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ABSTRACT 

Prostate cancer (PCa) is a leading cause of cancer mortality in the male population commonly treated 

with androgen deprivation therapy (ADT) and relapsing as aggressive and androgen-independent 

castration-resistant prostate cancer (CRPC). In PCa the FGF/FGFR family of growth factors and 

receptors represents a relevant mediator of cancer growth, tumor-stroma interaction, and a driver of 

resistance and relapse to ADT.   

In the present work, we validate the therapeutic efficacy the FDA-approved FGFR inhibitor 

pemigatinib, in an integrated platform consisting of human and murine PCa cells, and the transgenic 

multistage TRAMP model of PCa that recapitulates both androgen-dependent and CRPC settings. 

Our results show for the first time that pemigatinib causes intracellular stress and cell death in PCa 

cells and prevents tumor growth in vivo and in the multistage model. In addition, the combination of 

pemigatinib with enzalutamide resulted in long-lasting tumor inhibition and prevention of CRPC 

relapse in TRAMP mice. These data are confirmed by the implementation of a stochastic 

mathematical model and in silico simulation.  

Pemigatinib represents a promising FDA-approved FGFR inhibitor for the treatment of PCa and 

CRPC alone and in combination with enzalutamide. 
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1. INTRODUCTION 

Representing the second most frequent tumor in the male population, prostate cancer (PCa) is a 

leading cause of morbidity and mortality in men, with 1.3 million new cases diagnosed in 2018 and 

26,120 estimated deaths in the United States in 2016 [1]. At clinical level, a wide range of prostate 

lesions exist, with different clinical behaviors ranging from premalignant lesions to very aggressive 

lethal cancers [2].  

Treatment options for PCa are mainly represented by anti-androgen drugs combined or not with 

prostatectomy and/or radiation therapy. Androgen receptor (AR) signalling plays a central role in 

PCa, androgen deprivation therapy (ADT) representing the first line of treatment for the advanced 

disease. However, after a preliminary (12 to 24 months) response to ADT, tumors will eventually 

progress to an androgen-independent stage termed as castration-resistant prostate cancer (CRPC) with 

poor prognosis and an average survival of 2-3 years [3]. Different molecular mechanisms are 

responsible for the acquisition of this hormone refractory phenotype, including continuous activation 

of the AR axis [4, 5], characterized also by a limited response to chemotherapy and radiotherapy [6, 

7]. Thus, effective alternative therapeutic approaches for the treatment of PCa are required.  

The fibroblast growth factor (FGF) family members exert their activity by binding to tyrosine kinase 

FGF receptors (FGFRs), which are expressed by four distinct FGFR1-4 genes [8]. Experimental and 

clinical data point to a non-redundant autocrine/paracrine role of the FGF/FGFR system in growth, 

vascularization and progression of different tumors [9, 10]. In particular, the FGF/FGFR system has 

been described as an active player in PCa, able to mediate the complex cross-talk between tumor and 

stroma compartments, and to sustain the transition towards an hormone-refractory state through the 

deregulation of FGFR signalling by activating mutations or ligand/receptor overexpression [4, 11-

16].  

Different FGF family members, including FGF2 and FGF8b, are expressed by prostate tumors and 

play significant paracrine/autocrine functions on cancer epithelial/stromal cells. Aberrant expression 

of FGFR1 has been reported in epithelial prostate carcinoma cells, and the FGF/FGFR axis has been 

shown to be active in various stromal components (fibroblasts, endothelial cells, immune infiltrate) 

associated with PCa cells [4, 17-19]. Recently, a “double negative” molecular subtype of prostate 

cancer, devoid of AR and neuroendocrine markers expression, has been described emerging after 

ADT [20]. Interestingly, in this tumor subtype the tumor cells independence from AR is driven by an 

active MAPK and FGF signaling pathway [20]. 

Notwithstanding a plethora of non-selective and selective tyrosine kinase FGFR inhibitors have 

entered the preclinical and clinical assessment [10, 21], only two of them have been approved so far 

by FDA [22]. Pemigatinib (INCB054828) is a selective and orally available FGFR1-3 inhibitor 
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endowed with a favourable safety profile and target inhibition [23]. Currently, pemigatinib is 

approved by the FDA for the second line treatment of patients with cholangiocarcinoma harboring 

FGFR2 fusions or rearrangements [24, 25], and is under evaluation in phase II clinical trials for 

patients with urothelial carcinoma, cholangiocarcinoma, and 8p11 myeloproliferative syndrome [23].  

Nowadays, complex and integrated models and platforms exist to evaluate the potential of new drug 

candidates in androgen-dependent and androgen-independent/refractory regimens [26].  

In this work we demonstrate that pemigatinib exerts a promising anti-tumor effect on human and 

murine PCa models in vitro, in vivo, and in a multistage transgenic model of PCa (TRAMP mice). In 

addition, in vivo experiments and in silico simulation using mathematical modelling allowed to 

confirm not only the in vivo efficacy of pemigatinib as a favorable therapy for the treatment of CRPC 

refractory to second-generation ADT, but also to forecast a long lasting capacity of pemigatinib plus 

enzalutamide to control CRPC relapse and growth.   

 

2. MATERIALS AND METHODS 

2.1 Cell lines and reagents. Murine prostate adenocarcinoma TRAMP-C2 cells were obtained from 

ATCC-LGC Standards Repository (ATCC number CRL-2731) and maintained in DMEM 

supplemented with 10% heat-inactivated FCS, 10 mmol/L HEPES Buffer, 0.5 mmol/L 2-

mercaptoethanol, 2.0 mmol/L glutamine, 5 mg/L bovine insulin, and 10 nmol/L DHT. Enzalutamide-

resistant TRAMP-C2 cell line was generated as described in [26]. Human prostate cancer LNCaP 

(ATCC CRL-1740), DU145 (ATCC HTB-81) and PC3 (ATCC CRL-1435) cells were grown in 

RPMI 1640 supplemented with 10% FCS. Cells were kept at low passage, returning to original frozen 

stocks every 3 to 4 months, and tested regularly for Mycoplasma negativity and morphology. 

Pemigatinib (INCB054828) was provided by Incyte International Sàrl. 

2.2 PCR analysis. For mRNA expression analysis, cells were processed, and total RNA was extracted 

using TRIzol Reagent according to manufacturer’s instructions. Contaminating DNA was digested 

using DNAse and 2.0 μg of total RNA were retro transcribed with MMLV reverse transcriptase using 

random hexaprimers in a final 20 μL volume. Then, 1/10th of the reaction was analyzed by 

semiquantitative RT-PCR using specific primers. The PCR products were then electrophoresed on a 

1.5% agarose gel and visualized by GelRed staining. Primers used are reported in [27]. 

2.3 Western Blot analysis. TRAMP-C2 and DU145 were treated for 6 h with pemigatinib and lysed 

in lysis buffer (TRIS-HCl pH 7 50 mM, NaCl 150mM, Triton X-100 1%, BriJ 0.1%). Protein 

concentrations were determined using the Bradford protein assay (Bio-Rad Laboratories, Milano, 

Italy). Then, 40 μg protein/sample were separated by SDS-PAGE, analysed by WB for the 
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phosphorylated form of FGFRs and ERK1/2 (Cell Signaling) and normalized with anti-ERK (Cell 

Signalling), anti-FGFR1, and anti-GAPDH (Santa Cruz Biotechnology).  

2.4 In vitro assays. For details on cell proliferation, clonogenic, soft agar, wound healing, and 

seahorse assays see Supplementary material section. 

2.5 Heterotopic tumor model. Animal experiments were approved by the local animal ethics 

committee (OPBA, Organismo Preposto al Benessere degli Animali, Università degli Studi di 

Brescia, Italy) and were performed in accordance with national guidelines and regulations. Eight 

week-old C57BL/6 or NOD/Scid male mice were injected s.c. with 5 x 106 TRAMP-C2 or DU145 

cells, respectively. When tumors were palpable (~80mm3), mice were divided in three groups and 

treated or not with pemigatinib (0.3 and 1 mg/kg) by daily oral gavage. Tumors were measured in 

two dimensions and tumor volume was calculated according to the formula V=(D x d2)/2, where D 

and d are the major and minor perpendicular tumor diameters, respectively [28]. At the end of the 

experimental procedure tumors were removed, weighted and processed for histological analyses. 

2.6 Seahorse and extracellular flux analyses. Assessment of mitochondrial respiration and 

glycolytic activity was performed by the Seahorse XFe24 Analyzer (Agilent Technologies) using 

Seahorse XF Cell Mito Stress Test Kit (Agilent Technologies) according to manufacturer’s 

instructions. Briefly, 4 × 104 cells were seeded on Seahorse XFe24 culture plates (Agilent 

Technologies) and maintained in complete culture medium for 16 h in the presence of 10 µM 

pemigatinib or vehicle (DMSO). One hour before the measurement, the medium was changed to 

Seahorse XF Base Medium supplemented with 2 mM L-glutamine, 1 mM sodium pyruvate and 

10 mM glucose and cells were placed in a non-CO2 incubator. Oxygen consumption rate (OCR) and 

extracellular acidification rate (ECAR) were measured over time at 6-minutes intervals (2 minutes 

mixing, 2 minutes recovery, 2 minutes measuring) in a Seahorse XFe24 Extracellular Flux Analyzer 

(XFe Wave software). Consecutive treatments with oligomycin (1 µM final), 2-[2-[4-

(trifluoromethoxy)phenyl]hydrazinylidene]-propanedinitrile (FCCP) (0.5 µM final) and 

rotenone/antimycin A (0.5 µM final) were performed to enable quantification of basal OCR, ATP-

coupled OCR, maximal OCR and spare respiratory capacity. OCR and ECAR were normalized to 

total cellular protein content determined immediately after each experimental run by Bradford assay. 

2.7 In vivo experiments with TRAMP mice. TRAMP mice (C57BL/6-Tg(TRAMP)8247Ng/J) [29] 

were purchased from The Jackson Laboratory (Bar Harbor, ME, USA), bred crossing homozygous 

females with C57BL/6J wild type males and heterozygous TRAMP males were used for experimental 

procedures. Treatment was carried out adding with daily oral gavage of pemigatinib (1 mg/kg) and/or 

enzalutamide (3 mg/kg) in the drinking water starting from the time indicated in each experiment. 
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Treated or untreated mice were sacrificed at week 25 of age to collect the genitourinary apparatus 

that was weighted and prepared for histology.  

For prostate histopathological analysis, the genitourinary apparatus was removed from TRAMP male 

mice, formalin-fixed and paraffin-embedded. Anterior prostate samples were sectioned at a thickness 

of 7μm, dewaxed, hydrated, and stained with hematoxylin and eosin (H&E) and were evaluated for 

specific histological abnormalities. The full prostate section was acquired at 20x magnification with 

a Zeiss Axiovert 200M microscope (Carl Zeiss, Milan, Italy, EU) using the “Mosaic Tool” and the 

quantification of the pathological areas was performed with the AxioVision LE64 software. Also, the 

number of pathological adenomeres was determined and pathological areas were graded as described 

[30]. 

2.8 Statistical analyses. Statistical analyses were performed using the statistical package Prism 5 

(GraphPad Software). Student’s t test for unpaired data (2-tailed) was used to test the probability of 

significant differences between two groups of samples. Tumor volume data were statistically 

analyzed with a 2-way analysis of variance, and individual group comparisons were evaluated by the 

Bonferroni correction. Differences were considered significant when p < 0.05. 

 

3. RESULTS 

3.1 Pemigatinib impairs PCa cell growth in vitro 

The FGF/FGFR system is actively expressed in various PCa cell lines (Figure S1) and plays relevant 

roles in the autocrine/paracrine interactions occurring in tumor stroma and parenchyma [9, 16]. As 

shown in Figure 1A, treatment of prototypical murine (TRAMP-C2) and human (DU145) PCa cells 

with the FGFR inhibitor pemigatinib efficiently prevented pan-FGFR phosphorylation, leading to 

decreased activation of the downstream ERK1/2 signaling pathway. In vitro characterization of the 

biological impact of pemigatinib on PCa cells revealed that FGFR blockade resulted in a significant 

inhibition of cell proliferation in both TRAMP-C2 and DU145 cells, with an IC50 equal to 2.69 µM 

and 0.84 µM, respectively (Figure 1B), and induction of apoptosis after 24 hours of treatment with 

10 µM of pemigatinib (Figure 1C). 

When assessed in a colony formation assay, pemigatinib strongly impaired the clonogenic capacity 

of both murine and human PCa cells (Figure 1D). Moreover, when tested in a soft agar assay for their 

resistance to anoikis, pemigatinib significantly reduced the anchorage–independent growth capacity 

of both TRAMP-C2 and DU145 cells (Figure 1E). Finally, in a wound healing assay, we observed a 

significant inhibition of the migratory potential of murine and human PCa cells in response to 

pemigatinib (Figure 1F). Interestingly, the quantification of the repaired area showed a stronger 

inhibition of cell migration in TRAMP-C2 cells, and resulted in incomplete wound repair in both cell 
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lines when compared to controls (Figure 1F). These biological observations were extended to other 

human PCa cell lines (i.e. LNCaP and PC3 cells), where pemigatinib efficiently impaired cell 

proliferation, clonogenic and anchorage-independent growth, and cell migration (Figure S2). 

 

3.2 FGFR blockade by pemigatinib fosters oxidative stress in PCa cells in vitro 

Given the recently reported relevant role played by the FGFR pathway in the maintenance of the 

intracellular redox balance [27], we investigated the intracellular oxidative stress that occurs at 

cytoplasmic and mitochondrial level after treatment of PCa cells with pemigatinib.   

As shown in Figure 2A, treatment with pemigatinib caused a significant increase of cytoplasmic 

reactive oxygen species (ROS) as detected by the DCFDA probe. In addition, pemigatinib increased 

mitochondrial ROS (detected by MITOsox probe) and triggered the depolarization of the 

mitochondrial membrane (detected by TMRE labeling) in both TRAMP-C2 and DU145 cells (Figure 

2B-C). 

To evaluate the impact of the increased intracellular stress and of the mitochondrial 

stress/dysfunction, the metabolic profile of TRAMP-C2 and DU145 cells treated with pemigatinib 

was assessed by the Seahorse Mito Stress Test. As shown in Figure 2D, pemigatinib significantly 

reduced basal and maximal respiration in both cell lines, as well as ATP production-coupled 

respiration, expressed as Oxygen Consumption Rate (OCR), without affecting the glycolytic capacity, 

as assessed by evaluation of the extracellular acidification rate (ECAR).  

 

3.3 Pemigatinib impairs murine and human PCa growth in vivo 

Based on the in vitro observations, murine TRAMP-C2 and human DU145 cells were grafted s.c. into 

syngeneic and immunodeficient adult male mice, respectively. When tumors were palpable, tumor 

bearing animals were treated daily with pemigatinib at 0.3 or 1.0 mg/kg. As shown in Figure 3A-B, 

tumor growth was significantly reduced in terms of volume and weight by pemigatinib at both doses, 

with a stronger anti-tumor effect at 1.0 mg/kg. Interestingly, immunohistochemical analysis of 

harvested tumors confirmed a significant reduction of FGFR activation in pemigatinib-treated 

samples, that goes along with a reduced cell proliferation (pHH3+) (Figure 3C). In accordance with 

the oxidative stress observed in vitro following treatment with pemigatinib, nitrotyrosine staining 

revealed an increase of products of tyrosine nitration mediated by reactive nitrogen species in 

pemigatinib-treated tumors (Figure 3C). Moreover, treatment with pemigatinib led to the formation 

of necrotic areas in DU145 tumors, as confirmed by H&E staining and TUNEL (Figure 3C). 

FGFR1 has been found preferentially expressed in advanced/poorly differentiated tumors in 

multistage TRAMP model of PCa [31, 32]. Accordingly, prostate-specific conditional ablation of 
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Fgfr1 in TRAMP mice resulted in the formation of early/well differentiated tumors and was 

associated with increased survival [33]. On this basis, the promising therapeutic effect exerted by 

pemigatinib prompted us to assess the impact of this drug in male TRAMP mice until 25 week of age, 

when well differentiated tumors are present in the prostate lobes and FGF/FGFR play relevant roles 

[26, 34]. Animals were treated orally with 1.0 mg/kg of pemigatinib starting from week 12, when 

tumor growth has already started [26, 34], until week 25 and prostate lobes where harvested and 

examined. As shown in Figure 3D, histopathological analysis revealed a significant reduction of PCa 

progression in animals treated with pemigatinib when compared with control mice. Indeed, the 

percentage of pathological areas was reduced from (47.9 ± 4.4)% in untreated mice to (27.6 ± 3.3)% 

in treated mice. Moreover, the amount of normal/healthy (NH) prostate tissue and of early prostatic 

intraepithelial neoplasia (PIN) adenomers was significantly increased in TRAMP prostates treated 

with pemigatinib (Figure 3E-F). Accordingly, and in line with the therapeutic effect of FGFR 

inhibition, the percentage of well differentiated tumor areas was significantly reduced by pemigatinib 

(Figure 3E-F). 

 

3.4 Pemigatinib is effective in the treatment of CRPC 

Since CRPC represents the most life-threatening setting of PCa, often emerging after first line ADT, 

we exploited an enzalutamide-resistant TRAMP-C2 cell line obtained after exposition to gradually 

enriched concentrations of enzalutamide [26]. 

As shown in Figure 4A, cell proliferation assays were performed on parental and enzalutamide-

resistant TRAMP-C2 cells to determine the dose response to pemigatinib. In addition, combination 

treatments were performed on the two cell lines with increasing concentrations of both pemigatinib 

and enzalutamide, to determine the potential combinatorial effect of these drugs. The drug 

combination responses were obtained using the ZIP reference model in SynergyFinder [35] and the 

results of such analysis are shown in Figure 4B-C. Positive deviations between observed and expected 

responses imply synergy and are shown in red in the Figure, while negative values denote antagonism 

and are shown in green. The results point to a promising synergistic anti-tumor effect of the two drugs 

on both parental and enzalutamide-resistant TRAMP-C2 cells.  

On this basis, treatment with pemigatinib was challenged in a CRPC model where TRAMP mice 

were treated with enzalutamide from week 12 to week 22 to reach the onset of the enzalutamide-

resistant state [26]. Under these experimental settings, pemigatinib was added to the treatment 

schedule from week 22 till week 25 in the absence or in the presence of enzalutamide. As shown in 

Figure 4D, treatment with pemigatinib alone from week 22 to 25 reduced the pathological areas to 

(22.4 ± 2.1)%, resulting only in a slight amelioration in respect to enzalutamide alone (31.1 ± 4.9)%. 
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At variance, the combination regimen (enzalutamide plus pemigatinib) from week 22 to 25 

significantly blocked tumor progression, resulting in very rare (or no) pathological areas (15.2 ± 

3.9)% at the end of the experimental procedure (Figure 4D). The strong impact of pemigatinib on the 

CRPC state was confirmed by the significant reduction of well differentiated tumor adenomers and 

increase in healthy (NH) and PIN adenomers observed in tumors treated with pemigatinib or 

enzalutamide plus pemigatinib when compared to enzalutamide alone (Figure 4E-F). 

Finally, we implemented and exploited a stochastic mathematical model to predict the long-term 

response of in vivo therapeutic treatments and combinations and explore possible alternative 

therapeutic settings [26]. To this purpose, combination treatment parameters and data from Figure 

4B-C were used for the parametrization of the enriched mathematical model where both the equations 

of the drug pharmacokinetics, and the interaction between enzalutamide and pemigatinib were 

considered (details in Supplementary material for the mathematical model and [26]). As shown in 

Figure 4G-H, in silico simulations confirmed the better therapeutic range obtained by the combinatory 

treatment with enzalutamide plus pemigatinib from week 22 to week 25 with respect to the use of 

pemigatinib or enzalutamide alone. Moreover, long term simulation of the therapeutic effect of 

combination treatment (Figure 4H) reveals that tumor growth and relapse can be controlled for up to 

1 year in the regimen enzalutamide plus pemigatinib, thus providing a significant improvement in 

terms of survival.  

 

4. DISCUSSION 

In the era of personalized medicine and of second-line therapies repositioning, old and new targets 

are emerging as key players in different tumor types. Under this perspective, FGF/FGFR targeting 

has been gaining increasing interest due to its pleiotropic role in tumor microenvironment and to 

emerging data reporting its aberrant expression in various tumor types [21, 36-38]. 

In vitro and in vivo observations indicate that the FGF/FGFR system may represent a key mediator 

in PCa, controlling the progressive independence of epithelial neoplastic cells from stromal cells 

during tumor evolution [16, 39]. Nevertheless, no FGFR inhibitor has been clinically approved to 

date for the treatment of PCa, and only one of them (erdafitinib) is under phase II evaluation in PCa 

patients (NCT03999515) in combination with ADT.  

Pemigatinib is a selective tyrosine kinase FGFR1-3 inhibitor recently approved by the FDA for the 

treatment of metastatic biliary tract cancers harboring FGFR2 fusion or other rearrangement [40] and 

may represent a promising drug to target FGF/FGFR-driven tumors [9, 10]. In this study we describe 

for the first time the capacity of pemigatinib to exert a remarkable beneficial therapeutic effect in 

preclinical models of PCa.  
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Our data demonstrate that pemigatinib efficiently impairs the proliferative, clonogenic and migratory 

features of murine and human PCa cell lines. Interestingly, the anti-tumor activity of pemigatinib 

goes along with an increase in the intracellular oxidative stress and mitochondrial dysfunction, thus 

resulting in a significant alteration of the metabolic fitness of PCa cells. The involvement of the 

FGF/FGFR axis in the maintenance of the redox and metabolic equilibrium has recently been reported 

for other cancer types such as multiple myeloma [41]  and lung cancer [27], but never for PCa.  

These observations were confirmed in vivo, where treatment with pemigatinib resulted in a significant 

reduction of the growth of murine and human PCa xenografts in syngeneic and immunodeficient 

mice, with the appearance of oxidative stress and necrotic areas in the tumor mass. The anti-tumor 

effect of pemigatinib was confirmed in the multistage murine TRAMP model, where FGFR inhibition 

led to a significant reduction of tumor burden in the prostate lobes, comparable to the benefit provided 

by the “state of the art” treatment with the second-generation anti-androgen treatment enzalutamide. 

ADT represents the first line of PCa treatment, and short or long term tumor relapse represents the 

rule. “Double negative” PCa, emerging after ADT, is characterized by activated FGFR and MAPK 

pathways and represents a candidate for the treatment with specific tyrosine kinase inhibitor [20]. 

Since a consistent number of therapy-refractory patients culminate in more aggressive tumors with 

neuroendocrine phenotype, the possibility to exploit new therapeutic approaches is crucial for the 

definition of novel second-line or combination regimens [42]. Relevant to this point, we show for the 

first time that pemigatinib can provide a relevant and long-lasting benefit for the treatment of the 

refractory phase of CRPC in the TRAMP model. Indeed, our data prove that the combined treatment 

of pemigatinib with enzalutamide during the refractory phase of CRPC onset results in a significant 

reduction of tumor growth, more effective than the treatment with pemigatinib or enzalutamide alone. 

Accordingly, the implementation of a mathematical model and in silico simulation allowed to confirm 

not only the therapeutic efficacy of the combination enzalutamide plus pemigatinib, but also to 

forecast the capacity of such combination regimen to exert a long lasting maintenance of tumor 

growth inhibition and the prevention of CRPC relapse.  

In a translational perspective few additional considerations should be carried out from this study.  

First, the proposed model mainly focuses on the upregulation of FGFR and its increased signaling 

pathway, nevertheless several activating mutations or aberrations in FGFRs have been described in 

PCa and these might benefit from treatments based on FGFR inhibition as well [16]. In addition, in 

future studies it would be of great interest and benefit to evaluate if treatment with pemigatinib can 

improve the efficacy of other clinically relevant AR signaling inhibitors such as abiraterone acetate, 

apalutamide or darolutamide. Finally, under the safety profile it should be taken into consideration 

that, given the key role of the FGF axis in “bone biology” [43], the inhibition of the FGF/FGFR axis 
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arises issues about the alteration of phosphate homeostasis and bone mineralization. Indeed, recent 

reports suggest the possibility that the inhibition of FGFR results in loss of bone volume in tumor 

free animals, while it might favour bone volume increase in tumor bearing mice where PCa-bone 

interactions exist [44, 45]. Even though further and more focused studies are required, these 

observations suggest that additional benefits of treatment with FGFR inhibitors might be obtained by 

a proper selection of PCa patients depending on the presence or absence of PCa bone 

disease/metastases.  

In conclusion, pemigatinib represents a promising FDA-approved FGFR inhibitor to be considered 

for the treatment of PCa and CRPC alone and in combination with enzalutamide.  
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FIGURE LEGENDS 

 

Figure 1. In vitro effect of pemigatinib on PCa cells. A) Western blot analysis of pan-phospho-

FGFR, phospho-ERK1/2, total FGFR and total ERK in TRAMP-C2 and DU145 cells treated with 

pemigatinib. GAPDH was used as internal normalization control. B)  Cell proliferation of tumor cells 

treated with increasing doses of pemigatinib for 96 hours was determined by viable cell counting 

through cytofluorimetric analysis. C) Induction of apoptosis after 24 hours of treatment with 

pemigatinib determined by quantification of PI and Annexin V positive cells. D) Quantification and 

representative images of long term colony formation potential after treatment with pemigatinib. E) 

Anchorage independent growth capacity of TRAMP-C2 and DU145 cells in soft agar. F) Motility of 

TRAMP-C2 and DU145 cells was assessed quantifying the percentage of repaired area 24 hours after 

the wound. Representative images of the best treatment conditions are reported. Data are the mean ± 

SEM, experiments were performed in triplicate. *p < 0.05, **p < 0.01, ***p < 0.001. 

 

Figure 2. Oxidative stress and Seahorse analysis upon treatment with pemigatinib. Tumor cells 

were treated with 10 µM of pemigatinib and Cytofluorimetric analyses were performed for 

cytoplasmic (A) or mitochondrial (B) ROS production assessed by DCFDA and MITOsox probes, 

respectively. C) Under similar conditions the mitochondrial membrane depolarization was 

determined by TMRE staining. In the plots the red line refers to the gate setting the positive/negative 

cell population. Data are mean ± SEM. **p < 0.01, ***p < 0.001. D) Seahorse Mito Stress Test 

(OCR=oxygen consumption rate, ECAR= extracellular acidification rate) performed on TRAMP-C2 

and DU145 cells treated or not with pemigatinib 10 µM. Energy metabolic profile and histograms 

with the quantification of EACR, basal and maximal OCR, and ATP-linked OCR for both cell lines.  

Data are mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001. 

 

Figure 3. In vivo effect of pemigatinib on PCa growth. In vivo growth and final weight of 

subcutaneous TRAMP-C2 (A) and DU145 (B) tumors treated with vehicle or pemigatinib (0.3 or 1 

mg/kg) enzalutamide. Data are the mean ± SEM of 8-10 tumors/group. C) Immunohistochemistry of 

explanted tumors (treated with vehicle or pemigatinib 1mg/kg) and quantification. Scale bar: 100 µm. 

D) Quantification (percentage) of the pathological area in the anterior prostate of TRAMP mice 

treated or not with pemigatinib (1 mg/kg). E) Histopathological evaluation of normal healthy (NH, in 

grey), prostatic intraepithelial neoplasia (PIN, in green) and well differentiated (WD, in white) tumors 

in the prostate of untreated (NT) or treated TRAMP mice. F) Representative pictures of prostate 
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adenomers at 12 and 25 weeks (scale bar: 100 µm). Data are the mean ± SEM; n=8 or more 

animals/group; *p < 0.05, **p < 0.01, #p < 0.0001. 

 

Figure 4. Effect of pemigatinib in CRCP settings. Cell proliferation assay performed on TRAMP-

C2 parental or TRAMP-C2 enzalutamide resistant cells to test pemigatinib alone (A) or the 

combination of pemigatinib with enzalutamide at different concentrations (B-C). D) Quantification 

(percentage) of the pathological area in the anterior prostate of TRAMP mice treated under different 

treatment conditions. Dashed line represents the treatment (mean value) with pemigatinib alone at 

week 25. E) Histopathological evaluation of normal healthy (NH, in grey), prostatic intraepithelial 

neoplasia (PIN, in green) and well differentiated (WD, in white) tumors in the prostate of untreated 

(NT) or treated TRAMP mice. F) Representative pictures of prostate adenomers at 25 weeks (scale 

bar: 100µm). Data are the mean ± SEM; n= 8 or more animals/group; *p < 0.05, **p < 0.01, ***p < 

0.001, #p < 0.0001. G-H) Simulation of tumor progression in TRAMP mice treated with enzalutamide 

from 12W to 22W and pemigatinib from 22W onward (G), or enzalutamide treatment from 12W 

onward and pemigatinib from 22W onward (H). Dots represents the experimental data and the lines 

are 30 realizations of the dynamics of enzalutamide-sensitive and -resistant tumor cells in time, 

described by the stochastic equations (Supplementary material Eq1-6). 
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