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Abstract V-domain Ig suppressor of T cell activation
(VISTA), a novel immune checkpoint regulatory mol-
ecule, suppresses T cell mediated immune responses. The
aim of the present study was to profile the immunological
expression, clinical significance and correlation of VISTA
in human oral squamous cell carcinoma (OSCC). Human
tissue microarrays, containing 165 primary OSCCs, 48
oral epithelial dysplasias and 43 normal oral mucosae,
were applied to investigate the expression levels of VISTA,
CDS, cytotoxic T lymphocyte-associated antigen 4 (CTLA-
4), programmed death ligand 1 (PD-L1), PI3Ka pl110,
IL13Ra2, phospho-STAT3 at tyrosine 705 (p-STAT3)
and myeloid-derived suppressor cell (MDSC) markers
(CD11b and CD33) by immunohistochemistry and digi-
tal pathology analysis. The results demonstrated that the
protein level of VISTA was significantly higher in human
OSCC specimens, and that VISTA expression in primary
OSCCs was correlated with lymph node status. VISTA
expression did not serve as an independent predictor for
poor prognosis, while patient subgroup with VISTA high
and CD8 low expression (22/165) had significantly poorer
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overall survival compared with other subgroups based on
the multivariate and Cox hazard analyses among the pri-
mary OSCC patients in the present cohort. Additionally,
the expression of VISTA was significantly correlated with
PD-L1, CTLA-4, IL13Ra2, PI3K, p-STAT3, CD11b and
CD33 according to Pearson’s correlation coefficient test.
Taken together, the results indicated that the VISTA high
and CDS8 low group, as an immunosuppressive subgroup,
might be associated with a poor prognosis in primary
OSCC. These findings indicated that VISTA might be a
potential immunotherapeutic target in OSCC treatment.
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Abbreviations

CTLA-4 Cytotoxic T lymphocyte-associated antigen 4
HPV Human papillomavirus

MDSCs  Myeloid-derived suppressor cells

OSccC Oral squamous cell carcinoma

PD-1 Programmed death-1

PD-L1 Programmed death ligand 1

TAMs Tumor-associated macrophages

TPF Cisplatin, docetaxel and fluorouracil

Tregs Regulatory T cells

VHCH  VISTA high CDS high

VHCL  VISTA high CDS8 low

VISTA  V-domain Ig suppressor of T cell activation
VLCH  VISTA low CDS high

VLCL  VISTA low CDS8 low
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Introduction

Oral squamous cell carcinoma (OSCC) is one of the ten
most prevalent cancers worldwide [1]. Unfortunately, the
5-year survival rate of patients with OSCC has not been
markedly improved in recent decades, but the quality of
life for OSCC patients has increased as a result of more
advanced therapeutic techniques [2—4]. Recently, immu-
notherapy has been demonstrated as a new and attractive
approach, reflecting the emergence of immune checkpoint
blockade with monoclonal antibodies as a successful treat-
ment for cancer patients, including head and neck squa-
mous carcinoma [5]. However, the molecular mechanisms
of immunoregulation for OSCC are not fully understood,
and the immunological molecular classification of OSCC
remains uncertain.

The strategy of cancer treatment is changing, reflect-
ing significant progress in cancer immunotherapy in recent
years [6, 7]. Immune checkpoint blockade is achieved using
a “common denominator” approach [8]. Immune responses
against foreign pathogens or self-antigens are regulated by
a balance of positive and negative molecules and pathways,
such as the B7 family [9]. B7-1 and B7-2 provide critical
co-stimulatory signals for T cell activation, while cytotoxic
T lymphocyte-associated antigen 4 (CTLA-4), programmed
death 1 (PD-1) and ligand 1 (PD-L1) down-regulate T cell
responses [9, 10]. Importantly, a multitude of clinical tri-
als have shown immune checkpoint blockade with mono-
clonal antibodies as markedly successful for patients with
advanced melanoma, renal cell carcinoma, and relapsed
follicular lymphoma [11-13]. These events fueled an
intense examination of immune checkpoint molecules and
suggested that immune checkpoint blockade is worthy of
further studies in diverse cancer types, including OSCC.

V-domain Ig suppressor of T cell activation (VISTA), a
newly identified Ig domain-containing immune checkpoint
molecule, suppresses T cell mediated immune responses
in vitro and in vivo [14, 15]. Previous studies have shown
that VISTA blockade enhanced the activation of T cells by
a VISTA monoclonal antibody in the B16 melanoma model
[16]. VISTA is expressed on hematopoietic cells and mye-
loid cells, including neutrophils, monocytes, macrophages
and dendritic cells [8]. VISTA expressed on antigen pre-
senting cells or the soluble VISTA-Ig fusion protein inhib-
its the proliferation of T cells and production of cytokines
[14]. VISTA gene deletion led to the gradual accumulation
of spontaneously activated T cells in mice, accompanied
by the production of a spectrum of inflammatory cytokines
and chemokines [17]. However, the expression of VISTA
has not yet been examined in OSCC.

In the present study, we examined the expression of
VISTA in human OSCC tissue microarrays using digi-
tal pathology analysis and analyzed its association with
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pathological features and clinical significance. In addition,
the correlation of VISTA expression with PD-L1, CTLA-
4, PI3Ka p110, IL13Ra2, Phospho-STAT3 at Tyrosine 705
(p-STAT3) and myeloid-derived suppressor cell (MDSC)
markers (CD11b and CD33) was also evaluated.

Materials and methods
Ethics statement

This study was approved by the Medical Ethics Commit-
tee of Hospital of Stomatology Wuhan University (PI: Zhi-
Jun Sun) and was performed according to the Institutional
Guidelines. Written informed consent was obtained from
all patients.

Human OSCC tissue microarrays

The human OSCC specimen tissue microarrays used in the
present study were obtained from 2008 to 2010 and 2012 to
2015 at the Department of Oral and Maxillofacial Surgery,
School and Hospital of Stomatology Wuhan University. All
patients histologically diagnosed as OSCC by two inde-
pendent pathologists were included in the present study.
The samples included all patients treated during these
periods. The clinical follow-up was continuously ongoing
until death. Hospital records, pathology reports, and histol-
ogy slides of all patients were retrieved and reviewed. The
clinical stages of the OSCC were classified according to the
guidelines of the International Union against Cancer (UICC
2002). The grading scheme of the World Health Organi-
zation was used to determine the histologic grading. The
clinicopathological characteristics of the cohort are shown
in Supplementary Table 1. The OSCC cancer cohort con-
sisted of 43 normal oral mucosae, 48 oral epithelial dys-
plasias, 165 primary OSCC patients (excluding recurrent,
pre-surgical inductive chemotherapy or pre-surgical radio-
therapy), 12 recurrent OSCC patients, 10 OSCC patients
who received pre-surgical radiotherapy (without pre-
surgical chemotherapy), 17 OSCC patients who received
pre-surgical TPF (cisplatin, docetaxel and fluorouracil)
inductive chemotherapy without pre-surgical radiotherapy
by Zhang’s protocol [18], and 41 metastatic lymph nodes.
Clinical features, including TNM stage, histological grade
and overall survival, were available for all cases.

Immunohistochemistry, digital pathology and scoring
system

The methods and processes of immunohistochemistry
were previously reported [19, 20]. Briefly, all OSCC tissue
microarrays were cut into 4-um sections. The slides were



Cancer Immunol Immunother (2017) 66:627-636

629

deparaffinized and rehydrated. The sections were boiled in
0.01 M citric acid buffer solution (pH 6.0) or 1 mM EDTA
buffer solution (pH 8.0) for 1.5 min at high pressure. Sub-
sequently, the samples were incubated with 3% hydrogen
superoxide for 20 min to quench endogenous peroxidase
activity, and 10% goat serum was used to block non-spe-
cific binding. The sections were incubated with anti-human
VISTA (Cell Signaling Technology, 1:400), PD-L1 (Cell
Signaling Technology, 1:100), CTLA-4 (Santa Cruz Bio-
technology, 1:200), PI3Ka p110 (Cell Signaling Technol-
ogy, 1:200), IL13Ra2 (R&D system, 1:200), p-STAT3 (Cell
Signaling Technology, 1:200), CD11b (Abcam, 1:400),
CD33 (Zymed, 1:200) antibodies or isotype-matched
IgG controls overnight at 4°C. A positive slide was set at
each experiment. Subsequently, a secondary biotinylated
immunoglobulin G antibody solution and an avidin—bio-
tin peroxidase reagent were added onto the slides. After
washing with phosphate buffer saline, 3,3’-diaminobenzi-
dine tetrachloride was added to the sections, followed by
counterstaining with Mayer’s hematoxylin. The immu-
nohistochemical staining was scanned using an Aperio
ScanScope CS whole slice scanner (Vista, CA, USA) with
background subtraction as previously described [21]. The
membrane, nuclear, or pixel immunohistochemical staining
was quantified using Aperio Quantification software. The
histoscore of the membrane and nuclear staining quantifi-
cation were assessed according to the formula (34 percent
cells)x3 + (2+percent cells) X2 + (1+percent cells) X 1,
and the formula total intensity/total cell number was used
to assess the histoscore of pixel quantification. In this case,
the normalized score is between 0 and 300. This method
has previously been described [22]. The immunohisto-
chemical staining histoscores were converted to the range
of —3 to 3 using Microsoft Excel software as previously
described [23]. Cluster 3.0 with average linkage based on
Pearson’s correlation coefficient was used for hierarchi-
cal analysis, and the results were visualized using Java
TreeView1.0.5.

Statistical analysis

All values are expressed as the means + SEM. The statisti-
cal data analysis was performed using GraphPad Prism 5.03
(GraphPad Software, Inc., La Jolla, CA) statistical pack-
age. The differences in immunostaining and protein levels
among each group were analyzed by the one-way ANOVA
followed by the post-Tukey or Bonferroni multiple com-
parison tests. Student’s ¢ test was used for two-group analy-
sis. The survival curves were plotted using Kaplan—-Meier
and log-rank tests. The Cox proportional hazard model was
used for multivariate analysis to assess the significance of
overall survival differences. Statistical significance was
defined as a p value <0.05.

Results

Overexpression of VISTA in OSCC compared
with normal mucosa and epithelial dysplasia

To determine whether VISTA expression was associated
with OSCC in humans, we searched the publicly available
cancer dataset using the Oncomine database [24]. In Peng’s
head and neck cancers gene expression profiling dataset
[25], the C10orf54 (encoding VISTA) DNA copy number
was significantly increased in OSCC compared with the
controls (p <0.05, Supplementary Fig. 1). To characterize
the expression of VISTA in normal mucosa, epithelial dys-
plasia and OSCC, we quantified the immunohistochemi-
cal staining of the whole slide using Aperio ScanScope
as previously described [26, 27]. Immunohistochemical
analysis revealed that VISTA was highly expressed in pri-
mary OSCC (n=165). VISTA was highly expressed on
tumor-infiltrating immune cells in OSCC. The expressions
of VISTA were markedly weak or negative in epithelial
dysplasia (n=48, p<0.01) and normal mucosa (n=43,
p<0.01, Fig. 1a, b).

Clinical significance of VISTA expression in human
0SCC

To evaluate the clinical and pathological significance of
VISTA expression in human OSCC, one-way ANOVA and
Student’s ¢ test were used, and survival curves were plot-
ted using the method of Kaplan—-Meier and log-rank test.
The results showed that VISTA expression was signifi-
cantly correlated with lymph node status (NO vs. N1+ N2;
p<0.05, Fig. 1c) but not tumor size (T1+T2 vs. T3+ T4;
p>0.05, Fig. 1d) or pathological grade (I, II and III;
p>0.05, Fig. le). Furthermore, the difference of VISTA
expression between metastatic lymph nodes and primary
OSCC was not significant (OSCC vs. LN; p>0.05, Sup-
plementary Fig. 2a). There were no significant differences
between primary OSCC and recurrent OSCC (OSCC vs.
recurrence; p>0.05, Supplementary Fig. 2b), pre-surgi-
cal radiotherapy (OSCC vs. RT; p>0.05, Supplementary
Fig. 2c), and pre-surgical inductive chemotherapy (OSCC
vs. TPF; p>0.05, Supplementary Fig. 2d). Moreover, no
significant differences were observed between VISTA
expression and human papillomavirus (HPV) infection sta-
tus (HPV+vs. HPV—; p>0.05, Supplementary Fig. 2e),
smoking habit (smoking vs. non-smoking; p>0.05, Sup-
plementary Fig. 2f), or drinking habit (drinking vs. non-
drinking; p>0.05, Supplementary Fig. 2g) in primary
OSCC.

Further investigation of the role of VISTA expres-
sion in prognostic prediction revealed different VISTA/
CDS8 expression patterns in primary OSCC. As shown
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Fig. 1 Increased expression

of VISTA in human OSCC. a
Representative hematoxylin and
eosin (H&E) and immunohis-
tochemical staining of VISTA
in OSCC tissue compared

with normal mucosa. Scale

bar 50 pm. b Quantification

of the immunohistochemical

Oral Mucosa

histoscore of VISTA among
oral mucosa (n=43), dysplasia
(Dys, n=48) and oral squa-
mous cell carcinoma (OSCC,
n=165). ¢ Quantification of
the immunohistochemical his-
toscore of VISTA between NO
and N1+ N2. d Quantification

osccC

of the immunohistochemical
histoscore of VISTA between
T1+T2 and T3+ T4 (p>0.05).
e Quantification of the immu-
nohistochemical histoscore of
VISTA in pathological grade (I,
II and IIT; p>0.05). All data are
presented as the means +SEM.
*p<0.05; **p<0.01
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in Fig. 2, there were four types of VISTA/CDS8 expres-
sion, namely, VISTAYCD8"Y (VL CL, Patient #I,
Fig. 2a), VISTAME'CDgMe" (VH CH, Patient #2, Fig. 2b),
VISTA*CDS8"¢" (VL CH, Patient #3, Fig. 2c), and
VISTAME'CD8Y (VH CL, Patient #4, Fig. 2d). The
difference in overall survival was assessed using the
Kaplan—Meier curve and log-rank test. In 165 primary
OSCCs with follow-up data, no significant difference in
the overall survival rate was observed between the VISTA
high and VISTA low groups (p=0.8799, Fig. 3a). How-
ever, CD8 low expression could predict poor prognosis
in primary OSCC (p=0.0498, Fig. 3b). The median of
VISTA expression (histoscore=7.54) and CDS8 expression
(histoscore =23.87) were selected as cut-off values. Inter-
estingly, the VH CL group (n=22) significantly predicted
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poor prognosis compared with the VL. CH group (n=21,
Fig. 3c), while there were no differences between the VL
CL and VH CH groups (Fig. 3d) and between the VL CH,
VH CH and VL CL groups (Fig. 3e). Remarkably, the VH
CL group, representing 13.3% (22/165) of the primary
OSCCs, had significantly poorer prognosis compared
with the other groups combined (p=0.0119 VH CL vs.
VL CL and VH CH, Fig. 3f, p=0.0079 VH CL vs. VL
CH and VH CH and VL CL, Fig. 3g). Considering that
VISTA expression was correlated with lymph node status,
we performed multivariate analysis using a Cox propor-
tional hazard regression model to further disclose whether
the poor prognosis of the VH CL subgroup depended on
tumor size, pathological grade, and lymph node status.
The results for CD8 (p=0.052, hazard ratio=0.579, 95%
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Fig. 2 Immunohistochemical a Patient #1
staining of human OSCC tissues
using anti-VISTA and anti-CD8 o
antibodies. Representative stain- b & —}
ing patterns of VISTA low and & : i
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confidence interval =0.333-1.005) in the multivariate anal-
ysis are shown in Supplementary Table 2. Moreover, the
poor prognosis of the VH CL group was not dependent on
larger tumor size, advanced pathological grade or positive
lymph node status (Table 1) in primary OSCC in the pre-
sent cohort.

Increased expression of VISTA correlated with PD-L1,
CTLA-4, IL13Ra2, PI3K, p-STAT3 and MDSC
markers in OSCC

A recent report showed VISTA overexpression in mye-
loid cells, such as CD11b™" cells, and combined treatment
with VISTA and PD-L1 or CTLA-4 may synergistically
augment antitumor effects [8, 14]. In the preliminary
investigation of the molecules potentially associated with
VISTA in the tumor microenvironment, we observed that
VISTA expression was associated with MDSC markers
(CD11b and CD33), PD-L1 and CTLA-4 using tissue

microarray screening. Additionally, VISTA was associ-
ated with Phospho-STAT3 at Tyrosine 705 (p-STAT3),
PI3Ka p110 and IL13Ra2. Immunohistochemical stain-
ing showed that CTLA-4, CD11b and CD33 were highly
expressed on the tumor-infiltrating immune cells in
the tumor microenvironment (Fig. 4a). p-STAT3 was
expressed in the nuclei of both tumor cells and immune
cells (Fig. 4a). The expressions of PD-L1, PI3K, and
IL13Ra2 were observed in OSCC cells (Fig. 4a). Hier-
archical clustering revealed that VISTA expression was
closely associated with that of IL13Ra2, CDI11b and
CD33 (Fig. 4b). Interestingly, Pearson’s correlation coef-
ficient test revealed that VISTA expression was statisti-
cally associated with PD-L1 (p<0.0001, r=0.3432),
CTLA-4 (p<0.0001, r=0.2535), IL13Ra2 (p<0.0001,
r=0.2941), PI3K (»p=0.0016, r=0.1963), p-STAT3
(»p=0.0024, r=0.1889), CD11b (p<0.0001, r=0.2794)
and CD33 (p=0.0014, r=0.1990) (Fig. 5).
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Fig. 3 Overall survival analysis a Kaplan-Meier curve a Kaplan-Meier curve
of patients with OSCC accord- —100- — 100+
ing to the expression of VISTA g - VL g —- CL
and CD8. a Kaplan—Meier S 751 L S 751 = CH
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Discussion

VISTA is a novel immune checkpoint molecule, and
the relevance of this molecule in tumors has rarely been
reported. In the present study, we first demonstrated that
VISTA protein expression was significantly higher in
human OSCC specimens than in normal oral mucosa or
dysplasia. Interestingly, VISTA expression in primary
OSCC was correlated with lymph node status. Remarkably,
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a small subgroup of OSCC patients with VISTA high and
CDS8 low expression had significantly poorer overall sur-
vival compared with the other subgroups in the primary
OSCC patients in the present cohort. Additionally, VISTA
protein expression was correlated with MDSC markers
(CD11b and CD33). VISTA expression was significantly
correlated with other immune checkpoint markers (PD-L1
and CTLA-4) and immune-related pathways (IL13Ra2,
PI3K and p-STAT3) in OSCC.
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Table 1 Multivariate analysis for overall survival in primary OSCC
patients

Parameters HR (95% CI) p value
Tumor size

T3 + T4 vs. T1 + T2 1.597 (0.912-2.797) 0.102
Grade

I 1.000 1.000

Mvs. T 7.700 (1.846-32.129) 0.005*

MIvs. I 8.437 (1.926-36.951) 0.005*
Node stage

N1 + N2 vs. NO 2.011 (1.164-3.475) 0.012%*
VISTA CD8 expression

VHCL vs. VHCH and VL 1.971 (1.047-3.714) 0.036*

CL and VL CH

Cox proportional hazards regression model
HR hazard ratio, 95% CI 95% confidence interval, VH VISTA high,
VL VISTA low, CH CDS8 high, CL CD8 low

*p < 0.05

Fig. 4 High expression of

CDl11b, CD33, CTLA-4, a osccC

It has been reported that tumor-infiltrating CD8* T cells
are associated with prolonged survival in various tumor
types such as colorectal cancer [28], endometrial adenocar-
cinoma [29], ovarian cancer [30], renal cell cancer [31] and
esophageal cancer [32]. Consistent with these studies, the
data in the present study indicated that tumor-infiltrating
CD8* T cells might be associated with a good prognosis
in OSCC. The prognostic value of VISTA in cancers has
not yet been elucidated. The results of the present study
demonstrated that VISTA was not a significant prognostic
indicator for OSCC. Interestingly, the survival analysis of
VISTA in combination with CD8 expression in the primary
OSCC demonstrated that patients with VISTA high and
CDS8 low had a poorer prognosis than other patients in the
present cohort, indicating that VISTA high and CD8 low
may represent an immunosuppressive status in the tumor
microenvironment. Notably, the Cox multivariate analysis
also showed that VISTA, in cooperation with CD8, was an
independent factor to predict the survival of OSCC, inde-
pendent of tumor size, lymph node status, and pathological
grade in the primary OSCC of the present cohort. Although
the VISTA high CD8 low subgroup had poor prognosis in

-
F

p-STAT3, PI3K, IL13Ra2,

PD-L1 and VISTA in OSCC.

a Representative immunohis-
tochemical staining of CD11b,
CD33, CTLA-4, p-STATS3,
PI3K, IL13Ra2, PD-L1 and
VISTA in OSCC tissue. Scale
bar 50 pm. b Hierarchical clus-
tering of CD11b, CD33, CTLA-

IL13R02
CD11b

4, PI3Ka p110, IL13Ra2,
p-STAT3, PD-L1 and VISTA
immunohistochemical results

in human OSCC with statistics
including mucosa, dysplasia and
primary OSCC (total n=256)
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the present study, it should be cautiously assumed based on
the small population that VISTA synergized with CD8 may
be a novel clinical prognostic parameter for OSCC.
Immune checkpoints and suppressive immune cells,
such as MDSCs, regulatory T cells (Tregs) and tumor-asso-
ciated macrophages (TAMs), play crucial roles in suppress-
ing tumor-specific T cell responses, enabling cancer cells to
evade immune surveillance in the OSCC microenvironment
[33, 34]. Recent evidence has shown that VISTA, different
from PD-1 and CTLA-4, is primarily expressed on CD11b
myeloid cells such as myeloid dendritic cells and MDSCs,
indicating that VISTA plays a role in tumor evasion from
the immune system [14, 15, 35]. The present study showed
that VISTA was highly expressed on tumor-infiltrating
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immune cells in OSCC, and the results also demonstrated
that the expression of VISTA was statistically associated
with MDSC markers (CD11b and CD33), suggesting that
VISTA may play a role in the immune system of OSCC.
Thus far, little is known about the molecular regulation
of VISTA. Thus, we preliminarily explored the molecules
potentially associated with VISTA in the tumor microen-
vironment. In the present study, using tissue microarray
screening, we observed that VISTA protein expression
was correlated with IL13Ra2, PI3K and p-STAT3, which
were highly expressed or activated in human OSCC [19,
36]. Additionally, IL13Ra2 overexpression in human can-
cer was associated with increased TGF-f1 [37], an impor-
tant cytokine in the tumor metastasis and recruitment of
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MDSCs [33]. A recent report indicated the activation of
p-STAT3 prevented the maturation of myeloid cells [38],
and other studies have reported that PD-L1 expression was
driven through the STAT3 or PI3K-AKT signaling pathway
[39]. A previous study revealed that the VISTA-synergized
PD-L1 checkpoint blockade generated optimal antitumor
immunity in cancer [40]. Other studies have also reported
that blockade could attenuate tumor growth, particularly
when combined with a cancer vaccine [14]. Interestingly,
PD-L1 and CTLA-4 were particularly overexpressed in
OSCC [27, 41] and VISTA was positively correlated with
PD-L1 and CTLA-4. Based on these findings, we hypothe-
sized that VISTA was likely to have immune functions and
may be a novel target in combination with other immune
checkpoints for cancer immunotherapy. Further studies are
needed to explore the function and immunological mecha-
nisms of VISTA once a commercial anti-VISTA monoclo-
nal antibody is available.

In conclusion, the results of the present study showed
that VISTA is overexpressed in OSCC and is corre-
lated with PD-L1, CTLA-4, IL13Ra2, PI3K, p-STAT3
and MDSC markers (CD11b and CD33), indicating that
VISTA, as an immune checkpoint molecule, may regulate
antitumor immunity in OSCC. Furthermore, VISTA and
CD8 may collaboratively predict the survival of OSCC.
Thus, these observations demonstrated that VISTA might
be a potential antitumor target for OSCC.
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