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Sanmukh SG. Caracterização da interação dos bacteriófagos T4, M13 e MS2 com células 

epiteliais prostáticas tumoriais (LNCaP e PC3) : ativação das vias de proliferação, 

sobrevivência e morte celular [Tese]. Botucatu, São Paulo: Instituto de Biociências, Universidade 

Estadual Paulista – UNESP, 2018. 

_________________________________________________________________________________ 

 

 

O câncer de próstata (PCa) é o segundo tipo de câncer mais frequente e tem a segunda 

maior taxa de morbidade e mortalidade entre os homens. A cultura de células prostáticas LNCaP 

e PC3 tem sido utilizada para investigar possíveis alvos e vias de sinalização celular importantes 

para o crescimento e progressão do CaP. Trabalhos anteriores do nosso laboratório 

demonstraram que a presença de fibronectina no meio de cultura altera significativamente o 

padrão de expressão gênica dessas células. Também, bacteriófagos recentemente usados como 

agentes terapêuticos no tratamento de vários tipos de câncer, diretamente ou portadores de 

moléculas antitumorais, incluindo câncer de próstata, foram relatados. Estudos anteriores 

mostraram que bacteriófagos podem interagir com proteínas de membrana de células de 

mamíferos, incluindo integrinas que reconhecem sequências de RGD em proteínas virais, bem 

como fibronectina e outras moléculas da matriz extracelular. O objetivo deste projeto foi 

caracterizar a interação de três bacteriófagos com as duas linhagens celulares epiteliais 

prostáticas LNCaP e PC3. Estas duas linhas celulares foram cultivadas em seus meios de cultura, 

nos quais foram adicionados bacteriófagos com concentrações definidas. As células foram 

coletadas após 24 horas de tratamento. A expressão gênica de genes relacionados as vias 

integrinas ITGA5, ITGAV, ITGB1, ITGB3, ITGB5, AKT, PI3K, MAPK1, MAPK3, HSP27, 

HSP90, receptor de androgênio AR, STAT3, PGC1A foi analisada por qPCR. A ativação da via 

AKT/PI3K foi analizada também por western blotting. Celulas PC3 foram expostas aos 

bacteriófagos T4 e M13 e foram analisadas por microscopia de luz convencional e por 

microscopia de varredura. Nas células LNCaP, o bacteriófago M13 regulou negativamente genes 

ITGA5, ITGAV, ITGB1, ITGB3, ITGB5, MAPK1, MAPK3, HSP90, TBP, PSA e positivamente 
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genes AKT, PI3K, HSP27, AR, STAT3, PGC1A genes; o bacteriófago MS2 regulou 

negativamente genes ITGA5, ITGAV, ITGB3, ITGB5, MAPK1, MAPK3, HSP90, PI3K, PSA e 

positivamente genes ITGB1, AKT, HSP27, AR, TBP, STAT3, PGC1A genes; o bacteriófago T4 

regulou negativamente genes ITGA5, ITGB3, ITGB5, HSP27, HSP90, TBP, PGC1A, PSA e 

positivamente genes ITGB1, ITGAV, AKT, PI3K, AR, MAPK1, MAPK3, STAT3 genes. Já 

para as células PC3, os bacteriófagos M13 e T4 regularam negativamente genes HSP27, HSP90, 

AR e positivamente os genes ITGA5, ITGAV, ITGB3, ITGB5. Microscopicamente foi possível 

observar a interação dos bacteriófagos T4 e M13 com a superfície celular das células PC3 e que 

está interação com o bacteriófago M13 reduz a migração celular. Nossos resultados sugerem que 

os 3 bacteriófagos poderm alterar a expressão de genes relacionados à adesão e proliferação 

celular, de uma maneira célula específica e podem funcionar como nanopartículas com potencial 

terapêutico para o tratamento de diferentes tipos de câncer, incluindo o câncer de próstata. 

  

Palavras-chave: Câncer, próstata, bacteriófago, expressão gênica, integrinas, cultura célula,  
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Sanmukh SG. Characterization of the interaction of bacteriophage T4, M13 and MS2 with 

tumoral prostatic epithelial cells (LNCaP and PC3): activation of proliferation pathways, 

survival and cell death [Tese]. Botucatu, Sao Paulo: Instituto of Biosciences, State University 

of Sao Paulo – UNESP, 2018. 

_____________________________________________________________________________ 

Prostate cancer (PCa) is the second most frequent type of cancer and has the second 

highest rate of morbidity and mortality among men. The LNCaP and PC3 prostate cell culture 

has been used to investigate possible targets and cell signaling pathways important for the 

growth and progression of PCa. Previous work from our laboratory has demonstrated that the 

presence of fibronectin in the culture medium significantly alters the gene expression pattern of 

these cells. Also, bacteriophages recently used as therapeutic agents in the treatment of various 

types of cancer, directly or carriers of antitumor molecules, including prostate cancer, have been 

reported. Previous studies have shown that bacteriophages can interact with mammalian cell 

membrane proteins, including integrins that recognize RGD sequences in viral proteins, as well 

as fibronectin and other extracellular matrix molecules. The objective of this project was to 

characterize the interaction of three bacteriophages (T4, M13, and MS2) with the two prostatic 

epithelial cell lines LNCaP and PC3. These two cell lines were cultured in their culture media, in 

which bacteriophages with defined concentrations were added. Cells were collected after 24 

hours of treatment. The gene expression of genes related to the integrin pathways ITGA5, 

ITGAV, ITGB1, ITGB3, ITGB5, AKT, PI3K, MAPK1, MAPK3, HSP27, HSP90, androgen 

receptor AR, STAT3, PGC1A was analyzed by qPCR. Activation of the AKT / PI3K pathway 

was also analyzed by western blotting. PC3 cells were exposed to T4 and M13 bacteriophages 

and analyzed by standard light microscopy and scanning microscopy. In the LNCaP cells, the 

bacteriophage M13 regulated negatively genes ITGA5, ITGAV, ITGB1, ITGB3, ITGB5, MAPK1, 

MAPK3, HSP90, TBP, PSA and positively AKT genes, PI3K, HSP27, AR, STAT3, PGC1A genes; 

the bacteriophage MS2 negatively regulated genes ITGA5, ITGAV, ITGB3, MAPK1, MAPK3, 
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HSP90, PI3K, PSA and positively genes ITGB1, AKT, HSP27, AR, TBP, STAT3, PGC1A genes; 

the bacteriophage T4 regulated negatively genes ITGA5, ITGB3, ITGB5, HSP27, HSP90, TBP, 

PGC1A, PSA and positively genes ITGB1, ITGAV, AKT, PI3K, AR, MAPK1, MAPK3, STAT3 

genes. As for PC3 cells, M13 and T4 bacteriophages negatively regulated HSP27, HSP90, and 

AR genes and positively regulated the ITGA5, ITGAV, ITGB3, ITGB5 genes. Microscopically it 

was possible to observe the interaction of T4 and M13 bacteriophages with the cell surface of 

PC3 cells and that interaction with bacteriophage M13 reduces cell migration. Our results 

suggest that the 3 bacteriophages can alter the expression of genes related to cell adhesion and 

proliferation in a cell specific manner and may function as nanoparticles with therapeutic 

potential for the treatment of different types of cancer, including prostate cancer. 

  

Key words: Cancer, prostate, bacteriophage, gene expression, integrins, cell culture. 
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1 INTRODUCTION 

__________________________________________________________________ 

1.1 Prostate Cancer 

In men, prostate glands are walnut shaped organ located below the bladder surrounding 

urethra. It’s a gland exclusive of mammals. In humans, the prostate has four zones, central, 

transitional, peripheral and fibromuscular (Verze et al., 2016). The function of prostate glands is 

to secrete an alkaline fluid that forms a part of seminal fluid which is important for male fertility 

in many ways, such as sperm maturation, motility, clotting and liquefaction (Verze et al., 2016). 

Prostate gland is prone to develop several diseases, such prostatitis, benign prostatic hyperplasia 

and prostate cancer (Verze et al., 2016).  

Prostate cancer has been reported to affect a large male population in the western world. 

The latest USA and global estimate pointed to prostate cancer (PCa) being the most common 

cancer in men and the second leading cause of cancer deaths in men; approximately 75% of 

diagnosed cases in the world occur in developed countries. The worldwide incidence rate has 

increased by 25% in recent decades, with the highest observed in Australia, New Zealand, 

Western Europe and North America (Torre et al., 2016; Siegel et al., 2018). In Brazil, the 

estimate for the year 2018 was 68,220 new cases of prostate cancer, behind only projections of 

incidence for non-melanoma skin cancer (INCA, http://www.inca.gov. Br / estimate / 2018). 

There are global estimates, alarming approximately 1.7 million new cases and 500,000 deaths by 

the year 2030 (Center et al., 2012). 

Prostate cancer is very complex disease based on its biological, hormonal and genetic 

nature and based upon its histopathological heterogeneity, with different factors contributing to 
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its initiation and progression (Shoag and Barbieri 2016; Boyd et al., 2012; Ross-Adams et al., 

2015; Wei et al., 2017; Tolkach and Kristiansen, 2018).  

Circulating androgens are essential for normal development of the prostate gland as well 

as in the initial development of PCa through their interactions with AR (Hsing et al., 2002). As 

demonstrated by Huggins and colleagues in the 1940s, the removal of testicular androgens by 

surgical or chemical castration leads to the regression of PCa (Huggins et al., 1941; Huggins & 

Hodges, 1941). However, androgen deprivation is usually associated with recurrence of PCa, 

monitored by elevated PSA levels, and this recurrent disease is called castration-resistant PCa 

(Tan et al., 2015). This term castration resistance has replaced the term androgen independent, as 

it became apparent that the advanced PCa remains dependent on AR function by intracrine and 

paracrine mechanisms (Makarov et al., 2009; Schiffer et al., 2017). This progression status of the 

disease are also related with changes in the androgen receptor (AR) function by amplifications, 

mutations and activation without ligand (Tan et al., 2015 ).   

In contrast, the increased incidence of PCa in the world population may reflect increased 

life expectancy, improvements in the health information system, and screening practices using 

the PSA test. PSA is a serine protease from the kallikrein family that is produced by prostatic 

epithelial cells and secreted into the glandular lumen. However, when there is the destruction of 

the glandular architecture due to the presence of adenocarcinoma, PSA is released into the blood 

(Lilja et al., 2008). PSA is the most used serum marker in the diagnosis, prognosis, and 

monitoring of treatments for PCa. Men with elevated serum PSA above 4ng / ml will typically 

undergo a biopsy to assess the presence of PCa. However, recent studies have shown that 

approximately 15% of men with PSA <4.0 ng / ml had PCa (Thompson et al., 2004), suggesting 

that lower amounts (e.g., 2.5 ng / ml) can be used, especially among younger patients (younger 

than 40 years and with a family history of risk). As PSA levels may be altered due to other 

factors, such as the presence of benign prostatic hyperplasia (BPH) and prostatitis, methods that 
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refine the accuracy of PSA (speed, density, age-adjusted PSA, molecular forms of PSA) also 

have been used, according to the clinical context (Greene et al., 2013). 

The introduction of the PSA test to monitor the treatment of PCa also led to the 

widespread diffusion of its use as a screening test among asymptomatic men (Esserman et al., 

2009). Although PSA is used to evaluate the progression, response to treatment and disease 

recurrence after prostatectomy, it does not represent as a specific biomarker for PCa and other 

non -invasive diagnostic markers have been searched (Prensner et al., 2012). 
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5. GENERAL CONCLUSION

____________________________________________________________ 

In conclusion, our work demonstrated that bacteriophages have natural tendency 

to interact with mammalian cells through their surface peptides and can influence the 

cancer cell growth and migration possibly by recognizing RGD binding sites on 

integrins. 

 It can be interpreted from bacteriophage T4 and M13 interaction with PC3 cells

that bacteriophages significantly modulate genes related to integrins along with

HSP and AR genes, which are important in cancer cell progression as inferred

from histochemistry and cell migration studies.

 On the contrary in the LNCaP cells, bacteriophage T4, M13 and MS2 interaction

significantly downregulates most of integrin genes along with modulating

important cancer cell progression genes and interfere in cell migration.

 We successfully developed and reported a homemade pipette tip gap closure

migration assay (s-ARU method) for studying migration assays in semi-adherent

cell lines effective as an alternative to scratch assay.

It was observed from our studies that bacteriophage M13 was more effective as 

compared with phage T4 and MS2 in modulating crucial cancer cell progression genes 

as well as cancer cell migration and proliferation. Overall, bacteriophage M13 seems to 

be a promising candidate against both androgen dependent and castration-resistant 

prostate cancer and can be explored further for effective applications. 

82



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

6. REFERENCES FOR INTRODUCTION

__________________________________________________________________ 

Abate-Shen C, Banach-Petrosky WA, Sun X et al. Nkx3.1 Mutant Mice Develop Pten invasive 

prostate adenocarcinoma and lymph node metastases. Cancer Res 2003 63: 3886-3890. 

Abdollahi A, Griggs DW, Zieher H, Roth A, Lipson KE, Saffrich R, Grone HJ, Hallahan DE, 

Reisfeld RA, Debus J, et al. Inhibition of αvβ3 integrin survival signaling enhances 

antiangiogenic and antitumor effects of radiotherapy. Clinical Cancer Research. 

2005;11:6270–6279. 

Ackermann HW, Krisch HM. 1997. A catalogue of T4-type bacteriophages. Arch.Virol. 

142:2329–2345 

Adachi Y, Lakka SS, Chandrasekar N et al. Down-regulation of integrin alpha(v)beta(3) 

expression and integrin-mediated signaling in glioma cells by adenovirus-mediated transfer of 

antisense urokinase-type plasminogen activator receptor (uPAR) and sense p16 genes. J Biol 

Chem 2001; 276(50): 47171–7. 

Alimirah F, Chen J, Basrawala Z, Xin H, Choubey D (2006) DU-145 and PC-3 human prostate 

cancer cell lines express androgen receptor: implications for the androgen receptor functions 

and regulation. FEBS Lett 580: 2294–2300. 

Berruti, fly A Porpiglia F, et al. (2007). The chromogranin expression in hormone naïve Patients 

with prostate cancer predicts the development of hormone refractory disease. J Urol 178: 838-

843. 

Bisanz K, Yu J, Edlund M, Spohn B, Hung MC, Chung LW & Hsieh CL 2005 Targeting ECM-

integrin interaction with liposome-encapsulated small interfering RNAs inhibits the growth of 

human prostate cancer in a bone xenograft imaging model. Molecular Therapy 12 634–643 

Blandin A-F, Renner G, Lehmann M, Lelong-Rebel I, Martin S and Dontenwill M (2015) β1 

Integrins as Therapeutic Targets to Disrupt Hallmarks of Cancer. Front. Pharmacol. 6:279. 

Bogorad, R.L., Yin, H., Zeigerer, A., Nonaka, H., Ruda, V.M., Zerial, M. et al, Nanoparticle-

formulated siRNA targeting integrins inhibits hepatocellular carcinoma progression in mice. 

Nat Commun. 2014;5:3869.  

Bonkhoff H. Neuroendocrine differentiation in human prostate cancer. Morphogenesis, 

proliferation and androgen receptor status. Ann Oncol. 2001; 12 (Suppl 2):S141–S144. 

Borrirukwanit, K., Pavasant, P., Blick, T., Lafleur, M. A., and Thompson, E. W. (2014). High 

threshold of beta1 integrin inhibition required to block collagen I-induced membrane type-1 

matrix metalloproteinase (MT1-MMP) activation of matrix metalloproteinase 2 (MMP-2). 

Cancer Cell Int. 14:99. 

Boyd LK, Mao X, Lu YJ. The complexity of prostate cancer: genomic alterations and 

heterogeneity. Nat Rev Urol (2012) 9:652–64. 

83



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

Brassard, D. L., Maxwell, E., Malkowski, M., Nagabhushan, T. L. Kumar, C. C., & Armstrong, 

L. (1999). Integrin alpha(v)beta(3)-mediated activation of apoptosis. Experimental Cell

Research, 251(1), 33–5.. 

Buchanan G, Irvine RA, Coetzee GA, Tilley WD. Contribution of the androgen receptor to 

prostate cancer predisposition and progression. Cancer Metastasis Rev. 2001; 20:207–223.  

Bussemakers MJ, van Bokhoven A, Verhaegh GW, et al. DD3: A new prostate-specific gene, 

highly overexpressed in prostate cancer. Cance r Res 1999, 59: 5975-5979. 

Calabro F, Sternberg CN. 2007. Current indications for chemotherapy in prostate cancer 

patients. I r Urol 2007, 51: 17-26. 

Cancer Genome Atlas Research Network. The Molecular Taxonomy of Primary Prostate Cancer. 

Cell. 2015;163:1011–25 

Carbonell WS, DeLay M, Jahangiri A, Park CC, Aghi MK. beta1 integrin targeting potentiates 

antiangiogenic therapy and inhibits the growth of bevacizumab-resistant glioblastoma. Cancer 

Res. 2013;73(10):3145–3154. 

Center MM, Jemal A, Lortet Tieulent-J, Ward E, Ferlay J, The Brawley, F. Bray International 

variation in prostate cancer incidence and mortality rates. Eur Urol. V.61 (6): 1079-92, 2012. 

Cheng, Y. J., Zhu, Z. X., Zhou, J. S., Hu, Z. Q., Zhang, J. P., Cai, Q. P., et al. (2015). Silencing 

profilin-1 inhibits gastric cancer progression via integrin beta1/focal adhesion kinase pathway 

modulation. World J. Gastroenterol. 21, 2323–2335. 

Choudhury AD Eeles R Freedland SJ, et al. The role of genetic markers in the management of 

prostate cancer. Eur Urol. 2012, 62: 577-87. 

Cooper C J, Khan Mirzaei M, Nilsson, A S. Adapting drug approval pathways for bacteriophage-

based therapeutics. Front. Microbiol. 2016; 7(7): 1209.  

Culig Z, Hobisch A, Hittmair A, Peterziel H, Cato AC, Bartsch G, Klocker H. Expression, 

structure, and function of androgen receptor in advanced prostatic carcinoma. Prostate. 1998; 

35:63–70.  

Culig, Z., Hobisch, A., Hittmair, A., Peterziel, H., Cato, A. C., Bartsch, G., et al. (1998) 

Expression, structure and function of androgen receptor in advanced prostatic carcinoma. 

Prostate 35, 63–70.  

Cuzick J, Swanson GP G Fisher, et al. Prognostic value of an RNA expression signature derived 

from cell cycle proliferation genes in Patients with prostate cancer: a retrospective 

study. Lancet Oncol 2011, 12: 245-55. 

Dąbrowska K, Opolski A, Wietrzyk J, K Świtała-Jeleń, Godlewska J Boratynski J Syper D, 

Weber-Dąbrowska B Górski A (2004a). Anticancer activity of bacteriophage T4 and HAP1 its 

mutant in experimental mouse tumor models. Anticancer Res, 24: 3991-3995. 

Dabrowska K, Opolski A, Wietrzyk J, Switala-Jelen K, Godlewska J, Boratynski J, Syper D, 

Weber-Dabrowska B, Gorski A. (2004b). Anticancer activity of bacteriophage T4 and its 

mutant HAP1 in mouse experimental tumour models. Anticancer Res; 24:3991–3995. 

84



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

Dąbrowska K., Skardziński G. P. Jończyk, Kurzępa A., J. Wietrzyk, B. Owczarek, Zaczek M., K. 

Świtała-Jeleń, Boratynski J. G. Pozniak et al. The effect of bacteriophages T4 and HAP1 in 

vitro migration on melanoma. BMC Microbiol. 2009, 9:13. 

Das S, Banerji A, Frei E, Chatterjee A. Rapid expression and activation of MMP-2 and MMP-9 

upon exposure of human breast cancer cells (MCF-7) to fibronectin in serum free 

medium. Life sciences, 2008, 82: 467-76. 

Delella FK, Moroz A, RF Carvalho , Felisbino SL. MicroRNAs Differential Expression in 

Prostate Cancer. Rev Bras Cancerol 2012, 58: 687-693. 

Dhir R Vietmeier B Arlotti J, et al. Early identification of Individuals with prostate cancer in 

biopsies negative. J Urol 2004 171: 1419-1423. 

Eke, I., Storch, K., Krause, M. & Cordes, N. Cetuximab attenuates its cytotoxic and 

radiosensitizing potential by inducing fibronectin biosynthesis. Cancer Res. 73, 5869–5879 

(2013). 

Elo JP, Visakorpi T (2001) Molecular genetics of prostate cancer. Ann Med 33:130–141 

Epstein JI. An update of the Gleason grading system. J Urol 2010 183: 433-440. 

Erdreich-Epstein A, Shimada H, Groshen S, et al. Integrins alpha(v)beta3 and alpha(v) beta5 are 

expressed by endothelium of high-risk neuroblastoma and their inhibition is associated with 

increased endogenous ceramide. Cancer Res 2000;60:712–21. 

Erickson JW, Altman G (1979) A search for patterns in the nucleotide sequence of the MS2 

genome. J Math Biol 7:219–230 

Esposito, M., and Kang, Y. (2014). Targeting tumor-stromal interactions in bone metastasis. 

Pharmacol. Ther. 141, 222–233.  

Esserman L, Shieh Y, Thompson rethinking I. Screening for breast cancer and prostate 

cancer. JAMA 2009: 302: 1685-1692. 

Fiers, W. et al. Complete nucleotide sequence of bacteriophage MS2 RNA: primary and 

secondary structure of the replicase gene. Nature 260, 500–507 (1976). 

Franke, TF, Cantley, LC (1997).A Bad kinase makes good. Nature,390:116-117 

Glasgow JE, Tullman‐Ercek D Production and applications of engineered viral capsids. Appl 

Microbiol Biotechnol. 2014, 98:5847–5858. 

Glinsky GV, Berezovska O, Glinskii AB (2005) Microarray analysis identifies a death-from-

cancer signature predicting therapy failure in patients with multiple types of cancer. J Clin 

Invest 115:1503–1521  

Greene KL, Albertsen PC, Babaian RJ, et al. American Urological Association. Prostate specific 

antigen best practice statement: 2009 update. J Urol 2013, 189 (Suppl 1): S11-S2. 

Grignon DJ. Unusual subtypes of prostate cancer. Mod Pathol 2004, 17: 316-327. 

Hakanpaa, L., Sipila, T., Leppanen, V.M. Endothelial destabilization by angiopoietin-2 via 

integrin β1 activation. Nat Commun. 2015; 6: 5962. 

Hall CL, Dai J, van Golen KL, Keller ET & Long MW 2006 Type I collagen receptor (a2b1) 

signaling promotes the growth of human prostate cancer cells within the bone. Cancer 

Research 66 8648–8654. 

85



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

He B, Xiao YF, Tang B, Wu YY, Hu CJ, Xie R, Yang X, Yu ST, Dong H, Zhao XY, Li JL, Yang 

SM. hTERT mediates gastric cancer metastasis partially through the indirect targeting of 

ITGB1 by microRNA-29a. Sci Rep. 2016;6:21955. 

Heß, K.; Böger, C.; Behrens, H.M.; Röcken, C. Correlation between the expression of integrins 

in prostate cancer and clinical outcome in 1284 patients. Ann. Diagn. Pathol. 2014, 18, 343–

350. 

Hessels D Schalken JA. The use of PCA3 in the diagnosis of prostate cancer. Nat Rev Urol, 

2009, 6:255-261. 

Holzbeierlein J, Lal P, LaTulippe E, Smith A, Satagopan J, Zhang L, Ryan C, Smith S, Scher H, 

Scardino P, Reuter V, Gerald WL. Gene expression analysis of human prostate carcinoma 

during hormonal therapy identifies androgen-responsive genes and mechanisms of therapy 

resistance. Am J Pathol. 2004; 164:217–227.  

Hongu, T., Funakoshi, Y., Fukuhara, S., Suzuki, T., Sakimoto, S., Takakura, N., et al. (2015). 

Arf6 regulates tumour angiogenesis and growth through HGF-induced endothelial beta1 

integrin recycling. Nat. Commun. 6, 7925.  

Horoszewicz JS, Leong SS, Chu TM, Wajsman ZL, Friedman M, Papsidero L, Kim U, Chai LS, 

Kakati S, Arya SK, Sandberg AA. The LNCaP cell line—A new model for studies on human 

prostatic carcinoma. In Murphy GP (ed): ‘‘Models for Prostate Cancer.’’ Progr in Clinical 

Biol Res 37:115–132, 1980. 

Horoszewicz JS, Leong SS, Kawinski E, Karr JP, Rosenthal H, Chu TM, Mirand EA, Murphy 

GP: LNCaP model of human prostatic carcinoma. Cancer Res 43:1809–1818, 1983 

Hsing AW, Reichardt JK, Stanczyk FZ. Hormones and prostate cancer: Current Perspectives and 

future directions. Prostate 2002, 52: 213-235. 

http://www.inca.gov. Br / estimate / 2018 

Hu, C., Ni, Z., Li, B. S., Yong, X., Yang, X., Zhang, J. W., et al. (2015). hTERT promotes the 

invasion of gastric cancer cells by enhancing FOXO3a ubiquitination and subsequent ITGB1 

upregulation. Gut. doi: 10.1136/gutjnl-2015-309322. [Epub ahead of print]. 

Huang C.,  Park C.C. ,  Hilsenbeck S.G. ,  Ward R. ,  Rimawi M.F. ,  Wang Y.C. ,  Shou J. ,  

Bissell M.J. ,  Osborne C.K. ,  Schiff R. β1 integrin mediates an alternative survival pathway 

in breast cancer cells resistant to lapatinib. Breast Cancer Res., 13 (2011), p. R84 

Huang J, Yao JL, di Sant’agnese PA, Yang Q, Bourne PA, Na Y. Immunohistochemical 

characterization of neuroendocrine cells in prostate cancer. Prostate. 2006; 66:1399–1406. 

Huggins, C. & Hodges, C. V. Studies on prostatic cancer: I. The effect of castration, of estrogen 

and of androgen injection on serum phosphatases in metastatic carcinoma of the prostate. 

Cancer Res. 1, 5 (1941). 

Huggins, C., Stevens, R. E. & Hodges, C. V. Studies on prostatic cancer: 2. The effects of 

castration on advanced carcinoma of the prostate gland. Arch. Surg. 43 209–222 (1941). 

Hynes RO. Cell-matrix adhesion in vascular development. Journal of Thrombosis and 

Haemostasis. 2007;5:32–40. 

86



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

Hynes RO. Integrins: bidirectional, allosteric signaling machines. Cell. 2002;110:673–687.  

Jahangiri A, Aghi MK, Carbonell WS. beta1 integrin: Critical path to antiangiogenic therapy 

resistance and beyond. Cancer Res. 2014;74(1):3–7. 

Janouskova, H.; Maglott, A.; Leger, D.Y.; Bossert, C.; Noulet, F.; Guerin, E.; Guenot, D.; Pinel, 

S.; Chastagner, P.; Plenat, F.; et al. Integrin alpha5beta1 plays a critical role in resistance to 

temozolomide by interfering with the p53 pathway in high-grade glioma. Cancer Res. 2012, 

72, 3463–3470.  

Jordan, C.T.; Guzman, M.L.; Noble, M. Cancer stem cells. N. Engl. J. Med. 2006, 355, 1253–

1261. 

Kaighn ME, Narayan S, Y Ohnuki, Lechner JF, Jones LW: Establishment and characterization of 

a human prostatic carcinoma cell line (PC-3). Invest Urol 1979; 17: 16-23 

Kanda R, Kawahara A, Watari K, Murakami Y, Sonoda K, Maeda M, Fujita H, Kage M, 

Uramoto H, Costa C, Kuwano M, Ono M (2013) Erlotinib resistance in lung cancer cells 

mediated by integrinβ1/Src/Akt-driven bypass signaling. Cancer Res 73:6243–6253 

Kapp TG, Rechenmacher F, Sobahi TR, Kessler H (2013) Integrin modulators: a patent review. 

Expert Opin Ther Pat 23:1273–1295 

Khairnar K, Raut MP, Chandekar RH, Sanmukh SG, Paunikar WN. Novel bacteriophage therapy 

for controlling metallo-betalactamase producing Pseudomonas aeruginosa infection in Catfish. 

BMC Vet Res. 2013; 9: 264 

Khairnar K, Sanmukh SG, Chandekar R, Paunikar WN. A simple and novel modification of 

comet assay for determination of bacteriophage mediated bacterial cell lysis. J Virol Methods. 

2014 July; 203:33-8. 

Khwaja A Akt is more than just a Bad kinase. Nature 1999; 401: 33–34. 

Kingwell JK. Fibrotic diseases: new tools to target an elusive integrin, Nat. Rev. Drug Discov. 

14 (7) (2015) 

Kokubo H, Yamada Y, Nishio Y, Fukatsu H, Honda N, Nakagawa A, et al. 

Immunohistochemical study of chromogranin A in stage D2 prostate cancer. Urology (2005) 

66(1):135–40. 

Komiya A, Suzuki H, Imamoto T, et al. Neuroendocrine differentiation in the progression of 

prostate cancer. International journal of urology : official journal of the Japanese Urological 

Association. 2009;16:37–44. 

Kumar, CC (1998). Signaling by integrin receptorsOncogene17136573. 

Lee J.-W., Song J., Hwang M.P., and Lee K.H.: Nanoscale bacteriophage biosensors beyond 

vphage display. Int J Nanomedicine 2013; 8: pp. 3917-3925 

Lilja H, Ulmert D, Vickers AJ. Prostate-specific antigen and prostate cancer: Prediction, 

detection and monitoring. Nat Rev Cancer 2008, 8: 268-278. 

Lock, R. and Debnath, J. (2008). Extracellular matrix regulation of autophagy. Curr. Opin. Cell 

Biol. 20, 583-588. 

87



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

Makarov DV, S Loeb, HR Getzenberg, Partin AW. Biomarkers for Prostate Cancer. Annu Rev 

Med 2009, 60: 139-151. 

Malyankar UM, Scatena M, Suchland KL, et al. Osteoprotegerin is an alpha vbeta 3–induced, 

NF-kappa B–dependent survival factor for endothelial cells. J Biol Chem 2000;275:20959–

62. 

Marhaba R, Klingbeil P, Nuebel T, Nazarenko I, Buechler MW, Zoeller M. CD44 and EpCAM: 

Cancer-initiating cell markers. Curr Mol Med. 2008; 8:784–804. 

Markert EK, Mizuno M, Vazquez A, Levine AJ. Molecular classification of prostate cancer 

using expression signatures curated. Proc Natl Acad Sci USA 2011 108: 21276-81. 

McCabe NP, De S, Vasanji A, Brainard J & Byzova TV 2007 Prostate cancer specific integrin 

avb3 modulates bone metastatic growth and tissue remodeling. Oncogene 26 6238–6243 

Mellinger GT, Gleason d, J Bailar III. The histology and prognosis of prostatic cancer. J Urol 

1967 97: 331-337. 

Merola R, Tomao L, Antenucci A, Sperduti I, Sentinelli S, Masi S, et al. PCA3 in prostate cancer 

and tumor aggressiveness detection on 407 high-risk patients: a National Cancer Institute 

experience. J Exp Clin Cancer Res. 2015;34:15. 

Miki, J. and Rhim, J.S. Prostate cell cultures as in vitro models for the study of normal stem cells 

and cancer stem cells. Prostate Cancer Prostatic Dis. 2008; 11: 32–39 

Min Jou, W., Haegeman, G., Ysebaert, M. & Fiers, W. Nucleotide Sequence of the Gene Coding 

for the Bacteriophage MS2 Coat Protein. (1972) Nature 237, 82-88. 

Missan, D. S., Mitchell, K., Subbaram, S., and DiPersio, C. M. (2015). Integrin alpha3beta1 

signaling through MEK/ERK determines alternative polyadenylation of the MMP-9 mRNA 

transcript in immortalized mouse keratinocytes. PLoS ONE 10:e0119539. 

Mitchell K, Svenson KB, Longmate WM, Gkirtzimanaki K, Sadej R, Wang X, Zhao J, 

Eliopoulos AG, Berditchevski F, Dipersio CM (2010) Suppression of integrin alpha3beta1 in 

breast cancer cells reduces cyclooxygenase‐2 gene expression and inhibits tumorigenesis, 

invasion, and cross‐talk to endothelial cells. Cancer Res 70: 6359–6367 

Miyoshi Y, Uemura H, Kitami K, Satomi Y, Kubota Y, Hosaka M. Neuroendocrine 

differentiated small cell carcinoma presenting as recurrent prostate cancer after androgen 

deprivation therapy. BJU Int. 2001; 88:982–983.  

Morello V., Cabodi S., Sigismund S., Camacho-Leal M.P., Repetto D., Volante M., Papotti M., 

Turco E., Defilippi P.. β1 integrin controls EGFR signaling and tumorigenic properties of lung 

cancer cells. Oncogene, 30 (2011), pp. 4087-4096 

Moroz A, Delella FK, LM Lacorte, Deffune And Felisbino SL. Fibronectin expression induces 

MMP2 in human prostate cancer cells. Biochem and Biophys Res Commun 2013, 430: 1319-

21. 

Morozevich GE, Kozlova NI, Ushakova NA, Preobrazhenskaya ME, Berman AE. Integrin 

alpha5beta1 simultaneously controls EGFR-dependent proliferation and Akt-dependent pro-

survival signaling in epidermoid carcinoma cells. Aging (Albany NY) 2012;4:368–374  

88



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

Naci D., El Azreq M. A., Chetoui N., Lauden L., Sigaux F., Charron D., Al-Daccak R., Aoudjit 

F. (2012) α2β1 integrin promotes chemoresistance against doxorubicin in cancer cells through 

extracellular signal-regulated kinase (ERK). J. Biol. Chem. 287, 17065–17076 

Naci, D., Vuori, K., and Aoudjit, F. (2015). Alpha2beta1 integrin in cancer development and 

chemoresistance. Semin. Cancer Biol. 35, 145–153.  

Nelson WG, De Marzo AM, Isaacs WB. Prostate cancer. N Engl J Med 2003, 349: 366-381. 

Nemeth JA, Cher ML, Zhou Z, Mullins C, Bhagat S, Trikha M. Inhibition of alpha(v)beta3 

integrin reduces angiogenesis, bone turnover, and tumor cell proliferation in experimental 

prostate cancer bone metastases. Clinical & experimental metastasis. 2003;20(5):413-420. 

Nguyen TH, Easter N, Gutierrez L, Huyett L, Defnet E, Mylon SE, et al. The RNA core weakly 

influences the interactions of the bacteriophage MS2 at key environmental interfaces. Soft 

Matter. 2011;7(21):10449–10456. 

Nieberler, M., Reuning, U., Reichart, F., Notni, J., Wester, H.-J., Schwaiger, M., et al. (2017). 

Exploring the role of RGD-recognizing integrins in cancer. Cancers 9:E116. 

Oakman C Santarpia L, Di Leo A. Breast cancer assessment tools and optimizing adjuvant 

therapy. Nat Rev Clin Oncol 2010, 7: 725-32. 

Overholtzer, M., Mailleux, A. A., Mouneimne, G., Normand, G., Schnitt, S. J., King, R. W., 

Cibas, E. S. and Brugge, J. S. (2007). A nonapoptotic cell death process, entosis, that occurs 

by cell-in-cell invasion. Cell 131, 966-979. 

Palapattu GS, Wu C, Silvers CR, Martin HB, Williams K, Salamone L, Bushnell T, Huang LS, 

Yang Q, Huang J. Selective expression of CD44, a putative prostate cancer stem cell marker, 

in neuroendocrine tumor cells of human prostate cancer. Prostate. 2009; 69:787–798. 

Papandreou CN, Daliani DD, Thall PF, Tu SM, Wang X, Reyes A, Troncoso P, Logothetis CJ. 

Results of a phase II study with doxorubicin, etoposide, and cisplatin in patients with fully 

characterized small-cell carcinoma of the prostate. J Clin Oncol. 2002; 20:3072–3080. 

Pasqualini R, Ruoslahti E. Tissue targeting with phage peptide libraries. Mol Psychiatry. 1996; 1: 

423-423.  

Pasqualini R. Vascular targeting with phage peptide libraries. Q J Nucl Med. 1999; 43(2): 159-

162.  

Patrawala L, Calhoun T, Schneider-Broussard R, Li H, Bhatia B, Tang S, Reilly JG, Chandra D, 

Zhou J, Claypool K, Coghlan L, Tang DG. Highly purified CD44+ prostate cancer cells from 

xenograft human tumors are enriched in tumorigenic and metastatic progenitor cells. 

Oncogene. 2006; 25:1696–1708.  

Peng Z., L. Skoog, H. Hellborg, G. Jonstam, I.L. Wingmo, M. Hjalm-Eriksson, et al. An 

expression signature at diagnosis to estimate prostate cancer patients' overall survival Prostate 

Cancer Prostatic Dis, 17 (1) (2014), 81-90 

Pertschuk LP, Schaeffer H, Feldman JG, Macchia RJ, Kim YD, Eisenberg K, Braithwaite LV, 

Axiotis CA, Prins G, Green GL. Immunostaining for prostate cancer androgen receptor in 

paraffin identifies a subset of men with a poor prognosis. Lab Invest. 1995; 73:302–305.  

89



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

Pontes-Junior J, Reis ST, de Oliveira LC, Sant'anna AC, Dall'oglio MF, Antunes AA, et al. 

Association between integrin expression and prognosis in localized prostate cancer. Prostate. 

2010 Aug;70(11):1189-1195. 

Prensner JR, Rubin MA, Wei JT, Chinnaiyan AM. Beyond PSA: The Next Generation of 

prostate cancer biomarkers. Sci Transl Med 2012, 28: 127rv3. 

Reed NI, Jo H, Chen C, Tsujino K, Arnold TD, DeGrado WF, Sheppard D. The αvβ1 integrin 

plays a critical in vivo role in tissue fibrosis. Sci Transl Med. 2015;7:288ra79. 

Rittmaster RS, Fleshner NE, Thompson IM. Pharmacological approaches to reducing the risk of 

prostate cancer. Eur Urol 2009, 55: 1064-1073. 

Rivinoja A, Laakkonen P. Identification of homing peptides using the in vivo phage display 

technology. Methods Mol Biol. 2011;683:401–415. 

Ross-Adams H, Lamb AD, Dunning MJ, et al. Integration of copy number and transcriptomics 

provides risk stratification in prostate cancer: A discovery and validation cohort study. 

EBioMedicine. 2015;2:1133–44 

Rossmann M.G., Mesyanzhinov V.V., Arisaka F., Leiman P.G.The bacteriophage T4 DNA 

injection machine. Curr. Opin. Struct. Biol., 14 (2004), pp. 171-180.  

Ruoslahti, E. & Pierschbacher, M. D. New perspectives in cell adhesion: RGD and integrins. 

Science 238, 491–497 (1987). 

Sadi MV, Barrack ER. Image analysis of androgen receptor immunostaining in metastatic 

prostate cancer. Heterogeneity as a predictor of response to hormonal therapy. Cancer. 1993; 

71:2574–2580.  

Sakamoto S, Ryan AJ, Kyprianou N. Targeting vasculature in urologic tumors: mechanistic and 

therapeutic significance. Journal of Cellular Biochemistry. 2008;103:691–708. 

Sakr WA, Grignon DJ, Crissman JD, et al. High grade prostatic intraepithelial neoplasia 

(HGPIN) and prostatic adenocarcinoma between the ages of 20-69: an autopsy study of 249 

cases. In Vivo 1994, 8: 439-443. 

Sanmukh SG & Felisbino SL (2017) Bacteriophages in cancer biology and therapies. Clin Oncol 

2: 1295  

Sanmukh SG, Dos Santos SAA, Felisbino SL. Natural bacteriophages T4 and M13 

downregulates Hsp90 gene expression in human prostate cancer cells (PC-3) representing a 

potential nanoparticle against cancer. Virol Res J. 2017; 1 (1): 21-23. Virol Res J 2017 

Volume 1 Issue 1 

Sanmukh SG, Meshram DB, Paunikar WN, Swaminathan S. Interaction of fishes with 

pathogenic bacteria and application of phages for their control-a review. Reviews in fish 

biology and fisheries 2012, 22:3, 567-574 

Schaffner F, Ray AM, Dontenwill M. Integrin α5β1, the Fibronectin Receptor, as a Pertinent 

Therapeutic Target in Solid Tumors. Cancers (Basel) 2013;5:27–47. 

Schittenhelm, J.; Klein, A.; Tatagiba, M.S.; Meyermann, R.; Fend, F.; Goodman, S.L.; Sipos, B. 

Comparing the expression of integrins αvβ3, αvβ5, αvβ6, αvβ8, fibronectin and fibrinogen in 

90



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

human brain metastases and their corresponding primary tumors. Int. J. Clin. Exp. Pathol. 

2013, 6, 2719–2732. 

Schlomann, U., Koller, G., Conrad, C., Ferdous, T., Golfi, P., Garcia, A. M., et al. (2015). 

ADAM8 as a drug target in pancreatic cancer. Nat. Commun. 6, 6175. 

Seguin, L.; Kato, S.; Franovic, A.; Camargo, M.F.; Lesperance, J.; Elliott, K.C.; Yebra, M.; 

Mielgo, A.; Lowy, A.M.; Husain, H.; et al. An integrin β3-KRAS-RalB complex drives 

tumour stemness and resistance to EGFR inhibition. Nat. Cell Biol. 2014, 16, 457–468. 

Sharifi N. New agents and strategies for the hormonal treatment of castration-resistant prostate 

cancer. Expert Opin Invest Drugs. 2010; 19:837–846. 

Shen MM, C. Abate-Shen Molecular genetics of prostate cancer: new prospects for old 

challenges. Genes Dev 2010, 24: 1967-2000. 

Shoag J, Barbieri CE. Clinical variability and molecular heterogeneity in prostate cancer. Asian J 

Androl. 2016;18:543–8. 

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;68:7–30 

Silginer, M., Weller, M., Ziegler, U., and Roth, P. (2014). Integrin inhibition promotes atypical 

anoikis in glioma cells. Cell Death Dis. 5, e1012.  

Specthrie, L., Bullitt, E., Horiuchi, K., Model, P., Russel, M., and Makowski, L. (1992) 

Construction of microphage variant of filamentous bacteriophage. J. Mol. Biol. 228, 720–724. 

Speicher, T., Siegenthaler, B., Bogorad, R. L., Ruppert, R., Petzold, T., Padrissa-Altes, S., et al. 

(2014). Knockdown and knockout of beta1-integrin in hepatocytes impairs liver regeneration 

through inhibition of growth factor signalling. Nat. Commun. 5, 3862. 

Stachurska A, Elbanowski J, Kowalczyńska HM. Role of α5β1 and αvβ3 integrins in relation to 

adhesion and spreading dynamics of prostate cancer cells interacting with fibronectin under in 

vitro conditions. Cell Biology International. 2012;36(10):883–892. 

Strauss JH, Jr, Sinsheimer RL. Purification and properties of bacteriophage MS2 and of its 

ribonucleic acid. J Mol Biol. 1963 Jul;7:43–54. 

Streuli CH. Integrins as architects of cell behavior. Mol Biol Cell (2016) 27:2885–8. 

Suyin P C, Dickinson J L, Holloway A F. Integrins in Prostate Cancer Invasion and Metastasis. 

In: Hamilton G, editor. Advances in Prostate Cancer. InTech; 2013. 

Tai S, Sun Y, Squires JM, Zhang H, Oh WK, et al. (2011) PC3 is a cell line characteristic of 

prostatic small cell carcinoma. Prostate 71: 1668–1679. 

Tan MH, Li J, Xu HE, Melcher K, Yong EL. Androgen receptor: structure, role in prostate 

cancer and drug discovery. Acta Pharmacol Sin. 2015;36:3–23. 

Taylor BS, Schultz N, M Hieronymus et al. Integrative genomic profiling of human prostate 

cancer. Cancer Cell 2010, 18: 11-22. 

Tetu B, Ro JY, Ayala AG, Johnson DE, Logothetis CJ, Ordonez NG. Small cell carcinoma of the 

prostate. Part I. A clinicopathologic study of 20 cases. Cancer. 1987; 59:1803–1809.  

Thompson IM Pauler DK, Goodman PJ, et al. 2004. Prevalence of prostate cancer among men 

with a prostate-specific antigen level <or = 4.0 ng per milliliter. N Engl J Med 2004, 350: 

2239-2246. 

91



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

Tolkach Y, Kristiansen G. The Heterogeneity of Prostate Cancer: A Practical Approach. Tumour 

Heterogeneity. Pathobiology 2018;85:108–116 

Torre, L. A., Siegel, R. L., Ward, E. M. and Jemal, A. (2016). Global cancer incidence and 

mortality rates and trends--an update. Cancer Epidemiol. Biomarkers Prev. 25, 16-27. 

Trikha M, Zhou Z, Nemeth JA, Chen Q, Sharp C, Emmell E, et al. CNTO 95, a fully human 

monoclonal antibody that inhibits alphav integrins, has antitumor and antiangiogenic activity 

in vivo. International journal of cancer Journal international du cancer. 2004 Jun 

20;110(3):326-335. 

True L, Coleman I, S Hawley, et al. 2006. The molecular correlate to the Gleason grading system 

is prostate adenocarcinoma. Proc Natl Acad Sci (USA), 2006, 103: 10991-1 0996. 

Valegard K., Murray J.B., Stockley P.G., Stonehouse N.J., Liljas L. Crystal structure of an RNA 

bacteriophage coat protein-operator complex. Nature, 371 (1994), pp. 623-626 

Van Duin J., Tsareva N. (2006). “Single-stranded RNA phages,” in The Bacteriophages ed. 

Calendar R., editor. (New York: Oxford University Press) 175–196. 

Vellon, L.; Menendez, J.A.; Liu, H.; Lupu, R. Upregulation of αvβ3 integrin expression is a 

novel molecular response to chemotherapy-induced cell damage in a heregulin-dependent 

manner. Differentiation 2007, 75, 819–830. 

Verze P, Cai T, Lorenzetti S. The role of the prostate in male fertility, health and disease. Nat 

Rev Urol. 2016;13:379–86. 

Vitorino P, Yeung S, Crow A, Bakke ,J., Smyczek,T., West, K., et al, MAP4K4 regulates 

integrin-FERM binding to control endothelial cell motility. Nature2015;519:425–430. 

Wagner, D.; Huang, J. Small cell carcinoma of the prostate. eMedicine from WebMD. 2009. 

Wary KK, Mainiero F, Isakoff SJ, Marcantonio EE, Giancotti FG: The adaptor protein Shc 

couples a class of integrins to the control of cell cycle progression. Cell 87: 733–743, 1996 

Webber MM, Bello D Quader S. tumorigenic immortalized and Adult Human Prostatic Epithelial 

Cell Lines: Characteristics and Applications Part 2. Cell Lines tumorigenic. Prostate 1997; 30: 

58-64.

Wei L, Wang J, Lampert E, et al. Intratumoral and Intertumoral Genomic Heterogeneity of 

Multifocal Localized Prostate Cancer Impacts Molecular Classifications and Genomic 

Prognosticators. Eur Urol. 2017;71:183–92 

Yamamoto, H., Ehling, M., Kato, K., Kanai, K., van Lessen, M., Frye, M., Zeuschner, D., 

Nakayama, M., Vestweber, D. and Adams, R. H. (2015). Integrin β1 controls VE-cadherin 

localization and blood vessel stability. Nat. Commun. 6, 6429.  

Yuan TC Lin FF Veeramani S, Chen SJ, Earp HS 3rd, Lin MF. ErbB-2 upregulates PYK2 via the 

adhesive ability of androgen receptor-positive human prostate cancer cells. Oncogene. 2007, 

26 (54): 7552-9. 

Zhang HF, Alshareef A, Wu C, Li S, Jiao JW, Cao HH, et al. Loss of miR-200b promotes 

invasion via activating the Kindlin-2/integrin beta1/AKT pathway in esophageal squamous 

92



REFERENCES FOR INTRODUCTION 

Sanmukh, SG. Tese de Doutorado – Laboratório de Matriz Extracelular / BGA / UNESP / Botucatu – SP. 

cell carcinoma: An E-cadherin-independent mechanism. Oncotarget. 2015 Oct 6;6(30):28949–

60. 

Zhao, Z.; Ma, W.; Zeng, G.; Qi, D.; Ou, L.; Liang, Y. Preoperative serum levels of early prostate 

cancer antigen (EPCA) predict prostate cancer progression in patients undergoing radical 

prostatectomy. Prostate 2012, 72, 270–279. 

Zhao, Z.; Zeng, G.; Zhong, W. Serum early prostate cancer antigen (EPCA) as a significant 

predictor of incidental prostate cancer in patients undergoing transurethral resection of the 

prostate for benign prostatic hyperplasia. Prostate 2010, 70, 1788–1798. 

Zheng DQ, Woodard AS, Fornaro M, Tallini G, Languino LR. Prostatic carcinoma cell 

migration via alpha(v)beta3 integrin is modulated by a focal adhesion kinase pathway. Cancer 

Res. 1999 Apr 1;59(7):1655-1664. 

Zoni, E.; van der Horst, G.; van de Merbel, A.F.; Chen, L.; Rane, J.K.; Pelger, R.C.; Collins, 

A.T.; Visakorpi, T.; Snaar-Jagalska, B.E.; Maitland, N.J.; et al. miR-25 modulates

invasiveness and dissemination of human prostate cancer cells via regulation of αv- and α6-

integrin expression. Cancer Res. 2015, 75, 2326–2336. 

93




