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Abstract

The tumor microenvironment impacts tumor progression and individual cells, including CD4+ T 

cells, have been detected in bladder cancer (BCa) tissues. The detailed mechanism how these T 

cells were recruited to the BCa tumor and their impact on BCa progression, however, remains 

unclear. Using a human clinical BCa sample survey and in vitro co-culture system, we found that 

BCa has a greater capacity to recruit T cells than surrounding normal bladder tissues. The 

consequences of higher levels of recruited T cells in BCa included increased BCa metastasis. 

Mechanism dissection revealed that infiltrating T cells might function through secreting the 

cytokine IL-1 which increases the recruitment of T cells to BCa and enhances the BCa androgen 

receptor (AR) signaling that results in increased BCa cell invasion via up-regulation of HIF-1α/

VEGFa expression. Interruption of the IL-1→AR→HIF-1α→VEGFa signals with inhibitors of 

HIF-1α or VEGFa partially reversed the enhanced-BCa cell invasion. Finally, in vivo mouse 

models of xenografted BCa T24 cells with CD4+ T cells confirmed in vitro co-culture studies and 

concluded that infiltrating CD4+ T cells can promote BCa metastasis via modulation of the 

IL-1→AR→HIF-1α→VEGFa signaling. Future clinical trials using small molecules to target this 

newly identified signaling pathway may facilitate the development of new therapeutic approaches 

to better suppress BCa metastasis.
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Introduction

Bladder cancer (BCa) is the fourth most common cancer and eighth leading cause of death 

from cancer among men in the United States (1), with a recurrence rate up to 90%(2). The 

ratio of men to women that develop BCa is approximately 3:1 (1), suggesting that androgen/

androgen receptor (AR) signals might play important roles in BCa progression. Early studies 

also demonstrated that AR is a key factor modulating the progression of many tumors, 

including BCa (3, 4).

The tumor microenvironment (TME), with its individual immune cells, may play key roles 

in tumor progression (5). Cancer could be due to the result of accumulation of random 

mutations with increasing dysregulation of several key pathways, which is named as the 

somatic mutation theory of carcinogenesis, SMT (6, 7). Yet many paradoxical aspects have 

been found under the SMT framework (8), and many questions remain about the lack of the 

computational strategies for dealing with those paradoxical aspects and interpreting the 

accumulated scientific data (8).

An alternative to SMT is the tissue organization field theory (TOFT), which defines a tumor 

as a tissue-based disease and assumes that cancer arises from the deregulated interplay 

among tumor cells and the infiltrating cells in the surrounding TME (9).

Several immune cells in the prostate TME have been demonstrated to have the capacity to 

impact prostate cancer progression (10) (11), and inflammation from TME may also play 

important roles in BCa progression (12), especially during therapy with Bacillus Calmutte 

Guerin (BCG) to suppress BCa progression (13). Another clinical study also linked a higher 

expression of Th17 cells, a subset of CD4+ T cells, in BCa tissues to the progression of BCa 

(14).

Here we demonstrate that infiltrating T cells promote BCa progression via increasing 

IL-1→AR→HIF-1α→VEGFa signaling.

Materials and Methods

Patients

We collected tissues from 20 patients that showed clinical cystoscopic evidence of BCa. All 

patients signed informed consent and received treatment by radical electrocision as their first 

line of therapy. Each patient's tissue was divided into 2 sections, the BCa tumor area and the 

adjacent normal tissue area. Both of these tissue types were identified by trained 

pathologists.

Cell culture

The T24 and J82 cell lines were purchased from the American Type Culture Collection 

(Rockville, MD) in December of 2008. After cells were received, the cell lines were frozen 

in liquid N2 after the first 3 passages with 50 ampules of cell stock. After an ampule was 

thawed, the cells were used for the designed experiments within 15 passages. They were 

grown in DMEM containing penicillin and streptomycin, supplemented with 10% fetal 
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bovine serum (FBS). The normal immortalized non-transformed SV-HUC bladder urothelial 

cell line was purchased from American Type Culture Collection and grown in F-12k, 

supplemented with 10% FBS. In March 2012, the T-lymphocytic cell line HH (CD4+) was 

acquired from the American Type Culture Collection (ATCC# CRL-2105; CRL-1552) from 

ATCC and have been kept as 50 ampules of frozen cell stocks. HH cells were maintained in 

10% RPMI (Invitrogen #A10491, Grand Island, NY) with 1% Pen/Strep and 10% FBS. 

After receipt from ATCC, all cell lines were used within 15 passages and were not re-

authenticated by us. All cells were cultured in a 5% (v/v) CO2 humidified incubator at 37°C.

Reagents

Monoclonal anti-VEGFa neutralizing antibody was purchased from R&D Systems 

(Minneapolis, MN), and 500 μg/ml stock was reconstituted in phosphate buffered saline 

(PBS). HIF inhibitor FM19G11 was purchased from Sigma-Aldrich (St. Louis, MO), and a 

500 μg/ml stock was reconstituted in DMSO. IL-1Ra and IL-8 neutralizing antibody were 

purchased from Peprotech (Rocky Hill, NJ).

Migration assay

The BCa and SV-HUC cells were plated into the lower chambers of the transwells with 8 

μM pore polycarbonate membrane inserts precoated with fibronectin (Corning #3422, 

Corning, NY) at 1×105. 1×105 HH cells were plated into the upper chambers for the T cell 

migration assay. The membranes were removed after 6 hours, fixed in 75% ethanol and 

stained with toluidine blue.

Invasion assay

For the in vitro invasion assays, the upper chambers of the Transwell inserts (Corning; 8 μm 

pores) were pre-coated with diluted EGF-reduced matrigel (1:15 serum free RPMI) (BD 

Biosciences, Sparks, MD). Before invasion assays, BCa cells were co-cultured with T cells 

for 48 hrs in 6-well Transwell plates (Corning; 0.4 μm). The conditioned media (C.M.) and 

control media were collected diluted with 10% FBS RPMI, plated into the lower chambers 

of new Transwell plates and the parental untreated BCa cells were plated into the upper 

chambers at 1×105 cells/well. After 24 hours, the cells in the upper chambers were removed. 

The insert membranes were fixed in ice cold 75% alcohol, stained with crystal violet, and 

the positively stained cells were counted under a microscope. The numbers of cells were 

averaged by counting five random fields. Each sample was run in triplicate and in multiple 

experiments.

Quantitative PCR

Total RNA was extracted from each cell-line using Trizol (Invitrogen, Grand Island, NY), 

following the manufacturer's instructions. Reverse transcription was performed using the 

iScript Reverse Transcription Kit (Bio-Rad, Hercules, CA). Quantitative real-time PCR 

(qRT-PCR) was conducted using a Bio-Rad CFX96 system with SYBR green to determine 

the mRNA expression level of a gene of interest. Expression levels were normalized to the 

expression of GAPDH RNA.
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Western Blot assay

Cells were washed twice in PBS and lysed with RIPA buffer containing 1% protease 

inhibitors (Amresco, Solon, OH). Protein concentrations in the cell lysate solutions were 

determined by BCA protein assay (Amresco). The cell lystates were mixed with 5× SDS-

PAGE loading buffer (Amresco). Equivalent protein quantities were heated at 95°C for 10 

min before separation on precast 7%-15% SDS-polyacrylamide gels (Bio-Rad). Proteins 

were electrotransferred to PVDF membranes (Millipore, Atlanta, GA) and blocked in Tris-

buffered saline containing 0.05% Tween-20 (TBS-T) and 5% non-fat milk for 1 hr. The 

membranes were washed in TBS-T and incubated with primary monoclonal antibodies 

overnight at 4°C in TBS-T containing 1% non-fat milk. The following primary antibodies 

were used: rabbit anti-AR, anti-HIF-1α (1:1000; Santa Cruz Biotechnology, Santa Cruz, 

CA); rabbit anti-VEGFa (1:1000; Abcam, Cambridge, MA) mouse anti-GAPDH (1:1000; 

Santa Cruz Biotechnology). After being washed in TBS-T buffer, membranes were 

incubated with goat anti-horseradish peroxidase-conjugated secondary antibody (1:1000; 

Invitrogen) for 1 hr at room temperature in TBS-T containing 1% non-fat milk. Membranes 

were then washed with TBS-T buffer, and signals were visualized by use of an enhanced 

chemiluminesence system (ThermoFisher Scientific, Waltham, MA).

Lentivirus packaging and transfection

We designed the AR siRNA sequence, inserted the oligo into the pLKO.1 vector, packaged 

with psPAX2 and pMD2.G plasmids. The plasmids were used to transfect 293T cells for 48 

hr in order to generate the lentivirus soup. We collected the lentivirus soup and froze aliquots 

at −80°C for later use.

In vivo metastasis studies

Male 6-8 week old nude mice were purchased from NCI. Stably transfected T24 cells were 

engineered to express luciferase reporter gene (PCDNA3.0-luciferase) and the positive 

stable clones were selected and expanded in culture. Twenty-four (24) mice were injected 

with 1 × 106 T24 cells (mixed with Matrigel, 1:1) into the left sub-renal capsule; 8 mice 

received T24 cells only, 8 received T24 and 1 × 105 HH cells and 8 mice received T24 and 

HH cells and were treated with ASC-J9® (starting from the 5th week after xenografted 

implantation, 0.075 mg/g body weight; injected every other day for 3 weeks). Metastasis in 

live mice was measured using a Fluorescent Imager (IVIS Spectrum, Caliper Life Sciences, 

Hopkinton, MA) at 6 different time points (2, 3, 4, 5, 6 and 7 weeks after injection). After 

monitoring with the Imager, mice were sacrificed and the xenograft tumors were further 

examined by IHC staining.

Immunohistochemistry

Tumor samples from the BCa mice were fixed in 4% neutral buffered para-formaldehyde 

and embedded in paraffin. Rabbit anti-CD4+, rabbit (Thermo), rabbit anti-AR (Santa Cruz) 

and rabbit anti-VEGFa (Abcam) primary antibodies were used for staining. The primary 

antibodies were recognized by the biotinylated secondary antibody (Vector), and visualized 

using the VECTASTAIN ABC peroxidase system and peroxidase substrate DAB kit 

(Vector).
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Statistical Analysis

Data are expressed as mean ± SEM from at least 3 independent experiments. Statistical 

analyses were performed by paired t-test with SPSS 17.0 (SPSS Inc., Chicago, IL). For in 
vivo studies, measurements of tumor metastasis among the three groups were analyzed 

through one-way ANOVA coupled with the Newman-Keuls test. P<0.05 was considered 

statistically significant.

Results

Clinical surveys using human BCa samples show BCa has better capacity than 
surrounding normal bladder cells to recruit T cells

We first compared T cell infiltration in BCa with surrounding normal bladder in clinical 

specimens using IHC staining with T cell marker CD4+. The results revealed that more 

CD4+ T cells were recruited into BCa than surrounding normal bladder tissues (Fig. 1).

BCa cells recruit more T cells than do normal bladder cells in the Transwell migration 
assay

We then applied the in vitro T cell recruitment assay in the co-culture system to confirm the 

above human clinical results. In the Boyden chamber migration system, we placed the T24 

BCa cells or SV-HUC normal bladder cells in the lower chambers and placed T cells (CD4+ 

HH cells) on the upper chambers for the migration assay. After 6 hours of co-culture, we 

counted the number of HH cells which had migrated through the membranes into the bottom 

chambers. The results revealed that T24 cells have a much better capacity to recruit T cells 

as compared to the non-malignant bladder SV-HUC cells (Fig. 2). Similar results were also 

obtained when we replaced T24 cells with BCa J82 cells (Fig. 2).

Together, results from Fig. 2 suggest BCa cells have a better capacity than surrounding 

normal bladder cells to recruit T cells.

Recruited T HH cells increase BCa cell invasion

We next investigated the effects of T cells being recruited by BCa cells. Using a co-culture 

invasion assay with 6-well (0.4 μM membranes) Transwell plates, we found co-culturing 

BCa T24 cells with T HH cells for 3 days had better capacity to invade (Fig. 3). Similar 

results were also obtained when we replaced BCa T24 cells with J82 cells (Fig. 3, *P<0.05).

Together, results from Fig. 3 suggest that BCa cells have an improved capacity to invade 

after recruiting more T cells.

Mechanism dissection how recruited T cells can increase the BCa cell invasion

To dissect the mechanism of how recruited T cells promote BCa cell invasion, we focused 

on their impacts on AR signaling, as early studies suggested AR might have a positive role 

to increase BCa cell invasion (4, 15). As expected, after co-culturing BCa cells with T HH 

cells for 3-4 days, we found the expression of AR mRNA (Fig. 4a) and AR protein (Fig. 4b) 

was increased in BCa T24 cells after co-culture with T HH cells. Similar results were also 

obtained when we replaced BCa T24 cells with J82 cells (Fig. 4a-b). Importantly, further 
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mechanism dissection using ARE-luciferase assay to examine their influence on AR 

transactivation revealed that AR transactivation was increased in BCa cells after co-culture 

with T HH cells (Fig. 4c). Knocking down AR with AR-siRNA also resulted in partially 

reversed BCa invasion promoted by infiltratingT cells (Fig. 4d).

Together, results from Fig. 4a-d suggest recruited T cells may increase the BCa cell invasion 

via enhancing AR expression and AR transactivation.

Investigation of the mechanism of infiltrating T cell promoted increase of AR expression in 
BCa cells

Next we dissected the mechanism(s) by which infiltrated T cells promote AR expression in 

the co-cultured BCa cells. We hypothesized that infiltrated T cells might function through 

releasing cytokines to influence BCa AR expression and focused on the interleukin family 

members, since early studies suggested these cytokines can influence cancer invasion 

(16-18), and AR expression (18, 19).

In our initial screen, we found the expression of the IL-1 and IL-8 was consistently higher in 

infiltrating T cells after co-culture with T24, and an IL-1 antagonist can partially inhibit IL-8 

and AR. (Fig. 4e, *P<0.05). We utilized an interruption assay to confirm these observations 

and the results revealed that treatment with an IL-1 antagonist in the co-culture system 

partially reversed the T cell-enhanced BCa cell (T24 and J82) invasion (Fig. 4f, *P<0.05). 

Since IL-1 can promote IL-8 expression (20-22), and IL-8 could promote AR mRNA 

expression (19, 23), we further explored if IL-1 can promote AR expression through altering 

the IL-8 expression. As expected, we found that adding IL-8 neutralizing antibody can block 

IL-1 recombinant protein-increased AR expression in the co-culture system (Fig. 4g), 

suggesting that infiltrating T cells might be able to function through modulation of IL-1 to 

increase BCa AR expression and enhancing BCa cell invasion and that IL-1 promotion of 

AR expression is IL-8 dependent.

Examination of the mechanism by which infiltrating T cell-enhanced AR expression 
increases BCa cell invasion

Among many genes related to BCa metastasis (24), we were able to confirm a few, including 

MTA1, MMP2, and VEGFa in our co-culture system (Fig. 5a). We focused on VEGFa, 

because early studies suggested VEGFa expression might be important in BCa metastasis 

(25). We first verified our screening in the co-cultured T24 and J82 cells with HH cells, and 

the results confirmed the expression of VEGFa expression was increased in both T24 and 

J82 cells (Fig. 5b). Importantly, when we applied the interruption approach using VEGFa 

antagonist Su-5416 to suppress VEGFa, we found suppression of VEGFa can partially 

reverse infiltrating T cell-increased invasion (Fig. 5c).

Together, results from Fig. 5a-c suggest that infiltrating T cells may promote BCa cell 

invasion via increasing VEGFa expression.

To link the above findings as a newly identified signaling pathway from infiltrating T 

cells→AR→VEGFa to the increase BCa cell invasion, we dissected the mechanism by 

which AR modulated VEGFa expression in BCa cells. As early studies suggest VEGFa can 
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be modulated via HIF-1α (26, 27), we then knocked-down AR with AR-siRNA and the 

results revealed that expression of both VEGFa and HIF-1α was suppressed in T24 and J82 

cells (Fig. 5d). Similar results were also obtained when we replaced AR-siRNA with the AR 

degradation enhancer ASC-J9® (4, 15, 28-30), suggesting reversed T cell-induced invasion 

via inhibition of the AR pathway (Fig. 5e).

Using a different approach, overexpression of AR also slightly increased HIF-1α expression 

in T24 and J82 cells (Fig. 5f). Using an interruption approach with HIF inhibitor FM19G11, 

we found that suppressed HIF-1α inhibited VEGFa expression, and this interruption also 

partially reversed AR-enhanced VEGFa expression (Fig. 5g) as well as infiltratingT cells-

enhanced invasion (Fig. 5h).

Together, results from Fig. 5a-h suggest that infiltrating T cells may be able to function 

through modulating the IL-1→AR→HIF-1α→VEGFa signaling to increase BCa cell 

invasion.

Infiltrating T cells enhance BCa metastasis in mouse models

To confirm the in vitro results using various cell line studies in mouse models, we 

investigated BCa T24 cells with or without co-cultured T (HH) cells at a 9:1 ratio and their 

therapeutic potential by blocking AR signal with ASC-J9® using mouse BCa xenograft 

models. T24 cells were transfected with pCDNA3-luciferase for monitoring tumor growth 

and metastasis using fluorescent imaging (IVIS Spectrum, Caliper Life Sciences) (11). 7 

weeks after implantation, we found that the T24/HH cell co-implanted group mice had more 

metastatic luminescent signals located at distant organs when compared with the T24-only 

group, and this promoted metastasis could be partially reversed by ASC-J9® (Fig. 6a). The 

mice were sacrificed for tumor examination (Fig. 6b), and results confirmed higher 

metastastic rates (100% in 7 of 7 mice) with metastatic tumors found in the lungs and/or gut 

in the co-implanted T24+HH cell group and 25% (2 of 8 mice) in the co-implanted T24+HH 

group. Notably, only 42.9% (3 of 7 mice) were found to have meta sites in the ASC-J9® 

treated T24+HH group. Total meta sites of each group have also been calculated. We found 

that the co-implanted T cell group has more meta sites (21 in total) than the T24-only group 

(3 in total) (P<0.05) (Fig. 6c), and the ASC-J9® treated T24+HH group has significantly 

fewer meta sites than the co-implant group (4 in total) (P<0.05) (Fig. 6d). The expression of 

AR and VEGFa were also examined using IHC methods. We confirmed that co-implanted 

specimens have higher AR and VEGFa expression, and this promoted expression can be 

partially reversed by the AR degradation enhancer ASC-J9® (Fig. 6e).

Discussion

Early studies linked CD4+ lymphocytes in the prostate TME to poor outcomes in PCa 

patients (31). Similar clinical reports also revealed that increased CD4+ T-lymphocyte 

infiltration is associated with decreased survival in patients with kidney cancer (32). 

Furthermore, recruited CD4+ T cells in mammary tumors might also be able to enhance 

their metastasis (33). Interestingly, infiltrating T cells were also found in BCa (34), yet the 

impact of each subtype on BCa remained controversial (34-36). Here we demonstrated that 

infiltrating T lymphocytes could enhance BCa invasion via increasing the IL-1→ 
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AR→HIF-1α→VEGFa signaling pathway. This is in agreement with previous studies 

suggesting that AR can increase BCa metastasis (37, 38).

IL-1 has been reported to play more important roles than IL-8 to recruit more CD4+ T 

lymphocytes into skin tissues (39). Results shown in Fig 4g indicate that IL-1 may function 

through modulating IL-8 to alter AR expression. Comparing Lane 1, 2 and 3, we see that 

anti-IL-8 can reverse T cell-promoted AR up-regulation, while comparing Lane 3 and 4 it is 

seen that, when IL-8 as blocked using an IL-8 neutralizing antibody, adding more IL-1 failed 

to promote further AR expression. These results are consistent with earlier studies showing 

that IL-1 can promote IL-8 expression (20-22), and that IL-8 promotes AR expression (19, 

23). A previous study also indicated that IL-1 regulates IL-8 at the transcriptional level via 

inducing a nuclear factor that binds to the cis-element between −80 and −71 bp of the IL-8 

gene (21). A study by Hoffman et al also suggested that IL-1 might stimulate the recruitment 

of p65 NF-κB and RNA polymerase II to the endogenous IL-8 promoter (40), and that IL-8 

can regulate AR via both transcriptional and non-transcriptional mechanisms that involve the 

altering the NF-kappaB, Hsp90, phosphorylation and co-activators (19, 41-43).

Early studies found that VEGF expression is associated with BCa stages and recurrence 

(44), and that HIF-1α has been linked to the progression of renal cell carcinoma (45, 46) and 

BCa (47-49). Here we further linked this modulation to the AR expression showing AR 

could positively regulate HIF1α→VEGFa signaling in BCa. Interestingly, using androgen 

deprivation therapy to prevent androgen binding to AR, Ragnum et al found that targeting 

the androgen/AR signals suppressed the HIF-1α signaling in prostate cancer (50), and 

Mitani et al suggested that AR and HIF-1α might be able to act together as co-regulators to 

modulate AR signals (51).

Furthermore, we found ASC-J9®, a novel AR degradation enhancer (52), functions in a 

manner similar to AR-siRNA to partially reverse the T cell-induced BCa cell invasion by 

reducing AR expression, which is in agreement with early studies showing ASC-J9® 

decreases BCa progression via targeting AR signaling (4, 15, 53).

The TCGA database is a valuable resource which can be used to predict relationships among 

genes in many cancers (54, 55). In order to further investigate the expression of mRNA in 

bladder cancers, and to confirm the relationship of the markers in the pathway studied in this 

research, we mined the TCGA RNA-seq dataset for BLCA (bladder cancer; available online 

at https://tcga-data.nci.nih.gov/docs/publications/blca_2013/) to determine the association 

between the biomarkers. In this dataset, 129 records contained information regarding 

bladder cancer subtype (Subtypes 1-4), and these were selected for our analysis so that we 

could later stratify the results by subtype. A correlation analysis of all 129 samples in this 

dataset determined a high degree of correlation between HIF-1α and IL-8 (Pearson 

correlation = 0.415) and between IL-1a and IL-8 (Pearson correlation = 0.545) 

(Supplementary Fig. S1). We analyzed CD4, AR, HIF-1α and VEGFa in the BLCA dataset 

as a whole, but pairwise analyses did not produce strong correlations. However, when we 

analyzed the dataset by individual subtype (Subtypes 1-4), pairwise correlation analyses 

produced dramatically different results. Subtype 4 had the strongest correlations with the 

CD4/AR (Pearson correlation = 0.444), CD4/HIF1α (0.416), IL-1a/VEGFa (0.473), IL-8/
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VEGFa (0.473) and IL-1a/IL-8 (0.675) pairs being more strongly correlated than in the other 

subtypes (Supplementary Table S2). For example, in Subtype 3, only IL-1a/IL-8 showed a 

strong correlation (Pearson correlation = 0.655), while the other marker pairs were weakly 

or almost entirely un-correlated (correlation coefficient < 0.4). Additionally, the mRNA 

expression levels covered a broad range, with some markers displaying a 1000-fold or 

greater change (Supplementary Fig. S1). These results demonstrate the heterogeneity in 

cancers of this type. The subtypes may present with differential expression of biomarkers, 

potentially correlating with different pathways or mechanisms for invasion, migration and 

proliferation.

Because BCa is heterogeneous, low grade and high grade tumors may have different 

signaling pathways (56). For example, recent studies indicate that muscle-invasive bladder 

cancers (MIBCs) could be divided into two (57) or four (58) intrinsic subtypes, similar to 

those found in breast cancer (59-61). The biomarkers, prognosis and response to chemo- or 

radio-therapy could be significantly different among the subtypes (60, 61). We therefore 

believe our findings do not represent every case of BCa found in all patients, but we believe 

our study provides a rationale for exploring novel therapeutic strategies for the treatment of 

BCa. For example, in the development of Precision Medicine, especially with the continuous 

updating of TCGA's RNAseq dataset (54, 55), our findings may be applicable in some cases 

of BCa for the development of better therapeutic strategies.

A seen in Figure 1, we found T cell infiltration in different degrees among the specimens, 

which is consistent with the study by Loskog et al (34). McConey et al (61) reported that T 

cell infiltration is highly enriched in one of the intrinsic subtypes, according to Choi et al's 

(60) work, and that different BCa subtypes may yield different conclusions. However, we 

believe there are additional factors contributing to the discrepancy. First, Choi et al (60) and 

McConey et al (61) used mRNAseq to detect lymphocyte biomarkers, and interpreted the 

data using bioinfomatics methods. Meanwhile, our study used IHC to detect the CD4+ T 

cells. Different methodologies may be part of the reason for the differing results. Secondly, 

we compared BCa tissue with adjacent normal urothelial tissues, while all of the specimens 

in the previous studies were MIBC tissues. Thus, the control groups are different. Finally, 

we used an anti-CD4 antibody to detect the CD4+ T cells, while, according to Figure 2 of 

McConkey et al's work (61), CD4 was not evaluated in the previous study. The biomarkers 

listed might reflect the presence of all kinds of lympohcytes, but it is difficult to conclude 

CD4+ T cells. Importantly, our clinical results were supported by our subsequent in vitro 

cell line study.

In summary, our results concluded that infiltrating T cells increase BCa metastasis via 

modulation of the IL-1→AR→HIF-1α→VEGFa signaling pathway, which may provide a 

new therapeutic approach to battle BCa metastasis via targeting this newly identified 

pathway, beginning with infiltrating T cells.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Bladder cancer tissues recruit more T cells. IHC staining of clinical specimens from 20 BCa 

patients showed that more CD4+ T cells infiltrate the area surrounding BCa tissues than in 

the adjacent normal bladder tissues.
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Figure 2. 
Bladder cancer cells recruit more T cells in Transwell T cell migration assay. 1 ×105 of BCa 

cells or normal bladder cells were plated into the lower chambers of Transwell plates. 1 ×105 

HH cells were plated into the upper chambers, with 8 μM pore polycarbonate membrane 

pre-coated with fibronectin, for T cell migration assay. After 6 hours, the upper chambers 

were removed, remaining T cells and fibronectin scraped off and then membranes fixed with 

75% ethanol and stained with toluidine blue shown are representative images of T cells. 

Compared to the normal SV-HUC cells, BCa cell lines T24 and J82 recruit more HH cells.
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Figure 3. 
Co-culture with HH cells promotes BCa cells invasion. For the Matrigel invasion assay, 

BCa/T cells were first co-cultured in 0.4 μM Transwell plates at a ratio of 2:1 for 3-4 days. 

Co-cultured/parental BCa cells were then trypsinized for 24 hrs prior to the Matrigel 

invasion assay. 10% FBS serum was put in the lower chambers and 5 ×104 BCa cells (co-

cultured or parental) with serum-free media were plated into the Matrigel pre-coated upper 

chambers.
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Figure 4. 
Mechanism of how recruited T cells increase BCa cell invasion. (a) After co-culture with 

HH cell for 3-4 days, AR mRNA levels and (b) protein levels were measured in T24 and J82 

cells. (c) ARE-luciferase assay indicated that AR activity increased after BCa cells were co-

cultured with T cells. (d) T24 and J82 invasion assays were performed after knocking down 

AR with AR-siRNA, and then with/without co-culture with HH cells. (e) IL-1, IL-8 and AR 

mRNA levels of T24 cells tested after co-culture with/without IL-1 antagonist IL-1RA. (f) 

Invasion assay performed after treating with IL-1 antagonist. (g) AR mRNA level of T24 

cells tested after co-culture and addition of 1 mg/mL IL-8 neutralizing antibody.
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Figure 5. 
Mechanism by which infiltrating T cell-enhanced AR expression increases BCa cell 

invasion. (a) Changes in metastasis related genes after BCa cells were co-cultured with T 

cells. (b) VEGFa mRNA expression (left panel) and qPCR (right panel) in T24 and J82 cells 

after co-culture with HH cells. (c) Invasion assay after treatment with VEGFa antagonist in 

the co-culture system. (d) HIFα expression after AR knockdown in T24 and J82 cells. si-

AR, AR siRNA; si-luc, AR luciferase. (e) Impact of AF degradation enhancer ASC-J9® on 

T cell- induced BCa invasion. (f) HIF-1α expression after over expressing AR (OE-AR). (g-

h) After inhibiting HIF-1α using the HIF-1α inhibitor FM-19G11, (g) VEGFa expression 

and (h) invasion induced by T cells was tested.
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Figure 6. 
AR signal in CD4+ T cells as conducted in bladder BCa TME in the mouse models. (a) IVIS 

performed 7 weeks after xenograft implantation into male nude mice sub-renal capsules. (b) 

Meta sites after distal metastases. Blue arrows point to metastases. (c) Number of mice with 

metastasis in each group was counted; (d) calculation of total meta sites of each group . (e) 

IHC performed on xenograft tumors of each group; AR and VEGFa expression levels were 

tested.
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