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Abstract

Malignant mesothelioma is a highly lethal cancer. V-set immunoregulatory receptor (VSIR, also known as V-domain Ig
suppressor T-cell activation, VISTA), a negative immune checkpoint regulator, was reported to be expressed in malignant
mesothelioma; however, its detailed expression pattern and clinicopathological significance have not been elucidated. We
examined the expression of VSIR and CD274 and CD8" tumor-infiltrating lymphocytes in a total of 124 samples from 66
patients with malignant mesothelioma and analyzed the clinicopathological characteristics and their relationship with the
immunohistochemical findings. A total of 553 non-small cell lung carcinomas were also evaluated for VSIR expression.
VSIR expression was higher in epithelioid type mesothelioma (p <0.001), whereas CD274 expression was higher
in sarcomatoid type (p <0.001). CD8" tumor-infiltrating lymphocytes were more abundant in sarcomatoid mesotheliomas
(p<0.001), VSIR-low tumors (p =0.045), and CD274-high tumors (p <0.001). VSIR and CD274 were differentially
expressed in each histological component of the biphasic type. VSIR expression was associated with favorable survival
(p = 0.008). Two patients with VSIR-high tumors had received pembrolizumab; however, they showed progressive disease.
No VSIR expression was observed in tumor cells of non-small cell lung carcinomas. In conclusion, VSIR expression may
define a unique class of mesothelioma, characterized by predominantly epithelioid type and favorable prognosis. VSIR
expression may be used as an immunohistochemical diagnostic marker for epithelioid mesothelioma. CD274 expression was
associated with sarcomatoid mesothelioma and high infiltration of CD8* lymphocytes. Because VSIR is a negative immune
regulator and expressed in malignant mesothelioma, further study is warranted to investigate the therapeutic significance of
VSIR blockade in this deadly cancer.

Introduction

Malignant mesothelioma is a rare and highly lethal cancer
[1]. The 5-year survival rate of patients with unresectable
mesothelioma is reported to be <5% [2]. To date, the only
approved frontline regimen for unresectable tumors is
cisplatin-pemetrexed [1]. Recently, the results of clinical
trials for treatment with immune checkpoint inhibitors have
been reported, and this new treatment option is attracting
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attention [3, 4]. In addition, in-depth research into the
genomic alterations of mesotheliomas to understand meso-
thelioma biology and identify novel therapeutic options is
underway [5-7].

A recent integrated genomic study showed that V-set
immunoregulatory receptor (VSIR, also known as
V-domain Ig suppressor T-cell activation, VISTA), a
negative immune checkpoint molecule, was highly expres-
sed in mesothelioma compared with that in other carcino-
mas [6]. VSIR is a member of the B7 family of negative
checkpoint regulators [8, 9]. It is expressed on the surface of
several immune cells and antigen-presenting cells [8, 9] and
is known to inhibit early-stage T-cell activation [10].
However, whether VSIR is expressed in cells other than
immune cells is not well understood. Furthermore, the
relationship between VSIR expression and other immune-
related markers, such as CD274 (programmed cell death-
ligand 1, PD-L1) expression and CD8" tumor-infiltrating
T cells, has not been determined in clinical samples.
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Because differential diagnosis between mesothelioma and
non-small cell lung carcinoma is sometimes difficult, and
additional diagnostic markers are necessary, VSIR expres-
sion in non-small cell lung carcinomas warrants further
investigation.

In this study, we examined the expression of VSIR in
mesothelioma, as well as non-small cell lung carcinoma
using clinical specimens and investigated the clinical and
diagnostic significance thereof.

Materials and methods
Patients

Medical records and archival slides from a collection of
malignant mesotheliomas from patients presenting at our
institution between 2001 and 2017 were retrospectively ana-
lyzed. The institutional review board approved this retro-
spective study. Cases were selected from consecutive series
on the basis of availability of archival slides and tissue.
Clinical data, including age, sex, treatment, and survival, were
obtained from each patient’s medical records. Stage of pleural
mesothelioma was classified according to the 8th edition of
the standards of American Joint Committee on Cancer. Stage
of peritoneal mesothelioma was classified according to a
staging system proposed by Yan et al. [11].

Histological review

Samples were classified as epithelioid, sarcomatoid, and
biphasic mesothelioma, according to the 2015 World Health
Organization classification [12].

Immunohistochemistry and interpretation

Whole sections were used for immunohistochemistry,
regardless of the sampling method. Formalin-fixed paraffin-
embedded tissues were sectioned at a thickness of 4 um and
stained with anti-CD274 (anti-PD-L1 mouse monoclonal,
clone 22 C, dilution 1:50, Agilent, Santa Clara, CA, USA)
and anti-VSIR (anti-VISTA rabbit monoclonal, clone
DIL2G, dilution 1:100, Cell Signaling Technology, Dan-
vers, MA, USA) antibodies using the Ventana BenchMark
XT automated staining platform (Ventana Medical Systems,
Tucson, AZ, USA). For CD8 immunohistochemistry, FLEX
ready-to-use monoclonal mouse anti-human CDS8 (clone
C8/144B, Agilent) was used. Signals were detected using
the ultraView Universal DAB Detection Kit (Ventana
Medical Systems).

The CD274 and VSIR expression in tumor cells was
expressed as the tumor proportion score. Tumor propor-
tion score was defined as the percentage of viable tumor
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cells showing positive staining relative to all viable tumor
cells present in the sample. Only membranous staining
was considered positive for CD274 expression. Cyto-
plasmic and/or membranous staining was considered
positive for VSIR expression. Staining with any intensity
was considered positive for both markers. CD8" tumor-
infiltrating lymphocytes were defined as cells with
immunoreactivity for CDS8 in both the stromal and intra-
tumoral compartment of the tumor. The number of tumor-
infiltrating lymphocytes per high-power field was deter-
mined manually in up to four independent tumor areas
showing the highest lymphocyte density. The average cell
counts per high-power field were recorded for each slide.
Cytology samples were excluded from CD8%' tumor-
infiltrating lymphocyte evaluation. Immunohistochem-
istry interpretation was performed by two pathologists
(YSC and HSS). Discrepancies in interpretation were
resolved by consensus discussion. All 124 samples from
66 patients were separately evaluated for histology, VSIR,
CD274, and CD8" tumor-infiltrating lymphocytes. Each
score was used for comparison with histology or other
factors, and average scores were used for survival analysis
of patients.

Tissue microarrays of non-small cell lung carcinomas

After histological review of non-small cell lung carcino-
mas, two cores of 3-mm diameter were taken from
formalin-fixed paraffin-embedded tissue blocks, and tis-
sue microarrays were constructed for immunohistochem-
istry. Two cores were sampled from histologically
different areas; one from the center of tumor and the other
from the edge.

Statistical analysis

Relationships between clinicopathological parameters were
evaluated using the Chi-squared test. Comparison between
two groups with continuous values was performed using an
unpaired t-test. Intra-class correlation coefficient estimates
and their 95% confident interval were calculated by relia-
bility analysis using IBM SPSS Statistics v.23 (IBM,
Armonk, NY, USA). When multiple samples were available
for a patient, the patient was classified according to the
average scores of VSIR, CD274, and CD8"  tumor-
infiltrating lymphocytes, and the association with survival
was examined. Overall survival was evaluated using the
Kaplan—Meier method, and statistical differences in survival
times were determined using the log-rank test. Cox-
proportional hazards model was applied for multivariate
survival analysis. Differences were considered significant at
p <0.05. All statistical analyses were conducted using IBM
SPSS Statistics v.23.
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Table 1 Patient cohort in this study according to histological type

Total Epithelioid Sarcomatoid Biphasic

Patients (%) 66 (100) 50 (77) 11 (17) 5(8)
Sex

Male 44 (67) 32 (64) 9 (82) 3 (60)

Female 22 (33) 18 (36) 2 (18) 2 (40)
Age

Average 61 (x14) 62 (x15) 57 (x11) 58 (=11)

Median 63 64 60 57
Site

Pleura 50 (76) 38 (76) 9 (82) 3 (60)

Peritoneum 16 (24) 12 (24) 2 (18) 2 (40)
Stage

I 13 (20) 9 (18) 2 (18) 2 (40)

I 8 (12) 7 (14) 0 (0) 1 (20)

I 8 (12) 5 (10) 2 (18) 1 (20)

v 37 (56) 29 (58) 7 (64) 1 (20)
Neo-adjuvant chemotherapy

Administration 10 (15) 8 (16) 0 (0) 2 (40)
Samples, No. (%) 124 (100) 93 (75) 19 (15) 12 (10)

Biopsy 78 (63) 59 (63) 15 (79) 4 (33)

Excision 36 (29) 25 (27) 4 (21) 7 (58)

Cytology 10 (8) 9 (10) 0 () 1(8)
Results

Patient characteristics

A total of 66 patients were enrolled. Patient characteristics
are summarized in Table 1. Malignant mesothelioma sam-
ples were derived from 44 men (67%) and 22 women
(33%), aged 19-85 years (mean = 61 years). Three patients
had history of asbestos exposure. Fifty patients (77%) had
epithelioid type mesothelioma, 11 (17%) sarcomatoid type,
and five (8%) biphasic type. Fifty patients (76%) had
pleural mesothelioma, and 16 (24%) had peritoneal meso-
thelioma. Thirteen patients (20%) were classified as stage I,
eight (12%) were stage II, eight (12%) were stage III, and
37 (56%) were stage IV. Ten patients (15%) received pre-
operative chemotherapy. A total of 124 samples (mean =
2 samples/patient, range of 1-5) were obtained. Seventy-
eight samples (63%) were from biopsy, 36 (29%) were from
excision, and 10 (8%) were for cytology. Types of excision
are described in Supplementary Data 1.

VSIR expression
VSIR was expressed in the cytoplasm and/or membrane of

both malignant and benign mesothelial cells. In tumor cells,
the expression was higher in epithelioid type than in

sarcomatoid type (p <0.001) (Figs. 1 and 2a). When 5%
and 50% were set as positive cutoffs, 94% and 78% of
epithelioid type samples were positive for VSIR expression,
respectively (See Figure, Supplementary Data 2, which
shows the positive rate of VSIR and CD274). In contrast,
55% and 0% of sarcomatoid type samples were positive,
respectively. In biphasic type, VSIR was predominantly
expressed in the epithelioid component (see Figure, Sup-
plementary Data 3, containing representative photos of
biphasic mesothelioma). There was no significant difference
in VSIR expression between pleural mesothelioma and
peritoneal mesothelioma (p =0.175) (see Figure, Supple-
mentary Data 4A, which shows VSIR expression in epi-
thelioid type according to tumor site). Among sample types
in epithelioid mesothelioma, there were no significant dif-
ferences in VSIR expression between biopsy and excision
(p =0.123) or between biopsy and cytology (p =0.194)
(See Figure, Supplementary Data 4B, which shows VSIR
expression in epithelioid type according to sample type).
However, excision samples showed higher VSIR expression
compared with cytology samples (p =0.016) (See Figure,
Supplementary Data 4B).

CD274 expression

CD274 expression was not present in benign mesothelial
cells. In tumor cells, the expression was higher in sarco-
matoid type than epithelioid type (p <0.001) (Figs. 1 and
2b). When 5% and 50% were set as positive cutoffs, 18%
and 8% of epithelioid type samples were positive for
CD274 expression, respectively (See Figure, Supplemen-
tary Data 2). In contrast, 55 and 46% of sarcomatoid type
samples were positive, respectively. In biphasic type,
CD274 expression was higher in the sarcomatoid compo-
nent (See Figure, Supplementary Data 3). Among sample
types in sarcomatoid mesothelioma, excision samples
showed higher CD274 expression compared with biopsy
samples; however, the difference was not statistically sig-
nificant (p = 0.243) (See Figure, Supplementary Data 4C,
which shows CD274 expression in sarcomatoid type
according to sample type).

Concordance between observers and among
multiple samples from same patients

Concerning interobserver concordance, intra-class correla-
tion coefficient estimate was 0.966 (95% confident interval:
0.952-0.976, p <0.001) for VSIR and 0.958 (95% confident
interval: 0.940-0.971, p <0.001) for CD274, respectively.
This indicated excellent reliability. In contrast, among
multiple samples from same patients, intra-class correlation
coefficient estimate was 0.920 (95% confident interval:
0.840-0.960, p<0.001, good to excellent reliability) for
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Fig. 1 Representative photos of immunohistochemistry for VSIR, CD274, and CD8 according to histologic type of malignant mesothelioma

VSIR and 0.776 (95% confident interval: 0.552—-0.888, p <
0.001, moderate to good reliability) for CD274.

CD8+ tumor-infiltrating lymphocytes

CD8" tumor-infiltrating lymphocytes were more abundant
in sarcomatoid type than in epithelioid type (p <0.001)
(Fig. 3a) and in VSIR-low mesotheliomas (p = 0.045) and
CD274-high mesotheliomas (p <0.001) (Fig. 3b, c).
Prognostic and clinical significance

The mean follow-up duration was 21 months (range 1-172).
There were no significant differences in overall survival

according to histological type (p=0.590), CD274
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expression (cutoff: 5%, p=0.783), and CD8" tumor-
infiltrating lymphocytes (cutoff: 152/high-power field,
p =0.522). In contrast, VSIR expression (cutoff: 5%) was a
favorable prognostic factor in a cohort of all types and a
subgroup of epithelioid type (p=0.008 and p<0.001,
respectively) (Fig. 4). On multivariate survival analysis
including age, sex, stage, subtypes, and sites, low VSIR
expression (less than 5%) was an independent poor prog-
nostic factor (p = 0.014, hazard ratio: 3.019, 95% confident
interval: 1.25-7.72) (See Table, Supplementary Data 5).
Two patients with epithelioid type had received pem-
brolizumab, a programmed cell death 1 immune checkpoint
inhibitor; however, they showed progressive disease. In
addition, 70% and 100% of their tumor cells showed VSIR
expression, respectively, with no CD274 expression.
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VSIR expression in non-small cell lung carcinomas

VSIR was not definitely expressed in tumor cells in a total
of 553 non-small cell lung carcinomas, consisting of 404
adenocarcinomas, 132 squamous cell carcinomas, and
17 large cell carcinomas (Fig. 5). Only two cases showed
patchy cytoplasmic staining of less 5% of tumor cells.

Discussion

Malignant mesotheliomas are a highly lethal cancer with a
poor prognosis in the advanced stage. They are largely
characterized by loss of tumor suppressor genes, such as
BAPI, NF2, TP53, LATS2, and CDKNZ2A. Druggable
mutations, which are an indication of targeted therapies, are
very rare. Recently, the effects of immune checkpoint
inhibitors on malignant mesothelioma have been reported
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[3, 4, 13]. However, because only 20% of patients respond
to this treatment, predictive biomarkers or a new therapeutic
approach is needed [4].

In this study, we confirmed that VSIR is expressed in
mesotheliomas, especially in epithelioid type. Epithelioid
mesothelioma expressing VSIR infrequently expressed
CD274, suggesting that programmed cell death 1/CD274
inhibitors may be less effective in these tumors. In fact,
programmed cell death 1 inhibitors were administered to
two patients in our cohort diagnosed with epithelioid
mesothelioma with high expression of VSIR and no
expression of CD274, but no drug effect was observed.
Notably, VSIR expression was associated with favorable
survival. Preclinical studies of VSIR blockade have shown
promising improvement in antitumor T-cell responses [10].
However, further research is needed to determine the effect
of VSIR blockade in the treatment of mesothelioma, as well
as the role of VSIR in an immunosuppressive environment.

The mechanism of VSIR expression in mesothelioma
should also be elucidated. To date, it has been known that
VSIR is primarily found in hematopoietic cells, not in
epithelial cells [8—10, 14]. Therefore, only a few studies
have investigated the role of VSIR protein in tumor cells
[6, 15, 16]. According to our observation and other study,
VSIR was expressed in benign mesothelial cells as well as
in tumor cells of mesothelioma [6]. Thus, the mechanism
and regulation of VSIR expression in mesothelium and its
malignant tumors should be studied further considering the
tissue-dependent microenvironment.

We did not detect definite VSIR expression in tissue
microarray sets of non-small cell lung carcinomas.
Villarroel-Espindola F et al. reported VSIR expression in
tumor cells in 21% of non-small cell lung carcinomas [15].
They used an immunofluorescence platform, and described
that VSIR expression was predominantly focal in tumor
cells. We thought that there might be a number of factors
leading to such discrepancy in the results of this study. First,
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Fig. 4 Overall survival curves according to VSIR expression. a all patients, b patients with epithelioid mesothelioma

there is a possibility that the expression of VSIR could be
detected more sensitively by immunofluorescence, due to
the difference in the analytic sensitivity between immuno-
histochemistry and immunofluorescence. Second, the use of
tissue microarray in both studies may not perfectly reflect
the heterogeneous expression of VSIR in lung cancer.
Further studies are needed to determine whether VSIR is
expressed in lung cancer cells.

The specific expression of VSIR in epithelioid meso-
thelioma suggests its promising utility as a marker in
diagnostic practice, including in differential diagnosis of
mesothelioma and non-small cell lung carcinoma. To con-
firm the diagnosis of mesothelioma, panels of positive and
negative antibodies, including anti-calretinin, D2-40, CK5/
6, and WT-1, are used as mesothelioma markers in standard
practice. This technique is used because of variability in
staining and differential diagnoses [17]. The high sensitivity
and specificity of VSIR for epithelioid mesothelioma
revealed in this study is expected to facilitate accurate
mesothelioma diagnosis.

However, the finding that VSIR is also expressed in
benign mesothelial cells suggests that VSIR cannot be
used to differentiate between benign mesothelial pro-
liferation and epithelioid mesothelioma. This suggests that
VSIR is similar to D2-40, CK5/6, or WT-1 mentioned
above in terms of diagnostic markers [17]. In other words,
VSIR expression can be regarded as a more differentiated
subset of mesothelioma such as the epithelioid type in
which the mesothelial lineage is maintained [6]. Until
now, special tests have been proposed to differentiate
between benign and malignant mesothelial proliferation,
including staining for p53, epithelial membrane antigen,
glucose transporter 1, and U3 small nucleolar ribonu-
cleoprotein protein [17]. More recently, homozygous
deletion of pl16 by fluorescent in situ hybridization or the
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loss of BRCAI1 associated protein 1 by immunohis-
tochemistry has been suggested as a useful adjunct
[18, 19].

In this study, VSIR was expressed in the cytoplasm and/
or membrane of tumor cells. The reason for the staining
with cytoplasmic pattern may be that, according to the
antibody manufacturer, monoclonal antibody is produced
by immunizing animals with a synthetic peptide corre-
sponding to residues near the carboxy terminus (intracyto-
plasmic domain) of human VSIR protein.

CD274 expression in tumor cells and the amount of CD8*
tumor-infiltrating lymphocytes were higher in sarcomatoid
mesothelioma compared with those in epithelioid type,
consistent with the results of previous studies [20, 21].
These results indicate that sarcomatoid mesothelioma
may be an immunologically hot tumor and can serve as a
suitable target for programmed cell death 1/CD274 immune
checkpoint inhibitors. Differential expression of negative
immune regulators such as VSIR and CD274 indicates
that epithelioid and sarcomatoid mesotheliomas are immu-
nologically distinct. When evaluating the response to
programmed cell death 1/CD274 inhibitors, histological
subtype should be considered in addition to CD274
status.

In this study, we evaluated concordance of immunohis-
tochemistry scores between observers and among multiple
samples from same patients. Interobserver agreement
showed excellent reliability. However, concordance among
multiple samples, especially for CD274, was relatively low.
Taken together, the difference in expression can occur
mainly among the samples, especially in CD274, suggesting
the heterogeneity of CD274 expression.

This study has several limitations. First, three patients in
total had history of asbestos exposure. It was similar to that
of a prior report on 66 Korean patients with malignant
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Adenocarcinoma

Squamous carcinoma

Mesothelioma

Fig. 5 Representative photos of VSIR expression in cases diagnosed as lung adenocarcinoma (1% column), lung squamous cell carcinoma (2™

column), and mesothelioma (3rd column)

mesothelioma, in which four patients had history of
asbestos exposure [22]. Therefore, it was difficult to get
statistically significant data of asbestos exposure in our
study. Second, the studied cohort was comprised of a small
number of patients. Due to the sample size in our cohort,
there was no difference in prognosis according to pre-
viously known prognostic factors, such as subtypes. Third,
only two patients had received programmed cell death 1
inhibitor. Thus, the scope for evaluating the relationship
between expression of immune regulators and response to
immunotherapy was limited. Further studies are warranted
to investigate the significance of VSIR expression in treat-
ment of mesothelioma.

In conclusion, VSIR expression may define a unique
class of mesothelioma, characterized by predominantly
epithelioid type and favorable prognosis. VSIR expression
can be used as an immunohistochemical diagnostic marker
for epithelioid mesothelioma. CD274 expression was
associated with sarcomatoid mesothelioma and high infil-
tration of CD8" lymphocytes. Because VSIR is a negative
immune regulator and expressed in malignant mesothe-
lioma, further study is warranted to investigate the ther-
apeutic significance of VSIR blockade in this deadly cancer.
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