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Abstract 
Ovarian cancer is one of the three major malignant tumors in gynecology, 
with increasing incidence and mortality rates. Currently, the main treatment 
methods remain surgical intervention in combination with chemotherapy. 
However, due to its high recurrence rate and the risk of drug resistance, the 
overall prognosis is poor. Ovarian cancer has been identified as an immune- 
genic tumor, and in recent years, with the continued advancement of research 
into immune evasion mechanisms, immunotherapy has emerged as a ground- 
breaking treatment modality. This article will focus on the immune escape 
mechanisms and their application in ovarian cancer, providing a comprehen-
sive overview of its current status and the challenges it faces. 
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1. Introduction 

Ovarian cancer is one of the most lethal malignant tumors in gynecology. In 
2020, more than 300,000 new cases of ovarian cancer (OC) were reported world- 
wide, and over 190,000 people died from the disease [1]. In 2022, the incidence 
and mortality rates in China were both higher than the world standard rates 
(5.59/100,000 and 2.45/100,000, respectively), presenting a more challenging 
situation for physicians engaged in gynecological tumor prevention and treat-
ment. Epithelial OC accounts for approximately 95% of all OC cases [2]. The 
etiology of ovarian cancer is not yet clear. Ovarian cancer usually has no symp-
toms in the early stage, and even if there are symptoms, they are not specific. 
Once abdominal distension, compression, and gastrointestinal symptoms ap-
pear, they are already signs of tumor metastasis. The diagnosis is mainly made 
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through some auxiliary examination methods (including the determination of 
tumor markers, B-ultrasound, cytological examination, magnetic resonance im-
aging, and other imaging examinations). The lesion is usually located deep in the 
female pelvic cavity, making early detection, diagnosis, and treatment difficult 
[3]. The vast majority of ovarian cancer patients have advanced-stage cancer 
confirmed by pathological examination at their initial treatment. Currently, 
treatment options for OC mainly include tumor reduction surgery, new or ad-
juvant platinum-based chemotherapy [4] [5], and molecular targeted therapy. 
However, the therapeutic effects are not ideal, and the overall prognosis for OC 
patients is poor. 

With the continuous deepening of research on the immune evasion mechan-
isms of ovarian cancer, many new immunotherapy strategies have been applied 
in clinical practice. It makes immunotherapy a powerful tool in the treatment of 
malignant tumors following surgery, radiation therapy, and anti-tumor chemo-
therapy. In 2018, the programmed cell death 1 (PDCD1, also called PD-1) inhi-
bitor Pembrolizumab (trade name Keytruda) was recommended for the treat-
ment of cervical, uterine, and ovarian cancer in the clinical practice guidelines 
published by the National Comprehensive Cancer Network (NCCN). This indi-
cates that in-depth research on immune evasion mechanisms has brought new 
hope to ovarian cancer patients and heralds the coming of the era of immuno-
therapy. This article reviews the hot topics in research on the immune escape 
mechanisms of ovarian cancer, the current application status, and the problems 
it faces. 

2. Tumor Immune Microenvironment in Ovarian Cancer 

The tumor immune microenvironment (TIME) is an important regulatory cen-
ter that controls the occurrence, development, invasion, and promotion of tu-
mor metastasis. Its main components include infiltrating immune cells, chemo-
kines, and cytokines. Under the combined stimulation of TIME and tumor driv-
er genes, normal host tissue cells are reprogrammed to provide the tumor with a 
more suitable growth phenotype, function, and environment [6]. The human 
immune system has anti-tumor immune effects that can inhibit and eliminate 
tumor cells. On the other hand, tumor cells can mobilize the negative regulatory 
functions of the immune system, inducing the occurrence of immune escape 
mechanisms and promoting further tumor development. Therefore, the human 
immune system has a duality, with two opposing immune mechanisms that have 
both positive and negative effects on tumors [7] [8]. 

In the article from TIME, antitumor immune cells, including NK cells, DC, and 
effector T cells such as CTL and CD4+Th1 cells, are discussed. Cells that suppress 
antitumor immune effects include regulatory T cells (Tregs), M2-polarized tumor- 
associated macrophages (M2TAMs), myeloid-derived suppressor cells (MDSCs), 
and others [9]. These immunosuppressive cells infiltrate and secrete cytokines, 
and the expression of immunosuppressive molecules collectively forms an im-
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munosuppressive environment, leading to T cell activation inhibition and loss of 
T cell toxicity. 

This article will focus on current research hotspots and elaborate on CD4+ T 
cells and their subsets, as well as common immune checkpoint inhibitors, in-
cluding PD-1/PD-L1, cytotoxic T lymphocyte antigen-4 (CTLA-4) and other 
new immune targets, and summarize their clinical application in treatment. 

3. Research on Immunosuppressive Cells in the Immune  
Evasion Mechanism of Ovarian Cancer 

3.1. Cluster of Differentiation 4 Positive T Cells and Their Subsets 

CD4+ T cells and their subtypes are derived from the yolk sac and bone marrow, 
and begin to flow into the thymus at the 11th week of embryonic development. 
Differentiation, T cell receptor (TCR) gene rearrangement, positive and negative 
selection occur in the cortex, deep cortex, and medullary transition zone of the 
thymus. After screening, they further develop into mature T lymphocytes with 
antigen recognition ability through the action of various stimulating factors in 
the microenvironment. Mature T lymphocytes are also known as thymus-de- 
pendent lymphocytes. The differentiation state, cell surface molecule expression, 
and function of mature T lymphocytes vary, and they can be divided into initial 
CD4+ T cells (naive T cell), memory T cells, and effector T cells. Among them, 
initial CD4+ T cells are activated by binding to the antigen-MHC complex, and 
differentiate under the promotion of cytokines in the microenvironment, pro-
ducing specific cytokines to mediate special immune effects. Based on their 
homing characteristics and immune response effects, they can be further classi-
fied as: T helper 1 cells (Th1), T helper 2 cells (Th2), regulatory T cells (Tregs), 
and T helper 17 cells (Th17), etc. These cells are directly or indirectly involved in 
innate or adaptive immune responses in the human body, and the immune ef-
fects they exert maintain a specific balance. Once this balance is disrupted, it can 
lead to various immune-related diseases, inflammation, and tumor development 
[10]. 

3.2. Regulatory T Cells 

Tregs belong to a subset of T cells with immune regulatory functions. Activated 
Treg cells can inhibit the activation and proliferation of T cells through suppres-
sive effects. Specifically, they can be classified into inducible T regulatory cells 
(iTreg) and memory natural T regulatory cells (nTreg), both of which are crucial 
for regulating the stability, activation, and function of immune lymphocytes. 

According to the research results of Singh and others [11], Tregs infiltrating 
ovarian tumors can secrete immune suppressive cytokines such as transforming 
growth factor β and interleukin (IL)-10, which enhance the immunosuppressive 
tumor microenvironment, promote tumor growth, and Treg infiltration is an 
independent risk factor for the prognosis of ovarian cancer patients. Other stu-
dies [12] [13] have compared and analyzed Tregs in ascites and peripheral blood, 
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finding that TNFR 2+Tregs in ascites are more suppressive than those in peri-
pheral blood, and Tregs can selectively recruit from patients’ peripheral blood to 
enter ascites [12]. Winkler and others’s clinical study detected a correlation be-
tween the ROMA value in the serum of ovarian cancer patients and Tregs in pe-
ripheral blood, which was negatively correlated [14], indicating that peripheral 
blood Tregs have certain diagnostic value for ovarian cancer. Cannioto and oth-
ers’s study [15] also supported this view, finding that peripheral blood Tregs in 
epithelial ovarian cancer are significantly different from those in benign ovarian 
tumors and healthy controls. In addition, another study [16] confirmed the cor-
relation between peripheral blood Tregs and the long-term prognosis of ovarian 
cancer patients: the study found that patients with a high percentage of peri-
pheral blood Treg cells before ovarian cancer treatment had a poorer long-term 
prognosis. 

3.3. Helper Cell T17 

Scholars Harrington [17] and Park [18] were the first to discover a T cell subset, 
known as Th17 cells, characterized by the secretion of IL-17 in mice. Th17 cells 
can secrete IL-17A, IL-17F, IL-21, and IL-22, which play a role in clearing extra-
cellular bacteria (including short rod-shaped bacteria, tuberculosis, etc.) and 
fungi (Candida albicans). Additionally, IL-17 can stimulate the production of 
chemotactic factors such as IL-6, TNF-α, G-CSF, and CXCL8 in other immune 
cells. A study of tumor-infiltrating Th17 cells [19] suggests that positive infiltra-
tion of Th17 cells can be used to predict patient outcomes, playing a protective 
role in ovarian tumor immunity. Another study of peripheral blood Th17 cell 
counts and IL-17 levels before initial treatment [20] has confirmed that elevated 
peripheral blood Th17 cell counts and IL-17 levels can also serve as potential bio-
markers for poor prognosis in ovarian cancer. These results suggest that Th17 cells 
are involved in the development and progression of ovarian cancer, and their 
specific immunological mechanisms await further research. 

3.4. Helper Cell T1/Helper Cell T2 

In the normal human immune system, there is a balance between Th1 and Th2 
cells. If this balance is disrupted and skewed towards one direction, it can lead to 
the development of tumors, a phenomenon referred to as “Th1/Th2 immune 
deviation”. Previous research has demonstrated that in patients with ovarian 
cancer [21], lung cancer [22], and cervical cancer [23], among others, Th2-type 
cytokines have a more significant advantage over Th1-type cytokines, resulting 
in a tumor immune response that leans towards Th2-type cell transformation. A 
related study in China [24] found that uterine endometrial cancer patients had 
significantly increased secretion of Th2 cytokines (IL-4 and IL-5) and signifi-
cantly decreased secretion of Th1 cytokines (TNF-α) in their serum, resulting in 
a significant decrease in the Th1/Th2 balance ratio and a shift towards Th2. 
However, after surgical removal of the tumor, the Th1/Th2 imbalance in the pa-
tient’s serum cytokines improved significantly. 
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4. The Current State of Research and Application of Immune  
Checkpoint Inhibitors in the Immune Evasion Mechanism  
of Ovarian Cancer 

4.1. Programmed Cell Death 1\Programmed Cell Death 1 Ligand 1 

In the TIME, the interaction between PD-1/PD-L1 can effectively inhibit the 
proliferation and activation of malignant lymphocytes, as well as induce the 
apoptosis of T lymphocytes with high immunogenicity, and suppress the inte-
raction between malignant dendritic cells (DC), thus mediating the occurrence 
of immune suppression. Pulko and others’s study [14] indicates that upregula-
tion of PD-L1 plays a crucial role in the immune response of effector T cells, 
which is expressed on tumor receptor cells and interacts with PD-L1 expressed 
in TME, thereby inhibiting the positive and negative feedback of tumor cell im-
munity, leading to immune escape of tumor cells [25]. Recent clinical investiga-
tions [26] show that PD-L1 has a high cell expression activity in tumor cells, 
intratumoral lymphocytes, and stromal lymphocytes. The study included 248 
patients with malignant ovarian epithelial tumors, and the expression level of 
PD-L1 in tumor stromal infiltrating lymphocytes was found to be correlated 
with histological type (P = 0.015), residual tumor size (P < 0.01), tumor grade (P 
< 0.01), and nuclear grade (P < 0.01). The study also suggests that stromal infil-
trating lymphocytes expressing PD-L1 are associated with increased overall sur-
vival, and PD-L1 may be a good prognostic factor for ovarian cancer. Antonio 
and others’s clinical study also shows that the expression of PD-L1 on tumor 
cells and the count of CD8+ T lymphocytes are independent prognostic factors 
for ovarian cancer [27]. These research findings indicate that only high expres-
sion of stromal PD-L1 in all histological types of ovarian epithelial cancer may 
be related to improved overall survival. 

Currently, the primary treatment plan for PD-L1 inhibitor clinical trials in-
volves combining chemotherapy and targeted therapy for first-line treatment of 
ovarian cancer after surgery or for recurrent ovarian cancer. Clinical data from 
the KEYNOTE-028 study in ovarian cancer showed that the objective response 
rate (ORR) for 26 PD-L1-positive patients with advanced ovarian cancer treated 
with Pembrolizumab was 11.5%, with median progression-free survival and 
overall survival of 1.9 months and 13.1 months, respectively. Clinical reports on 
Pembrolizumab [28] have also shown that at least one patient with chemothera-
py-resistant metastatic ovarian cancer with PD-L1 gene recombination achieved 
complete remission for at least 10 months following treatment. Hodi and others 
[29] studied the anticancer effects of another monoclonal antibody, Epizumab, in 
a phase IV clinical trial of primary treatment for ovarian cancer patients. The 
study showed that levels of carbohydrate antigen 125 (CA125) in these patients 
decreased or stabilized over several months. Additionally, another study eva-
luated the use of Epizumab in the treatment of platinum-sensitive recurrent ova-
rian cancer (NCT01711558) [30], with 14 cases of disease progression, 17 cases of 
drug toxicity, one death, and six cases of other or unreported outcomes, and an 
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ORR of 10.3%. Furthermore, the results of a phase I clinical trial (NCT01772004) 
on Avelumab for the treatment of ovarian cancer [31] showed that out of 124 pa-
tients with recurrent or refractory ovarian cancer receiving monotherapy, 12 
achieved partial remission, 55 had stable disease, and the ORR was 9.7%, with a 
disease control rate of 54.7%, and median progression-free survival and overall 
survival of 11.3 weeks and 10.8 months, respectively. The ORR for PD-L1-positive 
patients was 12.3%, while for PD-L1-negative patients, it was only 5.9%. This 
study [32] also suggested that PD-L1 positivity may be a predictive biomarker 
for immunotherapy effectiveness in ovarian cancer. Recently, Hamanishi and 
others [33] conducted a clinical trial using Nivolumab to treat advanced recur-
rent ovarian cancer, with an ORR of 15% and median progression-free survival 
and overall survival of 3.5 months and 20 months, respectively. 

4.2. Cytotoxic T Lymphocyte-Associated Protein 4 

Another important immune checkpoint is CTLA-4, located on T lymphocytes. It 
shares common ligands with co-stimulatory receptor CD28, thus can compete 
with the ligands CD80 (B7-1) and CD86 (B7-2) on antigen-presenting cells, 
achieving an immunosuppressive effect on T cell activation [34] [35]. Anti-CTLA- 
4 drugs are used to block the binding of CTLA-4 and its ligands, thereby pre-
venting further immunosuppressive signaling transduction and promoting CD28- 
mediated co-stimulation. Currently, Ipilimumab (Yervoy), a CTLA-4 inhibitor de-
veloped by Bristol-Myers Squibb, has been approved for clinical use in cancer 
therapy. Compared with nivolumab alone, the combination of nivolumab and 
ipilimumab in EOC resulted in superior response rate and longer [36]. Treme-
limumab, a CTLA-4 inhibitor developed by AstraZeneca, has been FDA ap-
proved for the treatment of malignant mesothelioma. It has shown good an-
ti-cancer effects in melanoma patients [37], and its efficacy in OC is still under 
investigation. In a phase II clinical trial (NCT01611558), 40 patients with plati-
num-sensitive recurrent epithelial ovarian cancer were treated with Ipilimumab 
monotherapy, and the reported ORR was as low as 10.3%. However, in mouse 
melanoma and OC models, the combination of anti-PD-1 and anti-CTLA-4 
showed better efficacy than PD-L1 inhibitor alone [38] [39]. This combined 
therapy also demonstrated certain efficacy in metastatic melanoma and lung 
cancer [40] [41]. Studies are underway to investigate the combination of 
CTLA-4 inhibitors and poly ADP-ribose polymerase (PARP) inhibitors for the 
treatment of BRCA-mutated epithelial ovarian cancer. The efficacy of this ther-
apy is currently under investigation in a clinical trial (NCT02571725). 

4.3. New Immunotherapy Targets 

The immune checkpoint inhibitors of PD-1/PD-L1 and CTLA-4 currently ex-
hibit a trend of transitioning from second-line to first-line therapy [42] [43], 
but their clinical benefits are unsatisfactory. The use of single immune-targeting 
drugs cannot achieve satisfactory anti-tumor efficacy due to the constant changes 
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and interactions of the immune signaling pathways and TIME [44]. Therefore, 
we still need to search for new immune targets to seek alternative treatments for 
patients with refractory tumors. 

T cell immunoglobulin-3 (TIM-3), a type I transmembrane protein, is expressed 
on cells that secrete interferon-gamma (IFN-γ), including CD4+ Th1 cells, CD8+ 
cytotoxic T cells, Th17 cells, dendritic cells, monocytes, regulatory T cells (Tregs), 
natural killer cells, and tumor-infiltrating lymphocytes (TILs) [45] [46]. TIM-3 
exerts an inhibitory effect on T cell activation and proliferation by binding to its 
ligands, galectin-9 and carcinoembryonic antigen-related cell adhesion molecule 
1 (CEACAM-1) [47]. Studies suggest that the expression of TIM-3 in ovarian 
cancer tissue is associated with poor prognosis [48] [49], and its expression in 
metastatic lymph nodes in cervical cancer is significantly increased compared to 
normal lymph nodes [50]. 

T cell immunoreceptor with Ig and ITIM domains (TIGIT), which contains 
immunoglobulin and ITIM domains, can be detected on memory T cells, Treg, 
and natural killer T (NKT) cells [51]. Upon binding with CD, TIGIT participates 
in inhibiting the immune signal pathway of T cells. Research has analyzed the sur-
face of ovarian cancer cell line OV-90 and ovarian cancer tissue samples [52]. 
Using gene expression profiling analysis and immunohistochemistry, they found 
that both exhibited high expression of one of TIGIT’s ligands, Nectin-2. 

V-type immunoglobulin domain-containing suppressor of T cell activation 
(VISTA) is primarily expressed in myeloid cells, monocytes, macrophages, and 
dendritic cells [53] [54]. In T lymphocytes, VISTA is mainly expressed on naive 
CD4+ and FoxP3+ Tregs. Studies have shown that binding of VISTA with its li-
gand (VSIG-3) significantly reduces the production of cytokines and chemokines 
in human T cells [55]. In addition, recent research by Mulati and others [56] sug-
gests that silencing VISTA expression in human ovarian cancer cells promotes T 
cell proliferation and cytokine secretion. Anti-VISTA antibody therapy also ex-
tends the survival time of tumor-bearing mice. 

The structure of lymphocyte activation gene-3 (LAG-3) is similar to that of 
CD4 co-receptor and can be expressed in T cells and NK cells. Blocking LAG-3 
can promote the proliferation and restoration of CTL’s effector function [57] 
[58]. Tu and others [59] analyzed the Oncomine and PrognoScan databases and 
found that LAG-3, PD-1, CTLA-4, and TIM-3 may be prognostic factors and 
therapeutic targets for ovarian cancer. 

4.4. New Immunotherapy Targets 

Although immune checkpoint inhibitors (ICIs) have made breakthrough progress 
in cancer treatment, their efficacy in gynecologic malignancies, particularly in OC, 
remains limited. Therefore, it is crucial to seek more precise predictive biomark-
ers for immunotherapy response, which will further assist in identifying im-
mune-sensitive patients and achieving personalized and accurate treatment. Cur-
rently, commonly used predictive biomarkers include dMMR/MSI-H [60], 
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PD-L1 immunohistochemistry staining [61] [62], and high tumor mutation 
burden (TMB-H) [63]. However, these predictive biomarkers are not entirely 
ideal in the treatment of ovarian cancer patients. 

PD-1 and CTLA-4 are immunoregulatory inhibitory molecules, and ICIs 
mainly exert their antitumor effects through the immune system. Adverse reac-
tions are often caused by non-specific activation of the immune system and can 
involve almost all organs and systems, with weak specificity and a long-lasting 
duration [64]. Current studies have shown that ICIs have a high incidence of 
adverse reactions in the treatment of ovarian cancer. Early identification is par-
ticularly important for clinical doctors, and when grade 3 or higher adverse 
reactions occur, immunotherapy should be discontinued, and patients should be 
admitted to the hospital for specialized medical treatment, to contrapuntally mi-
tigate adverse reactions [65]. 

5. Conclusion and Prospect 

As the research on immune suppression mechanisms in ovarian cancer contin-
ues to deepen, immunotherapy has emerged as a promising approach in cancer 
treatment, particularly with the progress of ICIs research, bringing new hope to 
OC patients. Although there are increasingly encouraging research results, the 
field has not yet fully matured and requires more reliable clinical evidence and 
verification. Challenges such as mechanisms of immunotherapy resistance, iden-
tification of more reliable efficacy prediction markers, precise individualized 
treatment, monitoring and management of adverse reactions, and finding new 
therapeutic targets remain to be addressed, inspiring scholars to continue re-
search and exploration. It is believed that the future advancement of research on 
immune escape mechanisms in ovarian cancer will provide greater clinical bene-
fits for OC patients. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this 
paper. 

References 
[1] Kandalaft, L.E., Odunsi, K. and Coukos, G. (2019) Immunotherapy in Ovarian Can-

cer: Are We There Yet? Journal of Clinical Oncology: Official Journal of the American 
Society of Clinical Oncology, 37, 2460-2471.  
https://doi.org/10.1200/JCO.19.00508 

[2] Stewart, C., Ralyea, C. and Lockwood, S. (2019) Ovarian Cancer: An Integrated Re-
view. Seminars in Oncology Nursing, 35, 151-156.  
https://doi.org/10.1016/j.soncn.2019.02.001 

[3] Armstrong, D.K., Alvarez, R.D., Bakkum-Gamez, J.N., Barroilhet, L., Behbakht, K., 
Berchuck, A., et al. (2021) Ovarian Cancer, Version 2.2020, NCCN Clinical Practice 
Guidelines in Oncology. Journal of the National Comprehensive Cancer Network: 
JNCCN, 19, 191-226. https://doi.org/10.6004/jnccn.2021.0007 

https://doi.org/10.4236/jbm.2023.114032
https://doi.org/10.1200/JCO.19.00508
https://doi.org/10.1016/j.soncn.2019.02.001
https://doi.org/10.6004/jnccn.2021.0007


Y. C. Zhang, H. Wang 
 

 

DOI: 10.4236/jbm.2023.114032 451 Journal of Biosciences and Medicines 
 

[4] Hou, J. and Zhu, W. (2020) Research Progress on PD-1/PD-L1 Immune Checkpoint 
Inhibitors in Ovarian Cancer Treatment. Practical Oncology Journal, 34, 266-270.  

[5] Li, D. and Zhang, H. (2020) Clinical Research Progress on the Pathogenesis of Ova-
rian Cancer and Immune Therapy. Practical Journal of Obstetrics and Gynecology, 
36, 908-911. 

[6] Baci, D., Bosi, A., Gallazzi, M., Rizzi, M., Noonan, D.M., Poggi, A., Bruno, A. and 
Mortara, L. (2020) The Ovarian Cancer Tumor Immune Microenvironment (TIME) 
as Target for Therapy: A Focus on Innate Immunity Cells as Therapeutic Effectors. 
International Journal of Molecular Sciences, 21, 3125.  
https://doi.org/10.3390/ijms21093125 

[7] Whiteside, T.L. (2008) The Tumor Microenvironment and Its Role in Promoting 
Tumor Growth. Oncogene, 27, 5904-5912. https://doi.org/10.1038/onc.2008.271 

[8] Di, J., Duiveman-de Boer, T., Figdor, C.G. and Torensma, R. (2013) Aiming to Im-
mune Elimination of Ovarian Cancer Stem Cells. World Journal of Stem Cells, 5, 
149-162. https://doi.org/10.4252/wjsc.v5.i4.149 

[9] Hu, G. and Wang, S. (2017) Tumor-Infiltrating CD45RO(+) Memory T Lympho-
cytes Predict Favorable Clinical Outcome in Solid Tumors. Scientific Reports, 7, Ar-
ticle No. 10376. https://doi.org/10.1038/s41598-017-11122-2 

[10] Mortenson, E.D., Park, S., Jiang, Z., Wang, S. and Fu, Y.X. (2013) Effective An-
ti-Neu-Initiated Antitumor Responses Require the Complex Role of CD4+ T Cells. 
Clinical Cancer Research: An Official Journal of the American Association for Can-
cer Research, 19, 1476-1486. https://doi.org/10.1158/1078-0432.CCR-12-2522 

[11] Singh, M., Loftus, T., Webb, E. and Benencia, F. (2016) Minireview: Regulatory T 
Cells and Ovarian Cancer. Immunological Investigations, 45, 712-720.  
https://doi.org/10.1080/08820139.2016.1186689 

[12] Govindaraj, C., Scalzo-Inguanti, K., Madondo, M., Hallo, J., Flanagan, K., Quinn, 
M. and Plebanski, M. (2013) Impaired Th1 Immunity in Ovarian Cancer Patients Is 
Mediated by TNFR2+ Tregs within the Tumor Microenvironment. Clinical Immu-
nology (Orlando, Fla.), 149, 97-110. https://doi.org/10.1016/j.clim.2013.07.003 

[13] Bu, M., Shen, Y., Seeger, W.L., An, S., Qi, R., Sanderson, J.A. and Cai, Y. (2016) 
Ovarian Carcinoma-Infiltrating Regulatory T Cells Were More Potent Suppressors 
of CD8(+) T Cell Inflammation than Their Peripheral Counterparts, a Function 
Dependent on TIM3 Expression. Tumour Biology: The Journal of the International 
Society for Oncodevelopmental Biology and Medicine, 37, 3949-3956.  
https://doi.org/10.1007/s13277-015-4237-x 

[14] Winkler, I., Woś, J., Karczmarczyk, A., Miotła, P., Gogacz, M., Skorupska, K., et al. 
(2020) An Association of Circulating Tregs and Th17 Cells Producing IL-21 and IL-22 
with the ROMA in Ovarian Cancer Patients. Cytokine, 134, Article ID: 155194.  
https://doi.org/10.1016/j.cyto.2020.155194 

[15] Cannioto, R.A., Sucheston-Campbell, L.E., Hampras, S., Goode, E.L., Knutson, K., 
Ness, R., et al. (2017) The Association of Peripheral Blood Regulatory T-Cell Con-
centrations with Epithelial Ovarian Cancer: A Brief Report. International Journal of 
Gynecological Cancer: Official Journal of the International Gynecological Cancer 
Society, 27, 11-16. https://doi.org/10.1097/IGC.0000000000000845 

[16] Dutsch-Wicherek, M.M., Szubert, S., Dziobek, K., Wisniewski, M., Lukaszewska, E., 
Wicherek, L., et al. (2019) Analysis of the Treg Cell Population in the Peripheral 
Blood of Ovarian Cancer Patients in Relation to the Long-Term Outcomes. Gine-
kologia Polska, 90, 179-184. https://doi.org/10.5603/GP.2019.0032 

[17] Harrington, L.E., Hatton, R.D., Mangan, P.R., Turner, H., Murphy, T.L., Murphy, 

https://doi.org/10.4236/jbm.2023.114032
https://doi.org/10.3390/ijms21093125
https://doi.org/10.1038/onc.2008.271
https://doi.org/10.4252/wjsc.v5.i4.149
https://doi.org/10.1038/s41598-017-11122-2
https://doi.org/10.1158/1078-0432.CCR-12-2522
https://doi.org/10.1080/08820139.2016.1186689
https://doi.org/10.1016/j.clim.2013.07.003
https://doi.org/10.1007/s13277-015-4237-x
https://doi.org/10.1016/j.cyto.2020.155194
https://doi.org/10.1097/IGC.0000000000000845
https://doi.org/10.5603/GP.2019.0032


Y. C. Zhang, H. Wang 
 

 

DOI: 10.4236/jbm.2023.114032 452 Journal of Biosciences and Medicines 
 

K.M. and Weaver, C.T. (2005) Interleukin 17-Producing CD4+ Effector T Cells 
Develop via a Lineage Distinct from the T Helper Type 1 and 2 Lineages. Nature 
Immunology, 6, 1123-1132. https://doi.org/10.1038/ni1254 

[18] Park, H., Li, Z., Yang, X.O., Chang, S.H., Nurieva, R., Wang, Y.H., et al. (2005) A Dis-
tinct Lineage of CD4 T Cells Regulates Tissue Inflammation by Producing Interleukin 
17. Nature Immunology, 6, 1133-1141. https://doi.org/10.1038/ni1261 

[19] Kryczek, I., Banerjee, M., Cheng, P., Vatan, L., Szeliga, W., Wei, S., et al. (2009) Phe-
notype, Distribution, Generation, and Functional and Clinical Relevance of Th17 Cells 
in the Human Tumor Environments. Blood, 114, 1141-1149.  
https://doi.org/10.1182/blood-2009-03-208249 

[20] Aotsuka, A., Matsumoto, Y., Arimoto, T., Kawata, A., Ogishima, J., Taguchi, A., et 
al. (2019) Interleukin-17 Is Associated with Expression of Programmed Cell Death 1 
Ligand 1 in Ovarian Carcinoma. Cancer Science, 110, 3068-3078.  
https://doi.org/10.1111/cas.14174 

[21] Kusuda, T., Shigemasa, K., Arihiro, K., Fujii, T., Nagai, N. and Ohama, K. (2005) Rela-
tive Expression Levels of Th1 and Th2 Cytokine mRNA Are Independent Prognostic 
Factors in Patients with Ovarian Cancer. Oncology Reports, 13, 1153-1158.  
https://doi.org/10.3892/or.13.6.1153 

[22] Hatanaka, H., Abe, Y., Kamiya, T., Morino, F., Nagata, J., Tokunaga, T., et al. (2000) 
Clinical Implications of Interleukin (IL)-10 Induced by Non-Small-Cell Lung Can-
cer. Annals of Oncology: Official Journal of the European Society for Medical On-
cology, 11, 815-819. https://doi.org/10.1023/A:1008375208574 

[23] Bais, A.G., Beckmann, I., Lindemans, J., Ewing, P.C., Meijer, C.J., Snijders, P.J. and 
Helmerhorst, T.J. (2005) A Shift to a Peripheral Th2-Type Cytokine Pattern during 
the Carcinogenesis of Cervical Cancer Becomes Manifest in CIN III Lesions. Journal 
of Clinical Pathology, 58, 1096-1100. https://doi.org/10.1136/jcp.2004.025072 

[24] Zheng, A., Liu, N., Xu, S., Gu, L. and Su, D. (2008) Expression and Clinical Signi-
ficance of Th1 and Th2 Cytokines in Peripheral Blood of Endometrial Cancer Pa-
tients. Chinese Journal of Cancer Clinical Rehabilitation, 187, 938-941.  

[25] Miller, R.A., Miller, T.N. and Cagle, P.T. (2016) PD-1/PD-L1, Only a Piece of the 
Puzzle. Archives of Pathology & Laboratory Medicine, 140, 1187-1188.  
https://doi.org/10.5858/arpa.2016-0252-ED 

[26] Kim, K.H., Choi, K.U., Kim, A., Lee, S.J., Lee, J.H., Suh, D.S., et al. (2019) PD-L1 
Expression on Stromal Tumor-Infiltrating Lymphocytes Is a Favorable Prognostic 
Factor in Ovarian Serous Carcinoma. Journal of Ovarian Research, 12, 56.  
https://doi.org/10.1186/s13048-019-0526-0 

[27] González-Martín, A. and Sánchez-Lorenzo, L. (2019) Immunotherapy with Check-
point Inhibitors in Patients with Ovarian Cancer: Still Promising? Cancer, 125, 
4616-4622. https://doi.org/10.1002/cncr.32520 

[28] Bellone, S., Buza, N., Choi, J., Zammataro, L., Gay, L., Elvin, J., et al. (2018) Excep-
tional Response to Pembrolizumab in a Metastatic, Chemotherapy/Radiation-Re- 
sistant Ovarian Cancer Patient Harboring a PD-L1-Genetic Rearrangement. Clinical 
Cancer Research: An Official Journal of the American Association for Cancer Re-
search, 24, 3282-3291. https://doi.org/10.1158/1078-0432.CCR-17-1805 

[29] Hodi, F.S., Mihm, M.C., Soiffer, R.J., Haluska, F.G., Butler, M., Seiden, M.V., et al. 
(2003) Biologic Activity of Cytotoxic T Lymphocyte-Associated Antigen 4 Antibody 
Blockade in Previously Vaccinated Metastatic Melanoma and Ovarian Carcinoma 
Patients. Proceedings of the National Academy of Sciences of the United States of 
America, 100, 4712-4717. https://doi.org/10.1073/pnas.0830997100 

https://doi.org/10.4236/jbm.2023.114032
https://doi.org/10.1038/ni1254
https://doi.org/10.1038/ni1261
https://doi.org/10.1182/blood-2009-03-208249
https://doi.org/10.1111/cas.14174
https://doi.org/10.3892/or.13.6.1153
https://doi.org/10.1023/A:1008375208574
https://doi.org/10.1136/jcp.2004.025072
https://doi.org/10.5858/arpa.2016-0252-ED
https://doi.org/10.1186/s13048-019-0526-0
https://doi.org/10.1002/cncr.32520
https://doi.org/10.1158/1078-0432.CCR-17-1805
https://doi.org/10.1073/pnas.0830997100


Y. C. Zhang, H. Wang 
 

 

DOI: 10.4236/jbm.2023.114032 453 Journal of Biosciences and Medicines 
 

[30] Keung, E.Z., Lazar, A.J., Torres, K.E., Wang, W.L., Cormier, J.N., Ashleigh Gua-
dagnolo, B., et al. (2018) Phase II Study of Neoadjuvant Checkpoint Blockade in Pa-
tients with Surgically Resectable Undifferentiated Pleomorphic Sarcoma and Dedif-
ferentiated Liposarcoma. BMC Cancer, 18, 913.  
https://doi.org/10.1186/s12885-018-4829-0 

[31] Heery, C.R., O’Sullivan-Coyne, G., Madan, R.A., Cordes, L., Rajan, A., Rauckhorst, 
M., et al. (2017) Avelumab for Metastatic or Locally Advanced Previously Treated 
Solid Tumours (JAVELIN Solid Tumor): A Phase 1a, Multicohort, Dose-Escalation 
Trial. The Lancet. Oncology, 18, 587-598.  
https://doi.org/10.1016/S1470-2045(17)30239-5 

[32] Varga, A., Piha-Paul, S., Ott, P.A., Mehnert, J.M., Berton-Rigaud, D., Morosky, A., 
et al. (2019) Pembrolizumab in Patients with Programmed Death Ligand 1-Positive 
Advanced Ovarian Cancer: Analysis of KEYNOTE-028. Gynecologic Oncology, 
152, 243-250. https://doi.org/10.1016/j.ygyno.2018.11.017 

[33] Hamanishi, J., Mandai, M., Ikeda, T., Minami, M., Kawaguchi, A., Murayama, T., et 
al. (2015) Safety and Antitumor Activity of Anti-PD-1 Antibody, Nivolumab, in Pa-
tients with Platinum-Resistant Ovarian Cancer. Journal of Clinical Oncology: Offi-
cial Journal of the American Society of Clinical Oncology, 33, 4015-4022.  
https://doi.org/10.1200/JCO.2015.62.3397 

[34] Disis, M.L., Taylor, M.H., Kelly, K., Beck, J.T., Gordon, M., Moore, K.M., et al. 
(2019) Efficacy and Safety of Avelumab for Patients with Recurrent or Refractory 
Ovarian Cancer: Phase 1b Results from the JAVELIN Solid Tumor Trial. JAMA 
Oncology, 5, 393-401. https://doi.org/10.1001/jamaoncol.2018.6258 

[35] Liu, J.F., Gordon, M., Veneris, J., Braiteh, F., Balmanoukian, A., Eder, J.P., et al. 
(2019) Safety, Clinical Activity and Biomarker Assessments of Atezolizumab from a 
Phase I Study in Advanced/Recurrent Ovarian and Uterine Cancers. Gynecologic 
Oncology, 154, 314-322. https://doi.org/10.1016/j.ygyno.2019.05.021 

[36] Zamarin, D., Burger, R.A., Sill, M.W., Powell Jr., D.J., Lankes, H.A., Feldman, M.D., 
et al. (2020) Randomized Phase II Trial of Nivolumab versus Nivolumab and Ipili-
mumab for Recurrent or Persistent Ovarian Cancer: An NRG Oncology Study. 
Journal of Clinical Oncology: Official Journal of the American Society of Clinical 
Oncology, 38, 1814-1823. https://doi.org/10.1200/JCO.19.02059 

[37] Wei, S.C., Duffy, C.R. and Allison, J.P. (2018) Fundamental Mechanisms of Im-
mune Checkpoint Blockade Therapy. Cancer Discovery, 8, 1069-1086.  
https://doi.org/10.1158/2159-8290.CD-18-0367 

[38] Hosseinzadeh, F., Mohammadi, S. and Nejatollahi, F. (2017) Production and Evalu-
ation of Specific Single-Chain Antibodies against CTLA-4 for Cancer-Targeted 
Therapy. Reports of Biochemistry & Molecular Biology, 6, 8-14.  

[39] Pardoll, D.M. (2012) The Blockade of Immune Checkpoints in Cancer Immuno-
therapy. Nature Reviews. Cancer, 12, 252-264. https://doi.org/10.1038/nrc3239 

[40] Duraiswamy, J., Kaluza, K.M., Freeman, G.J. and Coukos, G. (2013) Dual Blockade 
of PD-1 and CTLA-4 Combined with Tumor Vaccine Effectively Restores T-Cell 
Rejection Function in Tumors. Cancer Research, 73, 3591-3603.  
https://doi.org/10.1158/0008-5472.CAN-12-4100 

[41] Curran, M.A., Montalvo, W., Yagita, H. and Allison, J.P. (2010) PD-1 and CTLA-4 
Combination Blockade Expands Infiltrating T Cells and Reduces Regulatory T and 
Myeloid Cells within B16 Melanoma Tumors. Proceedings of the National Academy 
of Sciences of the United States of America, 107, 4275-4280.  
https://doi.org/10.1073/pnas.0915174107 

https://doi.org/10.4236/jbm.2023.114032
https://doi.org/10.1186/s12885-018-4829-0
https://doi.org/10.1016/S1470-2045(17)30239-5
https://doi.org/10.1016/j.ygyno.2018.11.017
https://doi.org/10.1200/JCO.2015.62.3397
https://doi.org/10.1001/jamaoncol.2018.6258
https://doi.org/10.1016/j.ygyno.2019.05.021
https://doi.org/10.1200/JCO.19.02059
https://doi.org/10.1158/2159-8290.CD-18-0367
https://doi.org/10.1038/nrc3239
https://doi.org/10.1158/0008-5472.CAN-12-4100
https://doi.org/10.1073/pnas.0915174107


Y. C. Zhang, H. Wang 
 

 

DOI: 10.4236/jbm.2023.114032 454 Journal of Biosciences and Medicines 
 

[42] Reck, M., Rodríguez-Abreu, D., Robinson, A.G., Hui, R., Csőszi, T., Fülöp, A., et al. 
(2016) Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell 
Lung Cancer. The New England Journal of Medicine, 375, 1823-1833.  
https://doi.org/10.1056/NEJMoa1606774 

[43] Larkin, J., Hodi, F.S. and Wolchok, J.D. (2015) Combined Nivolumab and Ipilimu-
mab or Monotherapy in Untreated Melanoma. The New England Journal of Medi-
cine, 373, 1270-1271. https://doi.org/10.1056/NEJMoa1504030 

[44] Sharma, P. and Allison, J.P. (2015) The Future of Immune Checkpoint Therapy. 
Science (New York, N.Y.), 348, 56-61. https://doi.org/10.1126/science.aaa8172 

[45] Monney, L., Sabatos, C.A., Gaglia, J.L., Ryu, A., Waldner, H., Chernova, T., et al. 
(2002) Th1-Specific Cell Surface Protein Tim-3 Regulates Macrophage Activation 
and Severity of an Autoimmune Disease. Nature, 415, 536-541.  
https://doi.org/10.1038/415536a 

[46] Xu, Y., Zhang, H., Huang, Y., Rui, X. and Zheng, F. (2017) Role of TIM-3 in Ova-
rian Cancer. Clinical & Translational Oncology: Official Publication of the Federa-
tion of Spanish Oncology Societies and of the National Cancer Institute of Mexico, 
19, 1079-1083. https://doi.org/10.1007/s12094-017-1656-8 

[47] Zhu, C., Anderson, A.C., Schubart, A., Xiong, H., Imitola, J., Khoury, S.J., et al. 
(2005) The Tim-3 Ligand Galectin-9 Negatively Regulates T Helper Type 1 Immun-
ity. Nature Immunology, 6, 1245-1252. https://doi.org/10.1038/ni1271 

[48] Fucikova, J., Rakova, J., Hensler, M., Kasikova, L., Belicova, L., Hladikova, K., et al. 
(2019) TIM-3 Dictates Functional Orientation of the Immune Infiltrate in Ovarian 
Cancer. Clinical Cancer Research: An Official Journal of the American Association 
for Cancer Research, 25, 4820-4831.  
https://doi.org/10.1158/1078-0432.CCR-18-4175 

[49] Wu, J., Liu, C., Qian, S. and Hou, H. (2013) The Expression of Tim-3 in Peripheral 
Blood of Ovarian Cancer. DNA and Cell Biology, 32, 648-653.  
https://doi.org/10.1089/dna.2013.2116 

[50] Heeren, A.M., Rotman, J., Stam, A.G.M., Pocorni, N., Gassama, A.A., Samuels, S., et 
al. (2019) Efficacy of PD-1 Blockade in Cervical Cancer Is Related to a CD8(+) 
FoxP3(+)CD25(+) T-Cell Subset with Operational Effector Functions Despite High 
Immune Checkpoint Levels. Journal for Immunotherapy of Cancer, 7, 43.  
https://doi.org/10.1186/s40425-019-0526-z 

[51] Hiang, Irving, B., Tom, I., Ivelja, S., Refino, C.J., Clark, H., Eaton, D. and Grogan, 
J.L. (2009) The Surface Protein TIGIT Suppresses T Cell Activation by Promoting 
the Generation of Mature Immunoregulatory Dendritic Cells. Nature Immunology, 
10, 48-57. https://doi.org/10.1038/ni.1674 

[52] Oshima, T., Sato, S., Kato, J., Ito, Y., Watanabe, T., Tsuji, I., et al. (2013) Nectin-2 Is 
a Potential Target for Antibody Therapy of Breast and Ovarian Cancers. Molecular 
Cancer, 12, 60. https://doi.org/10.1186/1476-4598-12-60 

[53] Wang, L., Rubinstein, R., Lines, J.L., Wasiuk, A., Ahonen, C., Guo, Y., et al. (2011) 
VISTA, a Novel Mouse Ig Superfamily Ligand That Negatively Regulates T Cell 
Responses. The Journal of Experimental Medicine, 208, 577-592.  
https://doi.org/10.1084/jem.20100619 

[54] ElTanbouly, M.A., Croteau, W., Noelle, R.J. and Lines, J.L. (2019) VISTA: A Novel 
Immunotherapy Target for Normalizing Innate and Adaptive Immunity. Seminars 
in Immunology, 42, Article ID: 101308. https://doi.org/10.1016/j.smim.2019.101308 

[55] Wang, J., Wu, G., Manick, B., Hernandez, V., Renelt, M., Erickson, C., et al. (2019) 
VSIG-3 as a Ligand of VISTA Inhibits Human T-Cell Function. Immunology, 156, 

https://doi.org/10.4236/jbm.2023.114032
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1126/science.aaa8172
https://doi.org/10.1038/415536a
https://doi.org/10.1007/s12094-017-1656-8
https://doi.org/10.1038/ni1271
https://doi.org/10.1158/1078-0432.CCR-18-4175
https://doi.org/10.1089/dna.2013.2116
https://doi.org/10.1186/s40425-019-0526-z
https://doi.org/10.1038/ni.1674
https://doi.org/10.1186/1476-4598-12-60
https://doi.org/10.1084/jem.20100619
https://doi.org/10.1016/j.smim.2019.101308


Y. C. Zhang, H. Wang 
 

 

DOI: 10.4236/jbm.2023.114032 455 Journal of Biosciences and Medicines 
 

74-85. https://doi.org/10.1111/imm.13001 

[56] Mulati, K., Hamanishi, J., Matsumura, N., Chamoto, K., Mise, N., Abiko, K., et al. 
(2019) VISTA Expressed in Tumour Cells Regulates T Cell Function. British Journal 
of Cancer, 120, 115-127. https://doi.org/10.1038/s41416-018-0313-5 

[57] Grosso, J.F., Kelleher, C.C., Harris, T.J., Maris, C.H., Hipkiss, E.L., De Marzo, A., et 
al. (2007) LAG-3 Regulates CD8+ T Cell Accumulation and Effector Function in 
Murine Self- and Tumor-Tolerance Systems. The Journal of Clinical Investigation, 
117, 3383-3392. https://doi.org/10.1172/JCI31184 

[58] Lui, Y. and Davis, S.J. (2018) LAG-3: A Very Singular Immune Checkpoint. Nature 
Immunology, 19, 1278-1279. https://doi.org/10.1038/s41590-018-0257-1 

[59] Tu, L., Guan, R., Yang, H., Zhou, Y., Hong, W., Ma, L., Zhao, G. and Yu, M. (2020) 
Assessment of the Expression of the Immune Checkpoint Molecules PD-1, CTLA4, 
TIM-3 and LAG-3 across Different Cancers in Relation to Treatment Response, Tu-
mor-Infiltrating Immune Cells and Survival. International Journal of Cancer, 147, 
423-439. https://doi.org/10.1002/ijc.32785 

[60] Liu, J., Blake, S.J., Yong, M.C., Harjunpää, H., Ngiow, S.F., Takeda, K., et al. (2016) 
Improved Efficacy of Neoadjuvant Compared to Adjuvant Immunotherapy to Era-
dicate Metastatic Disease. Cancer Discovery, 6, 1382-1399.  
https://doi.org/10.1158/2159-8290.CD-16-0577 

[61] Yarchoan, M., Albacker, L.A., Hopkins, A.C., Montesion, M., Murugesan, K., Vi-
thayathil, T.T., et al. (2019) PD-L1 Expression and Tumor Mutational Burden Are 
Independent Biomarkers in Most Cancers. JCI Insight, 4, e126908.  
https://doi.org/10.1172/jci.insight.126908 

[62] Patel, S.P. and Kurzrock, R. (2015) PD-L1 Expression as a Predictive Biomarker in 
Cancer Immunotherapy. Molecular Cancer Therapeutics, 14, 847-856.  
https://doi.org/10.1158/1535-7163.MCT-14-0983 

[63] Armstrong, D.K., Alvarez, R.D., Backes, F.J., et al. (2022) NCCN Guidelines® In-
sights: Ovarian Cancer, Version 3.2022. Journal of the National Comprehensive 
Cancer Network (JNCCN), 20, 972-980. https://doi.org/10.6004/jnccn.2022.0047  
https://jnccn.org/view/journals/jnccn/20/9/article-p972.xml?print  

[64] Kumar, V., Chaudhary, N., Garg, M., Floudas, C.S., Soni, P. and Chandra, A.B. 
(2017) Current Diagnosis and Management of Immune Related Adverse Events 
(irAEs) Induced by Immune Checkpoint Inhibitor Therapy. Frontiers in Pharma-
cology, 8, 49. https://doi.org/10.3389/fphar.2017.00049 

[65] Puzanov, I., Diab, A., Abdallah, K., Bingham, C.O., Brogdon, C., Dadu, R., et al. 
(2017) Managing Toxicities Associated with Immune Checkpoint Inhibitors: Con-
sensus Recommendations from the Society for Immunotherapy of Cancer (SITC) 
Toxicity Management Working Group. Journal for Immunotherapy of Cancer, 5, 
95. https://doi.org/10.1186/s40425-017-0300-z 

 
 
 

https://doi.org/10.4236/jbm.2023.114032
https://doi.org/10.1111/imm.13001
https://doi.org/10.1038/s41416-018-0313-5
https://doi.org/10.1172/JCI31184
https://doi.org/10.1038/s41590-018-0257-1
https://doi.org/10.1002/ijc.32785
https://doi.org/10.1158/2159-8290.CD-16-0577
https://doi.org/10.1172/jci.insight.126908
https://doi.org/10.1158/1535-7163.MCT-14-0983
https://doi.org/10.6004/jnccn.2022.0047
https://jnccn.org/view/journals/jnccn/20/9/article-p972.xml?print
https://doi.org/10.3389/fphar.2017.00049
https://doi.org/10.1186/s40425-017-0300-z

	Research Hotspot and Application Status of Immune Evasion Mechanism in Ovarian Cancer
	Abstract
	Keywords
	1. Introduction
	2. Tumor Immune Microenvironment in Ovarian Cancer
	3. Research on Immunosuppressive Cells in the Immune Evasion Mechanism of Ovarian Cancer
	3.1. Cluster of Differentiation 4 Positive T Cells and Their Subsets
	3.2. Regulatory T Cells
	3.3. Helper Cell T17
	3.4. Helper Cell T1/Helper Cell T2

	4. The Current State of Research and Application of Immune Checkpoint Inhibitors in the Immune Evasion Mechanism of Ovarian Cancer
	4.1. Programmed Cell Death 1\Programmed Cell Death 1 Ligand 1
	4.2. Cytotoxic T Lymphocyte-Associated Protein 4
	4.3. New Immunotherapy Targets
	4.4. New Immunotherapy Targets

	5. Conclusion and Prospect
	Conflicts of Interest
	References

