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Summary 

Metastatic prostate cancer (PCa) is the third leading cause of death for cancer in Europe and 

North American men. Gold standard therapy is the androgen deprivation therapy (ADT), 

although taxanes and newly developed drugs to Androgen Receptor can temporarily bypass 

the resistance to castration, the Castration Resistant Prostate Cancer (CRPC) is a mortal 

disease and remains the greatest clinical challenge of prostate cancer. Significant effort has 

been devoted to discover efficient treatments for these patients and a number of specific 

inhibitors to some signaling pathways have been identified. However, one important 

limitation is the very low number of suitable models that reproduce the aggressive disease. 

In fact, in vivo models able to recapitulate the heterogeneity of prostate tumors are scarce 

and have several setbacks. Similarly, most in vitro models are derived from metastasis, thus 

poorly represent the heterogeneity of human prostate tumors. A growing body of evidence 

suggests that within tumors resides a small population with stem cell-like properties. We 

hypothesized that ADT can enrich tumors for cancer stem cells (CSCs). Additionally, a 

successful therapy for PCa would need to be applied at early stages and new markers for the 

prompt identification of aggressive tumors, or to predict CRPC, together with more specific 

therapeutic targets are prerequisites. Our previous studies suggested that PTOV1 is a good 

discriminating marker for HGPIN associated to PCa, that is overexpressed in more 

aggressive metastatic disease. Furthermore, our functional studies on the role of this protein 

in resistant tumors suggest that PTOV1 is a good target to eliminate more aggressive cancer 

cells. The main objective of this thesis is to obtain a simple in vitro model to reproduce the 

characteristics and behavior of primary prostate tumors to be used in in vitro drug screenings. 

A second objective is to analyze the mechanisms of the oncogenic protein PTOV1 in the 

promotion of cancer resistance to chemotherapy. In this work, we established 16 new ex vivo 

primary prostate tumor cultures from needle biopsies of untreated patients with aggressive 

cancer. These cultures were characterized for their phenotypes and functional characteristics. 

In addition, each culture was in parallel treated to derive corresponding Androgen 

Independent (AI) cultures. These AI primary tumor cultures exhibited in general a reduction 

of proliferation rate, increase of motility, and resistance to chemotherapy, suggesting that AI 

cultures are highly plastic and able to overcome the stress caused by chemotherapies. Of 

note, the treatment with ADT in vitro was associated with an increment of expression of 

self-renewal markers, suggesting an increase of stemness capacities in the resistant AI cell 
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populations. To establish a model to study CSCs resistance, cells were efficiently selected 

through a functional protocol based in their ability to form spheres. These spheres were 

characterized, validated and used to test new drugs.  

Finally, we discovered a new AT-hook like motif within the A domain of the protein PTOV1 

with higher affinity to DNA rather than RNA. We have shown that this AT-hook-like motif, 

through which PTOV1 directly binds to ALDH1A1 and CCNG2 promoters, is necessary to 

activate the expression of these genes in androgens sensitive cells. PTOV1, ALDH1A1 and 

CCNG2 high levels are significantly correlated with aggressive metastatic prostate tumors 

and worst outcome, suggesting that PTOV1 represents a potential target for the treatment of 

these tumors. These results provide novel tools to targets aggressive prostate tumors. 
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Resumen 

El cáncer de próstata (PCa) metastásico es la tercera causa de muerte por cáncer en hombres 

en el mundo occidental. La terapia estándar es la privación de andrógenos (ADT), aunque 

los taxanos y los medicamentos recientemente desarrollados para el receptor de andrógenos 

pueden evitar temporalmente la resistencia a la castración. El cáncer de próstata resistente a 

la castración (CRPC) es una enfermedad mortal y sigue siendo el mayor desafío clínico del 

PCa. Se ha dedicado un esfuerzo significativo para descubrir tratamientos eficientes y se han 

identificado varios inhibidores específicos de algunas vías de señalización. Sin embargo, una 

limitación importante es el muy bajo número de modelos adecuados que reproducen la 

enfermedad. De hecho, los modelos in vivo capaces de recapitular la heterogeneidad de los 

tumores de próstata son escasos. De manera similar, la mayoría de los modelos in vitro se 

derivan de metástasis, por lo que representan de manera deficiente la heterogeneidad del 

PCa. Numerosos estudios sugieren que dentro de los tumores reside una pequeña población 

con propiedades similares a las células madre. Presumimos que el ADT puede enriquecer 

las células tumorales de células madre cancerosas (CSCs). Entonces, una terapia eficaz 

tendría que ser aplicada en etapas tempranas. Otros desafíos son encontrar nuevos 

marcadores para la pronta identificación de tumores, o poder predecir CRPC. Nuestros 

estudios anteriores sugirieron que PTOV1 es un buen marcador discriminatorio para HGPIN 

asociado a PCa, que se sobre expresa en la enfermedad metastásica. Además, nuestros 

estudios funcionales sobre el papel de esta proteína en tumores resistentes sugieren que 

PTOV1 es una buena diana para eliminar las células cancerosas más agresivas. 

El objetivo principal de esta tesis es obtener un modelo in vitro simple para reproducir las 

características y el comportamiento del PCa primario y para testar nuevas drogas. Un 

segundo objetivo es analizar los mecanismos de la proteína oncogénica PTOV1 en la 

promoción de la resistencia al cáncer a la quimioterapia. En este trabajo, establecimos 16 

nuevos cultivos primarios tumorales ex vivo a partir de biopsias de pacientes con PCa no 

tratados, derivando el cultivo independiente de andrógenos (AI) correspondiente. Después 

de la ADT in vitro, los cultivos primarios mostraron en general una reducción de la tasa de 

proliferación, un aumento de la motilidad y la resistencia a la quimioterapia, lo que sugiere 

que las poblaciones de AI son altamente plásticas y capaces de superar el estrés causado por 

las quimioterapias.  

El ADT in vitro se asoció con un aumento de la expresión de marcadores de auto-renovación, 

lo que sugiere un aumento de las capacidades de células madres en las poblaciones de células 
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AI resistentes. Para establecer un modelo dirigido a estudiar la resistencia de las CSCs, las 

células se seleccionaron de manera eficiente a través de un protocolo funcional basado en la 

capacidad para formar esferas. Las esferas fueron caracterizadas, validadas y utilizadas para 

probar nuevos medicamentos. 

Finalmente, descubrimos un nuevo motivo tipo AT-hook dentro del dominio A de la proteína 

PTOV1 con una mayor afinidad por el ADN en lugar del ARN. Hemos demostrado que este 

motivo tipo AT-hook, a través del cual PTOV1 se une directamente a los promotores 

ALDH1A1 y CCNG2, es necesario para activar la expresión de estos genes en las células 

sensibles a los andrógenos. Los niveles altos de PTOV1, ALDH1A1 y CCNG2 se 

correlacionan significativamente con PCa agresivos y mal pronóstico, lo que sugiere que 

PTOV1 podría ser una diana potencial para el tratamiento del PCa que responde a los 

andrógenos. En conjunto, estos resultados proporcionan herramientas novedosas para 

estudiar el PCa. 

 

 

 

  



 

 

 

XI 

Resum 

El càncer de pròstata (PCa) metastàtic és la tercera causa de mort per càncer en homes en el 

món occidental. La teràpia estàndard és la privació d'andrògens (ADT), encara que els taxans 

i els fàrmacs anti receptor d’androgen recentment desenvolupats poden escapar 

temporalment la resistència a la castració. El càncer de pròstata resistent a la castració 

(CRPC) és una malaltia mortal i segueix sent el major desafiament clínic del càncer de 

pròstata. S'ha dedicat un esforç significatiu per descobrir tractaments eficients i s'han 

identificat diversos inhibidors específics d'algunes vies de senyalització. No obstant això, 

una limitació important és el molt baix nombre de models adequats disponibles. De fet, els 

models in vivo capaços de recapitular l'heterogeneïtat dels tumors de pròstata són escassos. 

De manera similar, la majoria dels models in vitro es deriven de metàstasi, pel que 

representen de manera deficient l'heterogeneïtat del PCa. Nombrosos estudis suggereixen 

que dins dels tumors resideix una petita població amb propietats similars a les cèl·lules mare. 

Pressuposant que l'ADT pot enriquir les cèl·lules tumorals de cèl·lules mare canceroses 

(CSCs). Així doncs, una teràpia eficaç hauria de ser aplicada en etapes primerenques. Altres 

desafiaments són trobar nous marcadors per a la ràpida identificació de tumors, o poder 

predir CRPC, disminuiria el nombre de defuncions. Els nostres estudis funcionals sobre el 

paper de PTOV1 en tumors CRPC suggereixen que PTOV1 és un bona diana per eliminar 

les cèl·lules canceroses més agressives. L'objectiu principal d'aquesta tesi és obtenir un 

model in vitro simple per reproduir les característiques i el comportament del càncer de 

pròstata primari i per testar noves drogues. Un segon objectiu és analitzar els mecanismes 

de la proteïna oncogènica PTOV1 en la promoció de la resistència al càncer a la 

quimioteràpia. En aquest treball, vam establir 16 nous cultius primaris tumorals ex vivo a 

partir de biòpsies de pacients amb càncer de pròstata no tractats, derivant el cultiu 

independent d'andrògens (AI) corresponent. Després de l'ADT in vitro, els cultius primaris 

van mostrar en general una reducció de la taxa de proliferació, un augment de la motilitat i 

la resistència a la quimioteràpia, el que suggereix que les poblacions d'AI són altament 

plàstiques i capaces de superar no només l'ADT sinó també altres teràpies farmacològiques 

i condicions d'estrès.  

L'ADT in vitro es va associar amb un augment de l'expressió de marcadors d'auto-renovació, 

el que suggereix un augment de les propietats de cèl·lules mares en les poblacions de 

cèl·lules AI. Per establir un model dirigit a estudiar la resistència de les CSCs, les cèl·lules 

es van seleccionar de manera eficient a través d'un protocol funcional basat en la capacitat 



 

 

 

XII 

per formar esferes. Les esferes van ser caracteritzades, validades i utilitzades per provar nous 

medicaments. Finalment, vam descobrir que PTOV1 posseeix un altre motiu similar a l'AT-

hook dins el domini A que té més afinitat amb l'ADN que amb l'ARN. A través d'aquest 

domini, PTOV1 s'uneix directament als promotors dels gens ALDH1A1 i CCNG2 per activar 

la seva expressió en cèl·lules dependents d'andrògens. Els nivells alts de PTOV1, ALDH1A1 

i CCNG2 es correlacionen amb PCa agressius i de mal pronòstic, el que suggereix que 

PTOV1 podria ser una diana potencial per al tractament del PCa que respon als andrògens. 

En conjunt, aquests resultats proporcionen noves eines per l’estudi del PCa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 















































 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 



 

 

 

The main objective of this thesis is to obtain a simple in vitro model to reproduce the 

characteristics and behavior of prostate cancer, its progression and recurrence, to be used in 

molecular studies and in vitro drug screenings. A second objective is to analyze the 

mechanisms of the oncogenic protein PTOV1 in the promotion of cancer resistance to 

chemotherapy.  

Specific objectives: 

1. Establishment of ex vivo cultures from primary human prostate tumor tissues (radical 

prostatectomy or needle biopsy) to obtain models representing in vitro the PCa 

heterogeneity. 

2. Validation of these in vitro models as representative of the primary tumor tissues by 

analysis of the genomic lesions in the original tumor tissue and the corresponding ex 

vivo tumor cultures. 

3. Demonstration of the usefulness of these cultures to study the characteristics of the 

primary tumors, determining their: phenotypic characterization, abilities to 

proliferate, invade, and develop resistance to androgen deprivation. Finally, their 

response to new anti-cancer drugs and combination thereof will also be tested. 

4. Analyses of the CSCs populations present in prostate cancer cell lines and explant 

tumor cultures for their response to drugs directed to eliminate the resistant cells.  

5. Analysis of the role of PTOV1 in the induction of resistance to chemotherapy in 

prostate cancer cells by studying the mechanisms by which it regulates the ALDH1A1 

and CCNG2 expression. 
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1.2 Cell culture methods and reagents 

All cells were cultured at 37°C in an atmosphere of 5% CO
2
. HEK293T cells were cultured 

in DMEM, while LNCaP and Du145 cells were cultured in RPMI-1640. All media contained 

10% fetal bovine serum (FBS), 2 mM L-glutamine, 100 U of penicillin/mL, 100 μg of 

streptomycin/mL, and 0.1 mM non-essential amino acids (all from BioWest). LNCaP AI 

subline was cultured in RPMI-1640 containing 10% charcoal-stripped (Sigma Aldrich), 

heat-inactivated FBS plus the above supplements, whereas docetaxel resistant cell lines were 

maintained with 2.5 nM of docetaxel. To study PTOV1 effects on Wnt signaling, activation 

of this pathway was achieved by Wnt3a conditioned medium, kindly provided by Diego 

Arango (Biomedical Research in Digestive tract tumors laboratory, Vall d’Hebron Institute 

of Research in Barcelona, Spain). Wnt3a medium was originally obtained from mouse L1-

Wnt3a (ATCC® CRL2647TM) cells, cultured in DMEM supplemented with 10% FBS and 

0.4 mg/mL G418. After 4 days, medium was collected, filtered and store at 4°C. Fresh 

medium was added to cells and cultured for another 3 days. Medium was collected, filtered 

and mixed with the first batch of medium. For long storage, Wnt3a-conditioned medium was 

store in aliquots at -20°C. Du145 cells were cultured for 24 h with Wnt3a-conditioned 

medium diluted 1:1 with supplemented RPMI medium. The JNK inhibitor II (Calbiochem) 

and iCRT14  (Tocris Bioscience) inhibitor of Wnt signaling were also used.  

For cryopreservation, two million cells were frozen slowly in 1 mL of cold FBS plus 10% 

DMSO and they were immediately placed on ice. Cells were stored 1 day at – 20°C, then 

stored at -80°C for a few days and for long storage, vials were transferred to a liquid-nitrogen 

freezer. For the recovery of cryopreserved cells, frozen vials were thawed rapidly in a 37°C 

water bath and immediately diluted in pre-warmed complete culture medium. Cells were 

centrifuged at 400 xG for 5 min, suspended in complete culture medium and seeded into an 

appropriate flask. 

1.3 Production of lentiviruses and cellular transduction 

Lentiviruses have become increasingly tools for the integration of transgenes or for stable 

RNA interference, using sequence-specific degradation (RNAi). We have used stable RNAi 

to knockdown the expression of PTOV1 in different prostate cancer cell lines. Lentiviral 

vectors (LV) belong to the family of retroviruses derived from immunodeficiency virus 

(HIV). Lentiviruses are composed of a single positive-sense strand. After the entry into a 
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1.4 Cells transfection 

The transfection is a wide used method to deliver sequences of DNA or RNA into cells for 

the study of gene expression. With a transient transfection, it is possible to introduce many 

copies of the exogenous gene of interest between 24 and 96 hours. Cells were seeded in an 

appropriate concentration to reach 80% confluence the day of transfection. For transient 

transfections, we used the CaPO
4 precipitation method preparing two tubes:  

Tube A: Transfer plasmid (3 μg), 60 μL 2.5 M CaCl2, and sterile water were added to 

complete a final volume 500 μL and mixed well. 

Tube B: 500 μL of 2 times concentrated (2X) Hepes Buffered Saline (HBS) solution pH=7 

were added to a 50 mL falcon tube.  

The following procedure was the same reported for the lentivirus production, described 

above. Plates were swirled and incubated 6 hours at 37°C. Then the medium was removed, 

10 mL fresh complete medium were added, and plates were incubated O/N at 37°C for 72 

hours. 

1.5 Primary prostate tumors culture 

From Radical Prostatectomy tissues 

Radical prostatectomies were resected from the Unit of Urology of Vall d’Hebron Hospital 

in Barcelona, Spain. Tissues were collected in medium DMEM-F12 (Biowest) plus 250 

ng/mL of Amphotericin B and 10 ng/mL of Gentamicin (Sigma Aldrich) (named Basic 

Medium). With the collaboration of the Unit of Pathological Anatomy of Vall d’Hebron 

Hospital, a tumor focus was cut. Then, half of the tissue was deep-frozen at 80°C for the 

extraction of RNA while the other part was used for the culture. Tissue was minced with a 

scalpel in DMEM-F12 medium supplemented with enzymes (collagenase I and 

hyaluronidase). Thus, tissue was incubated at 37°C in a shaker for 30 minutes to allow the 

enzymatic digestion. Then, tissue was washed for 10 minutes at 240 xG, filtered with a 40 

m strainer to enrich for single cells and remove the undigested pieces. Singles cells were 

plated on top of collagen coated dishes in a complete medium. The complete medium was 

prepared with DMEM-F12 containing 2 mM of l-glutamine, 100 U of penicillin/mL, 100 μg 
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binds to proteins and DNA. Died cells are not stained because of their loss of adhesion. For 

these assays, cells (2×103 cells/well) were seeded on 96-wells plates in octuplicates. At the 

indicated time points, cells were fixed in 4% formaldehyde solution, washed with PBS 1X 

and stained with 0.5% crystal violet. Crystals were dissolved with 15% acetic acid and 

optical density was read at 590 nm.  

2.2 Cytotoxicity assay  

Cells (5×103 cells/well) were seeded on collagen-coated 96-well plates in sextuplicates. 

After 24 hours, cells were treated with vehicle (control) or the drug at different 

concentrations for 72 hours. At the indicated time points, cells were fixed and processed as 

described for proliferation assays. Docetaxel (Sigma-Aldrich) and Cabazitaxel were diluted 

in DMSO at 1 mg/mL and aliquots were stored at -20°C, Galiellalactone at 0,5 M in PBS 

1x, MDN-90 and MEGR756B at 20 M in distilled sterile water. As docetaxel and 

cabazitaxel are thermo labile, complete medium with the drug was replaced every day. 

2.3 Spheres formation assay  

Cancer stem cells (CSCs) or tumor initiating cells (TICs) are able to form, under specific 

conditions, a characteristic tumor sphere. For their identification and analysis, we set up a 

protocol of spheres formation culturing cells in serum-free medium and non-adherent 

conditions. In particular,  cells were seeded (4.5×106 Du145 cells/dish or 2×106 LNCaP AD 

cells/dish or 1×106 LNCaP AI cells/dish) in 150 cm culture dish pre-treated with poly-

HEMA 1.2% (poly2hydroxyethyl methacrylate) in 20 mL of stem cells enrichment medium. 

Poly-HEMA provide the ultra-low attachment to the dish. Poly-HEMA (Gibco) was 

dissolved in 95% ethanol at 50°C and filtered with 0.2 m strainer. Dishes were treated twice 

with poly-HEMA, dried and washed with PBS 1x before the use. The medium was prepared 

from DMEM-F12 containing 1% methyl cellulose, 60 μg/mL glucose, 1 μM hydrocortisone, 

1 μg/mL putrescine, 10 μg/mL transferrin, 3 nM sodium selenite, 2.5 μg/mL insulin, 10 

ng/mL β- FGF, 20 ng/ml EGF 5 U/mL, heparin (Sigma Aldrich), and 0.4% B27 (Invitrogen). 

Cells were fed with fresh media every three days and allowed to grow for 7 days. The number 

of spheres were then counted and expressed as ratio of spheres/1000 plated cells (Sphere 

Forming Efficiency, SFE).  
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bind. The protocol used is detailed as follows:  

Preparation of competent bacteria. Cell strains were seeded on LB-agar plates without 

antibiotics and incubated O/N at 37°C. A single colony was picked from the plate and 

inoculated in 30 mL of Luria Bertani (LB) buffer with 300 μL Mg++ (MgCl2 1 M + MgSO4 

1 M). Flasks were shaken O/N at 37°C. The O/N culture (8 mL) was inoculated into a flask 

containing 200 mL of LB plus 2 mL of Mg++
. The flask was shaken at 37°C until an OD550 

of about 0.45-0.55 (about 2 hours). The culture was collected into four sterile 50 mL conical 

tubes and chilled rapidly on ice for 15 minutes. Then, cells were pelleted by centrifugation 

at 2,700 xG for 10 minutes at 4°C. The supernatant was discarded, and pellets were 

resuspended gently in 16 mL of Transformation Buffer 1 (100 mM RbCl, 50 mM MnCl2.4 

H2O, 30 mM KAc pH 7.5, 10 mM CaCl2.2 H2O, 15% Glycerol 99% v/v) and incubated on 

ice for 15 minutes. After a second centrifugation at 2,700 xG, the supernatant was discarded 

and cells were resuspended in 4 mL of Transformation Buffer 2 (10 mM MOPS, 10 mM 

RbCl, 75 mM CaCl2.2 H2O, 15% Glycerol). Cells were collected into one conical tube and 

incubated in RF2 on ice for 15 minutes. Then, cells were aliquoted (100 μL each) into chilled 

1.5 mL eppendorf tubes, frozen on dry ice, and stored at -80°C.  

4.4 Bacterial transformation, growth and plasmid DNA purification  

We used a standard heat-shock transformation method of chemically competent bacteria. 

The protocol details are below:  

One μL of DNA (usually 10 pg to 100 ng) was added to 50 μL of competent bacteria prepared 

as above in a microcentrifuge tube, gently mixed and placed on ice for 30 minutes. The tube 

was placed at 42°C for 60 seconds and put back on ice. Two hundred 200 μL of LB media 

without antibiotic were added, then the tube was placed at 37°C in a shaking incubator for 

60 min. 30 μL of the transformation were plated onto a 10 cm LB agar plate containing the 

appropriate antibiotic and plates were incubated O/N at 37°C upside-down. An isolated 

colony was scraped from the dish with a sterile pipette tip, immersed in a sterile culture tube 

containing LB media (3 mL) supplemented with the appropriate antibiotic (100 μg/mL) and 

shaked in an orbital shaker at 37°C for 2 hours. For plasmid DNA preparation, 3 mL of 

culture were placed into a sterile flask (500 mL) containing approximately 100 mL of LB 

media plus the appropriate antibiotic and shake in an orbital shaker overnight at 37°C (no 
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PhosphorImager (Molecular Dynamics, GE Healthcare Life Sciences). ImageQuant 

software v5.2 was used to visualize the results.  

4.6 DNA sequencing 

 Frederick Sanger received a Nobel prize for discovering a method for sequencing DNA 

using a primer-extension strategy to develop more rapid DNA sequencing methods. This 

method consists of a selective incorporation of chain-terminating dideoxynucleotides by 

DNA polymerase during in vitro DNA replication178. Sequencing begins with denaturation 

of the double-stranded DNA. The single-stranded DNA is then annealed to oligonucleotide 

primers and elongated using a mixture of deoxynucleotide triphosphates (dNTPs), which 

provide the needed arginine (A), cytosine (C), tyrosine (T), and guanine (G) nucleotides to 

build the new double-stranded structure. In addition, a small quantity of chain-terminating 

dideoxynucleotide triphosphates (ddNTPs) for each nucleotide is included. The sequence 

will continue to extend with dNTPs until a ddNTP attaches. As the dNTPs and ddNTPs have 

an equal chance of attaching to the sequence, each sequence will terminate at varying 

lengths. 

Each ddNTP (ddATP, ddGTP, ddCTP, ddTTP) also includes a fluorescent marker. When a 

ddNTP is attached to the elongating sequence, the base will fluoresce based on the associated 

nucleotide. By convention, A is indicated by green fluorescence, T by red, G by black, and 

C by blue. A laser within the automated machine used to read the sequence detects a 

fluorescent intensity that is translated into a “peak.” When a heterozygous variant occurs 

within a sequence, loci will be captured by two fluorescent dyes of equal intensity. When a 

homozygous variant is present, the expected fluorescent color is replaced completely by the 

new base pair’s color.  

We analyzed mutations in expressed genes in tumor tissues and ex vivo cultures, by studying 

their RNA reverse transcribed to DNA. The DNA was then sequenced by the Sanger’s 

method. The step of reverse transcription to generate DNA was performed using NZY M-

MuLV First-Strand cDNA Synthesis Kit (NZY Tech) using 2720 Thermocycler (Applied 

Biosystems). In the first step, the solution that contains RNA is incubated at 65°C for 5 

minutes together with the annealing buffer and random primers. The second incubation, 

performed after the addition of NZYRT 2x Master Mix and NZYM-MuLV RT Enzyme Mix, 

is at 37°C for 50 minutes and then at 85°C for 5 minutes to inactivate the enzyme. The third 
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5.2 Determination of protein concentration 

To determine protein concentration, we used the Bradford method. Bovine serum albumin 

(BSA) was used as standard. This method can determine the total protein concentrations in 

solutions depending on the change in absorbance based of the bound dye Coomassie Blue 

G-250 to proteins. A set of BSA standards (Panreac) was created from a stock of 2 mg/mL 

(0, 0.25, 0.5, 0.75, 1, 1.5, 1.75 and 2 mg/ml). Five μL of standards, or sample, were added 

to a 96 well plate. Then, 200 μL of Bradford solution (Panreac) was added and plate was 

incubated for 15 minutes at room temperature. Absorbance was measured at 595 nm in an 

EpochTM Microplate Spectrophotometer (BioTek). The values obtained for the BSA 

standards were used to construct a standard curve used to compare the samples values to 

know their concentration.  

5.3 Analysis by Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

and Western blot  

Western blot is a widely used analysis to separate and identify proteins from different 

samples. In denaturing SDS-PAGE, a mixture of proteins is separated based on molecular 

weight, and not by intrinsic electrical charge of the polypeptide, through gel electrophoresis. 

These results are then transferred to a membrane producing a band for each protein. Later, 

the membrane is incubated with labels antibodies specific to the protein of interest. Protein 

samples were denatured in loading buffer (Laemmli buffer: 250 mM Tris pH=6.8; 10% SDS; 

0.5% Bromophenol blue; 50% Glycerol; 500 nM DTT) and boiled at 95°C for 5 minutes. 

Generally, at least 30 μg of protein lysate per lane were loaded per gel and included one lane 

with molecular weight markers for identification of protein sizes and electrophoretic 

monitoring. The electrophoresis was run in running buffer (25 mM Tris base; 190 mM 

glycine; 0.1% SDS; pH=8.3) for approximately 1.5 hours or until the migration front reached 

the bottom of the gel. After the electrophoresis, the separated proteins were transferred onto 

a solid support matrix. Electrophoretic wet transfer was used to immobilize proteins onto 

polyvinylidene difluoride (PVDF) membranes, previously activated with methanol, in 

transfer buffer (25 mM Tris-HCl pH 8.3; 192 mM glycine; 20% (v:v) methanol). The gel 

and PVDF membrane were submerged in transfer buffer in tanks where they were 

sandwiched between buffer-wetted filter papers that were in direct contact with flat-plate 

electrodes. The electric field strength makes negatively charged proteins travel towards the 
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8. Statistics 

Results are expressed as the average + standard deviation of the mean. IC50
 
values for 

docetaxel treatments were determined by non-linear regression. For statistical analysis, 

depending on whether data were sampled from a Gaussian distribution or not, the unpaired 

t-test or Mann-Whitney U test were used to compare two groups. For multiple comparisons, 

ANOVA followed by the Dunnett method or the alternative non- parametric method 

(Kruskal-Wallis followed by Dunn method) were employed. To quantify the association 

between two quantitative variables, the Spearman correlation was used for statistical 

analysis. The Fisher’s exact test was employed to determine whether a non-random 

association of co-occurrence between two categorical variables was significant. A p value 

lower than 0.05 was taken as the level of significance. These analyses were performed using 

GraphPad Prism 6 software.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

  





 

 

 

 

 

 

 

 





































































 

 

 

 

 

 

 

 









































 

 

 

  





 

 

 

 

 

 

































 

 

 

 

 

 

 









 

 

 





 

 

 

 

 

 





 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 





































 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




