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Introduction
Ovarian cancer has an incidence of approximately 20,000 
new cases annually in the USA and is the most lethal of 
the gynecologic malignancies. Despite other cancers such 
as endometrial cancer having higher rates of incidence, 
ovarian cancer mortality rates continue to be high [1]. It 
is a heterogeneous disease comprising distinct subtypes, 
the most common being high-grade serous ovarian can-
cer (HGSOC). Due to the limited frequency of screen-
ing and non-specific symptoms, most cases (> 80%) of 
HGSOC are diagnosed at an advanced stage (Interna-
tional Federation of Gynecology and Obstetrics stage III 
and IV) when tumor has spread to the peritoneal cavity 
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Abstract
Immune checkpoint-based immunotherapy has shown limited efficacy in the treatment of ovarian cancer. In recent 
years, the emergence of immune checkpoint co-targeting therapies, led by the combination targeting of TIGIT and 
FAK, has shown promise in ovarian cancer treatment. Our preliminary research indicates that TIGIT is predominantly 
expressed in regulatory T cells during ovarian cancer. However, the therapeutic impact of TIGIT targeting based 
on regulatory T cells in ovarian cancer remains to be elucidated. We utilized ID8 cells to establish a mouse model 
of ovarian cancer. Through flow cytometry and co-culture methods, we validated the relationship between the 
functionality of regulatory T cells and tumor masses, and confirmed the crucial role of TIGIT in immune suppression 
in ovarian cancer. Furthermore, using Foxp3-diphtheria toxin receptor (DTR) mice, we substantiated that the 
combined TIGIT antibody treatment, based on targeting regulatory T cells, effectively slowed down the progression 
of ovarian cancer. Taken together, our results have demonstrated that dual targeting of regulatory T cells and 
TIGIT effectively retards tumor growth, laying the groundwork for the clinical application of immune checkpoint 
combination therapies. Future research in ovarian cancer immunotherapy is leaning towards a strategy that 
combines multiple targets, and specific cell-type immunotherapies.
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and upper abdominal organs [2]. The 5-year survival rate 
of HGSOC is below 50%. The current standard therapy 
is debulking surgery and platinum-based chemotherapy, 
which is limited by the frequent development of chemo-
resistance [3–5].

Immunotherapy stands as a pivotal cornerstone in the 
comprehensive treatment approach for HGSOC. While 
initial reports had suggested limited effectiveness of 
immunotherapy, primarily due to the scarce presence of 
immune cells, recent years have witnessed a multitude of 
promising immunotherapy studies [6–8]. The capacity of 
cancer cells to evade the immune system poses a signifi-
cant barrier to immunotherapeutic interventions [9]. The 
infiltrative migration of suppressive regulatory T cells 
into HGSOC tissue profoundly influences the prognosis 
of this malignancy [10]. Research has uncovered a sub-
stantial accumulation of CD4+CD25+ regulatory T cells 
(Tregs) in the bloodstream, lymph nodes, and tumor sites 
of individuals diagnosed with ovarian cancer, with this 
heightened presence of Tregs negatively correlated with 
the overall prognosis of patients, indicating a substan-
tial compromise in their immune functionality [11–14]. 
However, studies have revealed that therapeutic inter-
ventions specifically targeting Tregs have not resulted in 
discernible clinical benefits [15], and the factors contrib-
uting to this phenomenon remain elusive.

The T-cell immunoglobulin and ITIM domain (TIGIT), 
a recent addition to the CD28 family, was computation-
ally identified by three distinct research groups back in 
2009. This receptor is expressed on activated conven-
tional αβ T cells, as well as on memory T cells, regulatory 
T cells, follicular helper cells, and NKT cells [16]. A study 
revealed that in ovarian cancer patients who experience 
recurrence after chemotherapy, there was an elevation 
in the levels of TIGIT and CTLA4 in the tumor tissue 
[17]. In the context of ovarian cancer mouse models, our 
research team has demonstrated that TIGIT is predomi-
nantly expressed on CD4+ Tregs and was closely linked 
to the prognostic outcomes in mice afflicted with ovarian 
cancer [18]. Although numerous studies have confirmed 
the ineffectiveness of immune therapy solely target-
ing TIGIT in ovarian cancer, a multi-targeted immune 
approach involving TIGIT may prove efficacious. For 
instance, recent findings indicate that the combination of 
TIGIT and focal adhesion kinase (FAK) can enhance the 
survival rate in HGSOC [19]. Therefore, a predominantly 
TIGIT-focused combination targeted therapy, including 
Tregs targeting, may contribute to advancing immuno-
therapy for ovarian cancer.

However, the precise mechanisms through which 
TIGIT+CD4+ Tregs impact the immune processes and 
therapeutic outcomes in ovarian cancer remain to be 
elucidated. We postulate that TIGIT+CD4+ Tregs may 
occupy a pivotal role in shaping the trajectory of ovarian 

cancer progression and the intricate mechanisms govern-
ing the anti-tumor activities of CD8+T cells. Based on the 
above, we sought to elucidate the role of TIGIT+CD4+ 
Tregs in ovarian cancer and assess the potential efficacy 
of immunotherapy targeting these cells in the treatment 
of HGSOC.

Materials and methods
Study animals
Female C57BL/6 mice (6–8 weeks old) were purchased 
from the Laboratory Animal Center of the Chinese 
Academy of Medical Sciences and housed in well-venti-
lated cabinets under standard environmental conditions 
(temperature 21 ± 2  °C, 50-60% relative humidity, and 
a conventional 12/12  h light/dark cycle). DEREG mice 
(C57BL/6 background, MMRRC Stock No: 32050-JAX) 
were purchased from The Jackson Laboratories (USA). 
The use of animals was ethically approved by the Tianjin 
Medical University ethics committee. Mice (8–10 mice/
group) received intraperitoneal injections of 1 × 106 ID8 
cells 10 days before initiating treatments. Ovarian cancer 
mice underwent three intraperitoneal injections at 4-day 
intervals with 100  µg of control (Ultra-LEAF™ Purified 
Mouse IgG1, κ Isotype Ctrl Antibody, Catalog#401414, 
BioLegend) or anti-TIGIT monoclonal antibody (Clone 
1B4, Catalog#Ab01258, Absolute Antibody Ltd.) [20] fol-
lowing the same method as in our previous research [18]. 
Seven days later, spleens and ascites from treated mice 
were harvested, and mononuclear cells were isolated and 
analyzed by flow cytometry.

For survival experiments, mice (20 mice/group) 
received intraperitoneal injections of 1 × 106 ID8 cells 
10 days before treatment. In the treatment groups, mice 
were administered three doses of 100  µg of control or 
anti-TIGIT monoclonal antibody at 4-day intervals. Mice 
were weighed bi-weekly, and daily observations were 
made for signs of swollen bellies indicative of ascites for-
mation. Additionally, evidence of toxicity, such as weight 
loss, hunched posture, mobility, diarrhea, failure to eat, 
and respiratory distress, was assessed daily. Mice were 
euthanized upon the development of ascites and a weight 
increase exceeding 30%, following institutional guide-
lines. The mean survival time of mice was calculated 
using the Kaplan-Meier survival curve and log-rank test.

Tregs depletion
To deplete Tregs, we utilized DEREG mice, which 
express DTR under the control of the Foxp3 promoter 
(Foxp3-DTR mice). As previously described in detail [21], 
these mice were administered an intraperitoneal injec-
tion of 1  µg DT (Catalog #322326, Merck) or PBS 24  h 
before 1 × 106 ID8 cells injection. Subsequently, 1 µg DT 
was administered on day 7 following tumor implantation. 
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Control mice were treated with PBS injection. Flow 
cytometry in blood were used to confirm Tregs depletion.

Tumor volume measurement
To remove bias, a blind tumor volume measurement was 
done. Tumor volume was calculated using the following 
formula [22]: Tumor volume (mm3) = (L × W2) / 2. “L” 
and “W” represented the longest and shortest diameter 
of the tumor, respectively.

Cell lines
ID8, a well-established clone of the MOSEC ovarian 
cancer derived from C57BL/6 mice (Catalog #SCC145), 
was generously provided by the University of Pennsylva-
nia. Prior to cell suspension preparation and subsequent 
administration to mice, ID8 cells underwent cultivation 
under controlled conditions at 37  °C in an atmosphere 
of 5% CO2. This cultivation process occurred in a com-
plete DMEM medium, enriched with essential compo-
nents, including 10% Fetal Bovine Serum (FBS) (Catalog 
#10099, Gibco), 100 U/mL of penicillin, and 100 µg/mL 
of streptomycin.

Antibodies and flow cytometry analysis
Flow cytometry analyses were conducted on multiple 
occasions, up to three times, to comprehensively char-
acterize the phenotypes of immune cells present in both 
the spleen and ascites. A panel of monoclonal antibodies, 
including CD3 PerCP (Clone SK7, Catalog #145-2C11, 
BD Biosciences), CD4 Pacific Orange (Clone RM4-
5, Catalog #MCD0430, Invitrogen), CD8 Pacific Blue 
(Clone SK1, Catalog #344718, BioLegend), CD25 PE-Cy7 
(Clone PC61, Catalog #552880, BD Biosciences), PD-1 
FITC (Clone 29  F.1A12, Catalog #135214, BioLegend), 
FoxP3 PE (Clone MF23, Catalog #560408, BD Biosci-
ences), and TIGIT BV605 (Clone 1G9, Catalog #744212, 
BD Biosciences), were thoughtfully selected for immune 
cell staining.

To perform these analyses, mononuclear cells (1.5 × 106 
cells) isolated from both the spleen and ascites were 
incubated with prepared antibody mixtures using FACS 
buffer, composed of PBS with 2% BSA and 0.05% sodium 
azide, at a dilution of 1:100. This incubation occurred 
for 15 min at a controlled temperature of 4 °C, followed 
by two thorough washes. Subsequently, for intracellular 
staining of FoxP3 following the manufacturer’s instruc-
tions, the cells were fixed and permeabilized using a BD 
Cytofix/Cytoperm kit (Catalog #554714, BD Biosciences).

Following the staining and preparation steps, the cells 
were promptly analyzed using a BD LSR II multicolor 
flow cytometer (BD Biosciences). The acquired data 
underwent in-depth analysis using FlowJo software ver-
sion 10, developed by Tree Star.

Isolation of splenic CD4+CD25+ Tregs and CD4+CD25− T 
effector cells
Spleens were harvested and processed into a single-
cell suspension by passing through 40  μm filters twice. 
Mononuclear cells were then isolated using Ficoll-Paque 
density gradient centrifugation. CD4+CD25+ Tregs and 
CD4+CD25− T effector cells were isolated utilizing a 
mouse CD4+CD25+ Tregs isolation kit (Catalog #130-
091-041, Miltenyi Biotec) [23]. The purity of T cells was 
estimated to be > 90% by FACS. The isolated cells were 
cultured in RPMI 1640 supplemented with 10% FBS.

Coculture
Splenic CD4+ Tregs were isolated from both untreated 
normal mice and ovarian cancer mice, including those 
in the isotype control and anti-TIGIT treatment groups. 
Subsequently, they were co-cultured with normal splenic 
CD4+CD25− T effector cells from untreated normal mice 
for a period of 24  h, maintaining a ratio of 1:1 (2 × 105 
cells/well). The co-cultures were then subjected to treat-
ment with anti-CD3 (5µg/ml) and anti-CD28 (2  µg/ml) 
for the polyclonal activation of T cells following the same 
method as in our previous research [18]. The prolifera-
tion and apoptotic rate of CD4+CD25− T effector cells 
were assessed using CCK-8 and Annexin-V Staining, 
while the secretory capacity (IFN-γ and IL-4) was deter-
mined via ELISA.

CCK-8 measurement
Splenic CD4+CD25− T effector cells from untreated 
normal mice and splenic CD4+ Tregs, obtained from 
untreated normal mice, as well as from ovarian can-
cer mice in the isotype control and anti-TIGIT treat-
ment groups, were co-cultured at a 1:1 ratio. Following 
a 24-hour co-culture, cells in the supernatant were gath-
ered and distributed to 96-well plates in triplicate, with 
a seeding density of 1 × 105 cells per well. Subsequently, 
10  µl of CCK-8 (Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan) was introduced to each well, and 
the cells were incubated for 4 h at 37  °C in the absence 
of light exposure. Absorbance was measured using a 
microplate reader (Spectra MR, Dynex, Richfield, MN) at 
OD450nm.

Annexin-V staining
Cell apoptosis was assessed using the Annexin V-fluo-
rescein isothiocyanate apoptosis kit (Nanjing Keygen 
Biotech, Nanjing, China) in accordance with the manu-
facturer’s instructions. In brief, cells were resuspended 
in 100 µl of binding buffer containing 5 µl of Annexin-V 
and 5 µl of 7-AAD, followed by a 15-minute incubation 
at room temperature. Afterward, the cells were washed 
twice with cold PBS. Subsequently, cells were diluted by 
adding 300  µl of binding buffer and promptly analyzed 
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using flow cytometry within 1 h. The data are presented 
as the percentage of Annexin-V-positive cells.

ELISA
The supernatants obtained from the co-culture were 
collected for the quantification of IFN-γ and IL-4 levels 
using ELISA kits (Catalog #BMS606, #BMS613, Invit-
rogen). The procedure strictly adhered to the protocols 
provided by the manufacturer. In summary, the super-
natants were diluted 1:1 with sample dilution buffer, and 
100 µl of each sample was added to the respective wells. 
For the calibration curve, a dilution series of the stan-
dard was prepared on the same plate. The plate was incu-
bated at 37  °C for 1 h. Following this, the samples were 
removed, and the wells were washed five times with the 
washing solution. An enzyme-labeled secondary anti-
body, diluted with sample dilution buffer, was added 
(100 µl per well) and incubated at 37 °C for 1 h. After the 
reaction, the secondary antibody was removed, and the 
wells were washed five times with the washing solution. 
A substrate solution was added, and the color developed 
during incubation. Upon sufficient color development, a 
stop solution was added, and the absorption at 450  nm 
was measured using a plate reader (Spectra MR, Dynex).

Statistics
Statistical analyses were performed using GraphPad 
Prism V9.0 (GraphPad Software, La Jolla, California, 
USA). The data shown are representative of three inde-
pendent experiments. Continuous variables in figures are 
expressed as the mean ± SEM. The Mann-Whitney test, 
univariate analysis of variance (ANOVA, Least Signifi-
cant Difference test), and Student t-test were two-tailed 
and employed to calculate P values. A significance level 
of P < 0.05 was considered statistically significant.

Results
TIGIT+Foxp3+CD4+ T cells exhibited a notable increase in 
ovarian cancer mice
The examination of TIGIT expression on both 
CD4+Foxp3+ and CD4+Foxp3− T cell populations in ovar-
ian cancer mice involved the collection of mononuclear 
cells from the spleen and ascites, a week after establish-
ing the ovarian cancer model. Subsequent staining and 
flow cytometry analysis revealed that within ovarian can-
cer mice, the TIGIT+Foxp3+CD4+ T cell subset demon-
strated a significant elevation compared to normal mice. 
This increase was evident in both spleen lymphocytes 
(4.497 ± 0.692% vs. 1.123 ± 0.251%, P < 0.01) and ascites 
(13.033 ± 1.377% vs. 4.615 ± 1.099%, P < 0.01; Fig. 1).

The immunosuppressive capacity of TIGIT+CD4+ Tregs was 
found to surpass that of TIGIT−CD4+ Tregs
To validate the immunosuppressive function of 
TIGIT+CD4+ Tregs, we established co-cultures involv-
ing effector T cells (CD4+CD25− T cells) and either 
TIGIT+CD4+ or TIGIT−CD4+ Tregs. For this inves-
tigation, ovarian cancer mice induced by ID8 cells 
were sacrificed ten days after the injection of ID8 cells. 
We isolated splenic TIGIT+CD4+Foxp3+ Tregs and 
TIGIT−CD4+Foxp3+ Tregs, which were subsequently 
co-cultured with normal effector T cells (CD4+CD25− T 
cells) sourced from healthy mice. The co-cultures were 
stimulated with anti-CD3 and anti-CD28.

We found that the proliferation of effector T cells was 
significantly suppressed in the TIGIT+CD4+ Tregs group 
compared to the TIGIT−CD4+ Tregs group (0.578 ± 0.068 
vs. 0.416 ± 0.048, p < 0.01). Additionally, apoptosis rates 
were elevated (46.25 ± 2.513 vs. 58.38 ± 3.210, p < 0.01) 
in the TIGIT+CD4+ Tregs group compared to the 
TIGIT−CD4+ Tregs group. Furthermore, the secretory 
functions of effector T cells, measured through the pro-
duction of IFN-γ (99.82 ± 6.983 pg/ml vs. 72.17 ± 3.769 
pg/ml, p < 0.01) and IL-4 (192.8 ± 5.544 pg/ml vs. 
126.8 ± 8.804 pg/ml, p < 0.01), were notably reduced by 
TIGIT+CD4+ Tregs in comparison to the TIGIT−CD4+ 
Tregs group (see Fig. 2).

The augmentation of TIGIT+Foxp3+ T cells occurred 
concomitantly with PD-1 expression on CD8+ T cells during 
tumor growth
To explore the influence of TIGIT+Foxp3+ Tregs in 
increasing the PD-1 expression on CD8+ T cells, we 
conducted a kinetic analysis tracking the infiltration of 
tumor-associated TIGIT+Foxp3+ Tregs alongside the 
appearance of exhausted TIGIT+PD-1+CD8+ T cells 
during the progression of ovarian cancer. Our obser-
vations unveiled a clear correlation between the accu-
mulation of TIGIT+Foxp3+ Tregs and the growth of 
ovarian cancer tumors (r2 = 0.9258, p < 0.0001), while 
the levels of TIGIT−Foxp3+ Tregs displayed a decreas-
ing trend in parallel (r2 = 0.9258, p < 0.0001) (see Fig. 3A). 
Furthermore, we noted that TIGIT+PD-1+CD8+ T cells 
exhibited a steady accumulation as tumor growth pro-
gressed (r2 = 0.9380, p < 0.0001). In contrast, the ratio of 
TIGIT−PD-1+CD8+ T cells (r2 = 0.2399, p = 0.106) and 
TIGIT−PD-1−CD8+ T cells (r2 = 0.0528, p = 0.4726) did 
not exhibit significant changes in response to tumor 
growth (see Fig. 3B). Taken together, the increased pres-
ence of TIGIT+Foxp3+ Tregs paralleled the expression of 
PD-1 on CD8+ T cells during tumor growth.
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Fig. 2  Enhanced Immunosuppression by TIGIT+CD4+Tregs Compared to TIGIT−CD4+Tregs. Groups of mice (six individuals per group) were subjected to 
i.p. injection with 1 × 106 ID8 cells. Ten days following injection, splenic TIGIT+CD4+Foxp3+ Tregs and TIGIT−CD4+Foxp3+ Tregs were isolated through flow 
sorting techniques from various experimental groups. These isolated cells were subsequently co-cultured with normal effector T cells (CD4+CD25− T 
cells) sourced from healthy mice. The co-cultures were stimulated with anti-CD3 (5 µg/mL) and anti-CD28 (2 µg/mL) at a 1:1 ratio for a duration of 24 h. 
Proliferation (A), apoptotic rate (B), and the secretory potential (IFN-γ and IL-4) (C and D) of CD4+CD25− T cells were assessed and quantified. The results 
are represented as means ± standard deviation

 

Fig. 1  The evaluation of TIGIT expression on both Foxp3−CD4+ and Foxp3+CD4+ T cell populations was undertaken. In a cohort of mice (n = 6), each 
receiving an i.p. injection of 1 × 106 ID8 cells, peritoneal lavage fluid and spleen samples were collected seven days post-injection from both ovarian 
cancer and normal mice (n = 6). Mononuclear cells were isolated via Ficoll-Paque density gradient centrifugation. Flow cytometry was utilized to assess 
the proportions of TIGIT+Foxp3+CD4+ and TIGIT+Foxp3−CD4+ lymphocytes within the spleen and ascites (A). Additionally, the frequency of TIGIT+ cells 
within Foxp3+ and Foxp3− CD4+ T cell subpopulations found in the spleen and ascites was examined (B). The results are depicted as means ± standard 
deviation. OC, ovarian cancer
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Foxp3+ Tregs depletion decreased the PD-1 expression on 
CD8+ T cells
To substantiate the hypothesis implicating a substan-
tial role for TIGIT+ CD4+Tregs in the development of 
a dysfunctional phenotype in CD8+ T cells, we intro-
duced diphtheria toxin (DT) to mice that featured 
stable expression of the DT receptor under the Foxp3 
promoter’s control (Foxp3-DTR mice) seven days post-
tumor implantation. On day 14 following DT or PBS 
injection, we sacrificed tumor-bearing mice that had 
received either PBS or DT treatment. First, we confirmed 
that the depletion of Tregs met the efficiency criteria 
by analyzing blood samples from the mice using flow 
cytometry (Supplementary Fig.  1). We found that after 
using DT to deplete regulatory T cells, the frequency of 
CD8+TIGIT+PD-1+ T cells (9.248 ± 1.518 vs. 20.52 ± 1.439, 
p < 0.01) and CD8+TIGIT−PD-1+ T cells (8.482 ± 0.6521 
vs. 19.95 ± 1.583, p < 0.01) in ovarian tumor microenvi-
ronment was significantly reduced (see Fig.  4A and B). 
Furthermore, we undertook kinetic assessments tracking 
the growth of ovarian cancer tumors following the deple-
tion of Foxp3+ Tregs. These investigations demonstrated 
that Tregs depletion led to a significant retardation in 
ovarian cancer tumor growth (see Fig. 4C).

The inhibition of tumor growth by anti-TIGIT treatment 
hinges on Foxp3+ Tregs
To explore the potential synergistic impacts arising 
from anti-TIGIT treatment and the depletion of Foxp3+ 
Tregs on tumor growth inhibition, we harnessed Foxp3-
DTR mice and implemented anti-TIGIT treatment in 
the context of the ovarian cancer model induced by 
ID8 cells. Our findings unveiled that a solitary admin-
istration of DT to ovarian cancer -bearing FOXP3-DTR 
mice induced by ID8 cells led to only a transient delay in 

tumor growth. In contrast, when anti-TIGIT treatment 
was administered to Treg-depleted mice, it yielded sig-
nificant and sustained tumor regression (see Fig. 5). Con-
sequently, our study underscores the dependence of the 
protective effect of anti-TIGIT treatment in inhibiting 
ovarian cancer growth on the presence of Foxp3+ Tregs.

Discussion
Immunotherapeutic approaches, predominantly cen-
tered around ICIs, have not met the anticipated efficacy 
in ovarian cancer immunotherapy. As a result, some 
have referred to HGSOC as one of the most “immuno-
logically cold” tumors [24]. This shortfall is attributed to 
the low immune cell infiltration within the tumor micro-
environment of ovarian cancer, compounded by its sub-
stantial heterogeneity. In this study, we delved into the 
role of TIGIT+ CD4+ Tregs in an ovarian cancer mouse 
model. Our findings revealed a significant increase in 
TIGIT+Foxp3+CD4+ T cells in the spleen and ascites of 
ovarian cancer mice, concomitant with the increase of 
PD-1 expression on CD8+ T cells. Treatment with TIGIT 
monoclonal antibodies in ovarian cancer mice depended 
on the presence of CD4+ Tregs. Therefore, TIGIT pri-
marily exerts its inhibitory effect on the cytotoxic activ-
ity of CD8+ T cells in ovarian cancer tumor cells through 
CD4+ Tregs, ultimately impacting the progression and 
development of ovarian cancer.

The management of HGSOC continues to present a 
formidable challenge. Despite persistent correlations 
between immune cell infiltration and prognosis, immu-
notherapy for this condition has fallen short of the antici-
pated results [25]. Currently, therapeutic approaches 
for HGSOC encompass not only tailored immuno-
therapy targeting its heterogeneity [26] but also primar-
ily entail combining chemotherapy with multi-targeted 

Fig. 3  Profiling Tumor-Infiltrating Lymphocytes in ovarian cancer Mice Over Time. Tumor-infiltrating lymphocytes were harvested from ovarian cancer 
mice induced by ID8 cells at distinct time points following implantation and subsequently analyzed using flow cytometry. On the 10th (n = 3), 15th (n = 3), 
20th (n = 3), and 25th (n = 3) days post-modeling, tumor volumes were measured. (A) The figure illustrates the frequency of TIGIT+ and TIGIT− cells within 
the Foxp3+CD4+ T cell population in tumor-infiltrating lymphocytes. The r2 values for TIGIT+ and TIGIT− Tregs are 0.9258 and 0.9258, respectively. (B) The 
panel showcases the frequency of different subpopulations among CD8+ tumor-infiltrating lymphocytes expressing TIGIT and PD-1. Specifically, for 
CD8+TIGIT+PD-1+ T cells, the r2 is 0.9380; for CD8+TIGIT−PD-1+ T cells, the r2 is 0.2389, and for CD8+TIGIT−PD-1− T cells, the r2 is 0.4726
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immunotherapy, along with immunotherapeutic inter-
ventions directed at specific cell subpopulations or 
broader molecular targets. Recent research has uncov-
ered that interferon ε, with distinct activity in late-stage 
ovarian cancer models compared to other Type I IFNs, 
acts as an intrinsic tumor suppressor [27]. It represents 
a promising new molecular target for ovarian cancer 
treatment. Additionally, tissue-resident memory T cells 
(TRM), a specific cell subpopulation, have shown poten-
tial in both understanding the onset of ovarian cancer 
and its targeted intervention research [28].

In addition to TRM, Tregs represent another pivotal 
and specific cell subpopulation for targeted interven-
tions in ovarian cancer [29, 30]. The immunosuppres-
sive impact of Tregs within the tumor microenvironment 
serves as a substantial impediment to the optimal success 

of ovarian cancer immunotherapy [31]. Recent research 
suggests that the modulation of Tregs’ glucose metabo-
lism, possibly through Toll-like receptor 8 (TLR8), offers 
a promising avenue to enhance the immune landscape 
in ovarian cancer [30]. Furthermore, investigations have 
demonstrated the potential benefits of targeting Tregs in 
combination with chemotherapy and other therapeutic 
modalities for the management of ovarian cancer [29].

Immunotherapy with immune checkpoint inhibi-
tors (ICIs) stands as a pivotal approach in current can-
cer treatment. Nevertheless, only a minority of ovarian 
cancer patients, approximately 10-15%, respond to ICI-
based therapies. The resistance of ovarian cancer results 
from multifaceted factors, encompassing the tumor’s 
heterogeneity, low density of tumor-infiltrating lym-
phocytes (TILs), non-cellular and cellular interactions 

Fig. 4  Profound Alterations in expression of PD-1 on CD8+ T Cell Accumulation within the Tumor Microenvironment upon Foxp3+ T Cell Depletion. In 
this experiment, DEREG mice (six individuals per group) were injected intraperitoneally with 1 µg DT or PBS 24 h before 1 × 106 ID8 cells injection. Subse-
quently, 1 µg DT was administered on day 7 following tumor implantation. Control mice were treated with PBS injection. (A and B) On day 14 post DT or 
PBS injection, we sacrificed tumor-bearing mice that had received either PBS or DT treatment. Tumor-infiltrating lymphocytes were isolated and analyzed 
via FACS. The frequencies of CD8+TIGIT+PD-1+ (9.248 ± 1.518 vs. 20.52 ± 1.439, p < 0.01) and CD8+TIGIT−PD-1+ (8.482 ± 0.6521 vs. 19.95 ± 1.583, p < 0.01) 
tumor-infiltrating lymphocytes were calculated, comparing PBS control with DT-treated tumor-bearing mice. (C) The impact of Foxp3+ Tregs depletion on 
tumor growth is depicted (Mean ± SD, n = 4), p = 0.1502 on day 10, p = 0.0018 on day 15, p = 0.001 on day 20, p = 0.0004 on day 25. All data were collected 
from three independent experiments, and the results are presented as means ± standard deviation
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within the tumor microenvironment (TME), and the 
intricate microRNA networks regulating immune check-
point pathways [32]. Notably, TIGIT exhibits substantial 
expression in malignant ascites lymphocytes and periph-
eral blood lymphocytes of clinical ovarian cancer patients 
[33], yet single-target TIGIT therapy has demonstrated 
suboptimal performance in ovarian cancer. CD226 is 
a target of TIGIT in the immune check points. A high 
TIGIT/CD226 ratio within Tregs is associated with ele-
vated Treg frequencies in ovarian cancer and it predicts a 
less favorable clinical outcome following immune check-
point blockade [34]. Recent research lends support to the 
rational combination of FAK and TIGIT targeting as an 
immunotherapeutic approach for treating HGSOC [19]. 
This study also uncovers that dual targeting of regula-
tory T cells and TIGIT significantly enhances CD8 T cell 
immune activity and boosts the survival rate of ovarian 
cancer mice, offering valuable insights into precise, cell-
specific interventions targeting immune checkpoint mol-
ecules, exemplified by TIGIT.

Our investigation into the role of TIGIT+CD4+ Tregs 
in an ovarian cancer mouse model underscores the 
intricate relationship between immune cells and tumor 

progression. We observed a substantial increase in 
TIGIT+CD4+ Tregs in both the spleen and ascites of 
ovarian cancer -bearing mice. This finding highlights the 
accumulation of a specific subset of Tregs associated with 
the tumor and ascitic fluid.

Moreover, our study demonstrated that the presence 
of TIGIT+CD4+ Tregs correlates with the expression of 
PD-1 on CD8+ T cells. This observation suggests that 
TIGIT+CD4+ Tregs may play a pivotal role in modulating 
the immune response within the ovarian cancer micro-
environment. The dependency of TIGIT monoclonal 
antibody efficacy on the presence of CD4+ Tregs further 
supports this hypothesis.

These findings provide a critical understanding of 
how TIGIT+CD4+ Tregs contribute to immune eva-
sion in ovarian cancer. The interactions between these 
regulatory T cells and CD8+ T cells highlight a potential 
mechanism through which TIGIT impairs anti-tumor 
immunity. This mechanism may partly explain the lim-
ited success of current immunotherapeutic approaches in 
treating ovarian cancer.

Future research should focus on elucidating the precise 
molecular pathways through which TIGIT+CD4+ Tregs 
modulate CD8+ T cell activity and exploring combination 
strategies that target both TIGIT+CD4+ Tregs and other 
immune checkpoint pathways. Such approaches may 
enhance the efficacy of immunotherapies in ovarian can-
cer and potentially overcome the challenges associated 
with its immunologically cold nature.

Our study has certain limitations. Firstly, the ovarian 
cancer model we employed, ID8 cells, may not fully rep-
licate the clinical heterogeneity seen in a wide spectrum 
of ovarian cancer patients. Secondly, we employed the 
1B4 monoclonal TIGIT antibody, which exerts its func-
tion by competitively binding to TIGIT, preventing the 
interaction between CD155 and TIGIT. The 1B4 mono-
clonal antibody may potentially reduce the levels of IL-10 
in CD4+ regulatory T cells but does not deplete TIGIT+ 
cells [20]. Future investigations may require the use of 
TIGIT gene knockout models or additional antibodies of 
diverse types to validate the role of TIGIT. Thirdly, while 
we have demonstrated the inhibitory effect of dual target-
ing TIGIT and Tregs on mouse ovarian cancer growth, 
we have not conducted an immune status assessment of 
the mice following this treatment. We aim to undertake 
further research in the future to delve into the influence 
on immune status and the underlying molecular mech-
anisms. Lastly, we only assessed the expression of PD-1 
and TIGIT in CD8+ T cells, without examining other 
molecules related to their immune function, which does 
not fully reflect the exhaustion status of CD8+ T cells. 
Additionally, we did not evaluate the cytotoxic function 
of CD8+ T cells. These aspects will be addressed in detail 
in future studies.

Fig. 5  Effects of Foxp3+ T cells depletion and anti-TIGIT antibodies on 
tumor growth. ID8 cells (1 × 106) were injected i.p. in mice expressing the 
DTR under the control of the Foxp3 promoter (Foxp3-DTR mice) and either 
1 µg DT or PBS was injected on day 12 post-tumor implantation. The anti-
TIGIT mAb (clone 1B4) (100 µg) or an isotype-matched control antibody 
(cIg) (Ultra-LEAF™ Purified Mouse IgG1, κ Isotype Ctrl Antibody, Catalog 
#401414, BioLegend, San Diego, CA) or with anti-TIGIT mAb (absolute 
IgG1 antibody, clone 1B4, Catalog #Ab01258, BioLegend, San Diego, CA) 
was given every 4 days from day 12 to day 24 post-tumor implantation. 
Tumor sizes are represented as means ± standard deviation, PBS + clg vs. 
PBS + Anti-TIGIT, p = 0.0877 on day 10, p = 0.0075 on day 15, p = 0.1078 on 
day 20, p = 0.0575 on day 25; PBS + clg vs. DT + clg, p = 0.0170 on day 10, 
p = 0.0002 on day 15, p = 0.0029 on day 20, p = 0.0004 on day 25; DT + clg 
vs. DT + Anti-TIGIT, p = 0.0408 on day 10, p = 0.0012 on day 15, p = 0.0009 
on day 20, p < 0.0001 on day 25. Experiments have been repeated twice. 
statistical differences were calculated by Mann-Whitney analyses at the 
indicated time points
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Conclusion
The immunotherapy targeting, represented by ICIs, has 
not demonstrated significant efficacy in the treatment 
of ovarian cancer. Our research suggests that combining 
multi-targeted approaches, building upon the existing 
ICIs foundation, may provide a turning point in immu-
notherapy for ovarian cancer. Future research in ovar-
ian cancer immunotherapy is leaning towards a strategy 
that combines multiple targets, specific cell-type immu-
notherapies, and complementary chemotherapy. Our 
research has demonstrated that dual targeting of Tregs 
and TIGIT effectively retards tumor growth in mouse 
ovarian cancer model, laying the groundwork for the 
clinical application of immune checkpoint combination 
therapies, with TIGIT at the forefront.
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