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Abstract: V-domain Ig suppressor of T cell activation (VISTA),
encoded by the human VSIR gene, is a B7 family checkpoint
homologous to the programmed death-Ligand 1 sequence. In
gynecologic malignancies, VISTA is abnormally expressed and
regulates the tumor immune microenvironment, causing a
high upregulation of VISTA expression in T-cells and myeloid
cells in the tumor microenvironment and promoting tumor
proliferation, progression, and immune tolerance. Here, we
review the research progress of VISTA in ovarian, cervical,
and endometrial cancers through its structure and immuno-
modulatory mechanism. The comprehensive study of VISTA
is expected to improve the current problem of poor immu-
notherapeutic effects and provide new ideas for immune
therapy in patients with gynecologic tumors.
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1 Introduction

V-domain Ig suppressor of T cell activation (VISTA), also
known as programmed death-1homolog (PD-1H) [1,2], is a
type I transmembrane protein domain encoded by the

human VSIR gene encoding a type I transmembrane pro-
tein subunit, a recently identified B7 family checkpoint
with sequence homology to programmed death-Ligand 1
(PD-L1), and the highest similarity to PD-L1 [3,4]. Similar
to PD-1 and cytotoxic T lymphocyte-associated antigen-4
(CTLA-4) immune checkpoints, VISTA decreases T cell acti-
vation and proliferation. VISTA is believed to exert signifi-
cant immunological effects because of its specific structure,
which can be both a ligand and a receptor. As a ligand,
VISTA is expressed on antigen-presenting cells (APCs) and
binds to receptors on T cells to inhibit downstream T cell
activation. As a receptor, VISTA is expressed on T cells and
transduces intracellular inhibitory signals on ligand binding to
suppress T-cell activity [5]. In this review, we summarize the
structure, expression, and immunomodulatory mechanism of
VISTA, and suggest the feasibility of VISTA as a new immune
checkpoint for the immunotherapy of gynecological tumors, to
improve the treatment status and prognosis of gynecologic
oncology patients.

2 Structure and expression of VISTA

The human VSIR gene encodes the VISTA protein. It is 279
amino acids in length, including a 162 amino acid extracel-
lular structural domain, a 21 amino acid transmembrane
structural domain, and a 96 amino acid cytoplasmic struc-
tural domain. The cytoplasmic structural domain lacks immu-
noreceptor tyrosine-based signal transduction sequences but
contains multiple casein kinase two and phosphokinase C
phosphorylation sites that play a significant role in signal
transduction. VISTA gene sequence analysis revealed surpris-
ingly high conservation, with 76% homology between mice
and humans, especially in the cytoplasmic structural domain,
making mice the most suitable experimental subjects for
studying VISTA. The analysis of VISTA protein sequences
revealed that VISTA is similar to the B7 family group of
ligands (CD80, CD86, PD-L1, PD-L2, ICOSL, and CD276), all of
which contain a conserved immunoglobulin variable-like
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fold. PD-L1 in the B7 family shares 23% sequence homology
with VISTA [6]. However, unlike traditional B7 family mem-
bers, the intracytoplasmic structural domain of VISTA does
not contain ITAM, ITMM, or ITSM sequences. In contrast, the
intracellular tail of VISTA contains two potential protein
kinase C binding sites and a proline residue that may serve
as a docking site and includes an Ig-V structural domain.
Thus, VISTA may act as both a receptor and a ligand [2].

At the cellular level, VISTA is mainly found in the
hematopoietic tissue of human peripheral blood mononuc-
lear cells (PBMCs). VISTA was expressed at high levels on
the CD11CloCD123+HLA-DR+lymphoid lineage and CD11C
+CD123LOHLA-DR+ myeloid subpopulation of monocytes
and dendritic cells, at moderate levels on CD4+T, CD8+T,
and FOXP3+CD4+Tregs expressing cells, at low levels on thy-
mocytes, CD56loNK cells, and completely absent on CD56hiNK
cells and CD19+ B cells [7–9]. However, Bharaj has found that
in human PBMCs, there was VISTA expression in CD3+ T cells
and CD19+ B cells, which was considered as a different result
of different antibody types [10]. In addition, the expression of
VISTA gradually decreased with time in vitro culture.

At the tissues and organs, transcription of Vsir genes in
adult individuals under normal conditions occurs mainly
in lymphoid tissues such as the spleen, thymus, and bone
marrow [11]. In non-hematopoietic organs, VISTA expres-
sion is usually highest in the brain, stomach, and thyroid,
while it is expressed at intermediate levels in the spleen
and liver and rarely in bone and heart [12]. Lower levels of
VISTA-mRNA were detected in the lung, muscle, testis,
kidney, and placenta.

A series of studies have examined VISTA expression in
human tumors, including acute myeloid leukemia, prostate
cancer, cutaneous melanoma, hepatocellular carcinoma,
gestational trophoblastic tumors, and breast cancer [13–18].
Increased expression of VISTA in different tumors is usually
accompanied by tumor progression and recurrence, and
predicts low patient survival [19,20].

3 Immunomodulatory mechanisms
of VISTA

When VISTA acts as a ligand, it negatively regulates T-cell
activation [21]. The extracellular structural domain of VISTA
interacts with coinhibitory receptors on T cells to inhibit T
cell proliferation and cytokine (IL-2 and IFN-γ) production,
and naïve T cells and memory T-cells are sensitive to Vista-
mediated suppression by inhibiting phosphorylation of T

cell receptor proximal signaling molecules (LAT, PLC-γ1,
and SLP76) and upregulation of early activation markers
(CD69, CD44, and CD25) [22]. In the presence of exogenous
TGF-β, VISTA promotes the conversion of FOXP3-CD4+ T
cells to FOXP3+ adaptive regulatory T cells. This effect con-
tributes to the overall T-cell suppressive effect of VISTA.

When VISTA acts as a receptor, its expression on the
surface of CD4+ T cells is independent of acting APCs on
T cells. When CD4+ T cells were exposed to Vista–/–APCs, it
resulted in increased cell proliferation and promoted the
production of IFNγ, TNF-α, and IL-17A. It suggests that
VISTA can act as a suppressor receptor for CD4+ T cells.
Recently, Shahbaz et al. showed that Vista+ CD71+ red
lineage cells produce more TGF-β and promote the produc-
tion of Tregs from primitive CD4+ T cells by inhibiting
p-Akt and p-mTOR [23].

Abnormal VISTA expression can cause sustained tumor
growth acceleration; conversely, blocking VISTA expression
enhances the T-cell antitumor response and slows tumor
progression. A VISTA/PD-1 double knockout mouse model
found that VISTA inhibits T cell activation through a pathway
different from PD-1 to achieve immune escape of tumor cells
(TCs) [22]. VISTA acts as a ligand on TCs andmediates negative
immune regulation by inhibiting the activity of CD4+ and
CD8+ T cells and suppressing immune cell (IC) activity.
When VISTA molecules act as receptors, they are highly
expressed in bone marrow-derived suppressor cells (MDSCs)
and significantly inhibit IC responses in the tumor microen-
vironment (TME). VISTA expression is upregulated on MDSCs
in various human tumor types, exerting a powerful tumor-
infiltrating lymphocyte suppressing function and promoting
their immunosuppression [24].

4 Association of VISTA with
gynecologic tumors

As a close relative of PD-1/PD-L1, VISTA is also aberrantly
expressed in gynecologic malignancies and regulates ICs
and related cytokines in the TME, which promotes tumor
proliferation, progression, and immune tolerance. VISTA
expression has been demonstrated in tumor-associated
ICs and/or TCs in different types of cancer. However,
in contrast with its negative regulatory role in T-cell
responses, increasing evidence suggests that VISTA expres-
sion on TCs or ICs correlates with improved survival
among patients with ovarian, cervical cancer, and endo-
metrial cancer.

2  Ran Ren et al.



4.1 Ovarian cancer and VISTA

Ovarian cancer has the highest mortality rate among the
three primary female reproductive system tumors [25], and
the current first-line treatment with surgery and postopera-
tive platinum-based chemotherapy is ineffectual, with most
patients experiencing postoperative recurrence and pla-
tinum resistance, which significantly affects the prognosis
of ovarian cancer patients [26]. Recent immunotherapeutic
approaches to kill ovarian cancer cells through CTLA-4,
PD-1/PD-L1, and other immune target inhibitors such as
Pembrolizumab and Nivolumab to interfere with immune
modulation in ovarian cancer TME have shown initial suc-
cess, and immunotherapy with VISTA and ovarian cancer is
in full swing [27–29].

Mulati et al. have found that VISTA is expressed more
often in ovarian cancer TCs than in normal cells. In mice
with ovarian cancer cells expressing high levels of VISTA, a
significant decrease in the abundance of CD8+ T cells in the
TME, infiltration of IFN-γ-producing T cells, and upregula-
tion of MDSC accumulation were observed [30]. This
dynamic immunological alteration in the TME reflects accel-
erated migration of MDSCs to the tumor site and increased
infiltration of immature myeloid cells that may differentiate
into MDSCs at the tumor site. However, VISTA antibodies
blocked the expression of VISTA on both TCs and ICs. How-
ever, the inhibitory effect of VISTA on tumors was much
stronger than that on ICs. In a retrospective analysis of 65
ovarian cancer patients, the positive expression of VISTA
was 30.8% in TCs and 44.6% in ICs. High expression of VISTA
on TCs and ICs was correlated with advanced ovarian
cancer and lymph node metastasis, probably because VISTA
molecules can protect related TCs and ICs to achieve an
immune escape effect [31].

Zong found by immunohistochemistry in 146 ovarian
cancers that VISTA expressionwas associatedwith pathological
type and PD-L1 expression. VISTA was frequently expressed in
PD-L1-negative ovarian cancer tissues, and VISTA expression in
TCs represented longer progression-free survival and a high
survival rate [32]. This situation may be related to VISTA reg-
ulation of C10orf54 gene expression for tumor immune escape,
but further in-depth study is needed.

In ovarian cancer mice animal experiments, the sur-
vival of mice added with anti-VISTA antibody was signifi-
cantly prolonged. The expression of VISTA in TCs not only
inhibited cytotoxic T lymphocytes (CTLs) from lysing antigen-
specific cells but also considerably suppressed T cell prolif-
eration. In addition, Mulati also found that VISTA treatment
may be effective in ovarian cancer resistant to anti-PD-1
therapy expressing VISTA, which is expected to be a strategy
to address PD-1 resistance in the future [30].

4.2 Cervical cancer and VISTA

Cervical cancer, one of the three major malignant tumors
of the female reproductive system, has been greatly reduced
by early screening, diagnosis, and treatment [33]. With
the rapid development of surgery, radiotherapy, and che-
motherapy, the treatment of cervical cancer has achieved
specific achievements. However, the 5-year survival rate is
still unsatisfactory, about 68%, and the recurrence rate for
patients with advanced cervical cancer is about 40% [34].
Immunotherapy has a good prospect in the treatment of
cervical cancer. Specific progress has been made through
the treatment of PD-L1, CTLA-4, PARP, and other immune
checkpoint inhibitors. However, it still has a limited role in
advanced and recurrent cervical cancer, with high drug
resistance, and usually requires combination therapy to be
effective [35].

Human papillomavirus (HPV) positivity is a high-risk
factor for the development of cervical cancer, and HPV
positivity and viral load are independent risk factors for
the recurrence of cervical cancer, which affects the out-
come of cervical cancer treatment [36]. The disruption of
the immune system partly leads to the inability of HPV to
be cleared in time and the progression to cervical intrae-
pithelial neoplasia or even cervical cancer. VISTA blocks
the response of T cells to tumor antigens. It inhibits the
differentiation of T cells to Treg cells, which reduces Foxp3
protein, causing the body to develop immune tolerance to
TCs, leading to the immune escape of cancer cells.

Currently, there are fewer studies on VISTA in cervical
cancer. Li et al. found differences in VISTA expression in
130 cervical cancer specimens in cervical chronic inflam-
mation, cervical intraepithelial neoplasia, and cervical cancer.
There was a correlation between VISTA and cervical cancer
pathological stage, and VISTA expression was higher in
patients with stage II cervical cancer [37]. The risk of death
with positive VISTA expression was as high as 3.184 times
that of VISTA negative, suggesting that VISTA is closely asso-
ciated with the development of cervical cancer. Therefore,
VISTA can be used as an auxiliary indicator for cervical
cancer screening, preoperative disease severity assessment,
and postoperative treatment outcome monitoring.

Kuang and He systematically researched the expres-
sion of VISTA in cervical cancer by using immunohisto-
chemistry on 104 cervical cancer specimens [38]. It was found
that the high expression of VISTA on ICs was 43.27%, corre-
lated with advanced cervical cancer and lymph node metas-
tasis, and greatly affected the median survival of cervical
cancer patients. These suggest that VISTA is a potential pre-
dictor of cervical cancer progression. Therefore, VISTA could
be a candidate biomarker for cervical cancer progression and

VISTA as a prospective immune checkpoint in gynecological malignant tumors  3



lymph node status. In addition, cervical cancer is extensively
infiltrated by ICs because of long-term HPV infection. VISTA
could be used in the future as a potential immunotherapy
target for cervical cancer to reduce “immune escape” by
treating cervical cancer patients alone or in combination
with other immunotherapy strategies.

4.3 Endometrial cancer and VISTA

Endometrial cancer is a common malignant tumor of the
female reproductive tract, and its incidence has been
increasing yearly in recent years, with an average annual
increase of 1.9% [39]. Although immunotherapy based on
immune checkpoint inhibitors such as CTLA-4 and PD-1/PD-L1
has significantly improved the objective remission rate and
overall survival of patients with advanced malignancies,
there are problems such as low efficiency of monotherapy,
more immune-related adverse effects, and limited benefit
audience [40–42]. A retrospective analysis showed that VISTA
expression was present in all endometrial cancer specimens
under regulating promoter methylation status and that VISTA
expressing in TCs inhibited CTLs against antigen-specific cyto-
lysis and significantly suppressed T cell proliferation. In con-
trast, T cell proliferation and secretion of cytokines (IFN-γ,
TNF-α) were restored when silencing the expression of
VISTA [30].

Zong et al. studied 839 endometrial cancer patient tis-
sues and found that 76.6% of ICs and 6.8% of TCs expressed
VISTA, and that IC VISTA positivity was more common in
FIGO stage I–III, PD-L1-positive, and DNA polymerase epsilon
mutated (POLEmut) and mismatch repair-deficient types of
endometrial cancer, and also positively correlated with recur-
rence-free survival in endometrial cancer patients [43]. VISTA
is a predictor of improved prognosis independent of FIGO
stage, molecular subtype, and mismatch repair functional
status, and predicts improved survival in patients with endo-
metrial cancer. However, the regulatory mechanism of VISTA
in endometrial cancer is still unclear, and further studies are
needed to enlighten the immunomodulatory mechanism of
VISTA, as well as the prognostic impact and mechanism of
anti-VISTA antibodies, to verify that VISTA can be used as a
new biomarker and provide a new direction for immu-
notherapy of endometrial cancer.

5 Immunotherapy study of VISTA

Immunotherapy research on VISTA is currently underway,
and several VISTA inhibitors and related antibodies are in

the research phase. CA-170 is an oral small molecule
antagonist targeting PD-L1 and VISTA that induces T cell
proliferation and INF-γ production. In vitro studies have
shown that CA-170 presents antagonistic effects on the PD-
1/PD-L1/VISTA signaling pathway, promoting tumor infil-
tration and peripheral T-cell viability in a dose-dependent
manner. In multiple tumor models in vivo, CA-170 also
exhibited antitumor effects similar to those of anti-PD-1 or
anti-VISTA antibodies [44]. Curis et al. investigated the effi-
cacy of CA-170 in the treatment of patients with advanced
solid tumors and lymphomas (NCT02812875).

Two VISTA-inhibitory monoclonal antibodies, CI-8993
and W0180, are currently entering clinical trials to study
the therapeutic efficacy of solid tumors. Curis initiated
CI-8993 in 2020 in a Phase I trial (NCT04475523) to evaluate
the effectiveness, safety, and tolerability of CI8993 in treating
patients with relapsed and refractory solid tumors. As well,
CI-8993 was found to bind specifically to human-derived
VISTA in vivo. WO180 was developed by Pierre Fabre as an
IgG1 kappa-type antibody. The antibody is being tested in
clinical trials for its antitumor effects and combination with
PD-1 inhibitory monoclonal antibody (NCT04564417).

6 Conclusions

VISTA is closely associated with the development of gyne-
cologic malignancies. Its unique protein structure as a “close
neighbor” of B7 family PD-L1 makes it a new immunological
research hotspot and promising for immunotherapy of gyne-
cologic tumors. Research on VISTA in gynecologic tumors is
continuing, and the biological role of VISTA in gynecologic
tumors and the mechanisms of immune regulation in the
TME still need further clarification. It is recommended to
further explore the role of VISTA in the tumor immunemicro-
environment and patient prognosis. In the context of tumor
immunotherapy, preclinical studies have shown a clear role
of VISTA in anti-tumor immunity. Monoclonal antibodies and
small molecules targeting human VISTA have been developed
and are in early clinical trials for cancer treatment. Intensive
research on VISTA is expected to improve the current problem
of ineffective immunotherapy and provide new ideas for
immunotherapy of gynecologic oncology patients.
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