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Cancer-associated fibroblasts promote cell proliferation and invasion via 
paracrine Wnt/IL1β signaling pathway in human bladder cancer 
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Bladder cancer (BC) is the most common urinary system malignancy worldwide. However, the molecular mechanisms 
underlying its progression remain largely unexplored. Accumulating evidence indicates that the cancer-associated fibro-
blasts (CAFs), major constituents of tumor stroma, play a key role in tumor development. Herein, we have successfully 
isolated CAFs and paired normal fibroblasts (NFs) from bladder cancer tissues. We observed that the conditional medium 
from bladder cancer (CM-CAF) could significantly enhance cell proliferation (p<0.01) and invasion capacity (p<0.01) of 
bladder cancer cell lines T24 and J82, compared to the conditional medium from NFs or 5637 cells (bladder epithelial 
cell control). We subsequently identified cytokine IL1β is enriched in CM-CAF, and a further functional study showed 
CAF-derived IL1β contributes to the aggressiveness of T24 cells. In mechanisms, we demonstrated that a high level of IL1β 
is capable of activating Wnt signaling in T24 cells, and Wnt signaling upregulates the expression of IL1β, therefore forming a 
paracrine Wnt/IL1β signaling feedback to enhance the aggressive phenotype of bladder cancer cells. In addition, we treated 
T24 cells with CM-CAF alone, or together with Wnt signaling inhibitor XAV939. We found that the inhibition of Wnt 
signaling could sufficiently abolish the oncogenic effect of CAFs on bladder cancer. In conclusion, our data revealed a novel 
mechanism that CAFs promote cell proliferation and invasion of human BC cells through Wnt/IL1β signaling feedback. 
Inhibition of the Wnt signaling pathway may provide a promising target to block the interaction between CAF and bladder 
cancer cells. 
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Urinary bladder cancer (BC) is one of the most common 
malignancies worldwide. Basically, there are 2 biologi-
cally different pathways of BC, which is called the papillary 
pathway and muscle invasive pathway. Although the papillary 
pathway accounts for approximately 75% of newly diagnosed 
BC patients, 15–20% of these patients will eventually develop 
into muscle-invasive type, which progress to metastasis 
with a prognosis of 5-year survival < 50% [1]. Therefore, it 
is of great significance to characterize the molecular events 
underlying the development of BC.

Recently, tumor stroma has been shown to play a critical 
role in tumor development, including BC [2–4]. It is of 
note that cancer-associated fibroblast (CAF), which is one 
of the major components in the tumor stroma, contributes 
to the cancer cell growth and invasion by releasing various 
oncogenic cytokines [1, 5]. A growing body of studies has 
demonstrated that CAFs promotes multiple malignant 
behaviors of BC cells, such as cell proliferation, invasion, 

epithelial-mesenchymal transition, and even chemoresis-
tance [6–8]. Despite these findings, the exact role of CAFs 
in bladder cancer and underlying mechanism(s) are still not 
fully understood.

In this study, we aimed to show the effect of CAFs on 
bladder cancer and to identify key factors secreted by CAFs. 
We further deciphered the mechanisms that mediated by 
CAFs, providing a potential target to reduce the impact of 
CAFs on bladder cancer cells.

Materials and methods

Cell culture and materials. Human bladder cancer 
cell lines T24, J82, 5637 were purchased from the Type 
Culture Collection of the Chinese Academy of Sciences, 
Shanghai, China and all cells were cultured in High Glucose 
DMEM medium (Thermo Fisher Scientific, Inc.) with 10% 
fetal bovine serum (FBS, Thermo Fisher Scientific, Inc.), 
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100 U/ml penicillin/streptomycin at 37 °C in 5% CO2 humid-
ified atmosphere. Human recombinant interleukin (IL)-1β 
and β-catenin-specific inhibitor, XAV939 were obtained 
from Sigma-Aldrich LLC. The reagent of 10 ng/ml IL-1β and 
20 ng/ml were diluted in PBS according to the manufactur-
er’s instructions. Neutralized IL-1β antibody was purchased 
from Sigma-Aldrich LLC.

NFs and CAFs cells separation and culture. Primary 
normal fibroblasts (NFs) and cancer-associated fibroblasts 
(CAFs) were derived from three bladder cancer patients 
who were newly diagnosed and had not been treated with 
radiation or chemotherapy before surgery. NFs and CAFs 
were isolated from the adjacent normal tissues or bladder 
tumor tissues as described [9]. In brief, the tissue was cut 
into 1×1×1 mm2 and then washed three times with sterile 
Phosphate Buffered Saline solution (PBS, HyClone, USA). 
Then, the tissues were digested with 160 μg/ml collagenase I 
(Sigma, USA) and 25 μg/ml hyaluronidase at 37 °C for 2 h 
(Sigma, USA). The tissues were washed once with the medium 
and cultured in DMEM/F12 supplemented with 10% FBS, 
100 U/ml penicillin/streptomycin at 37 °C in 5% CO2 humid-
ified atmosphere. The NFs or CAFs from 3 populations were 
pooled together to minimize inter-individual variations. 
The medium was replaced once every 3 days. The cells were 
digested with trypsin when the confluence reached 80–90%. 
After 3 passages, NFs and CAFs were subjected to analysis, 
and all the analysis finished at <10 passages. All the culture 
medium of NFs and CAFs were collected for the later experi-
ments. The cultured medium from NFs and CAFs was used 
as a conditioned medium (CM-NF, CM-CAF).

Cell viability. Cell viability was detected by a CCK-8 assay 
(Cell Counting Kit-8, Dojindo Laboratories, Japan). Briefly, 
human bladder cancer cell lines T24 and J82 (5×103 cells/
well) were seeded into 96-well plates with 100 μl culture 
medium for 12 h. Then, T24 and J82 were treated with 
CM-5637 (cultured medium from 5637), CM-NF, CM-CAF, 
or drugs. After the corresponding treatment, 10 μl of CCK-8 
solution was added to each well of the plate, and the cells 
were incubated in a humidified incubator containing 5% CO2 
at 37 °C for 1 h. Subsequently, the absorbance was detected by 
a Microplate Reader (Bio-Rad, USA) at 490 nm.

RNA extraction and quantitative real-time PCR. Total 
RNA was extracted from cells using TRIzol reagent (Invit-
rogen, USA) as previously described [10]. The first-strand 
cDNAs were reverse transcribed from 1 μl total RNA using 
RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher 
Scientific, USA) and analyzed using TB Green® Premix Ex 
Taq™ (Takara, Japan) by Real-Time PCR in 7500 Fast Real-
Time PCR detection system (ABI, USA) according to the 
manufacturer’s protocol. The sequences of primers are listed 
in Supplementary Table S1. The expression levels of target 
genes mRNA were normalized to the levels of β-actin gene 
transcript and calculated using the 2–ΔΔct method.

Western blotting. The cells were harvested and lysed in the 
RIPA buffer (Beyotime Biotechnology, China). The protein 

concentrations were detected by the Bradford protein assay 
(Beyotime Biotechnology, China). Equal amounts of proteins 
(10 µg/group) were separated by 10% SDS-PAGE gel and then 
transferred to a PVDF (polyvinylidene fluoride) membrane 
(Millipore, Germany). The membranes were blocked in 5% 
non-fat milk for 1 h, followed by incubation with the primary 
antibody overnight at 4 °C with anti-IL1β (ab2105, Abcam, 
UK), anti-Vimentin (5741s), anti-E-Cadherin (14472s), 
anti-α-SMA (19245s), or anti-β-actin (3700s) – all from 
Cell Signaling Technology, USA. Next, the membranes were 
incubated with the appropriate secondary antibody at room 
temperature for 1 h after the PVDF membranes were washed 
in TBST (TBS + 0.5% Tween 20, Sangon, China) in 10 min for 
3 times. Finally, protein complexes were detected by Immob-
ilon™ Western HRP reagent (Millipore, USA). β-actin protein 
was utilized as an internal reference protein and relative 
protein analysis was performed using ImageJ software.

Enzyme-linked immunosorbent assay (ELISA). A 
human IL1β ELISA kit was purchased from R&D (USA). The 
ELISA plate was coated with IL1β capture antibody able to 
conjugate IL1β in cell culture supernatants. In accordance 
with the vendor’s instructions, supernatants of each group of 
cells with a serial dilution of standards were added to respec-
tive wells. The plate was sealed and incubated with gently 
shaking for 1 h at room temperature. After being washed, 
the plate was incubated with 100 μl tetramethylbenzidine 
substrate for 10 min in the dark at room temperature and 
100 μl Stop solution for 1 min on a plate shaker. The inten-
sity was measured at 450 nm employing spectrophotometry. 
According to the standard curves, test supernatant concen-
trations were calculated.

TOPFlash luciferase assays. For the Wnt pathway activity 
assays, 1.5×105 control T24 cells and T24 cells with 10 ng/ml 
of IL1β or LiCl seeded in triplicate in 6-well plates were trans-
fected with TOPFlash luciferase reporter plasmid (Merk, 
Germany). 24 h after transfection, cells were lysed with Glo 
Lysis Buffer (Promega, USA), and then luciferase activity 
was measured with ONE-Glo™ Luciferase Assay System 
(Promega, USA), which was normalized with TOPFlash 
samples. All experiments were performed at least three times 
and each experiment contained three technical replicates.

Statistical analysis. Statistical analyses were performed 
using SPSS 20.0 software (Chicago, USA). All experiments 
were conducted independently at least three times. All results 
are illustrated as the means ± SEM. The significance of differ-
ences between groups was analyzed by Student’s t-test. A 
p-value <0.05 was considered statistically significant.

Results

Characterization of primary normal fibroblasts (NFs) 
and cancer-associated fibroblasts (CAFs). The CAFs 
and NFs were successfully isolated from 3 bladder tumor 
samples and paired healthy bladder mucosae. As shown in 
Figure 1A, CAFs showed the higher mRNA expression level 
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Figure 1. Conditional medium from CAFs (CAF-CM) promotes cell proliferation, migration, and invasion of bladder cancers. A) The mRNA expres-
sion levels of CAF related genes, including FAP, ACAT2, FSP1, α-SMA, CD90 in CAFs, NFs, and 5637 cells (bladder epithelial cell control). The expres-
sion level of target genes in CAFs or NFs is calculated as fold change relative to the expression of targets in 5634 cells. **p<0.01 expression of target 
genes in CAFs/NFs vs. those in 5637 cells; ##p<0.01 expression of target genes in CAFs vs those in NFs. B) The expression of E-cadherin, Vimentin, 
α-SMA in CAFs, NFs, or 5637 cells were determined by western blot. β-actin was used as a control. C) The cell proliferation rate of T24 or J82 cells 
with different treatment were evaluated by CCK-8 assay (n=6, **p<0.01 CM-CAF/CM-NF vs. CM-5637, ##p<0.01, CM-CAF vs. CM-NF). D) Matrigel-
transwell assay showed the invasive capacities of T24 or J82 cells with different treatments. The left images are representative fields of invaded cells. 
The right graphs indicate the invaded cell numbers per field (n=3, **p<0.01 CM-CAFs/CM-NFs vs. CM-5637 cells, ##p<0.01, CM-CAFs vs. CM-NFs).

of CAF-specific genes, including fibroblast activation protein 
(FAP), alpha-smooth muscle actin (ACTA2), fibroblast 
specific protein 1 (FSP1), myofibroblast marker α-SMA, and 
CD90, compared to NFs or epithelial cell control UBC 5637 
(p<0.01). Also, our western blot demonstrated that 5637 
bladder cancer had a higher level of epithelial cell marker 
E-cadherin, while NFs and CAFs showed higher levels of 

mesenchymal cell marker Vimentin. It is of note, α-SMA was 
only overexpressed in CAFs (Figure 1B). Collectively, these 
findings showed that we have successfully isolated CAFs 
from bladder cancer tissues.

Conditional medium from CAFs (CM-CAF) enhanced 
proliferation and invasion capacity of bladder cancer cells. 
To investigate the oncogenic impact of CAF on bladder 
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T24 cells. In this luciferase reporter assay, we also observed 
that luciferase activity could be dramatically induced by IL1β 
(p<0.01). Together, these findings indicate that CAF-derived 
IL1β promotes proliferation or invasion of bladder cancer 
cells by activating the Wnt signaling pathway.

Wnt signaling inhibitor XAV939 blocks the oncogenic 
effect of IL1β on bladder cancer. The previous study has 
shown that IL1β forms a positive feedback loop with Wnt 
[11]. We assumed that Wnt signaling, that activated by 
CAF-derived IL1β, may in turn, upregulated IL1β expression 
in bladder cancer. Also, we found LiCl is capable of increasing 
either mRNA or protein level of IL1β in T24 cells (Figures 3A, 
3B). As IL1β was previously demonstrated as Wnt pathway 
downstream c-Myc target [14, 15], we also observed that 
knockdown of c-Myc can remarkably reduce the expression 
level of IL1β in T24 cells (Figures 3A, 3B), supporting our 
hypothesis that CAF-derived IL1β stimulated Wnt activation 
in bladder cancer and led to further increased expression of 
IL1β to promote malignant progression of bladder cancer.

Since Wnt signaling/IL1β feedback loop is the key effector 
of CAF on bladder cancer, we assumed that the Wnt pathway 
might be a promising therapeutic target for blocking 
CAF-bladder cancer cell interaction. To this end, T24 cells 
were treated with CM from 5637 cells, CAF, or together with 
Wnt inhibitor XAV939. Although CM-CAF can significantly 
promote cell proliferation and invasion of bladder cancer, 
however, inhibition of Wnt signaling can sufficiently abolish 
such effect by CAF (Figures 3C, 3D). We then hypothesized 
that the Wnt signaling/IL1β feedback may also function in 
CAF, and inhibition of Wnt can also suppress IL1β from CAF. 
We, therefore, treated CAF with 10 ng/ml of IL1β or LiCl and 
then transfected with TCF reporter plasmid. In line with our 
assumption, luciferase activity can be significantly induced 
by IL1β (p<0.01), suggesting that IL1β, in turn, activates Wnt 
signaling in CAF (Figure 3E). We further measure IL1β level 
in CM from CAFs treated with Wnt inhibitor XAV939 by 
using ELISA. We found IL1β level is dramatically decreased 
by XAV939 (p<0.01, Figure 2F), suggesting that inhibition of 
Wnt can completely block the communication between CAF 
and bladder cancer.

Discussion

To advance human bladder cancer treatment, the under-
standing of the molecular mechanism underlying tumor 
growth and invasion will be of great importance. Emerging 
evidence support that tumor stroma is actively involved in 
cancer development. CAFs represent the major component 
of the tumor microenvironment and have been reported to 
support tumor progression by a variety of mechanisms [16, 
17]. Herein, we have successfully isolated and characterized 
CAF from patient biopsies. We found conditional medium 
from CAF greatly contributes to the enhanced cell prolifera-
tion and invasiveness of bladder cancer cells. Moreover, we 
have identified IL1β is enriched in CAF-CM, and the high 

cancers, we collected conditional medium from CAF 
(CM-CAF) and treated bladder cancer cell line T24 and J82 
with CM-CAF. Compared to CM from NF and 5637 cells, 
the bladder cancer cells with CM-CAF treatment had signifi-
cant rapid growth (p<0.01 on day 3 for T24, p<0.01 on day 
3 and 4 for J82, Figure 1C). Furthermore, we performed 
Matrigel-coated transwell assay to demonstrate that T24 or 
J82 cells with CM-CAF treatment had an enhanced invasion 
capacity compared to CM-NF or CM-5637 treatment, which 
CM-CAF increased the number of invaded cells by 3–4 times 
(p<0.01, Figure 1D). These findings suggest that CAFs may 
release certain factors to promote proliferation or invasion of 
bladder cancer cells.

High level of Interleukin 1β (IL1β) in CM-CAF led 
to enhanced cell proliferation or invasion of bladder 
cancer cells via activating the Wnt signaling pathway. As 
mentioned previously, CAFs may secret cytokines or inflam-
matory factors to have a positive role in carcinogenesis. To 
confirm it, we first selected several candidate cytokines or 
inflammatory factors and measured their expression levels 
in CAFs or NFs by using qPCR. As shown in Figure 2A, the 
mRNA expression level of candidate factors, such as IL8, IL6, 
or IL1β, was upregulated in CAF, when compared to those 
in NFs (p<0.01). Since the function of IL6 and IL8 has been 
widely reported in bladder cancer, we began to study the role 
of IL1β in bladder cancer.

To further confirm that IL1β was secreted by CAF, we 
performed ELISA to measure IL1β level in CM from CAFs, 
NFs, or 5637 cells. As expected, IL1β is found significantly 
enriched in CM-CAF, compared to CM-NF or CM-5637 
(p<0.01, Figure 2B). To investigate whether IL1β exert 
similar biological effects of CM-CAF on bladder cancer cells, 
we treated T24 cells with recombinant IL1β (10 ng/ml or 
20 ng/ml). As shown in Figures 2C and 2D, IL1β can signifi-
cantly promote cell proliferation and invasion of T24 cells in 
a dose-dependent manner (p<0.01). Furthermore, we found 
T24 treated with CM-CAF showed enhanced cell prolifera-
tion and invasion (p<0.01), however, the addition of IL1β 
neutralized antibody to CM-CAF can completely abolish its 
positive effect (Figures 2C, 2D).

Several studies have reported that IL1β is a positive 
regulator of the Wnt signaling pathway [11–13]. We then 
hypothesized that CAF-derived IL1β may exert its function 
through regulating the Wnt signaling pathway in bladder 
cancer. To prove our hypothesis, we treated T24 cells with 
10 ng/ml of IL1β and evaluated the mRNA level of several 
Wnt target genes, such as c-Myc, cyclin D1, or MMP-9. Our 
data clearly showed that these Wnt target genes were upregu-
lated by IL1β (Figure 2E). Furthermore, we added 10 ng/ml 
of IL1β or LiCl to T24 cells transfected with TCF reporter 
plasmid (TOPFLASH reporter plasmid). As shown in Figure 
2F, GSK3β inhibitor LiCl, which was used as a positive 
control of the Wnt canonical pathway activation, can signifi-
cantly increase luciferase activity (p<0.01), suggesting that 
we have successfully established the TCF reporter system in 
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Figure 2. IL1β is enriched in CM-CAF, and promote cell proliferation and invasion of T24 cell via activating the Wnt signaling pathway. A) The mRNA 
levels of candidate cytokines or inflammatory factors in CAFs by qPCR. The expression level of target genes was calculated as fold change relative to 
those in NFs. **p<0.01 expression of target genes in CAFs vs. those in NFs. B) The ELISA was performed to evaluate the IL1β level in CM from CAFs, 
NFs, or 5637 cells. **p<0.01 CM-CAFs vs. CM-5637 cells, ##p<0.01, CM-CAFs vs. CM-NFs. T24 cells were treated with recombinant IL1β (10 ng/ml or 
20 ng/ml) or PBS (as a negative control, NC) for 3 days. C) The cell viability was measured by using CCK-8 assay. D) The cell invasion was evaluated by 
using the matrigel-transwell assay. **p<0.01 IL1β treatment vs. NC. ##p<0.01 CM-CAF treatment+IL1β antibody vs. CM-CAF treatment. E) The mRNA 
expression level of Wnt targets was evaluated in T24 controls cells or cells with IL1β treatment. **p<0.01 IL1β treatment vs. NC, *p<0.05 IL1β treatment 
vs. NC. F) The luciferase reporter (TOPFLASH) assay was performed to compare luciferase activity in T24 control cells or cells treated with IL1β or 
LiCl. **p<0.01 IL1β treatment or LiCl treatment vs. NC.
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Figure 3. Blocking the IL1β-Wnt feedback loop by Wnt inhibitor XAV939 significantly suppressed cell proliferation or invasion of T24 bladder cancer 
cells. A) The mRNA expression level of IL1β was examined by qPCR in control cells (negative control, NC), or T24 cells treated either LiCl or c-Myc siR-
NAs. The expression level in the treatment group is calculated as fold change relative to the level in the control group (NC), **p<0.01, treatment group 
vs. NC. B) The protein level of IL1β was evaluated by western blotting assay in T24 control cells or cells with either LiCl or c-Myc siRNAs treatment. 
T24 cells were treated with PBS (as a negative control, NC), CAF-CM alone, or together with XAV939 for 3 days. C) The cell viability was measured by 
using CCK-8 assay. D) The cell invasion was evaluated by using the matrigel-transwell assay. **p<0.01 CAF-CM treatment vs. NC. ##p<0.01 CAF-CM 
treatment vs. CAF-CM plus XAV939 treatment. E) The luciferase reporter (TOPFLASH) assay was performed to compare luciferase activity in CAFs 
control cells or cells treated with IL1β or LiCl. **p<0.01 IL1β treatment or LiCl treatment vs NC. F) The ELISA was performed to evaluate the IL1β level 
in CM from CAFs control cells (NC) or cells treated with XAV939. **p<0.01 XAV939 treatment vs NC. G) The proposed mechanisms CAFs exert their 
functions on bladder cancer.
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level of IL1β stimulates Wnt signaling in bladder cancer 
cells. Interestingly, we also showed that activation of Wnt, 
in turn, upregulated IL1β expression to generate a positive 
feed loop, therefore enhancing the aggressiveness of bladder 
cancer cells. Last, but not least, we treated bladder cancer 
cells with Wnt inhibitor XAV939, and CM-CAF showed less 
effect on bladder cancer, indicating XAV939 may serve as a 
potential drug to inhibit interplay between bladder cancer 
cells and CAFs.

The amount of evidence showed hyperactivity of Wnt 
signaling promote the development of bladder cancer [18]. 
Compared to the frequent mutated APC or Axin1 in gastro-
intestinal cancers, few mutations of Wnt pathway compo-
nents were reported in bladder cancer, requiring a better 
understand of how Wnt signaling is activated to promote 
bladder cancer cell invasion. Intriguingly, microenviron-
mental IL1β has been shown to enhance tumor aggres-
siveness in multiple cancer types [19–21]. We have found 
that CAFs can significantly increase IL1β level, and there-
fore promoting cell proliferation and invasion of T24 cells. 
We then investigated whether the accumulation of IL1β 
is correlated with activation of Wnt signaling pathways. 
Several studies suggest that IL1β could enhance Wnt signal 
via inhibiting DKK1 or indirectly interacting with intra-
cellular NF-kB and CREB signaling [12, 13, 22]. Based on 
these findings, we treated T24 cells with recombinant IL1β 
and showed remarkably upregulated expression of Wnt 
targets. In consistent, IL1β could also stimulate the activity 
of TOPFLASH reporter, highlighting novel insights that the 
accumulation of IL1β by CAFs is one of the mechanisms for 
Wnt activation in bladder cancer.

Since IL1β has been confirmed as the c-Myc downstream 
target, we hypothesized that activation of the Wnt signal by 
CAF-derived IL1β could further boost the IL1β-Wnt signal 
to promote cell growth and invasion of bladder cancer 
cells. Indeed, we found inhibition of c-Myc or enhance Wnt 
signal by LiCl could affect the expression of IL1β in T24 
cells. Based on the important role of IL1β-Wnt feedback 
in bladder cancer, we aimed to find a therapeutic target for 
blocking these regulatory circuits. By using Wnt inhibitor 
XAV939, we found CM-CAF showed impaired oncogenic 
effect on bladder cancer, indicating that inhibition of Wnt 
can completely abolish the effect by CAFs. Furthermore, 
we also found IL1β/Wnt feedback functions not only in 
bladder cancer cells but CAFs as well. IL1β can significantly 
increase Wnt signal activity in CAFs, while inhibition of Wnt 
signaling led to the reduced IL1β secretion, suggesting that 
Wnt inhibitors can block the communication between CAFs 
and cancer cells.

In summary, our work proposes the interconnected 
mechanisms that CAFs exert their functions on bladder 
cancer. We reported a constitutive activation of the Wnt 
signal by CAFs-derived IL1β, which can be further enhanced 
by the Wnt-IL1β positive feed loop in bladder cancer. The 
pharmacological inhibition of Wnt/c-Myc can significantly 

reduce the production of IL1β, providing a potential drug 
target for BC cell proliferation and invasion.

Supplementary information is available in the online version 
of the paper. 
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