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Abstract
Purpose  CD19+ tumor-infiltrating B-cells (CD19+ TIB) play a crucial role in tumorigenesis, but their clinical relevance in 
muscle-invasive bladder cancer (MIBC) remains unknown. This study aimed to investigate the prognostic value of CD19+ 
TIB for post-surgery survival and adjuvant chemotherapy response in MIBC.
Experimental design  We assessed TIB by immunohistochemical staining of CD19 in 246 MIBC patients from Zhongshan 
Hospital and Shanghai Cancer Center. We evaluated the survival benefit of platinum-based chemotherapy according to 
CD19+ TIB. The mechanism underlying CD19+ TIB antitumor immunity was explored through the Cancer Genome Atlas 
(TCGA) dataset analysis and an in vitro Ag presentation assay.
Results  CD19+ TIB extensively infiltrated into the tumor stroma of MIBC. Adjuvant chemotherapy (ACT) led to a signifi-
cantly increased benefit in the high CD19+ TIB MIBC patients (P = 0.003). In multivariate analysis, high CD19+ TIB MIBC 
patients had significantly longer OS with ACT in the discovery set (HR = 0.487, P = 0.038). TCGA gene expression analyses 
showed enrichment of adaptive immunity, T-cell-mediated immunity, and antigen-presentation signaling pathways in high 
CD19+ TIB MIBC patients. Moreover, CD19+ TIB co-localized with activated CD4+ TIT and expressed surface markers 
characteristic of antigen-presenting cells. Finally, an antigen-presentation assay demonstrated the antigen-presentation func-
tion of CD19+ TIB.
Conclusion  CD19+ TIB was identified as an independent prognostic factor, which could predict for post-surgery survival 
and platinum-based ACT benefits in MIBC. CD19+ TIB serve as antigen-presenting cells (APCs) to activate CD4+ TIT in 
the tumor environment of MIBC.
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RC	� Radical cystectomy
TCGA​	� The Cancer Genome Atlas
TIT	� Tumor-infiltrating T-cell(s)
TMA	� Tissue microarray

Introduction

As the most common malignant tumor of the urinary sys-
tem, bladder cancer accounts for 4%–5% of all new can-
cer diagnoses in adults [1]. The major pathological type of 
bladder cancer is transitional cell carcinoma, which is clas-
sified into nonmuscle-invasive bladder cancer and muscle-
invasive bladder cancer (MIBC) according to the depth of 
tumor invasion [2]. For MIBC and high-risk NMIBC, radi-
cal cystectomy (RC) is recommended as the primary treat-
ment, but follow-up has shown that approximately 50% of 
patients experience relapse or metastases [3]. Hence, addi-
tional chemotherapy is applied to improve the outcome of 
MIBC patients after RC [4]. However, only a fraction of 
patients experience a clinical response and survival benefit 
from adjuvant chemotherapy (ACT), leading to an urgent 
need to develop efficient predictive indicators to identify 
these MIBC patients. Currently, the common prognostic pre-
dictors, such as the tumor node metastasis (TNM) staging 
system and molecular markers, have been widely used for 
risk assessments and treatment strategies by clinicians. How-
ever, most of the prognostic indicators lack robust predictive 
accuracy because of the high heterogeneity between patients 
or pathological subtypes. Recently, tumor stromal immune 
compartments have been found to affect disease progression 
and to be associated with the survival of patients [5, 6].

B-cells participate in the human adaptive immune system 
by differentiating into plasma cells and producing antibodies 
in response to a pathogen [7]. Additionally, B-cells oper-
ate as effective antigen-presenting cells (APCs) to prime 
antigen-specific CD4+T-cells or secrete cytokines and 
chemokines to recruit and activate other immune cells in 
the tumor microenvironment [8]. However, previous stud-
ies have suggested that the B-cell lineage could participate 
in carcinogenesis and tumor progression, leading to con-
troversy about B-cell roles in some solid tumors [9, 10]. 
Pylayeva-Gupta et al. found that CD19+CD1dhiCD5+ B-cells 
promote pancreatic tumor progression via producing IL-35 
and suppressing antitumor immunity [5]. In addition, pro-
inflammatory cytokines, such as IFN-γ and TNF-α, were 
upregulated in B-cell knockout mice compared with naive 
wild-type mice, suggesting an anti-inflammatory role of 
B-cells [10, 11]. Conversely, the tumor-specific IgGs pro-
duced by plasma cells stimulate high expression of CD86 
on antigen-presenting cells and thereby inhibit the progres-
sion of human high-grade serous ovarian cancer [12]. How-
ever, the role of CD19+ tumor-infiltrating B-cells (CD19+ 

TIB) in MIBC and the underlying mechanisms remain 
undetermined.

To elucidate the biological functions and clinical rele-
vance of CD19+ TIB in MIBC patients, we evaluated CD19+ 
TIB quantity in MIBC and investigated its relationship with 
clinical outcomes, especially in patients treated with ACT. 
These results may clarify the vital function of CD19+ TIB 
in MIBC and provide a possible predictive indicator to aid 
in ACT decisions for MIBC patients.

Materials and methods

Patients and clinical database

This retrospective study enrolled two independent sets of 
patients. The discovery set included 246 patients from Fudan 
University Shanghai Cancer Center (Shanghai, China) from 
2008 to 2012 and Zhongshan Hospital (Shanghai, China) 
from 2002 to 2014. Patients with T1 tumors that did not 
invade the muscular tissue (i.e., NMIBC) were excluded. 
The clinical and pathological characteristics included age, 
gender, TNM stage, lymphovascular invasion, tumor size 
and tumor grade. Tumor size was defined as the longest 
diameter using an international measurement. All speci-
mens were reappraised via pathologic examinations accord-
ing to the 2009 TNM classification. The tumor grade was 
recorded according to the 2004 World Health Organization 
classification. None of the patients received neoadjuvant 
chemotherapy before surgery. Patients received four differ-
ent platinum-based drugs: gemcitabine/carboplatin, gemcit-
abine/cisplatin, gemcitabine/oxaliplatin or MVAC. Overall 
survival (OS) was defined as the time from surgery to death 
from any cause. After surgery, patients were evaluated by 
physical examination, laboratory studies, and urine cytology 
every 3 months in the first year, and annually thereafter. The 
validation set included 427 MIBC patients from the Cancer 
Genome Atlas (TCGA) database [13], and 57 patients with 
T1 tumors were excluded. None of these patients received 
neoadjuvant chemotherapy before surgery.

Immunohistochemistry and immunofluorescence

The surgical, formalin-fixed and paraffin-embedded speci-
mens were used to construct a tissue microarray (TMA). 
Immunohistochemistry was performed according to a previ-
ously applied protocol [14]. A mouse monoclonal antibody 
against human CD19 (Abcam, clone 2E2B6B10, 2.5 µg/ml) 
was used as the primary antibody. Negative control slides 
were treated with nonspecific IgG2a antibody instead of the 
primary antibody. The immunohistochemistry results were 
viewed by Image-Pro plus 6.0 (Media Cybernetics Inc., 
Bethesda, MD). CD19 positive staining cells were evaluated 
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in a blinded manner by two urinary pathologists indepen-
dently. The intensity of CD19+ TIB was calculated as the 
mean number of CD19 positive cells from three randomized 
areas of a single tumor. We dichotomized the patients in 
the discovery set into a high CD19+ TIB subgroup and low 
CD19+ TIB subgroup equally and dichotomized the patients 
in the validation set into a CD19 mRNA high subgroup and 
CD19 mRNA low subgroup equally. The TMA was also per-
formed by immunofluorescence described previously [15], 
and we used anti-CD19 (Abcam, clone 2E2B6B10, 2.5 µg/
ml) together with either anti-CD4 (Abcam, clone EPR6855, 
0.5 µg/ml) or anti-MHC Class II rabbit mAb (Abcam, clone 
EPR11226, 2.5 µg/ml). Then, two secondary antibodies, 
Alexa 594 goat anti-mouse IgG and Alexa 488 goat anti-
rabbit IgG were applied. Images were acquired with a Nikon 
Eclipse Ti-S Microscope.

Real‑time quantitative PCR

Total RNA from fresh human tumor specimens was 
extracted using TRIzol reagent (Invitrogen) according to 
the manufacturer’s instructions. Real-time quantitative PCR 
was performed on the Applied Biosystems 7300 Real-Time 
PCR system using SYBR Green dye (Applied Biosystems) 
as described by the manufacturer. The primers for CD19 
are as follows: 5′: CCG​GAG​AGT​CTG​ACC​ACC​AT and 
3′: GCA​CAG​CGT​TAT​CTC​CCT​CT. GAPDH served as an 
endogenous control. All determinations were performed 
in triplicate and in at least three independent experiments. 
The ΔΔCt method was applied to estimate relative transcript 
levels.

Gene set enrichment analysis (GSEA) and CIBERSORT 
algorithm

Gene set enrichment analyses of gene expression data were 
conducted using GSEA [16]. If a gene set had a positive 
enrichment score, the majority of its members had a higher 
risk score, and the set was termed “enriched.” GSEA was 
performed to identify the enriched pathway (GO biological 
process database) in high CD19+ TIB MIBC patients com-
pared with low CD19+ TIB MIBC patients via gene expres-
sion analysis of 370 samples. Gene sets from Molecular 
Signatures Database (C5 Gene Ontology signature) of sizes 
larger than 15 genes were analyzed with 1000 randomized 
permutations of the patient phenotype. The CIBERSORT 
algorithm [17], an analytical tool that provides an estima-
tion of the abundances of member cell types in a mixed cell 
population, was applied to TCGA gene expression database 
to analyze the associations between the number of B-cells 
and the level of CD19 mRNA.

Flow cytometry

We examined the phenotypes of tumor tissue and peripheral 
blood-derived CD19+ B-cells, CD4+ T-cells and MHC II+ 
cells from MIBC patients. The cells were stained with the 
following fluorochrome-conjugated antibodies: Alexa Fluor 
488-conjugated anti-CD4 (BD Pharmingen, clone RPA-T4, 
1:40), APC-Cy7-conjugated anti-CD3 (BD Pharmingen, 
clone SK7, 1:40), PE-Cy7-conjugated anti-CD19 (BD 
Pharmingen, clone SJ25C1, 1:40), PE-Cy7-conjugated anti-
CD44 (BD Pharmingen, clone G44-26, 1:40), BV510-con-
jugated anti-CD80 (BD Pharmingen, clone L307.4, 1:40), 
BV650-conjugated anti-CD86 (BD Pharmingen, clone 2331, 
1:40), APC-conjugated anti-HLA-DR (BD Pharmingen, 
clone G46-6, 1:40), BV785-conjugated anti-CD11c (Bio-
Legend, clone 3.9, 1:40), and FITC-conjugated anti-CD68 
(BD Pharmingen, clone Y1/82A, 1:40). Antibody specific-
ity was tested using matched isotypes. Cells were analyzed 
by flow cytometry on a FACSCelesta (BD Immunocytom-
etry Systems) according to the manufacturer’s instructions, 
and the data were analyzed with FlowJo software version 
X (Tree Star). Dead cells were excluded by staining with 
Fixable Viability Stain 450 (BD Biosciences). All samples 
were gated on CD45+ leukocytes based on forward and side 
scatter plots.

In vitro Ag presentation assay

Fresh tumor and peripheral blood specimens from four 
patients with MIBC were obtained immediately after sur-
gery. The tissues were minced and digested in 0.2 U/ml col-
lagenase (Roche) for 3 h. The cell suspension was filtered by 
0.45 µm filtration. CD19+ TIB and peripheral blood B-cells 
(stained with anti-CD19 antibodies) and CD4+ tumor-infil-
trating T-cells (TIT) (stained with anti-CD4 antibodies) were 
sorted from cell suspension by flow cytometry. CD4+ TIT 
were resuspended in PBS at a concentration of 2 × 106/ml 
and labeled with 5 µmol/L CFSE for 15 min at 37 °C under 
constant agitation, then washed and subsequently resus-
pended in RPMI-1640 (Gibco) supplemented with 10% FBS 
(Gibco), penicillin, and streptomycin. The human bladder 
carcinoma cell line TCCSUP (ATCC HTB-5) was purchased 
from Cell Bank, Chinese Academy of Sciences. TCCSUP 
cell line lysates were obtained by ultrasonication and filtered 
by 0.45 µm filtration. CFSE-labeled CD4+ TIT were cocul-
tured with TCCSUP lysates (ratio 1:1) or with a combination 
of TCCSUP lysates and CD19+ TIB/peripheral blood B-cells 
(ratio 1:1:1), or with a combination of TCCSUP lysates and 
CD19+ TIB/peripheral blood B-cells (ratio 1:1:1) and HLA-
DR blocking antibodies (BD Biosciences, clone Tu39, 1 µg/
ml). In each set, the total number of cells was 2 × 106 cells. 
The dilution of CFSE, CD44 and CD40L (BD Pharmingen, 
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clone TRAP1, 1:40) by CD4+ TIT were determined after a 
4-day coculture by flow cytometry.

Statistical analysis

Categorical variables between different groups were ana-
lyzed by Chi square or Fisher exact test, and continuous 
variables between different groups were analyzed by t test 
and Wilcoxon rank-sum test. Kaplan–Meier survival curves 
and log-rank test were used to test the survival difference 
between subgroups. Multivariate Cox proportional hazards 
model containing the categorical CD19+ TIB variable and 
other clinical characteristics was applied to obtain statisti-
cally significant parameters. All tests were two-sided and 
were performed at a significance level of 0.05. SPSS 20.0 
(SPSS Inc., Chicago, IL) and R software version 3.3.0 were 
used for the statistical analyses.

Results

Immunohistochemistry staining of CD19 
and correlation between CD19+ TIB and prognosis 
in MIBC patients

To explore the correlation between CD19+ TIB and the pro-
gression of MIBC, we evaluated the presence of CD19+ TIB 
by immunohistochemistry in 246 MIBC patients from the 
discovery set. The staining results of CD19 showed that most 
CD19+ TIB were located in the stroma of tumors (Fig. 1a–c) 
and had a density ranging from 0 to 1000 cells/mm2. We 
analyzed the correlation between CD19+ TIB and clinico-
pathologic variables, and there were no significant associa-
tions between CD19+ TIB and clinicopathologic variables, 
including age, gender, grade, TNM stage and tumor size 
(Supplementary Table 1). To investigate whether CD19+ 
TIB were associated with clinical outcomes, we conducted 
a Kaplan–Meier analysis. Patients with high CD19+ TIB 
had significantly longer survival compared with low CD19+ 
TIB patients in the discovery set (P = 0.003) (Fig. 1d). Fur-
thermore, the multivariate analysis including ACT, TNM 
stage and CD19+ TIB also revealed a significant correlation 
between high CD19+ TIB and prolonged OS (HR = 0.532; 
95% CI = 0.359–0.789), indicating that CD19+ TIB is an 
independent prognosticator of MIBC patient survival (Sup-
plementary Table 2).

Predictive value of CD19+ TIB with response 
to adjuvant chemotherapy

After identifying the correlation between CD19+ TIB and 
patient survival, we were interested in determining whether 
CD19+ TIB had a protective role in ACT efficacy in MIBC. 

Therefore, we evaluated the effectiveness of ACT accord-
ing to CD19+ TIB frequency. Intriguingly, for MIBC 
patients with high CD19+ TIB, adjuvant chemotherapy was 
a significant protective factor with OS in the discovery set 
(P = 0.003), but low CD19+ TIB patients received no OS 
benefit from ACT (P = 0.001) (Fig. 1e, f). In the multivari-
ate analysis for OS in the MIBC patient subgroup with high 
CD19+ TIB, the patients who received ACT had significantly 
longer survival than the patients who did not receive ACT 
(HR = 0.487; 95% CI = 0.247–0.961; P = 0.038), but in the 
low CD19+ TIB patient subgroup, no significant improve-
ment in OS from ACT was observed (Table 1).

To obtain robust results about the ACT predictive capac-
ity of CD19+ TIB in MIBC, we developed a TCGA MIBC 
cohort as a validation set and performed similar survival 
analyses. First, we analyzed the equivalence of CD19+ 
TIB and levels of CD19 mRNA by flow cytometry and 
RT-PCR in 15 bladder cancers and found a significantly 
positive correlation between them. Similarly, we computed 
the number of B-cells in TCGA by the CIBERSORT algo-
rithm and again found a positive correlation between them 
(Supplementary Fig. 1a, b). Thus, CD19 mRNA expres-
sion level was used as a simulation of CD19+ TIB here. 
Although no significant OS difference was found between 
MIBC patients with ACT and patients without ACT in the 
validation set, regardless of the CD19 mRNA level (Sup-
plementary Fig. 2a, b), the multivariate analyses showed 
that among the high CD19 MIBC patients, the patients that 
received ACT had a significantly longer OS compared with 
those without ACT (HR = 0.366; 95% CI = 0.193–0.694; 
P = 0.002) (Supplementary Table 3). Taken together, these 
results from two clinical MIBC cohorts suggest that MIBC 
patients with high CD19+ TIB could receive more OS ben-
efit from post-surgery ACT.

Functional gene exploration of CD19+ TIB

To investigate the biological functions of CD19+ TIB in 
MIBC, we performed GSEA to explore the gene expres-
sion profile of TCGA MIBC patients. We compared the GO 
biological process gene sets and found that several immune-
related signaling pathways, such as lymphocyte migration, 
regulation of TCR signaling, regulation of antigen receptor-
mediated signaling and adaptive immune response, were 
significantly enriched (NES > 2.2, FDR q-value < 0.001) in 
CD19 mRNA high patients (Fig. 2a). These results indicated 
that the presence of CD19+ TIB was associated with posi-
tive regulation of lymphocyte activation in MIBC patients.

Next, we compared the differential gene expression 
between patients with high CD19 and low CD19 in TCGA 
MIBC set and found that the expression of genes associ-
ated with B-cell activation (BTK, CD79A, CD79B), T-cell 
activation (IFNG, IL12B, CD86), and antigen presentation 
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(HLA-DPB1, HLA-DRB1) were all increased in high CD19 
patients (Fig. 2b) [18–20]. These results indicated that high 
CD19+ TIB were mostly associated with the initiation of 
adaptive immunity, especially the antigen-presentation pro-
cess in MIBC patients.

Antigen‑presentation functions of CD19+ TIB

Our previous results of functional gene exploration 
implied that CD19+ TIB might activate antigen-specific 
T-cell responses via their antigen-presentation function. 
To prove this hypothesis, we performed immunohisto-
chemistry and immunofluorescence of CD19, MHC II 
and CD4 in serial sections of MIBC tumors. Intriguingly, 

immunohistochemistry revealed that most CD19+ TIB 
were distributed among MHC II+ cell-rich areas, whereas 
CD4+ TIT were located nearby (Fig. 2c). We also found a 
significant correlation between the density of CD19+ TIB 
and MHC II+ cells or CD4+ TIT (Fig. 2d, e). Consistently, 
immunofluorescence showed an expression of MHC II in 
CD19+ TIB in the stromal area of tumors while CD19+ TIB 
and CD4+ TIT were directly juxtaposed, supporting cell–cell 
interactions (Fig. 3a, b). Although MHC II molecules can 
be expressed by B-cells, DC and macrophages, we found 
that MHC II+ CD19+ cells accounted for approximately 
10%–30% of total MHC II+ cells by flow cytometry, indi-
cating nonnegligible impacts of these CD19+ TIB on antigen 
presentation (Supplementary Fig. 3).

Fig. 1   Different densities of CD19+ TIB and their correlation with 
prognosis or ACT efficacy in MIBC. a–c Representative images of 
a low CD19+ TIB, b moderate CD19+ TIB and c high CD19+ TIB. 
Dashed lines indicate stromal areas in tumors. d–f Kaplan–Meier 

analysis for OS of MIBC patients according to different CD19+ TIB 
in the discovery set (d). Kaplan–Meier analysis for OS of MIBC 
patients according to ACT in high CD19+ TIB patients (e) and in low 
CD19+ TIB patients (f)
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As it has been reported that CD19+ TIB can exert anti-
gen-presentation function through MHC II and costimu-
latory molecules, we detected the expression of costim-
ulatory molecules on CD19+ TIB by flow cytometry. 
We found that, compared with CD19+ peripheral blood 
B-cells, CD19+ TIB expressed similar intensities of HLA-
DR (Fig. 4c). However, CD19+ TIB expressed significantly 
high levels of CD80 and CD86 on their surface compared 
with CD19+ peripheral blood B-cells, albeit at moderate 
levels (Fig. 4a, b). Additionally, CD4+ TIT expressed high 
levels of CD44 compared with CD4+ peripheral blood 
T-cells (Fig. 4d).

To further illustrate the antigen-presentation function of 
CD19+ TIB in MIBC, we performed in vitro antigen-pres-
entation assays. CFSE-labeled CD4+ TIT were cocultured 
with TCCSUP cell lysates as a negative control, and then 
CD19+ TIB or peripheral blood B-cells were added to test 
their functions. The proliferation of CD4+ TIT significantly 
increased when CD19+ TIB or peripheral blood B-cells were 
added to the coculture. Furthermore, the expressions of acti-
vation marker CD44 and costimulation marker CD40L on 
CD4+ T-cells both increased when CD19+ TIB or periph-
eral blood B-cells were added to the coculture. Importantly, 
the increase in proliferation, CD44 and CD40L expression 
was all abrogated after the addition of HLA-DR blocking 
antibodies (Fig. 5). Collectively, these results suggested that 
CD19+ TIB activate CD4+ TIT through an MHC II-medi-
ated antigen-presentation process in MIBC.

Discussion

Cisplatin-based chemotherapeutic drugs are widely used 
in a variety of cancers, including ovarian cancer, testicular 
cancer and bladder cancer [21]. Leow et al. found a positive 
benefit on OS by cisplatin-based adjuvant chemotherapy in 
an updated meta-analysis, although this conclusion lacks 
the support of randomized large sample trials and there are 
still some patients with poor clinical outcomes and prema-
ture metastasis [22]. Thus, it is vitally important to identify 
convenient and effective predictive indicators to guide the 
clinical use of adjuvant chemotherapy.

Previous studies have found that different genetic sub-
types of bladder cancer have different sensitivities to chem-
otherapy. For example, research from an MD Anderson 
MVAC set showed that “P53-like” subtype MIBCs were 
resistant to neoadjuvant chemotherapy, whereas “basal” 
subtype MIBCs were chemosensitive. Furthermore, some 
immune biomarkers, such as FAS ligand (FASLG), CD8B 
molecule, colony-stimulating factor 1 (CSF-1), and C–C 
motif chemokine ligand 5 (CCL5), were enriched in basal 
tumors [23]. However, the association between CD19+ TIB 
and clinical outcomes in MIBC remains undetermined.

In this study, we demonstrated the prognostic signifi-
cance of CD19+ TIB as an independent predictive param-
eter for guiding adjuvant chemotherapy. We showed that 
the MIBC patients who received ACT with high CD19+ 
TIB have a longer OS compared to those with low CD19+ 

Table 1   Multivariate Cox 
regression analyses for overall 
survival in MIBC patients with 
CD19+ TIB according to ACT, 
TNM stage and grade

MIBC muscle-invasive bladder cancer, ACT​ adjuvant therapy, HR hazard ratio, CI confidence interval
P value < 0.05 marked in bold font shows statistical significance

Overall survival

Patients Low CD19+ TIB Patients High CD19+ TIB

Characteristic No HR (95% CI) P value No HR (95% CI) P value

Discovery set 123 123
T classification
 T2 72 1.00 (Reference) 63 1.00 (Reference)
 T3 + T4 51 1.500 (0.820–2.745) 0.188 60 1.298 (0.692–2.435) 0.417

N classification
 N0 99 1.00 (Reference) 107 1.00 (Reference)
 N1 + N2 + N3 24 2.836 (1.405–5.727) 0.004 16 1.132 (0.423–3.025) 0.805

Distant metastasis
 No 102 1.00 (Reference) 102 1.00 (Reference)
 Yes 21 2.110 (1.121–3.969) 0.021 21 3.572 (1.802–7.081) < 0.001

Grade
 Low 21 1.00 (Reference) 14 1.00 (Reference)
 High 102 2.103 (0.936–4.725) 0.072 109 1.159 (0.404–3.323) 0.783

Adjuvant therapy
 No 72 1.00 (Reference) 63 1.00 (Reference)
 Yes 51 1.294 (0.708–2.363) 0.402 60 0.487 (0.247–0.961) 0.038
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TIB, indicating that CD19+ TIB could be a vital element for 
selecting treatment strategies.

To determine the mechanism through which CD19+ TIB 
affect MIBC disease progression and therapeutic responses, 
we observed the biological characteristics of B-cells under 
the pathological conditions of tumors. Generally, B-cells 
participate in the humoral immune response in a variety of 
diseases (infections, cancers) by differentiating into plasma 
cells that secrete antigen-specific antibodies to neutralize 
pathogens [7]. However, B-cells can also deliver influential 
immune responses directly in certain disease microenviron-
ments. Compelling evidence has demonstrated that increased 
amounts of intratumoral B-cells are associated with clini-
cal outcome and response to chemotherapy [24]. Jie-Yi Shi 
et al found that margin-infiltrating B-cells (MIL-B) were 
a favorable prognostic factor for patients with hepatocellu-
lar carcinoma, and MIL-Bs showed an atypical phenotype 

(IgD−IgG+CD27−CD38−), secreting IFN-γ, interleukin 
12p40 (IL-12p40), granzyme B, and TRAIL, acting as APCs 
and activating Th1 cells in the tumor microenvironment 
[25]. Consistently, B16 melanoma tumor volume and lung 
metastasis were increased in B-cell-depleted mice. Moreo-
ver, B-cell depletion impaired both IFN-γ and TNF-α induc-
tion by CD4+ T-cells and CD8+ T-cells in vivo and also 
reduced the infiltration of tumor Ag-specific CD8+ T-cells 
in vivo [26].

To understand the biological functions of CD19+ TIB 
in MIBC and the mechanism underlying ACT therapy effi-
cacy improvement, we analyzed TCGA gene expression 
data and found that the signaling pathways associated with 
the adaptive immune response and antigen presentation 
were enriched in high CD19 MIBC patients. Moreover, 
the direct contact of CD19+ MHC II+ TIB with CD4+ TIT 
in human tumor samples, the high expressions of antigen 

Fig. 2   Correlation between CD19+ TIB and molecules related to anti-
gen presentation in specimens and database. a The top 20 significant 
biological pathways and processes in high (n = 185) vs. low (n = 185) 
CD19 MIBC patients. b Volcano plot comparing genes in high 
(n = 185) vs. low (n = 185) CD19 MIBC patients. Genes labeled in 

blue, red and green represent B-cell activation, T-cell activation and 
antigen-presentation pathways. c Immunohistochemical staining of 
CD19, MHC II and CD4 on continuous tumor slices of MIBC. Scale 
bar = 100 µm. d–e Correlations between the density of CD19+ TIB 
and the density of CD4+ TIT or MHC II+ cells in the tumors
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presentation-associated molecular MHC II, CD80 and CD86 
on CD19+ TIB, and the in vitro antigen presentation assay 
all demonstrated that CD19+ TIB in MIBC could activate 
CD4+ TIT in the presence of tumor antigens, which could, 
in turn, boost the immune cytotoxicity and add to the tumor-
killing effects of chemotherapy.

Several studies support our findings. Apetoh et al. showed 
that chemotherapy drugs lose their therapeutic efficacy in 
patients with loss-of-function TLR4, which affects the pro-
cessing and presentation of tumor antigen derived from 
dying tumor cells [27]. Additionally, Wang et al. found that 
the patients who had high stromal CD8+ T-cells are more 
likely to respond to platinum-based chemotherapy [28]. 

Thus, our finding that patients with high CD19+ TIB had 
prolonged survival may be due to the enhanced priming of 
effective CD4+ T-cells by CD19+ TIB and that patients with 
low CD19+ TIB are resistant to platinum-based antitumor 
chemotherapy may be due to an adaptive immune response 
reduction and excessive side effects.

To our knowledge, this study is the first to investigate the 
prognostic associations of CD19+ TIB and their associa-
tions with adaptive immunity and ACT effects in MIBC. 
However, there are some limitations in this study. First, the 
clinical investigation in this study is based on retrospective 
data, which lack unified and standardized platinum-based 
chemotherapy procedures, and the total numbers of the 

Fig. 3   Localization of MHC II+ CD19+ TIB and CD4+ TIT in MIBC. 
a–b Immunofluoresence of CD19 (red) and MHC II molecule (green) 
or CD4 (green) on MIBC tumors. White arrows represent MHC II+ 

CD19+ TIB. Circled areas represent CD19+ TIB and CD4+ TIT that 
are close to each other. Scale bars = 200 µm or 20 µm
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discovery set and MIBC patients receiving ACT are rela-
tively small. Second, serial surgical sections were used for 
immunostaining CD19, MHC II, and CD4, so the results 

cannot reflect the precise positioning of cells. Therefore, a 
prospective, randomized, larger population trial is needed to 
validate these results in the future. Overall, our study found 

Fig. 4   Surface phenotype of CD19+ TIB and CD4+ TIT in MIBC. 
a–c Representative flow cytometry data showing the expression of 
CD80, CD86 and HLA-DR on CD19+ TIB and CD19+ peripheral 
blood B-cells. Samples were gated on CD45+ CD19+ cells (n = 6). d 

Representative flow cytometry data showing expression of CD44 on 
CD4+ TIT and CD4+ peripheral blood T-cells. Samples were gated 
on CD45+ CD4+ CD3+ cells (n = 6). MFI, mean fluorescence inten-
sity
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a superior treatment effect of platinum-based ACT in high 
CD19+ TIB MIBC patients, which could be explained by the 
enhanced antigen-presentation capacity of activated CD19+ 
TIB in MIBC patients. In the future, these results could aid 
clinical decision-making concerning platinum-based chemo-
therapy in high CD19+ TIB MIBC patients after cystectomy 
and routine pathological assessment.

Conclusions

In conclusion, our study identified that MIBC patients with 
high CD19+ TIB had better survival and might benefit more 
from platinum-based ACT; CD19+ TIB can be used as a 
novel independent predictor for post-surgery prognosis in 
MIBC. In vitro coculture experiments suggest that CD19+ 
B-cells may serve as APCs to activate CD4+ TIT in the 
tumor environment of MIBC.
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