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Abstract: Epidemiological studies indicate that women have a higher chance of developing muscle invasive bladder 
cancer (BCa) than men, suggesting that estrogen and estrogen receptors (ERs) may play critical roles in BCa pro-
gression. However, the ERs roles in the bladder tumor microenvironment and impacts on BCa progression remain 
largely unclear. Using IHC staining in human BCa samples, we found that higher ERα expression in the stromal 
compartment of BCa may be correlated with unfavorable clinical outcomes. Results from cell line studies revealed 
that co-culturing with fibroblasts could promote BCa T24, UMUC3 and 5637 cells invasion. Importantly, addition 
of ERα in fibroblasts further enhanced the BCa cell invasion and knock-down of ERα in fibroblasts could then 
partially reduce the fibroblasts-enhanced BCa invasion. Mechanism dissection suggested that ERα could function 
through modulating the CCL cytokines expression in fibroblasts to increase the BCa IL-6 expression. An interruption 
approach using IL-6 neutralizing antibody then reversed the fibroblast ERα-enhanced BCa cell invasion. Together, 
these data suggest that the higher expression of ERα in fibroblasts may be the result of modulating the CCL1 ex-
pression in fibroblasts and/or IL-6 production in BCa cells to enhance BCa cells invasion. Targeting these individual 
molecules in this newly identified ERα-stimulated CCL1 and IL-6 signal pathways may become an alternative therapy 
to better suppress the BCa cell invasion.
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Introduction 

Earlier studies suggested that the tumor stro-
ma can regulate tumor development and fibro-
blasts are one of the most active cell types of 
the stroma [1, 2]. Increasing evidence showed 
that fibroblasts have a profound influence on 
the cancer development and progression [1, 3, 
4]. In the tumor microenvironment, cancer 
associated fibroblasts (CAF) are also the most 
common cells in the stromal compartment. It 
has been proven that CAF can be transformed 
from normal fibroblasts through the stimulation 
of cancer cells-released growth factors [5]. 
Additional studies showed that CAF could then 
increase in population through transforming 
from normal fibroblasts [6], differentiation from 

bone marrow-derived mesenchymal stem cells 
[6], or by epithelial to mesenchymal transition 
(EMT) [7]. The major functions of CAF include 
the regulation of deposition of extracellular 
matrix (ECM), epithelial differentiation, tumor 
inflammation, and wound healing [8]. These 
activated fibroblasts can be characterized 
molecularly by several markers expressed by 
the fibroblasts in their activated state. Some of 
the most common CAF markers are α-smooth 
muscle actin (α-SMA), fibroblast-specific protein 
1 (FSP1) and fibroblast activation protein (FAP) 
[2, 9] and these markers could be applied to 
identify specific subpopulations of fibroblasts. 
CAF has been demonstrated to promote trans-
formation of immortalized epithelial cells to 
increase cancer cells population [3, 10]. 
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Meanwhile, studies also indicated that CAF can 
release several types of growth factor families, 
including the fibroblast growth factor (FGF), the 
insulin-like growth factor (IGF), the epithelial 
growth factor (EGF), hepatocyte growth factor 
(HGF), and the transforming growth factor-beta 
(TGF-beta) family [11-13], to promote cancer 
cells proliferation. Ezer et al. demonstrated 
that CAF could mediate inflammation and 
angiogenesis by recruiting macrophages, which 
may then promote tumor growth [14]. 

Earlier studies showed bladder tumor stromal 
cells enhanced tumor formation when carcino-
gen-treated stroma was heterotypically grafted 
with untreated epithelial cells [15, 16]. Blaveri 
et al. was looking for biomarkers to classify BCa 
subtype and predict patients outcome, and 
they concluded that  the expressions of stromal 
related genes increased in high grade bladder 
tumor samples [17]. These studies support the 
hypothesis that tumor stroma components pro-
mote BCa proliferation and invasion. 

Increasing bodies of evidence indicated infil-
trated inflammatory cells could promote, but 
not suppress, tumor progression [18, 19]. In 
addition to immune cells, CAF are also a source 
of inflammation factors and could promote 
inflammation [4, 20]. Tumors produced inflam-
mation factors include IL-1α, IL-8, IL-10, TNF-α, 
and CXCL-12, which could suppress anti-tumor 
immune cells’ function, activate extracellular 
proteases, induce VEGF-a to promote angio-
genesis or recruit other inflammatory cells [21]. 
In BCa tumors, CCL2 has a positive correlation 
with tumor progression and patients with high 
levels of CCL2 in BCa tissue have poor clinical 
outcome [22]. Another study also showed 
increased CXCL1 in BCa tissues could be 
applied as a prognostic marker for predicting 
the invasive phenotype [23].

There are two major types of ERs, ER alpha and 
ER beta (ERα and ERβ), which belong to the 
nuclear receptor superfamily and could medi-
ate estrogen actions to manage physiological 
functions. Estrogen action regulates transcrip-
tion of target genes via binding to the estrogen 
response element (ERE) or non-ERE mediated 
transactivation, as well as non-genomic regula-
tions [24]. The estradiol production in females 
is most commonly thought of as an endocrine 
product of the ovary, however, there are many 
sources of estrogens in females as well as in 

males. For example, several tissues have the 
capacity to synthesize estrogens from andro-
gens [25-27]. In addition, the adipose tissues 
can produce estrogens and contribute signifi-
cantly to the circulating pool of estrogens [28]. 
Supportively, another report also found that 
estrogen production increased in obese men 
and there were 30% of male BCa patients with 
high ERβ expression with a high correlation 
with worse progression [18]. Thus, estrogen/
ERs may also play important roles in male dis-
eases, including BCa. 

BCa incidence in males is around three fold 
higher than in females, but the 5 year survival 
rate is lower in female BCa patients, suggesting 
estrogen and estrogen receptors (ERs) may 
play different roles in BCa initiation and inva-
sion [29, 30]. A growing body of evidence also 
suggest that ERs are highly related to BCa 
development, but the roles and mechanisms 
are not yet conclusive [31-34]. Recent results 
indicated that ERα plays a protective role to 
prevent initiation and ERβ promotes metasta-
sis of BCa, but it remains to be elucidated 
whether ERα and ERβ play distinct roles in dif-
ferent types of cells within the BCa tumor 
microenvironment.

The bladder CAF may play important roles in 
the regulation of deposition of extracellular 
matrix (ECM), epithelial differentiation, tumor 
inflammation, and wound healing [8] to affect 
BCa development. Miyamoto et al. demonstrat-
ed 8.2% of BCa samples show strong ERα 
expression in tumor stromal tissue, higher than 
1.3% in benign tissues [35]. However, the func-
tions of the high expression of ERα in stroma 
remain largely unknown.

Our results demonstrate the fibroblast ERα and 
C-C chemokine (CCL) family genes could influ-
ence BCa progression and the data may lead to 
developing new alternative therapy strategies 
for BCa in the future.

Materials and methods

Cell lines

Three bladder cancer cell lines, T24, UMUC3 
and 5637 were purchased from the American 
Type Culture Collection (ATCC) (Rockville, MD). 
Fibroblasts were purchased from Cell Systems 
(Troisdorf, Germany) and immortalized by SV40 
large T antigen. All cells were maintained in 
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DMEM media with 10% fetal bovine serum and 
1% penicillin/streptomycin. 

Invasion assay

The effects of fibroblasts in BCa cells invasion 
capability was determined by transwell inva-
sion assays. To mimic the BCa stromal-epitheli-
al interaction in the tumor environment, fibro-
blasts were co-cultured with BCa cells for 48 
hrs. Briefly, fibroblasts were seeded into the 
upper chamber (pore size 0.4 μm) at 105 cells/
chamber and co-cultured with BCa cells in the 
lower chamber at 105 cells/well with DMEM 
including 10% FBS in 6-wells transwell plates. 
After co-culture, the BCa cells were trypsinized 
reseeded on the top of new transwells (with 
pore size 8 μm) pre-coated with matrigel (0.2 
mg/ml; 100 μl/well) for 24 hrs to determine 
BCa invasion. The BCa cells invaded to the 
lower surface of the membrane were fixed by 
75% ethanol and stained with 1% toluidine 
blue. Cell numbers were counted in five ran-
domly chosen microscopic fields per mem-
brane. Each data point was performed in tripli-
cate with 2 sets of independent experiments. 

Plasmid construction and lentiviral ERα and 
CCL1 transduction

To express ERα, cDNA of ERα was cloned into 
the pWPI vector. The 293T packaging cells were 
transiently transfected with pMD2.G and 
psPAX2 with pWPI-vector or pWPI-ERα to pro-
duce lentiviral particles. The supernatants con-
taining lentiviral particles were collected 48 hrs 
post-transfection of 293T cells. The lentiviral 
supernatant was then filtered and used to 
transduce fibroblast cells for 48 hrs. The viral 
transduced bladder fibroblasts cells were then 
subjected to 1 μg/ml puromycin selection. In 
addition to overexpressing ERα in fibroblasts, 
we also suppressed ERα or CCL1 expression in 
fibroblasts by infecting cells with lentiviral 
shERα or shCCL1 and compared to cells with 
lentiviral sh Luciferase (shLuc) as control. The 
shRNA against ERα (PLKO.1-puro-shERα) and 
CCL1 (PLKO.l-puroshCCL1) were constructed 
with target sequences: 5’-GTACCAATGACAAG- 
GGAAGT-3’ (for ERα), and 5’-GCAATCCTGT- 
GTTACAGAAAT-3’ (for CCL1).

RNA extraction and quantitative real-time PCR 
analysis

Total RNA was extracted by Trizol reagent 
(Invitrogen, CA) according to the manufactur-
er’s instructions. RNAs (1 μg) were subjected to 
reverse transcription using Superscript III tran-
scriptase (Invitrogen). The obtained cDNAs 
were applied for qPCR using a SYBR green Bio-
Rad CFX96 system. Primers used for quantita-
tive-PCR are listed in Table 2. Relative RNA 
expression levels were normalized to the 
expression of GAPDH. 

Statistical analysis 

Values were expressed as mean ± standard 
deviation (S.D.). The Student’s t test and one 
way ANOVA were used to calculate two-sided P 
values, which were considered statistically sig-
nificant when P < 0.05.

Table 2. Primer sequences for quantitative PCR
Gene Sequence
GAPDH Forward: 5’-GGAGCGAGATCCCTCCAAAAT-3’

Reverse: 5’-GGCTGTTGTCATACTTCTCATGG-3’
ERα Forward: 5’-CCCACTCAACAGCGTGTCTC-3’

Reverse: 5’-CGTCGATTATCTGAATTTGGCCT-3’
CCL1 Forward: 5’-CTCATTTGCGGAGCAAGAGAT-3’

Reverse: 5’-GCCTCTGAACCCATCCAACTG-3’
CCL5 Forward: 5’-CTGCCTCCCCATATTCCTCG-3’

Reverse: 5’-CACACTTGGCGGTTCTTTCG-3’
CCL11 Forward: 5’-CCCCTTCAGCGACTAGAGAG-3’

Reverse: 5’-TCTTGGGGTCGGCACAGAT-3’
CXCL1 Forward: 5’-CTCTTCCGCTCCTCTCACAG-3’

Reverse: 5’-GGGGACTTCACGTTCACACT-3’
CXCL7 Forward: 5’-GTAACAGTGCGAGACCACTTC-3’

Reverse: 5’-CTTTGCCTTTCGCCAAGTTTC-3’

Table 1. ERα expression in fibroblast and its correlation to grade and stage
N ERa expression in stromal cells adjacent to tumor P value

0 1+ 2+ 3+ 0 vs 
1+/2+/3+

0/1+ vs 
2+/3+

0/1+/2+ 
vs 3+

Stroma in benign 76 29 (38.2%) 30 (39.5%) 15 (19.7%) 1 (1.3%) 0.185 0.4 0.054
Stroma in tumor 122 60 (49.2%) 29 (23.8%) 23 (18.9%) 10 (8.2%)
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Figure 1. Bladder fibroblasts promote BCa cells invasion. To test how bladder fibroblasts affect BCa cells invasion, 
those 2 types of cells were co-incubated in a transwell setting. Fibroblasts were seeded in the top well of 6-wells 
transwell plate and three BCa cell lines, the T24, UMUC3, or 5637 cells, were seeded in the bottom transwells (pore 
size: 0.4 μm). After 2 days of co-culture, BCa cells were re-seeded on matrigel coated transwells (pore size: 8 μm) 
to determine their invasion rate. All invaded cells were counted in 6 independent fields (magnitude, 200X). Invaded 
BCa cells were calculated and averaged. BCa cells with fibroblasts co-culture were compared to BCa without fibro-
blasts co-culture (control). All data were repeated in three independent experiments and analyzed by t-test.
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Results

BCa fibroblast cells promote invasion of BCa 
cells, not non-malignant urothelial cells

To examine the potential impacts of fibroblast 
cells on the BCa progression, we applied the 
transwell chambers to co-culture and perform 
invasion assay. For co-culture of stromal and 

epithelial cells, bladder fibroblast cells were 
seeded on the top insert well, and BCa T24 
cells on the bottom well. After two days of co-
culture, the BCa cells were reseeded to matri-
gel-coated insert wells for invasion assays for 
24 hrs. The invaded BCa cells were quantified 
and the results revealed that co-culture of fibro-
blasts and BCa cells could enhance BCa T24 
cell invasion (Figure 1A). In contrast, the co-

Figure 2. Fibroblasts promote BCa invasion via ERα and CCL1 pathways. (A) ERα and CCL1 increases in fibroblasts 
after co-culture with BCa UMUC3 and 5637. RNAs were collected from fibroblasts after co-culturing with BCa for 
subsequent qPCR analysis. (B) Higher ERα expression in fibroblasts could better promote BCa invasion. We used 
lentiviral-vector (F-vec) and lentiviral-ERα (F-ERα) to transduce fibroblasts. Those fibroblasts were then co-cultured 
with BCa cells (UMUC3, upper panels; 5637, lower panels) for 2 days in a transwell setting. After co-incubation, 
BCa cells were then re-seeded for matrigel invasion assay. (C) Suppressed fibroblasts ERα expression could reverse 
the fibroblast-enhanced BCa 5637 and UMUC3 cell invasion. To further confirm ERα in fibroblast-promoted BCa 
invasion, lentiviral-shERα was transduced into fibroblast. Fibroblasts with shERα, or control scramble RNA were co-
cultured with BCa cells for 2 days. Transwell invasion assay was then used to measure BCa cell invasion rate. Our 
data showed fibroblast ERα and CCL1 could promote BCa progression. The invasion period is 24 hrs in most condi-
tions except shERα group that we need to extend invasion period to 36 hr due to low endogenous ERα expression 
and found the difference between co-culture fibroblast with shLuc and shERα. 
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cultured fibroblasts with non-malignant urothe-
lial SV-HUC cells failed to enhance the non-
malignant urothelial SV-HUC cell invasion 
(Supplemental Figure 1). When we replaced 
T24 cells with other BCa cells, including UMUC3 
(Figure 1B) and 5637 cells (Figure 1C), similar 
results showed that co-culture of fibroblast 
cells with BCa cells could enhance the BCa 
invasion capability.

ERα and CCL family genes are selectively 
increased in fibroblasts after co-culture with 
BCa cells 

To dissect the mechanism(s) by which could 
allow the co-cultured BCa cells to gain a better 
invasion capacity, we screened ERα and  
some selective cytokines/chemokines includ-
ing CCL1, CCL5, CCL11, CXCL1 and CXCL7 in 
fibroblast cells after co-culture (Figure 2A). Our 
results showed both ERα and CCL1 significant-
ly and consistently increased in fibroblasts 

after co-cultured with UMUC3 and 5637 BCa 
cells. These results suggest co-culturing fibro-
blasts with BCa cells may involve the modula-
tion of ERα and some selective cytokines/che-
mokines, supported by earlier studies showing 
ERα and the CCL family genes might play key 
roles to influence the cancer progression [36, 
37]. 

Addition of ERα in fibroblasts further increased 
fibroblasts-enhanced BCa cell invasion 

To further prove above findings and to reveal 
the ERα roles for the fibroblasts-enhanced BCa 
cell invasion, we applied the lentiviral-ERα to 
ectopically express ERα in the fibroblasts. We 
next tested the impacts of fibroblasts with high 
vs. low ERα expression on BCa cell invasion. 
Our results revealed that fibroblasts enhanced 
UMUC3 cell invasion, and addition of ERα in 
fibroblasts further increased the fibroblasts-
enhanced UMUC3 cell invasion (Figure 2B). 

Figure 3. Fibroblast ERα-enhanced BCa cell invasion was partially reversed after knockdown of CCL1. To validate 
the importance of ERα→CCL1 signal, we transduced lentiviral-CCL1-shRNA in ERα (+) fibroblasts (F). BCa cell inva-
sion capability was determined after co-incubation with fibroblasts. Compared to scramble RNA control (V), our data 
showed that fibroblast ERα-enhanced BCa cell invasion was partially reversed after knocking down CCL1.
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Similar results were also obtained when we 
replaced UMUC3 cells with 5637 cells (Figure 
2B). Importantly, using the opposite approach 
with lentiviral ERα-shRNA to suppress fibro-
blast ERα significantly impaired the fibroblast-
enhanced 5637 and UMUC3 cell invasion 
(Figure 2C). 

Together, results from Figure 2A-C suggest co-
culturing fibroblasts with BCa cells may 
enhance BCa cell invasion and that could be 
controled by fibroblast ERα expression.

Higher ERα expression in stromal area sur-
rounding BCa than in non-neoplastic stromal 
area

We immunohistochemically stained ERα in tis-
sue microarrays consisting of 122 bladder can-
cers and 76 non-neoplastic urothelial tissues 
[35] and evaluated its expression in stromal 
cells. Strong positivity of ERα  was found in 
8.2% of BCa stromal cells, which was higher 
than in the non-neoplastic stroma (1.3%) (Table 
1).

Figure 4. Fibroblasts enhance BCa cell invasion via modulation of BCa IL-6 expression. A. IL-6 expression was 
increased in both UMUC3 and 5637 cells after co-culture with fibroblasts. We screened some altered metastasis-re-
lated genes in BCa cells after co-culture with fibroblasts. Q-PCR results revealed that IL-6 expression was increased 
in both UMUC3 and 5637 cells after co-culture with fibroblasts and IL-8 expression was increased in only UMUC3 
cells after co-culture with fibroblasts. B. Increase of ERα expression in fibroblasts further increased fibroblasts-
enhanced IL-6 expression in BCa 5637 cells, suggesting fibroblast ERα may be able to function through modulation 
of the IL-6 expression to influence the BCa cell invasion. C. Blocking IL-6 with neutralizing antibody led to partially 
reverse the fibroblasts-enhanced BCa cell invasion. BCa cells were seeded in the transwell pre-coated with martri-
gel, fibroblasts were seeded on the bottom well, IL-6 anti-body (1:400 dilution) or mock control was added to the 
co-culture wells for 24 hrs. to determine the invasion rate.
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ERα up-regulates CCL1 expression in bladder 
fibroblasts

Our IHC staining of human BCa tissues demon-
strated that ERα in bladder stromal fibroblasts 
has a higher expression (3+) (Table 1). Q-PCR 
data showed both ERα and CCL family gene 
expressions are increased in fibroblast cells 
after co-culture with BCa cells (Figure 2A). To 
further prove if increased ERα expression in 
fibroblasts may function through stimulating 
CCL family gene expression to control BCa inva-
sion, we manipulated fibroblasts ERα expres-
sion and co-cultured with BCa cells to examine 
how stromal ERα regulate the downstream 
gene expression by Q-PCR. Results showed 
that higher ERα expression in fibroblasts can 
selectively up-regulate CCL1, but not CCL5, 
CCL11, CXCL1 and CXCL7. 

Among those CCL family genes, CCL1 expres-
sion has profound changes when controlling 
fibroblast ERα expression. We next applied the 
interruption approach using CCL1-shRNA to 
examine its potential impacts on fibroblast 
ERα-enhanced BCa cell invasion. As shown in 
Figure 3, fibroblast ERα-enhanced BCa cell 
invasion was significantly reversed after knock-
ing down CCL1 by the CCL1-shRNA. 

Together, results from Figures 2 and 3 suggest 
fibroblasts may function through modulation of 
ERα/CCL1 signals to enhance BCa cell 
invasion. 

Fibroblast ERα enhances BCa cell invasion via 
modulation of BCa IL-6 expression

To further dissect potential mechanisms by 
which fibroblast ERα could enhance BCa cell 
invasion, we then screened some metastasis-
related genes in BCa cells after co-culture with 
fibroblasts. The results revealed that IL-6 
expression was increased in both UMUC3 and 
5637 cells after co-culture with fibroblasts 
(Figure 4A), yet IL8 expression was increased 
only in BCa UMUC3 cells after co-culture with 
fibroblasts (Figure 4A). Interestingly, we found 
addition of ERα in fibroblasts further increased 
fibroblasts-enhanced IL-6 expression in BCa 
5637 cells (Figure 4B), suggesting fibroblast 
ERα may be able to function through modulat-
ing the BCa cells IL-6 expression to influence 
the BCa cell invasion. This conclusion was fur-
ther proved when we applied the interruption 

approach using IL-6 neutralizing antibody.  
As shown in Figure 4C, blocking IL-6 with  
neutralizing antibody could significantly reverse 
the fibroblasts-enhanced BCa UMUC3 cells 
invasion.

Together, results from Figure 4A-C suggest that 
fibroblasts ERα may enhance BCa cell invasion 
via modulating the IL-6 expression in BCa cells. 

Discussion 

Clinical observations show that females have a 
lower cancer incidence and higher muscle inva-
sive rate than males, which indicates gender 
differences may be a factor affecting BCa inci-
dence and invasion [30, 38]. This also suggests 
that estrogen and its receptors in the females 
might be a critical factor to mediate this gender 
difference. The IHC staining results suggest  
that protein expressions of ERα and ERβ are 
differentially correlated with the BCa stages 
[35, 39]. In the tumor area, our previous study 
showed expression of ERβ was positively linked 
to cancer grade, stage, and patient survival 
rate, and reduction of ERβ activity by antiestro-
gen or gene deletion strategy leads to a protec-
tive role against BCa development [35, 36]; but 
epithelial ERα can prevent BCa progression 
[40]. Meanwhile, we found that 8.2% of stroma 
in tumors show stronger ERα expression than 
benign stroma (1.3%). But the expression level 
of stromal ERβ is not different between cancer 
and benign groups. In this study, our results 
demonstrated high expression of ERα in fibro-
blasts can promote BCa cell invasion.

Cancer associated fibroblasts (CAF) have been 
demonstrated to promote tumor development 
and invasion in various cancers [41, 42], includ-
ing prostate [43], breast [44], colon [45] and 
BCa [46]. Angiogenesis is the major factor to 
support tumor progression [47] and especially 
VEGF (Vascular endothelial growth factor) has a 
promising role in promoting vessel formation 
[48]. Although VEGF may be produced by differ-
ence cells, including cancer cells, CAF and 
endothelial cells, a previous report has demon-
strated that fibroblasts are the principal source 
of host-derived VEGF [49]. This indicates the 
importance of CAF in the tumor microenviron-
ment and progression. Other than promoting 
the capillary formation, CAF also can release 
HGF and TGF-β to induce tumor growth during 
tumor initiation [50]. Reported data support 
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that CAF are important to promote cancer 
metastasis [41]. We observed ERα plays dis-
tinct roles in CAFs of prostate and bladder can-
cers, we demonstrated that ERα in prostate 
CAF can up-regulate thrombospondin 2 (Thbs2) 
and down-regulate matrix metalloproteinase 3 
(MMP3) to reduce PCa  cell invasion [43]. In this 
study, our results showed that ERα increases in 
bladder fibroblasts and can promote BCa inva-
sion via manipulating the CCL1 and IL-6 
secretion. 

Chemokine (C-C motif) ligand 1 (CCL1) has 
been identified to function against apoptosis 
and promote angiogenesis [51, 52]. In clinical 
settings, serum concentrations of CCL1 signifi-
cantly increase in patients with enlarged pros-
tates and may have the potential to be a prog-
nosis marker of benign prostate hyperplasia 
(BPH) [53]. Increasing data demonstrated the 
prostate stroma is an etiological factor of BPH 
and a target for therapy. Elevated CCL1 concen-
trations may correlate with fibroblast activation 
and proliferation. Although CCL1’s role in differ-
ent types of tumor progression remains to be 
further elucidated, this is the first study to show 
CCL1 secreted by fibroblasts can consequently 
promote BCa invasion. Our results showed 
higher ERα in fibroblasts results in higher 
expression of CCL1, which provides the first evi-
dence of a positive correlation between stro-
mal ERα and CCL1.

IL-6 has multiple functions in a wide range of 
biologic activities in different types of cells 
including tumor cells and has been demon-
strated to affect several cancer cells behaviors, 
including cancer cell migration [54], invasion, 
proliferation, apoptosis [55], angiogenesis and 
differentiation [56]. Our results showed co-cul-
turing fibroblasts with BCa cells can promote 
BCa cell invasion and IL-6 expression. 
Application of IL-6 neutralizaing antibody can 
reverse fibroblasts induced BCa cell invasion. 
An earlier report IL-6 is also an autocrine growth 
factor in human BCa [57]. Chen et al. demon-
strated IL-6 plays a critical role in BCa growth 
and invasion [58]. They compared IL-6 expres-
sion in muscle-invasive and non-muscle inva-
sive BCa samples and thier data revealed that 
the expression level of IL-6 was significantly 
correlated with higher clinical stage, higher 
recurrence rate after treatment, and reduced 
survival rate. Actually, IL-6 plays dual roles in 
BCa progression. BCG is a standard treatment 

for non-muscle invasive BCa by inducing a 
series of complex systemic humoral and cellu-
lar immune responses [59]. Several studies 
indicated that BCG increased IL-6 production in 
human and murine BCa [60-62]. Quin et al. 
demonstrated LPS induced IL-6 expression via 
activation of p38 and ERK, whereas activation 
of PI3K/Akt exerts an opposing action [63].

In this study, we demonstrated IL-6 is important 
in fibroblasts enhanced BCa cell invasion; add-
ing IL-6 neutralizing antibody reversed the fibro-
blasts enhanced BCa cell invasion. Our results 
also further indicated BCa fibroblasts secreted 
CCL1 may affect IL-6 production and invasion 
capability of BCa. IL-6 has a wide range of func-
tions and is activated by many upstream signal-
ing pathways, including CCL1 [64]. In addition 
to CCL1, CCL4 was demonstrated to raise IL-6 
expression when liver damage occurs [65]. 
Meanwhile, a previous study showed that in 
patients who express the syndrome of frailty 
that the CXCL10 expression level will highly cor-
relate with IL-6 elevation [66]. It will be impor-
tant and interesting to further exam the poten-
tial functional connections of CCL4 and CXCL10 
with IL-6 in the fibroblasts of  BCa.
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Supplemental Figure 1. Fibroblasts promote BCa but nor normal bladder cell invasion. To confirm whether fibro-
blasts also induce normal bladder cell (SV-HUC) invasion, fibroblasts and SV-HUC cells co-incubated in transwell 
co-culture system 2 days, then parental (left panel) and co-cultured SV-HUC cells (right panel) were trypsinized and 
re-seeded for invasion assay. The procedures were the same as BCa invasion assay described before. 


