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Abstract
Regulatory T cells (Tregs) play a major role in the development of an immunosuppressive tumor microenvironment. Sys-
temic Treg depletion is not favored because of the critical role of Tregs in maintaining immune homeostasis and preventing 
the autoimmunity. Recently, CCR8 has been identified as an important chemokine receptor expressed on intratumoral Tregs 
and is known to be critical for  CCR8+Treg-mediated immunosuppression. However, the inherent molecular mechanisms 
and clinical significance of intratumoral  CCR8+Tregs remain poorly understood. In this study, a retrospective analysis of 
259 muscle-invasive bladder cancer (MIBC) patients from two independent clinic centers was conducted to explore the 
prognostic merit of  CCR8+Tregs via immunohistochemistry. Eighty-three fresh MIBC samples and data from the Cancer 
Genome Atlas were used to evaluate the proportion and function of immune cells via flow cytometry, ex vivo intervention 
experiments and bioinformatics analysis. It was found that the CCR8 expression by intratumoral Tregs maintained the sta-
bility and potentiated their suppressive function by upregulating the expression of transcript factors FOXO1 and c-MAF. 
High level of  CCR8+Tregs was associated with the immune tolerance and predicted poor survival and inferior therapeutic 
responsiveness to chemotherapy. Moreover, it was revealed that CCR8 blockade could destabilize intratumoral Tregs into a 
fragile phenotype accompanied with reactivation of antitumor immunity and augment of anti-PD-1 therapeutic benefits in 
MIBC. In summary, those results suggested that  CCR8+Tregs represented a stable Treg subtype and a promising therapeutic 
target in the immunotherapy of MIBC.
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MIBC  Muscle-invasive bladder cancer
OS  Overall survival
PD-1  Programmed cell death protein 1
RC  Radical cystectomy
RFS  Recurrence-free survival
TCGA   The Cancer Genome Atlas
TMA  Tissue microarray
TME  Tumor microenvironment
Treg  Regulatory T cell
ZH  Zhongshan Hospital

Introduction

Muscle-invasive bladder cancer (MIBC) has a poor prog-
nosis with a 5-year survival rate of roughly 60% [1]. The 
standard treatment for localized MIBC relies on radical cys-
tectomy (RC) complemented with cisplatin-based chemo-
therapy in a neoadjuvant or adjuvant setting. However, the 
response rate to cisplatin-based regimens does not exceed 
50% [2]. One of the potential difficulties is the presence of 
immunosuppressive cell populations, such as regulatory T 
cells (Tregs), which orchestrate the immune evasion to the 
wave of cell death following the chemotherapy [3, 4]. There-
fore, there is an urgent need for elucidating the immunoregu-
latory mechanisms and identifying an improved stratification 
of MIBC for better prediction on chemotherapy treatment 
response.

Treg stability is defined as sustained Foxp3 expres-
sion, hypomethylation at the CNS2 locus, and maintained 
suppressive phenotype [5, 6]. To date, the reported domi-
nant stabilizing factors in tumor-resident Tregs include 
CARMA1-BCL10-MALT1 complex [7], Helios [8, 9], 
Neuropilin-1 [10, 11], programmed cell death protein 1 
(PD-1) [12], indoleamine 2,3-dioxygenase [13] and the 
PTEN phosphatase pathway [14, 15]. Under such condi-
tions, intratumoral Tregs can potently inhibit the antitumor 
immunity and contribute to the development of an immu-
nosuppressive tumor microenvironment (TME) [4–6]. Treg 
modulation strategies have been shown to increase the anti-
tumor immunity and reduce the tumor burden in both pre-
clinical and clinical settings [3, 4, 16]. However, there are 
some drawbacks of the strategies, such as autoimmunity and 
specificity of targeting [4, 16]. Therefore, a more effective 
strategy to selectively target intratumoral Tregs is required.

The CC-chemokine receptor CCR8 has been identi-
fied as a specific marker, which is selectively upregulated 
by intratumoral Tregs in several types of human cancers, 

such as lung, breast and colorectal cancers [17–19]. The 
increased CCR8 transcription in whole-tumor samples has 
indicated poor prognosis [17, 18]. Of note,  CCR8+Treg has 
been defined as a major driver of immunosuppression in 
an experimental model of autoimmunity [20, 21]. Target-
ing CCR8 in the mouse models of cancer has shown the 
impaired suppressive character of the TME and enhanced 
antitumor immunity [22]. However, the inherent molecular 
mechanisms of intratumoral  CCR8+Tregs and the extent of 
antitumor effects on human cancers resulted from targeting 
CCR8 remain to be determined.

In the present study, the mechanisms of CCR8 in main-
taining intratumoral Tregs stability and immunosuppressive 
function were reported. The accumulation of  CCR8+Tregs 
indicated immunoevasive subtype MIBC with poor prog-
nosis and suboptimum for adjuvant chemotherapy. Fur-
thermore, blockade of CCR8 destabilized Tregs and repro-
grammed them into a fragile phenotype, which reactivated 
the antitumor immunity and showed a preliminary syner-
gistic efficacy with an anti-PD1 monoclonal antibody (pem-
brolizumab) against malignant cells. Our findings shed light 
on targeting  CCR8+Tregs as a promising immunotherapeutic 
strategy for MIBC.

Materials and methods

Patients and tumor tissue samples

This study began with two independent patient cohorts, i.e., 
the Zhongshan Hospital cohort (ZH cohort, n = 215) and 
Fudan University Shanghai Cancer Center cohort (FUSCC 
cohort, n = 178). All patients (n = 393) received RC initially. 
The exclusion criteria were followed in all the cases: (1) 
pathological diagnosed not as MIBC or combined with other 
pathological types; (2) with distant metastatic disease; (3) 
incomplete follow-up information; (4) preoperative chem-
otherapy or radiotherapy. As a result, 259 eligible MIBC 
patients were included (ZH cohort, n = 141; FUSCC cohort, 
n = 118). After RC, 119 patients (46.3%) received cisplatin-
based combination chemotherapy (at least one cycle). The 
follow-up principle was based on the European Association 
of Urology guidelines for MIBC. All the follow-up data were 
collected from the date of surgery to July 2016. The overall 
survival (OS) was defined as the time from the date of sur-
gery to death or last follow-up. The recurrence-free survival 
(RFS) was defined as the time from the date of surgery to 
the first recurrence or last follow-up. The detailed clinical-
pathological characteristics of 259 patients are presented in 
Supplementary Table 1.

Fresh MIBC tumor tissues (n = 83) were collected from 
four independent clinical centers in Shanghai, China (Shang-
hai General Hospital, ZH, FUSCC and Ruijin Hospital). The 
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exclusion criteria were described above. All the patients 
signed an informed consent.

Double immunohistochemistry 
and immunofluorescence

Tissue microarray (TMA) development and immunohisto-
chemistry (IHC) were performed according to our previously 
described methods [23, 24]. Single staining was performed 
on  CD8+T cells,  CD4+T cells, natural killer cells, mac-
rophages, neutrophils, mast cells and B cells. Double stain-
ing was performed on DCs and  CCR8+Tregs. The details of 
antibodies are listed in Supplementary Table 2.

For double IHC staining, the TMAs were dewaxed and 
hydrated, heated with an autoclave in sodium citrate buffer 
for antigen retrieval and incubated with 10% normal goat 
serum for antigen blocking. Next, the sections were incu-
bated with the first primary antibodies at 37 °C for 2 h, fol-
lowed by HRP-labeled secondary antibody incubation and 
visualization using DAB reagent. Subsequently, the TMAs 
were incubated with the second primary antibodies over-
night at 4 °C before proceeding to the secondary antibody 
and Vector Blue staining. Finally, the sections were washed, 
dehydrated and mounted.

CCR8+Treg cell counts and other stained-positive cell 
counts were enumerated as the mean value of 3 randomized 
high power magnification fields (HPF, 200× magnification) 
of each section.  CCR8+Treg density was counted as cells/
mm2. Two urologic pathologists from different medical 
institutes who were blinded to the clinical data reviewed the 
slides independently with the assistance of Image-Pro Plus 
(Media Cybernetics Inc.). F tests in the reliability analy-
ses showed P = 0.640 for  CCR8+Treg counting, indicating 
a good reliability of these two counting results. The mean 
value of the two counting results was adopted to conduct fur-
ther analyses. To obtain the best prognostic efficacy, X-Tile 
Software (Yale University, version 3.6.1) was used as previ-
ously described [25].

For immunofluorescence (IF), the sections were incu-
bated with two primary antibodies at 4 °C overnight. Then, 
the samples were incubated with species-appropriate rabbit/
mouse secondary antibodies coupled to Alexa Fluor dyes 
(555, 488, Invitrogen) at 37 °C for 2 h. Finally, the slides 
were mounted with antifade mounting solution containing 
DAPI. All the antibodies and reagents are summarized in 
Supplementary Table 2. The slides were detected through 
Leica DM6000 B Microsystems.

Definition of cutoff values

For  CCR8+Treg density, the values below and above 6.6 
cells/mm2 were defined as low and high ones, respectively. 

For the  CD8+T cells, the values below and above 38 cells/
HPF were defined as low and high ones, respectively.

Flow cytometry

Fresh MIBC tissues were collected as soon as the samples 
were resected during the surgery. After digested by means 
of collagenase IV and lysed the red blood cells, single cell 
suspension was stained with the indicated monoclonal anti-
bodies (mAbs) at 4 °C for 30 min in the dark. If necessary, 
staining of intracellular molecules or transcription factor was 
established by using Fixation/Permeabilization Solution Kit 
or Transcription Factor Fixation/Permeabilization buffer set 
(BD Biosciences) according to the manufacturer’s instruc-
tions. The stained cells were washed and re-suspended in 
cell staining buffer. Flow cytometry (FCM) was performed 
using a BD Celesta and analyzed by FlowJo software (Tree 
Star). All FCM antibodies and reagents are summarized in 
Supplementary Table 3.

Bioinformatics analysis

The Cancer Genome Atlas (TCGA) BLCA mRNA and clini-
cal data, including RNA sequencing and clinicopathological 
data for 408 tumors, were downloaded from https ://www.
cbiop ortal .org on December 26, 2018, and were normal-
ized to TPM format. The cutoff value of CCR8 expression 
in MIBC data was determined as median. Gene set enrich-
ment analysis (GSEA) performed by the Molecular Signa-
ture Database (MSigDB) was used to identify the pathways 
that were significantly enriched in  CCR8high tumor samples. 
If a gene set had a positive enrichment score, the majority of 
its members had higher expression accompanied with higher 
risk score, and the set was termed “enriched.”

Ex vivo intervention assay

The ex vivo intervention studies were performed according 
to the methods described previously [26, 27]. Briefly, fresh 
bladder cancer tissues were washed 3 times with RPMI-1640 
medium containing 1% fetal bovine serum before being 
minced. The specimens were then dissociated in RPMI-1640 
medium containing 1 mg/mL collagenase IV in incubator 
shaker at 37 °C for 2 h. After filtered through a 70 μm cell 
strainer (BD Labware), single cell suspensions including 
tumor cells, immune cells and other cells were co-cultured 
and randomly divided into 4 groups (isotype controls, anti-
CCR8, pembrolizumab, anti-CCR8 + pembrolizumab). The 
cells were then cultured for 12 h in RPMI 1640 medium 
containing 10% FBS, corresponding isotype and neutraliz-
ing antibodies. The antibodies included in this experiment 
were IgG2B isotype control (0.5 μg /ml, Clone 141,945, 
R&D systems), anti-CCR8 (0.5 μg/ml, Clone 191,704, R&D 

https://www.cbioportal.org
https://www.cbioportal.org
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systems) and pembrolizumab (5 µg/mL, Selleck). After over-
night culture, cells were subjected to FCM analysis to exam-
ine the apoptosis of tumor cells by using FITC Annexin V 
Apoptosis Detection Kit I (BD Biosciences) or correspond-
ing FCM antibodies.

Statistical analysis

The results were expressed as mean ± SD. Pearson’s χ2 test 
was applied for categorical variables, whereas continuous 
variables were analyzed by t test. The correlation analysis 

Fig. 1  CCR8+Tregs accumulate in MIBC and correlate with disease 
progression, a flow diagram of patients enrollment in this study. b 
Representative immunofluorescence staining for Foxp3 (green) and 
CCR8 (red) in MIBC specimens. Nuclei counterstained blue with 
DAPI. White arrowheads indicate  CCR8+Tregs. Scale bars, 12.5 μm. 
c Representative immunohistochemistry images show  CCR8+Treg 

(left) and  CCR8−Treg (right) in MIBC. Scale bars, 50 μm. d The pro-
portion of  CCR8+Tregs high and low specimens in different stages 
of MIBC (**P < 0.01). e Flow cytometry analysis of  CCR8+Tregs in 
MIBC and peritumor tissues. f Statistical analysis of CCR8 expres-
sion on gated  CD3+CD4+Foxp3+Tregs in MIBC and peritumor tis-
sues. **P < 0.01; ****P < 0.0001
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was made by Spearman correlation. OS and RFS were 
analyzed through Kaplan–Meier curves, log-rank test, and 
multivariate analysis based on the Cox proportional hazards 
method. Interaction analysis was also conducted using Cox 
regression. A two-tailed P value below 0.05 was considered 
statistically significant. Statistical analyses were conducted 
using SPSS, version 22.0, Graph Pad Prism Software 8.0 
and Medcalc 15.

Results

CCR8+Tregs accumulate in MIBC and yielded poor 
prognosis in MIBC patients

The flowchart of study population from four cohorts is illus-
trated in Fig. 1a. Representative IF and IHC images exhib-
ited the accumulation of  CCR8+Tregs in MIBC, respectively 
(Fig. 1b, c). The number of  CCR8+Tregs was apparently 

Fig. 2  The prognostic value of  CCR8+Tregs in patients with 
MIBC. a, b Overall survival curves of patients with low and high 
 CCR8+Tregs group in two independent cohorts. c, d Recurrence-free 
survival curves of patients with low and high  CCR8+Tregs group 

in two independent cohorts. Multivariate Cox proportional hazards 
regression analysis of the clinicopathological parameters influencing 
overall survival (e) and recurrence-free survival of MIBC patients (f)
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correlated with enhanced tumor stages based on the IHC 
staining (Fig. 1d). Furthermore, the FCM analysis also vali-
dated that compared with peritumor tissues, MIBC samples 
displayed a higher percentage of Tregs expressing CCR8 
(Fig. 1e, f).

To investigate the clinical significance of intratumoral 
 CCR8+Tregs in MIBC, Kaplan–Meier curves and log-
rank test were applied to compare OS and RFS between 
 CCR8+Tregs low and high patients. In ZH and FUSCC 
cohorts, patients with high  CCR8+Tregs had significantly 
poorer OS (P < 0.0001 and P < 0.0001; Fig. 2a, b) and RFS 
(P = 0.0001 and P = 0.0049; Fig. 2c, d). Next, multivariate 
analysis was performed to figure out whether  CCR8+Tregs 
could serve as a potential independent prognostic factor 
for the survival outcomes. The analysis was conducted 
including the age, gender, tumor size, tumor grade, lym-
phovascular invasion, American Joint Committee on Cancer 
Staging and  CCR8+Tregs accumulation. It was found that 
 CCR8+Treg was an independent adverse prognosticator for 
OS and RFS according to multivariate analysis in all patients 
(hazard ratio [HR]: 2.976, 95% confidence interval [CI] 
2.055–4.309, P < 0.001 and HR 2.244, 95% CI 1.508–3.338, 
P < 0.001; Fig. 2e, f). Hence, these findings suggested that 

 CCR8+Tregs may contribute to the progression and poor 
prognosis of MIBC.

CCR8+Tregs indicate suboptimum responsiveness 
to adjuvant chemotherapy in MIBC

The positive role of adjuvant chemotherapy (ACT) after RC 
has been strengthened with recent data, despite a poor level 
of evidence [1]. Of note, ACT application did not reach sta-
tistical significance in our study (OS: Fig. 3a; RFS: data 
not shown). Therefore, the association between intratu-
moral  CCR8+Tregs and the therapeutic responsiveness to 
ACT was inspected. In the patients with  CCR8+Tregs low 
group, receiving chemotherapy significantly led to better OS 
(Fig. 3b). However, no obvious survival improvement was 
observed after ACT in  CCR8+Tregs high patients (Fig. 3c). 
As for RFS, it was found that ACT did not provide sur-
vival benefit in pT2 patients either (Fig. 3d). However, a 
favorable outcome was found only in pT2 patients with low 
 CCR8+Tregs accumulation (Fig. 3e, f). The interaction test 
between  CCR8+Tregs and ACT responsiveness revealed that 
 CCR8+Tregs low patients exhibited far better therapeutic 
responsiveness to ACT than  CCR8+Tregs high patients. 
Detailed Cox proportional hazards regression analysis 

Fig. 3  Predictive merit of  CCR8+Tregs with response to adju-
vant chemotherapy for MIBC patients. The overall survival curves 
for all patients (a),  CCR8+Tregs high group of all patients (b) and 
 CCR8+Tregs low group of all patients (Doi:) without or with ACT 

treatment. The recurrence-free survival curves for all pT2 patients 
(d),  CCR8+Tregs high group of all pT2 patients (e) and  CCR8+Tregs 
low group of all pT2 patients (f) without or with ACT treatment
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is shown in Supplementary Table 4. Consequently, those 
results suggested that  CCR8+Tregs may possibly attenuate 
therapeutic responsiveness to ACT in MIBC.

CCR8+Tregs represent a stable Treg subtype 
with enhanced immunosuppressive capacity 
in MIBC

To further determine the role of  CCR8+Tregs in MIBC 
progression and immunity, the phenotype difference 
between  CCR8+Treg and its counterpart was identified. It 
was shown that the intratumoral  CCR8+Tregs displayed 

a stable Treg phenotype with higher levels of stability 
markers, including Foxp3, CD25, CTLA-4 and PD-1, 
and elevated expression of suppressive and tissue resi-
dent molecules, such as LAG-3, IL-10, GZMB and CD69 
(Fig. 4a). Then, the molecular mechanism of CCR8 in 
maintaining Treg stability was defined. By using GSEA 
to identify pathways that were activated in  CCR8high 
tumors as compared with  CCR8low tumors, we identified 
Jak-STAT signaling as the most significantly upregulated 
pathway (Fig. 4b). In addition, chemokine signaling path-
way was significantly enriched as well. The CCL1-CCR8 
axis in potentiating the suppressive function of Treg was 

Fig. 4  CCR8+Tregs represent a stable Treg subtype with enhanced 
immunosuppressive capacity in MIBC. a Molecules expression 
in intratumoral  CCR8−Tregs and  CCR8+Tregs measured by flow 
cytometry. b Gene set enrichment analysis revealed an enrichment 
of Jak-STAT signaling pathway and chemokine signaling path-

way involved in CCR8 high tumors. NES, normalized enrichment 
score. c Spearman correlation of STAT3 and the FOXO1 (left) and 
c-MAF (right) in TCGA cohort. d Expression of FOXO1 and c-MAF 
in  CCR8−Tregs and  CCR8+Tregs of MIBC, as measured by flow 
cytometry. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001
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dependent on STAT3 [20]. Furthermore, the transcript fac-
tors FOXO1 and c-MAF could be regulated by STAT3 and 
were reported to be involved in Treg differentiation and 
function [28–34]. Here, it was found that in TCGA cohort, 
the transcription level of STAT3 was highly correlated 
with those of FOXO1 and c-MAF (Fig. 4c). Meanwhile, 
the expression levels of FOXO1 and c-MAF were strongly 
enriched in  CCR8+Tregs (Fig. 4d). Those findings indi-
cated that  CCR8+Tregs may elicit immune evasion during 
MIBC progression and serve as a potential intervention 
target for cancer immunotherapy.

CCR8+Tregs shape immunosuppressive contexture 
in MIBC

Next, the influence of  CCR8+Tregs on immune contexture in 
MIBC was discovered. Through IHC analysis, it was found 
that MIBC with high  CCR8+Tregs exhibited higher levels 
of  CD4+T cells, macrophages and mast cells compared with 
MIBC with low  CCR8+Tregs accumulation (Fig. 5a). FCM 
analysis also validated that the level of  CD4+T cells was sig-
nificantly higher in MIBC samples with high  CCR8+Tregs 
(Fig. 5b). Although no obvious association between the 
number proportion of  CCR8+Tregs and  CD8+T cells was 
found (Fig. 5b),  CD8+T cells in MIBC specimens with high 
 CCR8+Tregs displayed exhausted phenotype with decreased 
IFN-γ, TNF-α and Ki-67, yet elevated PD-1 and TIGIT 
expression (Fig. 5c). Th17 cells are the best-studied sources 
of IL-17A [35], and our current research has revealed that 
enriched intratumoral IL-17A+ cells indicated an antitumor 
immune contexture in MIBC. Of note, in  CCR8+Tregs high 
group, the elevated  CD4+T cells exhibited lower level of 
IFN-γ and IL-17A (Fig. 5d). To further confirm the asso-
ciation between  CCR8+Tregs and  CD8+T cell immunity 
in MIBC, the influence of  CCR8+Tregs on the prognostic 
merit of  CD8+T cells in MIBC was analyzed. As shown in 
Fig. 5e, when analyzing low and high  CCR8+Tregs groups, 
respectively, it was notably revealed that CD8 expression 

predicted a highly favorable prognosis in  CCR8+Tregs low 
group, whereas high  CCR8+Tregs seemed to abrogate the 
beneficial effect of CD8 expression. Overall, these findings 
explicitly implied that  CCR8+Tregs may potentially facili-
tate  CD8+T cells immune tolerance and promote the accu-
mulation of  CD4+T cell with a less anti-tumor phenotype 
in MIBC.

CCR8 blockade promotes Treg destabilization, 
reactivates the antitumor activity and improves 
the efficacy of PD‑1 inhibitor

The effects of blocking CCR8 on immune microenviron-
ment in MIBC were investigated using a CCR8 neutraliz-
ing antibody. According to the methods described by the 
recent literature [26, 27], the tumor culture system in vitro 
was established to simulate the in vivo tumor immune sys-
tem of patients in our study, which included tumor cells, 
immune cells and other cells. This system included antigen-
presenting cells, such as dendritic cells and macrophages, 
which were responsible for the activation of  CD8+T cells. 
In addition, a transcriptome analysis of human cancer speci-
mens has revealed that tumor-infiltrating Treg cells assume 
an activated phenotype that is distinct from Treg cells in 
peripheral tissues, supporting the notion that Treg cells in 
the TME are activated and have a strong immunosuppressive 
capacity [17].

After incubating with the CCR8 neutralizing antibody 
for 12 h, single MIBC cell suspensions were subjected 
to FCM analysis. As shown in Fig. 6a, the proportion 
and intensity of Foxp3 expression in  CD4+T cells were 
remarkably downregulated, as well as transcript factors 
and immunosuppressive molecules mentioned above, indi-
cating the Treg destabilization after CCR8 blockade. Fur-
thermore, the characters of  CD8+ and  CD4+T cells were 
investigated. Compared with the control group, blockade 
of CCR8 led to significant upregulation of IFN-γ, TNF-α, 
Ki-67 in  CD8+T cells and IFN-γ, IL-17A in  CD4+Foxp3−T 
cells, whereas the numbers of PD-1+  CD8+T and  TIGIT+ 
 CD8+T cells declined markedly (Fig. 6b, c). This sug-
gested that blockade of CCR8 may promote the anti-
tumor activity of  CD8+T cells and repolarize  CD4+T cells 
toward an anti-tumor phenotype. Of note, it was found 
that CCR8 blockade significantly upregulated the expres-
sion of IL-17A in Tregs compared with that in the control 
group (Fig. 6c). As the overall objective response rates of 
five immune-checkpoint inhibitors (ICIs) targeting PD-1 
or PD-L1 were relatively low in MIBC(< 30%) [36], the 
potential synergistic role of CCR8 blockade was inves-
tigated with pembrolizumab in mediating the tumor cell 
elimination. Consequently, it was demonstrated that the 
combination of targeting CCR8 and pembrolizumab could 
significantly hamper the proliferation of tumor cells and 

Fig. 5  CCR8+Tregs shape immunosuppressive contexture in MIBC 
a Immunohistochemistry analysis of the indicated immune cells 
between  CCR8+Tregs low and high group in MIBC TMAs (n = 141). 
b Flow cytometry analysis to determine the  CD8+T and  CD4+T cells 
frequency of  CD45+cells in  CCR8+Tregs low and high MIBC speci-
mens. c Upper: the proportion of effector molecule and Ki-67-posi-
tive  CD8+T cells to total  CD8+T cells between  CCR8+Tregs low 
and high MIBC specimens; down: the ratio of inhibitory receptor-
positive  CD8+T cells in total  CD8+T cells between  CCR8+Tregs low 
and high MIBC specimens. d The ratio of indicated proteins positive 
 CD4+T cells to total  CD4+T cells between  CCR8+Tregs low and high 
MIBC specimens. e The overall survival curves of  CD8+T cells low 
and high groups in low and high  CCR8+Tregs-infiltrating patients. 
*P < 0.05; **P < 0.01; CD8,  CD8+T cells; CD4,  CD4+T cells; NK, 
nature killer cells; DC, dendritic cells; M0, M0 macrophages; Neu, 
neutrophils; Mast, mast cells; B, B cells

◂
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trigger their apoptosis, as compared with single treatment 
groups (Fig. 6d, e). Taken together, these findings implied 
that blockade of CCR8 may elicit a preliminary synergistic 
effect with pembrolizumab to facilitate the clearance of 
tumor cells.

Discussion

In this study, variable CCR8 expression was revealed by 
intratumoral Tregs in MIBC.  CCR8+Treg represented a 
stable Treg subtype with enhanced immunosuppressive 
capacity, and its frequency increased with disease pro-
gression. High amounts of intratumoral  CCR8+Tregs 
indicated an inferior OS and RFS and may predict ACT 
irresponsiveness and immune tolerance in MIBC patients. 
Targeting CCR8 using neutralizing antibody destabilized 
Tregs into a fragile phenotype, resultantly reactivating the 
anti-tumor immunity in MIBC. Those findings highlighted 
the importance of targeting CCR8 in the immunotherapy 
of MIBC.

Remarkably, our study was the first to reveal the mecha-
nism of CCR8 in maintaining the stability of intratumoral 
Tregs in MIBC. Through a STAT3-dependent pathway, 
 CCR8+Tregs elevated the expression of transcript factors 
FOXO1 and c-MAF, which contributed to the increased 
expression of Foxp3 and subsequent suppressive molecules, 
leading to the development of immunosuppressive TME in 
MIBC. FOXO1 is the key for Foxp3 upregulation during 
Treg development and controls the expression of a subset 
of Treg-associated genes [28–30]. It was reported that the 
interaction between CCL1 and CCR8 induced the phospho-
rylation of STAT3, which could increase the expression and 
translocation of FOXO1 into the nucleus [31, 32]. The tran-
scription factor c-MAF has been recognized as a critical 
regulator of IL-10 production in Treg cells [33, 34]. What is 
more, it was reported that the intestinal Treg cells required 
c-MAF to regulate the abundance of  TH17 cells [34], which 
was consistent with our findings that  CD4+T cells in MIBC 
specimens with high amounts of  CCR8+Tregs secreted a low 

level of IL-17A. In addition, while constitutive activation of 
the PI3K/Akt/mTOR pathway could prevent the induction 
of Foxp3 by means of phosphorylation and inactivation of 
FOXO1 [5], c-MAF could in turn prevent the excessive acti-
vation of the PI3K/Akt/mTOR pathway [34], indicating the 
complex regulatory networks between transcript factors and 
the PTEN phosphatase pathway. Those findings implicated 
that upregulation of FOXO1 and c-MAF induced by CCR8 
has a pivotal role in keeping Tregs stable and enhancing 
their immunosuppressive function in MIBC.

Treg fragility is defined as the retention of Foxp3 
expression with loss of suppressive function, accompa-
nied by upregulation of proinflammatory markers such as 
IFN-γ and IL-17A [6]. Early studies have indicated that 
induction of a fragile Treg phenotype showed not only the 
loss of suppressive function but the gain of effector activ-
ity that initiates tumor control in mouse models of cancer 
[7–9]. Interestingly, using fresh human tumor specimens, 
our study revealed that blockade of CCR8 within the TME 
reprogrammed intratumoral Tregs into a fragile pheno-
type, leading to elevated secretion of IL-17A by Tregs. 
Recent data have reported that c-MAF is required for the 
differentiation of naïve T cells specific to the pathobiont 
Helicobacter hepaticus into RORγt+Foxp3+Tregs [34]. In 
the absence of c-MAF, the differentiation of these cells 
was diverted to  Foxp3−Th17 effector cells, which may 
partly explain the upregulation of IL-17A by Tregs in our 
study. In addition, given that Tregs have been implicated 
in resistance to ICIs, sensitizing Tregs to become frag-
ile may be an effective strategy to utilize alongside PD-1 
blockade [7, 11]. It was found that combination of CCR8 
blockade and pembrolizumab significantly increased 
the apoptosis and death proportion of tumor cells than 
pembrolizumab alone. Furthermore, MIBC with high 
 CCR8+Tregs accumulation showed irresponsiveness to 
ACT in our study, which indicated that these patients were 
likely to benefit from therapy combining CCR8 blockade 
with chemotherapy.

Our present study also has some limitations. First, the 
design was retrospective, and the number of patients was 
relatively small. In addition, it lacked researches in vivo 
to further characterize the role of  CCR8+Tregs in MIBC. 
Further confirmation of our findings within the framework 
of larger, multi-centered and randomized clinical trials is 
warranted, associated with in vivo and in vitro studies.

Conclusions

This study identified  CCR8+Tregs as a stable Treg sub-
type and an independent prognostic indicator for survival 
and responsiveness to ACT in patients with MIBC. Most 

Fig. 6  CCR8 blockade promotes Treg destabilization, reactivates 
the antitumor activity and improves the efficacy of PD-1 inhibitor a 
MIBC tissues were digested, incubated with control or CCR8-neutral-
izing antibody, and subjected to flow cytometry analysis to determine 
the molecules expression in Tregs. b Following the incubation with 
isotype or CCR8-neutralizing antibody, MIBC single cell suspension 
was subjected to flow cytometry analysis to determine the positive 
ratios of the indicated molecules in  CD8+T cells. c Flow cytometry 
analysis to determine the positive ratios of the indicated molecules 
in  CD4+FOXP3− cells and Tregs. d The synergistic effect of CCR8-
neutralizing antibody and pembrolizumab on the frequency of  Ki67+ 
epithelial cells in MIBC samples. e The synergistic effect of CCR8-
neutralizing antibody and pembrolizumab on the frequency of apop-
totic epithelial cells in MIBC specimens. *P < 0.05; **P < 0.01
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importantly, therapeutic targeting of CCR8 provided a 
more specific modulation of Tregs and a potentially robust 
approach to MIBC immunotherapy.
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