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Definition of Penetrance: 

Complete Penetrance:  Every individual who inherits a mutated gene develops  

the related disease 

 

Ex: Huntington disease 

H h 

h h 

Ex: BRCA1 Mutation:  

B b 

b b 

Incomplete Penetrance:  Less than 100% of the carriers of the 

mutation develop the disease 

 

100% Incidence of Huntington Disease 

100% Normal Individuals 

Greater probability of developing breast cancer,  

but another mutant factor (from environment,   

other genes)  is also needed 

May develop sporadic breast cancer 



What is Retinoblastoma? 

A malignant tumor arising in the undifferentiated 
retina of one or both eyes during infancy or early 
childhood. 
                             
The most common tumor of the eye in early childhood 
with a frequency of 4 / 1.000.000 NIÑOS < 15 años  
                            
Actually begins to form during fetal development, 
when retinal cells (retinoblasts) are rapidly dividing. 
 
Expressed by 5 years of age in nearly all cases. 

leucocoria 



                     Retinoblastoma 

About 25-30 % of cases are associated with a 
germline mutation, and 70-75 % are sporadic.  

5-10% of cases are inherited germline 
mutations 

20-30% are NEW germline  

    mutations 
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         Alfred Knudson 

   The two-hit hypothesis 
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Retinoblastoma. Rosetas de Flexner-Winterstainer 



Retinoblastoma 

pRb; tumor suppressor 

 

deleted in retinoblastoma  

  plays a pivotol role in mammalian cell cycle  

  represses transcription - E2F 

  regulated by phosphorylation 

 

-underphosphorylate: growth suppressive 

-hyperphosphorylated: growth promoting 

 



TRATAMIENTOS 

– Enucleación 

– Radioterapia 

– Laser 

– Crioterapia 

– QT con carboplatino 

 

– ¡Se puede curar hasta el 96 % de los niños! 



CANCER DE MAMA Y 

OVARIO HEREDITARIOS 



17q21 
BRCA1 

Mary-Claire King, 1990 

BCLC: Breast Cancer Linkage Consortium 
“The BCLC represents virtually all of the 
groups conducting breast cancer linkage 
analysis worldwide. The members have 
meeting on a biennal basis since 1989 
sharing their linkage results at each 
meeting” Easton et al, Am J Hum Genet, 
1993 

Mark Skolnick 

Myriad Genetics, 1994 

2cM 

BCLC, 1993 



Mary Claire King. 1946 –  

Descubrió gen BRCA-1 cáncer de mama 

Asesoró Abuelas Plaza de Mayo 



Mark Scolnick, BRCA 1 patent and Myriad Genetics 



     Breast cancer tumor suppressor genes 
 
 Breast cancer affects 1 in 10 women and represents 31% of 

cancers in women 
 

 ~5% of breast cancers are hereditary; age of onset for hereditary 
breast cancer is earlier than other forms (mutations at 2 alleles). 
 

 Many genes involved; BRCA1 and BRCA2 are thought to be tumor 
suppressor genes. 
 

 BRCA1 is important for homologous recombination, cellular repair 
of DNA damage, and transcription of mRNA. 
 

 Mutations in BRCA1 also are involved in ovarian cancer. 
 

 BRCA2 plays a role in timing of mitosis in the cell cycle. 
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Breast Cancer Tumor Suppressors 

A small proportion of breast cancer is 
heritable.  Two genes are associated with 
predisposition to developing breast cancer. 

BRCA1 on chromosome 17 

BRCA2 on chromosome 13 

 

Normal function of both is in repair of ds DNA 
breaks. 
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Posibles roles para la proteína BRCA1  
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SWI/SNF 



a(i) Domain organization of BRCA1 and BRCA2.  

O'Donovan P J , and Livingston D M Carcinogenesis 

2010;31:961-967 

© The Author 2010. Published by Oxford University Press. All rights reserved. For 

Permissions, please email: journals.permissions@oxfordjournals.org 
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Figure 1. Location and Tumor Specificity of some BRCA1 Mutations Identified in 

Families with Breast Cancer.  

Exon 1 and the coding region of BRCA1 are depicted, with exons 1, 2, 11, and 24 

included for reference. The translation start site is located at the mutation Met1Ile. 
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Figure 1. Identification and Location of BRCA2 Mutations That Truncate the Polypeptide Chain.  

The BRCA2 gene is encoded by 27 exons, the second of which contains the initiator codon (ATG) at 

nucleotide position 229. The coding sequence spans 10,254 nucleotides, encoding 3418 amino acids. 

Each truncating mutation results in the insertion of a premature stop codon in the sequence. Detecting 

these mutations by a protein-truncation assay involves making a complementary DNA copy of the BRCA2 

transcript, performing two rounds of nested PCR amplification, and synthesizing messenger RNA and 

protein in vitro from the PCR-generated templates. Abnormally shortened protein products are created 

when there is a truncating mutation in one of the two BRCA2 alleles; these products can be detected by 

electrophoresis.  

Maestría en Biología 

Molecular Médica – 

Dr. José Mordoh 2016 

http://content.nejm.org/content/vol336/issue20/images/large/03f1.jpeg




                                 

Figure 1. Kaplan–Meier Estimates of the Incidence or Risk 

of Breast Cancer.  

Panel A shows the reported incidence of breast cancer 

among first-degree female relatives of subjects who carried 

a BRCA1 or BRCA2 mutation and those of subjects who did 

not. Panel B shows the estimated risk of breast cancer and 

95 percent confidence intervals among carriers and 

noncarriers of a BRCA1 or BRCA2 mutation. The difference 

in risk between the two groups was statistically significant 

by the age of 35. Panel C shows the estimated risk of breast 

cancer among carriers of each of the three mutations. The 

95 percent confidence intervals are not shown but are about 

50 percent wider than the upper curve in Panel B and are 

widely overlapping.  
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Figure 2. Estimates of the Risk of 

Ovarian Cancer.  

Panel A shows the estimated risk of 

ovarian cancer and 95 percent 

confidence intervals among carriers 

and noncarriers of BRCA1 or 

BRCA2 mutations. The differences 

were statistically significant by the 

age of 45. Panel B shows the 

estimated risk of ovarian cancer 

among carriers of each mutation. 

Although not shown, the 95 percent 

confidence intervals are widely 

overlapping.  
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Figure 3. Estimates of the Risk of 

Prostate Cancer.  

Panel A shows the estimated risk of 

prostate cancer and 95 percent 

confidence intervals among carriers 

and noncarriers of BRCA1 or 

BRCA2 mutations. The differences 

were statistically significant by the 

age of 67. Panel B shows the 

estimated risk of prostate cancer 

among carriers of each mutation. 

Although not shown, the 95 percent 

confidence intervals are widely 

overlapping. 

http://content.nejm.org/content/vol336/issue20/images/large/01f3a.jpeg
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Conclusión: en mujeres con mutación BRCA1 o BRCA2, 
la mastectomía total profiláctica bilateral reduce la  
incidencia de cáncer de mama luego de 3 años de  
follow-up. 

  



En cáncer de mama con mutaciones en BRCA1 o BRCA2 se expresan  
grupos de genes diferentes 



Roukos DH and Briasoulis E (2007) Individualized preventive and therapeutic management of hereditary 
breast 

ovarian cancer syndrome Nat Clin Pract Oncol 4: 578–590 doi:10.1038/ncponc0930 

Figure 1 Proposed individualized management algorithm 

for women at high risk for the hereditary breast ovarian 

cancer (HBOC) syndrome. 
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INDICACIONES PARA MASTECTOMIA 

PROFILACTICA BILATERAL 

• CPM should be considered 
for those at significant risk of 

• CBC 

• • Documented BRCA1/2 
carrier. 

• • Strong family history, but 
patient has not undergone 

• genetic testing. 

• • History of mantle chest 
radiation before age 30 years. 

 

• CPM can be considered for those at 
lower risk of CBC 

• • Gene carrier of non-BRCA gene 
(e.g., CHEK-2, PALB2, 

• p53, CDH1). 

• • Strong family history, patient 
BRCA negative, no 

• known BRCA family member. 

• CPM may be considered for other 
reasons 

• • To limit contralateral breast 
surveillance (dense breasts, 

• failed surveillance, recall fatigue). 

• • To improve reconstructed breast 
symmetry. 

• • To manage risk aversion. 

• • To manage extreme anxiety. (This 
may be better managed through 
psychological support strategies.) 



CPM should be discouraged  in: 

 

 
• Average-risk woman with unilateral breast 

cancer. 

• Women with advanced index cancer (e.g., 

inflammatory breast cancer, T4 or N3 

disease, stage IV disease). 

• Women at high risk for surgical 

complications (e.g., patients with 

comorbidities: obesity, smoker, diabetes). 

• Woman tested BRCA negative with a 

family of BRCApositive carriers. 

• Male breast cancer, including BRCA 

carriers. 



•Any male relatives with breast cancer at any age. 

 

 

Family History Questionnaire for Breast and 
Ovarian Cancer 

 Please place a check mark in the boxes below, for yourself and for each family member who has had cancer as indicated. 

   Breast Cancer 

Before Age 50 

Breast Cancer 

At or After Age 50 

Ovarian Cancer 

At Any Age 

    Yourself 
Your Mother 

Your Sister(s) 
Your Daughter(s) 

      

 
 

Mother's Side: 
Grandmother 

Aunt(s) 
Cousin(s)  

Father's Side: 
Grandmother 

Aunt(s) 
Cousin(s)  

Father or Mother's 

Side: Any Males with 

breast cancer at any 

age 

Ask your physician to evaluate your hereditary risk of breast and ovarian cancer if there are: 

•Two (2) or more check marks in the above table,  

OR 

•One (1) check mark in the above table and you are of Ashkenazi Jewish descent,  

 OR 



Breast T, 36 

Breast, 42 

Breast T, 45 

Breast T, 56 

Breast T, 40 

68 yrs 

39 yrs 

? 

It is needed to identify the responsible 

BRCA mutation from the testing of an 

affected case to be able to offer an  

Informative genetic testing  

in unaffected relatives   

Breast T, 34 

1: test of the index case 2: test of a relative 



“A Genetic Counselor’s Nightmare” 

• Many genes control breast cancer– it’s not a 

Mendelian trait 

• Not all mutations in BRCA1 cause cancer 

• Not all individuals with a mutant BRCA1 allele 

develop cancer 

– BRCA1 is “incompletely penetrant” 
 



TIPOS DE BRCA- ANÁLISIS 

1- Total: para determinar mutación por primera vez se                          
     secuencia todo el gen.                                        

2- Sitio Único: para pacientes con parientes cuya mutación 
     BRCA1/BRCA2 es conocida.                                                                                                 

3- Multisitios: para individuos Ashkenazi. 
     Detecta la presencia de mutaciones en tres  
              sitios diferentes. 
      185 del AG, 5382 insC y 6174 del T                                                  
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Ver video Hans Clevers  

(you tube) 



Colon: 10 7 criptas. Cada cripta 1-10 células stem. Cada día se pierden  10 10 células 





 Cancers Usually Result from a Series 

of Mutations in a Single Cell 

Tumor suppressor Tumor suppressors oncogene 

Normal -> proliferating -> benign  -> intermed. -> late     -> cancerous -> colon 

    epithelium       adenoma   adenoma  adenoma    adenoma      cancer 

              with villi 

CIO-FUCA 



Stoffel and Bolland, Gastroenterology, 2015 



Adenomatous polyposis coli 
(APC) 

Tumor suppressor gene 

 

First characterized because of its association 
with familial adenomatous polyposis 

 

Further study proved its role in sporadic cases 
of colon cancer 

CIO-FUCA 







AcM anti-beta catenina 









SINDROME DE LYNCH 

(antes HNPCC: Hereditary Non-

Polypoid Colorectal Cancer) 

 1) Enfermedad heredada, autosómica dominante 

2) Afecta 1/400 individuos 

3) Mutación en genes de reparación MSH 

4) Induce cáncer colorectal, endometrio, ovario, tracto  

hepatobiliar, tracto urinario, etc 

5) Alta penetrancia 

6) Muchos autores prefieren el uso de Sindrome de Lynch 

al de HNPCC 

 

 

























MUTACIONES HEREDADAS 

DE P53: SINDROME DE LI-

FRAUMENI 

Poco frecuentes 











         p53 tumor suppressor gene 
 
 Mutations in p53 are implicated in ~50% of human cancers, 

including cancers of the:  
        
       breast, brain, liver, lung,  
       colorectal, bladder, and blood. 

 
 

 
 

 Development of tumors requires mutations on two p53 alleles. 
 

 Codes a 393 amino acid protein involved in transcription, cell cycle 
control, DNA repair, and apoptosis (programmed cell death). 
 

 p53 binds to several genes, including WAF1, and interacts with at 
least 17 cellular and viral proteins. 
 

 Transgenic mice with deletions of both p53 alleles are viable, but 
100% develop cancer by ten months of age. 
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