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Abstract

Adaptive immune responses contribute to the pathogenesis of melanoma by facilitating immune evasion. V-domain Ig
suppressor of T-cell activation (VISTA) is a potent negative regulator of T-cell function and is expressed at high levels on
monocytes, granulocytes, and macrophages, and at lower densities on T-cell populations within the tumor microenviron-
ment. In this study, 85 primary melanoma specimens were selected from pathology tissue archives and immunohistochemi-
cally stained for CD3, PD-1, PD-L1, and VISTA. Pearson’s correlation coefficients identified associations in expression
between VISTA and myeloid infiltrate (r=0.28, p=0.009) and the density of PD-1+ inflammatory cells (r=0.31, p=0.005).
The presence of VISTA was associated with a significantly worse disease-specific survival in univariate analysis (hazard
ratio=3.57, p=0.005) and multivariate analysis (hazard ratio=3.02, p=0.02). Our findings show that VISTA expression is
an independent negative prognostic factor in primary cutaneous melanoma and suggests its potential as an adjuvant immu-
notherapeutic intervention in the future.
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Abbreviations Introduction
AJCC  American Joint Committee on Cancer
CI Confidence interval Melanoma is a malignant proliferation of melanocytes with

HR Hazard ratio
TCGA The cancer genome atlas
TIIC Tumor-infiltrating inflammatory cells

a high rate of metastasis compared to other skin cancers.
Patients with metastatic disease have a poor prognosis with
a median survival time of 8 months [1]. Despite growing
awareness of risk factors for melanoma [2], the incidence
appears to be on the rise across all age groups with increas-
ing mortality among older persons, particularly for thin
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lesions [3]. Prognosis is correlated with depth of invasion
(Clark level, Breslow’s depth), ulceration, mitotic index, and
lymphocytic infiltration of the tumor [4—6]. In particular, the
density of immune cell infiltration into the tumor has been
shown to be an independent prognostic factor with 5- and
10-year survival rates as high as 77 and 55%, respectively,
for those with a brisk infiltrate, compared to 37 and 27%,
respectively, for those with absence of tumor-infiltrating
lymphocytes (TIL) [5, 7].

In some human cancers, tumor-cell-surface expression
of immune checkpoint ligands results in downregulation
of TIL, facilitating tumor cell proliferation and potentially
reversing the otherwise favorable prognosis of TIL response.
Programmed death ligand 1 (PD-L1) is expressed on a subset
of melanomas and colocalizes with its conjugate receptor,
programmed cell death protein 1 (PD-1), on lymphocytes
[8]. The PD-1-PD-L1 complex inhibits the immune system
through a decrease in T-cell function (e.g., reduced secre-
tion of IFN-gamma, IL-2, and IL-10) and increased T-cell
apoptosis [9]. V-domain Ig suppressor of T-cell activation
(VISTA; also known as PD-1H, Diesl, Gi24) was recently
identified as another potent negative regulator of T-cell func-
tion [10-12], but with a somewhat different expression and
activation pattern as compared to the PD-I-PD-L1 axis. In
contrast to PD-L1, which is primarily found on activated and
exhausted T cells, VISTA is more highly expressed on mye-
loid and granulocytic cells as well as naive T-cells [13]. As
a negative checkpoint regulator with a different expression
pattern than those previously identified, VISTA could have
important novel implications in cancer immunology [14].

Little published data on VISTA exist from either human
primary or metastatic melanoma tumor samples and the rela-
tionship between VISTA, PD-1, PD-L1, and other tumor
features remains poorly characterized. The goal of our study
was to elucidate (1) VISTA expression in primary human
melanoma lesions: both on the tumor cells and on the tumor-
infiltrating inflammatory cells, (2) the relationship of VISTA
expression to the expression of PD-1 and PD-L1 within the
melanoma tumor microenvironment, and (3) the association
between VISTA expression and patient survival.

Materials and methods
Case selection

Eighty-five archived cutaneous melanoma cases with ade-
quate tissue and follow-up information were obtained from
the Department of Pathology and Laboratory Medicine at
Dartmouth—Hitchcock Medical Center. The average clini-
cal follow-up time of these patients was 7.6 years (rang-
ing from 7 months to 18 years). All tumors were reviewed
by a dermatopathologist (SY) to confirm accuracy of the
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original diagnosis and pathological stage. Tumors were clas-
sified according to the American Joint Committee on Cancer
(AJCC) staging system 7th edition.

Patient demographics and follow-up data were extracted
from the electronic medical record. This study was approved
by the Dartmouth College Committee for the Protection of
Human Subjects/Institutional Review Board.

Immunohistochemistry

Immunohistochemical (IHC) stains were performed on
freshly prepared 4-pm paraffin sections with the following
primary antibodies: PD-L1 (clone E1L3N, 1:100, Cell Sign-
aling Danvers, MA), PD-1 (clone NAT105, 1:100, Abcam
Cambridge, MA), CD3 (clone LN10, 1:200, Leica Microsys-
tems, Buffalo Grove, IL), and VISTA (clone GGS, 1:1000
ImmuNext, NH) [11]. IHC stains were performed using
Leica Bond Max or RX Automated stainer (Leica Microsys-
tems), Bond Epitope Retrieval 1 or 2 (Leica Microsystem
and Bond polymer Red refine detection kit Cat # DS9390)
according to the manufacturers’ instructions. Omission of
primary antibodies was performed as a negative control.

All slides were evaluated and scored using light micros-
copy. Tumor-infiltrating myeloid cells (mainly neutrophils)
were identified based on morphology. IHC staining was
measured by quantitative and semi-quantitative assessment
of positive staining in tumor cells and TIIC. Membranous
staining of PD-L1 was evaluated for melanoma cells and
TIIC. The percentage of tumor cells displaying PD-L1 mem-
brane staining out of 1000 tumor cells was counted, and
tumors were defined as PD-L1+ if at least 1% of the mela-
noma cells had membranous staining. TIIC were defined
as PD-L1+ or VISTA+ if there was any PD-L1 staining
or VISTA staining in the TIIC, respectively. Evaluation
of PD-1 positive inflammatory cells was based on average
counts from five representative high-power fields evalu-
ated at 400X magnification above an imaginary line, which
separates the tumoral area from the dermal tissue below as
described by Piras et al [15]. The density of TIL was semi-
quantified using an H&E and CD3 immunostained section
based on a scale of 0-3 (absent, mild, moderate, and strong).
Positive and negative IHC staining patterns of all antibodies
tested were observed in older and newer cases. No effect of
age of blocks on staining pattern was seen.

The cancer genome atlas melanoma data

The cancer genome atlas (TCGA) project seeks to categorize
cancers, including malignant melanoma, based on common
genetic mutations identified by high-throughput sequencing.
Detailed methodology with regard to melanoma has been
described previously [16]. Gene expression was evaluated by
RNA sequencing, where total RNA was converted to mRNA
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libraries using the Illumina mRNA TruSeq kit. RNA-seq
data have been generated for 103 primary melanoma sam-
ples and 366 metastatic melanoma samples. Clinical data
available as part of the TCGA include age at initial mela-
noma diagnosis, sex, AJCC stage at initial diagnosis, and
survival data which were curated from the medical record
for each patient.

Statistical analysis

Statistical analysis system (SAS 9.4) (SAS Institute Inc.,
Cary, NC) software was used for data analyses. Correla-
tion between the expression of immune markers and the
pathologic parameters was calculated based on Pearson’s
correlation coefficients. All tests are two sided with signifi-
cance level set to 0.05. Disease-specific survival data were
analyzed using the Kaplan—Meier method, and estimated
hazard ratios (HR) and 95% confidence intervals (CI) of
prognostic factors were derived from univariate and mul-
tivariate Cox’s proportional hazard models. Mantel-Cox
log-rank score was used to assess statistical significance.
Unadjusted and adjusted multivariate analyses using TCGA
data according to tumor sample type (primary or metastatic)
were performed with age, sex, and pathologic stage at diag-
nosis included as confounding factors.

Results
Study sample

The study sample was comprised of specimens of primary
melanoma from 85 patients for whom follow-up data were
available (Table 1). Forty-nine of the 85 patients were male
(57.6%). The most common anatomic location was the
extremities (41, 48.2%), followed by the trunk (30, 35.3%),
and head and neck (14, 16.5%). Histologic subtypes included
superficial spreading (34, 40.0%), nodular (24, 28.2%), len-
tigo maligna (4, 4.7%), acral lentiginous (4, 4.7%), desmo-
plastic (5, 5.9%), and unclassified (14, 16.5%). Specimens
were approximately evenly distributed by T stage and 51
(60%) patients developed metastatic disease at follow-up.
TIL density ranged from O to 3 (Table 1).

TCGA data from a total of 403 melanoma patients,
included PD-1, PD-L1, and VISTA mRNA expression for
103 primary melanoma samples and 366 metastatic mela-
noma samples, as some patients, have multiple metastases
included in the data set.

Immunophenotype of the tumor microenvironment

Representative IHC staining patterns of the antibodies evalu-
ated are shown in Fig. 1. T lymphocytes are highlighted by

Table 1 Patient demographics and tumor characteristics

Characteristic N (%)
Total 85 (100)
Sex
Female 36 (42.4)
Male 49 (57.6)
Anatomic location
Head and neck 14 (16.5)
Trunk 30 (35.3)
Extremities 41 (48.2)
Histologic subtype
Superficial spreading 34 (40.0)
Nodular 24 (28.2)
Lentigo maligna 4@4.7)
Acral lentiginous 44.7)
Desmoplastic 5(5.9)
Not classified 14 (16.5)
Pathologic stage (tumor thickness, mm)
T1 (<1.0) 14 (16.5)
T2 (1.01-2.00) 23 (27.1)
T3 (2.01-4.00) 22 (25.9)
T4 (>4.0) 26 (30.6)
Ulceration
Present 34 (40.0)
Absent 51 (60.0)
Metastases on follow-up
Positive 51 (60.0)
Negative 34 (40.0)
TIL density
0 19 (22.4)
1 39 (45.9)
2 18 (21.2)
3 7(8.2)
Unable to evaluate 2(2.4)

CD3 immunostain (Fig. 1a). VISTA staining was essentially
negative in melanoma cells, consistent with the previous
unpublished findings of VISTA positivity in only one of the
27 melanoma cell lines (data not shown). Occasional stain-
ing was observed in pigmented melanoma cells, which was
interpreted as nonspecific staining. The majority of VISTA
IHC positivity was observed in neutrophils, which were usu-
ally seen in association with tumor ulceration. Rare VISTA
expression was also observed in some mononuclear cells
(which could include lymphocytes, monocytes and mac-
rophages) within the overall TIIC. In this study, any VISTA
positive staining within the observed TIIC was designated
as a positive staining pattern (Fig. 1b). Among the 85 cases
examined, 53 specimens (62.4%) showed focal VISTA pos-
itivity in morphologically identified tumor inflammatory
infiltrate. In contrast, PD-L1 expression was found in both
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Fig. 1 Representative immuno-
histochemical staining patterns.
a CD3 expression in TIIC. b
VISTA expression in tumor-
infiltrating neutrophils and rare
mononuclear cells. ¢ PD-L1
expression in melanoma cells.
d PD-L1 expression in TIIC.

e PD-1 expression in TIIC.

f Negative control (original
magnification X400). Arrows
indicate positively stained cells

Table 2 Expression of PD-L1, VISTA, and PD-1 in tumor and tumor-
infiltrating inflammatory cells

Tumor N (%) Tumor-infiltrating inflam-
matory cells N (%)
Positive Negative Positive Negative
PD-L1* 31 (36.5) 54 (63.5) 28 (32.9) 57 (67.1)
VISTA® 0(0) 85 (100) 53 (62.4) 32 (37.6)
PD-1°¢ 0(0) 85 (100) 18 (0-120)

“Considered positive if membranous staining for PD-L1 was identi-
fied on >1% of melanoma cells or on any tumor-infiltrating inflam-
matory cells

bConsidered positive if cytoplasmic staining for VISTA was identified
on any tumor-infiltrating inflammatory cells

Average (range) number of positive cells per 5 high power fields

melanoma cells and TIIC (Fig. 1c, d). Thirty-one melanomas
(36.5%) showed PD-L1 membrane staining in > 1% tumor
cells and 28 (32.9%) showed focal PD-L1 expression in TIIC
(Table 2). PD-1 was negative in tumor cells, but was more
widely expressed in TIIC compared to VISTA and PD-L1
(Fig. 1e). The average number of PD-1 positive cells in TIIC
per 5 high-powered fields was 18, ranging from 0 to 120.

@ Springer

Pearson’s correlation coefficients were used to evaluate
immunophenotypic relationships between melanoma tumor
cells and TIIC (Table 3). Tumor PD-L1 expression signifi-
cantly correlated with the presence of PD-L1 expression in
TIIC (r=0.35, p<0.001), the presence of ulcer (r=0.33,
p=0.002) and TIL density (r=0.29, p=0.008). The pres-
ence of PD-L1+ TIIC positively correlated with the density
of PD-1+ cells in TIIC (r=0.22, p=0.047), TIL density
(r=0.34, p=0.002), and the presence of ulcer (r=0.25,
p=0.024), in addition to its correlation with PD-L1 expres-
sion in tumor (r=0.35, p <0.001). The presence of VISTA
expression in tumor inflammatory infiltrate positively cor-
related with the presence of neutrophilic infiltrate (r=0.28,
p=0.009) and the density of PD-1+ cells in TIIC (r=0.31,
p=0.005). Furthermore, TIL density negatively corre-
lated with neutrophilic infiltrate (r=-0.32, p=0.003)
and positively correlated with PD-L1 expression in mela-
noma (r=0.29, p=0.008), the PD-L1 expression in TIIC
(r=0.34, p=0.002), and the density of PD-1+ cells in TIIC
(r=0.48, p<0.001). Ulceration significantly correlated
with tumor depth (r=0.5, p <0.001), the presence of neu-
trophilic infiltrate (r=0.37, p <0.001), PD-L1 expression
in tumor (r=0.33, p=0.002), and PD-L1 expression in
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Table 3 Pearson’s correlation coefficients (p value) for checkpoint ligand expression and tumor characteristics

PD-L1+ PD-L1+ TIIC PD-1+TIC  TIL density VISTA+ TIIC Tumor depth Ulceration Neutrophilic
tumor infiltrate
PD-L1+ 1 (NA) 0.35(<0.001) 0.21(0.063) 0.29(0.008) 0.08 (0.443) 0.04 (0.692) 0.33(0.002) 0.1 (0.35)
tumor
PD-L1+ TIIC 0.35(<0.001) 1 (NA) 0.22(0.047)  0.34(0.002) -0.02(0.83) —0.07(0.51) 0.25(0.024) —0.02 (0.836)
PD-1+ TIIC ~ 0.21 (0.063) 0.22 (0.047) 1 (NA) 0.48 (<0.001) 0.31(0.005) 0.07 (0.528) 0.05 (0.646) —0.07 (0.527)
TIL density 0.29 (0.008) 0.34(0.002) 0.48(<0.001) 1 (NA) —-0.03(0.769) —0.2(0.075) —0.09 (0.421) —0.32(0.003)
VISTA+ TIHC 0.08 (0.443) —0.02 (0.83) 0.31 (0.005) —0.03 (0.769) 1 (NA) 0.04 (0.749)  0.14 (0.205)  0.28 (0.009)
Tumor depth ~ 0.04 (0.692) —-0.07 (0.51) 0.07 (0.528) —0.2(0.075)  0.04 (0.749) 1 (NA) 0.5 (<0.001) 0.21 (0.055)
Ulceration 0.33 (0.002) 0.25(0.024)  0.05 (0.646) —0.09 (0.421)  0.14 (0.205) 0.5 (<0.001) 1 (NA) 0.37(<0.001)
Neutrophilic 0.1 (0.35) —0.02 (0.836) —0.07 (0.527) -0.32(0.003)  0.28(0.009) 0.21(0.055) 0.37 (<0.001) 1 (N/A)
infiltrate

Italics indicates statistically significant result

1.0

08

© l
=t i
5 ° N
2 R e o e
S e = e
O =
g ° -
o —— VISTA Negative in TIC
“=+ VISTA Positive in TIC
o
o
P-value from log-rank test is 0.003
o |
S
T T T
0 5 10 15 20

Years

Fig.2 Kaplan-Meier disease specific survival curve by VISTA
expression in tumor-infiltrating inflammatory cells

TIIC (r=0.25, p=0.024), but did not correlate with VISTA
expression in TIIC (r=0.14, p=0.2).

Survival and multivariate analysis

To further evaluate the impact of these immune markers on
survival, Kaplan—-Meier disease survival curves were gener-
ated based on follow-up clinical data. Patients with any level
of VISTA expression in the TIIC of their primary melanoma
had a lower disease-specific survival compared to patients
with negative VISTA expression in their tumor inflamma-
tory infiltrate (p =0.003) (Fig. 2). Other factors, including
PD-L1 expression in tumor, PD-L1 expression in TIIC,
the density of PD-1 expression in TIIC, and the density of
TIL, showed no significant impact on melanoma-specific
survival. We further investigated the potential prognostic
significance of tumor depth, ulceration, and PD-L1 expres-
sion in tumor, expression of PD-1, PD-L1, and VISTA in

TIIC, as well as TIL density using a Cox proportional hazard
model for univariate and multivariate models, respectively
(Table 4). In univariate analysis, short disease-specific sur-
vival was significantly associated with thicker tumor (HR
1.11, p<0.001), the presence of ulcer (HR 5.62, p <0.0001)
and the presence of VISTA expression in tumor inflamma-
tory infiltrate (HR 3.57, p=0.005) (Table 4). In multivari-
ate analysis, the presence of ulcer (HR 4.74, p=0.006) and
the presence of VISTA expression within TIIC (HR 3.02,
p=0.02) continue to be significant independent prognostic
factors, and tumor depth predicted worse survival (HR 1.08,
p=0.06).

Prognostic significance was further explored using TCGA
melanoma data in unadjusted and adjusted multivariate
analyses. Among primary melanoma samples, there were
no statistically significant correlations between survival
and mRNA expression of PD-L1 (HR 0.46, p=0.14), PD-1
(HR 0.86, p=0.06), or VISTA (HR 0.61, p=0.3) (Table 5).
In contrast, among metastatic melanoma samples, mRNA
expression of all three immune checkpoint proteins appeared
to be associated with improved survival (PD-L1 HR 0.82,
p<0.001; PD-1 HR 0.87, p<0.001, VISTA HR 0.82,
p=0.003) (Table 5).

Discussion

In this retrospective review of primary melanoma cases, we
sought to characterize VISTA expression within the TME
and explore its potential as a prognostic factor. Focal VISTA
expression on TIIC was observed in a majority of tumor
specimens and was positively associated with myeloid cell
infiltration and PD-1 expression on TIIC. VISTA positive
TIICs were correlated with worse disease-specific survival.
A recent study in early stage head and neck squamous cell
carcinoma showed that VISTA expression was a poor prog-
nostic factor [17] and are in accordance with our similar
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Table 4 Univariate and

- Variable Univariate Multivariate
multivariate analyses
HR (95% CI) p value HR (95% CI) p value
Ulceration 5.62(2.64, 11.94) <0.0001 4.74 (1.55, 14.47) 0.006
Tumor depth 1.11(1.05, 1.17) <0.001 1.08 (1, 1.17) 0.06
VISTA+ TIIC 3.57(1.47, 8.69) 0.005 3.02(1.16, 7.91) 0.02
PD-L1+ in tumor 1.42 (0.7, 2.88) 0.33 1.04 (0.42,2.54) 0.94
PD-L1+ TIIC 1.55(0.77, 3.15) 0.22 0.85 (0.31, 2.35) 0.76
PDI1+ TIIC 0.99 (0.97, 1.01) 0.32 0.97 (0.94, 1.01) 0.12
TIL density
0 Reference N/A Reference N/A
1 0.52(0.22, 1.23) 0.14 1.73 (0.48, 6.24) 0.40
2 1.09 (0.45, 2.62) 0.85 3.54 (0.7, 17.8) 0.12
3 0 (0, >999.99) 0.99 0 (0, >999.99) 0.99
Italics indicates statistically significant result
Table 5 Multivariate survival analysis from TCGA melanoma data for primary and metastatic tumor samples
Variable Primary melanoma (n=103) Metastatic melanoma (n=366)
Unadjusted Adjusted® Unadjusted Adjusted®
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
PD-L1 0.91 (0.61, 1.38) 0.700 0.46 (0.16, 1.29) 0.140 0.83(0.76, 0.91) <0.001 0.82 (0.74, 0.90) <0.001
PD-1 0.82 (0.62, 1.07) 0.100 0.86 (0.46, 1.61) 0.600 0.90 (0.84, 0.96) <0.001 0.87 (0.81, 0.94) <0.001
VISTA 0.62 (0.32,1.19) 0.620 0.61 (0.23, 1.56) 0.300 0.86 (0.76, 0.97) 0.010 0.82(0.72, 0.93) 0.003

Italics indicates statistically significant result

# Adjusted for age, sex, and pathologic stage at diagnosis

findings in those with cutaneous melanoma. The importance
of immune check point inhibition in the treatment of early
stage melanoma has been demonstrated in CheckMate 238,
a trial comparing adjuvant immunotherapy with nivolumab
versus ipilimumab that demonstrated the superiority of
nivolumab in relapse free survival for stage III disease [18].
In addition, high-dose ipilimumab was found to prolong
survival in stage III disease over observation [19]. The cor-
relation we found between VISTA expression on TIIC, neu-
trophilic infiltrate and the density of PD-1 on TIIC in the
TME combined with the correlation of VISTA on TIIC and
poorer survival, provide strong support that VISTA may be a
novel target for future immunotherapy in early stage disease.

Immune checkpoint receptors and their ligands play an
important physiologic role by both preserving self-tolerance
and attenuating the inflammatory response [20, 21]. The
aberrant expression of PD-L1 on tumor cells downregulates
TILs, promoting immune evasion and malignant progression
[22, 23]. In the metastatic setting, PD-1+ melanoma-specific
T-cells within the TME show decreased levels of cytokine
production compared to PD-1 negative T-cells from normal
tissue and peripheral blood of the same patient [24]. The
heterogeneity of PD-L1 expression on tumor cells and TILs
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across a range of tumors types, and the associated variation
in findings of prognostic value, illustrates that constitutive
and adaptive mechanisms are not mutually exclusive [21].
The role of PD-L1+ tumor cells in melanoma, and a possible
association with clinical outcome, remains poorly character-
ized. Oba et al. found PD-L1+ tumor cells to be associated
with increased vertical growth and shorter survival times
[25]. Among those with metastatic disease, PD-L1 expres-
sion appears to be highest along the tumor margin and is
a positive predictor of response to anti-PD-1 therapy [26],
suggesting a role in metastatic progression. Our study pro-
vides further evidence of an important but complex rela-
tionship between melanoma and the PD-1-PD-L1 axis. We
identified positive associations between PD-L.1+ melanoma
cells, PD-L1+ TIIC, and TIL density in the TME of primary
melanoma, but there was no association between either PD-1
or PD-L1 and survival in multivariate analysis in our cohort.
In a previous univariate analysis, Madore, et al. found that
patients with PD-L.1+ melanoma in locoregional metasta-
ses had improved survival compared to patients with PD-L1
negative disease, but this was not observed when examining
expression in the primary lesion [27]. Data from our study
support a lack of association between PD-L1 expression
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on either tumor cells or TIIC within primary lesions and
melanoma-specific survival.

VISTA, an immunoglobulin superfamily ligand which
has an extracellular domain with distant sequence similarity
to that of PD-L1, represents a possible alternative immune
checkpoint pathway [10]. VISTA overexpression downregu-
lates the immune system through suppressing T-cell pro-
liferation, blunting T-cell cytokine secretion (e.g., IL-10,
TNF-alpha, IFN-gamma), inducing FoxP3 expression, and
stabilizing the persistence of the regulatory T-cell pool [10,
28]. In support of its immunomodulatory function, VISTA
blockade slows tumor growth in murin cancer models and
increases the propensity for autoimmune encephalomyelitis
in mice, a model for multiple sclerosis [10], while a VISTA
agonistic antibody prevents graft versus host disease [11].
Molecular methods in murine experiments have shown that
VISTA is expressed exclusively on hematopoietic cells, most
prominently in the myeloid lineage including neutrophils,
macrophages, and dendritic antigen presenting cells (APCs)
[10]. In both mouse and human tissue samples, VISTA
potently suppressed T-cell proliferation and function as
measured by decreased levels of IL-10, TNF-alpha, and IFN-
gamma [11, 13]. A role for VISTA in cancer immunosurveil-
lance was evaluated in mice transplanted with melanoma,
in which VISTA blockade resulted in increased numbers
of tumor-specific CD4+ and CD8+ T cells and decreased
FoxP3+ regulatory T cells within the TME, in addition to
delayed tumor progression in genetically predisposed mice
[14]. Combination therapy with anti-VISTA and anti-PD-1
in murine melanoma models has proven to be more effective
than that of monotherapy with anti-VISTA [29]. To begin to
expand on the results of murine models, our study can now
confirm a likely role for VISTA in the melanoma TME of
primary tumors in humans and suggest that VISTA may play
arole in other early stage tumors.

Potential relationships between VISTA and other immune
checkpoint pathways, including PD-1/PD-L1, have not
yet been fully elucidated. In contrast to PD-L1, VISTA is
expressed on naive T-cells and is upregulated more strongly
and specifically on tumor-infiltrating myeloid cells [10, 13].
Single knockout mice lacking either PD-1 or VISTA showed
increased levels of chronic inflammation, while mice lack-
ing both showed higher levels of immune-related phenom-
ena, supporting the non-redundancy of these pathways [29].
Nonetheless, we found strong positive associations between
TIIC VISTA expression and TIIC PD-1 expression within
the melanoma TME, providing evidence that both likely play
an important role in melanoma pathogenesis and contribute
simultaneously to avoidance of immune recognition.

TIIC VISTA expression in our study was related to
decreased survival in univariate analysis and remained an
independent prognostic factor in multivariate analyses.
This is consistent with the previously discussed immune

suppression function of VISTA within the TME. Tumor
characteristics known to stratify patient survival such as
tumor depth and ulceration were also included in our mul-
tivariate analysis and were related to poorer outcomes as
expected. Interestingly, PD-1 and PD-L1 expressions were
not prognostic factors in our study. In combination, the data
from primary melanoma tumors suggest that VISTA may
be a key relevant pathway in driving cancer progression.
While on the whole, PD-L1 expression has generally been
considered a poor prognostic factor in melanoma [20], and
there remains conflicting data both in melanoma and in other
types of cancer [23, 25, 30-33]. Our research offers one
possible explanation for these differing results, since VISTA
may have been a previously unidentified confounder. Inter-
estingly, in a recent publication, negative checkpoint regula-
tion by VISTA has now also been shown to be a mechanism
of acquired resistance to anti-PD-1 therapy [34].

In contrast to the IHC results from the primary melanoma
specimens in our series, PD-L1, PD-1, and VISTA mRNA
expression from the TCGA melanoma samples correlated
with improved survival, but only among metastatic lesions.
Overall, there were high levels of PD-1, PD-L1, and VISTA
expression associated with metastatic lesions, which may
indicate a relatively “hot” immune environment. In this case,
higher gene expression levels of immune checkpoint proteins
would indicate a more robust immune response and not nec-
essarily correlate with immune downregulation. There could
also be significant post-translational modification, including
protein degradation so that these immune checkpoint pro-
teins would not ultimately be a part of the TME milieu. Fur-
ther research is needed to better understand the differential
prognostic impact of tumor and TIIC expression of VISTA
between primary and metastatic melanoma.

Our study has several limitations including those inher-
ent as part of a retrospective study. The sample size was
relatively modest which limited our statistical power. This
may have decreased our ability to detect significant effects
on survival of PD-1/PD-L1 or TIL density. Despite having
information on stage and histologic data including depth
and ulceration, we were limited in our ability to perform
subgroup analyses because of limited case numbers of some
subtypes. It is difficult to separately assess the impact of
VISTA in the T-cell component of the TME by IHC, due to
the very low density of VISTA expression on this popula-
tion. Future studies may benefit from advances in multiplex
fluorescence microscopy methods, which will aid in explor-
ing complex interactions within the TME.

In conclusion, we identified associations between TIIC
VISTA expression and TIIC PD-1 expression in the setting
of primary melanoma, with negative impacts on disease-
specific survival, likely due to immune evasion by the tumor.
Our results suggest a novel mechanism in the pathogenesis
of melanoma as well as future avenues for translational
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research into drug therapies that may be able to disrupt this
interaction in early stage disease and improve outcomes.
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