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Mutations: Somatic and Germline




Tumors Are Clonadl




Somatic Mutations

Lung cancer cell




De Novo Mutations




B 1971 roay AAbdpopea KHYACOH MOEAAOXUA TMMOTE3Y, M3BECTHYIO
CEeM4aC KAK TEOPUI ABOMHOTO YAQPA MAKM ABOMHOM MYTALLMM,
OOBACHSIOLLLYIO MEXAHM3M BO3HMKHOBEHMA HOCAEACTBEHHOM U
CNOPAAMHECKOM DOPM PETUHODAACTOMbI — 3AOKAYECTBEHHOM
OMNYXOAM CETHATKM TAQ3A.

AA BO3SHUKHOBEHMS OMYXOAM B KAETKE AOAXHbI MPOM3OUTU ABE
MOCAEAOBATEAbHbLIE MYTAUMU. B CAYyHOE

PETMHOOAQCTOMbI MEPBAA MYTALLMA MPOOUCXOAMT B KAETKAX
30POAbILLIEBOUN AUHUU (HOCAEACTBEHHAS MYTALIME), O BTOPAOS
MYTALIMS (BTOPOM YAQPR) — B COMATUYECKMX.
PETMHODAACTOMA BCTPEYAETCS PEXE U IBAIETCS PE3YABTATOM
ABYX MYTALIMM B COMATHUHECKOM KAETKE. BEPOSTHOCTbL TOTO, 4TO B
OAHOM KAETKE MPOM3OMAET ABE MOCAEAOBATEABHBIE MYTALLMM,
HEBEAMKA, MOITOMY CMNOPAAMYECKAT PETUHODAACTOMA
BCTPEYAETCH peEXE, YHEM HACAEACTBEHHAS, OMYXOAU MPU STOM
FOOPMUMPYIOTCS MO3XKE M B MEHBLLIEM KOAMYECTBE



Two-hit theory of

* carcinogenesis

(Knudson hypothesis)

= A cell can initiate a tumor only when it

contains TWO mutant alleles

= A person who inherits a mutant allele
must experience a second somatic
mutation to initiate tumorigenesis

= Persons with inherited mutations
frequently develop cancer in more than
one site

Lori Demmer



qi Knudson'’s 2-Hit Hypothesis

Gene Mutations May be Inherited or Acquired During a Person'’s Life

Hereditary Cancer:
1 inherited ond




— 3TO IreH, NPOAYKT KOTOPOTIO
MOXET CTUMYAMPOBATL OOPA30BAHMNE
3AOKQYECTBEHHOM OMNYXOAM. MyTALMM,
BbI3bIBAOLLIME AKTMBALMIO OHKOIEHOB,
MOBbILLIAKOT LLIAHC TOTO, YTO KAETKA
NPEBPATUTCH B PAKOBYIO KAETKY.

onyxoaeun (CO)
NPEAOXPAHAOT KAETKM OT PAKOBOIO
NepPepPOXXAEHMS



— 3TO OObIYHbIM TEH, KOTOPbIM MOXET
CTATb OHKOFE€HOM M3-30 MYTALLMM MAM MOBbILLEHMS
IKCMnpeccum. MHorme nNpOTOOHKOrE€Hbl KOAMPYIOT
OEAKM, KOTOPbIE PETYAMPYIOT KAETOYHbIM POCT U
AMPPEPEHLMPOBKY. [1POTOOHKOrEHbI YHOCTO
BOBAEYEHbI B NYTU NEPEAQYM CUTHAAQ 1 B PETYAILMIO
MMUTO3A, OObIMHO YepEe3 CBOU DEAKOBbBIE MPOAYKTbI.
[locA€ AQKTMBALIMM (KOTOPAS MPOOMCXOAMT M3-30
MYTOLIMM CAMOTO MNMPOTOOHKOTEHA MAU APYTUX TEHOB)
MNPOTOOHKOTEH CTAHOBUTCH OHKOTEHOM U MOXET
BbI3BATb OMYXOAb.

[Tonmepamm NPOAYKTOB MPOTOOHKOTEHOB ABAIIOTCS
OEAKM, BOBAEYEHHbIX B CUTHOAbHbIE MYTU — BEAOK
RAS, a Takke 6eakmn WNT, Myc, ERK 1 TRK.



MOXET CTATb MYTEM OTHOCUTEABHO
HE3HAYUTEABHOM MOAMAOUKALMM IO ECTECTBEHHOM JOYHKLLMM.

1. MyTaLUMa BHYTPM NPOTOOHKOTEHA, KOTOPAS MEHSIET CTRYKTYPY BEAKQA 1
MOBbILLUAET OKTMBHOCTb OEAKA (doepmeHTa)
MPU STOM YTPAYMBAETCA PETYAILIMA DKCNPECCUM COOTBETCTBYIOLLLETO reHA
2. [1OBbILLEHME KOHLLEHTPALIMM DEAKQO MYyTEM
MOBbILLUEHMI SKCMNPECCUM FTEHA (HAPYLLEHME PETYAILLMM SKCNPECCUM)

MOBbILLEHUE CTADUABHOCTM BEAKQA, YBEAMYEHME NEPUOAT MOAYXKM3IHM U,
COOTBETCTBEHHO, OKTUBHOCTM B KAETKE

AYTIAMKALMS TEHA (XPOMOCOMHAS MEePECTOOMKA), B PE3YALTATE YEro
MOBbILLAETCS KOHLLEHTPALMS BEAKQA B KAETKE

3.ToAHCAOKALUMS (XPOMOCOMHAS MEPECTPOMKA), KOTOPAS BbI3bIBAET

MNOBbILLIEHWME DKCMNPECCUM FEHA B HETUMMYHBIX KAETKOX MAM B HETUMMYHOE
BPEMS

IKCMNpPeccHs MOCTOFHHO AKTUBHOTO TMOPUAHOTO OEAKA. TAKOM THIM
NepPECTPOMKN B ASAILLIMXCH CTBOAOBbIX KAETKAX KOCTHOTO MO3ra MPUBOAMT K
AEMKEMMUU Y B3POCAbDIX.

MyTauum B MUKPOPHK MmoryT Takke NpUBOAMTb K AKTMBALMM OHKOTE€HOB
MCCAEAOBAHUA MOKA3AAM, YTO MAAbIE MOAEKYAbI PHK AAMHOM 21-25
HYKAEOTUAOB, HA3bIBAEMbIE MUKPOPHK, KOHTDOAUPYIOT SKCMPECCUIO TEHOB
NYyTEM MOHUXKEHUA X AKTUBHOCTU. AHTUCMbICAOBLIE MPHK MOTryT
TEOPETUYECKM ObITb MCMOAb30BAHbI AA1 OAOKMPOBKM AEUCTBMI OHKOTE€HOB.



Abnormal Cell Growth: Oncogenes
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Tumor Suppressor Genes
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\'\ Mutations in Tumor Suppressor Genes
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Two-Hit Hypothesis




Regulatory Mutations
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Translocation of Bcr-Abl Genes
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Different Locus, Different Allele,
Same Phenotype
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Founder Effect in
Ashkenazi Jewish Population

An estimated 1 in 40 Ashkenazi Jews
carries a BRCAIT or BRCA2 mutation
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Mutations in
Cancer Susceptibility Genes: BRCAT
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Mutations in
Cancer Susceptibility Genes: BRCA2
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Autosomal Dominant Inheritance




Examples of
Dominantly Inherited Cancer Syndromes

Syndrome

Associated Gene

Familial retinoblastoma

RB1

Li-Fraumeni

TP53 (p53 protein)

Familial adenomatous
polyposis

APC

Hereditary nonpolyposis
colorectal cancer

MLH1, MSH2, MSH6
PMS1, PMS2

Wilms’ tumor

wr1

Breast and ovarian cancer

BRCA1, BRCA2

von Hippel-Lindau

VHL

Cowden

PTEN

Artwork by Jeanne Kelly. © 2004.
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Autosomal Recessive Inheritance

‘$002 ©® "Alley suuesp Aq ylompuy




Some Recessively Inherited
Cancer Syndromes

Syndrome Tumor Associated Gene
Ataxia telangiectasia Lymphoma ATM
Bloom syndrome Solid tumors BLM
Xeroderma pigmentosum Skin cancer XPB
XPD
XPA
Fanconi’s anemia AML FACC
FACA

—



Other Genetic Conditions
Linked to Increased Cancer Risk

Syndrome Gene Mutation
Li-Fraumeni TP53

Cowden PTEN
Muir-Torre

Peutz-Jeghers




Repair Failure

Damaging Agent Consequences
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Cancer Susceptibility:
Much Still Unknown

Who Gets Breast Cancer?

-5-10 percent cases have
BRCAI/BRCA2 mutations

=-10-20 percent cases have
family history, no BRCA1/BRCA2
mutations

-Most cases have no BRCA1/BRCA2
mutations. Family clusters of
cases persist.




two first-degree relatives (mother, daughter, or sister) diagnosed with breast cancer,
one of whom was diagnosed at age 50 or younger;

three or more first-degree or second-degree (grandmother or aunt) relatives
diagnosed with breast cancer regardless of their age at diagnosis;

a combination of first- and second-degree relatives diagnosed with breast cancer
and ovarian cancer (one cancer type per person);

a first-degree relative with cancer diagnosed in both breasts (bilateral breast cancer);

a combination of two or more first- or second-degree relatives diagnosed with ovarian
cancer regardless of age at diagnosis;

a first- or second-degree relative diagnosed with both breast and ovarian cancer
regardless of age at diagnosis; and

breast cancer diagnosed in a male relative.

any first-degree relative diagnosed with breast or ovarian cancer; and

two second-degree relatives on the same side of the family diagnosed with breast or
ovarian cancer.

These family history patterns apply to about 2 percent of adult women in the general
population. Women who have none of these family history patterns have a low
probability of having a harmful BRCA1 or BRCA2 mutation.



Li-Fraumeni Syndrome (LFS) was first described in 1969 by Drs.
Frederick Li and Joseph F. Fraumeni, Jr., who were working at
the NCI. Their study identified four families with sarcomas,
breast cancer, brain tumors, and leukemia, many of which
were diagnosed at much younger-than-usual ages.
Additional studies showed that other fumors, including
cancers of the adrenal cortex, gastrointestinal tract, lung,
and non-Hodgkin lymphoma, also occurred more often than
expected in these families.



Three features must be present in a family to fit the
classic LFS criteria. Often more than 3 family
members have had cancers.

A person with a sarcoma diagnosed under the age
of 45; AND

At least one first-degree relative (meaning parents,
brothers, sisters and children) with a cancer of any
kind diagnosed under the age of 45; AND

A third family member who is either a first- or
second-degree relative (such as grandparents,
aunts, uncles, nieces, nephews, and grandchildren)
with cancer diagnosed under the age of 45, or
having a sarcoma at any age



A person with any childhood cancer or
sarcoma, brain tumor, or adrenal cortical
tumor diagnosed under the age of 45 AND

A first- or second-degree relative with @
typical LFS cancer (soft tissue and bone
sarcomas, brain tumors, breast cancer,
adrenocortical carcinomas, leukemia, and
many others) at any age AND

An additional first- or second-degree
relative with any cancer diagnosed under
the age of 60.



Changes in a “tumor suppressor” gene called “TP53" were discovered in
1990 as the most common cause of LFS. Everyone has two copies of the
TP53 gene — one inherited from the mother, the other from the father - in
every cell of their body. This gene is very important for the normal growth,
function, and division of cells. The gene causes cells that are damaged
beyond repair to die, a process that stops damaged cells from becoming
cancerous. If there is a change (or mutation) in TP53, the gene fails to work
properly and cancer may develop. The kind of cancer that develops
depends on where in the body the abnormal cell is located. The fact that
TP&3 is so important to the normal functioning of most cells in the body
may explain why so many different kinds of cancer occur in LFS.

About 7 out of every 10 patients (or 70%) with classic LFS, and 4 out of
every 10 (40%) of patients with LFL, have a detectable change in the TP53
gene. We don't yet fully understand what causes LFS in families that do not
have a TP53 mutation, but there are several ideas. For example there
could be an unusual mutation in TP53 that is not easily found by the usual
testing methods. Or there may be other genes which have not yet been
identitied, that can cause LFS.



The lifetime risk of cancer — all types combined - in a
person who carries a TP53 mutation ranges from 70% to
920% by age 70. Women with LFS have a higher lifetime
cancer risk than men with LFS, most likely due to the high
risk of female breast cancer. The lifetime cancer risk for
women reaches almost 100%. At present, we cannot
predict which individual with a TP53 mutation will
eventuadlly develop cancer and, if they do develop
cancer, which type and when.

If a family member has a known mutation in the TP53
gene, genetfic festing can identify other family memlbers
with the same mutation who would also be at high cancer
risk. For those at high risk, early cancer detection and risk
reduction strategies are desirable, but not yet
standardized. Currently, management recommendations
are based on our best clinical judgment.



For now, in persons with a TP53 gene
mutation, we can try to find cancers as
early as possible (a process called
screening) in the hope that finding
cancer early will lead to more successful
treatment.



Cowden syndrome is a disorder
characterized by multiple
noncancerous, tumor-like growths called
hamartomas and an increased risk of
developing certain cancers.



Cowden syndrome is associated with an increased
risk of developing several types of cancer,
parficularly cancers of the , , and the
lining of the uterus (the ).

Other cancers that have been idenftified in people
with Cowden syndrome include colorectal cancer,
kidney cancer, and melanoma. Compared with the
general population, people with Cowden syndrome
develop these cancers at younger ages, often
beginning Iin their thirties or forties. Other diseases of
the breast, thyroid, and endometrium are also
common in Cowden syndrome. Additional signs and
symptoms can include an enlarged head
(Mmacrocephaly) and a rare, noncancerous brain
fumor called Lhermitte-Duclos disease.



].reH, CTUMYAMPYIOLLMM ODPA30BAHME
OMYyXOAU

2. reHbl, MPEAOXPAHAOLLME KAETKM OT
PAKOBOTO MEPEPOXKAEHUS

3. TE€H, MPOAYKT KOTOPOTO MOXET
CTUMYAMPOBATbL OOPA30BAHME
3AOKQYECTBEHHOM OMYXOAM



POK FPYAM BCTOEYAETCS MPU CAEAYIOLLIMX
[EHETUYECKMX CUHAPOMOX, KOOME:

I BRCA-1/2 mytaums
Cowden syndrom

Li-Fraumeni syndrom
Bce BepHO
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