QLQ assessment in the current study indi-
cated that emotional function and social function
were relatively impaired in survivors of MPM, and
the survivors complained more frequently of fatigue
and dyspnea. Arber et al. reported that patients with
MPM receive insufficient psychososial support at the
time of the diagnosis [26]. Previous reports on the
QOL of patients with MPM during systemic

chemotherapy revealed impairments on QOL scales
that were similar to the results reported here [10].
Another study that included patients with MPM who
were treated with either chemotherapy or best sup-
portive care produced consistent impairments of
QOL [27]. Although the current study included sub-
jects with poorer PSs, the results are quite similar to
those of the previous studies and support the notion
that patients with MPM experience diverse, overlap-
ping symptoms that are often difficult to control

[21, 28]. The QLQ scores reported in the current
study were similar to those reported in previous
studies of patients with MPM in other countries [10, 11].

The short CoQoLo assessment revealed relatively fa-
vorable scores concerning items such as “Trusting phys-
ician; ‘Being dependent in daily activities, ‘Being valued
as a person, ‘Being able to stay at one's favorite place,
and ‘Spending enough time with one's family’. However,
the score for ‘Being free from physical pain’ was not fa-
vorable, which suggests that pain is an important elem-
ent of QOL in patients with MPM.

The results of the multiple regression analysis of
the QLQ indicated that a longer duration from diag-
nosis and a poor PS were factors correlated with im-
paired QOL. The results of multivariate regression
analysis of the short CoQoLo scores also indicated
that impaired QOL was correlated with poor PS and
a longer duration from the diagnosis. A better QOL
in patients with better PSs has been widely reported
in previous studies [10, 11, 29]. The current study
includes a considerable number of people who had
survived for more than 2 years. We speculate that
MPM can be cured in only a few cases; therefore, a
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Table 3 Multiple regression analysis of the QLQ-C30 and CoQol.o scores

QLQ-C30; Global health status

CoQolo; Core domain total

Coefficient 95% Cl p-value Coefficient 95% Cl p-value

Age at survey

=59 0 0

60-69 -3.08 —-1448, 833 0.5%4 244 —-2.69, 7.56 0348

70-79 —4.55 -16.52, 743 0454 2.25 -3.13,763 0409

80- 1.10 —14.83, 17.03 0.891 497 —2.19,12.13 0172
Sex

Male 0 0

Female 10.89 1.30, 2048 0.026 4.03 —-0.28, 8.34 0.067
Years from diagnosis

<2 0 0

22 -10.36 -1853, =219 0.011 -4.73 -840, — 1.06 0.012
Treatment

Surgery

=) 0 0

+) 499 —-3.30, 13.27 0235 1.10 —-262,482 0.558
Chemotherapy

=) 0 0

+) =575 —-15.50, 4.00 0.245 0.65 —-3.73,5.04 0.768
Radiation

=) 0 0

+) 1.25 -2.56, 5.06 0.65 125 —-2.56, 5.06 0.65
Palliative care

=) 0 0

+) —-263 —5.93, 066 0.116 —-263 -5.92, 066 0.116
Performance Status

0 0 0

1 -16.55 —-27.26, -5.84 0.003 -3.54 -836,1.26 0.147

2 —34.49 —47.69, -21.28 0.000 —7.64 -1357, =171 0.012

3 -40.97 —53.78, =28.15 0.000 -1142 -17.18, =567 0.000

4 —73.01 —102.99, —43.02 0.000 —24.09 —37.56, —10.62 0.001
Compensation

Not approved 0 0

Approved 5.86 —-2.98, 14.70 0.192 175 -222,572 0385
Patient advocacy group

Non-member 0 0

Member 097 —747,941 0.821 0.15 —-3.64, 3.95 0.936

prolonged clinical course would result in more se-
vere and continuous struggles with the disease.
Several studies have been performed from a qualitative
perspective, focusing on the MPM patient’s perspective,
suggesting that patients living with MPM undergo a
traumatic shock and a “Damocles’ syndrome” character-
ized by intense fears of death and anxiety along with the

awareness of the absence of effective treatments [30].
There are other studies performed with semi-structured
interviews, those seem to suggest that the reduced QOL
of these cancer patients is strictly related with the sever-
ity of symptoms, the poor prognosis, along with the
awareness of the “unnatural” origin of MPM, the ethical
issues connected to the human responsibilities in the
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contamination, and intense worries for the beloved ones
who will survive [14, 26, 31, 32]. From a clinical point of
view of the subjective experience of patients living with
the disease, specific tailored psychological interventions
should be developed in the understanding of the in-
depth psychological functioning of these patients.

This study has some limitations. First, the current
study included a small convenience sample. We re-
cruited as many patients as possible from the hospitals
that provide oncological care and through a patient ad-
vocacy group in Japan. Our results may not be represen-
tative of the general population of patients with MPM;
however, our participants may at least be representative
of survivors to a certain extent. Second, our participants
had a relatively longer duration of disease, had received
surgery, chemotherapy, and/or palliative care, and had
better PSs. The data from the patients in the terminal
stage and from those with poor general conditions may
have been missed due mainly to the difficulty of acces-
sing such people. The QOL of our participants might be
better than those of the general population of patients
with MPM, which indicates that the QOL of patients
with MPM on site may be more impaired. Finally, this
study was a cross-sectional study of prevalent cases. A
longitudinal study of incident cases is warranted to iden-
tify the factors that affect the QOL of incident cases of
MPM and to develop systems for the desired support
and care.

Conclusions

Survivors of MPM have impaired function, experience a
variety of symptoms, and have a lower QOL. The dur-
ation of disease and a poor PS correlated with impaired
QOL. Survivors of MPM, even those in good physical
condition, need broader support.
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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. m, No. m, m-m © 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
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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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Utility of Survivin, BAP1, and Ki-67 immunohistochemistry
in distinguishing epithelioid mesothelioma
from reactive mesothelial hyperplasia
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Abstract. Histological distinction between epithelioid
mesothelioma (EM) and reactive mesothelial hyperplasia
(RMH) can be challenging. The aim of this study was to
assess the diagnostic utility of Survivin, Ki-67, and loss of
BRCAl-associated protein 1 (BAP1) expressions in distin-
guishing EM from RMH using immunohistochemistry.
Formalin-fixed, paraffin-embedded specimens from 78 cases
of EM and 80 cases of RMH were immunohistochemically
examined for Survivin, BAPI1, and Ki-67. In addition, receiver
operating characteristic curve analyses were performed to
establish the cut-off values for Survivin and Ki-67 labelling
indices. Survivin (cut-off value: 5%) had 67.7% sensitivity
and 100% specificity, while Ki-67 (cut-off value: 10%) had
85.1% sensitivity and 87.5% specificity, and BAP1 had 66.2%
sensitivity and 100% specificity for the differentiation of
EM from RMH. Among the combinations of two markers,
the combination of Survivin and BAP1 (Survivin-positive
and/or BAP1-loss finding) had the highest diagnostic accuracy
(sensitivity: 89.8%; specificity: 100%; accuracy: 95.3%). We
recommend using the combination of Survivin and BAP1 to
distinguish EM from RMH.

Introduction
Malignant mesothelioma (MM) is a relatively rare but highly

aggressive malignant neoplasm arising from mesothelial cells
of the pleura, peritoneum, pericardium, and tunica vaginalis.

Correspondence to: Professor Yukio Takeshima, Department of
Pathology, Institute of Biomedical and Health Sciences, Hiroshima
University, 1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551, Japan
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Key words: BAP1, immunohistochemistry, Ki-67, mesothelioma,
reactive mesothelial hyperplasia, survivin

It is well-correlated with occupational and environmental
asbestos exposure. (1,2) The incidence of MM has increased in
many countries; (3) in Japan, mortality due to MM has increased
since the 1990s, and is predicted to peak in the 2030s (4).

Epithelioid mesothelioma (EM) must be differentiated
from reactive mesothelial hyperplasia (RMH), which is a
non-neoplastic condition frequently caused by pleuritis, peri-
tonitis, or serosal invasion of other cancers. Due to the close
resemblance of EM to RMH, differentiation by routine histo-
logical observation alone can be challenging.

Various established and novel immunohistochemical
markers have been utilized to distinguish EM from other
malignancies (5-8) and RMH (6,9-17) Multiple potential
immunohistochemical markers, including Ki-67, desmin,
epithelial membrane antigen (EMA), p53, glucose transporter 1,
insulin-like growth factor 2 messenger RNA binding protein-3
and BRCA1-associated protein 1 (BAP1) have been evalu-
ated. However, despite the use of these immunohistochemical
markers, the distinction between EM and RMH remains chal-
lenging in some cases.

Recently, detection of p/6 (CDKN2A) homozygous deletion
(p16 HD) using fluorescence in situ hybridization (FISH) has
been used to differentiate MM from RMH, with 100% speci-
ficity. However, the sensitivity of this marker for pleural EM
varies between 45 and 86%, while its sensitivity for peritoneal
EM ranges from 14 to 41% in different laboratories (10,18-20).
In our unpublished experience, p/6 HD (detected by FISH) was
present in 63.2% (12/19) of EM cases, but absent in all RMH
cases (0/20). Although the detection of p/6 HD using FISH may
be considered highly specific, its sensitivity in differentiating
EM from RMH is not very high. In addition, FISH analysis
cannot be applied in all cases or in all pathology laboratories,
given its high cost and stringent experimental requirements.

We recently reported that phorbol 12-myristate-13-ace-
tate-induced protein-1 (PMAIP-1; Noxa) and baculoviral IAP
repeat-containing 5 (BIRCS; Survivin) mRNA expression
levels are significantly higher in EM than in non-neoplastic
pleural tissue, and discussed the utility of anti-Noxa antibody
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for the distinction between EM and RMH (21). However, the
utility of Survivin IHC for the differentiation of benign and
malignant mesothelial proliferation has not yet been assessed.

Here, we studied the utility of Survivin and Ki-67 expres-
sions along with the loss of BAP1 expression in distinguishing
benign from malignant mesothelial proliferation.

Materials and methods

Patients and histological samples. We used formalin-fixed,
paraffin-embedded (FFPE) specimens from 78 patients with
a definite histological diagnosis of EM who had undergone
thoracoscopic pleural biopsy, pleurectomy/decortication, extra-
pleural pneumonectomy, or autopsy between 2000 and 2016.
FFPE histological samples from surgical specimens obtained
from 80 patients with a histological diagnosis of RMH were
obtained via thoracoscopic biopsy, laparoscopic biopsy, or
surgical resection between 2005 and 2016. These samples were
retrieved from the archives of the Department of Pathology at
Hiroshima University (Hiroshima, Japan). Each of the tumour
specimens was independently reviewed by three pathologists
(K.K., V.J.A, and YT.), and all cases of mesothelioma were
diagnosed according to currently accepted World Health
Organization Histological Criteria (6,22).

The tissue samples were retrieved from the archive of the
Department of Pathology at Hiroshima University's Institute
of Biomedical and Health Sciences. The collection of tissue
specimens for this study was carried out in accordance with
the ‘Ethics Guidelines for Human Genome/Gene Research’
enacted by the Japanese Government. Ethical approval was
obtained from the institutional ethics review committee
(Hiroshima University E-974). All experimental procedures
were in accordance with the with ethical guidelines.

Immunohistochemical procedures. Immunohistochemical
staining of sections from the FFPE tissue samples was
performed using Ventana BenchMark GX (Roche Diagnostics,
Basel, Switzerland). In brief, after deparaffinization using
EZ-Prep (Roche Diagnostics) and antigen retrieval using
Cell Conditioning 1 buffer at 95°C for 32 min, sections were
incubated with primary antibodies. The primary antibodies
were anti-Survivin (cat. no. AF886, polyclonal, dilution of
1:200; R&D systems, Minneapolis, MN, USA), anti-BAP1
(C-4, dilution of 1:50; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA), and anti-Ki-67 (MIB-1, dilution of 1:25; Dako,
Glostrup, Denmark). Incubation with secondary antibodies
and detection was performed using the Ventana UltraView
Universal DAB Detection kit.

Nuclear staining of Survivin, BAP1, and Ki-67 in EM or
RMH cells with the same or higher intensity than internal
positive controls was regarded as positive staining. Negative
staining of BAP1 was defined as completely absent nuclear
staining in the target cells in the presence of a positive internal
control such as lymphocytes or stromal cells. Although some
cases had weak cytoplasmic positivity for Survivin and
BAPI, we have not included cases with only cytoplasmic
positivity for Survivin and BAP1 for evaluation in this study.
Immunoreactivity of Survivin and Ki-67 was evaluated using
a labelling index (% of positive cells) in the ‘hot spot’ exhib-
iting the highest number of positive cells compared to the rest
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of the lesion. We evaluated at least 100 (maximum 500) EM
or RMH cells in high power fields (x400). Counting of label-
ling indices of Survivin and Ki-67 was performed by three
pathologists (K.K., VJ.A, and YT.) independently; the mean
of three numbers was then calculated.

Statistical analysis. Receiver operating characteristic (ROC)
curve analysis was performed to establish the cut-off values
for the Survivin and Ki-67 labelling indices. The cut-off points
were determined based on the Youden index. All statistical
analyses were performed using EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), a graphical user
interface for R (The R Foundation for Statistical Computing,
Vienna, Austria). More precisely, it is a modified version of
R commander designed to add statistical functions frequently
used in biostatistics (23).

Sensitivity, specificity, positive predictive values, negative
predictive values, and diagnostic accuracies were calculated
for each marker and combinations of two markers.

Results

Survivin expression and cut-off value. Representative immu-
nohistochemical staining images for EM and RMH are shown
in Fig. 1. Survivin expression was significantly higher in EM
than in RMH. The mean of the Survivin labelling indices in
EM [mean, 9.3; range, 0-24.5, standard deviation (SD), 6.5] was
significantly higher than that in RMH (mean, 1.2; range, 0-4.0,
SD, 1.2) (t-test, P-value <0.001). Distributions of the Survivin
labelling indices in EM and RMH are shown in Fig. 2A.

The cut-off value for the Survivin IHC assay led by the
result of ROC analysis was 4.000 (Fig. 2B). Based on the ROC
analysis, and in consideration of convenience in practical path-
ological diagnosis, we set the cut-off value for the Survivin
THC assay at 5%. Immunoreactivity of Survivin was classified
as negative (positivity of less than 5% of the mesothelioma
cells or non-neoplastic mesothelial cells) or positive (positivity
of over 5% of the mesothelioma or mesothelial cells).

Forty-two of 62 (67.7%) EM cases were positive for
Survivin. In contrast, none of the RMH cases were positive for
Survivin (Table I).

Ki-67 expression and cut-off value. Representative immuno-
histochemical staining images for EM and RMH are shown in
Fig. 3. Ki-67 expression was also significantly higher in EM
than in RMH. The mean of the Ki-67 labelling indices in EM
(mean, 32.6; range, 1.0-90.0; SD, 22.1) was significantly higher
than that in RMH (mean, 3.5; range, 0-20.0, SD, 4.2) (t-test,
P-value <0.001). Distributions of the Ki-67 labelling indices in
EM and RMH are shown in Fig. 4A.

The cut-off value for the Ki-67 IHC assay led by the result
of ROC analysis was 10.333 (Fig. 4B). Based on the ROC
analysis, and in consideration of convenience in practical
pathological diagnosis, we set the cut-off value for the Ki-67
IHC assay at 10%. Immunoreactivity of Ki-67 was classified
as negative (positivity of less than 10% of the mesothelioma
cells or non-neoplastic mesothelial cells) or positive (positivity
of over 10% of the mesothelioma or mesothelial cells).

Fifty-seven of 67 (85.1%) EM cases and 7 of 56 (12.5%)
RMH cases were positive for Ki-67 (Table I).
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Figure 1. Representative histological images of Survivin IHC. (A) EM with H&E staining. (B) Survivin IHC in EM; labelling index, 18.1. (C) RMH with H&E
stain. (D) Survivin ITHC in RMH; labelling index, 1.3. IHC, immunohistochemistry; EM, epithelioid mesothelioma; RMH, reactive mesothelial hyperplasia;

H&E, haematoxylin and eosin.
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Figure 2. (A) Distribution of Survivin labelling index in epithelioid mesothelioma and reactive mesothelial hyperplasia. The horizontal line in the dot chart
shows the mean. (B) ROC analysis. ROC curve was estimated using Survivin labelling index. Cut-off value based on the Youden index is also shown. ROC,

receiver operating characteristic.

BAPI expression. Loss of nuclear BAPI expression was
observed in 49 of 74 (66.2%) cases of EM (Table I). Almost all
cases without BAP1 expression had a homogenous expression
loss pattern. No heterogeneous loss patterns were observed.
In contrast, nuclear BAPI expression was preserved in all 78
RMH cases (Table I). Representative immunohistochemical
staining images for EM and RMH are shown in Fig. 5.

Utilities of each marker and combinations of two markers. The
sensitivity and specificity of each marker and combinations of

two markers for the distinction between EM and RMH are shown
in Table II. Among three single markers and six combination
patterns of two markers, ‘Survivin-positive and/or BAP1-loss’
finding showed the highest diagnostic accuracy (95.3%).

Discussion
Accurate histopathological differentiation between MM and

RMH is extremely important, not only for clinical manage-
ment, but also for the appropriate operation of the public
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Table I. Immunohistochemical findings of Survivin, Ki-67, and BAP1 in epithelioid mesothelioma and reactive mesothelial

hyperplasia.
Epithelioid mesothelioma Reactive mesothelial hyperplasia

Immunohistochemical
data n (%) Negative Positive n (%) Negative Positive
Survivin expression 42/62 (67.7) 20 42 0/70 70 0
Ki-67 expression 57/67 (85.1) 10 57 7/56 (12.5) 49 7
BAPI-loss 49/74 (66.2) 25 49 0/78 78 0
BAP1, BRCA1-associated protein 1.
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Figure 3. Representative histological images of Ki-67 IHC. (A) EM with H&E stain. (B) Ki-67 IHC in EM; labelling index, 35.0. (C) RMH with H&E stain.
(D) Ki-67 IHC in RMH; labelling index, 8.7. IHC, immunohistochemistry; EM, epithelioid mesothelioma; RMH, reactive mesothelial hyperplasia; H&E,

haematoxylin and eosin.

compensation system for victims of environmental and occu-
pational asbestos exposure and their dependents. To obtain a
better marker for EM, we evaluated the diagnostic utilities of
Survivin, BAPI, and Ki-67 in differentiating EM from RMH.
We found that the sensitivity and specificity of the nuclear
Survivin labelling index following the use of a properly deter-
mined cut-off value was appropriate in distinguishing EM
from RMH. The utility of Survivin IHC for the differentiation
between benign and malignant mesothelial proliferation has
not been reported to date. To the best of our knowledge, this
is the first report evaluating the utility of Survivin IHC in
differentiating EM from RMH.

Survivin is the smallest member of the inhibitor of apop-
tosis (IAP) family, and is expressed highly in most human
foetal tissues and cancers. However, it is completely absent
in terminally-differentiated tissues. Survivin functions as a
regulator of both cell division and apoptosis. The function of

Survivin differs according to cellular localization. Cytosolic
Survivin is believed to function as an apoptotic suppressor,
while nuclear Survivin is postulated to regulate cell divi-
sion (24). Overexpression of Survivin is associated with
tumour progression and poor prognosis in many types of
human malignancies, including MM (25,26). In fact, several
reports indicate that Survivin is a promising marker for the
diagnosis of malignant pleural effusion (27). Survivin has also
been reported to be associated with anti-tumour activity and
outcomes of chemotherapy in MM, and is a new therapeutic
target for the treatment of MM (28-30).

While the Survivin labelling indices of the EM cases in our
study were similar to those reported by Meerang et al (25), they
were significantly lower than those reported by Hmeljak et al
(median, 67; mean, 63; range, 9.7-94.9; SD, 20.8) (26). This
discrepancy in Survivin expression may be due to differences
in staining technique, source of antibodies used for analysis,



3544
A ° B
804 @
8
(=]
>
S 60 @
£ 8 =
2 - 2
2 404 s 2
o @
=71 _ & 3
® k
¥
20 afio o
i 9
ol 8 $
| 1
Epithelioid Reactive
mesothelioma mesothelial
hyperplasia

ONCOLOGY LETTERS 15: 3540-3547, 2018

1.0+ I —
1 10333 {0‘836'0‘946} .......
0.8 '
0.6
04 4
0.0} _ ]
1.0 0.8 0.6 0.4 0.2 0.0
Specificity

Figure 4. (A) Distributions of Ki-67 labelling index in epithelioid mesothelioma and reactive mesothelial hyperplasia. The horizontal line in the dot chart
shows the mean. (B) ROC analysis. ROC curve was estimated using Ki-67 labelling index. Cut-off value based on the Youden index is also shown. ROC,

receiver operating characteristic.

Figure 5. Representative histological images of BAP1 IHC. (A) RMH with H&E stain. (B) BAP1 IHC in RMH. Nuclear staining of the mesothelial cells
(arrows) demonstrated the same intensity as that of internal positive controls (arrowheads; stromal cells). (C) EM with H&E stain. (D) BAP1 IHC in EM.
Nuclear staining was not observed in tumour cells (loss of expression). Strong nuclear staining was observed in internal positive controls (arrowheads;
stromal cells). IHC, immunohistochemistry; EM, epithelioid mesothelioma; RMH, reactive mesothelial hyperplasia; H&E, haematoxylin and eosin; BAP1,

BRCA1l-associated protein 1.

and the quantification technique. In our study, we used fully
automated immunohistochemical staining utilising equip-
ment from Roche for reproducible results. We also used
commercially available antibodies from reputable sources
and evaluated nuclear reactivity alone. Evaluation of nuclear
reactivity was reproducible and was independently confirmed
by 3 pathologists.

Several studies have determined that germline mutations in
the gene for BAPI predispose individuals to developing various
tumours, including MM, cutaneous melanocytic tumours,

uveal melanoma, lung adenocarcinoma, and meningioma (31).
These studies suggest that germline mutations in BAP/ result
in a ‘tumour predisposition syndrome’ linking BAP1 to many
other cancers. Somatic mutations in the BAP/ gene have also
been relatively frequently reported in MMs, uveal melanomas,
and renal cell carcinomas (31). BAPI is encoded by the BAPI
gene, which is located on the short arm of chromosome 3
(3p21). BAPI1 is a deubiquitinase targeting histones and the
host cell factor-1 transcriptional co-factor, and plays a role in
transcriptional regulation, chromatin modulation, cell cycle
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Table II. Sensitivity, specificity, PPVs, NPVs and diagnostic accuracies of each marker and combinations of two markers for the
differential diagnosis between epithelioid mesothelioma and reactive mesothelial hyperplasia.

Immunohistochemical findings Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Survivin-positive 67.7 100.0 100.0 77.8 84.8
BAP1-loss 66.2 100.0 100.0 75.7 83.6
Ki-67-positive 85.1 87.5 89.1 83.1 86.2
Survivin-positive and/or BAP1-loss 89.8 100.0 100.0 92 95.3
Both Survivin-positive and BAP1-loss 39.0 100 100.0 65.7 719
Survivin-positive and/or Ki-67-positive 91.1 86.3 87.9 89.8 88.8
Both Survivin-positive and Ki-67-positive 66.1 100.0 100.0 72.9 82.2
BAPI-loss and/or Ki-67-positive 96.9 92.1 943 95.9 94.8
Both BAP1-loss and Ki-67-positive 53.8 100 100.0 64.3 74.8

PPV, positive predictive values; NPV, negative predictive values; BAP1, BRCA1-associated protein 1.

regulation, and DNA repair (31,32). Several different altera-
tions in the BAPI gene have been described, including large
deletions of exons leading to loss of the N-terminal region, or
to premature protein termination, focal deletions, frameshift
mutations due to insertions or deletions, splice site mutations,
and base substitutions leading to nonsense and missense
mutations. Frameshift mutations and missense and nonsense
substitutions are the most common sequence alterations.
Truncating mutations frequently result in loss of the nuclear
localization signal and/or the C-terminal protein-binding
domain, while missense mutations interfere with the ubiquitin
hydrolase function of BAP1 (31). As the detection of these
alterations in BAPI has been made possible in recent years
using immunohistochemistry (IHC), immunohistochemical
detection of BAPI loss has also been reported to be useful
in distinguishing MM from RMH. However, the sensitivity of
this assay in differentiating MM from RMH does not exceed
70% (10-13). Several studies indicate that the loss of nuclear
BAPI expression as assessed by IHC is closely correlated with
genetic alterations in BAP1 (33-35).

In the present study, the frequency of BAPI loss in
EM was 66.2% (49/74), similar to those found in previous
reports (10-13). Recently, Hida et al reported a focal hetero-
geneous BAPI staining pattern in mesothelioma cases (10).
However, in our study, almost all EM cases had either a
uniform positive staining pattern or completely negative
staining for BAPI. There were some EM cases that appeared
to have focal staining for BAP1; however, careful observation
of these cases under high power magnification confirmed
that these focal positive cells were in fact inflammatory cells
infiltrating into the mesothelioma or stromal cells. We clas-
sified such cases as cases with no loss of BAP1 expression.
This may be the reason for the observed heterogeneous BAP1
staining pattern in mesothelioma. However, other reasons,
such as differences in staining techniques and improper
processing of the tumour, may also contribute to apparent
differences between studies.

The specificity of a Survivin labelling index of over 5%
and a loss of BAPI expression was 100%. However, sensi-
tivity of Survivin labelling index (67.7%) and loss of BAP1
expression (66.2%) alone are not sufficient for differential

diagnosis. Although diagnostic accuracies of Survivin (84.8%)
and BAP1 (83.6%) as single markers were inferior to that of
EMA (95.5%), (21) the diagnostic accuracy of the combination
of Survivin and BAP1 (Survivin-positive and/or BAP1-loss)
was 95.3%, which was almost similar to EMA. Recently,
Shinozaki-Ushiku et al proposed using a combination of
BAPI and enhancer of zeste homolog 2 (EZH2) expression to
differentiate between MM from RMH; the sensitivity of this
combination was 90%, while the specificity was absolute (36).
The sensitivity (89.8%) and specificity (100%) of the combina-
tion of Survivin and BAP1 THC in this study was comparable
to those of previous reports (36).

A positive correlation between nuclear Survivin
and Ki-67 labelling indices was previously reported by
Meerang et al (25). We observed a similar correlation
between Survivin and Ki-67 labelling indices in our study
(data not shown). Although this correlation was present in
both EM and RMH, it was more conspicuous in EM. Ki-67
protein is present during all active phases of the cell cycle
(G1, S, G2, and mitosis), but is absent in resting cells (GO).
Therefore, Ki-67 is well known as a so-called ‘proliferation
marker’, and the Ki-67 labelling index is often correlated
with the clinical course of cancer (37,38). On the other hand,
nuclear Survivin plays important roles in the regulation of
mitosis. Survivin expression is found to be dominant only
in the G2/M phase, and Survivin is known to localize to
components of the mitotic spindle during the metaphase and
anaphase of mitosis (39,40). Therefore, both nuclear Survivin
and Ki-67 may be considered proliferation markers. We
can thus explain both the high expression of Survivin and
Ki-67 in EM compared to RMH, and the positive correlation
between the nuclear Survivin and Ki-67 labelling indices.

Although various studies have reported the usefulness of
Ki-67 IHC in differentiating EM from RMH, (14-17) it is not
routinely utilized for the confirmation of mesothelioma due to
its low sensitivity and specificity.

The sensitivity, specificity, and diagnostic accuracy of Ki-67
(85.1, 87.5, and 86.2%, respectively) in this study were almost the
same or slightly higher compared with previous reports (14,15,17).
These values were relatively high but not sufficient for differential
diagnosis by single marker. However, the diagnostic accuracy
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of the combination of Ki-67 and BAP1 was 94.8%, which was
almost the same as that of the combination of Survivin and BAPI.

We evaluated the utility of Survivin, BAPI, and Ki-67

[HC in distinguishing EM from RMH. Based on our results,
‘Survivin-positive and/or BAP1-loss’ finding strongly suggest
EM, therefore we recommend the use of a combination of
Survivin and BAP1. In addition, further evaluation of the Ki-67
labelling index may be useful for accurate differential diagnosis.
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Appropriate Care for Patients of Malignant Pleural Mesothelioma Based on Their Needs to
Maintain Quality of Life

Kanako Nomura®, Yurie Kameya®, Keiko Hara", Junko Nakagawa’, Tomoko Tkemoto”, Kaoru Kikuchi®,
Takumi Kishimoto® and Nobukazu Fujimoto”
Yepartment of Nursing, Okayama Rosai Hospital
3 Ashestos Research Center, Okayama Rosai Hospital

Background: Malignant pleural mesothelioma (MPM) is a neoplasm which grows rapidly. Medical staff
should give appropriate care to the patients of MPM based on their needs to maintain quality of life. However,
to date, there are few studies to examine the needs of the patients and appropriate care for patients of MPM.

Methods: A semi-structured interview was given to patients who were diagnosed as MPM based on their
informed consent. The interview was recorded literally according the Grounded Theory Approach and ana-
lyzed with time along the clinical course of MPM including diagnosis, treatment, and progression of the disease.

Results: 4 male patients participated in the study. Through ihe act of the interview, the patients talked
about their suffering and expressed desires to'know about the detail of the disease or to be respectfully heard
by anyone else. Analysis of the content of the interview extracted 138 codes, 33 subcategories, and 14 catego-
ries. The care needs were organized in 3 processes such as 1) bewilderment by uncertainty, 2) overcome the
‘uncertainty, and 3) get together with the uncertainty in the time left. Based on these analyses, a core category
was extracted as ‘get together with the uncertainty.’

Conclusions: The patients of MPM have various desires about the way of spending the time left or about
self-fulfillment. It is important to draw the patient’s desire and support for their accomplishment. In addition, it
is essential for the care of patients of MPM to enhance the support function to provide the information that

they want.
(JTOMT, 66: 164—171, 2018)

‘ —Key words—
asbestos, pleural mesothelioma, quality of life
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QOutcornes 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 Ashestos-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 ITis 17.0 months, but Stage Il is
104 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)
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