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ABSTRACT 

In breast cancer therapy, as the leading cause of death in women, 
besides chemo-radiotherapy, immunotherapy has been increas-
ingly used. PD-1/PD-L1 axis blockade primarily acts on T lym-
phocytes, the main effectors of acquired immune response. NK 
cells, which are part of the innate immune response, also play a 
role in the anti-tumor response through the blockade of this sig-
naling pathway. The study was conducted to examine the effects 
of anti-PD-1 therapy on NK and T cells in mouse breast cancer. 
Female BALB/c mice were used, divided into two groups, one 
with induced breast cancer and one treated with anti-PD-1 anti-
body. Breast cancer cell line was used to induce the cancer, and 
the anti-PD-1 antibody was applied intraperitoneally. Cell popu-
lations in spleen and tumor microenvironment were examined us-
ing flow cytometry. Data were statistically analyzed using SPSS. 
The percentage of NK cells expressing FasL, NKG2D, and IFN-γ 
is significantly higher in spleen and tumor-infiltrating NK cells 
upon anti-PD-1 therapy, while the expression of inhibitory mark-
ers Foxp3 and IL-10 in regulatory NK cells is significantly lower. 
The percentage of T lymphocytes expressing CD107a and IL-17 
is significantly higher in the spleen, while a higher number of T 
lymphocytes expressing CD69 is present in the tumor microenvi-
ronment. The study suggests that anti-PD-1 therapy can activate 
NK and T cells, and improve anti-tumor immune response in 
breast cancer. Further research is needed to understand the in-
terplay between these cells during PD-1 blockage. 
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INTRODUCTION 

Breast cancer is the most common malignant tumor glob-
ally and the first cause of death in the female population. 
Breast cancer is the leading cause of global cancer incidence 
in 2020, with an estimated 2.3 million new cases, and repre-
senting 11.7% of all cancer cases. The number of patients is 
constantly increasing throughout the world, especially in de-
veloped countries (1). GLOBOCAN 2020 data for Serbia 
show that in 2020, there were 6.724 newly discovered cases 
of breast cancer in our country, while the number of deaths 
was 2.342 (1, 2). 

Chemoradiotherapy as the main form of treatment for ad-
vanced breast cancer has its limitations due to the manifesta-
tion of side effects and inadequate response to the drug (3-5). 
In recent years, treatments of breast cancer have been ex-
panded with immunotherapy (6). Immunotherapy with so-
called immune check point inhibitors, is used to alleviate the 
response of patients and promote the antitumor effect of T 
cells, and has become an important strategy in the treatment 
of many malignant diseases (6, 7).  

The programmed cell death 1 molecule (programmed cell 
death 1, PD-1, CD279) was first discovered in 1992 in the 
LsD9 mouse hematopoietic progenitor cell lines and 2B4-11 
mouse T-cell hybridoma in the stages of apoptosis. At that 
time, the PD-1 molecule was considered to be involved in 
apoptosis, hence its name (8). PD-1, primarily expressed on 
activated T cells’ surface, but also by NK (natural killer) and 
NKT (natural killer T) cells (9, 10), can combine with its lig-
and PD-L1 (programmed cell death 1 ligand), which presents 
expression on tumor cells and immune cells, to deprive T 
cells of killing ability (7). However, PD-L1-to-PD-1 binding 
can suppress the function of lymphocytes and reduce the re-
lease of cytokines. It can also promote the apoptosis of lym-
phocytes. Therefore, the function of CD8+ T cells is inhib-
ited, which may lead to the immune escape of tumors. PD-
1/PD-L1 inhibitors are capable of blocking PD-L1-to-PD-1 
binding and reducing the immune escape phenomenon of tu-
mors (7).  

Ligands for the PD-1 molecule are PD-1L, expressed on 
macrophages, activated T and B lymphocytes, dendritic cells 
and some epithelial cells, especially in inflammation, and 
PD-2L expressed on macrophages, peritoneal B lymphocytes 
and activated dendritic cells (11–13). In addition to the cells 
of the immune system, PD-1L is also expressed on tumor 
cells, which is associated with a worse prognosis (14). 

By blocking the PD-1/PD-1L axis, the antitumor response 
of the immune system is enhanced (15). Through the in-
creased expression of PD-1L on tumor cells, the activation of 
primarily T lymphocytes is inhibited. In this way, the tumor 
avoids the antitumor immune response (16). The main effec-
tor cells in antitumor immunity are cytotoxic T lymphocytes 
and helper T lymphocytes (17, 18). They achieve their anti-
tumor role through the production of cytotoxic substances 
containing granzyme and perforin and through the induction 

of apoptosis through FasL. Cytotoxic and helper lympho-
cytes also secrete large amounts of cytokines into the tumor 
microenvironment, especially IFN-γ, which is responsible for 
the expression of ligands for PD-1 (19, 20). Cells of innate 
immunity, NK cells, also play an important role in the anti-
tumor immune response. The degree of tumor tissue infiltra-
tion by these cells is a good prognostic indicator (21). They 
achieve an antitumor effect by different mechanisms, stimu-
late the migration of T lymphocytes into tumor tissue and di-
rectly eliminate tumor cells (22). They also play a role in pre-
venting metastases by eliminating circulating tumor cells 
(23). 

The role of the PD-1/PD-1L axis in tumor biology is well 
known. However, the data are very modest when it comes to 
the effect of PD1 blockade on T lymphocytes and NK. Our 
data suggest that these cells may also be important for more 
effective anti-PD1 therapy in malignancy, and may contrib-
ute to an overall effective immune response to breast cancer, 
as anti-PD1 therapy induces phenotypic changes in T lym-
phocytes and NKT cells. In addition, research in animal mod-
els has shown that blockade of the PD-1/PD-1L axis signifi-
cantly delays palpable tumor onset and slows primary tumor 
growth in experimental breast cancer models. 

MATERIAL AND METHODS 

The study was conducted, in the period from 2019 to 
2021, at the Center for Molecular Medicine and Stem Cell 
Research of the Faculty of Medical Sciences, University of 
Kragujevac, as well as at the Institute for Medical Research 
of the Faculty of Medicine of the Military Medical Academy 
in Belgrade. 

Experimental animals 

For the research study, we used syngeneic female 
BALB/c (wild type, WT) mice, aged 6 to 8 weeks. During 
the experiments, the mice were kept in the vivarim, and in 
accordance with standard laboratory conditions (22 ± 2 °C, 
relative humidity 51 ± 5% and a 12-hour light-dark cycle). 
The animals had access to a source of food and water 
throughout the duration of the experiment. 

Experimental animals are divided into experimental 
groups: 

1) female BALB/c mice with breast cancer induced; 
2) female BALB/c mice induced with breast cancer and 

treated with anti PD-1 antibody; 
 

Tumor induction 

Weakly immunogenic breast cancer cell lines (4T1) com-
patible with the BALB/c genetic background were purchased 
from ATCC (American Type Culture Collection, ATCC, 
USA). An earlier protocol (24) was used. A dose of 5ˣ103 4T1 
cells was used, which was determined based on the results of 
a series of pre-experiments that preceded this research study. 



Monitoring of palpable tumor appearance and tumor growth 
was followed by previously described methods (25). 

Administration of anti PD-1 antibodies 

Mouse anti PD-1 antibody was purchased from BioXcell 
(clone number: RMP1-14). The antibody was applied intra-
peritoneally to BALB/c mice on the third, sixth, ninth and 
eleventh days, starting from the day of tumor induction, in a 
dose of 150 μg dissolved in 150 μl of PBS (Phosphate-buff-
ered saline). Mice that did not receive anti PD-1 antibody re-
ceived intraperitoneally 150 μl of PBS on the same days. 

Examination of cell populations in the spleen and tumor 
microenvironment - flow cytometry 

Single-cell suspensions of spleen cells were obtained by 
mechanical dispersion, while single-cell suspensions of pri-
mary tumors were obtained by an enzymatic digestion pro-
cess, as previously described (25). Fluorochrome-labeled 
anti-mouse antibodies specific for CD3, CD49, CD69, 
NKG2D (natural killer group 2D) and isotype controls (BD 
Pharmingen, NJ/Invitrogen, Carlsbad, CA) were used in the 
research. For intracellular staining, which was performed ac-
cording to an established protocol (25), anti-mouse antibod-
ies specific for CD107a, Foxp3 (forkhead box P3), IFN-γ, IL-
10 (Interleukin - IL), IL-17 were used (BD Pharmingen/ Bi-
oLegend/eBiosciences). From 20,000 to 100,000 cells per 
sample were analyzed by flow cytometry. Flow cytometry 
was performed on a FACSCalibur Flow Cytometer (BD Bi-
osciences, San Jose, CA) and data were analyzed using 
FlowJo software (Tree Star).  

Ethical statement 

The research was approved by the competent Ethical 
Commission for the welfare of laboratory animals of the Fac-
ulty of Medical Sciences of the University of Kragujevac (ap-
proval number: 01-12188 dated 26.10.2018). All research 
procedures were conducted in compliance with the Helsinki 
Declaration and the Principle of Good Laboratory Practice. 

Statistical data processing 

All obtained data were statistically processed using the 
software program (SPSS v.23), using Student's t test, Mann-
Whitney U test, ANOVA or Kruskal–Wallis tests as needed. 
The difference in the appearance of the primary tumor was 
analyzed using the Kalpan-Meier curve and log-rank analy-
sis. 

RESULTS 

Effect of PDL/PD-1 blockade on NK cells 

The percentage of FasL-expressing CD3-CD4b+ NK cells 
was significantly higher in spleens of BALB/c mice on anti 
PD1 therapy compared to BALB/c mice without therapy 
(p<0.05; Figure 1a). The percentage of CD3-CD4b+ NK cells 
that were expressing NKG2D was significantly higher in the 
spleen of anti PD-1 treated BALB/c mice (p<0.05; Figure 

1b). Anti PD-1 therapy significantly increased IFN-γ (inter-
feron-gama) expression in splenic CD3-CD4b+ NK cells 
BALB/c mice compared to WT mice without therapy 
(p<0.05; Figure 1c). The percentage of CD3-CD4b+ NK cells 
producing IL-10 was significantly lower in WT mice on PD-
1 therapy (p<0.05; Figure 1d). In the tumor microenviron-
ment, anti PD-1 therapy significantly increased accumulation 
of CD3-CD4b+ NK cells that were expressing NKG2D 
(p<0.05; Figure 2a). Also, the percentage of FoxP3-express-
ing CD3-CD4b+ NK cells was significantly lower in tumors 
from WT mice on anti-PD-1 therapy compared to WT mice 
without therapy (p<0.05; Figure 2b).  

Effect of PDL/PD-1 blockade on T lymphocytes 

Application of anti-PD-1 therapy has significantly in-
creased expression of CD107a molecule in splenic 
CD3+CD49b- T lymphocytes (p<0.05; Figure 3a). Also, anti 
PD-1 therapy has significantly increased production of IL-17 
in splenic CD3+CD49b- T lymphocytes (p<0.05; Figure 3b). 
In the tumor microenvironment, the application of anti-PD-1 
therapy has significantly increased percentage representation 
of CD69+ CD3+CD49b- T lymphocytes (p<0.05; Figure 4a). 
Anti-PD-1 therapy has significantly decreased percentage 
representation of IL10+ CD3+CD49b- T lymphocytes in com-
pared to the experimental group without therapy (p<0.05; 
Figure 4b). 

DISCUSSION  

Immunotherapy of breast carcinoma is currently evolving 
filed, with usage of immune check-point inhibitors being in 
the limelight of scientific research (26). Anti-PD-1 therapy is 
still emerging as one of the leading therapeutics in breast can-
cer, with it being approved in triple-negative breast cancer 
(27). Effects of PD-1 blockage are mainly conveyed through 
facilitation of effector cells, such as T and NK cells (28).  The 
roles of T and NK cells in immune response to breast carci-
noma are intertwined. T cells eradicate tumor cells via 
presentation of tumor antigens, and NK cells additionally 
eradicate every transformed cell, regardless of tumor antigen 
presentation (29). In addition, activated NK cells can further 
on stimulate effector T cells. Anti-PD-1 therapy stimulates 
both types of cells, making overall immune response more 
efficient.  To illustrate the exact effect behind T and NK cells 
activation during anti- PD-1 therapy, we conducted this study 
to analyze the phenotype changes of T and NK cells during 
immune response to breast carcinoma.  

We firstly analyzed NK cells in both, spleen and tumor 
microenvironment. As mentioned above, NK cells have im-
portant role in eradicating all tumors cells, but chronic in-
flammation that takes place constantly in the tumor microen-
vironment, could induce inefficient regulatory phenotype of 
NK cells (30). On the other hand, some recent studies show 
that increased percentage of NK cells within tumor microen-
vironment are related to increased survival (31) Our results 
revealed that administration of anti-PD-1 antibodies in-
creases the expression of activating markers such as FasL, 



NKG2D and IFN-γ in both, splenic and tumor-infiltrating 
NK cells (Fig 1-2). These results are in line with previously 
published data (28). On the other hand, anti- PD-1 therapy 
significantly decreased the expression of inhibitory markers 
such as Foxp3 and IL-10 in NK cells (Fig 1-2). Foxp3 and 
IL-10 are thought to be markers of a regulatory NK cells phe-
notype (32). The application of anti- PD-1 therapy therefore 
efficiently reduces phenotype switch of NK cells towards 
regulatory one within spleen, and more importantly, within 
tumor environment.  

The important role of T cells in antitumor immunity is 
well established. When it comes to T cells, anti PD-1 therapy 
increases the percentage of splenic CD107a+ and IL-17+ T 
cells (Fig 3-4). Our results are in line with previously pub-
lished studies (33, 34).  CD107a/LAMP-1 (Eng. Lysosome-
Associated Membrane Protein 1) is one of the main glyco-
proteins in the membrane of cytolytic granules and also a 
marker of degranulation of NK cells and CTLs (35). CD107a 
expression correlates with cytokine secretion and cytotoxic 
function of NK cells. IL-17 is a marker of increased inflam-
matory response (36).  

Within tumor microenvironment, after application of anti-
PD-1 antibody, there is an increased percentage of CD69+ T 
lymphocytes, and, on the other hand, there is decreased level 
of immunosuppressive IL-10 (Fig 3-4). The C-type lectin re-
ceptor CD69 represents an early activating marker and may 
play a direct role in mediating cytotoxicity against tumor tar-
get cells (37). These results are in line with previously pub-
lished studies (38, 39). When it comes to IL-10, its increased 
expression could be indicative of exhaustion in T cells, skew-
ing T cells towards immunosuppressive phenotype (40). As 
anti PD-1 blockage lowers IL-10 expression in tumor micro-
environment, tumor-infiltrating T cells during anti PD-1 ther-
apy are evidently more active conveyers of anti-tumor im-
munity. These phenotype changes of T cells in spleen and 
tumor microenvironment altogether illustrate a more active T 
cell, leading to overall more effective anti-tumor response.  

In conclusion, our presented results indicate that anti- PD-
1 therapy activates both, NK and T cells, producing a more 
improved anti-tumor immune response to breast carcinoma, 
which could potentially lead to better prognosis.  More stud-
ies are required to further elucidate the interplay between NK 
and T cells during PD-1 blockage in breast carcinoma.  

 
Figure 1. The percentage of FasL+ cells was significantly higher in spleens of BALB/c mice  

on anti PD1 therapy compared to BALB/c mice without therapy (1a).  

 
The percentage of cells that were expressing NKG2D was significantly higher  

in the spleen of anti PD-1 treated BALB/c mice (1b). Increased IFN-γ expression in NK cells BALB/c mice  
compared to WT mice without therapy (1c). The percentage of NK cells producing IL-10 was significantly  

lower in WT mice on PD-1 therapy (1d). Statistical significance is defined using Student's t test. 



Figure 2. Increased accumulation of CD3-CD4b+ NK cells that were expressing NKG2D (2a) and  
significantly lower percentage of FoxP3-expressing CD3-CD4b+ NK cells in tumors from WT mice with  

anti-PD-1 therapy compared to WT mice without therapy (p<0.05; Figure 2b).  
Statistical significance is defined using Student's t test. 

 

Figure 3. Significantly increased expression of CD107a molecule in splenic CD3+CD49b- T  
lymphocytes (3a) and significantly increased production of IL-17 in splenic CD3+CD49b- T  

lymphocytes (3b) in WT mice with anti-PD-1 therapy compared to WT mice without therapy.  
Statistical significance is defined using Student's t test. 

 

Figure 4. Significantly increased percentage representation of CD69+ CD3+CD49b- T lymphocytes (4a)  
and significantly decreased percentage representation of IL10+ CD3+CD49b- T lymphocytes (4b) in the  

tumor microenvironment of WT mice with anti-PD-1 therapy compared to the experimental group  
without therapy. Statistical significance is defined using Student's t test. 



DECLARATION OF INTEREST 

The authors declare that they have no competing interests. 

ACKNOWLEDGEMENTS 

This work was supported by grant from the Faculty of 
Medical Sciences Kragujevac (JP02/20), Serbia.  

REFERENCES 

1. Sung H, Ferlay J, Siegel RL, Laversanne M, 
Soerjomataram I, Jemal A, et al. Global Cancer Statistics 
2020: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. 
CA Cancer J Clin. 2021; 71(3): 209-249. doi: 
10.3322/caac.21660. Epub 2021 Feb 4.  

2. Internet site: https://gco.iarc.fr/today/data/factsheets/ 
populations/688-serbia-fact-sheets.pdf 

3. Brown L, Carr MJ, Sam C, Sun W, Whiting J, Kim Y, et 
al. Tolerance and Outcomes of Neoadjuvant Chemothe-
rapy in Geriatric Breast Cancer Patients. J Surg Res. 
2023; 283: 329-335. doi:10.1016/j.jss.2022.10.092. 

4. Guo YQ, Ju QM, You M, Liu Y, Yusuf A, Soon LK. 
Depression, anxiety and stress among metastatic breast 
cancer patients on chemotherapy in China. 2023; 22(1): 
33. doi: 10.1186/s12912-023-01184-1. 

5. Wang J, Seebacher N, Shi H, Kan Q, Duan Z. Novel stra-
tegies to prevent the development of multidrug resi-
stance (MDR) in cancer. Oncotarget. 2017; 8(48): 
84559-71. doi: 10.18632/oncotarget.19187. 

6. Hu Y, Li Y, Yao Z, Huang F, Cai H, Liu H, et al. Immu-
notherapy: Review of the Existing Evidence and 
Challenges in Breast Cancer. Cancers (Basel). 2023; 
15(3): 563. doi: 10.3390/cancers15030563. 

7. Ribas A, Wolchok JD. Cancer immunotherapy using 
checkpoint blockade. Science. 2018; 359: 1350-1355. 
doi: 10.1126/science.aar4060. 

8. Ishida Y, Agata Y, Shibahara K, Honjo T. Induced 
expression of PD-1, a novel member of the immunoglo-
bulin gene superfamily, upon programmed cell death. 
EMBO J. 1992; 11(11): 3887-95. doi: 10.1002/j.1460-
2075.1992.tb05481.x.  

9. Mariotti FR, Petrini S, Ingegnere T, Tumino N, Besi F, 
Scordamaglia F, et al. PD-1 in human NK cells: evidence 
of cytoplasmic mRNA and protein expression. 
Oncoimmunology. 2018; 8(3): 1557030. doi: 
10.1080/2162402X.2018.1557030.  

10. Pesce S, Greppi M, Tabellini G, Rampinelli F, Parolini 
S, Olive D, et al. Identification of a subset of human 
natural killer cells expressing high levels of programmed 
death 1: A phenotypic and functional characterization. J 
Allergy Clin Immunol. 2017; 139 (1): 335-346.e3. doi: 
10.1016/j.jaci.2016.04.025. 

11. Gutic B, Bozanovic T, Mandic A, Dugalic S, Todorovic 
J, Stanisavljevic D, et al. Programmed cell death-1 and 
its ligands: Current knowledge and possibilities in 
immunotherapy. Clinics (Sao Paulo). 2023; 78: 100177. 
doi: 10.1016/j.clinsp.2023.100177.  

12. Nie X, Chen W, Zhu Y, Huang B, Yu W, Wu Z, et al. 
B7-DC (PD-L2) costimulation of CD4+ T-helper 1 
response via RGMb. Cell Mol Immunol. 2018; 15(10): 
888-97. doi: 10.1038/cmi.2017.17. 

13. Hoffmann O, Wormland S, Bittner AK, Collenburg M, 
Horn PA, Kimmig R, et al. Programmed death receptor 
ligand-2 (PD-L2) bearing extracellular vesicles as a new 
biomarker to identify early triple-negative breast cancer 
patients at high risk for relapse. J Cancer Res Clin Oncol. 
2023; 149(3):1159-74. doi: 10.1007/s00432-022-039 
80-9. 

14. Ohaegbulam KC, Assal A, Lazar-Molnar E, Yao Y, 
Zang X. Human cancer immunotherapy with antibodies 
to the PD-1 and PD-L1 pathway. Trends Mol Med. 2015; 
21 (1): 24-33. 

15. Vaddepally RK, Kharel P, Pandey R, Garje R, Chandra 
AB. Review of Indications of FDA-Approved Immune 
Checkpoint Inhibitors per NCCN Guidelines with the 
Level of Evidence. Cancers (Basel). 2020; 12 (3): 738. 

16. Schildberg FA, Klein SR, Freeman GJ, Sharpe AH. 
Coinhibitory Pathways in the B7- CD28 Ligand-
Receptor Family. Immunity. 2016; 44 (5): 955-72. 

17. Borst J, Ahrends T, Bąbała N, Melief CJM, 
Kastenmüller W. CD4+ T cell help in cancer 
immunology and immunotherapy. Nat Rev Immunol. 
2018; 18 (10): 635-47. 

18. Farhood B, Najafi M, Mortezaee K. CD8+ cytotoxic T 
lymphocytes in cancer immunotherapy: A review. J Cell 
Physiol. 2019; 234 (6): 8509-21. 

19. Pathria P, Louis TL, Varner JA. Targeting Tumor-
Associated Macrophages in Cancer. Trends Immunol. 
2019; 40 (4): 310-27 

20. Alper KM, Gunes E. The untold story of IFN-γ in cancer 
biology. Cytokine Growth Factor Rev. 2016; 31: 73-81. 

21. Mandal R, Şenbabaoğlu Y, Desrichard A, Havel JJ, Da-
lin MG, Riaz N, et al. The head and neck cancer immune 
landscape and its immunotherapeutic implications. 
2016; 1(17): e89829. doi: 10.1172/jci.insight.89829. 

22. Davis ZB, Vallera DA, Miller JS, Felices M. Natural 
killer cells unleashed: Checkpoint receptor blockade and 
BiKE/TriKE utilization in NK-mediated anti-tumor 
immunotherapy. Semin Immunol. 2017; 31: 64-75. 
doi:10.1016/j.smim.2017.07.011.  

23. Freud AG, Mundy-Bosse BL, Yu J, Caligiuri MA. The 
Broad Spectrum of Human Natural Killer Cell Diversity. 
Immunity. 2017; 47(5): 820-33. doi: 
10.1016/j.immuni.2017.10.008. 

24. Jurisevic M, Jagic N, Gajovic N, Arsenijevic A, Jovano-
vic M, Milovanovic M, et al. O,O'-diethyl-(S,S)-ethyle-
nediamine-N,N'-di-2-(3-cyclohexyl) propanoate 
dihydrochloride enhances influx of effective NK and 
NKT cells in murine breast cancer. Vojnosanit Pregl. 
2020; 77(7): 715–723  doi:10.2298/VSP180723149J. 

25. Gajovic N, Jurisevic M, Pantic J, Radosavljevic G, Arse-
nijevic N, Lukic ML, et al. Attenuation of NK cells faci-
litates mammary tumor growth in streptozotocin-indu-
ced diabetes in mice. Endocr Relat Cancer 2018;  25(4): 
493-507. 



26. Keenan TE, Tolaney SM. Role of Immunotherapy in 
Triple-Negative Breast Cancer. J Natl Compr Canc 
Netw. 2020; 18(4): 479-489. doi: 
10.6004/jnccn.2020.7554. 

27. Liu Q, Cheng R, Kong X, Wang Z, Fang Y, Wang J. 
Molecular and Clinical Characterization of PD-1 in 
Breast Cancer Using Large-Scale Transcriptome Data. 
Front Immunol. 2020; 11: 558757. doi: 10.3389/fimmu. 
2020.558757. 

28. Dong W, Wu X, Ma S, Wang Y, Nalin AP, Zhu Z, et al. 
The Mechanism of Anti-PD-L1 Antibody Efficacy 
against PD-L1-Negative Tumors Identifies NK Cells 
Expressing PD-L1 as a Cytolytic Effector. Cancer Dis-
cov. 2019; 9(10): 1422-1437. doi: 10.1158/2159-
8290.CD-18-1259. 

29. Neo SY, Yang Y, Record J, Ma R, Chen X, Chen Z, et 
al. CD73 immune checkpoint defines regulatory NK 
cells within the tumor microenvironment. J Clin Invest. 
2020; 130(3): 1185-1198. doi: 10.1172/JCI128895. 

30. Morandi F, Horenstein AL, Chillemi A, Quarona V, 
Chiesa S, Imperatori A, et al. CD56brightCD16- NK cells 
produce adenosine through a CD38-mediated pathway 
and act as regulatory cells inhibiting autologous CD4+ T 
cell proliferation. J Immunol. 2015; 195(3): 965–972. 
doi: 10.4049/jimmunol.1500591. 

31. Tian W, Wang L, Yuan L, Duan W, Zhao W, Wang S, 
et al. A prognostic risk model for patients with triple 
negative breast cancer based on stromal natural killer 
cells, tumor-associated macrophages and growth-arrest 
specific protein 6. Cancer Sci. 2016; 107(7): 882–889. 
doi: 10.1111/cas.12964. 

32. Zwirner NW, Domaica CI, Fuertes MB. Regulatory 
functions of NK cells during infections and cancer. J 
Leukoc Biol. 2021; 109(1): 185-194. doi: 
10.1002/JLB.3MR0820-685R.  

33. Zhang H, Li Y, Liu X, Liang Z, Yan M, Liu Q, et al. 
ImmTAC/Anti-PD-1 antibody combination to enhance 
killing of cancer cells by reversing regulatory T-cell-me-
diated immunosuppression. Immunology. 2018; 155(2): 
238-250. doi: 10.1111/imm.12954.  

34. Wu D, Liu Y, Pang N, Sun M, Wang X, Haridia Y, et al. 
PD-1/PD-L1 pathway activation restores the imbalance 
of Th1/Th2 and treg/Th17 cells subtypes in immune 
thrombocytopenic purpura patients. Medicine (Balti-
more). 2019; 98(43): e17608. doi: 10.1097/MD.000000 
0000017608. 

35. Dong MB, Wang G, Chow RD, Ye L, Zhu L, Dai X, et 
al. Systematic Immunotherapy Target Discovery Using 
Genome-Scale In Vivo CRISPR Screens in CD8 T 
Cells. Cell. 2019; 178(5): 1189-1204.e23. doi: 
10.1016/j.cell.2019.07.044. 

36. Amatya N, Garg AV, Gaffen SL. IL-17 Signaling: The 
Yin and the Yang. Trends Immunol. 2017; 38(5): 310-
322. doi: 10.1016/j.it.2017.01.006.  

37. Borrego F, Robertson MJ, Ritz J, Pena J, Solana R. 
CD69 is a stimulatory receptor for natural killer cell 
and its cytotoxic effect is blocked by CD94 inhibitory 
receptor. Immunology 1999; 97(1): 159–165. 

38. Wang Z, Tan F. The blockade of PD-1/PD-L1 pathway 
promotes the apoptosis of CD19+ CD25+ Bregs and 
suppresses the secretion of IL-10 in patients with allergic 
rhinitis. Scand J Immunol. 2020; 91(2): e12836. doi: 
10.1111/sji.12836.  

39. Prasad S, Hu S, Sheng WS, Chauhan P, Lokensgard JR. 
Reactive glia promote development of CD103+ CD69+ 
CD8+ T-cells through programmed cell death-ligand 1 
(PD-L1). Immun Inflamm Dis. 2018; 6(2): 332-344. doi: 
10.1002/iid3.221.  

40. Gao Z, Feng Y, Xu J, Liang J. T-cell exhaustion in 
immune-mediated inflammatory diseases: New implica-
tions for immunotherapy. Front Immunol. 2022; 13: 
977394. doi: 10.3389/fimmu.2022.977394. 


