
UNIVERSIDADE FEDERAL DE MINAS GERAIS 

Instituto de Ciências Biológicas 

Departamento de Biologia Geral 

Programa de Pós-graduação em Genética 

 

 

 

Nikole Gontijo Gonçales 

 

 

 

 

 

Análise de diferentes programas de morte e sobrevivência celular, 
relacionadas ao mecanismo de quimiorresistência na linhagem 

celular de câncer de ovário SKOV-3 

 

 

 

 

 

 

 

 

 

 

BELO HORIZONTE 

2020 



 

Nikole Gontijo Gonçales 

 

 

 

 

 

ANÁLISE DE DIFERENTES PROGRAMAS DE MORTE E SOBREVIVÊNCIA 
CELULAR RELACIONADO AO MECANISMO DE QUIMIORRESISTÊNCIA NA 

LINHAGEM CELULAR DE CÂNCER DE OVÁRIO SKOV-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BELO HORIZONTE 

2020 

 

Orientadora:



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
– –  

           

–

–



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







AGRADECIMENTOS 



“Quem caminha sozinho pode até chegar mais rápido, mas aquele que vai acompanhado, 

com certeza vai mais longe.” (Clarice Lispector). 



RESUMO 

TRAIL-R1 TRAIL-

R2 TRAIL-R3 TRAIL-R4 RIPK1 MLKL NFKB1 RELA TP53 CASP8 CFLAR

TP53

NFKB1 RELA

RIPK1 MLKL



ABSTRACT 

TRAIL-R1 TRAIL-R2

TRAIL-R3 TRAIL-R4 RIPK1 MLKL NFKB1 RELA TP53 CASP8 CFLAR

TP53.

NFKB1 RELA

RIPK1 MLKL



LISTA DE ILUSTRAÇÕES 



LISTA DE TABELAS 

 



LISTA DE ABREVIATURAS 

5'-Aminolevulinate Synthase 1

do inglês “American Type Culture Collection”

CASP8 and FADD Like Apoptosis Regulator

Threshold

Fas Associated Via Death Domain

Forward

Mixed Lineage Kinase Domain Like Pseudokinase

Nuclear Factor Kappa B Subunit 1

killer

RELA Proto-Oncogene, NF-KB Subunit 

Receptor Interacting Serine/Threonine Kinase 1 

Receptor Interacting Serine/Threonine Kinase 3



Ribosomal Protein L13a 

Reverse

TATA-Box Binding Protein 

 

TNF Receptor Superfamily Member 10a

TNF Receptor Superfamily Member 10b 

TNF Receptor Superfamily Member 10c 

TNF Receptor Superfamily Member 10d 

TNF Superfamily Member 10

Tumor Protein P53  

World Health Organization

 

 

 

 

 

 

 

 

 



SUMÁRIO 

 



1. INTRODUÇÃO 

et al.

et al.

et al. et al.



BRCA1 BRCA1 DNA Repair Associated BRCA2 BRCA2 DNA Repair Associated

et al.

et al.

TP53

TP53



et al.

et al. et al.

et al.



ATP-binding cassette

s no gene da β et al.

et 

al.

et al.

et al.

et al.

TNFSF10

et al.

et al.



β (IFN β). Já o 

ɣ ɣ

natural killer

ɣ

et al.

et al.

wild-type

et al.

et al.



et al.

et al.

BCL-2 B-cell lymphoma 2 c-MYC MYC Proto-Oncogene

CCND1 Cyclin D1

et al.

RIPK1 receptor-interacting protein 

kinase 1 RIPK3 MLKL mixed-lineage kinase domain-like pseudokinase

et al.

et al. et al.



et al.

et al.

cellular FLICE-inhibitory protein



–

et al.



et al.

et al.

(SARHAN; D’ARCY; LUNDQVIST, 2014)



et al.

et al.

KRAS

BRAF PTEN PIK3CA CTNNB1 ARID1A

TP53 ATCC

PIK3CA e ARID1A

TP53



2. OBJETIVO GERAL 

in vitro

2.1 OBJETIVOS ESPECÍFICOS 

TRAIL-R2 in vitro



3. METODOLOGIA 

3.1 CULTIVO CELULAR 

–

™ American Type Culture Collection

3.2 ENSAIO DE CITOTOXICIDADE 

tripsinizadas 







et al.

3.3 EXTRAÇÃO DE RNA TOTAL 

RNeasy® Mini Kit

tripsinizadas

QIAshredder 

Rneasy Mini 

spin

RNeasy Mini spin



3.4 QUANTIFICAÇÃO DO RNA 

se 2μL da amostra. 

3.5 AVALIAÇÃO DA INTEGRIDADE DO RNA 

3.6 TRATAMENTO DAS AMOSTRAS DE RNA COM DNASE 

Foi tratado 2 μg de RNA total com o kit RNAse

conforme as instruções do fabricante. Em um microtubo foi acrescentado 2 μg de RNA total, 

2 μL de tampão e 0,2 μL de DNase. O volume foi completado com água tratada com 

DEPC em quantidade suficiente para 20 μL. A amostra foi incubada por 30 minutos a 37°C, e 

3.7 SÍNTESE DO DNA COMPLEMENTAR 

™



Annealing Buffer

2X First-Strand Reaction Mix SuperScript III

™ ™

3.8 OTIMIZAÇÃO DOS INICIADORES 

iniciadores PrimerBank 

PrimerQuest 

Tool

Primer BLAST

3.9 AVALIAÇÃO DA EXPRESÃO GÊNICA 

TNFRSF10A/TRAIL-R1 TNF receptor superfamily member 10a

TNFRSF10B/TRAIL-R2 TNF receptor superfamily member 10b TNFRSF10C/TRAIL-R3

TNF receptor superfamily member 10c TNFRSF10D/TRAIL-R4 TNF receptor superfamily

member 10d RIPK1 receptor interacting serine/threonine kinase 1 MLKL mixed lineage

kinase domain like pseudokinase NFKB1 nuclear factor kappa B subunit 1 REL-A RELA

proto-oncogene NF-kB subunit TP53 tumor protein p53 CASP8 CFLAR

CASP8 and FADD like apoptosis regulator



RPL13A ribosomal protein 

L13a ALAS1 5'-Aminolevulinate Synthase 1

Coolbox

™
∆∆



(5’ 3’)

TNFRSF10A (TNF receptor superfamily 

member 10a) 

TNFRSF10B (TNF receptor superfamily 

member 10b) 

TNFRSF10C (TNF receptor superfamily 

member 10c) 

TNFRSF10D (TNF receptor superfamily 

member 10d), 

RIPK1 (receptor interacting serine/threonine 

kinase 1) 

MLKL (mixed lineage kinase domain like 

pseudokinase) 

 

NFKB1 (nuclear factor kappa B subunit 1) 

RELA (RELA proto-oncogene, NF-kB subunit) 

TP53 (tumor protein p53) 

CASP8 (caspase 8) 

CFLAR (CASP8 and FADD like apoptosis 

regulator) 

RPL13A (ribosomal protein L13a) 

ALAS1 (5'-Aminolevulinate Synthase 1) 



3.10 CARACTERIZAÇÃO CELULAR POR CITOMETRIA DE FLUXO 

tripsinização

células/100μl). Em 

3.11 IMUNOFLUORESCÊNCIA 

 

3.12 SILECIAMENTO ALVO TRAIL-R2 

Silencer™ 

Select



microRNAs

short interfering RNAs short hairpin RNAs

™

™ ™

™

™

™

siRNA Sequência 5’ – 3’ ref-seq id 



3.13 ANÁLISE ESTATÍSTICA 

4. RESULTADOS E DISCUSSÃO 

4.1 ENSAIO DE CITOTOXICIDADE 



The Genomics of Drug Sensitivity in Cancer



The Genomics of 
Drug Sensitivity in Cancer

ATCC



GDSC

et al.

et al.

FcγR







4.2 CARACTERIZAÇÃO CELULAR POR CITOMETRIA DE FLUXO, RT-PCR E 

IMUNOFLUORESCÊNCIA 

Endpoint 

Dot plot
Dot plot Dot plot



trans-Golgi network

et al.

nonsense-mediated 

mRNA decay

R2 está relacionado com a disponibilidade da proteína importina β1 



trans-Golgi network

proteínas. As regiões não traduzidas 5’ e 3’ (UTRs) são domínios do mRNA que controlam o 



et al.

et al.

a proteína HuR se liga a região 5’ UTR do mRNA de TRAIL

ligação de RBPs a região 3’ UTR 

et al.

et al.



4.3 EXTRAÇÃO, QUANTIFICAÇÃO E AVALIAÇÃO DA INTEGRIDADE DO RNA 



Linhagem Droga 
Concentração 

µg/µL 
A260 A280 A260/A280 

SKOV-3 

SKOV-3 

SKOV-3 

SKOV-3 

4.3 AVALIAÇÃO DA EXPRESSÃO GÊNICA 

TRAIL-R1 TRAIL-R2, TRAIL-R3, TRAIL-R4 RIPK1

MLKL NFKB1 RELA TP53 CASP8 CFLAR

TP53

et al

wild-type

TRAIL-R1 TRAIL-R2 

TP53



wild-type

et al. TP53

CASP8 CFLAR

TP53

TP53

et al.

wild-type

ATCC

TP53 et al.



 

TP53

TRAIL-R3 TRAIL-R4 TP53

et al.



in vitro

et al.

TRAIL-R3

et al

este ser um mecanismo de quimiorrêsistência. O’Leary e colaboradores (2016) demonstraram 

ɣ

TRAIL-R3 TRAIL-R4



RIPK1

TRAIL-R4 RELA

NFKB1 RELA 

RIPK1 CASP8

–

knockout RIPK1

wild-type

RIPK1

CFLAR CFLAR



CFLAR et al. et al.

CFLAR RELA

CFLAR CASP8

MLKL

RELA



NFKB1 RELA

4.4 SILENCIAMENTO CELULAR DE TRAIL-R2 

et al.

ΔΔ

GAPDH



ex-vivo



5. CONCLUSÕES 

 

R3 não é capaz de transduzir nenhum sinal à célula, mas pode “sequestrar” 

TP53, 

CASP8

NFKB1 RELA 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6. REFERÊNCIAS 

Biomedical and Pharmacology Journal
–

Pharmacology and Therapeutics –

Journal of Nucleic Acids

Seminars in Oncology Nursing

et al.
Cell Death and Disease

–

et al.
CA: A Cancer Journal for Clinicians

–

Nature Reviews Molecular Cell Biology –

et al.
IUBMB Life –

et al.

Leukemia Research –

et al.
Gynecologic Oncology

–

Frontiers in 
Oncology –

Cancers –

DAVIS, A.; TINKER, A. V.; FRIEDLANDER, M. “platinum resistant” ovarian cancer: What is 
Gynecologic Oncology –

Chinese Journal of Cancer –

κB pathways. Nature Reviews Drug Discovery
–



Journal of Neuroinflammation –

et al.
Scientific Reports –

et al.
Cancer Investigation

–

κB signaling in macrophages: Dynamics, 
Frontiers in Immunology

‐
et al.

Gynecologic Oncology
–

Cancer Biology and Therapy –

et al. International 
Journal of Biochemistry and Cell Biology – –

FALSCHLEHNER, C.; SCHAEFER, U.; WALCZAK, H. Following TRAIL’s path in the immune 
Immunology –

Gynecologic Oncology Research and 
Practice –

κB leading to its 
Gene –

et al.
BioMed Research International

SpringerPlus

Frontiers in Endocrinology
–

et al.
Frontiers in Oncology –

Genes and Development – –



GRAHAM, B.; GIBSON, S. B. The two faces of NFκB in cell survival responses. Cell Cycle
–

et al.

Breast Cancer Research
–

Cell
–

et al.
BMC Cancer –

et al.
Molecular and Clinical Oncology –

κB Signaling. Cell –

et al. κB interactions in regulating 
Cell Death 

Discovery

et al.
Journal of Cancer –

FEBS Journal –

et al.
American Journal of Roentgenology –

International Journal of Molecular Sciences

et al.
BioMed Research International

et al.
American journal of cancer research –



et al.
Journal of Gynecologic 

Oncology –

et al. Importin β1 protein

Journal of Biological Chemistry
–

Diagnostics

Human Pathology –

American Journal of Surgical Pathology –

et al.
Journal of Gynecology Obstetrics and Human Reproduction

–

et al.
Cell Death and Disease

Annual Review of Cancer Biology –

CA: A Cancer Journal for Clinicians –

et al.
American Journal of Obstetrics and Gynecology

et al.
Journal of Experimental 

and Clinical Cancer Research –

International Journal of Gynecological Cancer –

ΔΔCT method. Methods –

Journal of Neuroscience Methods –

et al.
Oncology Reports



–

et al.
Critical Reviews in Oncology/Hematology –

Radiology and Oncology –

et al.
Frontiers in Physiology –

Advances in Experimental Medicine and 
Biology –

et al.
Oncotarget

et al.
Molecular and Cellular Biology –

et al.
International Journal of Women’s Health –

Journal of Immunological Methods – –

et al.
Oncology Reviews –

et al.

Genes, Chromosomes and Cancer –

et al.
Cancers

κB Family of Transcription Factors and. Cold 
Spring Harbor perspectives in biology –

O’LEARY, L. et al.
Oncogene –

et al.
Frontiers in Genetics –

et al.
Critical Reviews in Oncology/Hematology –

κB in Cancer and Inflammatory Diseases and Their 
Cells



et al. HuR’s post
Cancer Biology and Therapy –

et al.
Annals of Oncology –

et al.
Biomarkers in Cancer

Current 
Opinion in Genetics & Development –

et al.

Obstetrics and Gynecology –

et al. Biochimica et 
Biophysica Acta - Reviews on Cancer –

RABOU, A.; REDA, A. Trail combinations: The new “trail” for cancer 
Oncology Letters –

et al.
Proceedings of the National Academy of Sciences of the United 

States of America –

et al.
International Journal of Molecular Sciences

Cancers –

SARHAN, D.; D’ARCY, P.; LUNDQVIST, A. Regulation of TRAIL
International Journal of Molecular Sciences

–

Trends in 
Cancer –

European Journal of Pharmacology –

et al. Genes and Development
– –

et al.
Journal of Ovarian Research

et al.
PLoS ONE



Trends 
in Molecular Medicine –

et al.

International Journal of Surgical Oncology –

et al. Nucleic Acids 
Research –

et al. Drug 
Resistance Updates –

Endocrine-Related Cancer
–

Expert Opinion on Investigational Drugs –

Nature Reviews Cancer –

—
Cancers

et al.
International Journal of Molecular Sciences

–

et al. Isolation and molecular characterization of the 5’
Biochemical and Biophysical Research Communications

–

et al.
κB Signaling. Molecular Therapy - Nucleic 

Acids –

et al. Tumor Biology

Molecular Biology of the Cell
–

Molecular Cell –

Clinical Cancer Research –

et al.
Immunity –



et al.
PLoS ONE –

Nature Reviews Genetics –

Journal of Molecular 
Signaling

et al.
Oncotarget –

et al.
Cytotherapy

–

et al.
Journal of Human Lactation

–

et al.
The Journal 

of Immunology –

et al. Translational Cancer 
Research –

et al.
Journal of Biological 

Chemistry –

Cancer Letters –

et al.

Acta Pharmacologica Sinica –

et al.
Journal of Experimental 

Biology

 



7. ANEXOS 

TRAIL-R1
TRAIL-R1

TRAIL-R2
TRAIL-R2

TRAIL-R3
TRAIL-R3



TRAIL-R4
TRAIL-R4

RIPK1 
RIPK1

MLKL 
MLKL



NFKB1 
NFKB1

RELA 
RELA

TP53 
TP53



CASP8 
CASP8

CFLAR 
CFLAR

RPL13A
RPL13A



ALAS1 
ALAS1


