RESSALVA

Atendendo solicitacao do(a)
autor(a), o texto completo desta tese
seré disponibilizado somente a partir

de 17/07/2020.



AVA
AVAYAY  UNIVERSIDADE ESTADUAL PAULISTA '

u nesp W' 4{)LI0 DE MESQUITA FILHO” , y

Campus de Botucatu u

P& -BaA

CARACTERIZACAO DA INTERACAO DOS BACTERIOFAGAS
T4, M13, E MS2 COM CELULAS EPITELIAIS PROSTATICAS
TUMORIAIS (LNCAP E PC3): ATIVACAO DAS VIAS DE
PROLIFERACAO, SOBREVIVENCIA
E MORTE CELULAR

SWAPNIL GANESH SANMUKH

Tese apresentada ao Instituto de Biociéncias,
Campus de Botucatu, UNESP, para obtencéo do
titulo de Doutor no Programa de Pos-
Graduacdo em Biologia Geral e Aplicada, Area
de concentracdo Biologia Celular Estrutural e
Funcional.

Nome do orientador Sérgio Luis Felishino

BOTUCATU -SP
2018

Programa de Pés-Graduagdo em Biologia Geral e Aplicada — UNESP
Distrito de Rubi&o Janior s/n. Cx. Postal. 510. CEP: 18618-000 — Botucatu — SP — Brasil
Fone/Fax. +55 (14) 3811-6148 — posgraduacao@ibb.unesp.br / http://www.ibb.unesp.br



AVA
AVAYAY  UNIVERSIDADE ESTADUAL PAULISTA '

u nesp W' 4{)LI0 DE MESQUITA FILHO” , y

Campus de Botucatu u

P& -BaA

UNIVERSIDADE ESTADUAL PAULISTA
“Julio de Mesquita Filho”

INSTITUTO DE BIOCIENCIAS DE BOTUCATU

CARACTERIZAGCAO DA INTERACAO DOS BACTERIOFAGAS
T4, M13, E MS2 COM CELULAS EPITELIAIS PROSTATICAS
TUMORIAIS (LNCAP E PC3): ATIVACAO DAS VIAS DE
PROLIFERACAO, SOBREVIVENCIA
E MORTE CELULAR

SWAPNIL GANESH SANMUKH

ORIENTADOR: PROF. Dr. SERGIO LUIS FELISBINO

Tese apresentada ao Instituto de Biociéncias,
Campus de Botucatu, UNESP, para obtencéo do
titulo de Doutor no Programa de Poés-
Graduacio em Biologia Geral e Aplicada, Area
de concentracdo Biologia Celular Estrutural e
Funcional.

BOTUCATU -SP
2018

Programa de Pés-Graduagdo em Biologia Geral e Aplicada — UNESP
Distrito de Rubi&o Janior s/n. Cx. Postal. 510. CEP: 18618-000 — Botucatu — SP — Brasil
Fone/Fax. +55 (14) 3811-6148 — posgraduacao@ibb.unesp.br / http://www.ibb.unesp.br



FICHA CATALOGRAFICA ELABORADA PELA SECAO TEC. AQUIS. TRATAMENTO DA INFORM.
DIVISAO TECNICA DE BIBLIOTECA E DOCUMENTAGAO - CAMPUS DE BOTUCATU - UNESP
BIBLIOTECARIA RESPONSAVEL: ROSANGELA APARECIDA LOBO-CRB 8/7500

Sanmukh, Swapnil Ganesh.

Caracterizacdo da interacdo dos bacteriofagos T4, M13 e
MS2 com células epiteliais prostaticas tumoriais (LNCaP e
PC3) : ativacdo das vias de proliferacdo, sobrevivéncia e
morte celular / Swapnil Ganesh Sanmukh. - Botucatu, 2018

Tese (doutorado) - Universidade Estadual Paulista
"Julio de Mesquita Filho", Instituto de Biociéncias de
Botucatu

Orientador: Sérgio Luis Felisbino

Capes: 20600003

1. Bacteriodfago. 2. Prostata - Cancer. 3. Morte
celular. 4. Sobrevivéncia celular. 5. Células -
Proliferacao.

Palavras-chave: Bacteri6fago; Cancer de prdéstata; Morte
celular; Sobrevivéncia celular; Vias de proliferacéao.




Botucatu, 17 de July de 2018.

Sanmukh, Swapnil Ganesh

Caracterizacdo da interacdo dos bacteriofagos T4, M13, e MS2 com células epiteliais
prostaticas tumoriais (LNCaP e PC3): ativacdo das vias de proliferacdo, sobrevivéncia e
morte celular.

BANCA EXAMINADORA

Prof. Dr. Sérgio Luis Felisbino TR
(Orientador -UNESP-1BB/Botucatu, SP, Brazil)

Prof. Dr. Andrei Moroz e

(UNESP/Araraquara, SP, Brazil)

Prof. Dr. Renee Laufer Amorin T
(UNESP-FMVZ/Botucatu, SP, Brazil)

Prof. Dr. Carla Dal Bianco Fernandez e
(USC/Bauru, SP, Brazil)

Prof. Dr. Valber de Albuquerque Pedrosa e e
(UNESP-IBETEC/Botucatu - SP)

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



DEDICATION

DEDICATION

This thesis work is dedicated to my mother, Dr. Usha Ganesh Sanmukh who is my
constant source of inspiration, support, and encouragement during all the challenges of my life. |
am also very grateful to my late grandparents Mr. Bhupal Aba Kamble (01-01-1935 to 17-01-
2005) and Mrs. Indumati Bhupal Kamble (15-04-1934 to 26-02-2013), who brought me up well
in an educated environment, which will be guiding and inspiring me through there teachings in
every walk of life. | also like to thank all my family members from India who directly or
indirectly helped me throughout my doctoral journey. Their unconditional love and support have

helped me to work hard for the things that | aspire to achieve.

“My brain is only a receiver, in the Universe, there is a core from which we obtain knowledge,
strength, and inspiration. | have not penetrated into the secrets of this core, but | know that it

exists”’

— Nikola Tesla

“It’s not what you achieve, it’s what you overcome that’s what defines your career”

— Carlton Fisk

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



DEDICATION

My poem dedicated to My Mother ... ... ...

Oh, my lovely mother, to whom | never prefer,
For her, 1 was a duffer, who does nothing but to make her suffer!
All the times, when | saw her eyes,
Full of delight, full of shine,
Saying something, which I never mind,
But for her, I was never so kind!
She has faced the whole world with ease,
For none, she stopped, for none she seized,
But for us, she was always please,

Oh, my mother, you are all we need.

- By Swapnil Sanmukh

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



ACKNOWLEDGEMENT

ACKNOWLEDGEMENT

Firstly, I must mention that | am deeply indebted to my supervisor Dr. Prof. Sérgio Luis
Felisbono for his fundamental role in accepting my doctoral work. It would have been
impossible without him to arrive at this stage of my career as his decision has played a vital role
in fulfilling my doctoral requirement and work. He has provided me with necessary guidance,
assistance, and expertise whenever needed throughout my research work. As | was introduced to
totally different research areas from his as well as participating laboratory his role was
exceptional. Moreover, he gave me the freedom to do necessary experiments, to meet my desired
targets within given deadlines. His advice and feedbacks have helped me further to be on track
without getting distracted throughout my active research involvement. In addition to our
academic collaboration, I am grateful for his personal help in many of my concerned areas
whenever necessary. | would also like to thank, Prof. Dr. Luis Antonio Justulin Junior, Prof. Dr.
Flavia Delella, Prof. Dr. Rodrigo Scarano and Prof. Dr. Robson Carvalho for giving me a home
in their lab(s) and support over the years.

| am also thankful to Prof. Dr. Sashikant Kamble, Professor, and Head, Department of
Microbiology, Miraj Mahavidhyalaya Miraj, Maharashtra (India). Prof. Dr. Sanjay Prabhu
Govindwar, Professor, and Head, Department of Biochemistry (Co-ordinator of Environmental
Biotechnology), Shivaji University, Kolhapur, Maharashtra (India). Along with Dr. Waman
Narayan Paunikar (Head) and Dr. Krishna Suresh Khairnar (Scientist) from Environmental
Virology Cell, CSIR-National Environmental Engineering Research Institute (NEERI), Nagpur,
Maharashtra (India) for their constant support and encouragement over the years without which

my work would have been just a dream.

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



ACKNOWLEDGEMENT

I am very fortunate and grateful to have co-operative lab colleagues from Laboratério de
Matriz Extracellular (LabMEC), Department of Morphology namely; Sérgio Alexandre
Alcantara Dos Santos, Helga Caputo Nunes, Caroline Barquilha, Nilton Santos, Ketlin Thassiani
Colombelli, Ana Carolina Lima Camargo, Flavia Bessi Constantino, Maira Smaniotto Cucielo,
Bruno Martinucci, and Bruno Oliveira da Silva Duran for their help and support during my
research work. 1 will miss them all along with many unforgettable memories during the time
spent in Botucatu and in the Laboratério de Matriz Extracellular (LabMEC) group throughout
my life.

I would also like to thank my thesis qualification committee members, Dr. Prof. Marcos
Roberto de Mattos Fontes, Dr. Prof. Eduardo Bagagli and Dr. Prof. Luis Antonio Justulin Junior,
for their contributions to assist and refine this work. Over the years, each one has given me
superb scientific guidance, many insightful suggestions and demonstrated a sincere interest in
my work. | was fortunate to have such a group of intelligent professors, on my committee.

I would like to acknowledge Antoniel Gomes, Department of Biophysics, UNESP-IBB,
Botucatu for a healthy collaboration for the in-silico drug designing and docking studies for
possible sulfiredoxin inhibitors and publication thereof.

| am also thankful to the Centre of Electronic Microscope (CEM), UNESP-IBB, Botucatu
for their help in scanning electron microscopic studies related to the phage-cancer cell
interactions. | am also very grateful to Prof. Dr. Maeli Dal Pai and Prof. Robson Francisco
Carvalho from Laboratério de Biologia do Musculo Estriado (LBME) and Prof. Patricia Pintor
dos Reis and Dr. Marcio Carvalho from NEOGENE laboratory, Department of Surgery and
Orthopedics, Faculty of Medicine, UNESP, Botucatu, SP, Brazil for providing access for gPCR
studies along with other lab assistance. Also, I like to acknowledge the support from Laboratorio

de Desreguladores Endocrinos e Carcinogénese Experimental (LabDECA) for my research work.

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



ACKNOWLEDGEMENT

I would like to thanks all my friends especially those from my graduation, masters and
whom | have met during my tenure at CSIR-NEERI (Nagpur and Chennai) in India as well as
during my Ph.D. studies in Botucatu (Brazil) for their continued support and encouragement.
These friends have been there for me when the challenges seemed too great to overcome. | will
never forget the experiences we’ve shared and hope to stay in touch throughout my life. I would
like to express the deepest gratitude to my family members Aai, Baba, Sandu, Mr. Avinash
Bhupal Kamble, Mrs. Sarasvati Avinash Kamble, Mr. Yuvraj Baburao Kamble, Mrs. Nirmala
Yuvraj Kamble and all my cousin sisters and brothers who have provided immense support and
encouragement during my thesis work.

Last but not the least, | would like to thanks my wife Maria Fernanda Maciel Teixeira
Sanmukh and her family, for being there during my hard times, providing me support and
strength throughout my stay in Brazil. | am also thankful for the almighty to bless me with a girl
child Miss. Arundhati Maciel Teixeira Sanmukh during my research work, her presence further
strengthened me to smoothly overcome any obstacle whatsoever.

I am very much thankful for being here in Brazil for my doctoral research as this
experience has provided me with a new understanding of life. Being the only Indian in the whole
city of Botucatu was a very strange experience but, the welcoming nature and friendly approach
of the peoples here at UNESP as well as in city made my life much easier. The learning and
practicing of Portuguese language was also a great experience altogether. The Brazilian food,
music, and parties are some of the interesting aspects which I can never forget!

| am also grateful to the PEC-PG, Government of Brazil for providing support for my
doctoral studies (Ph.D. Biology General and Applied) through CAPES funding (processes No.
963-14-2). | also like to thanks Department of Biotechnology (DBT), Government of India for
master’s fellowship (M.Sc. Environmental Biotechnology) and Council of Scientific and

Industrial Research (CSIR), New Delhi, India for funding my research activities at CSIR-

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



ACKNOWLEDGEMENT

NEERI, Nagpur, Maharashtra (India) and CSIR- NEERI Chennai Zonal Laboratory, CSIR

Madras Complex, Taramani, Chennai, Tamil Nadu (India).

Lastly, during all these three years, it has been a drastic period for me and my family,
with many ups and downs but finally, I made it until the end. 1 would like to acknowledge all of

you my whole-hearted thanks and wish to have your blessings in my further endeavors.

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



LIST OF ABBREVIATIONS

LIST OF ABBREVIATIONS

AAVP: Adeno-Associated Virus/Phage;

AD: androgen dependent cells (AD);

Al: androgen-independent (Al);

APHA: American Public Health Agency;

AR: Androgen receptor;

ATCC: American Type Culture Collection;

BPH: Benign prostatic hyperplasia (BPH);

CFU: Colony forming unit;

CK8: Human cytokeratin 8 gene is regulated by wild-type p53;

CTA: Clinical Trial Application;

ECM: Extracellular Matrix;

EGFR: Epidermal growth factor receptor;

EMA: European Medicines Agency;

EMT: Epithelial mesenchymal transition;

EPCA: Early Prostate Cancer Antigen;

ERK: Extracellular signal Regulated Kinases (MAP kinases or MAPK: mitogen activated
protein kinase);

FAK: Focal Adhesion Kinase (FAK), also known as PTK2 protein tyrosine kinase 2 (PTK2);
FDA: The Food and Drug Administration (FDA or USFDA);

GRP78: Glucose Regulated Protein;

GSTP1: glutathione S-transferase pi 1 (human) or Glutathione S-transferases (GSTS)
HAP1 Phage: A T4 Sub-Strain with A High Affinity to Melanoma Cells;

HRP: Horseradish Peroxidase;

HSP27: Heat Shock Protein 27;

HSP70: Heat Shock Protein 70;

HSP90: Heat Shock Protein 90;

hTERT: Human telomerase reverse transcriptase

IAP: Inhibitor of apoptosis genes;

IF: Interferon;

IGF: Insulin-like growth factor;

IGF-1R: Insulin-like growth factor 1 receptor;

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



LIST OF ABBREVIATIONS

IGF-2R: Insulin-like growth factor 2 receptor;

IL: Interleukin;

IND: Investigational New Drug;

ITGAV: Integrin Alpha V;

ITGAS: Integrin Alpha 5;

ITGB1: Integrin Beta 1;

ITGB3: Integrin Beta 3;

ITGBS5: Integrin Beta 5;

KGD Motifs: Tripeptide Lysine-Glycine-Asparagine Motifs;

LAP: latency associated peptide;

LNCaP: Lymph Node Carcinoma of the Prostate;

MAPK/ERK pathway: It is also known as the Ras-Raf-MEK-ERK pathway, are chain of
proteins that communicates signals from cell surface receptor to the DNA in the nucleus of cell;
MMPs: Matrix Metallo-Proteinases (MMPs), also known as Matrixins;

MTCC: Microbial Type Culture Collection;

MTOR: Mechanistic target of rapamycin (MTOR), (formerly mammalian target of rapamycin
before it was recognized to be highly conserved among eukaryotes);

MY C oncogenes: Family of retrovirus-associated DNA sequences (myc) originally isolated
from an avian myelocytomatosis virus;

NE: Neuroendocrine cells;

PBS: Phosphate Buffer Saline;

PC3: Prostate cancer cell line;

PCa: Prostate Cancer;

PCAS3: prostate cancer antigen 3 (PCA3);

PCC: Progression markers in cell cycle;

PFU: Plaque forming unit;

PGC-1lalpha: Peroxisome proliferator-activated receptor gamma co-activator lalpha;

PHF8: PHD finger protein 8;

P13K: Phosphatidylinositol-4, 5-bisphosphate 3-kinase;

PIN: Prostatic Intraepithelial Neoplasia;

PKB: Protein kinase B (also known as AKT);

PMN: Polymorphonuclear Leukocytes;

PSA: Prostate Serum Antigen;

PSMA: Prostate-specific membrane antigen (PSMA);

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



LIST OF ABBREVIATIONS

RAF: Rapidly Accelerated Fibrosarcoma;

RAS: Ras, a small GTP-binding protein, is an important component of the signal transduction
pathway used by growth factors to initiate cell growth and differentiation;
RGD: Tripeptide Arginine-Glycine-Asparagine;

s-ARU: Semi-adherent relative upsurge;

SCNC: Small cell (neuroendocrine) carcinoma;

STAT: Signal transducer and activator of transcription protein family;
Thps: Tumor Homing Peptides;

Tsips: Tumor Specific Internalizing Peptides;

TPTZ: 2,3,5-Triphenyltetrazolium chloride;

USFDA: United States Food and Drug Administration;

VEGF: Vascular endothelial growth factor

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



TABLE OF CONTENT

TABLE OF CONTENT
RESUMO . . 16
ABST R A CT ... s 18
L INTRODUCGTION. .. .ttt et e e e e e e e 20
L1 Prostate CanCeT. ... ..c.uuee ettt 20
1.2 Non-PSA-based diagnostic test for Prostate cancer ...............c.ccovviiiiiinnns.. 22
1.3 Prognostic Markers. .. ...ovuuiitiiit et et et e e e 23
1.4 Integrins @and CanCer.........oviniini it 25
1.5 Prostate cancer cell culture models ... 31
1.6 Comparison between LNCaP and PC3............oiiiiiiiiiie e 32
1.7 Bacteriophages. . ...ttt 34
1.8 Bacteriophages in Cancer Past, Present and Future ....................c.oca. 36
2 JUSTIFICATION ..ottt e e e 38
3. OBIE CT IV S . . o e 39
3.1 GeNeral ObJECIVES. ... . ettt e 38
3.2 SPECIfIC ODBJECHIVES. ... ettt et e 38
4. RESULTS AND DISCUSSIONS . .. .ottt 40

4.1 Chapter 1: Bacteriophage T4 and M13 interactions with human prostate cancer cells
(PC-3) alters gene expression and impairs cell migration......................coooeeinnn... 41
4.2 Chapter 2: Characterizing interaction between LNCaP cell line with bacteriophages
T4, M13 and MS2 for studying their effect on activation of proliferation pathways, cell
survival and cell death.......... ... e 62

4.3 Chapter 3: Development of Pipette Tip gap closure migration assay (s-ARU method)

for studying migration assay in semi-adherent cancer cell lines ............................ 80
5. GENERAL CONCLUSION. ...ttt e e et e e e e eaaans 82
6. REFERENCES FOR INTRODUCTION ... e 83
ANNEXURE I: Bacteriophages in Cancer Cell Biology and Therapies............................. 94

ANNEXURE II: Introspecting Bacteriophage Specificity and Decoding Phage Enzyme Non-
Specificity for Antimicrobial Applications..............cooiiiiiii 104
ANNEXURE III: Natural bacteriophages T4 and M13 down-regulates Hsp90 gene expression in
human prostate cancer cells (PC-3) representing a potential nanoparticle against cancer....... 115
ANNEXURE IV: Bacteriophage derived products should be encouraged as a direct or indirect

option for disease targeting-promoting awareness for their safer applications.................... 119

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



TABLE OF CONTENT

ANNEXURE V: Development of pipette tip gap closure migration assay (s-ARU method) for
studying semi-adherent Cell [iNes........ ... 121
ANNEXURE V: Ph.D. internship at UNESP, Botucatu (Estagio Docéncia na disciplina
B\ el o] o o] (oo F= T = - T [ e TSSO 133
ANNEXURE VI: Ph.D. internship at UNIFAC, Botucatu (Disciplina "Educacdo Fisica e

DOBNGAS CIONICAS™)... .t eteeueeeeteste sttt ettt bttt b bbbttt b bt 135

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular /| BGA /| UNESP | Botucatu — SP.



RESUMO

RESUMO

Sanmukh SG. Caracterizacdo da interacdo dos bacteriofagos T4, M13 e MS2 com células
epiteliais prostaticas tumoriais (LNCaP e PC3) : ativacdo das vias de proliferacéo,
sobrevivéncia e morte celular [Tese]. Botucatu, Sdo Paulo: Instituto de Biociéncias, Universidade
Estadual Paulista — UNESP, 2018.

O cancer de prostata (PCa) € o segundo tipo de cancer mais frequente e tem a segunda
maior taxa de morbidade e mortalidade entre os homens. A cultura de células prostaticas LNCaP
e PC3 tem sido utilizada para investigar possiveis alvos e vias de sinalizacdo celular importantes
para 0 crescimento e progresséo do CaP. Trabalhos anteriores do nosso laboratério
demonstraram que a presenca de fibronectina no meio de cultura altera significativamente o
padrdo de expressdo génica dessas células. Também, bacteriéfagos recentemente usados como
agentes terapéuticos no tratamento de varios tipos de cancer, diretamente ou portadores de
moléculas antitumorais, incluindo cancer de prostata, foram relatados. Estudos anteriores
mostraram que bacteriéfagos podem interagir com proteinas de membrana de células de
mamiferos, incluindo integrinas que reconhecem sequéncias de RGD em proteinas virais, bem
como fibronectina e outras moléculas da matriz extracelular. O objetivo deste projeto foi
caracterizar a interacdo de trés bacteriofagos com as duas linhagens celulares epiteliais
prostaticas LNCaP e PC3. Estas duas linhas celulares foram cultivadas em seus meios de cultura,
nos quais foram adicionados bacteriéfagos com concentracGes definidas. As células foram
coletadas apds 24 horas de tratamento. A expressdo génica de genes relacionados as vias
integrinas ITGA5, ITGAV, ITGB1, ITGB3, ITGB5, AKT, PI3K, MAPK1, MAPK3, HSP27,
HSP9O0, receptor de androgénio AR, STAT3, PGCL1A foi analisada por gPCR. A ativacdo da via
AKT/PI3K foi analizada também por western blotting. Celulas PC3 foram expostas aos
bacteriofagos T4 e M13 e foram analisadas por microscopia de luz convencional e por
microscopia de varredura. Nas células LNCaP, o bacteriéfago M13 regulou negativamente genes

ITGAS5, ITGAV, ITGB1, ITGB3, ITGB5, MAPK1, MAPK3, HSP90, TBP, PSA e positivamente
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RESUMO

genes AKT, PI3K, HSP27, AR, STAT3, PGC1lA genes; o bacteriofago MS2 regulou
negativamente genes ITGAS, ITGAV, ITGB3, ITGB5, MAPK1, MAPK3, HSP90, PI3K, PSA e
positivamente genes ITGB1, AKT, HSP27, AR, TBP, STAT3, PGC1A genes; o bacteriéfago T4
regulou negativamente genes ITGAS, ITGB3, ITGB5, HSP27, HSP90, TBP, PGC1A, PSA e
positivamente genes ITGB1, ITGAV, AKT, PI3K, AR, MAPK1, MAPK3, STAT3 genes. Ja
para as células PC3, os bacteriéfagos M13 e T4 regularam negativamente genes HSP27, HSP90,
AR e positivamente os genes ITGAS, ITGAV, ITGB3, ITGB5. Microscopicamente foi possivel
observar a interacdo dos bacteriéfagos T4 e M13 com a superficie celular das células PC3 e que
esta interacdo com o bacteriéfago M13 reduz a migracgéo celular. Nossos resultados sugerem que
os 3 bacteriofagos poderm alterar a expressdo de genes relacionados a adesdo e proliferacao
celular, de uma maneira célula especifica e podem funcionar como nanoparticulas com potencial

terapéutico para o tratamento de diferentes tipos de cancer, incluindo o cancer de préstata.

Palavras-chave: Cancer, préstata, bacteriofago, expressdo génica, integrinas, cultura célula,
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ABSTRACT

ABSTRACT

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 ITGADS,
ITGAV, ITGB1, ITGB3, ITGB5, AKT, PI3K, MAPK1, MAPK3, HSP27, HSP90, androgen
receptor AR, STAT3, PGC1A was analyzed by gPCR. 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 ITGAS, 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 ITGAS, ITGAV, ITGB3, MAPK1, MAPKS,
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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).

Sanmukh, SG. Tese de Doutorado — Laboratério de Matriz Extracelular | BGA/ UNESP /| Botucatu — SP.

22



GENERAL CONCLUSION

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.
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