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ABSTRACT 

Background:  Bacillus Calmette-Guerin (BCG) is the standard treatment for 

patients with non-muscle invasive high histological grade bladder cancer (BC). 

Previously, we have demonstrated that BCG induces murine BC MB49 cell 

death both in vitro and in vivo, generating tissue remodeling, which involves the 

release of fibroblast growth factor 2 (FGF-2). 

Objective:  To study the effect of BCG treatment in FGF-2 and fibroblast growth 

factor receptors (FGFRs) expression in BC. 

Results:  In vitro, FGF-2 increased MB49 cell proliferation, but was not able to 

reverse BCG-induced cell death. An increased expression of FGF-2 was 

detected after BCG treatment. Moreover, MB49 cells expressed high FGFR3 

levels, which decreased after BCG treatment. Similar results were observed in 

human T24 BC cells. In vivo, MB49 tumors expressed higher FGFR3 levels 

than normal urothelium. Tumor FGFR3 decreased after treatment and 

correlates with tumor growth inhibition in response to BCG. In a pilot bioassay 

using human bladder tumors (n=11) treated ex vivo with BCG, we found a sub-

group of patients (41%) where FGFR3 was reduced after treatment. 

Conclusion:  Based on BC murine model results, we can infer that the down-

regulation of FGFR3 is a predictive marker of good response for BCG therapy. 

The decrease of FGFR3 in response to BCG occurs not only in the murine 

model but also in a human BC cell line and in some patient samples. Both, the 

increase of patients and their follow-up are necessary to establish the predictive 

role of FGFR3 as a marker in human BC. 
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INTRODUCTION 

Urothelial carcinoma is the most prevalent bladder cancer (BC) and ranks fourth 

in malignant cancer frequency in men in developed countries 1. According to the 

invasion status, BC is classified as non-muscle invasive (NMI) and muscle 

invasive 2. Bacillus Calmette-Guerin (BCG) is the standard therapy to prevent 

high histological grade NMI BC recurrence and progression. However, about 

30-50% of patients either fail to respond initially or relapse within the first five 

years of treatment 3. The mechanism by which BCG inhibits tumor growth 

remains to be determined. In addition to the BCG immune anti-tumor response 

4, we have proposed that BCG acts directly on BC cells increasing apoptosis 5. 

Furthermore, we have shown in murine models that BCG inhibits BC growth 6 

and induces stromal remodeling involving fibroblast proliferation and 

differentiation, increasing collagen fiber deposits and macrophage activation 6, 7. 

Moreover, we have demonstrated that fibroblast growth factor 2 (FGF-2) is 

involved in a dialog between fibroblasts and macrophages induced after BCG 

treatment. FGF-2 acts on stromal cells, favoring its activation and proliferation 

to the detriment of tumor cells growth. Thus it is part of BCG mechanism of 

action in BC 6. 

FGFs comprise a large family of growth factors that regulate diverse cellular 

processes such as proliferation, migration, differentiation, and maintain cellular 

homeostasis during embryogenesis 8, 9. FGFs act via a family of tyrosine-kinase 

membrane receptors, designed as FGF receptors 1 to 4 (FGFR1-4) 8. Gain of 

function by mutation and overexpression of different FGFRs have been 

described in various human cancers. FGFR3 was studied in both, NMI and 

invasive BC. Particularly, activating mutations and overexpression of FGFR3 
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have been found in 70% of NMI BC 10-12 and in a large percentage of invasive 

tumors13. These alterations in FGFR3 are common and early events in BC that 

affect cell-cell and cell-matrix adhesion, inducing pro-proliferative and anti-

apoptotic events14. These and other findings suggest that FGFR3 is strongly 

associated with the development and progression of BC. For this reason, 

different therapeutic strategies to inhibit FGFR3 activity are being attempted for 

BC treatment, including monoclonal antibodies and small molecules15-17. 

Little is known about FGF-2/FGFRs in BC in relation to BCG treatment. Taking 

into account that BCG triggers a stromal increase in FGF-2 expression 6, the 

aim of the present study was to evaluate how BCG modulates FGFRs 

expression in bladder tumor cells. 

 

MATERIALS AND METHODS 

Cell Culture:  Murine MB49 and human T24 BC cells were cultured in 

RPMI1640 (GIBCO 31800-014). Culture media was supplemented with 2mM L-

glutamine, 80µg/ml gentamicin and 10% fetal bovine serum (FBS). 

BCG:  Living Bacillus Calmette-Guerin (Pasteur1172 P2 strain-

3x106CFU/mg/ml-) suspensions were obtained from ANLISCG. Malbrán-

Argentina. 

In Vivo Orthotopic Tumor Growth: C57BL/6J mice were used. Orthotopic 

MB49 tumors were developed as described 18. Next, 100µl saline solution or 

BCG (2mg/ml) were instilled into the bladder twice a week, for 20 days. Mice 

were sacrificed, bladders weighed and fixed in 10% formalin. 

Antibodies:  FGFR1 (sc-121), FGFR2 (sc-122), FGFR3 (sc-123), FGFR4 (sc-

9006), FGF-2 (sc-79), ERK (sc-135900), pERK (sc-7383) and Ku86 (sc-9034) 
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were purchased in Santa Cruz Biotechnology; β-Actin (A5441), Goat-anti-

Mouse-HRP (A9917) and Goat-anti-Rabbit-HRP (A9169) were obtained from 

Sigma-Aldrich) and anti-Rabbit-Alexa-Fluor-488  from Invitrogen. FGF-2 

(1,25mg/ml) 19 and FGF-2 blocking antibody (DB3) were developed by Alberto 

Baldi. 

Cell viability assay: 5x105 MB49/100µl were cultured in 96-well plates without 

FBS. After 24h, different concentrations of FGF-2 (0.5, 1, 5, 10ng/ml) were 

added, with or without BCG (2mg/ml) or DB3 (5µg/ml). Cells were cultured for 

48h. Cell viability was determined by MTS-assay (Promega). 

Western Blot: Subconfluent monolayers of MB49 or T24 cells were treated with 

or without BCG (2mg/ml) for 24h. MB49 cells were then treated with or without 

1ng/ml of FGF-2 for 5, 10 and 20min. Lysates of these monolayers were 

obtained. Western blots for total lysates were performed as described 

previously 6. NE-PER™ Nuclear and Cytoplasmic Extraction Reagents were 

used to isolate nuclear and membrane/cytoplasm fraction. Membranes were 

immunoblotted with FGF-2 (1.25µg/ml) [17], FGFR3 (1:500), ERK (1:1000), 

pERK (1:200) antibodies. β-Actin (1:20000) and Ku86 (1:200) were used as 

loading control. 

Immunofluorescence: MB49 and T24 cells were treated with or without BCG 

(2mg/ml) for 24h. Immunofluorescence was performed as previously described 

6. FGF-2 and FGFRs1-4 (1:200) antibodies were used. Rabbit-IgG was used as 

an isotype control. Anti-Rabbit-Alexa-488 (1:1000) was used as secondary 

antibody. Nuclei were counterstained with DAPI or Propidium Iodide (Sigma-

Aldrich). Immunofluorescence intensity was quantified using the Image-Pro Plus 

6 package and the results were expressed as arbitrary densitometry units. 
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Histological Techniques: Immunohistochemistry was performed as previously 

described 6. FGFR1-4 antibodies were used at 1:100 dilutions. 

RNA Preparation and Real-Time PCR: Total RNA was isolated from MB49 

using TRIzol Reagent (Invitrogen). cDNA was synthesized using iScript-cDNA 

Synthesis-Kit (BioRad) and used as template for PCR analysis using 

REDExtract-N-Amp PCR-Ready-Mix (Sigma-Aldrich) and reactions were carried 

out in the CFX96 Real-Time System, C1000-Thermal-Cycler using the Kapa-

Sybr-Fast-Universal (KK4601, KapaBiosystem). Specific primers for mouse 

FGFR3 (Forward: 5’-GAGGCTGCAAGTGCTAAATG-3’, Reverse: 5’-

CTCCCCATCTTCGTCATCTC-3’) and GADPH (Forward: 5’-

CAAAATGGTGAAGGTCGGTG-3’, Reverse: 5’-

CAATGAAGGGGTCGTTGATG-3’) were designed using Primer-Blast (NCBI). 

GADPH expression was used as control. 

FGFR3 expression in patients’ tumor samples:  11 bladder tumors were 

excised in sterility from patients who had a surgery at Roffo´s Instiute. Tumors 

were disaggregated mechanically using a mesh and cells were divided into two 

subcultures. One of them was used as a control and the other was incubated 

with BCG (2mg/ml) for 3h. BCG was removed by washing and cells remained 

overnight in fresh RPMI with 5% FBS. Changes in FGFR3 expression after 

BCG treatment were evaluated by western blot. Thirty per cent of difference in 

FGFR3 expression between controls and treated samples were considered to 

be significant. In all samples presence of tumor cells were identified by 

immunohistochemistry for Cytokeratin. 
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Ethics Statement: Studies using patient samples were approved by the 

Institutional Ethics Committee from Roffo´s Institute according to Declaration of 

Helsinki (CEI:6/6/2013). Informed consent from each patient was obtained. 

Protocols involving mice were approved by the Institutional Review Board 

CICUAL from Roffo´s Institute, Res(CD)2012/02. 

Statistical Analysis: All assays were performed three times and one 

representative experiment is shown. Results are expressed as the mean and 

SD or as median. Statistically significant values were compared using Student´s 

T-test, ANOVA with Bonferroni’s contrast, Mann-Whitney Test or Kruskal-Wallys 

with Dunns comparisons using the 3.01 Graph-Pad-InStat statistical package. 

p≤0.05 were considered statistically significant. 

 

RESULTS 

 

FGF-2 stimulates cell proliferation and BCG induces FGF-2 expression in 

MB49 cells 

To evaluate whether MB49 cells respond to FGF-2, different concentrations of 

FGF-2 were added, alone or combined with BCG. FGF-2 increased MB49 cell 

proliferation which was reversed by the addition of a FGF-2 blocking antibody. 

On the other hand, BCG reduced MB49 cell viability, but FGF-2 was not able to 

rescue this effect (Figure 1A). To analyze whether BCG treatment modifies 

FGF-2 expression in MB49, cells were treated or not with BCG. Western blot 

analysis revealed that BCG-treated cells showed an increased expression of all 

FGF-2 isoforms (33 to 17kDa) as compared with control cells (Figure 1B). 

Immunofluorescence studies showed high cytoplasmic and low nuclear FGF-2 
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expression (Figure 1C). However, no differences in FGF-2 expression were 

detected by immunofluorescence. As MAPK pathway is activated by FGFRs, 

we performed a time-curve of ERK protein phosphorylation (pERK) after FGF-2 

stimulus in MB49 cells pre-treated or not with BCG. Figure 1D shows that pERK 

was reduced after BCG treatment in cells untreated with FGF-2. In control cells, 

FGF-2 induced a rapid phosphorylation of ERK within 5 min that decreased 

after 10-20 min. Pre-treatment with BCG avoid ERK phosphorylation after FGF-

2 stimulus. This effect could be responsible for the lack of cell growth 

stimulation after BCG treatment observed in Figure 1A. 

 

BCG downregulates FGFR3 in MB49 cells 

Taking into account that FGF-2 increases cell viability and that BCG inhibits 

MB49 cell proliferation despite inducing the increase of this factor, we evaluated 

FGFRs expression after BCG treatment. A weak immunostaining for FGFR2 

and almost neither FGFR1 nor FGFR4 staining were observed in untreated 

cells, whereas a strong nuclear and membrane/cytoplasmic staining for FGFR3 

was registered. After BCG treatment, FGFR2 and FGFR3 were downregulated 

(74% and 66% respectively) and FGFR1 was upregulated 170% respect to 

control (Figure 2A). The nuclear localization of FGFR3 (yellow arrows) was 

confirmed in control and treated cells by confocal microscopy. Cell membrane 

staining and small cytoplasmic stained vesicles were also observed (Figure 2B). 

The down-regulation of FGFR3 was confirmed by Real-Time PCR and western 

blot, showing a decrease of about 50% in FGFR3 expression after BCG 

treatment (Figure 2 C-D). MB49 cells express the 135, 125 and 97kDa isoforms 

of FGFR3 as well as isoforms of lower molecular weight (Figure 2D). To 
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analyze isoform localization, separation of nuclear and membrane/cytoplasmic 

fractions were performed. Isoforms of 135, 125 and 97kDa were mostly located 

in the nuclear compartment of MB49 cells. BCG treatment decreased the 

expression of all FGFR3 isoforms (Figure 2E). 

 

BCG downregulates FGFR3 in MB49 bladder tumors 

FGFRs expressions were evaluated in vivo by immunohistochemistry in normal 

and tumor murine bladder, treated or not with BCG (Figure 3). Normal 

urothelium (red arrows) expressed low levels of FGFR1 and FGFR2 and high 

levels of FGFR3 in the apical epithelium layer. MB49 orthotopic tumors (green 

arrows) expressed high nuclear FGFR3 (yellow arrows) which was reduced 

after BCG treatment. Further, BCG induced the expression of FGFR1 and 

FGFR2 in a few cells within the tumor (orange arrows). Intravesical BCG 

instillation significantly reduced orthotopic tumor growth (Figure 4A). Tumors 

from the control group showed high nuclear expression of FGFR3. Interestingly, 

tumors from mice that responded satisfactorily to BCG treatment reducing 

tumor growth, expressed low levels of FGFR3. On the other hand, BCG 

refractory mice, including those that had an incomplete tumor growth inhibition, 

showed heterogeneous FGFR3 expression (Figure 4B). Thus, tumors displayed 

areas with high nuclear FGFR3 expression (yellow arrows) and others with low 

levels of expression. There was a reduction in the percentage of FGFR3 

positive (FGFR3(+)) cells in tumors from mice treated with BCG (Figure 4C). We 

found a positive correlation between tumor weight and the percentage of 

FGFR3(+) cells in BCG-treated mice (Figure 4D). These results suggest that 

FGFR3 down-regulation is associated with a good response to BCG in mice. 
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BCG reduces FGFR3 expression in human BC cells 

With the idea of assessing whether the down-regulation of FGFR3 may also 

occur in human, we analyzed the expression and localization of this receptor by 

western blot and confocal microscopy in the T24 BC cell line. Expression of 97, 

87 and 75-70kDa and lower molecular weights isoforms were detected in the 

nuclear fraction. The 97kDa was also found in the membrane/cytoplasm 

fraction. BCG treatment reduced the expression of these FGFR3 isoforms in all 

fractions (Figure 5A). Using confocal microscopy, we verified that FGFR3 was 

expressed in the nuclei of these cells (yellow arrows), as well as in the 

membrane and in the cytoplasmic vesicles. In BCG treated cells, FGFR3 

expression was down-regulated 57% respect to control (Figure 5B). 

Finally, we set up an ex vivo pilot bioassay to study whether BCG was able to 

modify FGFR3 expression in human bladder tumors. In Table 1 we show the 

percentage of cases in which different isoforms of FGFR3 were modified after 

BCG treatment. 100% of samples expressed the 97kDa non-glycosylated 

FGFR3 isoform; the125kDa isoform was expressed in the 45.5% and the 

135kDa in the 72% of samples. The high molecular weight isoforms of 135 and 

125kDa were down-regulated by BCG in the 37.5% and 60% respectively. The 

97kDa was down-regulated in the 27% of samples, being the isoform with less 

modification. Considering these results, we found a subgroup of patients (41%) 

where one or more isoform of FGFR3 were reduced after treatment.  In Figure 

5C, we show three representative cases. One shows no differences in FGFR3 

expression (Sample 1), one shows decreased (Sample 2) and one shows 

increased expression of FGFR3 (Sample 3) after BCG treatment. As a whole 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
12 

 

our data show that there might be a subgroup of samples in which FGFR3 

expression decreases after BCG treatment and according to the data shown in 

the murine model (Figure 4), these might be those responsive to BCG.  

 

 

DISCUSSION 

Previous findings from our laboratory have shown that fibroblasts are targeted 

by BCG, both directly and through activated macrophages, to induce stromal 

remodeling. FGF-2 is involved in a dialogue between fibroblasts and 

macrophages activated after BCG treatment 6. Taking into account that FGFR3 

have been implicated in bladder tumorigenesis 10, 11 and that FGF-2 acts as a 

growth factor in some tumors 20, 21 we analyzed FGF-2 and FGFRs expression 

in murine MB49 BC cells. In vitro, FGF-2 exogenously added induced MB49 

proliferation, but was not able to reverse BCG-induced cell growth inhibition. 

BCG increased FGF-2 expression in MB49 cells but reduced FGFR3 

expression and MAPK activation. Our results are in agreement with recent 

findings showing that FGFR3 inhibitors or shRNA for FGFR3 strongly inhibits 

BC proliferation 15, 22. Since BCG downregulates FGFR3, we can speculate that 

this decrease could be responsible for the absence of cell growth in response to 

FGF-2 or alternatively, it could be due to the activation of these receptors by 

intracellular FGF-2 inducing a down-regulation of the receptors and tumor 

shrinkage. 

Only a few studies have reported the nuclear localization of FGFRs and none in 

BC. In breast cancer, nuclear FGFR1-2-3 expression have been associated 

with poor prognosis23, 24. For FGFR3 the studies reported nuclear localization of 
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splice variants25 or cleavage fragments26. It is not still clear its function in the 

nuclear compartment, since it could either act as a transcription factor or as a 

nuclear kinase. The physiological role of nuclear FGFRs was investigated in 

FGFR1 but not yet in FGFR3. In adrenal medullary cells it was observed that 

FGFR1 could translocate to the nucleus after FGF-2 stimulation, where it binds 

to the chromatin and the nuclear matrix. At the nucleus, FGFR1 has FGF-2-

dependent tirosin-kinase activity, where it phosphorylates specific substrates, 

associated with an increased viability27, 28. Since we observed not only FGFR3, 

but also FGF-2 nuclear localization, we may assume that similar to those 

described for FGFR1, in our model nuclear localization of FGFR3 may induces 

transcriptional activity, directly or through phosphorylation of specific substrates. 

Since FGFR3 activation has a pro-proliferative and anti-apoptotic role14, it is 

possible that its reduction is involved in tumor inhibition. 

We can hypothesize that a good therapeutic response to BCG is related to the 

ability of tumor cells to reduce the expression of FGFR3. Although we have not 

studied yet the mechanisms involved in this FGFR3 down-regulation, these may 

be related to the impairment of BCG to increase MAPK pathway by endogenous 

FGF-2 on BC cells or directly failing to block constitutive FGFR3 signaling. 

In order to study whether the results in the murine model have a correlation in 

human samples we analyzed the expression of FGFR3 in the human T24 BC 

cells and in tumor samples from patients with NMI BC. As expected, T24 cells 

also displayed a nuclear localization for FGFR3, which decreased after BCG 

treatment. Using a novel ex vivo bioassay set up in our laboratory, we evaluated 

the expression of FGFR3 in 11 human tumor samples treated ex vivo with BCG. 

All tumor biopsies expressed the 97kDa non-glycosylated FGFR3 isoform; 
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however the other high molecular weight-glycosylated isoforms (125 and 

135kDa) were not present in all tumor samples. Interestingly, we found a 

subgroup of patients (41%) where FGFR3 was reduced after treatment. Thus, 

we may assume that this subgroup of patients could be related to a better BCG 

response. However, the increase of patients and their follow-up are necessary 

to establish the predictive role of FGFR3 as a marker in human BC. 

Finally, a complex interplay between FGF-2 production in stroma and in tumor 

cells, the down-regulation of FGFR3 in BC cells and other immune mediated 

mechanisms may be all participating in BCG-induced therapeutic responses. 

These events may explain its improved therapeutic effect as compared with 

intravesical chemotherapy which only induces tumor cell death. 

More studies are in progress to understand the role of nuclear FGFR3 in human 

BC cells. A large cohort of patients is being recruited in which FGFR3 

expression after ex vivo BCG treatment will be associated to their clinical 

response to BCG treatment. This study will definitely confirm the predictive 

value of the bioassay proposed in our study. 

 

CONCLUSION 

This paper shows for the first time that BCG is able to downregulate FGFR3 

expression in murine and human NMI BC cells. In the murine BC model, 

FGFR3 down-regulation correlates with a good BCG response. The down-

regulation of FGFR3 should be further investigated as a marker of BCG 

effectiveness in patients. 
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LEGENDS 

 

Figure 1: Subconfluent monolayers of MB49 treated or not with BCG (2mg/ml). 

A) Cells were treated or not for 48 h with FGF-2 (0, 0.5, 1, 5 or 10ng/ml) in 

combination or not with BCG or a FGF-2 blocking antibody (DB3). Cell viability 

was evaluated by MTS assay, Bonferroni contrasts, ANOVA, a:p<0.001 vs 

Control cells without BCG, b:p<0.05 vs Control cells, c:p<0.05 vs Control cells 

without FGF-2. B) FGF-2 expression was determined by western blot after 24 h 

of treatment. Increased expression of the 33, 24, 22.5, 22 and 17kDa FGF-2 

isoforms was detected in BCG compared to control MB49. β-Actin expression 

was used as loading control. C) FGF-2 expression was determined by 

immunofluorescence. MB49 control as well as BCG treated cells presented high 

cytoplasmic and low nuclear FGF-2 expression. Immunofluorescence intensity 

for FGF-2 was specified at the upper right corner. Control cells: 62.4 ± 21.6, 

BCG: 71.1 ± 50.4, arbitrary densitometry units, n=12; Student T Test: p=0.297. 

D) MAPK pathway was evaluated by western blot through ERK protein 

phosphorylation (pERK) in MB49 cells treated with or without BCG (2mg/ml) for 

24h and then with FGF-2 (1ng/ml) for 0, 5, 10 and 20 min. Decreased 

expression of the pERK1 and pERK2 were detected at all times in BCG 

compared to control MB49. In control cells, FGF-2 induced an increase in pERK 

within 5 min of treatment (b: p<0.001 vs control 0 min). Pre-treatment with BCG 

avoid ERK phosphorylation (a: p<0.05 vs its control without BCG; c: p<0.001 vs 

its control without BCG). Total ERK expression was used as loading control. 

ANOVA and Bonferroni contrasts were used. 
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Figure 2: Subconfluent monolayers of MB49 treated or not for 24 h with BCG 

(2mg/ml). A) FGFR1-4 expression were determined by immunofluorescence. 

BCG down-regulates FGFR2-3 expression. Immunofluorescence intensity for 

FGFRs was specified at the bottom left corner. FGFR1- control: 11.6 ± 1.8, 

BCG: 31.5 ± 3.2, p<0.0001; FGFR2- control: 48.9 ± 9.7, BCG: 12.6 ± 1.8, 

p<0.0001; FGFR3- control: 64.5 ± 17.4, BCG: 22.0 ± 6.2, p<0.0001; FGFR4- 

control: 30.7 ± 3.6, BCG: 33.9 ± 3.3, p=0.134; arbitrary densitometry units, 

n=10; Student T Test. B) FGFR3 expression and localization were evaluated by 

confocal microscopy. Propidium Iodide (PI) was used to determine the focused 

image plane. Yellow arrows are indicating nuclear FGFR3 localization, both in 

control and BCG-treated cells. Immunofluorescence intensity for FGFR3 was 

specified at the bottom left corner. FGFR3- control: 75.5 ± 19.5, BCG: 34.1 ± 

6.4, arbitrary densitometry units, n=12; Student T Test: p<0.0001. C) mRNA 

from total FGFR3 was determined by quantitative PCR. A 50% of decreased in 

mRNA of FGFR3 was found in BCG-treated cells compared to control MB49. 

GAPDH mRNA was used as loading control. Student's T Test: p=0.014. D) 

FGFR3 expression was determined by western blot in total lysates. About 50% 

reduction of FGFR3 expression was detected in BCG compared to control 

MB49 for the high molecular weight isoforms (135, 125 and 97kDa). β-Actin 

expression was used as loading control. Bonferroni contrasts, ANOVA, 

a:p<0.05 vs each isoform without BCG. E) FGFR3 expression and localization 

were determined by western blot in membrane/cytoplasm and nuclear fractions. 

135, 125 and 97kDa isoforms of FGFR3 were located at nuclear compartment 

of MB49 cells, while BCG reduced they expression. β-Actin and Ku86 nuclear 

protein expression were used as loading control. 
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Figure 3:  Histological sections of normal bladder or orthotopic MB49 tumors 

from mice treated or not with intravesical BCG (100µl, 2mg/ml, twice a week) for 

20 days. Immunohistochemistry of FGFR1-4, brown coloration indicates 

positivity for each receptor. Red arrows: Normal urothelium. Green arrows: 

Tumor. Yellow arrows: Nuclear FGFR3 positive (FGFR3(+)) cells. Orange 

arrows: FGFR1 or FGFR2 positive cells. 

 

Figure 4:  Normal bladder or orthotopic MB49 tumors from mice treated or not 

with intravesical BCG (100µl, 2mg/ml, twice a week). A) Bladder weight (mg) 

from tumor bearing mice after 20 days of treatment. Kruskal-Wallys Test, Dunns 

contrasts: p˂0.05. B) Immunohistochemistry for FGFR3, a representative image 

of a control tumor (FGFR3(+)) and BCG-treated tumors are shown. From BCG-

treated tumors, two representative conditions are shown. One from a mouse 

that presented a tumor inhibition (FGFR3(-)) and another from a mouse that had 

not a tumor inhibition (FGFR3(+)). Yellow arrows: Nuclear FGFR3 positive 

(FGFR3(+)) cells. C) Percentage of FGFR3(+) cells in control and BCG-treated 

tumors. The percentage of FGFR3(+) cells were calculated photographing three 

different areas with at least 100 tumor cells and quantifying the number of cells 

FGFR3(+) cells respect to total cell number. Mann-Whitney Test: p=0.0056. D) 

Correlation between the percentage of FGFR3(+) cells and bladder weight (mg). 

Linear regression: Control group was represented in red, r2=0.61, p˂0.0001. 

BCG-treated group was represented in blue, r2=0.34, p˂0.0066. 
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Figure 5 : A) Subconfluent monolayers of human T24 cells treated or not for 24h 

with BCG (2mg/ml). FGFR3 expression and localization were determined by 

western blot in separation of membrane/cytoplasm and nuclear fractions. 97kDa 

isoform of FGFR3 was located at membrane/cytoplasm as well as at nuclear 

compartments of T24 cells. Low molecular weight isoforms (87 and 75-70kDa) 

of FGFR3 were only detected at nuclear fraction. BCG reduced the expression 

of all these isoforms. β-Actin and Ku86 nuclear protein expression were used as 

loading control. B) FGFR3 expression and localization were evaluated by 

confocal microscopy in T24 cells treated for 24h with or without BCG (2mg/ml). 

Phase contrast (PC) microscopy and Propidium Iodide (PI) were used to 

determine the focused image plane. Yellow arrows are indicating nuclear 

FGFR3 localization. Immunofluorescence intensity for FGFR3 was specified at 

the bottom left corner. FGFR3- control: 41.1 ± 10.7, BCG: 17.7 ± 3.7, arbitrary 

densitometry units, n=6; Student T Test: p=0.0007. C) FGFR3 expression was 

determined in samples from human patients with NMI bladder tumors. Each 

sample was mechanically disaggregated and cells were divided in two sub-

cultures. One was treated with medium and was considered as the control 

expression of FGFR3 and the other was treated ex vivo with BCG (2mg/ml) for 

3 h. Total lysates of each sub-cultured were performed and FGFR3 expression 

variation was evaluated by western blot. β-Actin expression was used as 

loading control. Three representative samples are shown. Sample 1: tumor 

sample with no significant variation in FGFR3 expression after BCG ex vivo 

treatment. Sample 2: tumor sample with a decrease in FGFR3 expression after 

BCG ex vivo treatment. Sample 3: tumor sample with an increase in FGFR3 

expression after BCG ex vivo treatment. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
24 

 

 

Table 1:  Expression and percentage of variation of FGFR3 isoforms in human 

samples from 11 patients with NMI BC after BCG ex vivo treatment. 30% 

FGFR3 expression difference compared to control was considered a significant 

variation. 
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Samples 

Expression  

Down-
regulation 
of FGFR3 

Up-
regulation 
of FGFR3 

No variation 
in FGFR3 

FGFR3 
isoforms 

135kDa 72.7% (8/11) 37.5% (3/8) 62.5% (5/8) 0% (0/5) 

125kDa 45.5% (5/11) 60% (3/5) 40% (2/5) 0% (0/5) 

97kDa 100% (11/11) 27% (3/11) 36.5% (4/11) 36.5% (4/11) 

Average 41.5% 46% 12.5% 
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Key of Definitions for Abbreviations 

BC: Bladder Cancer 

BCG: Bacillus Calmette-Guerin 

FBS: Fetal Bovine Serum 

FGF-2: Fibroblast Growth Factor 2 

FGFR: Fibroblast Growth Factor Receptor 

FGFR3: Fibroblast Growth Factor Receptor 3 

NMI: Non-muscle Invasive 


