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Introduction: biology and medicine, two separated compartments

\What we need to know:

- boring basics in DNA/RNA structure and everview of particular aspects of
molecular bicloegy technigues

- How DNA Is organized and diffiers in every individual

Molecular diagnostics of cardiovascular diseases
- Mutations ini Factor V

- Mutations in| Factor |1

- Mutations inf MTHER gene

Breast cancer and BRCA1 and 2 genes

- Breast cancer in the industrialized countries
- Breast cencer genes

- seguence In selected areas

- p53 and breast cancer

Pharmacegenomics: finding the right drug for a patient

- ADR: an emerging preblem

- structure ofi cytochromes

- Example 1: TPMT-enzyme and the metabolism ofi azathioprines
- Example 2: Clezapine in the treatment of psychiatric diseases

- Example 3: CXP3A4 and the metabolism of anti-coagulant drugs



Breast cancer susceptibility
genes BRCA1/2
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Global incidence of cancer

Incidenza globale del cancro
(nuovi casi stimati per anno)

12

Milioni di persone




Survival at 5 years...

Sopravvivenza a cinque anni per il cancro della Sopravvivenza a cinque anni per il cancro del polmone
prostata

Diffusione in siti Diffusione in siti 1,7
lontani lontani

Diffusione

regionale Diffusione regionale

Localizzato Localizzato

Tutti gli stadi Tutti gli stadi

Sopravvivenza a cinque anni per il cancro del colon- Sopravvivenza a cinque anni per i linfomi non-
retto Hodgkin

Diffusione in siti 6,9
lontani

Diffusione regionale

Complessivo
Localizzato

Tutti gli stadi




Survival at 5 years...

Sopravvivenza a cinque anni per il cancro del Sopravvivenza a cinque anni per le leucemie
pancreas

11,4

Diffusione in siti lontani eE

Diffusione regionale

Localizzato

Tutti gli stadi

Sopravvivenza a cinque anni del melanoma Sopravvivenza a cinque anni del cancro del rene

! . R . 15,9
Diffusione in siti lontani Diffusione in siti lontani

Diffusione regionale Diffusione regionale
Localizzato Localizzato

Tutti gli stadi Tutti gli stadi




Tumor cells could look like this.







Cancer arises from gene
mutations

Chemical Bases (A, C,G,'T)

Cell  Nucleus Chromosomes

DNA Molecule

Prorein




Cancer IS a multistep process
resulting frem an accumulation of
mutatieons

Exogenous
Agents
(Chemicals, Radiations)

Alterations of genes Genomic Somatic mutations
involved in the > instability of the main genes
Mismatch Repair of DNA (Mutator involvedintumor > Cancer

(Mutator Genes) phenotype) development
/ (ras, myc, p3etc...)

Hereditary factors
(Constitutional mutations)




Tumor cells...

e Do not respond to controell mechanisms
= Do not need growth factors (or less)
= [They divide In an infinite way.

e J[hey Invade other tissues and Induce
capiliary: growith



I the jungle of cell regulatory
molecules

Replication
machneny
(ORCs, MCMs, CDCE)




Which are critical In:

» Celll growth control genes

e genes which has the capability, If
mutated, to transform the cell
(oncogenes)

s genes coding for proteins that
negatively contrel the cell cycle (tumor
SUPPressor genes)



Cellular encogenes
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Factors that could activate a
PrOLO-0NCOFERE

= |nsertions (viral promoter before a proto-ocncogene)
= Chromosomal translecations
o Amplifications

Qne anc Ig are near
ends of tranglocat on |




TUumoer SUppressor genes

Nuclear proteins and: transcription; activators like
P53, p21, pl6, Rb, Brcal and Brca2

Replication
machineny
{ORCs, MCha, CDCE)
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TThe Li-Fraumeni syndrome

Germinal mutation on one of the twoe p53
genes and loss of the other allele

P53 is a tumor SuUppressor gene

produces a wide spectrum; of primanry tumors
like sarcomas, breast carcinoma, brain tumor

Diagnosed by seguencing the p53 gene



The p53 gene In sporadic tumors

p53 p53 p53
Tumor Type n Mutations = Tumor Type n Mutations | Tumor Type n Mutations

Lung 897 Prostate 30% Carcinoid 61 11%
Colon 960 , Hepatocellular 29% Melanoma 70 9%
Esophagus 279 Brain 25% Parathyroid 13 8%
Ovary 386 Adrenal 23% Cervix 350 7%
Pancreas 170 Breast 22% . Neuroblastoma 212 1%

Gastric 314 . Mesothelioma 22% Testes 40  none
Head and neck 524 - Renal 19% | Pituitary 27 none
Bladder 308 13% Pheochromocytoma 47 none
Sarcoma 339 / . Hematologic 12%

Skin -220 | Endometrium 22% r Wilms' 41 none

n = number of tumors of each cell type evaluated for p53 mutation by PCR-based techniques. Courtesy of Curtis C. Harris, M.D.




P53

e On chromosome 17

o composed of 11 exons of which 5,6,7 and 8
are highly conserved

e P53 IS a nuclear phosphoprotein
e has 4 functienal domains

117 124 142 258 270 286

---4::——o=———o=4.----




08% of p53 mutations...
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112 124 236 251 271 7278

are In the conserved regions.



Structure of the pPS3 protein
(B. Vogelstein and W. Kinzler, Nature 370, 1994)

96 of mutations 0.4 5.2
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P53 in DNA repair

Exit

he cell cycle
DNA Damage Alpoptoysis

Damaged DNA Wild type p53
Mutant p53 low,

5 i e-enter
Cancer cell P53 protein e

vesy growth arrest
% 2y DNA repair
Accumulation of g @
R

o P53 accumulates upon DNA damage

o Wild-type p53 promotes growth arrest or
apoptoesis
o mutant pS3 can lead to a cancer cell



Cell cycle regulation...criticall steps

M PHASE

. mitosis
. + {nuclear -
The celll cycle is regulated by ' division) cytokinesis

: . i) cytoplasmic
complicatedl feed-back mechanisms Gz PHASE _ ﬂtiv'i:;im; <l

Feundamental Is to keep equilibrium
petween dying and new: cells

Cells off & multicellular erganism divide INTERPHASE
with different freguencies

G1 PHASE

Tissue cells nermally’ divide only inside SRR
the tissue (DNA replication)

Figure 17-3. Molecular Biology of the Cell, 4th Edition.




Growith arrest by p53
- DNA damage leads to “

an accumulation of
transcriptionally
active p53 that
Induces expression of
p21 mRNA and
protein.

o P21 acts as an
universal inhibitor of
cyclin-dep kinases
affecting cell cycle
progression at many.
polnts

cycD-Cdkd4/6
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Age distribution ofi mortality cases for
preast cancer in Switzerland (1990-1993)
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Breast cancer survival

Sopravvivenza a cinque anni per il cancro della
mammella

Diffusione in siti
lontani

Diffusione regionale

Localizzato

Tutti gli stadi




Breast cancer

In Switzerland every year 1700 wemen are
dying of breast cancer

This represent 23% of deaths ofi cancer in the
WOmER populatien

Every year 100 new cases over 100000
people are registered

20% ofi diagneses concern women between
35 and 49 years off age

40090 of diagmneses concern women between
40 andl 70 years off age



Eachi year new: Cases...

Owarian Cancer

26,800 new cases each vear

Most breast and ovarian camecers are sporadic in nature. Only 10% of them are
hereditary. Up to 7%, of hereditary breast cancers and 9-10% ofi hereditary,
ovarian cancers are caused by inherited mutations in the BRCA1 and BRCA2

genes.



Gene mutations may be inherited or acquired
during a persen’s life.

SPORADIC
CANCER

Two acquired
mutations

HEREDITARY Tumor
CANCER

One inherited
and one acquired
mutation

Most cancers develop from randem mutations that develop in body cells
during apersen’s lifetime. mutations are not passed to offispring.
Only a smalll percentagr of cancers are hereditary and result firem germline
mutations. mutations are passed on fifom one generation to the

next.



BRCA1 and BRCAZ genes

BRCA1 and BRCAZ2 are ,
encoding a protein capable of negatively regulating
tumoer growth

15849 basepairs of coding sequence

population frequency of BRCA1 mutations is 1/800
Wemen

some 10% of all breast cancers are hereditary.

the mutations are present In of hereditary breast
and ovary tumors



BRCA1/2 (suite)

o the germinal mutation on one of the two
alleles leads to |LOH

o Diagnestics: protein truncation test (PT1) and
seguence

e risk off breast cancer: 85% before age 70 and
50% before age 40.



The two genes.
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More than 200 different cancer predispoesing mutations have been identified
throeughout the BRCAL and 2 genes. Only a few mutations have been shown te
occur in multiple families. Of speciall impertance are the three mutations found: in
the Ashkenazi Jewish poepulation (185delAG, 538insC and 64.74delT).



Cumulative risk off getting breast cancer
It BRCAL+ women and BRCAL- wemen
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Particularly: nasty mutations.

BREAST CANCER RISK OVARIAN CANCER RISK

BROAL

BROAL

Gieneral
Population

i:']': o T R B e R T J
WITH Bi IANCER BY AGE () CER BY AGE 70




Either parent can passon BRCAL/2 mutations

Father with heredirary
BRCAIL or BRCAZ

mutation

Bb bb Bhk

0% CHANCE OF INHERITING MUTATION, REGARDLESS OF CHILDY'S GENDER

BRCAL/2 mutations are dominant and affetc multiple generations within a family.
When a parent carries the mutation the children have 50% chance of inheriting the

mutation.
A person may have a BRCA1L or 2 mutation but never develop cancer.



many tumors disease arise fellewing the production
off a truncated non-functienal protein

Table 1. Applications of PTT in Human Molecular Genetics.

% Truncating

Disease Mutationstt Gene

Familial Adenomatous
__Polyposis %% APC

Hereditary desmoid

_Ataxia

Hereditary breast and
ovarian cancer

_Dystrophy

-Emerv Dreifuss Muscular
Dystrophy

using PTT.




The protein truncation test (P1T)

Cells from blood
or tissue sample

/ \\
Genomic DNA / \\

Exons Exons
t 2 34
mANA
l Reverse

Transcription
i riptio CONA

l PCR
dsDNA

el
pa

Forward Primer INE— <« Reverse Primer

dsDNA

1 vitro
Transcription/
Translation
Agarose gel electrophoresis
RNA o] of PCR products

()
’O Protein
A
9

1 SDS-PAGE plus autoradiography

%4 1 =4 1 % 1 Fub-length protein
- - Truncated protein

Figure 1. Schematic diagram of Protein Truncation Test.
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Amplitication; o1 the two BRCAL and 2 genes

BRCA1

BRCA 2



The test...first PCR

= The entire 15849 bp seguence for BRCA1L/2 Is divided In
Ol overlapping fragments ranging In size frem 473! to
1148 codons and having everlaps ofi 250 codons

o Nested PCR using cDNA as template Is used te amplify:
segments 1, 3, 4, 5, 8 and 9 (48% of the coding
seguence)

o Standard PCR Is used te amplify segments 2, 6 and 7
from genomic DNA (52 % of the coding segquence)



Amplification of the 9 IfrlJH ents off DNA (3) ane
CONA (6) 1or BRCAL/2 analysIs

123456789




2nd, In vitro translation

o PCR products are transcribed and translated
Into radio-labeled proteins

e [ranslated products are analyzed on a 5-18%
SDS-acrylamide gradient gel

e [Imits of mutation detection on the SIDS-PAGE
are 10% of difference In protein size



PTT results on an acrylamide gel

EEkDE—ﬁﬂEEH“
31 kDa - -

28 kDa -




And at the end, the seqguence

Wild-type Mutated



No mutations, goed news.

IF NO MUTATION HAS BEEN IDENTIFIED IN YOUR FAMILY:

POSITIVE RESULT UNCERTAIN RESULT NEGATIVE RESULT

‘ N BT RISK BASED ON RISK BASED

FAMILY HISTORY ON FAMILY HISTORY

IF A MUTATION HAS BEEN IDENTIFIED IN YOUR FAMILY:
POSITIVE RESULT NEGATIVE RESULT

CANCER RISK
‘ Fae o GENERAL POPULATION




Understanding possible test results

A test result may be positive, negative or uncertain

A pesitive result means a cancer susceptibility mutation was
identified
A negative result means no mutation was identified, but the

Individual has at least the same cancer risk as the general
poepulation

An uncertain result means a gene alteration was identified but
with unknewn associated cancer risk. In this case the risk Is
pased on family: history.



Consequences In case of positivity,

CANCER DETECTION AND
RISK-REDUCTION OPTIONS

LIFESTYLE | INCREASED | CHEMOPREVENTION | PREVENTIVE |

CHANGES SURVEILLANCE | SURGERY




A positive test Indicates a probability
not a certainity’ to develop cancer

o \When a mutation IS detected an individualized
plan to reduce the risk of cancer or detect It as
early as poessible Is developed

e [0 detect cancer early more freguent
examinations and early: mammography. may/.
pe recommended

e tO reduce cancer risk chemoprevention or
preventive surgery may be considered



TTherapeutic conseguences for Women
carrying the BRCA1/2 mutations

More freguent mammographies

Oral contraceptives (NEJMI 1998; 839:424-
428)

Tamoxifen (Nature Med. 1998; 4: 647)

Bilateral mastectomy(Nature Med. 1998; 4:
647)



Benefits of Testing

e [For carriers, allows early detection and
prevention strategies

= Rules out noencarriers in high-risk families



Limitations ofi TTesting

e Testing raises many psycholoegical, social, and
ethicall concerns.

= Detection and! prevention technigues are not:
100% effective.



Futur prognestic factors

e Mutations In the p53 gene
(tumor suppressor gene)

o Amplification; off HER-2/neu
gene

e Overexpression of Cyclin D1
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