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Abstract

Immune checkpoint blockade with anti-programmed cell death protein 1 (PD-1) antibody has become a hot topic for the
treatment of human malignancies. Here, we aimed to investigate whether the percentage of PD-1 in CD8+ tumor-infiltrating
lymphocytes correlates with the progression of colonic-derived peritoneal adenocarcinoma (PA). Peripheral blood and tissue
samples from 40 patients with colonic-derived PA were collected and subjected to multicolor flow cytometry analysis of the
percentage of peripheral PD-1+CD8+ T cells. The multiple immunofluorescence method was used to detect the positive
percentages of PD-1 and CD8 in the tissues. The enrolled patients were divided into groups by recurrence interval (less than
6 months, greater than two years) and differentiation grade (low, well/moderate). In the colonic-derived PA tissues, the
percentages of cells positive for PD-1, CD8, and PD-1+CD8+ were higher in the paracancer tissues compared with cancerous
tissues. PD-1+CD8+ T cells had an increased presence in peripheral blood than in tissues. Our data also indicated that
colonic-derived PA patients with less than a six-month recurrence interval presented higher levels of PD-1 in CD8+ tumor-
infiltrating lymphocytes in than the two-year recurrence group. The level of PD-1+CD8+Tcells in the tissue correlated with the
clinical outcome of colonic-derived PA. Higher percentages of PD-1+CD8+T cells correlated with a shorter progression-free
survival (PFS). PD-1 in CD8+ tumor-infiltrating lymphocytes may have a good predictive value for immunotherapy of colonic-
derived PA and act as the prognostic factor for PFS.
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Introduction

Colonic-derived peritoneal adenocarcinoma (PA) is the
most common pathologic type of peritoneal tumor. Due to
the insidious onset and relatively difficult treatment of this
disease, it is crucial to find an effective clinical treatment
(1). Most PAs are metastatic, and colon cancer is the most
common primary lesion. The most prominent features of
colonic-derived PA are diffused or localized invasive
malignancy. Although clinical therapy for the colonic-
derived PA in recent years has become multi-modal, most
patients do not experience clinical benefits after under-
going radical resection and chemotherapy.

Immune checkpoint blockade was an innovation in
cancer treatment (2–4). Although immune checkpoint
therapy has achieved good remission in some cancer
patients, there are few reports on its use in colonic-derived
PA. Programmed cell death protein 1 (PD-1) is part of the
B7/CD28 family and is mainly expressed by activated T
cells. It acts as a key immune-checkpoint receptor in the

regulation of immunosuppression (5,6). Immunotherapy is
now considered to be the key treatment for cancer, and
the PD-1 checkpoint has achieved significant progress in
clinical therapy for human melanoma, lung cancer, renal
cancer, and Hodgkin’s lymphoma (7). Immune check-
points expressed by Tcells can negatively mediate human
immunity against tumors. Lymphocyte subsets are impor-
tant tools for revealing the immune status of the human
body (8). More recent studies in immunotherapy have
further demonstrated the synergistic effect on tumor
immune response activation (9,10). PD-1 is considered
as an exhaustion marker for Tcells (11). Exhausted Tcells
express inhibitory receptors, produce fewer effector
cytokines, and lose the ability to eliminate cancer (12).
PD-1 also closely correlates with clinical outcomes of
human cancer. Granier et al. (13) reported the existence of
PD-1+ cells associated with poor prognosis in renal cell
carcinoma. However, most patients have limited clinical
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benefits after receiving immunosuppressive therapy. The
main reason is the emergence of drug resistance during
treatment (14,15). For patients who develop drug resis-
tance, receiving PD-1 immunosuppressive therapy alone
is not enough (16). Our laboratory has reported that
differential frequencies of PD-1 in the peripheral blood of
patients with peritoneal neoplasms correlates with the
different pathological types. PD-1 presents higher levels in
the adenocarcinoma group compared with the mesothe-
lioma group (17). However, there are no reports on the
correlation between PD-1 and drug resistance in PA.

The purpose of the present study was to investigate
whether the positive percentage of PD-1 in CD8+ tumor-
infiltrating lymphocytes is associated with the progression
of colonic-derived PA. We investigated the immunohisto-
chemical result of PD-1+CD8+T cells expression in
different tissue groups. Considering that malignant tumors
are prone to recurrence, the focus of this article was to
explore whether PD-1 in CD8+ tumor-infiltrating lympho-
cytes are correlated with recurrence interval and progres-
sion-free survival (PFS). We also detected the expression
of circulating PD-1+CD8+T cells in the peripheral blood.
Furthermore, the differential expression of PD-1+CD8+T
cells in peripheral blood and tissues of colonic-derived PA
was compared (18,19).

Material and Methods

Patients
Patients with colonic-derived PA were enrolled

between December 2022 and April 2024. All the 40
patients enrolled received no previous PD-1 immune
checkpoint blockade, and the pathological type was
confirmed as colonic-derived PA. Patients with other
tumors and immune system diseases were excluded.
Peripheral blood samples (EDTA-K2 anti-coagulated)
were obtained from the laboratory department, and tissue
samples were collected from patients who underwent
surgery at Beijing Shijitan Hospital. The enrolled patients
were divided into groups by recurrence interval (less than
6 months, greater than two years) and differentiation
grade (low, well/moderate). The patients’ details are listed
in Table 1. This study was approved by the institutional
review board for the protection of human subjects, and all
participants gave informed written consent.

Flow cytometry analysis
This experiment used the Beckman Coulter ten-color

flow cytometer (Navios, USA). EDTA-coated fresh venous
blood samples were collected from patients. The anti-
bodies used were: specific antibodies against human APC
CD279 (PD-1), APC/Firet 750 anti-human CD4, PE anti-
human CD3, Pacific Bluet anti-human CD8, and Brilliant
Violet 510t anti-human CD45 (all from Biolegend, USA).
Fresh venous blood samples labeled with corresponding
fluorochrome conjugated non-immune isotypes were used

as negative controls. The viability of the cells was also
tested by violet amine reactive dye (Invitrogen, USA).
Fresh venous blood samples (200 mL) were incubated
with 5 mL of each antibody. After 20 min of incubation at
room temperature in the dark, blood cells were lysed with
erythrolysin (Beckman Coulter) for 15 min at room
temperature in the dark. After two washing steps in
phosphate-buffered saline (PBS), cells were analyzed by
flow cytometry. For the analyses of PD-1 on the surface of
T cells, 5000 lymphocytes per tube were collected as
termination condition. The analysis was performed with
Kaluza software (Beckman Coulter).

Multiple immunofluorescence stains for PD-1 in tissue
sections

The paraffin-embedded tissue samples were sec-
tioned into 5-mm slices. The sections were dewaxed with
xylene for 30 min at room temperature and then
dehydrated by a gradient of ethanol. After three washing
steps in PBS, the tissue sections were blocked with
endogenous peroxidase for 20 min at room temperature.
After antigen retrieval, the samples were incubated with
mouse polyclonal PD-1 antibody (Proteintech, USA) at a
dilution of 1:300 at 4°C overnight. After washing steps
in PBS, the sections were incubated with fluorescently
labeled secondary antibodies for 40 min at room
temperature, followed by three washing steps in PBS,
and then 100 mL DAPI solution was added and incubated
for 5 min at room temperature in the dark. After three
washing steps in PBS, the tissue sections were dehy-
drated with a gradient of ethanol, then sealed with
fluorescent tablet (Sealing medium, EURO, Germany).

Analysis was performed using TissueGnostics soft-
ware (Austria). The DAPI staining kernel identifies all
DAPI cores based on the strength of the threshold setting.
After the analysis parameters were set, the expressions of
PD-1 and CD8 in cells were analyzed using the nucleus
as the starting point. The immunostaining intensity was
determined by the average pixel intensity per cell relative
to all pixels in a cell region of 8-bit grayscale. Using
the ATHE software, a specific distance of 10 mm can be

Table 1. Patients’ characteristics.

Parameter n (%) or median [Q1–Q3]

Total number of patients enrolled 40

Age at diagnosis (years) 55.8 [22–82]
Gender (F/M) 15/25

Histological grade

Low differentiation 27 (66.3%)

Moderate differentiation 7 (16.25%)

High differentiation 6 (17.50%)

Recurrence after initial surgery

o6 months 16 (20%)

42 years 15 (18.75%)
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observed, and based on non-specific control samples, it
can be determined that the cytoplasmic immunostaining
intensity above a specific threshold is specific. The
percentage of positive cells (percentage of positive cells/
all nucleated cells) and the positive cell density were
measured using the TissueQuest assay platform. To
ensure the accuracy of the results, three independent
pathologists quantified the CD8- and PD-1-positive cells.

Statistical data analysis
The percentages of positive cells in peripheral blood

and tissue sections were compared by group using
independent sample t-test or Mann-Whitney U nonpara-
metric test. The data are reported as medians and
interquartile range. Kaplan-Meier curves were used to
analyzed PFS. Po0.05 indicated a significant difference.
Data were analyzed using GraphPad Prism 5.0 software
(GraphPad Software, USA).

Results

PD-1 positive expressions in CD8+ tumor-infiltrating
lymphocytes in tissue sections vs progression-free
survival (PFS)

The differential expression of CD8 and PD-1 in
colonic-derived PA and adjacent tissues is shown in
Figure 1A and B. The results showed that CD8+ (13.7 vs
5.9%, P=0.015), PD-1+ (12.2 vs 6.3%, P=0.012), and
PD-1+CD8+ Tcells (10.1 vs 4.9%, P=0.003) were higher
in para-cancerous tissues than in cancerous tissues
(Figure 2A).

PFS was greater amongst those with lower levels
of PD-1+ (tumor-infiltrating lymphocytes (TILs) (median
PFS in high level 11.7 months vs 24.5 months in low level,
P=0.042, Figure 2B). The level of PD-1+ in the tissue
sections correlated with PFS.

Circulating PD-1+CD8+T cells in peripheral blood
The frequency of circulating PD-1+CD8+T cells in

peripheral blood was explored by flow cytometry (Figure
3A). We compared the differential percentages of PD-1
+CD8+ T cells in the peripheral blood and tissue
sections of the same patient. PD-1+CD8+ T cells were
lower in TILs than circulating lymphocytes in peripheral
blood (24.3 vs 8.9%, Po0.001, Figure 3B).

The percentage of PD-1+CD8+ T cells in tissue
sections correlated with differentiation and
recurrence interval

The association of PD-1+CD8+ T cells in peripheral
blood and in tissue sections with differentiation grade (low,
moderate/well) were investigated. Compared with low
grade, the patients with well/moderate grade adenocarci-
noma had increased expression of PD-1+ CD8+ T
lymphocytes (10.6 vs 16.1%, P=0.027, Figure 4A).

No association was found with PD-1+CD8+ T cells in
peripheral blood (Figure 4A).

The recurrence interval after the first surgery was
divided into two groups (less than 6 months and greater
than two years). The percentage of Ki-67-positive cells
had no statistical difference between the above groups
(61.00 vs 62.78%; P=0.872, Figure 4B). The percentage
of PD-1+CD8+ T cells in tissues was higher in
recurrence in the less than 6 months group than that in
the group of recurrence in more than 2 years (11.27 vs
7.25%; P=0.038, Figure 4B). PD-1+CD8+T cells in the
peripheral blood had no relationship with the recurrence
interval (Figure 4B).

Discussion

Immune checkpoint blockade with anti-PD-1 has
become a hot topic for the treatment of human malig-
nancies (20,21). As its name implies, PD-1 is encoded by
the PDCD1 gene and was initially identified to induce
programmed cell death (22). The application of immune
checkpoint blockade with anti-PD-1 in colonic-derived
peritoneal neoplasms is rarely reported, and it remains
unclear how PD-1 impacts the prognosis of colonic-
derived PA. Antibodies that block the PD-1 pathway have
demonstrated antitumor activity in cancer patients and
have gained approval by the Food and Drug

Figure 1. A, Multiple tissue fluorescence maps of PD-1 and CD8.
Blue for DAPI, green for PD-1, and red for CD8. Scale bars, 100
mm. B, Hematoxylin eosin staining results of adjacent and adeno-
carcinoma tissues. Scale bars, 200 mm, � 400 magnification.
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Administration (USA) for treatment of several different
cancers (23,24). Kamphorst et al. (25) showed that 70% of
lung cancer patients with disease progression had a
delayed PD-1+CD8+ T cell response, whereas 80% of
patients with clinical benefit expressed PD-1+CD8+ T
cell. Furthermore, it has been reported by Bekos et al. (26)
that, in ovarian tumor tissues, the percentages of CD8-,
PD-1-, and PD-L1-expressing subpopulations of TILs
differed between primary tumor tissues and metastatic
intraperitoneal metastases. Moreover, in peripheral blood
of patients with acute-on-chronic liver failure, PD-1
induced T lymphocyte dysfunction, which might involve
glycolysis inhibition. Yang et al. (27) showed that PD-1

and Tim-3 were co-expressed and their crosstalk regu-
lated T cell exhaustion and suggested galectin-9 as a
promising target for immunotherapy.

Immune escape plays an important role in the
occurrence and development of tumors (28). In gastric
or gastroesophageal junction adenocarcinoma, the use of
PD-1/PD-L1 inhibitors is gradually shifting from third-line
to first-line treatment (29). The clinical response rate of
a PD-1 inhibitor combined with chemotherapy in the
treatment of gastrointestinal PA can be increased to 50 to
60% (30,31). Programmed cell death-ligand 1 (PD-L1) is
the main ligand of PD-1, it is upregulated in various solid
tumors, and it plays a pivotal role in inhibiting cytokine

Figure 2. A, Chart of the expressions of CD8 and PD-1 of paracancer tissues and cancerous tissues. Data are reported as median and
interquartile range. Po0.05 indicates statistical significance (Mann-Whitney U nonparametric test). B, Association between PD-1+ cells
in the tissue section and progression-free survival (Kaplan-Meier curves).

Figure 3. Circulating PD-1+CD8+ Tcells in peripheral blood by flow cytometry. A, Flow diagram of PD-1+CD8+ Tcells. B, Differential
percentages of PD-1+CD8+ T cells in peripheral blood and tissue sections of the same patient (Student’s t-test).
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production and the cytolytic activity of PD-1+ tumor-
infiltrating CD8+ T cells (32–34). Several studies have
reported the role of PD-1/PD-L1 in the tumor microenvi-
ronment and their association with poorer prognosis in
gastric and colorectal cancers (35,36). Hoshimoto et al.
(37) have demonstrated that immune checkpoint inhibitors
may improve the prognosis of small bowel adenocarci-
noma patients with low FoxP3/CD8 ratio and PD-L2
expression.

Our data strengthened the assumption that PD-1 in
CD8+ tumor-infiltrating lymphocytes may have a good
predictive value for immunotherapy of colonic-derived PA
and act as a prognostic factor for PFS. Compared with the
positive percentage of PD-1 in peripheral blood, PD-1
positive expression in tissues was lower. The data
suggested a mechanism of PD-1 involving immune
tolerance at a tissue level in colonic-derived PA. Arai
et al. (38) reported that the increased percentage of PD-1
in circulating CD4+ and CD8+ T cells was associated
with dysfunction of cell immunity after colorectal cancer
surgery. In epithelial ovarian cancer patients, the infiltra-
tion rates of PD-1 and PD-L1 were different between
primary ovarian tumor tissue and metastatic intraperito-
neal implants (26). Our results suggested that the
percentage of PD-1+CD8+ T cells at the tissue level
was closely linked with the recurrence interval of colonic-
derived PA.

Since Ki-67 index was correlated with tumor malig-
nancy (39,40), we assessed the correlation between
PD-1+CD8+ T cells, Ki-67, and the progression of
colonic-derived PA. Compared with Ki-67, PD-1 in CD8+
TILs was more correlated with colonic-derived PA.
Drug resistance is a major obstacle to successful

chemotherapy, and the recurrent tumor is always
accompanied by drug tolerance. There are many studies
about the monitoring and avoidance of drug resistance in
human cancer. However, drug resistance seems to be a
multigene phenomenon, but the exact mechanism is
unclear. PD-1 was involved in a network of drug
resistance-related signaling pathways and played an
indispensable role in drug resistance formation. These
results were consistent with the correlation between PD-1
and PFS.

These findings suggested that PD-1 in the CD8+ TILs
in tissue sections could be a predictive biomarker for
colonic-derived PA progression. Nonetheless, the present
study had several limitations. Firstly, additional research
using a larger sample size is necessary to validate these
results. Secondly, the exact mechanism of PD-1 in the
occurrence, development, and recurrence of colonic-
derived PA will be studied further. Further studies on the
molecular mechanism of PD-1-mediated immunosuppres-
sion may provide valuable guidance to the novel treatment
for the clinical therapy of colonic-derived PA. Thirdly, more
methods such as fluorescent quantitative PCR are
needed to investigate the prognostic role of PD-1 in
colonic-derived PA.

Conclusion

We demonstrated that PD-1 in CD8+ TILs was
associated with the differentiation grade and recurrence
interval of colonic-derived PA. These results indicated that
PD-1 in CD8+ TILs may have a good predictive value for
the immunotherapy of colonic-derived PA, and act as a
prognostic factor for PFS.

Figure 4. Differential percentages of PD-1+CD8+ Tcells in tissue sections correlated with differentiation grade and recurrence interval
of colonic-derived peritoneal adenocarcinoma patients. A, Differentiation grade of PD-1+CD8+ T cells in peripheral blood and tissue
sections. B, Recurrence interval of PD-1+CD8+ T cells in peripheral blood and tissue sections. Horizontal lines represent median and
interquartile range (Mann-Whitney U test).

Braz J Med Biol Res | doi: 10.1590/1414-431X2025e14467

PD-1 involved in CD8+ TILs of patients with PA 5/7

https://doi.org/10.1590/1414-431X2025e14467


Acknowledgments

The authors of this article would like to thank all the
participants in the Clinical Laboratory of Beijing Shijitan
Hospital.

Funding

Funds for this article came from the Youth Foundation
of Beijing Shijitan Hospital Affiliated to Capital Medical
University (2022-q14).

References

1. Auer K, Bachmayr-Heyda A, Sukhbaatar N, Aust S,
Schmetterer KG, Meier SM, et al. Role of the immune
system in the peritoneal tumor spread of high grade serous
ovarian cancer. Oncotarget. 2016 Sep 20;7(38):61336-
61354, doi: 10.18632/oncotarget.11038.

2. Topalian SL, Forde PM, Emens LA, Yarchoan M, Smith KN,
Pardoll DM. Neoadjuvant immune checkpoint blockade: A
window of opportunity to advance cancer immunotherapy.
Cancer Cell. 2023 Sep 11;41(9):1551-1566, doi: 10.1016/
j.ccell.2023.07.011.

3. Morad G, Helmink BA, Sharma P, Wargo JA. Hallmarks of
response, resistance, and toxicity to immune checkpoint
blockade. Cell. 2021 Oct 14;184(21):5309-5337, doi:
10.1016/j.cell.2021.09.020.

4. Li Y, Zheng Y, Huang J, Nie RC, Wu QN, Zuo Z, et al. CAF-
macrophage crosstalk in tumour microenvironments gov-
erns the response to immune checkpoint blockade in gastric
cancer peritoneal metastases. Gut. 2025 Feb 6;74(3):350-
363, doi: 10.1136/gutjnl-2024-333617.

5. Singer M, Wang C, Cong L, Marjanovic ND, Kowalczyk MS,
Zhang H, et al. A distinct gene module for dysfunction
uncoupled from activation in tumor-infiltrating T Cells. Cell.
2017 Nov 16;171(5):1221-1223, doi: 10.1016/j.cell.2017.11.
006.

6. Vikas P, Borcherding N, Zhang W. The clinical promise of
immunotherapy in triple-negative breast cancer. Cancer
Manag Res. 2018 Dec 10; 10:6823-6833, doi: 10.2147/
CMAR.S185176.

7. Thommen DS, Koelzer VH, Herzig P, Roller A, Trefny M,
Dimeloe S, et al. A transcriptionally and functionally distinct
PD-1+CD8+Tcell pool with predictive potential 2018; in
non-small-cell lung cancer treated with PD-1 blockade. Nat
Med. 2018 Jul;24(7):994-1004, doi: 10.1038/s41591-018-
0057-z.

8. Xu X, Wei F, Xiao L, Wu R, Wei B, Huang S, et al. High
proportion of circulating CD8+CD28- senescent T cells are
an independent predictor of distant metastasis in nasophar-
yngeal carcinoma after radiotherapy. J Transl Med. 2023
Jan 31;21(1):64, doi: 10.1186/s12967-023-03912-2.

9. Dovedi SJ, Cheadle EJ, Popple AL, Poon E, Morrow M,
Stewart R, et al. Fractionated radiation therapy stimulates
antitumor immunity mediated by both resident and infiltrating
polyclonal t-cell populations when combined with PD-1
blockade. Clin Cancer Res. 2017 Sep 15;23(18):5514-5526,
doi: 10.1158/1078-0432.CCR-16-1673.

10. Formenti SC, Rudqvist NP, Golden E, Cooper B, Wenner-
berg E, Lhuillier C, et al. Radiotherapy induces responses
of lung cancer to CTLA-4 blockade. Nat Med. 2018 Dec;
24(12):1845-1851, doi: 10.1038/s41591-018-0232-2.

11. Nakano M, Ito M, Tanaka R, Yamaguchi K, Ariyama H,
Mitsugi K, et al. PD-1+TIM-3+ T cells in malignant ascites

predict prognosis of gastrointestinal cancer. Cancer Sci.
2018 Sep; 109(9):2989-2992, doi: 10.1111/cas.13723.

12. Wherry EJ, Kurachi M. Molecular and cellular insights into
cell exhaustion. Nat Rev Immunol. 2015 Aug;15(8):486-499,
doi: 10.1038/nri3862.

13. Granier C, Dariane C, Combe P, Verkarre V, Urien S,
Badoual C, et al. Tim-3 expression on tumor-infiltrating PD-1
(+) CD8(+) T cells correlates with poor clinical outcome in
renal carcinoma. Cancer Res. 2017 Mar 1;77(5):1075-1082,
doi: 10.1158/0008-5472.CAN-16-0274.

14. Bardhan K, Anagnostou T, Boussiotis VA. The PD1: PD-L1/2
pathway from discovery to clinical implementation. Front
Immunol. 2016 Dec 12; 7:550, doi: 10.3389/fimmu.2016.
00550.

15. Kim JM, Chen DS. Immune escape to PD-L1/PD-1 block-
ade: seven steps to success (or failure). Ann Oncol 2016
Aug;27(8):1492-504, doi: 10.1093/annonc/mdw217.

16. Yi M, Zheng X, Niu M, Zhu S, Ge H, Wu K. Combination
strategies with PD-1/PD-L1 blockade: current advances and
future directions. Mol Cancer. 2022 Jan 21;21(1):28, doi:
10.1186/s12943-021-01489-2.

17. Hu H, Zhao J, Yuan J, Zhang M. Peripheral PD-1 and Tim-3
Percentages are associated with primary sites and patho-
logical types of peritoneal neoplasms. BMC Cancer. 2023
Mar 29;23(1):287, doi: 10.1186/s12885-023-10752-2.

18. Bochem J, Zelba H, Amaral T, Spreuer J, Soffel D, Eigentler
T, et al. Peripheral PD-1+CD56+ T-cell frequencies
correlate with outcome in stage IV melanoma under PD-1
blockade. PloS One. 2019 Aug 16;14(8): e0221301, doi:
10.1371/journal.pone.0221301.

19. Wang X, Teng F, Kong L, Yu J. PD-L1 expression in human
cancers and its association with clinical outcomes. Onco
Targets Ther. 2016 Aug 12; 9:5023-5039, doi: 10.2147/OTT.
S105862.

20. Kuai W, Xu X, Yan J, Zhao W, Li Y, Wang B, et al. Prognostic
impact of PD-1 and Tim-3 expression in tumor tissue in
stage I-III colorectal cancer. Biomed Res Int. 2020 May
14;2020: 5294043, doi: 10.1155/2020/5294043.

21. Acharya N, Sabatos-Peyton C, Anderson AC. Tim-3 finds its
place in the cancer immunotherapy landscape. J Immun-
other Cancer. 2020 Jun;8: e000911, doi: 10.1136/jitc-2020-
000911.

22. Ishida Y, Agata Y, Shibahara K, Honjo T. Induced expression
of PD-1, a novel member of the immunoglobulin gene
superfamily, upon programmed cell death. EMBO J. 1992
Nov;11(11):3887-3895, doi: 10.1002/j.1460-2075.1992.tb05
481.x.

23. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC,
McDermott DF, et al. Safety, activity, and immune correlates
of anti-PD-1 antibody in cancer. N Engl J Med. 2012 Jun
28;366(26):2443-2454, doi: 10.1056/NEJMoa1200690.

Braz J Med Biol Res | doi: 10.1590/1414-431X2025e14467

PD-1 involved in CD8+ TILs of patients with PA 6/7

http://dx.doi.org/10.18632/oncotarget.11038
http://dx.doi.org/10.1016/j.ccell.2023.07.011
http://dx.doi.org/10.1016/j.ccell.2023.07.011
http://dx.doi.org/10.1016/j.cell.2021.09.020
http://dx.doi.org/10.1136/gutjnl-2024-333617
http://dx.doi.org/10.1016/j.cell.2017.11.006
http://dx.doi.org/10.1016/j.cell.2017.11.006
http://dx.doi.org/10.2147/CMAR.S185176
http://dx.doi.org/10.2147/CMAR.S185176
http://dx.doi.org/10.1038/s41591-018-0057-z
http://dx.doi.org/10.1038/s41591-018-0057-z
http://dx.doi.org/10.1186/s12967-023-03912-2
http://dx.doi.org/10.1158/1078-0432.CCR-16-1673
http://dx.doi.org/10.1038/s41591-018-0232-2
http://dx.doi.org/10.1111/cas.13723
http://dx.doi.org/10.1038/nri3862
http://dx.doi.org/10.1158/0008-5472.CAN-16-0274
http://dx.doi.org/10.3389/fimmu.2016.00550
http://dx.doi.org/10.3389/fimmu.2016.00550
http://dx.doi.org/10.1093/annonc/mdw217
http://dx.doi.org/10.1186/s12943-021-01489-2
http://dx.doi.org/10.1186/s12885-023-10752-2
http://dx.doi.org/10.1371/journal.pone.0221301
http://dx.doi.org/10.2147/OTT.S105862
http://dx.doi.org/10.2147/OTT.S105862
http://dx.doi.org/10.1155/2020/5294043
http://dx.doi.org/10.1136/jitc-2020-000911
http://dx.doi.org/10.1136/jitc-2020-000911
http://dx.doi.org/10.1002/j.1460-2075.1992.tb05481.x
http://dx.doi.org/10.1002/j.1460-2075.1992.tb05481.x
http://dx.doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1590/1414-431X2025e14467


24. Solinas C, Gombos A, Latifyan S, Piccart-Gebhart M, Kok
M, Buisseret L. Targeting immune checkpoints in breast
cancer: an update of early results. ESMO Open. 2017 Nov
14;2(5): e000255, doi: 10.1136/esmoopen-2017-000255.

25. Kamphorst AO, Pillai RN, Yang S, Nasti TH, Akondy RS,
Wieland A, et al. Proliferation of PD-1+ CD8 T cells in
peripheral blood after PD-1–targeted therapy in lung cancer
patients. Proc Nat Acad Sci USA. 2017 May 9;114(19):4993-
4998, doi: 10.1073/pnas.1705327114.

26. Bekos C, Pils D, Dekan S, Hofstetter G, Horak P, Reinthaller
A, et al. PD-1 and PD-L1 expression on TILs in peritoneal
metastases compared to ovarian tumor tissues and its
associations with clinical outcome. Sci Rep. 2021 Mar 18;
11(1):6400, doi: 10.1038/s41598-021-85966-0.

27. Yang R, Sun L, Li CF, Wang YH, Yao J, Li H, et al. Galectin-9
interacts with PD-1 and Tim-3 to regulate T cell death and is
a target for cancer immunotherapy. Nat Commun. 2021 Feb
5;12(1):832, doi: 10.1038/s41467-021-21099-2.

28. Hanahan D, Weinberg RA. Hallmarks of cancer: the
next generation. Cell 2011; 144:646–674, doi: 10.1016/
j.cell.2011.02.013.

29. Sun YT, Lu SX, Lai MY, Yang X, Guan WL, Yang LQ, et al.
Clinical outcomes and biomarker exploration of first-line
PD-1 inhibitors plus chemotherapy in patients with low PD-
L1-expressing of gastric or gastroesophageal junction ade-
nocarcinoma. Cancer Immunol Immunother. 2024 Jun 4;
73(8):144, doi: 10.1007/s00262-024-03721-6.

30. Xu J, Jiang H, Pan Y, Gu K, Cang S, Han L, et al. Sintilimab
plus chemotherapy for unresectable gastric or gastroeso-
phageal junction cancer: the orient-16 randomized clinical
trial. JAMA. 2023 Dec 5;330(21):2064-2074, doi: 10.1001/
jama.2023.19918.

31. Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P,
Shen L, et al. First-line nivolumab plus chemotherapy versus
chemotherapy alone for advanced gastric, gastro-oesopha-
geal junction, and oesophageal adenocarcinoma (CheckMate
649): a randomised, open-label, phase 3 trial. Lancet. 2021 Jul
3;398(10294):27-40, doi: 10.1016/S0140-6736(21)00797-2.

32. Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL,
Hwu P, et al. Safety and activity of anti-PD-L1 antibody in
patients with advanced cancer. N Engl J Med. 2012 Jun
28;366(26):2455-2465, doi: 10.1056/NEJMoa1200694.

33. Deng L, Liang H, Burnette B, Beckett M, Darga T,
Weichselbaum RR, et al. Irradiation and anti-PD-L1 treat-
ment synergistically promote antitumor immunity in mice.
J Clin Invest. 2014 Feb;124(2):687-95, doi: 10.1172/JCI67
313.

34. Li J, Lee Y, Li Y, Jiang Y, Lu H, Zang W, et al. Co-inhibitory
Molecule B7 Superfamily Member 1 Expressed by Tumor-
Infiltrating Myeloid Cells Induces Dysfunction of Anti-tumor
CD8+ T Cells. Immunity. 2018 Apr 17;48(4):773-786.e5,
doi: 10.1016/j.immuni.2018.03.018.

35. Seo AN, Kang BW, Kwon OK, Park KB, Lee SS, Chung HY,
et al. Intratumoural PD-L1 expression is associated with
worse survival of patients with Epstein-Barr virus-associated
gastric cancer. Br J Cancer. 2017 Dec 5;117(12):1753-1760,
doi: 10.1038/bjc.2017.369.

36. Li Y, Liang L, Dai W, Cai G, Xu Y, Li X, et al. Prognostic
impact of programed cell death-1 (PD-1) and PD-ligand 1
(PD-L1) expression in cancer cells and tumor infiltrating
lymphocytes in colorectal cancer. Mol Cancer. 2016 Aug
24;15(1):55, doi: 10.1186/s12943-016-0539-x.

37. Hoshimoto A, Tatsuguchi A, Hamakubo R, Nishimoto T,
Omori J, Akimoto N, et al. Clinical significance of pro-
grammed cell death-ligand expression in small bowel
adenocarcinoma is determined by the tumor microenviron-
ment. World J Gastroenterol. 2023 Oct 28;29(40):5566-
5581, doi: 10.3748/wjg. v29.i40.5566.

38. Arai Y, Saito H, Ikeguchi M. Upregulation of TIM-3 and PD-1
on CD4+ and CD8+ T cells associated with dysfunction of
cell-mediated immunity after colorectal cancer operation.
Yonago Acta Med. 2012 Mar;55(1):1-9, Epub 2012 Mar 1.

39. Radhakrishnan N, Mathews A, Rajeev KR, Nair PS,
Bhargavan R, Viswanathan AJ. Molecular subtypes of
invasive breast carcinoma of no special type, their correla-
tion with histopathological features, Ki 67 index and tumor
budding: A retrospective comparative study. Indian J Pathol
Microbiol. 2022 Oct-Dec;65(4):772-780, doi: 10.4103/ijpm.
ijpm_90_21.

40. Liu J, Zhou Q, Wu CP, Xu YW, Liu WL, Zhao HF, et al.
SPHK2 protein expression, Ki-67 index and infiltration of
tumor-associated macrophages (TAMs) in human glioma.
Histol Histopathol. 2018 Sep;33(9):987-994, doi: 10.14670/
HH-11-995.

Braz J Med Biol Res | doi: 10.1590/1414-431X2025e14467

PD-1 involved in CD8+ TILs of patients with PA 7/7

http://dx.doi.org/10.1136/esmoopen-2017-000255
http://dx.doi.org/10.1073/pnas.1705327114
http://dx.doi.org/10.1038/s41598-021-85966-0
http://dx.doi.org/10.1038/s41467-021-21099-2
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://dx.doi.org/10.1007/s00262-024-03721-6
http://dx.doi.org/10.1001/jama.2023.19918
http://dx.doi.org/10.1001/jama.2023.19918
http://dx.doi.org/10.1016/S0140-6736(21)00797-2
http://dx.doi.org/10.1056/NEJMoa1200694
http://dx.doi.org/10.1172/JCI67313
http://dx.doi.org/10.1172/JCI67313
http://dx.doi.org/10.1016/j.immuni.2018.03.018
http://dx.doi.org/10.1038/bjc.2017.369
http://dx.doi.org/10.1186/s12943-016-0539-x
http://dx.doi.org/10.3748/wjg. v29.i40.5566
http://dx.doi.org/10.4103/ijpm.ijpm_90_21
http://dx.doi.org/10.4103/ijpm.ijpm_90_21
http://dx.doi.org/10.14670/HH-11-995
http://dx.doi.org/10.14670/HH-11-995
https://doi.org/10.1590/1414-431X2025e14467

	title_link
	Introduction
	Material and Methods
	Patients
	Flow cytometry analysis
	Multiple immunofluorescence stains for PDhyphen1 in tissue sections

	Table  Table 1. Patientsapos characteristics
	Statistical data analysis

	Results
	PDhyphen1 positive expressions in CD8+ tumorhypheninfiltrating lymphocytes in tissue sections vs progressionhyphenfree survival lparPFSrpar
	Circulating PDhyphen1+CD8+T cells in peripheral blood
	The percentage of PDhyphen1+CD8+ T cells in tissue sections correlated with differentiation and recurrence interval

	Discussion
	Figure 1.
	Figure 2.
	Figure 3.
	Conclusion
	Figure 4.
	Acknowledgments
	Funding

	REFERENCES
	References


