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Introduction: Although immunotherapy works well in parts of patients with bladder cancer
(BLCA), its overall response rate of anti-PD-1 inhibitors remains unsatisfactory. Besides,
growing evidence shows that tumor-infiltrating lymphocytes (TILs) immunotherapy has
demonstrated excellent efficacy in various cancers. Considering the huge heterogeneity and
low overall survival rate of BLCA, it is urgent to explore the new immune checkpoints (ICs)
or TILs therapy to improve the survival prognosis for BLCA patients.

Materials and Methods: The public bioinformatics databases were used to explore the
prognostic value of 5 potential ICs targets (TIM-3, LAG-3, OX40, 4-1BB and CD39).
A total of 46 BLCA patients undergoing surgical treatment at our hospital from May 2020
to October 2020 were enrolled in this study. The expressions of PD-1, TIM-3, LAG-3,
0X40, 4-1BB, and CD39 in T cells of BLCA patients were explored by flow cytometry, and
the correlation between different subgroups of T cells and clinicopathological parameters was
analyzed. Besides, the mouse CD4+CD39+ T cells, CD4+CD39- T cells, CD8+CD39+
T cells, and CD8+CD39- T cells were sorted and co-cultured with MB49 bladder cancer
cell lines in vitro to investigate the potential biomarker of tumor-reactive TILs.

Results: Public bioinformatics databases analyses show that only the high expression of
CD39 was significantly associated with advanced tumor stage (P < 0.001) and tend to result
in a worse survival rate. In our study, the elevated expression of CD39 in CD4+/CD8+
T cells were significantly associated with the pathological T stage (pT <2, P = 0.041) and
papillary tumor (P = 0.038). Moreover, the CD8+CD39+ T cells showed a stronger tumor-
killing effect and produced a higher level of IFN-y than other T cell populations.
Conclusion: CD39 may be a potential prognostic marker in BLCA, and CD8+CD39+
T cells may be selected as tumor-reactive and killing T cells for TILs therapy.

Keywords: CD8, CD39, T cells, anti-tumor cytotoxicity, bladder cancer, immunotherapy,
TILs, immune checkpoint

Introduction

Bladder cancer (BLCA) is the most common malignant tumor of the urinary
system, and it is also the 12th most common cause of cancer death in the
world." Although more than 60% of tumors were diagnosed as the non-muscle
invasive stage at the first time of diagnosis, approximately 15%-40% of
patients developed muscle-invasive stage or metastatic stage after surgical
operation.” For advanced bladder cancer, cisplatin-based combination che-
motherapy is the first-line treatment option. Although the overall response
rate of chemotherapy is acceptable, the toxic side effects are so severe that

most patients can only receive less than six cycles of treatment, with a median
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survival of only 15 months.® So more alternative treat-
ment options are still underscored.

In recent years, immunotherapy by changing the
immune status of patients has occupied an increasingly
important position in tumor treatment, including immune
checkpoint inhibitors (ICIs) therapy, adoptive cell therapy
(ACT), monoclonal antibodies, and vaccines. Among
these treatments, the programmed cell death protein 1
(PD-1) checkpoint inhibitors have been approved for the
treatment of BLCA, but it is only effective in specific
patients. Prior studies indicate that PD-1+ T cells demon-
strated varied responses to anti-PD-1 treatment,* and the
response rate of PD-1 blockade is less than 30%,> which
may be due to the heterogeneity of tumor immune micro-
environment (TME) and phenotypic characteristics of
tumor-infiltrating lymphocytes (TILs). Therefore, new
immune checkpoints (ICs) are still awaiting to be discov-
ered to improve the survival prognosis of BLCA patients.

Since the discovery and characterization of PD-1, kinds
of ICs have been investigated including T-cell membrane
protein 3 (TIM-3, encoded by HAVCR2),® lymphocyte
activation gene 3 (LAG-3),° costimulatory molecule
CD134 (0X40, encoded by TNFRSF4),” cluster of differ-
entiation 137 (CD137 (4-1BB), encoded by TNFRSF9),*
ectoenzyme CD39 (encoded by ENTPDI1),” and so on.
Although these biomarkers have been studied deeply in
other cancers and corresponding clinical trials have been
carried out, there are few studies in BLCA.

Recently, another tumor immunotherapy method, ACT
(including CAR-T  (Chimeric  Antibody Receptor
Engineered T Cell), TCR-T (Engineered T Cell Receptor
T Cell), TILs (tumor invasive lymphocytes)), has solved the
difficult problem of T cell recognizing tumors at different
levels, and gradually demonstrated excellent efficacy in
clinical trials.'®'? Compared with CAR-T and PD-1/PD-
L1 antibodies, TILs had the advantages of multi-target,
stronger tumor tendency and infiltration ability, and fewer
side effects. However, TILs are a heterogeneous population,
and thus enrichment of the final product in neoantigen-
reactive T cells may enhance clinical efficacy. In this regard,
PD-1 and 4-1BB have been proposed as markers for the
tumor-reactive repertoire in the tumor.'*'* Nonetheless,
considering the huge heterogeneity of patients, only PD-1
and 4-1BB as tumor-reactive biomarkers of TILs are not
enough.

Therefore, we explored the role of these ICs in BLCA
in this study. We first analyzed the transcriptional expres-
sion of these biomarkers in BLCA and the relationship

between these ICs and BLCA patients’ prognosis by using
public bioinformatics databases. Interestingly, we found
that only the mRNA expression of CD39 is associated
with the tumor stage and higher expression of CD39
with lower survival rate, which was opposite to the recent
research.'>'® Thus, we further explored the PD-1, TIM-3,
LAG-3, 0X40, 4-1BB, and CD39 expressions in T cells,
especially in CD4+/CD8+ T cells by flow cytometry.
Moreover, we identified that the CD8+CD39+ T cells
were the tumor-reactive and killing population in BLCA,
which may be a potential prognostic marker in BLCA, and
it also can be an effective marker to select the real active
T cells for TILs therapy.

Materials and Methods

Public Databases

UALCAN Analysis

UALCAN  (http://ualcan.path.uab.edu/index.html) s
a convenient web-portal that provides analysis of tran-

scriptional expressions based on The Cancer Genome
Atlas (TCGA) database.'” In our study, UALCAN was
used to evaluate the mRNA expressions of these immune
checkpoints (TIM-3, LAG-3, 0X40, 4-1BB, and CD39)
between normal tissues and tumor samples. The difference
was compared by Student’s #-test and the P value was set
as 0.05.

The Kaplan—Meier Plotter Analysis

The prognostic value of mRNA expression of these
immune checkpoints in BLCA was analyzed by Kaplan-
Meier plotter (https://kmplot.com/analysis/), an online

prognostic analysis tool, which contains transcription
expression data and survival condition of 408 BLCA
patients.'' The BLCA patients were divided into high
and low expression groups according to the “auto select
best cutoff” and assessed by a Kaplan-Meier survival
curve to evaluate the overall survival (OS), with a hazard
ratio (HR) with 95% confidence intervals (Cls) and log
rank P value. The P value <0.05 was considered as statis-
tical significance.

GEPIA Analysis
Gene Expression Profiling Interactive Analysis (GEPIA,
http://gepia.cancer-pku.cn/index.html) is an online mRNA

data analysis tool based on 9736 tumors and 8587 normal
samples.'® At present study, we performed an mRNA
expression level analysis of the pathological stage by the
“Single Gene Analysis” module of GEPIA.

submit your manuscript

2150

Dove

OncoTargets and Therapy 2021:14


http://ualcan.path.uab.edu/index.html
https://kmplot.com/analysis/
http://gepia.cancer-pku.cn/index.html
http://www.dovepress.com
http://www.dovepress.com

Dove

Zhu et al

Patients and TILs Isolation

Patients

This study included 46 BLCA patients undergoing surgical
treatment at the Department of Urology, Nanjing Drum
Tower Hospital (Nanjing, China) from May 2020 to
October 2020. Patients with unclear tumor grade, the pre-
sence of other cancers was excluded (n = 4). A total of 42
patients’ clinicopathological information were recorded,
including age diagnosis of BLCA, gender, pathologic
tumor T stage (pT <2 or pT >2), tumor grade (evaluated
by the WHO International Society of Urological Pathology
consensus classification), tumor histology (papillary tumor
or non-papillary tumor).

T Cells Isolation

To obtain the T cells, the tumor tissues were collected during
surgical operation and preserved in the T cell medium, and
tumor tissues were prepared as follows: under sterile condi-
tions, tumors were cut into small pieces and digested in
RPMI-1640 medium supplemented with collagenase IV at
1 mg/mL (Sigma), DNase at 30 U/mL (Sigma) at 37°C for 30
to 45 minutes. Digested tissues suspensions were filtered
through a 70 um filter and washed in RPMI-1640 medium
+5% FBS + DNase (15 U/mL). After the above operations,
TILs were obtained and stained by flow cytometry. All TILs
were cryopreserved until further analysis.

Flow Cytometry

The following fluorescent-labeled antibodies were used:
AlexaFluor (AF)-700 anti-human CD3 (HIT3; 1:100-
#300324), Pacific Blue anti-human CD4 (OKT4; 1:100-
#317429), PE anti-human CD8 (HIT8a; 1:100-#300908),
AlexaFluor (AF)-647 anti-human PD-1 (EH12.2H7; 1:100-
#329904), PE/Cyanine5 anti-human CD366 (Tim-3) (F38-
2E2; 1:100-#345052), PE/Cyanine7 anti-human CD223
(LAG-3) (11C3C65; 1:100-#369310), Brilliant Violet 711
anti-human CD134 (0X40) (Ber-ACT35; 1:100-#350030),
APC/Cyanine7 anti-human CD137 (4-1BB) (4B4-1; 1:100-
#309830), and Brilliant Violet 605 anti-human CD39 (Al;
1:100-#328236). APC anti-mouse CD4 (GKI1.5; 1:100-
#100412), Pacific Blue anti-mouse CDS8a (53-6.7; 1:100-
#100725), and PE/Cyanine7 anti-mouse CD39 (Duha59;
1:100-#143806) were used to sorted the CD4+CD39+
T cells, CD4+CD39- T cells, CD8+CD39+ T cells, and
CD8+CD39- T cells. Zombie Aqua Fixable Viability Kit
was used to distinguish viable cells (Biolegend). Cell surface
staining was performed in FACS buffer (PBS, supplemented
with 2% FBS). Wash cells with PBS buffer and resuspend

1-10 x 1076 cells in diluted 100 pL antibodies solution.
Incubate the cells at 4°C, in the dark, for 30 minutes. Wash
twice with FACS buffer, then the cells can be analyzed, and
the gated strategy of different population T cells was shown
in Supplement Figure 1.

Anti-Tumor Cytotoxicity Assays

The animal experiments were approved by the Institutional
Review Board of Nanjing University (Nanjing, China), the
6—8 weeks-old female C57BL6/J mice was purchased
from the Model Animal Research Center of Nanjing
University (Nanjing, China), and all the animals were
used in accordance with the recommendations outlined in
the Guide for the Care and Use of Laboratory Animals of
the National Institutes of Health. 2 x 106 MB49 cells
were resuspended in 100 pL of DPBS and inoculated
subcutaneously on the right inguinal side of C57/B6
mice. When the diameter of the tumor was about 8 mm,
the mice were euthanized to remove the tumor. The tumor
was ground in SmL T cell culture medium and filtered
through a 70 um filter. Purify TILs with percoll (Sigma-
Aldrich), and Dilute to 1~2 x 1076 live cell/mL. Add
human IL-2 to a final concentration of 100 IU/mL and
rest in the incubator overnight. Obtained CD4+CD39+
T cells, CD8+CD39+ T cells, CD4+CD39- T cells, CD8
+CD39- T cells by fluorescence-activated cell sorting. To
T cell
5000-10000 tumor cells were seeded in triplicate into an
RTCA E-plate (Agilent) to reach 10% confluence.
Expanded autologous T cells subsets were counted and 1

assess killing of autologous tumor cells,

x 10”5 T cells were cultured with tumor cells in medium
without any interleukin (T cells: tumor cell ratio of 10:1).
Use xCELLigence RTCA TP for cell killing detection.

According to the result of the tumor cell killing experi-
ment, we re-sorted the CD8+CD39+ T cells and CD8+CD39-
T cells to confirm the function of CD39 expression in CD8+
T cells. The process as mentioned before, and the super-
natants were harvested and analyzed by enzyme-linked
immunosorbent assay (ELISA, Mouse IFN-y ELISA Kit,
4abio, #CME0003) to analyze the secretion of [FN-y.

Statistical Analysis

GraphPad Prism 8.0 was used to perform all statistical
analyses. The correlation between different subgroups
T cells and clinicopathological parameters was evaluated
by Spearman’s test and Mann—Whitney U-test, and the rela-
tionship between these immune checkpoints was assessed by
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Pearson’s test. All statistical analyses were two-sided and
P value <0.05 was considered as a statistical difference.

Results

Bioinformatics Analysis of Immune
Checkpoints

At present study, we first investigated the difference between
mRNA expression of TIM-3, LAG-3, 0OX40, 4-1BB and
CD39 in normal bladder tissues and BLCA tissues by
UALCAN analysis. The transcriptional expression levels
of LAG-3 (P < 0.01, Figure 1B) and CD39 (P < 0.01,

Figure 1E) in BLCA tissues were found to be significantly
downregulated while the mRNA expression levels of TIM-3
(P < 0.01, Figure 1A), 4-1BB (P < 0.05, Figure 1D) were
significantly elevated, and the transcriptional expression of
0X40 shows no significant difference between normal blad-
der tissues and BLCA tissues (Figure 1C). We next analyzed
the correlation between mRNA expression of these ICs and
tumor stage by GEPIA dataset. As shown in Figure 2,
mRNA expression of TIM-3 (P < 0.05), 4-1BB (P <
0.05), and CD39 (P < 0.001) were remarkably associated
with patients’ tumor stage, especially in patients who were
in advanced tumor stage tended to express increased
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Figure | The transcriptional levels of 5 potential immune checkpoints in BLCA (UALCAN). (A) TIM-3, (B) LAG-3, (C) OX40, (D) 4-1BB, (E) CD39. The transcriptional
levels of (B) LAG-3 and (E) CD39 in BLCA tissues were significantly reduced while the transcriptional levels of (A) TIM-3 and (D) 4—1BB were significantly elevated, and the
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transcriptional expression of CD39 (F value = 9.27, P <
0.001, Figure 2E). Moreover, we further explored the prog-
nostic value of mRNA expression of these ICs in BLCA
patients using the Kaplan—Meier Plotter database (Figure 3).
The Kaplan—Meier curve analysis revealed that BLCA
patients with higher mRNA expression of CD39 may obtain
worse survival rate (Figure 3E), while the patients with
higher mRNA expression of other immune checkpoints
tended to get longer overall survival. To explore the reason
for the difference between CD39 and other ICs, we further
explored these ICs expressions in BLCA patients.

Patients and Tumor Characteristics

Table 1 lists the clinical and pathological features of 42
patients. The median age of this cohort was 67 years
(range: 39-86), and most of the patients were male
(83%). There were 31 (74%) patients with high-grade

tumors and 11 (26%) patients with low-grade tumors.
Pathologic T stage (pT stage) > T2 was diagnosed in 13
(31%) patients and 29 (69%) cases were diagnosed as <
T2. In all, 28 (67%) patients had papillary tumor, and 14
(33%) patients with Non-papillary tumor.

Distribution of Immune Checkpoints

Expression of CD4+/CD8+ T Cells

The distribution of these ICs expressions of CD4+/CD8+
T Cells in BLCA patients of different tumor grades, tumor
stages, and tumor histology were described by t-distributed
stochastic neighbor embedding (t-SNE) map (Figure 4),
which revealed that individual tumors were made up of
highly heterogeneous cell populations in BLCA. We firstly
analyzed the relationship between different types of T cells
and tumor grade (Figure 5A), tumor pathologic T stage
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Figure 3 Prognostic value of mMRNA expression of 5 potential immune checkpoints in BLCA patients in the overall survival analysis (Kaplan-Meier Plotter). (A)TIM-3, (B)
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Table | Clinicopathologic Parameters for the Overall Cohort of
42 Patients with BLCA

Parameters All Patients (%)
Age Young (< 67 years) 21 (50%)
Old (= 67 years) 21 (50%)
Gender Male 35 (83%)
Female 7 (17%)
Grade High 31 (74%)
Low Il (26%)
pT stage <T2 29 (69%)
2T2 13 (31%)
Tumor histology Papillary 28 (67%)
Non papillary 14 (33%)

Abbreviations: BLCA, bladder cancer; ICls, immune checkpoint inhibitors; TILs,
tumor-infiltrating lymphocytes; PD-1, programmed cell death protein |; TME,
tumor immune microenvironment; TIM-3, T-cell membrane protein 3; LAG-3,
lymphocyte activation gene 3; CDI137, cluster of differentiation 137; pT stage,
pathologic T stage; t-SNE, t-distributed stochastic neighbor embedding; TCGA,
The Cancer Genome Atlas; HR, hazard ratio; Cls, confidence intervals; GEPIA,
Gene Expression Profiling Interactive Analysis.

(Figure 5C), and tumor histology (Figure SE). We found that
the patients with advanced tumor grade were significantly
associated with a higher percentage of CD4+ T cells
C coastimaa+

A cpatcpze+ B cpa+pD -1+

(P = 0.005) and lower percentage of CD8+ T cells (P =
0.025, Figure 5A). We further explored the relationship
between the expression of these ICs in CD4+/CD8+
T cells and pathological characteristics to better understand
the basis for this heterogeneity (Figure 5B, D and F).
Interestingly, the advanced tumor pathologic T stage and
the non-papillary tumor were statistically correlated with
a lower percentage of CD4+/CD8+ CD39+ T cells (P =
0.041, Figure 5D; P = 0.038, Figure 5F). Normally, the
advanced tumor pathologic T stage and non-papillary
tumor indicated worse prognosis, and the percentage of
CD4+/CD8+ CD39+ T cells in advanced tumor pathologic
T stage and non-papillary tumor was significantly decreased
at present study. These results indicated that CD4+/CD8+
CD39+ T cells may play a vital role in tumor development of
BLCA. Therefore, we further explore the possible function
of CD39 in CD4+/CD8&+ T cells.

CD8+CD39+ T Cells Mediate
Anti-Tumor Cytotoxicity

To investigate the potential function of these
T cells, we sorted the mouse CD4+CD39+ T cells,
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Figure 4 The distribution of immune checkpoints expression in CD4+/CD8+ T cells with different tumor grade, tumor stage, and tumor histology of BLCA patients (n = 9,
the clinicopathological characters of 9 patients is showed in Supplement Table I). (A—F) The t-distributed stochastic neighbor embedding (t-SNE) map of CD4+ T cells; (G—
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Figure 5 The relationship between the distribution of different immune checkpoints in T cells and pathological characteristics of BLCA patients. (A, B) Tumor grade; (C, D)

Tumor pathologic T stage; (E, F) Tumor histology. *P < 0.05; **P < 0.01.

CD4+CD39- T cells, CD8+CD39+ T cells, and CD8
+CD39- T cells by flow cytometry and co-cultured
them with MB49 bladder cancer cell lines in vitro,
respectively. Significantly, the CD8+CD39+ T cells
group showed a stronger tumor-killing effect. In con-
trast, little to no tumor cell killing was observed in other
T cell populations. Besides, the IFN-y secretion levels of
different co-culture groups showed that the CD8+CD39
+ T cells co-cultured with autologous tumor cells pro-
duced a higher level of IFN-y. Taken together, our
results suggested that CD8+CD39+ T cells could med-
iate anti-tumor cytotoxicity in BLCA (Figure 6).

The Relationship Between CD39
Expression and Other Immune

Checkpoints Expression of CD8+ T Cells
in BLCA Patients

We next investigated the relationship between CD39
expression and PD-1, TIM-3, LAG-3, OX40, 4-1BB
expression of CD8+ T Cells in BLCA patients (Figure
7). The expression of CD39 in CD8+ T cells was signifi-
cantly associated with TIM-3 (r = 0.6247, P < 0.0001),
LAG-3 (r = 0.3699, P = 0.0159), OX40 (r = 0.4296, P =
0.0045), and 4-1BB (r = 0.3633, P = 0.0180). According
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Figure 6 The anti-tumor cytotoxicity assay of sorted T cells. (A) The tumor cells survival curve for sorted T cells co-cultured with MB49 bladder cancer cell lines in vitro;
(B) The images for co-culture sorted T cells and MB49 tumor cells (24 hours).; (C) The IFN-y secretion levels of different co-culture groups.

to the median (%) of CD8+CD39+ T cells, all patients
were divided into two groups. The significantly different
expression of these immune checkpoints between the low
expression group and the high expression group is shown
in Figure 8. Except for PD-1, other ICs have significant
differences in the different expression CD39 groups.
Besides, we also described the frequency of CD3+
T cells, CD4+ T cells, CD8+ T cells, CD8+CD39+
T cells, CD8+PD-1+ T cells, CD8+TIM-3+ T cells, CD8
+LAG-3+ T cells, CD8+0X40+ T cells, and CD8+4-1BB+
T cells in BLCA patients (Figure 9) to provide a rough
evaluation about the number of TILs that can be directly
extracted from tumor samples that are routinely resected.

Discussion

Bladder cancer is one of the most common malignant
tumors and correlates with high morbidity, mortality and
medical cost. Although a variety of treatment options for
this kind of cancer have been developed, the treatment of
BLCA remains a serious problem now. In recent years, the
most popular therapeutic method in tumors is immunother-
apy that modifies the immune status of patients. However,
due to the huge heterogeneity of BLCA, the anti-PD-1/PD-

L1 immune checkpoint therapy benefits only about 30% of
patients.” Another tumor immunotherapy method, namely
ACT using tumor-infiltrating lymphocytes (TILs), has
demonstrated very high objective response rates (50%-
72%), and long-lasting complete tumor regression in up
to 20-25% of treated patients in clinical trials of
melanoma.'®° However, the TILs therapy in BLCA has
not been further studied. Thus, new immune checkpoints
or TILs therapy are still awaiting to be discovered to
improve the BLCA patient’s prognosis.

In the present study, we first explored the expression of
5 potential ICs targets (TIM-3, LAG-3, 0X40, 4-1BB and
CD39) in bladder cancer and their impacts on prognosis
through public databases, because all of them have corre-
sponding drugs in clinical trials in other tumors. We found
that the transcriptional expression of CD39 in BLCA was
significantly lower than CD39 in normal tissue, and the
elevated mRNA expression of CD39 was related to the
advanced tumor stage, which indicated that the CD39
expression may be associated with the prognosis of
BLCA patients. We further used the Kaplan—Meier curve
analysis to assess the relationship between the expression
of the 5 ICs expression and the overall survival of patients.
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Figure 8 The expression of immune checkpoints analysis of CD8+ T cells stratified by CD39 expression. (A) PD-I, (B) TIM-3, (C) LAG-3, (D) OX40, (E) 4-1BB.

P < 0.01; ¥*P < 0.001; ns, P > 0.05.

Intriguingly, the result revealed that BLCA patients with
higher mRNA expression of CD39 may gain shorter sur-

vival time, which was different from other ICs in BLCA
and the conclusion of previous studies.'>'®
CD39, the rate-limiting enzyme in the hydrolysis of

extracellular ATP/ADP, participates in the generation of
adenosine, potentially playing a vital role in TME.*"*
During the past decade, the role of CD39 in tumorigenesis

23-25

has been investigated in various cancers, normally

suggesting that increased CD39 expression may be an

independent poor prognostic parameter. However, with
the in-depth study of various cells in TME, more and
more evidence shows that CD39 plays multiple biological
functions on the surface of different cells.” The expression
of CD39 was also detected on T cells, especially on CD8
+T cells with hallmarks of chronic antigenic stimulation at
the tumor site and was associated with clinical beneficial
factors in multiple cancers.'>?® An earlier study reported
that CD39 is a marker for CD8+ T cells to mediate specific
killer function.”” Recent research showed that the lack of
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patients.

CD39 in CDS8+TILs defines a subset of cells that lack
chronic antigen-stimulating characteristics at the tumor
site, and measuring the expression of CD39 may be
a convenient method to quantify or isolate bystander
T lymphocytes in colorectal and lung tumors.?® Studies
have also shown that if patients with head and neck cancer
have higher frequencies of CD103+CD39+CD8 TILs in
their tumor tissue, they will obtain better overall
survival.'"> Obviously, these conclusions are contrary to
the conclusions obtained by our analysis of public data-
bases. However, the expression of CD39 in BLCA has not
been clarified, especially the CD39 expression in T cells.
As we realized that these conclusions are based on
discussing the expression of CD39 on T cells, the limita-
tion of the public database is that it contains the expression
of CD39 of all cells in whole tumor tissues. As we all
know, CD39 can be expressed not only on T cells, but also
on tumor cells and other cells. Therefore, we next mainly
explored the PD-1, TIM-3, LAG-3, 0OX40, 4-1BB, and
CD39 expressions in T cells, especially in CD4+/CD8+
T cells by flow cytometry. We found that the CD39 expres-
sion of CD4+/CD8+ T cells was significantly associated
with the tumor pathological T stage and tumor histology of
BLCA patients. As expected, the non-muscular invasion
bladder tumor tended to express the higher CD39 and the
papillary tumor also had higher expression of CD39,
which was different from the status of the CD39 expres-
sion in whole bladder tumor. Moreover, the expression of
CD39 in CD8+ T cells was notably correlated with TIM-3.
TIM-3 is a type I transmembrane protein that was

discovered in a study to identify novel cell surface mole-
cules that would mark IFN-y-producing Thl and Tcl
cells.”® Tt has been well-documented found in tumors,

2931 and obtained attention as

including multiple cancers,
a potential biomarker for tumor immunotherapy in recent
years. The co-expression of CD39 and TIM-3 may provide
a novel ICIs treatment strategy to achieve better effects on
the immune response. In addition, the expression of CD39
and PD-1 on CD8 T cells was not significantly related,
suggesting that immunotherapy for CD39 can be used as
a supplementary method for patients who do not respond
to anti-PD-1 treatment.

In recent years, TILs therapy that enhances the immune
function of T cells in TME plays an increasingly important
role in immunotherapy, especially for patients who do not
respond to PD-1 ICIs.** Studies have shown that the
existence of TILs was significantly correlated with
improved survival outcome in various tumors, including

and colon carcinoma.’¥ 3¢

esophageal, breast, renal,
However, only a part of T cells in TILs extracted from
tumor tissue can recognize tumor cells, which may be due
to the existence of a large number of bystander T cells in
TILs. At present, PD-1 and 4-1BB have been proposed as
markers for the tumor-reactive biomarker in the tumor.'*'*
Nevertheless, considering the huge heterogeneity of
patients and tumors, only PD-1 and 4-1BB as biomarkers
of tumor-reactive TILs are not enough. To investigate the
potential biomarker of tumor-reactive TILs, we sorted the
CD4+CD39+ T cells, CD4+CD39- T cells, CD8+CD39+

T cells, and CD8+CD39- T cells and co-cultured with
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MB49 bladder cancer cell lines in vitro. Our results
showed that CD8+CD39+ T cells could recognize and
kill bladder cancer cells. In former literature, CD39 has
been proposed as a biomarker to identify tumor-reactive
CDS8+T cells in lung cancer, colorectal cancer, and head
and neck cancer.***>” Although CD39 was also expressed
on the CD4+ T cells, CD4+ T cells mainly play a role in
instigating and shaping adaptive immune responses.
A previous study also showed that CD4+ regulatory
T cells (Tregs) express CD39, which may provide
a possible explanation for CD4+CD39+ T cells could not
kill tumor cells.”” While CD8+ T cells are the better
population to target tumor cells, as they could detect
intracellular antigens that are presented by MHC class
I molecules expressed by all tumor cell types.*®
However, not all CD8+ T cells could recognize and kill
tumor cells, the identification of functional CD8+ T cells
population is crucial in tumor immunotherapy. In the pre-
sent study, we suggested that CD39 could serve as
a marker for the identification and isolation of tumor-
specific CD8+ T cells in BLCA.

Conclusion

In summary, we proposed that the elevated CD39 expres-
sion of CD4+/CD8+ T cells was significantly associated
with superficial bladder tumors (pT <2) and papillary
tumors in BLCA. Moreover, the CD8+CD39+ T cells
mediate anti-tumor cytotoxicity in BLCA, which will
contribute to isolating specific cytotoxic T cell popula-
tion and improving their activity, and may aid in the
development of effective CD8+ T-cell-based immu-
notherapies. The identification of CD39 as a biomarker
for tumor-reactive CD8+ T cells will also be highly
useful for research on the effectiveness of several ther-
apeutic methods for BLCA patients, including ICIs,
monoclonal antibodies, and vaccines. To our knowledge,
this is the first study proposing the potential therapeutic
value of CD8+CD39+ T cells in patients with BLCA,
and our findings warrant further research and external
validation.
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