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Abstract: Background: Endocrine resistance and metastatic dissemination comprise major clinical 
challenges for breast cancer treatment. The fibroblast growth factor receptor family (FGFR) consists 
of four tyrosine kinase transmembrane receptors, involved in key biological processes. Genomic al-
terations in FGFR have been identified in advanced breast cancer and thus, FGFR are an attractive 
therapeutic target. However, the efficacy of FGFR inhibitors on in vivo tumor growth is still contro-
versial.  
Objective: The purpose of this study was to evaluate the role of FGFR in tumor growth and breast 
cancer progression.  
Method: Cell proliferation was assessed by 3H-thymidine uptake and cell counting in primary 
cultures of endocrine resistant mammary carcinomas and a human cell line, respectively. Tumor 
transplants and cell injections were used to determine in vivo growth and spontaneous metastasis. 
FGFR1-3 and αSMA expression were evaluated on primary tumors by immunohistochemistry.  
Results: Antiprogestin resistant murine transplants and a human xenograft express high levels of 
total FGFR1-3. In vitro treatment with the FGFR inhibitor, BGJ398, impaired cell proliferation of 
resistant variants versus vehicle. In vivo, versus control, BGJ398 treatment decreased one out of 
four resistant tumors, however all tumors showed a decreased epithelial/stromal ratio. Finally, in a 
model of hormone resistant mammary cancer that spontaneously metastasizes to the lung, BGJ398 
decreased the number of mice with lung metastasis.  
Conclusion: FGFR inhibitors are promising tools that require further investigation to identify sensi-
tive tumors. These studies suggest that targeting FGFR combined with other targeted therapies will 
be useful to impair breast cancer progression.  
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1. INTRODUCTION 

Breast cancer is the second leading cause of cancer death 
among women in developed countries [1]. Approximately 
70% of human breast cancers express estrogen receptor α 
(ERα) and progesterone receptor (PR) at the time of diagno-
sis [2] and endocrine therapies are usually the standard 
treatment. Despite expressing hormone receptors, most pa-
tients develop resistance with time [3], and if the disease 
progresses, cancer cells may disseminate to distant sites. 

The fibroblast growth factor family (FGFR) comprises 
four transmembrane receptors with cytoplasmic tyrosine 
kinase domains [4] which, upon FGF binding, transduce ex-
tracellular signals to a variety of intracellular signaling cas-
cades, such as RAS-ERK, PI3K-AKT, IP3-Ca2+ and DAG-
PKC [5]. These pathways are involved in the regulation of  
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cell survival, proliferation, differentiation and motility dur-
ing embryogenesis and carcinogenesis [6-8]. Multiple ge-
nomic alterations in FGFR leading to increased pathway 
activation have been identified in breast cancer [9-14] and 
FGFR appear as an attractive therapeutic target for endocrine 
resistant breast cancers.  

The evidence supporting a role of the FGFR pathway in 
breast cancer led to the development of FGFR-blocking 
agents. BGJ398 (infigratinib) is a selective small molecule 
compound that occupies the ATP-binding pocket in the 
kinase domain of FGFR1 to 3, and inhibits the receptors at 
low nM levels (IC50 value ≤20 nM), but is less effective on 
FGFR4 [15]. The antiproliferative effect of this drug has 
proven to be specific for cell lines with an activated FGFR 
pathway [15, 16]. To date, despite promising tumor growth 
inhibitory effects in preclinical studies and in patients carry-
ing FGFR amplifications in non-small cell lung cancer or 
bladder/urothelial cancers treated with FGFR inhibitors [16, 
17], limited therapeutic effects were observed in breast can-
cer patients treated with BGJ398 [18]. 
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In this study, to gain further insight on the role of FGFR 
in tumor growth and breast cancer progression, we inhibited 
FGFR activity in endocrine resistant mammary carcinomas 
and evaluated tumor growth and metastatic spread. 

2. MATERIALS AND METHODS 

2.1. Animals 

Two-month-old virgin female BALB/c mice (IBYME 
Animal Facility) and NOD/LtSz-scid/IL-2Rgamma null mice 
(NSG; Jackson Labs, Bar Harbor, Maine) were used. Animal 
care and manipulation were in agreement with Institutional 
guidelines and the 8th Edition of Guide for the Care and Use 
of Laboratory Animals [19]. 

2.2. Murine Tumors 

In previous studies, medroxyprogesterone acetate (MPA) 
induced mainly ductal mammary carcinomas that express 
ERα and PR [20] isoforms A (PRA) and B (PRB). Tumors 
with a high PRA/PRB ratio respond to different antipro-
gestins such as: mifepristone (MFP), onapristone and lon-
aprisan, while tumors with the opposite ratio are unrespon-
sive and thus, considered endocrine resistant [21]. In this 
study, three independent endocrine resistant tumors that 
arose in different animals were used: C4-2-HI, C7-HI and, 
59-HI [22, 23]. Tumors were dissected into small pieces and 
transplanted into the inguinal flank of two-month-old 
BALB/c mice. 

2.3. Human Cell Line 

T47D-YB cells, engineered to express only PRB, were a 
kind gift of Dr. K. Horwitz (University of Colorado, [24, 
25]). This cell line is unresponsive to antiprogestin and anti-
estrogen therapy [21, 25]. These cells are maintained in 10% 
fetal calf serum (FCS) DMEM/F12 medium, supplemented 
with 1 nM insulin (Denver, Buenos Aires) and G418 200 
µg/ml (InvivoGen, San Diego, CA). This cell line was vali-
dated in 2017 by Genetica DNA Laboratories, Inc. (Cincin-
nati, OH) by short tandem repeat profiling. 

2.4. Reagents and Antibodies 

MFP was purchased from Sigma Aldrich (St Louis, MI). 
BGJ398 was purchased from Selleckchem and was prepared 
as 10 µM DMSO stocks. For in vivo experiments, BGJ398 
was diluted in saline solution.  

Antibodies against FGFR1 (sc-121), FGFR2 (sc-122) and 
FGFR3 (sc-123) were purchased from Santa Cruz Biotech-
nology (Santa Cruz, CA). Antibody specificity has been 
validated in previous work from our lab [26, 27]. Smooth 
muscle actin alpha (αSMA; ab-5694) was obtained from 
Abcam (Cambridge, MA). Secondary antibodies were from 
Vector Laboratories (Burlingame, CA). 

2.5. Primary Cultures 

Primary cultures of epithelial cells from mammary carci-
nomas were performed as previously described [28]. Epithe-
lial cells were isolated by differential sedimentation and 
plated with 10% FCS. 

2.6. In vitro Studies 
3H-thymidine uptake [28] and cell counting assays [26] 

were performed as previously described. In 3H-thymidine 
uptake assays, primary cell cultures were starved in 1% 
charcoal stripped FCS (chFCS) for 24 hrs and treated for 48 
hrs with experimental solutions (BGJ398: 1-10 nM). In cell 
counting assays, cells were starved in 1% chFCS for 24 hrs 
and then treated for 5 days with BGJ398: 1-10 nM. 

2.7. In vivo Assays 

Murine tumors were transplanted by subcutaneous (sc) 
injection into the inguinal flank of BALB/c mice. In the 
xenograft studies, T47D-YB (6x106) cells were inoculated 
orthotopically into mammary gland (#4) of NSG mice pre-
treated with 17-β-estradiol (0.25 mg pellets; [21, 25, 26, 
29]). Tumor growth was measured twice a week using a 
Vernier caliper and tumor areas were calculated as length x 
width. MFP pellets (6 mg) were implanted sc [29] eight days 
after tumor transplants. Intravenous (iv) BGJ398 treatment 
consisted of retro-orbital injections (30 mg/kg/every two 
days). At the end of the experiments, mice were euthanized, 
lungs and tumors excised, weighed and fixed in 10% buff-
ered formalin, and embedded in paraffin for histological 
evaluation. Tumor histology and incidence of lung metasta-
sis was evaluated in H&E stained slides by a pathologist 
(MM). 

2.8. Immunohistochemistry (IHC) 

IHC of murine and human xenografts were carried out as 
described previously [27]. Briefly, formalin-fixed paraffin-
embedded tissue sections were dewaxed and hydrated. Anti-
gen retrieval was achieved by boiling tissue sections for 50 
min in 10 mM Sodium Citrate buffer (pH6), and slides were 
then reacted with the primary antibodies ON at 4°C followed 
by 1 hr at room temperature of the biotynilated secondary 
antibodies. The avidin/biotin peroxidase complex technique 
was used (Vectastain Elite ABC kit; Vector), and the slides 
were developed under microscopic control with liquid 3-
3’diaminobenzidine and substrate chromogen system (Dako, 
Agilent Technologies). Primary and secondary antibodies 
were used at 1/100 and 1/400 dilutions, respectively. αSMA 
quantification was obtained by counting at least five random 
sections of each tumor sample. Areas with positive staining 
were measured using the ImageJ software and expressed as a 
percent of the total area for each image. The mitotic and 
apoptotic indexes were determined by counting the number 
of cells undergoing mitosis/apoptosis in a 100X high power 
field (5 fields were quantified for each tumor, N=6). For 
FGFR1-3 quantification, cytoplasmic, and nuclear staining 
were differentially evaluated and expressed as percentage of 
stained cells (0-100%) times the intensity (0-3), in a scale 
ranging from 0 to 300 by a pathologist (MM). The score was 
graded for positive samples in a low/high scoring system, 
considering <100 or >100, respectively. 

2.9. Statistical Analysis 

One-way ANOVA followed by Tukey t-test was used to 
compare means of multiple samples and the Student’s t-test 
was used to compare the means of two different experimental 
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Fig. (1). Immunohistochemical staining and score for FGFR1-3 in endocrine resistant murine mammary tumors C4-2-HI, C7-HI and 
59-HI. Nuclei were counterstained with hematoxylin. FGFR1-3 were quantified and nuclear (N) and cytosolic (C) staining was expressed as a 
score as detailed in Materials and Methods. A negative control (omitting the primary antibody) is shown in the column on the right. Scale bar: 
50 µm. Statistics: t Test: (***): p<0.001; (**): p<0.01.  
 
groups. The slopes of the tumor growth curves were com-
pared using a linear regression analysis followed by slope 
comparison. In vivo experiments were performed at least 
twice and IHC assays three times. Chi squared was used to 
compare number of animals with metastasis. All values are 
expressed as mean ± SD and significant differences are indi-
cated with asterisks: (*) p<0.05; (**) p<0.01 and (***) 
p<0.001. 

3. RESULTS 

3.1. FGFR1-3 Expression in Endocrine Resistant Ex-
perimental Mammary Carcinomas 

We first evaluated FGFR1-3 expression in three endo-
crine resistant murine mammary carcinomas (C4-2-HI, C7-
HI and 59-HI) derived from tumors that arose in different 
animals, to determine if an anti-FGFR therapy is a plausible 
treatment for these tumors. We found positive staining with a 
high total score (>100) for FGFR 1-3 with differences in 
receptor localization among tumor variants. Despite differ-
ences in nuclear or cytosolic localization of FGFR1 and 2, 
C4-2-HI, C7-HI and, 59-HI tumors shared a strong nuclear 
staining for FGFR3 and, similar high total FGFR levels (Fig. 
1). 

3.2. BGJ398 Treatment Inhibits Cell Proliferation of 
Primary Cultures from Resistant Murine Mammary 
Tumors 

Given that all our tested endocrine resistant tumors ex-
press high levels of FGFR1-3 and to explore the hypothesis 
that these tumors may be sensitive to an anti-FGFR therapy, 
we investigated the effect of blocking the FGFR pathway on 
cell proliferation. In primary cultures, the selective FGFR 
inhibitor BGJ398 reduced baseline cell proliferation in 
epithelial cells from all three endocrine resistant variants 
(Fig. 2). Collectively, these results suggest that the FGFR 
pathway has a proliferative role in endocrine resistant tu-
mors. 

3.3. Mild Effect of BGJ398 Treatment on Endocrine Re-
sistant Tumor Growth 

We next evaluated if BGJ398 treatment is a viable thera-
peutic approach for endocrine resistant tumors. We analyzed 
tumor growth upon BGJ398 treatment in the three endocrine 
resistant tumors and found that tumor growth was unaffected 
in two of these variants while a reduction in tumor growth 
rate and final tumor burden was determined in the C7-HI 
variant (Fig. 3A). Growth inhibition was accompanied by a 
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Fig. (2). Effect of BGJ398 treatment on epithelial cell proliferation in primary cell cultures of C4-2-HI, C7-HI and 59-HI murine tu-
mors. Cell proliferation was measured by [

3
H]-thymidine uptake. Primary cell cultures were starved in 1% chFCS for 24 hrs and treated for 

48 hrs with experimental solutions (BGJ398: 1-10 nM). Treatments were performed in octuplicates. A representative experiment of three is 
shown. Statistics: ANOVA followed by Tukey’s multiple comparisons test: (***): p<0.001; (*): p<0.05. 
 

 
Fig. (3). Effect of BGJ398 treatment on tumor growth and αSMA expression of endocrine resistant murine mammary carcinomas 
C4-2-HI, C7-HI and 59-HI. A: Tumor growth curves and tumor weight at the end of the experiment in vehicle (open square) or BGJ398-
treated (black circle; 30 mg/kg/every two days, iv) mice. The arrow shows when treatment started. B: Quantification of mitosis and apoptosis 
in untreated or BGJ-treated C7-HI tumors as described in Materials and Methods. HPF: high power field. C: Immunohistochemical staining 
and quantification for αSMA expression, in vehicle or BGJ398-treated tumors at the end of the experiment. Scale bar: 100 µm. Statistics: 
Lineal regression and slope comparison. t Test when comparing groups: (***): p<0.001; (**): p<0.01; (*): p<0.05.  
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significant reduction in the mitotic index (Fig. 3B). Interest-
ingly, BGJ398 treatment induced changes in tumor composi-
tion; the stromal area increased with a concomitant decrease 
in the tumor cells. These rearrangements were confirmed by 
an increase in αSMA staining of stromal cells in the three 
resistant variants (Fig. 3C). 

Altogether, our findings indicate that, the efficacy of 
BGJ398 on tumor size was less than what was expected ac-
cording to the in vitro data, although it did reduce the epithe-
lial/stromal ratio, thus diminishing the total number of tumor 
cells.  

3.4. In vitro and in vivo Differential Effect of BGJ398 in 
the Human Endocrine Resistant T47D-YB Cell Line 

Next, we tested the effects of FGFR inhibition in human 
luminal endocrine resistant T47D-YB breast cancer cells that 
specifically express PRB [21, 30]. In tumor xenograft sec-
tions, we found high total FGFR1-3 expression levels with a 
mainly nuclear localization for FGFR2 and cytosolic local-
ization of FGFR1 and 3 (Fig. 4A). As determined for the 
murine resistant variants, BGJ398 inhibited cell proliferation 
in culture (Fig. 4B). In vivo, BGJ398 treatment induced no 
significant effects on tumor size (Fig. 4C). However, there 
was a strong increase in the stromal area of treated tumors in 
detriment of the total number of tumor cells versus control 
tumors (Fig. 4D).  

3.5. BGJ398 Inhibits MFP-induced Lung Metastasis of 
Hormone Resistant C7-HI Tumors 

The FGFR pathway is not only involved in cell prolifera-
tion, survival, and differentiation but also in migration and 
invasion (reviewed in [31]). Taking into account FGFR 
blockage induced tumor remodeling and that it partially re-
duced C7-HI primary tumor growth, we examined whether 
BGJ398 treatment had an impact on distant metastasis on 
this same model. C7-HI tumors give rise to spontaneous lung 
metastasis within 6-8 weeks of tumor transplantation. It is an 
antiprogestin resistant variant and treatment with MFP aug-
ments metastatic incidence even more [32]. Given the tu-
mor’s high growth rate, we surgically removed primary tu-
mors on day 20. This allowed us to extend the experimental 
scheme and distinguish consolidated lung metastasis without 
exceeding the ethical limit of tumor burden (Fig. 5A). Five 
doses of BGJ398 were administered before and after surgery. 
The blockage of FGFR signaling reduced C7-HI tumor 
growth as expected, while MFP, alone or combined with 
BGJ398, did not affect the final primary tumor burden (Fig. 
5B). Regarding dissemination, the % of mice with lung me-
tastasis were higher in the MFP group compared to the con-
trol group (Fig. 5C). Also, BGJ398-treated mice displayed a 
positive trend toward a lower number of lung foci compared 
to the control group (p=0.1541). Interestingly, the inhibitor 
could reduce the pro-metastatic effect of MFP, given that the 
combined therapy (MFP+BGJ398) significantly reduced the 
metastatic dissemination compared to the MFP group. 

4. DISCUSSION 

In this study, using different endocrine resistant luminal 
murine and human breast cancer models, we established that 

hormone resistant mammary carcinomas express high levels 
of FGFR1-3. All tumors proved to be responsive to FGFR 
inhibitors in vitro. In vivo, a delay in tumor growth was ob-
served only in C7-HI BGJ398-treated tumors. However, an 
increase in stromal tissue in relation to the epithelial tumor 
areas was observed even in tumors that did not show a sig-
nificant change in tumor burden. Moreover, a therapeutic 
effect was observed when impaired tumor dissemination 
occurred in BGJ398-treated tumors. Altogether, our findings 
indicate that blocking the FGFR pathway is a promising 
therapeutic alternative to delay breast cancer progression, 
although new highly-potent drugs should be developed to 
overcome in vivo low drug efficacy on primary tumor 
growth. 

Various studies support the role of the FGFR pathway in 
endocrine resistant breast cancer [33-35]. FGFR1 gene am-
plification has been reported in approximately 10-14% of 
breast cancers [33, 36] and overexpression has been associ-
ated with poor survival and early relapse [33, 37]. We found 
that hormone resistant tumor variants expressed high total 
FGFR1 levels. Our results are in accordance with Turner et 
al. that hypothesize that high levels of FGFR1 lead to a con-
stitutive activated pathway which could explain endocrine 
resistance even in the absence of the ligand [33]. Moreover, 
taking into consideration recent results from our laboratory, 
in which hormone resistant tumors express high levels of 
FGF2 (unpublished results), and that this ligand has a higher 
affinity for FGFR1 than to any of the other receptors [38], 
we propose that an elevated FGFR1 expression may be the 
result of a positive regulation in response to high FGF2 lev-
els. Further work needs to be done to determine if the high 
FGFR1 expression in hormone resistant tumors is due to 
genetic amplification. 

FGFR2 gene aberrations have been reported in approxi-
mately 11% of breast cancers [39], and single nucleotide 
polymorphisms in FGFR2 have been associated to a higher 
risk of sporadic postmenopausal breast cancer [12]. We have 
previously reported that ligand-activated nuclear FGFR2 
together with PR, bind to progesterone responsive elements 
in the MYC promoter, which in turn induce cell proliferation 
in hormone responsive murine tumors and in the T47D cell 
line [26]. In this study, we found that most of the endocrine 
resistant tumor variants still expressing high levels of PR, 
display high nuclear FGFR2, suggesting the involvement of 
constitutive activating mechanisms promoting tumor growth 
and endocrine resistance.  

High expression levels of FGFR have been detected in 
breast cancer samples and, herein we found that different 
endocrine resistant tumors express high FGFR1-3 levels, 
potentially rendering them susceptible to anti-FGFR therapy. 
Data from our laboratory and others demonstrate that FGFR 
can localize to the nucleus where it can influence gene ex-
pression which may, in turn alter breast cancer progression 
[27, 40-43]. Based on our results, high total nuclear scores 
seem to be essential to achieve at least a small effect and we 
cannot associate nuclear or cytosolic FGFR localization to 
BGJ398 responsiveness. 

Besides high FGFR expression in hormone resistant vari-
ants, we recently demonstrated that these variants display a 
basal activation of FGFR downstream proteins, such as 
FRS2, AKT, and PKCα (unpublished results). This suggests 
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Fig. (4). FGFR1-3 expression, effect of BGJ398 treatment and αSMA expression in T47D-YB human cell line. A: Immunohistochemical 
staining and score for FGFR1-3 in endocrine resistant T47D-YB human xenograft. Nuclei were counterstained with hematoxylin. N: nuclear, 
C: cytosolic. Scale bar: 50 µm. Statistics:t Test: (***): p<0.001. B: Effect of BGJ398 treatment on T47D-YB cell proliferation. Cell prolifera-
tion was measured by total cell counting. T47D-YB cells were starved in 1% chFCS for 24 hrs and treated for 5 days with the experimental 
solutions (BGJ398: 1-10 nM). Treatments were performed in quadruplicates. A representative experiment of three is shown. Statistics: 
ANOVA followed by Tukey’s multiple comparisons test: (***): p<0.001; (*): p<0.05. C: Effect of BGJ398 treatment on tumor growth ex-
pression in endocrine resistant T47D-YB human xenografts. Tumor growth curves and tumor weight at the end of the experiment in vehicle 
(open square) or BGJ398-treated (black circle; 30 mg/kg/every two days, iv) mice. The arrow shows when treatment started. D: Immunohis-
tochemical staining and quantification for αSMA expression, in vehicle or BGJ398-treated tumors. Scale bar: 100µm. Statistics: t Test: (***): 
p<0.001. 
 
that high FGF2 expression in endocrine resistant variants 
induce constitutive activation of the FGFR pathway, promot-
ing tumor growth and endocrine resistance. 

Considering that nM concentrations of BGJ398 induced a 
significant inhibition in cell proliferation in experimental 
conditions and that recent results from our laboratory dem-
onstrate an inhibition in downstream effectors of the FGFR 
pathway, pERK and pAKT (Giulianelli et al, submitted), we 
expected to find strong in vivo responses using BGJ398. De-
spite using similar time schedules as those reported by others 
[16], mild effects on tumor growth were detected and were 
not improved when we tested different doses (18 mg/kg/day 

and 30 mg/kg/every two days) and administration schedules 
(oral gavage vs iv; data not shown). Our results are in line 
with the controversial data available regarding the effective-
ness of FGFR inhibitors for breast cancer treatment [18, 44] 
where, despite the promising results that emerge mainly from 
preclinical in vitro studies, these do not seem to be sufficient 
to accurately predict the benefits of using FGFR inhibitors in 
clinical practice. 

BGJ398 inhibited tumor growth in preclinical models of 
bladder, gastric, endometrial, and colon cancer bearing 
FGFR alterations [15, 16, 45, 46]. In breast cancer, in vitro 
studies with the FGFR1-amplified MDA-MB-134 cell line, 
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Fig. (5). Effect of BGJ398 on tumor metastasis in the endocrine resistant, metastatic C7-HI mammary carcinoma. A: Experimental 
scheme. B: Tumor growth curves of C7-HI tumors treated with vehicle, Mifepristone (MFP, 6 mg sc pellet), BGJ398 (30 mg/kg/every two 
days, iv) and MFP+BGJ398 until surgery (day 20). The arrow shows when treatment started. One representative experiment of two is shown. 
C: Quantification of lung metastatic foci (met). Statistics: Lineal regression and slope comparison: (**): p<0.01. To compare the % of mice 
with met: Chi Squared; a vs b and (*): p<0.05. 
 
displayed an activated FGFR pathway that was inhibited by 
BGJ398 treatment [15, 16]. In vivo, BGJ398 induced com-
plete tumor regression using an inducible Wnt1/ iFGFR1-
driven breast cancer model [17] and impaired pulmonary 
tumor outgrowth in mice injected with the D2.A1 metastatic 
murine mammary tumor cell line [47]. However, recent data 
from the first clinical trial of the BGJ398 inhibitor in patients 
with advanced solid tumors bearing FGFR genetic alterations 
(ClinicalTrials.gov identifier NCT01004224), show that pa-
tients with squamous cell lung and bladder/urothelial cancer 
have clinical benefits after treatment, while no objective re-
sponses were observed in breast cancer patients [18]. In this 
study, we show that overall, BGJ398 induces mild effects on 
tumor growth and suggest that in vivo: either the drug is not 
fully accessible to the tumor cells or that it is not able to 
counteract the promoting role of the stroma which is not pre-
sent in the in vitro settings. Taking into account that we 
found an increase in the amount of stromal tissue, indirectly 
diminishing the number of tumor cells, it seems that these 
agents may exert a beneficial effect that might be even im-
proved in combined treatments. In line with our results, 
Holdman et al. described that FGFR inhibition with BGJ398 
induced changes in the stromal microenvironment of regress-
ing breast cancer tumors, causing an increase in the percent-
age of αSMA+ cells [17].  

It is well known that endocrine resistance and metastatic 
dissemination are key players in tumor progression. Aberrant 
FGFR signaling may promote metastatic spread (reviewed in 
[48]) and FGFR1 amplification, which frequently leads to 
FGFR1 overexpression, has been reported in metastatic 
breast cancer [33]. C7-HI is a PR+, endocrine resistant and 
metastatic tumor variant. In this study, we found that it also 
expresses high levels of FGFR1-3, and that blocking FGFR 
activity inhibited cell proliferation, tumor growth, and MFP-
induced lung metastasis. Little published data are available 
regarding the effects of BGJ398 on tumor spread. In bladder 

cancer, Cheng et al. have reported that impairing FGFR sig-
naling with BGJ398 strongly suppressed invasion and metas-
tasis without altering primary tumor growth. Their results 
indicate that FGFR1 plays a crucial role in invasion and me-
tastasis while FGFR3 drives cell proliferation. In line with 
our results in metastatic mammary cancer cells, FGFR 
blockage inhibited pulmonary tumor outgrowths [47]. 
BGJ398 has mainly cytostatic effects [49], and this may ex-
plain its limited impact on tumor regression, although stro-
mal remodeling and cell differentiation may account for a 
reduction in the invasive capacity. 

In conclusion, our results reveal that in breast cancer, 
FGFR inhibitors are promising tools that need further im-
provement and substantiate the idea of targeting FGFR com-
bined with other targeted therapies to impair breast cancer 
progression. 
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