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ABSTRACT
Our previous studies revealed tumor-infiltrating neutrophils (TINs) played dichotomous roles in different 
cancers, indicating diverse TINs subtypes might orchestrate anti-tumor immunity or immune evasion, 
respectively. This study aimed to investigate the clinical significance and immune characteristics of 
CCR5+TINs in muscle-invasive bladder cancer (MIBC). Two hundred and fifty-seven MIBC patients from 
two clinical centers and 95 fresh MIBC samples were included. CCR5+TINs were stained by immunohis-
tochemistry, and the relationship between patients’ clinic-pathological features and prognosis was 
evaluated, respectively. Immunohistochemistry and flow cytometry were applied to assess the immune 
features of CCR5+TINs and their correlations with other immune cells. In vitro study was conducted to 
estimate immune characteristics of CCR5+TINs and their predictive potential for pembrolizumab thera-
peutic response. In the two MIBC cohorts, we found that high CCR5+TINs infiltration could predict better 
overall survival (OS, P= .032, 0.039) and recurrence-free survival (RFS, P= .001, 0.006) and be associated 
with survival benefit from adjuvant chemotherapy (ACT, P< .001 for OS and P= .022 for RFS, respectively) 
in merely pT2N0 MIBC. Maraviroc could partly reduce IFN-γ secretion by CCR5+TINs (P< .001). CCR5+TINs 
correlated with higher expression of effector molecules within CD8+T cells. Notably, pembrolizumab 
treatment could only elevate the apoptosis status of tumor cells in the CCR5+TINs high subgroup 
(P < .001), other than CCR5+TINs low subgroup (P= .481). Our results indicate that CCR5+TINs could 
prime anti-tumor immune response through autonomous IFN-γ release, thus leading to favorable prog-
nosis and superior therapeutic response to ACT and immunotherapy in MIBC.

ARTICLE HISTORY 
Received 9 March 2020  
Revised 7 June 2020  
Accepted 27 June 2020 

KEYWORDS 
Muscle-invasive bladder 
cancer; CCR5; tumor- 
infiltrating neutrophils; 
prognosis; adjuvant 
chemotherapy; 
pembrolizumab

Introduction

Muscle-invasive bladder cancer (MIBC) is a frequently occur-
ring malignancy all around the world,1 which poses 
a significant risk of metastasis with grim survival. The cispla-
tin-based combination chemotherapy remains the standard 
first-line treatment for patients with advanced or metastatic 
urothelial cancer (UC) who are fit to tolerate cisplatin, while 
only a subset of patients can benefit from this treatment.2 

Immune checkpoint inhibitors (ICIs) represent an exciting 
advancement over previous standard treatments for advanced 
or metastatic UC.3 However, the overall objective response 
rates (ORRs) of five ICIs targeting PD-1 or PD-L1 were rela-
tively low (< 30%).4,5 Therefore, urgent works including better 
understanding of the underlying the complex mechanisms of 
UC immune microenvironment and precise stratification for 
patients who might have better adjuvant chemotherapy (ACT) 
response and ICIs response are posed at the forefront desk of 
the clinical cancer research.

Neutrophils infiltration is common in most cancer types. In 
the recent years, accumulating evidence has shown that tumor- 
infiltrating neutrophils (TINs) are critical for tumor initiation 
and progression.6–11 However, the exact role of TINs in the 
tumor microenvironment remains controversial, which could 
acquire either anti-tumor (N1) or pro-tumor (N2) 
function.9,10,12-15 Our previous work revealed that MIBC 
patients with high CD66b+TINs infiltration had a poorer over-
all survival (OS) than those with low CD66b+TINs 
infiltration.16 These results indicated that certain subtypes of 
CD66b+TINs might possess distinctive functions during tumor 
progression. Recent studies have shown CD66b+TINs could 
stimulate anti-tumor T cell responses in early-stage 
cancer.14,15 Notably, TINs were reported to express high level 
of CCR5 expression in early-stage cancer,15 indicating CCR5 
might regulate chemotaxis and function of TINs. However, 
previous studies on CCR5+CD66b+TINs are still obscure, 
which highlights the need for further research on 
CCR5+CD66b+TINs in MIBC.
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Consequently, we analyzed the presence and function of 
CCR5+CD66b+TINs in MIBC and evaluated their correlation 
with clinical outcomes, especially in patients receiving ACT 
after radical cystectomy (RC) in the present study. Moreover, 
we characterized the immune-feature of CCR5+CD66b+TINs 
in MIBC, as well as their role in prediction of therapeutic 
response to ICIs treatment in MIBC.

Materials and methods

Study cohort

Two independent sets of patients with MIBC were enrolled in 
the study. After approved by the Clinical Research Ethics 
Committee of Zhongshan Hospital, Fudan University 
(FUZH) and the Ethics Committee of Fudan University 
Shanghai Cancer Center (FUSCC), we retrospectively evalu-
ated 393 UC patients (FUZH: 215; FUSCC: 178) who under-
went RC initially. The exclusion criteria were: 1) pathological 
diagnosed not as MIBC or combined with other pathological 
types; 2) with distant metastatic disease; 3) tumor tissues and 
follow-up information unavailable; 4) preoperative chemother-
apy or radiotherapy. Finally, 259 eligible MIBC patients were 
included in this study. After RC, 119 patients received ACT (at 
least one cycle). The end of follow-up was July 2016. Endpoints 
included OS and recurrence-free survival (RFS), defined as 
time from the date of RC to death from all causes or recur-
rence, respectively, or to the date of the last visit. During 
immunohistochemistry, two patients’ dots were missing and 
the final patient number was 257. The detailed clinic- 
pathological features of 257 patients are listed in 
Supplementary Table 1.

Fresh samples

Fresh MIBC tumor (n = 95) and peritumor normal bladder 
samples (n = 10), were collected from four independent clinical 
centers in Shanghai, China (FUZH, FUSCC, Ruijin Hospital 
Affiliated to Shanghai Jiaotong Unversity School of Medicine 
and Shanghai General Hospital). The exclusion criterions were 
described above. EDTA-anticoagulated peripheral blood was 
collected from the same MIBC patients during surgery. Each 
patient signed an informed consent.

Immunohistochemistry and immunofluorescence

Immunohistochemistry (IHC) and immunofluorescence (IF) 
staining were performed on tissue microarray (TMA), which 
was established with formalin-fixed, paraffin-embedded MIBC 
surgical specimens. The details of antibodies were listed in the 
Supplementary Table 2.

The IHC performed according to the methods has been 
described previously.16 For single IHC staining, the sections 
were incubated with the primary antibody at 4°C overnight. 
The staining was performed with DAB stain system. For dou-
ble IHC staining, the first primary antibody staining was con-
ducted as the same of single IHC DAB staining firstly. Then, 
the sections were exposed to the second primary antibody at 
37°C for 2 h. After the second primary antibody was washed off 

and the stain was performed with Vector Blue AP Substrate Kit 
(Vector Laboratories). Finally, the slides were evaluated by two 
urologic pathologists from two different medical centers who 
were blind to the clinical data reviewed the slides indepen-
dently with the assistance of Image-Pro Plus (Media 
Cybernetics Inc.). F tests in the reliability analyzes would be 
used for analyzing the reliability of these two counting results. 
If P value of F tests in the reliability analyses was≤0.05, second 
assessment would be underwent by the same two urological 
pathologists. The mean value of the two counting results was 
adopted to conduct further analyses. Cutoff value was deter-
mined by X-tile 3.6.1 (Yale University).

For IF, the sections were incubated with the primary anti-
bodies overnight at 4°C. Then samples were incubated with 
species-appropriate rabbit/mouse secondary antibodies 
coupled to Alexa Fluor dyes (488, 555, Invitrogen) for 
2 hours at room temperature. DAPI (ab104139) was used to 
mount cover slips. The slides were detected through Leica 
DMi8 microsystems.

Flow cytometry

Single cell suspensions of fresh samples were isolated by using 
collagenase IV and dealt with protein transport inhibitor 
(monensin, BD GolgiSTOP) and erythrocytes were depleted 
by RBC Lysis Buffer. Peripheral blood neutrophils (PBNs) were 
processed in a similar manner as described.15 Cells were incu-
bated with Fc Block (BD Biosciences) before staining with 
conjugated antibodies. Then single cell suspensions were 
stained with antibodies for 30 min at 4°C. Fluorochrome- 
conjugated antibodies are listed in Supplementary Table 3. 
For intracellular protein staining, samples were pre-incubated 
with the Fixation/Permeabilization Solution Kit (BD 
Biosciences) according to the manufacturer’s instructions. 
Fixable Viability Stain 510 (BD Biosciences) was used to iden-
tify and eliminate dead cells. The compensation was performed 
with BD CompBeads set (BD Biosciences). Flow cytometry was 
evaluated by FlowJo software (Tree Star). Gating strategy for 
TINs identification is listed in Supplementary Figure 1. The 
details of antibodies are listed in Supplementary Table 3.

In vitro intervention studies

The in vitro intervention studies were performed according to 
the methods described previously.17 Single cell suspensions of 
fresh MIBC tumor samples including tumor cells, immune 
cells and other cells were co-cultured in medium, under 37°C 
and 5% CO2. Then the cells were cultured with maraviroc 
(10uM, Selleck) or dimethyl sulfoxide (DMSO)/ 
Pembrolizumab (5 µg/mL. Selleck) or IgG4B κ isotype control 
(5 µg/ml, A1101-200, Bio Vision), for 12 h. After overnight 
culture, the cells were subjected to phenotypic analysis by flow 
cytometry as above.

Statistical analysis

Results are expressed as mean ± SEM. Two unpaired group 
samples were analyzed with unpaired Student’s t-test or Mann- 
Whiney U test. Matched samples or paired samples were 
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analyzed with paired Student’s t-test or Wilcoxon signed-rank 
test. CCR5+CD66+TINs infiltrations in different sites or TMN 
stages were analyzed with One-way ANOVA followed by 
Tukey’s multiple comparisons test. Analysis of the correlation 
was made by Spearman’s correlation. Associations between 
CCR5+CD66+TINs and clinic-pathological characteristics of 
patients were analyzed with chi-square or Fisher’s exact test. 
OS and RFS were determined by Kaplan-Meier method. 
Multivariate analysis was performed with Cox proportional 
hazards regression model. A two-tailed P value of less than 
0.05 was defined as statistical significance. Statistical analyses 
were conducted using SPSS, version 22.0, Graph Pad Prism 
Software 8.0 and Medcalc 15.

Results

CCR5+CD66b+TINs are accumulated and negatively 
correlate with tumor progression in MIBC

We analyzed the frequencies of CCR5+cells among total neu-
trophils in peripheral blood, peritumor normal bladder tissues 
and bladder cancer samples of MIBC patients, respectively. 
There was no difference between numbers of total CD45 in 
peritumor normal and tumor (P = .258, Supplementary 
Figure 2). Notably, we found that CCR5+CD66b+TINs densely 
infiltrated in tumor area (P < .001, Figure 1a,b) and the infil-
tration of CCR5+CD66b+TINs was negatively correlated with 
TNM stage (P < .001, Figure 1c). The intratumoral infiltration 
of CCR5+CD66b+TINs was further validated by IHC and IF 
staining, respectively (Figure 1d,f) and the infiltration level of 

CCR5+CD66b+TINs was higher in Stage II tumors than that in 
Stage IV tumors (P = .006, Figure 1e).

Furthermore, we compared the OS and RFS between 
CCR5+CD66b+TINs high/low infiltration patients. In FUZH 
and FUSCC cohort, the cutoff value was identified at 9 cells/ 
mm.2 Patients with CCR5+CD66b+TINs high infiltration 
showed better OS (P= .032 and 0.039, respectively, Figure 2a, 
b) and RFS (P= .001 and 0.006, respectively, Figure 2c,d) in 
both cohorts. However, it should be pointed out that both 
groups met an almost identical OS eventually in test set and 
validation set. Multivariate analysis revealed that infiltration 
level of CCR5+CD66b+TINs in MIBC was an independent 
prognosticator regarding OS and RFS (P = .044 and 0.001; 
Hazard Ratio [HR] = 0.663 and 0.432; respectively, Figure 2e).

CCR5+CD66b+TINs high infiltration could be associated 
with better ACT effectiveness in pT2N0 MIBC patients

Interesting, our previous studies discovered opposite roles of 
CD66b+TINs in predicting therapeutic response postoperative 
ACT in gastric cancer and MIBC.16,18 Consequently, we sought 

Figure 1. CCR5+CD66b+TINs densely populate in MIBC and negatively correlate 
with tumor progression. (a-b) The representative flow cytometric figures (a) and 
cumulative results (b) showing expression of CCR5 on gated peripheral blood 
neutrophils (PBNs), peritumor normal bladder neutrophils and bladder neutro-
phils CD45+CD66b+tumor-infiltrating-neutrophils (TINs) of MIBC patients (n = 10) 
by flow cytometry. Bars represent mean ± SEM. Data were analyzed using Tukey’s 
multiple comparisons test. (c) Scatterplots representing the CCR5+ cells frequen-
cies of CD66b+CD45+ cells in tumors based on TNM stage (n = 50). Bars represent 
mean ± SEM. Data were analyzed using Mann-Whiney U test. (d) 
CCR5+CD66b−cell (Left, brown arrow), CCR5−CDbb+cell (Left, blue arrow), 
CCR5+CD66b+cell (Right, black arrow). (e) CCR5+CD66+ cells number of IHC in 
MIBC tissue microarray (TMA) according to the TNM stage (n = 257). Data were 
analyzed using Tukey’s multiple comparisons test. Bars represent SEM. (f) 
Representative immunofluorescence staining for CD66b (red) and CCR5 (green) 
in MIBC TMA. Nuclei counterstained blue with DAPI. The lower right panel was 
merged by the previous three images (CCR5+CD66b+TINs, white arrow).

Figure 2. Kaplan–Meier and Cox analysis of OS and RFS in MIBC patients from the 
test set (FUZH) and the validation set (FUSCC). (a-d) Kaplan-Meier curve of OS 
(overall survival, a, b) and RFS (recurrence-free survival, c, d) in test cohort (FUZH, 
left, 141 patients) and validation cohort (FUSCC, right, 116 patients) according to 
high/low CCR5+CD66b+neutrophils infiltration subgroups. Data were analyzed 
using log-rank test. (e) Multivariate Cox analysis of OS and RFS for 
CCR5+CD66b+neutrophils infiltration high/low subgroups and clinical-pathologic 
factors in total cohort including training cohort and validation cohort (257 
patients).
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to evaluate whether ACT effectiveness would be different in 
patients with CCR5+CD66b+TINs high/low infiltration. 
Notably, ACT application did not show statistical significant 
survival benefit in all patients (P = .622, HR = 0.907, 95% 
Confidence Interval [CI] = 0.616–1.336 for OS, and P = .418; 
HR = 0.841, 95% CI = 0.554–1.278 for RFS; Figure 2e). MIBC 
patients of pT3/T4 or pN+ usually receive ACT after RC based 
on high level clinical evidences.2 However, in pT3/T4 or pN+ 
MIBC patients, there was no association between 
CCR5+CD66b+TINs infiltration and survival benefits from 
ACT (P> .05, Supplementary Figure 3). As to pT2N0 MIBC, 
patients treated with ACT showed better OS (P= .033, Figure 
3a left panel). Notably, CCR5+CD66b+TINs high infiltration 
subgroup showed superior therapeutic response to ACT in 
pT2N0 MIBC (P< .001 for OS and P = .022 for RFS, respec-
tively, Figure 3 middle panel). Contrarily, CCR5+CD66b+TINs 
low infiltration subgroup did not show significant survival 
benefit from ACT (P = .897 for OS, P= .867 for PRS, Figure 3 
right panel). Conclusively, CCR5+CD66b+TINs high infiltra-
tion could be associated with superior therapeutic response to 
ACT in pT2N0 MIBC patients.

CCR5+CD66b+TINs in MIBC could secret IFN-γ, which could 
be reduced by CCR5 inhibitor, maraviroc partially

Since CCR5+CD66b+TINs high infiltration in MIBC predicted 
favorable prognostic, we attempted to investigate the cellular 
mechanism. Flow cytometry analysis indicated that 
CCR5+CD66b+TINs secreted significantly more IFN-γ than 
CCR5−CD66b+TINs (Figure 4a), and was validated by fluores-
cence minus one (FMO, Figure 4b). There was no difference in 
apoptotic state between CCR5+TINs and CCR5−TINs 
(P = .773, Supplementary Figure 4). Notably, the secretion of 
IFN-γ from CCR5+CD66b+TINs could be partly reduced by 
CCR5 inhibitor, maraviroc (P < .773, Figure 4c). Consequently, 
these results indicated that TINs might secrete IFN-γ partially 
via CCR5 pathway in MIBC.

CCR5+CD66b+TINs could orchestrate anti-tumor immunity 
contexture in MIBC patients

To better characterize the specific role of CCR5+CD66b+TINs 
play in MIBC immune microenvironment, predominant 
immune cells were evaluated by IHC. The representative IHC 
images are illustrated in Supplementary Figure 5. Notably, the 
quantity of CD8+T cells seemed to be significant different 
between high/low CCR5+CD66b+TINs subgroups (P = .006, 
Figure 4d). Further flow cytometry analysis illustrated that the 
more CD8 T cells infiltrated in CCR5+CD66b+TINs high sub-
group (P= .002, Figure 4e). Furthermore, we investigated the 
functional phenotype of CD8+T cells, NK cells and 
CD4+Foxp3−T cells between CCR5+CD66b+TINs high/low 
subgroups. Interestingly, the expression effector molecules 
expression within CD8+T cells, NK cells and 
CD4+Foxp3−T cells were marginally or significantly different 
between the two subgroups (figure 4f and Supplementary 
Figure 6A-C). In the meanwhile, CCR5+CD66b+TINs high 
subgroup showed enhanced CD8 infiltration and cytotoxicity, 
which was independent of tumor progression (Supplementary 
Figure 6D-E). These findings suggest CCR5+CD66b+TINs 
could possibly orchestrate anti-tumor immunity contexture 
in MIBC.

Figure 3. High CCR5+CD66b+TINs infiltration could be associated with better 
adjuvant chemotherapy effectiveness in pT2N0 MIBC patients. (a-b) Kaplan-Meier 
curve of OS (overall survival, a) and RFS (recurrence-free survival, b) in all pT2N0 
patients (left), CCR5+ neutrophils high infiltration of pT2N0 patients (middle) and 
CCR5+ neutrophils low infiltration of pT2N0 patients (right) according to the 
adjuvant chemotherapy (ACT) application. Data were analyzed using log-rank test.

Figure 4. CCR5+CD66b+TINs could illustrate anti-tumor immunity contexture in 
MIBC patients through IFN-γ secretion, which could be reduced by CCR5 inhibitor 
maraviroc partially. (a) Flow cytometry analysis of IFN-γ+ cells frequencies of 
CCR5+TIN cells and CCR5−TIN cells in MIBC fresh samples (n = 40). Data were 
analyzed using Wilcoxon signed-rank test. (b) The contour plot representative 
gating figures for IFN-γ+ cells by flow cytometry of IFN-γ mAB stained 
CCR5+CD66b+TINs compared with IFN-γ mAB unstained CCR5+CD66b+TINs in 
one MIBC patient fresh sample. FMO, fluorescence minus one. (c) Quantification 
of IFN-γ+CCR5+CD66b+TINs frequencies of CCR5+CD66b+TINs in MIBC (n = 16) 
tissue samples after treated with CCR5 inhibitor maraviroc (10uM) or DMSO for 
12 hours. Data were analyzed using Wilcoxon signed-rank test. (d) Quantification 
analysis of immune cells between CCR5+CD66b+TINs high/low subgroups in MIBC 
tissue microarray (TMA) by immunohistochemistry (IHC) (n = 141). Data were 
analyzed using Mann-Whiney U test, and showed as mean ± SEM. (e) Flow 
cytometric analysis of the CD8+ cells frequencies/CD45+ cells between 
CCR5+CD66b+TINs high/low subgroups in fresh samples of MIBC (n = 48). (f) 
Flow cytometric analysis of the Ki67+, PRF-1+, IFN-γ+, GZMB+ cells frequencies of 
CD8 T cells (n = 48) between CCR5+CD66b+TINs high/low subgroups in fresh 
samples of MIBC. (e-f) CCR5+CD66b+TINs High/low were grouped by median. (d-f) 
Data were analyzed using Mann-Whiney U test, and showed as mean ± SEM. Treg 
cell = T regulatory cells: foxp3; Th1 = type 1 helper cells; Th2 = type 2 helper cells; 
M1 = type 1 macrophages; M2 = type 2 macrophages; IFN = interferon; 
GZMB = granzyme B; PRF-1 = perforin.
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High infiltration of CCR5+CD66b+TINs could be associated 
with superior therapeutic response to pembrolizumab in 
MIBC

Furthermore, we compared the OS and RFS between patients 
with both CCR5+CD66b+TINs high/low and PD-1-PD-L1 
high/low strata in FUZH cohort (Supplementary Figure 7A- 
B). In CCR5+TINs low group, patients with PD-L1 low sub-
group showed better OS than patients with PD-L1 high sub-
group (P= .022, Supplementary Figure 7B). The PD-1+cells 
frequencies of CD8 was highest among PD-1+CD8 T, PD- 
1+NK cells and PD-1+TINs (P < .001, 0.006, respectively, 
Supplementary Figure 7C-D). In addition, the infiltration of 
CD8 T cells in tumor area was associated with PD-1 expression 
level (r = 0.265, P = .002, Supplementary Figure 7E). We 
further observed higher PD-1 expression and higher percen-
tage of PD-1+cells among CD8+T cells in CCR5+CD66b+TINs 
high subgroup (P < .001, 0.007, respectively, Figure 5a–b). 
Therefore, we assumed that CCR5+CD66b+TINs might predict 
therapeutic response to pembrolizumab in MIBC. When trea-
ted with pembrolizumab for 12 hours, the Annexin V+PI+ % 
and Ki67+ % of tumor cells showed no difference between 
pembrolizumab group and control group (P = .106 and 0.109, 
respectively, Figure 5c). Interestingly, the Annexin V+PI+ % 
and Ki67+ % of tumor cells exhibited significant differences 

between pembrolizumab group and control group in 
CCR5+CD66b+TINs high subgroup (P < .001, <0.001, respec-
tively, Figure 5d), as well as effector molecules levels within 
CD8 T cells (figure 5f middle panel). In CCR5+CD66b+TINs 
low subgroup, however, no significant differences were 
observed between control group and pembrolizumab group, 
regarding Annexin V+PI+ % and Ki67+ % of tumor cells 
(P = .481,0.076, respectively, Figure 5d) and effector molecules 
of CD8+ T cells (figure 5f, right panel). In addition, pembroli-
zumab treatment could not restore IFN-γ production by neu-
trophils (P = .632, Figure 5e). Besides, when divided into Stage 
II and III tumors, significant differences between pembrolizu-
mab group and control group of CCR5+CD66b+TINs high 
subgroup were still observed on whether in Stage II or in 
Stage III tumors (Supplementary Figure 8A-D). In conclusion, 
high infiltration of CCR5+CD66b+TINs could be associated 
with superior therapeutic response to pembrolizumab in 
MIBC, which was independent on tumor progression.

The graphical summary of this study is shown in Figure 6.

Discussion

Previous studies based on murine or human TINs demon-
strated that neutrophils could execute a dual influence on car-
cinogenesis, promotion to metastasis and response to 
therapy.1,3,6,10,12,18-20 In recent years, CD66b+TINs have been 
introduced as a significant prognostic factor of survival in 
various cancer types.16,18,20-22 Interestingly, the role played by 
TINs might be opposite even in the same cancer type.18,22 These 
findings suggest an urgency to identify the multiple subsets of 

Figure 5. High infiltration of CCR5+CD66b+TINs in MIBC could be associated with 
superior pembrolizumab response. (a) Quantification analysis (left) of PD-1 
expression level between CCR5+TIN high/low subgroups in MIBC tissue microarray 
(TMA) by immunohistochemistry (IHC) (n = 141). (b) Flow cytometric analysis 
(right) of the PD-1+CD8+T cell frequencies of CD8 T cells (n = 40) between 
CCR5+CD66b+TINs high/low subgroups in fresh samples of MIBC. 
CCR5+CD66b+TINs High/low were grouped by median. (a-b) Data were analyzed 
using Mann-Whiney U test, and presented as mean ± SEM. (c) Flow cytometric 
analysis (left) of the Annexin V+ PI+ cells frequencies and Ki67+ cells frequencies of 
CD45−EpCAM+epithelial cells (n = 24) in fresh samples treated with isotype or 
Pembrolizumab for 12 hours. (d) Flow cytometric analysis of the Annexin V+PI+ 

cells frequencies and Ki67+ cells frequencies of CD45−EpCAM+epithelial cells 
(n = 24) in CCR5+CD66b+TINs high/low subgroups. (e) Flow cytometric analysis 
of the IFN-γ+ cells frequencies of CD66b+TINs cells (n = 16) in fresh samples 
treated with isotype or pembrolizumab for 12 hours. (f) Flow cytometric analysis 
of the Ki67+, PRF-1+, IFN-γ+, GZMB+, IL2+, TNF-α+ cells frequencies of CD8 T cells 
(n = 24) in fresh samples treated with isotype or pembrolizumab for 12 hours. (d, 
f) CCR5+ CD66b+TINs High/low were grouped by median. (c-f) Data were analyzed 
using Wilcoxon signed-rank test, and presented as mean ± SEM. IFN = interferon; 
GZMB = granzyme B; PRF-1 = perforin; TNF = Tumor Necrosis Factor.

Figure 6. Graphical summary of this study. Schematics depicting the materials 
and methods used in the research and the role of CCR5+TINs in mediating anti- 
tumor and associated with favorable prognosis and therapeutic responses in 
MIBC. IFN = interferon; GZMB = granzyme B; PRF-1 = perforin.
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neutrophil in the tumor microenvironment. In this study, we 
described a subset of CD66b+TINs, CCR5+CD66b+TINs, were 
densely populate in MIBC, especially in early-stage human 
MIBC, which was consistent with previous study of 
CD66b+TINs in early-stage human lung cancer.15 Apart from 
these, we found out that CCR5+CD66b+TINs were negatively 
associated with MIBC progression. Similarly, early research on 
murine models reported that TINs in early tumors were more 
cytotoxic to tumor cells than TINs in larger, established 
tumors.23 Additionally, the analysis of the clinically annotated 
TMAs from two clinical centers reveals that 
CCR5+CD66b+TINs high infiltration could be associated with 
favorable prognosis including OS and RFS, which is an inde-
pendent significant factor for prognosis, especially RFS. 
Meanwhile, we assessed the correlation between 
CCR5+CD66b+TINs infiltration and clinical benefits from 
ACT. Our previous studies revealed the heterogeneity of TINs 
in terms of their controversial role in predicting therapeutic 
response to ACT.16,18 Gastric cancer patients with high TINs 
would benefit from ACT,18 while MIBC patients with low TINs 
were easier to benefit from ACT than those with high TINs.16 

The current study demonstrated that, only in pT2N0 patients, 
patients with CCR5+CD66b+TINs high infiltration subgroup 
showed better survival benefit from ACT application. In clinical 
guideline of MIBC, ACT was recommended for patients with 
pT3/T4 or pN+.2 CCR5+CD66b+TINs high infiltration sub-
group of those patients could not have significant therapeutic 
response to ACT. Consequently, these CCR5+CD66b+ TINs 
high, pT3/T4 or pN+ MIBC patients should be recommended 
for more stringent follow-up and other postoperative adjuvant 
therapy combined with conventional ACT.

Potential mechanisms behind the favorable clinical outcomes 
of CCR5+CD66b+ TINs infiltration in MIBC were investigated 
in detail. Previous studies revealed that CCR5 might be 
expressed on several kinds of cancer cells, including breast 
cancer,24 and melanoma,25 and exert an important influence 
on tumor progression. However, other studies exhibited CCR5 
could mediate Th1 cells homing26 and IFN-γ secretion within 
CCR5+CD8+T cells27 and CCR5+effector T cells.26 

CCR5+CD66b+TINs could secret IFN-γ, which could be partly 
reduced by maraviroc as the same as CCR5+CD8+T cells.27 

However, IFN-γ production of CCR5+CD66b+TINs isolated 
from three MIBC samples did not reduce after maraviroc treat-
ment, which suggests that the IFN-γ secretion of 
CCR5+CD66b+TINs in MIBC is not only in a CCR5 dependent 
way and remains to be further investigated. CCR5+CD66b+TINs 
could possibly orchestrate prime anti-tumor immunity, which 
could be proved by the analysis on immune cells and effector 
molecules of CD8 T cells, NK cells and CD4+Foxp3−T cells 
between CCR5+CD66b+TINs high/low subgroups in MIBC. 
IFN-γ could suppress tumor by acting directly on tumor cells, 
strengthening the function of tumor-infiltrating immune cells 
(Th1 cells, CD8 T cells and other cells) and modulating stromal 
cell function to alter metabolism and suppress angiogenesis.28–30 

In addition, IFN-γ could improve the efficacy of chemotherapy 
with cisplatin and doxorubicin by targeting stromal cell 
functions.31 Furthermore, IFN-γ could contribute to immu-
notherapy by acting on endothelial cells to promote blood vessel 
normalization and regression.28,32,33 Nevertheless, the 

underlying mechanism behind CCR5-mediated and IFN-γ 
secretion of CD66b+TINs still remains to be further explored.

The abysmal prospect of MIBC has been changed as the 
intervention of ICIs. Still, quite a lot of patients do not experience 
benefit from ICIs.4,5 Potential biomarkers of ICIs’ clinical 
response have been observed, however, these biomarkers are 
not yet ready for clinical practice for lack of prospective clinical 
studies.34 To simulate the clinical ICIs response in MIBC patients, 
fresh tumor samples were performed with pembrolizumab ex 
vivo in our study. Targeting PD-1 could restore anti-tumor 
immunity of CD8 T cells and induce tumor cells apoptosis.35 

However, increased apoptosis and decreased proliferation of 
tumor cells along with increased cytotoxicity of CD8 T cells was 
observed only in CCR5+CD66b+ high subgroup. Pembrolizumab 
treatment might not restore the IFN-γ production by neutrophils, 
while previous study showed that the phagocytic function of 
neutrophils in patients with sepsis could be restored by anti–PD- 
L1 or anti–PD-1 mAbs.36 CCR5+CD66b+TINs might be a new 
potential biomarker for predicting pembrolizumab response in 
MIBC, while the mechanism should be established further.

Several limitations of this study should be mentioned. The 
major limitation is inherent to the retrospective nature of the 
study. In addition, the mechanism of high CCR5+CD66b+TINs 
infiltration associated with better ACT response still remains 
unknown. On the basis of our findings, we will further establish 
whether and how CCR5 ligands CCL3/4/5 is involved in IFN-γ 
production in MIBC through in vitro and in vivo experiments. 
Moreover, the exact biologic mechanism under this observation 
that CCR5+CD66b+TINs high infiltration might be associated 
with better response to anti-PD-1 treatment is still unclear.

In summary, CCR5+CD66b+TINs could be as an indepen-
dent favorable prognosis factor for clinical outcomes. 
CCR5+CD66b+TINs high infiltration could also become 
a potential biomarker for both better ACT benefit in pT2N0 
MIBC and more effective response to anti-PD-1 treatment. In 
addition, CCR5+CD66b+TINs could enhance CD8 T cells acti-
vation and cytokine production through autonomous IFN-γ 
release, which potentially orchestrate antitumor immune inde-
pendently on tumor progression in MIBC tumor immune 
microenvironment at the same time. These findings might 
elevate the personalized prognosis prediction and ACT and 
ICIs application of MIBC patients after cystectomy.
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