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Methods for Determining the Heritability of
Cancer
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Cohort studies

A traditional way of measuring the contribution of genes to a phenotypic trait is
to examine the family histories of a cohort of individuals with that trait. The
number of first-degree relatives who have the same trait is recorded. This rate is
compared with the expected rate in a matched control group to obtain a ratio —
often referred to as the family risk ratio or odds ratic — that provides a measure of
familiality. This method eliminates the influence of phenocopies (cases in which

the trait occurs in relatives by chance), but does not eliminate the effect of a
shared environment.

Twin studies

Twin studies can minimize the effect of a shared environment. The effect of genes
compared with that of the environment is thought to be adequately measured by
comparing the concordance rate for the trait in monozygotic twins with that in dizygotic
twins. The proportion of variance attributable to hereditary factors is one way of
expressing heritability based on twin studies.

Source: Nat Rev Cancar @ 2004 Nature Publishing Group



Heritability of Selected Cancers

Cancer type Study 1 family

risk ratios”
Testicular 8B.57
Thiyroid B.A48
Lanyngesl 8.00
Multiple myeloma 4,29
Lung 2,50
Colorectal 2.54

Kidney 2.46
Prostate 2.21
Melanoma 2,10

Ereast 183

Study 2 family
risk ratios*

8.50
12.42
MO
5.62
316
4.41
5.26
8.41
3.41
2.01

Proportion of variance
due to heritable factors?

MO
ND
MO
MO
0.26
0.35
MD
0.42
MD
0.27

"The ratios shown here wers in part recalculated by Risch™ . Study 1 was caried out in Utah™,
Ratics ars based on all first-degree relatives; first-dearee relatives of 35,228 probands with cancer
were studied. Study 2 wee camied out in Sweden™, Ratics are based on siblings; data comprizsed
frorm 435,000 parents with cancer who had 5,520,756 oftspring, 71,424 of whom had cancer.
tBasad on a twin study comprising 44,788 pairs'™. ND, not detemmined.

Source: Nat Rev Cancer © 2004 Mature Publishing Group
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Syrdrome Associated genes Predominant tLmour types or
abnormalities

Hereditary breast and ovarian  BRCAT Breast carcinomas, ovarian cancinomas
b
cancer BRCAZ

Carney complex PREARTA Skin pigment abnormalities, endocrine
wmours, schwannomas

Cronseclen Breast carcinomas, thyroid carcinomas,
endometrial carcinomas

Familial adenomatous ARG Adenomatous polyps of the
polyposis colonfrectum, gastrointestinal
cancers, papilary thyroid carcinomas

Familial melancma COKNZA Cutansous malignant melanoma,
( pancreatic cancers

Hereditary papillary renal Papillary renal-c=ll carcinomas
CEMCIMMmEa

Hereditary non- polyposis A5 Colorectal and endometrial
rectal cancer / adenocarcinomas

Hereditary diffuse gastric i Diffuse adenocarcinomas of the stomach

cancer wwall

Juvenile polyposis coli 3 Multiple juvenile polyps in the
gastrointestinal ract, colorectal and
gastrointestinal malignancies

Li—F raumeni Breast cancers, soft-tissus sarcomas,
rain turmours, adrenocortical tumours
leukaemia

Fultiple endocrine neoplasia NENT Primary hyperparathyroidis m, pancreatic
s 1 islet-call tumours, anterior pituitary
TUFMoUrs

h1LI|LIF‘|L— endocrine neoplasia RET Medullary thyroid carcinomas
typs 2 phasochromocytomas, muc osal
NEUromEs

Mevoid basal-cell carcinoma PTCH Basal-c=ll carcinomas

Meurcfibromatosis type 1 NFT MNeurcfiorosarcomas, astrocytomas
¥
melanomas. rhabdomyosarcomas
chronic mysloid leukasmia

Meurcfibromatosis type 2 2 Bilateral westibular schwannomas
meningiomas, spinal wmours, skin
TUPMIoLTS

Peutz—Jegher= | Gastrointestinal-tract carcinomas, breast
carcinomas, testcular cancsrs,
gynascological malignancies

Phasochromocytoma ! N Fhasochromocytomas, glomus wumours

Retnoblastoma Paediatric retnal tumours

Tuberous sclerosis complex [ Multiple hamartormas, renal-call
y cArcinoma, astrocytomas

won HippekLindau d Renal-cell carcinomas. retinal and central
nervous system hasmangioblastomas
phasochromocytomas

;—1'-" = adenomatosis polyposis coli; SODHT, cadherin 1 (E-cadhernin): SOEL, cycin- l:Iepr:nl:Ient kinase 4:
24, cyclin-dependant kinase ||'|I'||L itor 28 MEN T, multipls endocrine neoplasia 1: RE, retincblastoma:
, safinefthrecnine kinass 11; TSC, tuberous sclerosis.

Saurce: Nat Ray Cancer © 2004 Natura Publishing



INDIVIDUAZIONE DEI GENI ANOMALI

Nell’ “Archivio genetico” sono conservate le sequenze
di 18.927 geni sani. Con la tecnica 'microarray‘ si
possono 'sovrapporre’ le varie sequenze di Dna
sospette confrontandole con quelle dell'archivio
evidenziando le anomalie associate alle forme tumorali.

Metodica: si estrae dalle cellule il Dna-copia (cDna) che
viene marcato con una sostanza fluorescente e
confrontato con la sequenza dell’archivio.

Se il gene e regolare le due catene aderiranno in
maniera perfetta, come due pezzi di velcro, se alterato
le due catene mostreranno dei distaccamenti’.

Genome Research Javed Khan 2005
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Pre-test counselling session
(informed consent)

= Collect baseline medical and family history
and psychosocial data
* Provide genetic-risk assessment
= Discuss benefits, limitations and risks of testing

Process of

Patient proceeds with Patient declines
BRCAT/BRCAZ testing BRCAT/BRCAZ testing

genetic testing e |
and counselling

result or negative medical

result management;

for hereditary / lmmat
b re a'St an d Post-test counselling session

(disclosure session)

ovalian cancer. B i < ocies and

communicating results to relatives

T

Provide referrals as need

Collect short- and long-term
outcome data

Source: Nat Rey Cancer © 2004 Nature Publishing Group



COMPARING UPTAKE
RATES OF GENETIC
TESTING IN FAMILIES
WITH HEREDITARY
BREAST AND OVARIAN

CANCER OR
HEREDITARY NON-
POLYPOSIS COLON
CANCER

%% Individuaks opting to be tested
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Source: Mat Rev Cancer © 2004 Mature Publishing Group






A global

vView

of the
genetic
contribution
to colorectal
cancer
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Source: Nat Rev Cancer © 2004 Mature Publishing Grou



CANCER-PREDISPOSING GENES VERSUS
COMMON GENETIC VARIANTS

Characteristic Genetic mutations n key Genetic variants associated

::En:er-_t.uatecpti:lilitityr genes with cancer-risk
(such as BRCAT and APC)  behaviours/complex traits

Prevalence Hare Common

Relative risk [penstrancs) High Lovw

Attributable (population) risk Small Moderate to large
Aeticlogical heterogenaity® Sometimes Alwvays
Pleiotropy? Hare Often

(Gene—gene interactions Fossible Likelhy
Gene—environment interactions  Possible Likely

‘Rafars to multiple causal factors in diseass aaticdlogy, *Refars to multiple effacts of a particular susceptibilty
mutation. AFPC, adenomatosis polyposis coli.

Source: Nat Rev Cancer @ 2004 Nature Publishing Group
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Mutation

Deletion of exon 16

Splice acceptor site
for exon 6 disnupted

Stop codon introduced
at Trp7 14 ftruncated
protein)

Splice donor site for
intron & disrupted

AlaB3E6Pro aubstitution
Dedetion of exons 16

Estimated age of
mutation in founder
population (years)

400,075
125525

=200

=300

200-500

~300

FOUNDER MUTATIONS ASSOCIATED WITH
LYNCH SYNDROME

Population

Finns
Finnz

Swiss

MNewfoundlanders

Ashkenazi Jews

Maorth Arericans
Source: Nat Rev Cancer © 2004 MNature Publishing Group

Proportion of all Lynch References
syndrome in population
accounted for

= 50% 101
~59% 102
Mot kncwmn 103
20—-25% 43,104,105
~ 209 108
Mot knoamn 107109
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IDENTIFYING
GENES

ASSOCIATED
WITH CANCER

Saurce: Nat Rev Cancar @ 2004 Nature Publishing Group
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