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Variante patogênica com elevada penetrância e remoção cirúrgica
profilática.



In Henrich et al, 2020 – Managing health in the genomic era – Chapter 5

A proteína BRCA1 tem um papel central no reparo por recombinação homóloga
em resposta a um dano no DNA. Também interage com muitas outras proteínas

exercendo influências em vários outros eventos celulares



No ciclo celular há 2 checkpoints G1/S e G2/M  em que a célula monitora a 
integridade do DNA. Se o DNA estiver lesionado, o ciclo celular é

interrompido, o sistema de reparo ativado antes que o ciclo celular prossiga.
In Klug et al, 2019 – Concepts of Genetics – Chapter 24



In Hartwell et al, 2018 – Genetics: from Genes to Genome – Chapter 7

Mutação no DNA é estabelecida somente se os sistemas de 
reparo de DNA não corrigirem a lesão do DNA antes do 

próximo ciclo de replicação do DNA.





Há seis principais mecanismos de reparo do DNA.

Variantes patogênicas em genes envolvidos nesses sistemas de 
reparo aumentam o risco do desenvolvimento de câncer ao longo

da vida.

Entretanto, um indivíduo que herdou uma variante potencialmente
patogênica de um dos pais, via de regra, herda uma variante normal 

e funcional do outro parental.

In Henrich et al, 2020 – Managing health in the genomic era – Chapter 5
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practice, the entire pathway is usually referred to as BER. 
The pathway is subdivided into short patch BER (sin-
gle nucleotide replacement; the predominant pathway) 
or long patch BER (two to 13 nucleotides are replaced), 
depending on the nature of the 5ʹ and 3ʹ ends and, possi-
bly, ATP availability18. The main components of the path-
way are glycosylases, endonucleases, DNA polymerases 
and DNA ligases, with poly(ADP-ribose) polymerase 1 
(PARP1) and PARP2 facilitating the process (FIG. 2). 
PARP1 has a major role in BER, but it is also important 
in DNA double-strand break (DSB) repair (reviewed in 
REF. 19). The binding of PARP1 to DNA breaks activates 
it, and this is necessary for the recruitment of XRCC1 
and other BER proteins in the pathway20. BER repairs 
DNA damage that is therapeutically induced by ionizing 
radiation (IR), DNA methylating agents, topoisomer-
ase I poisons21 (for example, camptothecin, irinotecan 
and topotecan) and some antimetabolites. Germline and 
tumour-specific polymorphisms and mutations in BER 
genes are associated with cancer22 (reviewed in REF. 23) 
(TABLE 1).

The BER pathway is an attractive target for the 
modulation of chemosensitivity and radiosensitivity. 
Early inhibitors of DNA polymerase-β (Pol β), flap 
endonuclease 1 (FEN1), ligase 1 and ligase 3 enhanced 
sensitivity to IR, TMZ and the alkylating agent methyl 
methanesulphonate (MMS), respectively (TABLE 2). 
However, the most advanced drugs that target this 

pathway are AP endonuclease 1 (APE1; also known as 
APEX1) inhibitors and PARP inhibitors. Both APE1 
and PARP expression and/or activity are generally 
higher in tumours24–26, which possibly reflects higher 
levels of endogenous DNA damage or DNA repair 
defects that are compensated for by higher BER activ-
ity. These increased levels cause chemotherapy and 
radiotherapy resistance, and inactivation of APE1 or 
PARP increases sensitivity to IR and alkylating agents 
(which cause DNA lesions that are substrates for BER) 
in the laboratory setting24,27. There are two classes of 
APE1 inhibitor: methoxyamine, which binds the AP site 
in DNA (the APE1 substrate), and inhibitors of APE1 
endonuclease activity. Preclinically, methoxyamine 
potentiates the cytotoxicity of TMZ28 and pemetrexed 
(an antifolate that causes base errors). In a Phase I trial 
of methoxyamine, responses were seen in combination 
with pemetrexed, and there is a study currently ongo-
ing with TMZ (TABLE 2). Lucanthone, a topoisomerase II 
inhibitor, also inhibits APE1 endonuclease activity and 
potentiates the cytotoxicity of DNA-methylating agents 
in breast cancer cells29 and also potentiates the antitu-
mour activity of radiotherapy in patients with brain 
metastases30. Novel, more specific, APE1 endonuclease 
inhibitors increased the persistence of AP sites in vitro 
and increased the cytotoxicity of alkylating agents, but 
they have not yet moved into advanced preclinical or 
clinical evaluation31.

Phase II trials
Use the maximum tolerated 
dose to treat groups of 
patients with a particular 
tumour type, these studies 
determine whether the drug, or 
drug combination, is effective 
in one or more tumour types 
and are used to further monitor 
drug safety. These generally 
involve small numbers of 
patients (100–300).

Deamination
Removal of an amide group;  
for example, deamination 
of adenosine to inosine 
(adenine to hypoxanthine).

Oxidative phosphorylation
Metabolic pathway for the 
generation of ATP occurring in 
the mitochondria of eukaryotes 
in which NADH and succinate 
from the Krebs’ cycle are 
oxidized by the electron 
transport chain. The process 
also generates reactive oxygen 
species.

Figure 1 | Sources of DNA damage and their repair. Endogenous and environmental sources of DNA damage  
are shown in green boxes, with the lesions they cause in beige boxes (where known, the approximate number of the 
indicated type of lesion that occurs naturally in a cell each day is shown). Therapeutic DNA-damaging agents that cause 
the corresponding DNA lesion are shown in orange boxes. DNA repair pathways (blue boxes) repair DNA damage that is 
induced by endogenous and environmental DNA-damaging agents and thus protect the genome but they antagonize  
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Ø Metilação da região promotora do gene MGMT em gliomas confere
uma boa resposta a agentes alquilantes
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Base excision repairs DNA 
when a base of a nucleotide is 
damaged, for example cytosine.

Cytosine can easily lose an 
amino group, forming a base 
called uracil. 

An enzyme, glycosylase, 
discovers the defect and 
excises the base of uracil.

Another couple of enzymes 
remove the rest of the 
nucleotide from the DNA strand. 

Uracil cannot form a 
base pair with guanine.  

DNA polymerase fills in the 
gap and the DNA strand is 
sealed by DNA ligase. 

Illustration: © Johan Jarnestad/The Royal Swedish Academy of Sciences



REPARO DE 
MALPAREAMENTO

Síndrome de Lynch ou Câncer
Colorretal Hereditário Não

Poliposo (HNPCC)



Se o indivíduo herdar uma variante genética patogênica (MLH1+/MLH1-) nenhum
efeito será observado, uma vez que a outra cópia parental é funcional.

Como consequência, novas mutações podem surgir e a célula perde a
capacidade de regular o ciclo celular resultando em carcinoma.

In Henrich et al, 2020 – Managing health in the genomic era – Chapter 5



Padrão de herança: autossômica dominante.

Fenótipo clínico: aumento nas taxas de mutações com acúmulo
progressivo de mutações em APC, P53 e outros genes que contribuem
para a condição maligna das células epiteliais do colo e reto.

Diagnóstico molecular: variantes patogênicas em diferentes genes do
sistema de reparo MMR [MLH1 (50%), MSH2 (40%) e MSH6 (10%)].

In Henrich et al, 2020 – Managing health in the genomic era – Chapter 5



In Klug et al, 2019 – Concepts of Genetics – Chapter 15
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when a base of a nucleotide is 
damaged, for example cytosine.

Cytosine can easily lose an 
amino group, forming a base 
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discovers the defect and 
excises the base of uracil.
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remove the rest of the 
nucleotide from the DNA strand. 

Uracil cannot form a 
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In Klug et al, 2019 – Concepts of Genetics – Chapter 15
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REPARO POR EXCISÃO
DE NUCLEOTÍDEOS

Xeroderma Pigmentoso e 
Síndrome de Cockayne



In Klug et al, 2019 – Concepts of Genetics – Chapter 24

Padrão de herança: autossômica
recessiva.

Fenótipo clínico: extrema sensibilidade
aos raios UV da luz solar, risco
aumentado de câncer de pele e
problemas cognitivos.

Diagnóstico molecular: variantes
patogênicas em diferentes genes do
sistema de reparo NER [XPA, ERCC3
(XPB), XPC, ERCC2 (XPD), ERCC4
(XPF), DDB2, ERCC5 e POLH].



Incidência de câncer de pele em
pessoas com XP comparado com a
população não afetada com XP.

In Tannock et al, 2013 – The Basic Science of Oncology – Chapter 5



Chebly et al, 2018 – BMC Med. Genetics – 10.1186/s12881-018-0677-7

p44, a subunit of the human RNA polymerase II transcrip-
tion factor IIH [15, 16].
Among the reported CS cases, 62 to 68% had muta-

tions in ERCC6 gene [17, 18].
The diagnosis of CS in three Lebanese patients was con-

firmed, in 1999, by Jabre et al. using the recovery of RNA
synthesis (RRS) assay after UVC irradiation in patients’
fibroblasts. Impaired RRS is typically found in CS cells.
Molecular evaluation of these patients was not performed
[19]. Here we report the first molecular study of CS in the
Lebanese community.

Methods
Patients
Three patients with CS were referred to the Medical
Genetics Unit of Saint Joseph University (USJ). Among
them, two patients present a classical form and one a se-
vere form. Approval to conduct this study was obtained
from the Ethics Committee of Saint Joseph University
(USJ), Beirut, Lebanon.

Patient A
Patient A (Fig. 1a, patient III.4) is the fourth child born to
non-consanguineous Christian (Greek Orthodox) parents,
from the Akkar region in North Lebanon. Among the five
children of this family, three were affected. Only patient
III.4 presented to the clinical examination and was in-
cluded in this study. He was born at term weighting 4 kg
(90th Percentile). At 3 months of age, the parents noted a
hypotonia. Patient A was first referred to us at the age of
16. His clinical examination showed hypotonia, a short
stature (104 cm: < 3rd Percentile), a head circumference
of 47 cm (< 3d Percentile) and a typical dysmorphic face
associating microcephaly, enophtalmy, and an aquiline
nose with a sensorial impairment including hearing loss.
He had numerous dental caries and some skin lesions due
to photosensitivity. Patient A deceased at 17 years of age.

Patient B
Patient B (Fig. 1b, patient III.2) is the second child born to
non-consanguineous Muslim parents, from Saida in South
Lebanon. She was a term newborn weighting 3,1 kg (15th

Fig. 1 a Pedigree of family A and photos of patient A. b Pedigree of family B and photos of patient B. c Pedigree of family C

Chebly et al. BMC Medical Genetics  ������ ������ Page 2 of 7

Padrão de herança: autossômica
recessiva.

Fenótipo clínico: neuropatia periférica,
atraso no desenvolvimento, degeneração
neurológica progressiva, baixa estatura,
sensibilidade a luz solar sem aumento em
risco para câncer.

Diagnóstico molecular: variantes
patogênicas em genes do sistema de
reparo NER: ERCC-8 (OMIM: 216400) ou
ERCC-6 (OMIM 133540).



In Hartwell et al, 2018 –
Genetics: from Genes to Genome – Chapter 

7
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In Klug et al, 2019 – Concepts of Genetics – Chapter 15



In Henrich et al, 2020 –
Managing health in the genomic era – Chapter 5



In Henrich et al, 2020 – Managing health in the genomic era – Chapter 5

Paciente de 43 anos surpresa de desenvolver câncer
de mama agressivo, sendo que seus pais não
desenvolveram esse tipo de câncer.

Médico geneticista encoragou-a a buscar informações
de outros parentes.

A avó paterna tinha tido câncer de mama e faleceu
aos 50 anos.

A variante patogênicaBRCA2- foi encontrada em seu
pai.



REPARO DE QUEBRA DE 
DUPLA-FITA DE DNA

Predisposição para câncer de 
mama e outros tipos câncer



In Henrich et al, 2020 – Managing health in the genomic era – Chapter 5

A relação entre variantes patogênicas: variantes de genes de reparo, associadas com o 
risco de desenvolvimento de câncer de mama e outros tipos de cânceres



REVISANDO
CONCEITOS



1. Como classificar os mecanismos de reparo pelos quais
as células podem reparar o DNA com nucleotídeos
alterados ou lesionados?

2. Quais as principais diferenças entre o reparo por
recombinação homóloga e o reparo dos terminais não
homólogos no reparo de quebra da dupla-fita?

3. Como o reparo de mal-pareamento distingue a fita que
deve ser reparada quando o erro ocorre ao longo da
duplicação do DNA?

4. Quais as potenciais consequências para a saúde de
mutações em genes responsáveis pelos sistemas de
reparo?


