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Abstract: Although programmed cell death protein 1/programmed death-ligand 1 (PD-1/
PD-L1) and cytotoxic T lymphocyte antigen-4 (CTLA-4) have been successfully applied in
the treatment of tumors, their efficiency is still not high enough. New immune targets need to
be identified in order to seek alternative treatment strategies for patients with refractory
tumors. Immune targets can be divided into stimulating and inhibiting molecules according
to their function after receptor—ligand binding. We herein present a compendious summary of
emerging immune targets in gynecologic tumors. These targets included coinhibitory mole-
cules, such as T cell immunoglobulin-3 (TIM-3), T cell immunoglobulin and ITIM domain
(TIGIT), lymphocyte activation gene-3 (LAG-3), V-type immunoglobulin domain-containing
suppressor of T cell activation (VISTA), and B7-H3 and B7-H4, and co-stimulatory mole-
cules, such as CD27, 0X40, 4-1BB, CD40, glucocorticoid-induced tumor necrosis factor
receptor (GITR) and inducible co-stimulator (ICOS). In this review, the characteristics and
preclinical/clinical progress of gynecological malignancies are briefly discussed. However,
the potential mechanisms and interactions of immune targets need to be elucidated in further
studies.

Keywords: immunotherapy, gynecologic neoplasms, T cell receptors, antigen presenting
cells, molecular targeted therapy

Introduction

Immunotherapy has joined the ranks of surgery, radiotherapy, chemotherapy, and
targeted therapy as an important pillar of cancer treatment.! Inhibitors that target
programmed cell death protein 1/programmed death-ligand 1 (PD-1/PD-L1) and
cytotoxic T lymphocyte antigen-4 (CTLA-4) are now moving from second-line to first-
line therapy, greatly changing the traditional strategy for advanced melanoma and non-
small cell lung cancer.®* Numerous studies have been performed on the application of
PD-1/PD-L1 and CTLA-4 inhibitors in advanced gynecologic cancer. However, the
reported clinical benefits are still limited. Notably, because of the constant evolution
and interaction of the immune signaling pathway and immune environment, it is
unlikely to obtain antitumor effects using a single immune-targeted agent.'
Therefore, it is imperative to understand the tumor immunity pathway and seek new
immune targets for gynecologic cancer. In this review, we describe the following
emerging targets of immunotherapy in gynecologic cancer on the basis of development
in preclinical/clinical studies and a limited number of review articles available. Figure 1
summarizes the targets associated with tumor immunity through a blockade of immune
inhibitory checkpoints or stimulatory molecules.
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Figure | Immune targets in T cell, antigen presenting cells and tumor cell.
Abbreviations: TIM-3, cell immunoglobulin-3; TIGIT, T-cell immunoglobulin and
ITIM domain; LAG-3, lymphocyte activation gene-3; VISTA, V-type immunoglobulin
domain-containing suppressor of T cell activation; GITR, glucocorticoid-induced
tumor necrosis factor receptor; ICOS, inducible co-stimulator; CEACAM-1, carci-
noembryonic antigen-related cell adhesion molecule-1; NCR3, natural cytotoxicity
receptor 3.

Co-Inhibitory Molecules

PD-1

PD-1 is an important immune check point receptor which
predominantly expressed on activated T cells, natural killer
(NK) cells, and B cells.** The two known ligands of PD-1
are PD-L1 (B7-H1) and PD-L2 (B7-DC). PD-L1 is con-
stitutively expressed on a subset of macrophages and
tumor cells, but may be rapidly upregulated by tumors in
response to inflammatory mediators.® PD-L2 is expressed
on macrophages and dendritic cells, but its impact on
T cell immunity still not clear.” The ligation of PD-1/PD-
L1 serves as a negative regulator of T cells and B cells
immunity.

The expression of PD-L1 has been detected in 68.5%
of ovarian cancer,® 96% of advanced cervical cancer,” and
36.2% of endometrial cancer,'® In the KEYNOTE-028
Phase 1b study which was designed to evaluated the safety
and efficacy of pembrolizumab (PD-1 inhibitor) in patients
with PD-1 positive advanced solid tumors, the report over-
all response rate (ORR) is only 11.5% in 26 pre-treated
ovarian cancer patients,'' 17% in 24 advanced cervical
cancer patients,'> and 13% in 24 locally advanced or

metastatic endometrial cancer patients.'> The results from

the JAVELIN Solid Tumor Trial of avelumab (PD-1 inhi-
bitor) in 125 patients with refractory/recurrent ovarian
cancer reported an ORR of 9.6%.'* In another Phase 2
KEYNOTE-158 study, the ORR of pembrolizumab in
previously treated advanced cervical cancer is only
12.2%."> A number of agents targeting both sides of the
PD-1/PD-L1 interaction are currently used to treat gyne-
cologic tumors, such as pembrolizumab, nivolumab, and
avelumab. There are dozens of ongoing clinical trials of
PD-1/PD-L1 in gynecologic tumors.

TIM-3
T cell (TIM-3) is a type
I transmembrane protein that was first identified on inter-

immunoglobulin-3

feron-y (IFN-y) secreting cells, including CD4+ T helper 1
(Th1) cells and CD8+ T cytotoxic 1 (Tcl) cells, and then
later on Th17 cells, dendritic cells, monocytes, regulatory
T cells (Tregs), NK cells, and tumor-infiltrating lympho-
cytes (TILs).'®!” TIM-3 plays an immunosuppressive role
by binding to its ligands, galectin-9 and carcinoembryonic
antigen-related cell adhesion molecule-1 (CEACAM-1), to
promote calcium influx, cell aggregation, and apoptosis,
and further inhibiting T cell activation and proliferation.'®
CEACAM-1 is co-expressed with TIM-3 on T cells and
their interaction is required for the inhibitory function of
TIM-3."

TIM-3 expression is considered one of the markers of
T cell exhaustion.”® High expression of TIM-3 has been
detected in TILs of ovarian cancer and cervical cancer. Yan
et al*! showed that the proportion of TIM-3"CD4"T cells in
ovarian cancer and cervical cancer tissues is significantly
higher than that in patients’ peripheral blood and non-TILs.
Tumor-derived TIM-3" CD4 T cells exhibit an impaired
capacity to produce IFN-y and interleukin-2 (IL-2) but
express higher levels of CD25 and CTLA-4 and lower
levels of CD25, Foxp3 and CTLA-4 than those of their
TIM-3~ CD4" T cell counterparts. Additionally, the expres-
sion of TIM-3 on CD4" and CD8" T cells in advanced
ovarian cancer is significantly higher than that of early
ovarian cancer. Meanwhile, the level of TIM-3" CD4"
T cells in the peripheral blood of patients with recurrent
ovarian cancer is remarkably higher than that of newly
diagnosed ovarian cancer. TIM-3 expression in ovarian
cancer tissues is associated with poor prognosis.***
Furthermore, the combination of anti-TIM-3 antibody and
anti-CD137 antibody inhibits tumor growth in ovarian can-
cer tumor-bearing mice, with about 60% of tumor-bearing
mice being able to achieve long-term survival.** A study
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has showed that, in cervical cancer, the expression of TIM-3
in tumor metastatic lymph nodes is significantly higher than
that in normal lymph nodes.”> In endometrial cancer,
a study showed that tumor resident NK cells exhibits
more co-inhibitory molecules such as TIM-3 and TIGIT
compared to recruited ND cells, and that the expression of
these molecules increases with the severity of the disease.*®
Multiple Phase I clinical trials are currently testing anti-TIM
-3 antibody alone or in combination with anti PD-1 therapy
for the treatment of cervical and ovarian cancer
(INCAGNO02390) and advanced recurrent solid tumors
(Table 1).

TIGIT

T cell immunoglobulin and immunoglobulin and immu-
noreceptor tyrosine-based inhibitory motif (ITIM) domain
(TIGIT) is a T cell immunoreceptor, which was first iden-
tified as an immune checkpoint molecule of T cells and
NK cells in 2009.%” TIGIT can be detected on memory
T cells, Tregs, and natural killer T (NKT) cells. TIGIT
competes with immunoactivator CD226 or DNAX acces-
sory molecule-1 (DNAM-1) for the same set of ligands:
CD155 [poliovirus receptor (PVR)] and CD122 [Nectin-2
or poliovirus receptor-related 2(PVRL2)].*® TIGIT binds
with high affinity to PVR and weakly interacts with
PVRL2.% Engagement of TIGIT and CDI155 dampens
T cell responses and shifts the cytokine production from
IL-12 to IL-10. However, the TIGIT-CD112 interaction is
not very strong, and its role in cancer remains unknown.*°

The expression of TIGIT and its ligands has been
found in multiple gynecologic cancer tissues. In a study
by Oshima et al,>' high expression of Nectin-2, one of the
ligands of TIGIT, was found on the surface of the ovarian
cancer cell line OV-90 as well as in 48.4% of ovarian
cancer tissue samples using gene expression profile analy-
sis and immunohistochemistry. Moreover, it was observed
that the anti-Nectin-2 antibody suppresses the in vitro
proliferation of OV-90 cells, and that the anti-Nectin-2
monoclonal antibody (mAb) exhibits anti-tumor effects
against OV-90 cells in mouse therapeutic models through
an antibody-dependent cellular cytotoxicity mechanism. In

a study by Textor et al*?

the authors found that the expres-
sion of CD155 in cervical cancer tissues is higher than that
in intraepithelial neoplasia and normal cervical tissues.
The expression of CD155 might enhance tumor cell moti-
lity and, hence, aid the progressive growth of tumor cells.
In patients with endometrial cancer, lymph node invasion

is associated with a high expression of inhibitory

molecules, such as TIGIT and TIM-3. Exhaustion hall-
marks such as TIM-3 and TIGIT are associated with
advanced diseases.”® Notably, TIGIT antagonists are still
in early phase study; however, at least three agents
(AB154, BGB-A1217, and MK7684) are being investi-
gated in human solid tumors (Table 1).

LAG-3
Lymphocyte activation gene-3 (LAG-3) was first reported
by Triebel et al** in 1990. Structurally resembling the CD4
co-receptor, LAG-3 binds main histocompatibility com-
plex class II (MHC II) with a high affinity. Hence, MHC
IT is considered a typical ligand of LAG-3. Recently, in
a study by Wang et al,** it was found that fibrinogen-like
protein 1 (FGL1) plays a more important role than that of
MHC 1I as a ligand of LAG-3. Notably, LAG-3 expression
was detected on the surface of T cells and NK cells, which
is induced by T cell activation. Moreover, the blockade of
LAG-3 improves cytotoxic T lymphocyte (CTL) prolifera-
tion and effector function.>>~°

Studies have shown that LAG-3 plays an important
role in the development of ovarian and cervical cancer.
Tu et al’’ analyzed the Oncomine and PrognoScan data-
bases and found that LAG-3, PD-1, CTLA-4, and TIM-3
may potentially serve as prognostic factors and therapeutic
targets in ovarian cancer. In cervical cancer, the level of
LAG-3 in metastatic tumor-draining lymph nodes is sig-
nificantly higher than that in normal lymph nodes.”> On
the other hand, in epithelial ovarian cancer, tumor-derived
CDS8" T cells demonstrated impaired effector function and
enriched co-expression of LAG-3 and PD-1. The expres-
sion of LAG-3 and PD-1 is upregulated by IL-10, IL-6,
and tumor-derived antigen presenting cells (APCs). Dual
blockade of LAG-3 and PD-1 efficiently augments prolif-
eration and cytokine production by CD8" T cells.**
Multiple early phase clinical trials investigating anti-
LAG-3 agents alone or in combination with anti-PD-1 in
gynecologic cancer are currently underway (Table 1).

VISTA

V-type immunoglobulin domain-containing suppressor of
T cell activation (VISTA) is also known as C10orf54, B7-
H5, or precursor of platelet receptor Gi24. The extracel-
lular Ig domain of VISTA is homologous to the B7 family
ligands PD-L1 and PD-L2.*’ VISTA is predominantly
expressed in myeloid cells, monocytes, macrophages and
dendritic cells. Within T lymphocytes, VISTA is most

highly expressed on naive CD4" and FoxP3" Tregs.>**
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Notably, VISTA functions as both a ligand and a receptor
separately, but these roles are not mutually exclusive.*'

a A recent study has shown that V-set and immunoglobin
§ 5 g domain containing 3 (VSIG-3) is a ligand of VISTA and
% = é that the VSIG-3/VISTA pathway significantly reduces the
% f;; g é é production of cytokines and chemokines by human
s| &5 C T cells.** The ligand function of VISTA was first described
é s EL g 2 E by Wang et al,*® who found that VISTA Ig suppresses the
o= = ©° production of IL-2 and IFN-y by stimulated T cells. Hence,
T8 ol B o s w it appears that VISTA negatively regulates T cell responses

n| 855|555 8 ; cvati
3 g % § % § g g l.)y suppre'ssln?g early T'cell r.e(feptor 'actlviatlon and arrest-
hlo< | ing cell division, but with minimal direct impact on apop-
tosis. However, the receptor of VISTA has not yet been

v identified.

g VISTA is highly expressed in human ovarian and
2 ’g endometrial cancer, but absent or low in normal ovarian
= 8 epithelial specimens and normal endometrial specimens.
£ g é g In a study by Mulati et al,** it was found that VISTA in
é ‘; 'i E tumor cells suppresses T cell proliferation and cytokine
S o E S s production in vitro, and that silencing the expression of
g Tg |(_§) § § g VISTA in human endometrial cancer cells and ovarian
g § E § § :,(%’ cancer cells restores T cell proliferation and cytokine
secretion. It was also found that anti-VISTA antibody
g o oo prolongs the survival of tumor-bearing mice.
Immunohistochemistry revealed that no difference in the
) % % é g g expression of VISTA between primary and metastatic sites
% é g é g E in ovarian cancer. Likewise, in a study by Liao et al, the
g Q Q g 9 g authors analyzed 65 ovarian cancer specimens and con-
cluded that high VISTA expression on tumor or immune
1§ < g cells is significantly associated with advanced tumor stage
f:: é é é é %é and the presence of lymph node metastasis.** In contrast,
£ :(é g :(é g 2 Zong et al*® assessed 146 ovarian cancer samples and
found that 51.4% of the samples was exhibited VISTA
expression and that VISTA was expressed in 28.8%,
5|22 2 22 35.6%, and 4.1% of tumor cells, immune cells, and
;d i i § § g endothelial cells, respectively. Notably, VISTA expression
"g §a §a gﬁ éa §a in tumor cells is associated with prolonged overall j;lrvi-
é % % é é é val. In a study by Kuang et al on cervical cancer,” the
$ : % T s authors found that a total of 32 out of 104 cases (30.76%)
il « << exhibited VISTA expression in tumor cells, with only 11
) out of the 104 cases (10.57%) being defined as having
3 g g high VISTA expression. Survival analysis indicated that
g g § g é g % high expression of VISTA in immune and vascular
S < § 2 g é é endothelial cells is significantly associated with advanced
- 2 tumor stage and lymph node metastasis. Additionally,
% g" é a recently published study has shown that VISTA is widely
i " - overexpressed in 98.2% of all gestational trophoblastic
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neoplasia (GTN) tissues but negative in normal adult and
fetal tissues.*’

To date, only two phase I clinical trials of anti-VISTA
agents (Table 1) have been performed: one for CA-170, an
oral small-molecule dual antagonist that selectively targets
PD-1 and VISTA (NCT02812875), and the other for JNJ-
61,610,588, an ant-VISTA mAb developed by Jassen
Company (NCT02671955). In the phase I clinical study
regarding JNJ-61,610,588 (NCT02671955), 12 patients
were recruited, one of whom developed dose-limiting
adverse effects associated with cytokine release syndrome.
Therefore, the company decided to terminate the clinical
trial.

B7-H3 and B7-H4

B7-H3 (CD276) and B7-H4 (B7x or B7S1) are members
of the immune regulatory ligand of the B7 family. The
potential receptors of B7-H3 and B7-H4 are considered to
be triggering receptors expressed on myeloid cells
(TREM)-like transcript 2 (TLT-2, TREML2)*® and the
B and T lymphocyte attenuator,* respectively. Although
their receptors have yet to be definitively identified, they
are believed to be involved in both co-stimulatory and co-
inhibitory pathways.’®>! The mRNA of these two ligands
can be found in most peripheral tissues, but the protein
level of these two ligands is not constitutively expressed.
B7-H3 and B7-H4 have been found to be overexpressed in
various tumors, including lung, breast, pancreatic, and
ovarian cancer.’*>

It was also found that the expression of B7-H3 in high-
grade tumors and type Il endometrial cancer is higher than
that in low-grade tumors and endometrioid adenocarci-
noma. In addition, the expression of B7-H3 in endometrial
tumor cells is correlated with TILs and negatively asso-
ciated with the overall survival of patients.>® In patients
with GTN, B7-H3 is highly expressed in almost all types
of tumors but is not correlated with the clinical outcome.*’
Notably, B7-H4 cytoplasmic and membranous expression
has been detected in serous, endometrioid, and clear cell
carcinoma, and in all types of metastatic serous and endo-
metrioid ovarian carcinoma, whereas normal tissue is con-
sistently negative for B7-H4.>*

Except for individual expression, B7-H3 and B7-H4
have also been found to be co-expressed in multiple gyne-
cologic tumors. In a study by Zang et al,” it was found
that B7-H3 and B7-H4 were expressed in 93% and 100%
of ovarian tumors in 103 samples of ovarian borderline
tumors and ovarian cancer. Han et al>® found that both B7-

H3 and B7-H4 are highly expressed in cervical cancer and
are associated with poor prognosis and that their expres-
sion favors an immunosuppressive microenvironment by
promoting the production of IL-10 and transforming
growth factor-beta (TGF-p), thereby resulting in the pro-
gression of cervical carcinogenesis. However, all the
ongoing clinical trials of B7-H3 and B7-H4 are still in
the early stage (Table 1).

Co-Stimulatory Molecules

TNF Receptor Superfamily

CD27

The tumor necrosis factor (TNF) receptor superfamily
contains death receptors, and receptors that bind TNF
receptor-associated factors (Traf).”” CD27 is a Traf-
linked receptor, that is expressed exclusively on lympho-
cytes. Even naive CD4" and CD8" T cells express low
levels of CD27.°'® Notably, the interaction between
CD27 and its ligand, CD70, may promote the differentia-
tion of CD8" T cells to effector CTLs, and contribute to
T cell expansion and B cell differentiation through T-B cell
and/or B-B cell interactions.””

Studies of CD27/CD70 in gynecologic tumors have
only been reported in ovarian cancer. Aggarwal et al®
and Kochet al®' found that CD70 is highly expressed in
ovarian cancer tissues, with no expression whatsoever in
normal ovarian tissues. In addition, it has been found that
CD70 is overexpressed at the mRNA and protein levels in
the drug-resistant ovarian cancer cell line A2780. After
CD70 antibody co-cultivation, the proliferation of cispla-
tin-resistant cells was found to decrease significantly. In
a mouse model, mice with overexpressed CD70 exhibited
a stronger anti-tumor response to CD8" T cells than that
exhibited by wild type mice.®?

Recently, the American Society of Clinical Oncology
(ASCO) reported the results of a phase 1/2 clinical trial of
Varlilumab, a CD27 agonist mAb, combined with a PD-1
inhibitor in advanced ovarian cancer (NCT02335918). In
total, 66 patients were included in that trial, 49 of whom
were assessable. Among these, five cases (10%) achieved
partial response and 19 cases (39%) achieved stable dis-
ease. The results suggested that Varlilumab combined with
a PD-1 inhibitor exhibits a significant anti-tumor effect in
advanced ovarian cancer, which may have prognostic ben-
efits for such patients. Several clinical trials are currently

underway investing the efficacy of Varlilumab combined
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with ONT-10, a cancer vaccine, for patients with advanced
ovarian and breast cancer (Table 1).

OX40
0X40 (CD134), a member of the TNF superfamily, is a 50
kDa glycoprotein that has a cytoplasmic tail,

a transmembrane domain, and an extracellular region.”®
OX40 is mainly detected on active effector CD4" T cell and
NKT cells, especially in Tregs.®* One known ligand of OX40
is OX40L (CD252), which is expressed on active APCs,
including dendritic cells, B cells, and macrophages.®*®
Tregs can inhibit the secretion of immunosuppressive cyto-
kines (e.g. IL-10 and TGF-B) of effector T cells. Notably,
0X40/0X40L ligation can counteract the negative regulation
of Tregs and impair their suppressive ability.*®

In a study conducted by Ramser et al,°’ the authors eval-
uated 47 samples of high-grade serous ovarian cancer and
found that high expression of OX40 in ovarian cancer may
be associated with good chemosensitivity and prognosis. In
a mouse ovarian cancer model, treatment using a PD-1 inhi-
bitor or OX40 antibody alone had no clear effect on tumor
control. However, combining a PD-1 inhibitor and OX40 anti-
body had a significant inhibitory effect on tumor growth, and
60% of the mice became tumor-free after 90 days of tumor
inoculation.®® Notably, OX40/0X40L expression on the RNA
level has only been reported in one study. Zhao et al* inves-
tigated samples from 30 cases of cervical cancer and 20 cases
of normal cervical tissues and found that the expression level of
0X40/0X40L mRNA in the microenvironment of cervical
cancer is remarkably lower than that in normal cervical tissues
and that the mRNA level in high-grade squamous cell carci-
noma (SCC) is slightly lower than that in low grade SCC.
Notably, a Phase II clinical umbrella trial has been performed
on an OX40 agonist mADb for ovarian cancer (NCT03267589),
as well as multiple clinical trials of advanced solid tumors
(Table 1).

4-1BB

4-1BB, also known as CD137, is a member of the TNF
receptor family that is predominantly expressed on active
T cells and APCs.”® 4-1BB is not constitutively expressed
on resting T cells and is induced within 24 h after activa-
tion, peaking several days after the initial stimulation.
Similar to OX40L, the 4-1BB ligand can be expressed in
APCs and induced again hours or days after activation.
Thus, the expressions of both 0X40/4-1BB and OX40L/
4-1BBL can parallel each other under certain conditions

on activated T cells and APCs, suggesting that some
similarities may exist in their roles.”!

In ovarian cancer, 4-1BB has been investigated in combi-
nation with other immune checkpoint agents. In a study by Wei
et al,72 it was found that combined CD137 co-stimulation and
PD-1 co-inhibition molecular therapy can induce synergistic
antitumor immune responses in a mouse ovarian cancer model
and that therapeutic efficacy can be enhanced by cisplatin
treatment.”> Another study suggested that combined anti-
TIM-3 and CD137 mAb significantly inhibits the growth of
murine ovarian cancer with 60% of the mice becoming tumor-
free 90 days after tumor inoculation.”* Currently, no clinical
trial exist targeting 4—1BB specifically for gynecologic tumors.
Table 1 summarizes the ongoing clinical trials in advanced
solid tumors.

CD40

CDA40 is a type I transmembrane protein that is predominately
expressed on B cells and is also expressed on dendritic cells,
monocytes, platelets, and macrophages, as well as on hemato-
poietic cells, such as myofibroblasts, fibroblasts, and epithelial
and endothelial cells.”>™ Notably, the ligand of CD40 is
CD154, which is also known as CD40L. The CD40 and
CDA40L combination plays an essential role in the initiation
and progression of humoral immune responses. It also triggers
B-cell intercellular adhesion, sustained proliferation, expan-
sion, differentiation, and antibody isotype switching in vitro,
and is required for germinal center formation and progression
as well as affinity maturation, processes that are essential for
the generation of memory B cells and long-lived plasma cells
in vivo.”

Several studies have shown that neoplastic growth utilizes
the CD40/CD40-L pathway to sustain the proliferative capa-
city and survival and that it also establishes an immunosup-
pressive tumor microenvironment. Generally, high expression
of CD40 has been found in gynecologic tumors. In a study by

1976

Wang et al,”” the authors concluded that low expression of

CD40 mRNA in ovarian cancer tissues is associated with

a poor prognosis. Melichar et al”’

found that the expression
of CD40 was elevated in five out of eight ovarian cancer cell
lines, and that CD40 transcripts have been detected in all eight
cell lines. Notably, IFN-y can enhance the expression of CD40.
In ovarian cancer tissues, CD40 expression has been detected
in 60.3% of paraffin-embedded samples and 73.3% of fresh
samples, but not in normal ovarian tissues. Moreover, CD40
expression has been found to be significantly associated with
advanced tumor stage. An in vitro experiment revealed that

adenovirus-mediated CD40 ligand therapy induces apoptotic
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effects on ovarian cancer cells derived from fresh surgical
specimens, in comparison to a null adenovirus vector and
phosphate-buffered saline.”® More interestingly, another
study has shown that soluble CD40-L sensitizes epithelial
ovarian cancer cells to cisplatin treatment.”

In cervical tissues, CD40 is overexpressed in human
papillomavirus (HPV) infected lesions and advanced squa-
mous carcinoma but is very low in normal cervical epithe-
lia. Moreover, CD40 stimulation in cervical cancer cell
lines results in the activation of the nuclear factor-xB
and mitogen-activated protein kinase signaling pathways
and enhanced killing by specific CTLs.* However, the
activation of the CD40 pathway has revealed a dual func-
tion for macrophages in human endometrial cancer cell
survival and invasion. CD40-activated macrophage type 1
greatly enhances cytotoxicity and reduces tumor growth,
whereas CD40-activated macrophage type 2 increases cell
invasion and survival. Therefore, the function of CD40 in
tumor-associated macrophages might limit the therapeutic
development of CD40 agonists in endometrial cancer.®’
ADC-1013 is an anti-CD40 agonist mAb that was first
used in human solid tumors. The results showed that the
intratumoral injection of ADC-1013 is well tolerated at
a clinical dose (NCT02379741).%

GITR

Glucocorticoid-induced tumor necrosis factor receptor
(GITR), also known as TNFRSF18, is a type II transmem-
brane receptor that is predominately expressed on active
B cells, NK cells, and T cells, especially Tregs.83 As a co-
stimulator, GITR is involved in T cell proliferation, activa-
tion, and cytokine production. It also plays a key role in
the maintenance of immune tolerance in Tregs.

Notably, GITR has been reported in ovarian and cervical
cancer. In a study by Lu et al® the authors showed that
combined anti-PD-1/GITR mAb treatment remarkably inhib-
ited peritoneal ID8 tumor growth, with 20% of the mice
becoming tumor-free 90 days after tumor injection. On the
other hand, treatment with either anti-PD-1 or anti-GITR
mAb alone exhibited minor antitumor effects. Combined
treatment with anti-PD-1/GITR mAb and chemotherapeutic
drugs (cisplatin, paclitaxel) further increased the antitumor
efficacy, with 80% of mice with murine ID8 ovarian cancer
achieving tumor-free long-term survival. Padovani et al®®
investigated 49 paraffin-embedded cervical tissue samples
to detect the expression of GITR and HPV. They observed
that 76.9% of all the samples with high GITR expression were
HPV-positive regardless of the histopathological findings and

that the expression of GITR increased in low-grade intrae-
pithelial neoplasia, high-grade intraepithelial neoplasia, and
cervical cancer tissues successively, accounting for 33.3%,
61.5%, and 85.7% in all samples, respectively. These results
suggest that GITR may be involved in the progression of
HPV-induced cervical cancer. Another study has shown that
treatment with the adenovirus vector T cell vaccine AD-P14
and GITR mAbD alone resulted in only 10% and 30% cure
rates in mouse models of cervical cancer, whereas the
combinationof AD-P14 and GITR mAb resulted in 100%
complete response and long-term tumor-free survival in
tumor-bearing mice.*®

The 2018 annual ASCO meeting released the results of
a phase I trial of MK-1248, a GITR mAb, alone or in
combination with a PD-1 inhibitor in 37 patients with
advanced solid tumors (NCT02553499). Notably, one
patient achieved complete remission, and two exhibited
partial remission. MK-1248 showed good tolerance with
regard to the treatment dose, and no treatment-related
deaths occurred. Table 1 summarizes the clinical trials
performed on GITR agonist mAb targeting solid tumors.

ICOS

Inducible co-stimulator (ICOS), also known as CD278, is
a member of the CD28 receptor superfamily that and
exhibits significant homology to the co-stimulatory mole-
cule CD28 and the immune-attenuator CTLA-4.%” ICOS is
mainly expressed on activated CD4 and CDS8 T cells.*® In
a previous study, it has been shown that the in vitro bind-
ing of ICOS with
inflammatory cytokine IL-10,*’ whereas blocking ICOS

its receptor induces the anti-
signaling leads to poor T cell differentiation and decreases
IL-4 production.”

The ligand of ICOS, B7-H2 has been found to be
highly expressed the mRNA and protein levels in cispla-
tin-resistant ovarian cancer cell lines.®' Using immunohis-
tochemical analysis of ovarian cancer tissues, Conrad
et al’' confirmed that the accumulation of ICOS™ Tregs
is more significant than the accumulation of ICOS™ Tregs
in the tumor microenvironment. The authors also found
that tumor plasmacytoid dendritic cells expressing high
levels of the ICOS ligand (ICOS-L) may co-stimulate the
expression of ICOS" Tregs, which can be blocked by anti-
ICOS-L antibodies. Survival analysis revealed that ICOS",
but not ICOS™ Tregs are a predictor of poor clinical out-
comes and that ICOS" Tregs are a better predictor of
disease progression than total Foxp3® Tregs. Although
only a few studies have been reported, the results suggest
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that targeting ICOS/ICOS-L may exert anti-tumor effects
in ovarian cancer.

Several mAbs have been screened and developed for
ICOS, with encouraging results with animal models.
Similar to TIM-3, ICOS is unlikely to be used as
a single treatment. This is because neither of them can
independently induce a cytotoxic immune response.
Several clinical trials of ICOS agonist mAbs, including
JTX-2011 and GSK3359609, combined with PD-1 or
CTLA-4 inhibitors for advanced solid tumors are currently
underway (Table 1).

B7-Hé

B7-H6 is a newly identified B7 family member, which
encodes a type I transmembrane protein with a predicted
molecular mass of 51 kDa. B7-H6 binds to its receptor on
NK cells, natural cytotoxicity receptor 3 (NCR3) (also
known as NKp30), and then triggers the antitumor NK
cell cytotoxicity and leads to the cytokine secretion.”” The
expression of B7-H6 is found on the surface of several
types of tumor cells, including melanoma, neuroblastoma
and primary blood or bone marrow cells derived from
different types of hematological malignancies.”

In gynecologic cancer, B7-H6 has been reported in
ovarian cancer and cervical cancer. In the study by Zhou
et al”® positive B7-H6 staining was predominantly
observed on the membrane and in the cytoplasm of the
ovarian cancer cells, and B7-H6 expression was signifi-
cantly correlated with distant metastasis status and
advanced tumor stage. Another study showed that B7-H6
is detectable as a surface/cytosolic molecule in ovarian
cancer cells and as a soluble molecule in the peritoneal
fluid. The expression of the activating receptor NKp30 in
tumor-associated NK cells is substantially reduced as com-
pared to autologous peripheral blood NK cells. The
impaired expression of this receptor is associated with
the presence of this soluble ligand B7-H6.” Tt has been
reported that the expression of B7-H6 is positively corre-
lated with disease stage in the development of cervical
cancer, and the expression level is higher in cervical ade-
nocarcinoma than that in SCC.’® The studies on B7-H6 in
gynecologic tumors are all in the preclinical stage, and
there is no relevant clinical trial ongoing at present.

Discussion

The development of tumor immunotherapy research is
encouraging, and translating such emerging immune tar-
geting studies into clinical practice is one of the most

important focuses in current research. However, many
difficulties and challenges exist. For example, although
PD-1/PD-L1 and CTLA-4 have been widely used success-
fully as target immune checkpoint inhibitors, the overall
response rate reported with gynecologic cancer is not
satisfactory.

T cell exhaustion and the upregulation of coinhibitory
immune checkpoints can lead to immune tolerance or
resistance.”’ Generally, single-target inhibitors cannot success-
fully induce cytotoxic immune responses, and combined treat-
ment probably enhances the therapeutic efficacy, although at
the same time it increases the adverse effects. Therefore, it is
crucial to balance the relationship between the two counter-
parts. In a recently published phase Il randomized clinical trial,
it has been reported that the objective remission rate of
Nivolumab alone was 12% in patients with recurrent and
persistent ovarian cancer, whereas the rate was 31.4% when
Nivolumab was combined with Ipilimumab, with tolerable
toxic side effects.”® Combining of other targeted drugs also
helps counteract the adverse effect of immune-targeted therapy
and enhance drug efficacy. For example, combining the anti-
the PD-1 inhibitor
Camrelizumab can enhance the antitumor effects and reduce

angiogenic drug Apatinib with
the incidence of unique reactive hemangioma. Several studies
have shown that prophylactic TNF blocking improves the
antitumor efficacy of dual immunotherapy with CTLA-4 and
PD-1 and alleviates immune-related colitis and hepatitis.””*'*
Fan et al'®' showed that anti-CTLA-4 in combination with
ICOS-L expressing tumor vaccines led to tumor rejection in
more than 80% of the mice, a fourfold increase in efficacy, and
demonstrated that the antitumor responses enhanced by
CTLA-4 blockade can be greatly improved by targeting the
ICOS/ICOS-L pathway vaccine.

The

anoteworthy issue, especially when using a combination of co-

sequence of drug combinations is another
inhibitory and co-stimulatory molecules. In a previous study, it
has been shown that concurrent PD-1 and OX40 blockade did
not increase the antitumor effects of OX40 but rather upregu-
late the T cell inhibitory receptors and increased serum cyto-
kines. This, in turn, accelerated the depletion of T cells in
tumors and significantly attenuated the therapeutic effect of
anti-OX40 co-stimulation. However, sequentially delayed PD-
1 blockade augments the antitumor effects of anti-OX40,
which maintains the proliferation of T cells and reduces
T cell exhaustion.'*

Due to the complexity of the interaction and regulation
of the immune system, the development of pharmacody-

namics and prognostic biomarkers for immune-targeted
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molecules is currently facing unique challenges. According
to the clinical experience with PD-1 inhibitors, the effects of
drugs can be predicted by detecting the expression of ligands
in tumor tissues or TILs, microsatellite instability, tumor
mutational burden, and mismatch repair deficiency.'® In
addition, circulating biomarkers and gut microbiota play
a vital role in the dynamic monitoring of tumor immune
status due to minimum invasion.'**

Conclusion
Although scientific research and clinical trials focused on
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