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ABSTRACT

Bladder cancer is the ninth most frequent-diagnosed disease worldwide, bearing high morbidity and
mortality rates. Studies have shown that a particular population of CXCR5"CD8" T cells was associated
with superior prognosis in various tumor types, and yet its role in muscle-invasive bladder cancer (MIBC)
remains unclear. In this study, 662 MIBC patients from 3 cohorts (Zhongshan Hospital, n = 141; Shanghai
Cancer Center, n = 108; The Cancer Genome Atlas, n = 403) were analyzed retrospectively. 11 fresh
resected samples of MIBC were examined to characterize the phenotype of CXCR5"CD8" T cells and 402
MIBC patients from TCGA were applied for bioinformatics analysis. It was explored that the abundance of
intratumoral CXCR5*CD8™" T cells indicated superior overall survival and disease-free survival. Patients with
a higher infiltration of CXCR57CD8* T cells in tumor tissue benefit more from adjuvant chemotherapy
(ACT). Intratumoral CXCR5*CD8" T cells displayed cytolytic and self-renewal features. Remarkably,
CXCR5'CD8" T cells were mainly presented in the basal and stromal-rich subtypes of MIBC and tumors
with enriched CXCR57CD8* T cells showed limited FGFR3 signaling signature and activated immunother-
apeutic and EGFR associated pathway. In conclusion, we identified an excellent prognosis and ACT
sensitive subtype of MIBC with intratumoral CXCR5*CD8" T cell abundance. Tumors with high density
of CXCR5*CD8™ T cells possessed potential sensitivity to immunotherapy and EGFR-targeted therapy.
CXCR5*CD8" T cells provide a new potential biomarker as well as a therapeutic target in MIBC.
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Introduction recent years.”® The immune checkpoint blockade therapy tar-

As one of the most common cancer types, bladder cancer bears
high morbidity and mortality rates. In 2012 alone, approxi-
mately 430,000 patients were newly diagnosed with bladder
cancer.' As a rather aggressive subtype of bladder cancer,
muscle-invasive bladder cancer (MIBC) is intractable and radi-
cal cystectomy (RC) is applied as the major treatment, but
there is still an approximately 50% rate of relapse or
metastasis.” Hence, MIBC patients treated with RC are recom-
mended to take additional chemotherapy.” However, it is
reported that only a fraction of patients gains benefits from
adjuvant chemotherapy (ACT)." Meanwhile, most of the exist-
ing biomarkers lack robust prognostic accuracy owning to the
high molecular heterogeneity of MIBC.* Therefore, for MIBC
patients, novel and efficient predictive indicators for clinical
prognosis and chemotherapeutic responsiveness is in urgent
need.

In addition to cytotoxic chemotherapy, the medical field has
witnessed the emergence of new effective therapies for MIBC in

geting PD-1/PD-L1 axis and CTLA-4 has been approved of
clinical practice and exhibited certain therapeutic effect,” while
only a fraction of people obtained benefits.* Besides, develop-
ments were made on therapies targeting fibroblast growth
factor receptor (FGFR),"® and epidermal growth factor recep-
tor (EGFR) as well.'" Advances in molecular pathology con-
tributes to reclassifying MIBC subgroups, which could possibly
support the choice of ACT, targeted therapy and ICK blockade
therapy.*'? Further development in individualized therapy still
seeks for new predictive biomarkers.

CD8" T cells are normally believed to take on a major
antitumor role. Studies has reported the association between
intratumoral CD8" T cell abundance and the therapeutic effect
of ACT and certain immune therapies.'> However, it has been
revealed that intratumoral CD8" T cells are a highly hetero-
geneous  population awaiting  further  exploration.'*
CXCR5"CDS8™ T cell, also known as Tgc cell, is a distinct subset
of CD8" T cells identified to present high effector functions in
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infectious disease such as chronic lymphocytic choriomeningi-
tis virus (LCMV) infection.">'® Remarkably, CXCR5"CD8"
T cells are reported to display a rather important role in
immune response against tumor after further investigation.'”
In cases of B cell lymphoma, a trend of CXCR5"CD8" T cells
directly targeting tumor cells was observed.'® In HBV-related
liver cancer, CXCR5'CD8" T cells are likely to be initially
induced by viral responses, and then act on tumor cells."” As
it is demonstrated in previous studies, CXCR5'CD8" T cell
frequency is positively correlated with the overall survival of
patients with various malignancies, including the malignancies
mentioned above along with colorectal,?® panc:reas,21 lung22
and thyroid®® cancer. Intriguingly, a study revealed that
CXCR5"CD8" T cells provide a proliferation burst after PD-1
blockade in LCMYV infection, suggesting its sensitivity to anti-
PD-1 therapy.”* Herein, we intend to further explore the
potential therapeutic effect and prognostic value of targeting
CXCR5'CD8" T cells in bladder cancer.

In this research, we identified and validated the prognostic
value of CXCR5'CD8" T cell and its predictive value for
responsiveness to adjuvant chemotherapy (ACT) in MIBC
patients within three different cohorts, covering 662 MIBC
patients. We explored and uncovered the association among
CXCR5CD8" T signature score, MIBC molecular subtypes
and therapy-related signature in The Cancer Genome Atlas
(TCGA). Our results highlighted the clinical significance of
CXCR5'CD8" T cells as well as indicated its potential predic-
tive ability for individualized treatment for MIBC.

Methods and materials
Study population

This study began with 393 bladder cancer patients who under-
went radical cystectomy from 2002 to 2014 at Zhongshan
Hospital of Fudan University (n = 215, ZS Cohort) and from
2008 to 2012 Fudan University Shanghai Cancer Center
(n = 178, FUSCC Cohort) respectively. The whole procedure
was performed with the approval of the Clinical Research
Ethics Committee of Zhongshan Hospital and the Clinical
Research Ethics Committee of Fudan University Shanghai
Cancer Center. Formalin-fixed paraffin-embedded samples of
the two cohorts were constituted by tissue microarray (TMA)
technology. 74 patients from ZS Cohort and 70 patients from
FUSCC Cohort were excluded based on the following exclu-
sion criteria: (1) without information consent; (2) unavailable
clinical data and follow-up information (18 excluded); (3)
diagnosed as nonurothelial carcinoma or nonmuscle invasive
bladder cancer (125 excluded); (4) with other therapies besides
cisplatin-based ACT and RC; (5) detachment in TMA (1
excluded). As a result, ZS Cohort and FUSCC Cohort are
comprised of 141 and 108 patients for analysis respectively.
All data were gathered retrospectively and patients with ACT
were defined as patients who received cisplatin-based ACT
lasting one therapeutic cycle at least. Patients received follow-
up visits every 3 months in the first year, every 6 months for
2 years and once per year afterward, which included clinical
history, physical examination and laboratory measurement. All
follow-up data were collected until July 2016.

Patient characteristics of The Cancer Genome Atlas
(TCGA) data set were obtained from http://www.cbioportal.
org at Jan 2020. A total of 403 MIBC patients were feasible for
analysis with available clinical data and follow-up information.
The overall survival (OS) and the disease-free survival (DFS)
were defined as the time from the date of RC to the date of
death and the first recurrence, or to the last visit date.

Immunohistochemistry

Immunohistochemistry staining was practiced according to the
protocols described previously.”” The TMA sections were
scanned with image Pro plus 6.0 under high-power magnifica-
tion filed (HPF, *200 magnification). The density of targeted
cells was evaluated as the mean number of cells/HPF from sxi
randomized fields counted by two independent pathologists
(each with three fields) who were blinded from the clinical
data. The IHC antibodies were listed in Supplementary Table 1.

Flow cytometry

Fresh samples, including MIBC tumor (n = 11) and distant
normal bladder tissue (n = 8), were collected from five different
clinical centers (Zhongshan Hospital of Fudan University,
Fudan University Shanghai Cancer Center, Ruijin Hospital,
Shanghai General Hospital and Shanghai Ninth People’s
Hospital). All patients signed the informed consent.

Fresh resected tumor and peritumor tissues were digested
into single-cell suspension with collagenase V (Sigma) for
2 hours at 37°C. Then, samples of approximately 1 x 10° cells
were centrifuged and incubated in RBC lysis buffer on ice for
5 minutes. After incubated with Human Fc receptor blocking
reagents (BD Pharmingen), cells were stained with membrane
markers for 40 minutes at 4°C in the dark. Cells were stimulated
for 5 hours with phorbol myristate acetate (50 ng/ml) and
ionomycin (1 pg/ml) in the presence of GolgiStop Protein
Transport Inhibitor (1:1000) for intracellular cytokine measure-
ment. Cells were fixed and permeabilized with Fixation/
Permeabilization Solution Kit (BD Biosciences) for 30 minutes
at 4°C before intracellular staining. Stained cells were then
analyzed with a FACSCelesta flow cytometer (BD Biosciences),
and data were analyzed via Flow]Jo software V10 (TreeStar). All
flow cytometry antibodies were listed in Supplementary Table 2.

Bioinformatics analysis

In the TCGA Cohort, the CXCR5"CD8" T signature score was
comprised of the mean value of the mRNA expression of
CD8A, CXCR5, CXCR3, ICOS, CD27, IL21, TNF,
TNFRSF6B, PDCD1, TBX21, SLAMF6, and IL27RA.""*® To
control the range of the CXCR5"CD8" T signature score, the
mRNA expression was pre-calculated with log, (x + 1). The
gene constitution of multiple signatures was provided in
Supplementary Table 3.

The cutoff values of CXCR5"CD8" T cells for the ZS Cohort
and TCGA Cohort were determined automatically by the X-Tile
Version 3.4.7 (offered by Robert L Camp, M.D., PhD, Yale
University, http://tissuearray.org). The cutoff value of
CXCR5"CDS8" T cells for the FUSCC Cohort was determined
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by the one of ZS Cohort for validation. The cutoft values of
CXCR5"CD8" T cell infiltration in ZS Cohort and FUSCC
Cohort were both 15 cells/HPF and the cutoff value of
CXCR5"CD8" T signature score in the TCGA cohort was 0.120.

Statistical analysis

Survival outcomes including overall survival and disease-free
survival were analyzed with Kaplan-Meier curves, log-rank test
and univariate/multivariate Cox regression analysis. Data of
immunohistochemistry evaluation and flow cytometry was
analyzed by Pearson correlation test and Student ¢ test.
Kruskal-Wallis H test and Mann-Whiney U test were applied
for bioinformatics analysis. Two-sided P < .05 was considered
statistically significant. IBM SPSS Statistics v25.0 for windows
(SPSS Inc., Chicago, IL), Medcalc v12.7.0, and GraphPad Prism
v5.01 were used for statistical analysis.

Results

Intratumoral CXCR5*CD8* T cell infiltration adversely
correlates with tumor stage in MIBC patients

To determine the presence of CXCR5"CD8" T cells in the tumor
environment, we performed dual immunohistochemistry staining
and flow cytometry. (Figure 1(a,b) and Supplementary Figure 2).
The clinical-pathologic characteristics of patients were presented
in Supplementary Tables 4,5, which presented a positive associa-
tion between AJCC stage and CXCR5"CD8" T cell infiltration. We
observed significantly declining CXCR5"CD8" T cell infiltration
within the advanced AJCC stage in MIBC (Figure 1(c)).
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Figure 1. Intratumoral CXCR5*CD8™ T cell infiltration correlates with tumor stage.
Representative IHC images of high (a) and low (b) CXCR5*CD8™ T cells infiltrated
in MIBC with black arrowheads pointing the target cells. (c) Comparison of
intratumoral CXCR57CD8" T cell count according to different AJCC stages. The
data were based on Supplementary Table 5. (d) Distribution of tumors with
CXCR5*CD8* T cells high/low subgroups according to different AJCC stages. The
data were based on Supplementary Table 5. ns refers to no statistical significance.
(e) Different infiltration levels of CXCR5"CD8™ T cells in tumor tissue and peritu-
moral tissue. *P < .05, **P < .01.
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Correspondingly, a strong correlation was observed between
tumors with high/low CXCR5'CD8" T cell groups and AJCC
stages (Figure 1(d) and Supplementary Table 5). Also, there was
a higher infiltration of CXCR5"CD8" T cells inside tumor tissue
compared to the peritumoral tissue (Figure 1(e)). These data
suggested that CXCR5'CD8" T cells were presented in MIBC
and adversely correlated with disease progression in MIBC
patients.

Intratumoral CXCR5*CD8"* T cells abundance indicates
superior clinical outcomes in MIBC patients

To clarify the relevance of CXCR5"CD8" T cells and clinical
outcomes, we conducted Kaplan-Meier curves and log-rank test
in three different cohorts. In ZS Cohort (1 = 141), high infiltration
of CXCR5"CD8" T cells was associated with significantly superior
OS and DFS (OS: P < .0001, DES: P = .0096; Figure 2(a,b)).
Prolonged OS and DFS in high CXCR5"'CD8" T cells group
were also observed in FUSCC Cohort (n = 108, OS: P = .0031,
DES: P = .0005; Figure 2(c,d)) and in TCGA Cohort (OS: n = 403,
P =.0137; Figure 2(e)) than the ones in low CXCR5"CD8" T cells
group. However, the improvement of DES in high vs. low
CXCR5*CD8" T cells group was on the boundary of significance
in TCGA cohort (n = 184, P = .0582; figure 2(f)). Univariate and
multivariate Cox regression analysis revealed CXCR5"CD8"
T cells possessed strong prognostic potential in both ZS cohort
and FUSCC cohort (Supplementary Tables 6,7). Furthermore, the
comparison of prognostic value further elucidated that
CXCR5"CD8" T cells could act as a more powerful prognosticator
than CD8" T cells in all MIBC or different AJCC stage subgroups
(Table 1). Taken together, intratumoral CXCR5"CD8" T cells
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Figure 2. Intratumoral CXCR5*CD8* T cell enrichment indicates superior clinical
outcomes. Kaplan-Meier curves of OS (left) and DFS (right) for CXCR5"CD8* T cell
infiltration in the ZS Cohort (A-B, n = 141), FUSCC Cohort (C-D, n = 108), and TCGA
Cohort (E-F, n = 403, n = 184). Log-rank P values were shown.
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Table 1. CXCR5CD8* T cells act as a better prognosticator than CD8" T cells in MIBC patients.

Factor Patients HR (95% Cl) P pinteraction
Overall survival
All patients CD8* T cells (high vs low) 0.550 (0.377-0.803) 0.002 <0.001
CXCR5*CD8" T cells (high vs low) 0.279 (0.186-0.420) <0.001
Stage Il CD8* T cells (high vs low) 0.775 (0.431-1.395) 0.396 0.008
CXCR57CD8™ T cells (high vs low) 0.340 (0.186-0.623) <0.001
Stage llI+IV CD8* T cells (high vs low) 0.539 (0.327-0.888) 0.015 0.001
CXCR5*CD8" T cells (high vs low) 0.286 (0.161-0.508) <0.001
Disease-free survival
All patients CD8* T cells (high vs low) 0.757 (0.513-1.116) 0.160 0.004
CXCR5*CD8" T cells (high vs low) 0.431 (0.289-0.644) <0.001
Stage Il CD8" T cells (high vs low) 0.818 (0.434-1.543) 0.536 0.044
CXCR5"CD8™ T cells (high vs low) 0.383 (0.203-0.723) 0.003
Stage llI+IV CD8" T cells (high vs low) 0.811 (0.493-1.334) 0.410 0.241
CXCR5*CD8" T cells (high vs low) 0.575 (0.338-0.976) 0.041
Abbreviations: HR, hazard ratio; Cl, confidence interval;
P value < .05 marked in bold font shows statistical significant.
itself could serve as an independent and significant prognosticator A B

whose enrichment indicates superior clinical outcomes in MIBC
patients.

Intratumoral CXCR5"CD8" T cells abundance yields
optimal ACT responsive-ness in MIBC patients

To evaluate the benefit of cisplatin-based adjuvant chemother-
apy according to different infiltration levels of CXCR5*CD8"
T cells, we compared the prognosis of patients stratified by
ACT application in different CXCR5'CD8" T cell infiltration
subgroups. In the combined cohort, the infiltration level of
CXCR5"CDS8" T cells was not associated with OS (P = .2713;
Figure 3(a)) and DFS (P = .5192; Figure 3(c)) in patients with-
out ACT application (n = 136). However, the infiltration level
of CXCR5'CD8" T cells was significantly associated with
superior OS (P < .0001; Figure 3(b)) and DES (P < .0001;
Figure 3(d)) in patients with ACT application (n = 113).
Similarly, in TCGA cohort, the infiltration level of
CXCR5"CDS8" T cells was not associated with OS (P = .2713;
Figure 3(e)) in patients without ACT application (n = 179),
while the infiltration level of CXCR5"CD8" T cells was signifi-
cantly associated with improved OS (P = .0179; figure 3(f)) in
patients with ACT application (n = 76). These results indicated
that the cisplatin-based chemotherapy was potentially asso-
ciated with the activation of the antitumor CXCR5'CDS§"
T cells. Moreover, CXCR5'CD8" T cell enrichment could pre-
dict an optimal ACT responsiveness in MIBC.

Intratumoral CXCR57CD8" Tcells display tumor
suppression characteristics

Since the abundance of intratumoral CXCR5"CD8" T cells was
associated with superior prognosis and better ACT responsive-
ness, we attempted to explore the principle beneath what was
found. The study started with a set of IHC staining. A positive
correlation between the expression of GZMB, IFN-y, PRF1 in
the tumor environment and CXCR5"CD8" T cells infiltration
was observed (Supplementary Figure 1(a)). We also noticed
that the expression of immune checkpoints CTLA-4, LAG-3
and TIGIT was elevated in the tumor environment in high
CXCR5"CD8" T cells group compared with the one in low
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Figure 3. Intratumoral CXCR5*CD8" T cell abundance yields optimal ACT respon-
siveness. Kaplan-Meier curves for OS in ACT applied (a) and ACT not applied (b)
subgroups of combined cohort according to CXCR5*CD8™ T cell infiltration strata.
Kaplan-Meier curves for DFS in ACT applied (c) and ACT not applied (d) subgroups
of combined cohort according to CXCR5*CD8* T cell infiltration strata. Kaplan-
Meier curves for OS in ACT applied (e) and ACT not applied (f) subgroups of TCGA
cohort according to CXCR5*CD8* T signature score strata. Log-rank test was
performed for Kaplan-Meier curves.

CXCR5"CD8" T cells group (Supplementary Figure 1(b)). The
phenotype of CXCR5"CD8" T cells was next investigated
through flow cytometry analysis of fresh MIBC surgical speci-
mens. Notably, intratumoral CXCR5'CD8" T cells expressed
elevated PD-1, LAG-3, CTLA-4 and reduced TIM-3 compared
with their CXCR5"CD8" T cells counterparts (Figure 4(a)).
A higher level of IFN-y, GZMB, TNFa, CD107a and IL-17A
was presented in CXCR5"CD8" T cells (Figure 4(b,c)), which
suggests CXCR57CD8" T cell possess robust cytotoxicity
activity.””*® Interestingly, while comparable Ki-67 was
expressed in the two subsets, CXCR5"CD8" T cells had higher



PD-1 CTLA-4 TIM-3 LAG3 TIGIT
ok *x * B ns
1004 w00 T Y 100 1004 1 1009 1 i
. + . * CXCR&
o 80 o 80 1 2w - g 80 g LT . CXCRS*
o 60 S I o 60 S 5, 60
8 591 - 1] & s B
O a0 S 40 2 a0 O 404 2 a0
5 s o 5 5 5
= 20 = 20 : = 2 = 20 ol R J [
CXCRS CXCRS" CXCR5 CXCRS™ CXCRS CXCRS™ CXCR5 CXCR5" CXCR5 CXCR5™
IFNy GzmB TNFa cD107a IL17a
o * P B *
100 1 100 1004 100 1 100
o 80| H o 804 o 80| o 80 o 80
2 . 2 : 2 . 3 . . 3
3 60 . 3 60: .8 60 08 60 . 60
% . Py % . w %
2 8 8 8 Te 3 b
O 40 © O 44 . 7 9 4 © 40
5 5 5 s o+ s r 5
ol [T 5] = =] [i]]: aﬁzn-&l o H F
T .v' |. T T T o
CXCRS CXCRS"
TCF1 CCR7 cp62L Ki-67
ek py * ns
1004 1004 1 1004 1 w00 1
« 80 T o 80 o 80 o 2 80
3wl 2wl . B el o 60
£y £y %
2 2 2 8
S 40 O 4 O 40 Q a0
s s .. s . 5
H H =
2 I— = 20 Pj:l’ £ 20 E
g AL o ol
cxc

T
R5 CXCRS"

Figure 4. Phenotyping intratumoral CXCR5*CD8* T cells in MIBC patients. (a)
Comparison of immune checkpoints (PD-1, CTLA-4, TIM-3, LAG-3 and TIGIT)
expression on CXCR5*CD8* T cell vs. CXCR5~ CD8" T cell in MIBC. (b)
Comparison of effector cytokines (IFN-y, GZMB, TNF-a and CD107a) expression
on CXCR5*CD8* T cell vs. CXCR5™ CD8* T cell in MIBC. (c) Comparison of IL-17A
expression on CXCR5CD8* T cell vs. CXCR5™ CD8™ T cell in MIBC. (d) Comparison
of TCF-1, CCR7, CD62L and Ki-67 expression on CXCR5*CD8" T cell vs. CXCR5~
CD8* T cell in MIBC. Data was analyzed by Pearson correlation test and Student t
test. *P < .05, **P < .01, ***P< 001, ****P < .0001.

expression of Tcf-1 and CD62L, indicating the self-renewal and
effector memory characteristics as previously reported*®
(Figure 4(d)).

Association of CXCR5"CD8* T cells with molecular
subtypes in MIBC patients

To study the association of CXCR5*CD8" T cells with mole-
cular subtypes in MIBC patients, we used mRNA expression of
several molecules from TCGA to constitute the CXCR5"CD8"
T signature score (Figure 5(a)). CXCR5'CD8" T signature
score was abundant in the Ba/Sq subtype of the consensus
classification and both basal subtypes in UNC ad MDA classi-
fication (Figure 5(b-d), P < .0001). Interestingly, in the con-
sensus classification, CXCR5"CD8" T cells signature score was
high in both basal/squamous subtype and stroma-rich subtype.
Furthermore, tumors with high CXCR5*CD8" T signature
score were featured with high basal signature score
(P < .0001; Figure 5(e)) and p53-like signature score (P < .05;
Figure 5(e)) and low luminal signature score (P < .0001; Figure
5(e)). Also, proliferation score was superior in tumors with
high CXCR5'CD8" T signature score (P < .05; figure 5(f)).
Additionally, tumors with high density of CXCR5*CD8"
T cells were strongly enriched with EGFR signature, antigen-
presenting and immune checkpoints signature (P < .0001,
P <.0001, P < .0001 and P < .0001, respectively; Figure 5(g)),
indicating the value of applying EGFR-targeted drugs and
immunotherapy in tumors with high CXCR5"CD8" T cells.
Collectively, our results revealed that CXCR5'CDS8"
T signature accumulation was associated with basal and
stroma-rich subtypes of MIBC, and CXCR5"CD8" T cells den-
sity could possibly be an independent indicator for individua-
lized targeted therapies.
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Figure 5. Characteristics of CXCR5*CD8" T cells across MIBC molecular classifica-
tions. (a) The overall constitution of CXCR5*CD8* T signature score and the
corresponding molecular classification. (b-d) Quantification analyses of
CXCR5"CD8" T signature score in TCGA database across molecular classification
systems. (e) Quantification analyses of molecular subtype signatures between
low/high CXCR5*CD8™ T signature score subgroup. Quantification analyses of cell
cycle-associated (f) and therapy-associated (g) gene signatures between low/high
CXCR57CD8" T signature score subgroup. Data was analyzed by Kruskal-Wallis H
test and Mann-Whiney U test. *P < .05, **P < .01, ***P < .001, ****P < .0001.

Discussion

In this study, we firstly demonstrated that high density of intra-
tumoral CXCR5"CD8" T cells was associated with improved OS
and DEFS by analyzing three different patient cohorts, covering
662 MIBC patients. Researches showed a majority of CD8"
T cells act as bystanders in human tumor infiltrates, and these
bystander CD8" T cells were a highly heterogeneous
population.'*  Although intratumoral CD8" T cells were
regarded as a protective factor against tumor,” studies also
showed an association of intratumoral CD8" T cells and poor
clinical outcomes.”® Based on the studies, it is reasonable to
assume that the highly heterogeneous population of intratu-
moral CD8" T cells could be further divided into different
subtypes with distinct phenotypes, even antagonistic to each
other. Intriguingly, we found CXCR5"CD8" T cells could serve
as a more powerful prognosticator than CD8" T cells in MIBC,
which was in line with its impressive anti-tumor function as
discovered in other tumor types.'®*> We have previously
reported several immune cells infiltration associated with ACT
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benefit in MIBC, such as tumor-infiltrating neutrophils, mast
cells, B cells, and IL-22" cell*>*'** Remarkably, we revealed the
outstanding predictive ability of CXCR5'CD8" T cells in
response to ACT in MIBC. It is reported that CD8" T cell-
related pathways are involved in mediating response to
chemotherapy™ leading to tumor suppression. Our result
unveiled that CXCR5'CD8" T cell might be a crucial CD8"
T cell subtype responding to cisplatin-based ACT, of which the
intrinsic mechanism worth further exploration.

Corresponding to the previous studies in circumstances of
viral infection and tumor infiltration, we confirm the self-
renewal and effector memory-like phenotype of CXCR5"CD8"
T cells in MIBC.""* Intriguingly, we discovered that
CXCR5'CDS8" T cells expressed activated TCF1 (transcripted
by TCF7) compared to its CXCR5 CD8" T cells counterpart.
Meanwhile, it is reported that TCF7" identified a subset of
superior survival-indicating CD8" T cells in melanoma,*
which is consistent with our results. Moreover, our results
showed an enriched production of both immune checkpoints
especially PD1 and effector cytokines in CXCR5"CD8" T cells.
Recent studies identified a progenitor exhausted subset CD8"
T cells featured with high level of CXCR5 and PD1 expression
and low level of TIM3 expression,” which is in line with our
results and implied CXCR5"CD8" T cells in MIBC also pos-
sessed a progenitor exhausted-like characterization. Progenitor
exhausted CD8" T cells could mediate long-term tumor eradica-
tion and show response to PD-1.”" It was also reported that
CXCR5"CD8" T cells provided proliferation burst of CD8"
T cells after PD-1/PD-L1 blockade therapies and contributed
to therapeutic benefits in viral infection.* Together with our
phenotype analysis, we suspected that CXCR5'CD8" T cells
could exert a durable anti-tumor function and would play an
essential part responding to PD-1/PD-L1 blockade in MIBC.

Increasing numbers of studies shed light on the impor-
tance of molecular features in MIBC that it could provide
new opportunities for prognostic application, disease mon-
itoring and personalized therapy.”® We discovered that
tumors with high density of CXCR5'CD8" T cells pre-
sented basal subtype, and these high CXCR5"CD8" T cell
density tumors were endowed with potential EGFR-targeted
sensitivity and immunotherapeutic indication. Meanwhile,
low CXCR57CD8" T cell density tumors appear luminal
subtype with possible FGFR3-targeted potency. The relation
between CXCR5'CD8" T cell density and molecular sub-
type created new possibilities for individualized therapy,
indicating that intratumoral CXCR5"'CD8" T cell density
could be taken as a biomarker for clinical utilization of
EGFR-targeted therapy as well as immunotherapy.
However, further investigation was needed on a practical
level for these finding.

Conclusion

In this study, we identified an excellent prognosis and
ACT sensitive subtype of MIBC with intratumoral
CXCR5"CD8" T cell abundance, highlighting its clinical
significance. CXCR5'CD8" T cells correlated with long-
term tumor eradication capacity. Furthermore, our results
implied that tumors with CXCR57CD8" T cell abundance

possessed potential sensitivity to immunotherapy and
EGFR-targeted therapy while resistance to FGFR3-
targeted therapy. Future studies could put more concen-
tration on this compelling CD8" T cell subtype to discover
its predictive role and intrinsic relationship with certain
therapeutic approach.
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