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Kneto4yHble OCHOBbI paka

* Cancer is a collection of diseases characterized by
abnormal and uncontrolled growth

e Cancer arises from a loss of normal growth control

e In normal tissues, the rates of new cell growth and old
cell death are kept in balance

* In cancer, this balance is disrupted
e This disruption can result from
1) uncontrolled cell growth or
2) loss of a cell's ability to undergo apoptosis

Pak 310 rpynmna 3a0ojieBaHui, XapaKTepPU3y0IIast
HEHOPMAJIbHBIM U HEKOHTPOJIHUPYEMbIM POCTOM
KJIETOK

Pak BO3HHKaeT B pe3yJibTare NOTEPH KOHTPOJIA
Ha/l HOPMAJIBLHBIM POCTOM KJIETKH

B HOpMaJIbLHBIX TKAHAX YPOBEHb Pa3MHOKCHUS
KJICTOK U YPOBEHb KJIETOYHOU CMEPTH HAXOAUTCH
B PaBHOBECUM

IIpu pake 310 paBHOBecUe HAPYILIAETCH

JTO HApYUICHHE POU3OUTH NPHU

1) HEeKOHTPOJIUPYEMOM JAEJTCHUH KIETOK

2) morepe KJIETKAMH CIIOCOOHOCTH K anonTo3y

Normal Cell Division

cell damage —
no repair

apoptosis

ODBOH K

Cancer Cell Division




Cancer Cell Do Not Grow Faster Than
Normal Cells
Rather, Their Growth is Just
Uncontrolled

PakoBBI€ KJIETKHA HE PACTYyT OBICTPEE, YEM
HOPMAJIbHBIE KJIETKH

lIpocmo ux pocm nHekoHmpoupyemoiu
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1 fertilized egg

1 onu1010TBOPEHHAA ANIIEKJIETKA

50x10'2

1016 cell divisions/lifetime
10'° NleneHUN kieToK 3a

Proliferation Differentiation Death
[Ipompepanus JlupdhepeHumpoBkas CmepTh



Cellular equilibrium
[F[apMOHUA KNeTok

Proliferation Differentiation Death
[Ipommdeparys JuddepenumponBka CmepTh

Transit
Ilepexon

Renewing

O6HOBJICHI/IG Proliferating

[Ipomudeparnus

Exiting

Brixon 2 ‘




Cancer: disruption of
cellular equilibrium

Pak: HapyuieHue
FAPMOHUM KJIECTOK

<

Proliferation Differentiation Death
[ponudepaumns  Tuddepenuuposka 6  Cmeprs



Stem cells as the target of carcinogens
CTBO0J/10BBI€E KJIETKH KAaK MUIIIEHDL KAaHIICPOIcHE3a

CTBOI0OBas KJIETKA Juddepen [locne muto3a
Stem cell [IUPOBAaHHAA Post

' ' mitotic
Q* Difierentiated Normal senescent
— -~ Q - A differentiated cell
HopwmanbHo craperomas
muddepeHmpoBanHas

@ KJICTKA
Q Q Benign tumor
_>
JloOpokauecTBeHHAs

N OITYyXOJIb

Q - Grade 2 malignancy
Craans 2 MaaTurHu3aun

4 Gra.de RE)
malignancy

Lranus 3 unu 4: pax




HNuBa3zua u MeTacTa3bl

Abnormal cells proliferate
and spread (metastasize) to
other parts of the body

Invasion - direct migration
and penetration into
neighboring tissues

Metastasis - cancer cells
A Cancer cells invade penetrate into lymphatic
LA surroundinB system and blood vessels
"~ lissues and AHOMaJIbHBIE KJIETKH
vessels. npouEepUpyroT U
e pacCIpOCTPaHSAOTCS
(METacTa3upyroT) B APyTUe
YacTHU Telia

HNuBasus — npsamoe

Cesr}cer cells IIEPEMEILIEHUE B COCEHUE
reinvade and TKAHU

grow al new
location.

Cancer cells are
transported by the
circulatory system
to distant sites

MeracTasbl — PaKOBBIE KIIETKHU
MPOHUKAIOT B JINM(PATHUYECKYIO
1 KPOBEHOCHYIO CUCTEMBI




Malignant versus Benign Tumors
3noxauecmeeHnHble U 00OPOKAUeCmMBEeHHblE ONYXOAU

* Benign tumors generally
do not spread by invasion
or metastasis

 JIoOpOKaYeCTBEHHBIE
OITYXOJIM KaK IPABUJIO HE
PACHPOCTPAHSAOTCA C
MHBAa3HUeH U MeTacTa3aMu

» Malignant tumors are
capable of spreading by
invasion and metastasis

* 3JI0KQY€CTBCHHBIC
OITYXOJIM CIIOCOOHBI K
MHBA3UU U ME€TacTa3aM

BxoxaeHue B KPOBOTOK U
meTacEh3upoBanu B pazinuHbIe
YUYACTKH Tejia



What causes Cancer?
Ilpuuunst paxka

Cancer 1s caused by alterations or
mutations in the genetic code

Can be induced in somatic cells by:
— Carcinogenic chemicals
— Radiation
— Some viruses
Heredity - 5%
Pax BbI3bIBACTCSI N3MEHEHUSIMU WU
MyTaIUsIMHU T€HOB

MosKkeT OBITH BEI3BAaH B COMAaTHYECKUX
KJICTKAX .

— Kanneporenamu

— Pagmnanuen

— HexkoropeiMu BupycamMu
HacnencrBerHOCTD - 5% 10

Here lity




KiaeTouHbl
MUK

Apoptosis

0JICBbIN

Hanahan and Weinberg, Cell 100: 57, 2000



What is the molecular basis of cancer?
Kakoebl MoneKynsipHble MexaHuU3MbI paka?
Cancer is a genetic disease.

Pak aTo reHeTn4yeckoe 3aboneBaHue.

« Mutationsin genes result in altered proteins

« MyTauum B reHax npnBoasaT K USMEHEHNIO B benkax
— During cell division
— Bo Bpems geneHunst KneTku
— External agents
— BHewH1e gpakTopsl
— Random event
— CnyyanHbin cobbITuS

- Most cancers result from mutations in somatic cells

« BonbLUNMHCTBO pakoBbIX ONyX0Ssien BO3HUKAKOT U3-3a MyTaLnn B
COMaTUYECKNX KNneTKax

+ Some cancers are caused by mutations in germline cells
° MHOFD,a PaK Bbl3blBAOT MYTAL NN B MNOJIOBbIX KJITETKAX
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- Theories of cancer genesis
Standard Dogma
- Proto-oncogenes (Ras — melanoma)

- Tumor suppressor genes (p53 — various
cancers)

Modified Dogma

- Mutation in a DNArepair gene leads to the
accumulation of unrepaired mutations
(xeroderma pigmentosum)

Early-Instability Theory

- Master genes required for adequate cell
reproduction are disabled, resulting in
aneuploidy (Philadelphia chromosome)

13



e Teopuu 803HUKHOBEHUS paKa
CTtaHgapTHas gorma
- [poto-oHkoreHbl (Ras — menaHoma)

- [eHbl cynpeccopsbl onyxonu(p53 — pasnuyHble
cdbopMbI paka)
I3meHeHHasa gorma

- MyTauuun B reHax penapauum AHK npuBogar K
HaKoMeHUo HencnpasneHHbIX MyTaLlnn
(nMrmeHTHasA kcepoaepma)

Teopust PaHHein HectabunbHoOCTH

* [ TaBHble reHbl, He0b6X04MMbIW 4NA HOPMaSTbHOMo
Pa3MHOXXEHUSA KNEeTKU BbIKMNoYaloTCs B pe3ynbraTte
aHaynnouanm(xpomocoma <« Philadelphia>>)
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PAK U T’ EHETHUKA

Cancer: genome disease

Pak: renomHoe 3a00,1eBanue

Causes of genomic changes

BeI3bIBaeT n3MeHEeHHsI T€eHOMA

Effects of genomic changes

SIBasiercHd ciaeacTBueM N3MEeHEHMH TeHOMA

Revolution in cancer treatment: ‘Smart Bullets Period’
PeBo.tronus B Jgeyenuu paka: «Smart Bullets Period»

HopManbHas

KneTKa NORMAL
CELL

CANCER CELL
pakoBas
KneTkKa




CANCER: GENOME DISEASE
PAK: 'TEHOMHOE 3ABOJIEBAHUE

LL.oss of DNA
Ilorepsa JIHK
Gain of DNA

Jlo6asnenue JJTHK
Changes 1n nucleotides
M3MeHeHns B HYKJIEOTHAaX
Epigenetic effects
OIUTCHETUYECCKUE d(DEKTHI




Changes in chromosome numbers

U3MeHeHunsa KonmyecTtBa XpomMoOCOM

- Aneuploidy AHaynnouaus

Chromosomal changes

U3MeHeHuna B Xxpomocomax

- Increase in DNA copy humber -15 different region

- YBenuyeHue konu4yectea AAHK — 15 pasnu4yHbIx nokycos
- Lossinchromosomal -200.000 regions

- XpomocomHbie geneuun — 200.000 nokycoB

Micro changes Mukpo nameHeHus

- Microsatellite changes Mikrosatellite -100.000

- WU3meHeHus B MukpocarennutHbix nosropax — 100.000
- Nucleotide changes UameHeHus1 HykneoTuaoB
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Chromosomal changes in the genome of cancer cells: tip of
the iceberg
XpomocomHuvle U3MEHEHUSL 2EHOMA 8 PAKOBBIX KILeMKAX.
gepxyuiKa aticoepea

Reciprocal
Translocation Ring
Deletion Duplication PenunpoxHnas Chromosome
Heaenus Ayniukauus Tpanciaokanus KoabueBasi xpomocoma

Terminal Insertion Inversion Robertsonian Isochromosomes
Deletion Uucepuus NuBepcus Translocation H30XpoMoCcoMBI
Konuesas PobGeprcoHoBcKkasn
aeJienus TPaHCJIOKAIHUS

http://Www.tokyo-med.al.%/ genet/cai-e.htm



Nucleotide changes in the genome of cancer cells: unseen
site of the iceberg
Hyxneomuouvie uzmenenus 8 2eHome paxko8ou KiemKu:
HesUOUMas 4acmo aucoepea

Nucleotide Nucleotide Nucleotide
Deletions Insertions Substitutions
Aeaenyyst Nncepnysa 3aMeHa

HyaeoTrnpa Hykaeortnaa Hykaeotuaos




DNA Loss in cancer cells
Iloreps JIHK B pakoBhIX KieTKax

Normal
Hopma

Tumour

\
Onyxonb ‘ ) L
| LAV L

—_— —_— N

D145283 D148275 D14S288 D14S63 D145258

Figure | Reprezentative results of allelotype analysis. Allelic pattems of
P ) .
fve polymorphic loci on chromosomal arm |4 examined in a fibrillary
4 : Ao -1 /
astrocytoma (case 21) are shown. Allelic loss 1s indicated by arrow.

AHanu3 5 nokycoB Ha 14 xpomocome, CTpernkon o603Ha4YeHa

notepsi annens. : s e e
P Brtish Journal of Cancer (2002) 87(2), 218 224




DNA Loss 1n cancer cells: beyond coincidence ...
[Toreps JIHK B pakoBbIX Ki€TKax najgeka OT COBIIAJACHUA. . .

Early Brain Tumor Advance Brain Tumor
(Astrocytoma Stage II) Glioblastoma Multiform (Stage IV)
Pannsas onmyxoub Mo3ra IIporpeccuBHas oNMyxoJb MO3ra
(ActpouuToma Craaus II) I'muodmacroma muorooopasznasi (Cragus IV)

ibrillary astrocytomna GBM
Chromosomal caseno. Frequency Chromcsomal case no. Frequeng
arms 13 22 8 16 19 6 25 2 1 26 21 24 4 23 15 11 10 ofLOH ams 17 8 12 10 25 19 7 6 1 20 4 14 9 21 23 22 16 18 26 3 11 of LOH
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GBM

Chromcsomal case no.
arms 17 8 12 10 25 19 20 4 14 9 219 23 22 16 18 26
Chromosomal loss: 1r~
q
XpOMOCOMHBIE JIeJIeIMH: 2p
21
%
° ° ° 3q
Mostly, it is a sign for the et
4q
loss of a tumor 5p
suppressor gene i
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Cancer: Genome Disease
Pak: I eHoMHOE 3a00j1eBaHUE

Epigenetic effects
OIUTCHETHYECCKUE Y(P(DEKTHI
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Genetic and Silencing of Tumor Suppressor Genes
[ eHeTMYEeCKOE U DIIUTCHETUYECKOE 3aTyXaHue padOThl TEHOB
CYIIPECCOPOB OITYXOJIHU

noreps
reTepo3uroTHOCTU ; OHKOreH
Y CHITLERTEN I DN A methylation Cancer
Oeneums Deletion gene Deletion
MyTaumsn Mutation Mutation

s - 2002



THE CAUSES OF GENOMIC CHANGES IN CANCER
[TPUYMHBI USMEHEHUI TEHOMA I1PU PAKE

UV
Yo
Carcinogenic Replication Errors
chemicals OmudKu penymKanuu
Kanueporennbie Radiation
XUMHKATBI | BT
Damaged DNA Bupycl
IHospexaenue JTHK

Rearrangements
Point mutations (translocation, deletions,
Toueunsbie amplifications)

MYTaluH ii
v Alters DNA of genes controlling cell N e pTiaL
proliferation. (Proliferation (DRI LG,
| aMILUTH(PUKALIMH)

becomes abnormal)
N3MeHeHus1 B reHax,

KOHTPOJMPYOIIHUX KJIETOYHYIO
nposudepaunio. (Ilpoamdepauns
CTAHOBUTCSH AHOPMAJIbHOM)




THE CAUSES OF GENOMIC CHANGES IN CANCER:
Somatic Changes

INMPUYUHBI U3SMEHEHUU TEHOMA IIPH PAKE:
ComMmarnueckue H3MEHEHUSA

Hasar Hasar . . .
- . Kanser Riski Isareti
Etken Turu Etkeni

Morotesi Isinlar Deri Ka., Melanoma P53 (CC-TT)
Fiziksel
Radyasyon Tiroid Ka., Losemi Translokasyon
Benzopren Akciger Ka. p33 (G-T)
Kimyasal Aflatoksin Karaciger Ka. pS3 (249 G-T)
Oksidatif Stres Yashhk Kanserleri P53 (C-T)
Biyolojik HBV Karaciger Ka. .Vlrus DNA
Integrasyonu

27



THE CAUSES OF GENOMIC CHANGES IN CANCER:
Hereditary Predisposition

Genes Disease Function Inheretance Cancer Risk

FA Genes DNA Damage respose ? Losemi

NER T
XP Genes ype Skin Ca.
DNA Repair

Bloom DNA Helicase ? Various cancers

Rothmund-Th
RECQ4 ! DNA Helicase Sarcoma
omson

Colon,
MLH1, MSH2, MMR Endometrium Ca.

PMS1, PMS2 i

Breast, Ovary,
BRCA1, BRCA2 DNA Repair Prostate, Pancreas

a
DNA Damage sense ? Leukemia

LT

pS3 Li-Fraumeni = DNA Damage sense Various cancers



MPUYNHBI N3BMEHEHUU T'EHOMA IT1PU PAKE:
HacueacTrBeHHasi MPeaPacooKeHHOCTD

AD I'eHbI

BLM
WRN

RECQ4

MLH1, MSH2,
PMS1, PMS2

3a0o01eBanune

Anemus Dajikone

IInrmenTHas
Kceponepma

baym
Bepnep

Pormyna-Tommncon

AcTpountoma

Li-Fraumeni

IoBpexaenue
JIHK ?

Penapauus
HeCMapPEeHHBbIX
OCHOBAHUU

JTHK xeauka3za ?

JIHK xenuka3a?

JHK xesnukaza

MucMmery
penapauus JHK

Penapauusa JJHK

IHoBpexaenue

HoBpexaenue

Hacaenosanue

Puck Paka

Jlelikemus

Pak koxu
Pazinynbie popMbl paka
Capkoma
Capkoma

Pak T0JICTOr0 KHIIEYHHUKA,
JHIOMETPHUA

JlelikeMusi,
HelipogudOpomaros

Pak rpyau, smuyHuKka,
NMPOCTAThI,
MOIKEJTYy10YHOM

Jlumpoma,
Jlelikemus

Pak rpyam ?

Pazauunbie ¢popma paka




CANCER AND

GENETICS

* Approximately 90-95% of all cancers
are sporadic.

* [IpumepHo 90-95% Bcex ciyuacn
pakKa CIiopagu4ecKHue.

e 5-10% are inherited.
e 5-10% HaciencTBEHHBIE.

-—

£10)



GENES PLAYING ROLE IN CANCER
DEVELOPMENT
I'EHBI YYACTBYIOT B PASBUTHH
PAKA

* Oncogenes OHKOreHbl
 Tumor suppressor genes
[eHbl cynpeccopbl ONyXonwu
* DNA repair genes

[ eHbl penapauun JJ,HK31



What are the genes responsible for tumorigenic

cell growth?
Kakue cenvt omeemcmeeHHbl 3a 3/10KAYECMECHH LI
Normal pocm Kiemok?

Hopwma Proto-oncogenes +

MpoTo-OHKOreHbI — Cell growth and
/. proliferation
Tumor suppressor genes

[eHbI cynpeccopbl onyxonu FOLEr [ IR 2R T

KNeTKu
Cancer
Pak Mutated or “activated”
Oncogenes
MyTaHTHbIN Unu ++ Malignant
«aKTUBUPOBAHHbLINY OHK'oreﬂ\p Transformation
Loss or mutation of === 3rokayecTBeHHOe
Tumor suppressor genes nepepoxaeHue

MoTepsa unn mytauus B reHe
cynpeccope onyxonwu
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ONCOGENES
OHKOI'EHbI

« Oncogenes are mutated forms of cellular
proto-oncogenes.

* OHKOreHbl 3TO MyTaHTHble POpPMbI
KINEeTOYHbIX MPOTO-OHKOIeHOB.

» Proto-oncogenes code for cellular
proteins which regulate normal cell
growth and differentiation.

* [IpOTO-OHKOreHbl KOQUPYIOT Oeskun,
perynupyroLime HopmMaribHbIN KNeTOYHbIN
pocT u andppepeHUNPOBKY.
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Five types of proteins encoded by proto-oncogenes
participate in control of cell growth:

TTatb TUNOB 6enkoB, KOAUPYeMBIX NPOTO-OHKOreHaMu,
YYaCTBYHOWMUX B KOHTPONe KNeTovHOro pocTa:

Class I: Growth Factors
Knacc I: &@akropbr pocta
Class II: Receptors for Growth Factors and Hormones
Knacc II: Peuentopur Eaktopos pocta u FopmoHos
Class III: Intracellular Signal Transducers
KnaccIII: BHyTtpuknetouHbie TIpuemHuku CurHanos
Class IV: Nuclear Transcription Factors
Knacc IV: SaepHbie TpaHckpunuuoHHbIe $aktopbl
Class V: Cell-Cycle Control Proteins

Knacc V: benku, kKoHTponupyrowme KNeTouHLIA LUK

34



Functions of Cellular Proto-Oncogenes
PYHKLMN KNETOYHbIX NPOTO-OHKOreHOoB
1. Secreted Growth
Factors C

V% 2. Growth Factor Receptors
- PeuenTopbl (pakTopa pocTta

4. Nuclear

‘ Proteins:
Transcription
Factors

daktop pocta )

foepHble Genku:

TpaHCKPUNUUOHHbLIE
3. Cytoplasmic sl

dakTophsbl
Signal Transduction P
Proteins b
LiuTonnasmaTuyeckue 5. CelPGrowth

Genku — NpueMHUKH Genes

curHana eHbI KNeToOYHOro pocTta



A generic signalli
pathway

OOIIUil CUTHAJIbLHE
yTh

Jlurang

Growth |PakTop
factor |pocTa
Jlvrang

Wl ceazbiBatowmi

domain

| PeuenTop
TUPO3UH
KnetouHas Cell KWHa3a

Mem6GpaHa membrane

U3meHeHne

BHYTPUKIETOYHOIo
meTabonuama
Altered — AKTUBHOCTL
metabolism :(r:ctjitv?;n Kinase o horenn
BTopu4HbIN y KWHa3bl
Megg;:‘%mep e N4 LinTonnasmaTuyeckue

(GG EE TN MeanaTophl

mediators Adaptor proteins
Docking proteins
GTP-binding proteins

messengers

SmalQ

molecules
ManeHbkune

MOJIeKyJIbl

: e Apantepbl
Other . Protein or lipid kinases | Bnokatoper I
changes 7T Phosphodiesterases cBs3bIBalOWMe
Opyrue .":ll.’l,, ! 3 Metabolic enzymes chakTopbI
W3MEHeHNA {11 | Yoy
} i 5 . Besok Transcription Knuasbl,
Y fﬂ . factors cdochoanacTepassbl,
Nucleus { [ ‘Q T }“}i MeTabonuyeckue
fAnpo Ry NL ./ TPaHCKPMNUUOHHbIe thepMeHTBI

Nuclear membrane

A cakTo
94/ Changesin
. 2 AnepHaa membpaHa

# gene expression
N3meHeHue
JKCnpeccuun reHa



Oncogenes OHKO2eHbI

owth factor

proto-oncogene = ras o
[Tpomo-oHKO2€eH = ras iy
Oncogene = mutated ras

OHKO2eH = MymaHmMHbIU ras

~ (inactive) _ G
HeaKTUBHbIN

W\ 1S « A
U iR
()~ Adaptor proteins

Always activated

Bce Bpems akTUBHbIN

Always stimulating

Proliferation

Bce Bpems ctTumynupyet PONC L7
nponudepavmio e ST

£ ST
"\R_af)




Amino acid substitutions in Ras family proteins (inactivates
GTPase)
AMUHOKUCIIOMHbIe 3aMeHbl 8 besikax cemelucmea Ras

(uHakmueauus I'T®a3bi)
amino acid position nos10)xeHuUe aMuHOKUCJIO0Mbl

Ras gene reH 12 59 61 Tumor Onyxonb
c-ras (H, K, N) Gly Ala GIn normal cells Hopma
H-ras Gly Ala lung carcinoma pak nerkmx

Ala GIn bladder carcinoma pak

MOY€BOro My3bIps

K-ras Ala GIn lung carcinoma pak nerkmx

Ala GIn lung carcinoma pak nerkmx

Ala GIn colon carcinoma pak Kule4HuKa
N-ras Gly Ala neuroblastoma Helipo6nactoma

Gly Ala lung carcinoma pak nerkmx

Murine sarcoma virus

Bupvyc capkoMbl MbilUEeNn

H-ras Gln Harvey strain wramm 38
K-ras Gln Kirsten strain wuramm



Activation mechanisms of proto-oncogenes
MexaHu3mM akmueauyuu rnpomo-oHKO2eHa

proto—oncogene —-—>0ncogene
MPOTO-OHKOreH ——> OHKOreH

Proto-oncogene POTO-OHKOreH

"
[HK DNA 70 /NN

TpaHcnokauua nnu / l \

TpaHcno3nuua TouyeuyHas
Translocation or transposition: AmMmnnudmkauma MyTauuA B reHe
gene moved to new locus, Gene amplification: rena Point mutation
under new controls multiple copies of the gene within the gene

\¥. \\/E- N YWEEERNERERENERON NARRDON

New Oncogene
;I)_Iromoger +
OBbIU

npomotop Q @ ® Q ® ) ®)

HopmanbHas

Normal growth- Normal growth- [MnepakTuBHocTb  Hyperactive or
stimulating dKcnpeccus stimulating wnu perpagauma  degradation-
protein in excess  (PaKTOpa pocTa protein in excess ycTronumnsoro 6enka resistant protein




CHROMOSOMAL REARRANGEMENTS OR TRANSLOCATIONS
XPOMOCOMHBIE IIEPECTPOHKH HUJIU TPAHC/IOKAILIUHU

Neoplasm Translocation Proto-oncogen
OnyxoJb Tpanciokauus IIpoTo-0HKOreH
Burkitt lymphoma t(8;14) 80% of cases c-myc!
Jlumpoma bepkura t(8:22) 15% of cases
t(2;8) 5% of cases
Chronic myelogenous t(9;22) 90-95% of cases ber-abl®
leukemia
XpoHuYeCcKass MUEJIOTeHHAasA
JIeKeMus
Acute lymphocytic t(9;22) 10-15% of cases ber-abl®
Leukemia
Octpas sumdpouuTapHas
JIeKeMus

le-myc is translocated to the IgG locus, which results in its activated expression
Tpaunciaokanus c jiokycoM IgG, KoTopasi aKTUBHPYET IKCIPECCHIO
’ber-abl fusion protein is produced, which results in a constitutively active abl kinase
CHUHTE3MPYeTCH CIAUTHINA 010K, YTO MPUBOAM K KOHCTUTYTUBHOM IKCIIPECCUU KUHA3bI

40



GENE AMPLIFICATION
AMITINOUKALINA TEHOB

OHKoreH Amnnudgukauus UcTouyHUK onyxonu
Oncogene Amplification Source of tumor
c-myc ~20-fold leukemia and lung carcinoma

NenKeMusa N pak nerkux
N-myc 5-1,000-fold neuroblastoma HenpobnacTtoma

retinoblastoma peTtnHo6nactoma

L-myc 10-20-fold small-cell lung cancer pak nerkumx
c-abl ~5-fold chronic myoloid leukemia

XpOHMYecKast MmeriongHas riemKkemMus
c-myb 5-10-fold acute myeloid leukemia

ocTpasa MuenounaHas nemkKkemMus
colon carcinoma
pPaK TOFICTOro KMLe4yHuKa

c-erbB ~30-fold epidermoid carcinoma
anuaepMouaHasl onyxorsb
K-ras 4-20-fold colon carcinoma
paK TONICTOro KULe4yHuKa
30-60-fold adrenocortical carcinoma 41

paK Kopbl HA4MNOY€4YHUKOB



Oncogenes are usually dominant
(gain of function)
OHKoreHbl 00ObIYHO AOMMHAHTHbIE

(ycuneHue pyHKUUM)

e cellular proto-oncogenes that have been mutated (and
“activated”)

* KINeTOYHbIe NPOTO-OHKOreHbl B KOTOPbLIX NMpoun3oLluna
MyTauua (aKTUBMPOBaAHHbLIE)

e cellular proto-oncogenes that have been captured by
retroviruses and have been mutated in the process (and
“activated”)

* KNeTOYHbIe NPOTO-OHKOreHbl 3aXBa4YeHHble PeTPOBUPYCOM U
MyTUpoBaBLUUE (aKTUBUPOBaAHHbLbIE)

* virus-specific genes that behave like cellular
proto-oncogenes that have been mutated to oncogenes (i.e.,
“activated”)

‘Bupyc-cneuedunyHble reHbl, KOTOpble Be.qul&e6;| KakK
KNeTOYHble MYTaHTHbIE€ NOPO-OHKOreHbl (AKTUBUPOBAHHbLIE)




Pe3ynbmamsi:

Overproduction of growth factors
Cynepnpoaykumsa paktopa pocTta

Flooding of the cell with replication signals
3anosnHeHu1e KIeTKN CUrHanamm pensimkauumm

Uncontrolled stimulationin the intermediary
pathways

HekoHTponupyemasi CTUMYnSiLUS MPOMEXYTOUYHbIX
nyTeu

Cell growth by elevated levels of transcription
factors

KneTo4yHbIn poCT Npu NOBbLILLEHHOM YPOBHE
TPAHCKPUNUMNOHHbIX (0aKTOpPOB
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Tumor suppressor genes
[ eHbI cyripeccopbl ornyxosnu

+ Normal function - inhibit cell proliferation

* HopmanbHaga yHKUUA — NogaBneHne KreTo4HOoU
nponuagepaunn

- Absence/inactivation of inhibitor --> cancer

OTcyTcTBME/MHAKTUBALUMUA MHIMOUTOpa --> pak

Both gene copies must be defective

Obe konum reHa gormkHbl ObITb AeEKTHLIMU

L4



KNUDSON TWO HIT HYPOTHESIS IN FAMILIAL CASES
Jleyxyoapnan czunomeza Knyocona é cemeiinvix ciyuanax paka

Familial RB (%30) -
Cemeiinbii cayuau Pb (30%) cgme':v.aﬂ':'.g.acl;nyqaﬁ

N )

PG RB | I rb p0
Normal cells

HopmaJsibHbIE
Teps

reTeposm rOTHo‘r\>

RB S S S

LOH

rb RB rb Inactivation of a tumor suppressor
| p6 PE . - p6 gene requires two mutations, inherited

mutation and somatic mutation.

/1 MHAKTUBAMU T'eHA cynmpeccopa
el Normal cells OITyX0JIM HE0OX0UMO IB€ MYTAIlUH, B
MJI0BOBOJ M COMATIIGCKOH K/IeTKaX.

Onyxosieeae  HopmajabHble
KJIeTKHU KJIeTKHN



KNUDSON TWO HIT HYPOTHESIS IN SPORADIC CASES
Jlgyxyoapnasa cunomesza Knyocona é cemeunix ciyuanx paxa

— N\

Normal RBIE Il RB

Sporadic
Cells Pb Pb Cnopaguyeckuu cny4am
HopmajabHas
KJEeTKAa ;f’
RB mm RB m| RP
PB PB LOH
Pb
— _J L Horeps Inactivation of a tumor
‘ reTeopO3uroTHOCTH X
SUpPpPressor gene requires

N ()

two somatic mutations.
RB NuakTuBanug rema

Mutation cynpeccopa onyxoJu
OnyxoJieBble KJIETKH
PB TpedyeT ABYX

Myrtanus _J comatudpGeux myTanmii.




EHbI CYTIPECCOPbI OIMYXOJIU

Disorders in which gene is affected
3abosrecaHuUsI NpuU KOMOPbLIX MO8PEXOeH 2eH

Gene (locus) Function Familial Sporadic
[eH (nokyc) DyHKUMSA Hacneayemoctb CnopaanyHoCTb
DCC (18q) cell surface unknown colorectal
interactions cancer
NOBEPXHOCTHbIe B3aMMOAEUCTBUSI  HEU3BECTHO paK KMLIEeYHMKA
WT1 (11p) transcription Wilm’s tumor lung cancer
TPaHCKpunuus onyxonb Bunbmca pakK nerkux
Rb1 (13q) transcription retinoblastoma small-cell lung
TPpaHCKpUnuus peTuHoonacToMa. . o ma
KapLMHOMAa Nerkmnx
p53 (17p) transcription Li-Fraumeni breast, colon,
TPaHCKpunuus syndrome & lung cancer
cuHapom Jin-®paymeHn Pak nerkmx,KuwieyHuka,
rpyau
BRCA1(17q) transcriptional breast cancer breast/ovarian
TpaHcKpUnuua PaK rpyau ¢ ors
BRCA2 (13q) regulator/DNA repair pak rpyau, sn4HUKoB

perynauusa penapauuu [JHK
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CELL CYCLE
KNETOYHBIN LMK
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Rb gene ren PG

Rb protein controls cell cycle moving past G1 checkpoint
Rb ©6enok KOHTpoNMpyeT KNEeTOYHbIN LMK Npy NpoxoXaeHun G1 KOHTPOSTbHOW TOYKK
Rb protein binds regulatory transcription factor E2F
Rb 6enok cBsa3blBaeTcsa C perynaTtopHbIM doakTopoM TpaHckpunumn E2F
E2F required for synthesis of replication enzymes
E2F HeobOxoanm ans cnHTe3a depMeHTOB pensinkauunm
E2F - Rb bound = no transcription/replication
Ecnn E2F n Rb cBA3aHbl, He NPOUCXOAUT TpaHCKpUnumsa/pennukauuns
Growth factor --> Ras pathway
--> G1Cdk-cyclin synthesized
dakTop pocTa [/Ras nyTb [ cuHteanpyetca G1Cdk umknux
Active G1 Cdk-cyclin kinase phosphorylates Rb
AkTtnBHaa G1 Cdk-umknuH knHasa dpoccopunupyet Rb
Phosphorylated Rb cannot bind E2F --> S phase
— Disruption/deletion of Rb gene
— Inactivation of Rb protein
-->uncontrolled cell proliferation --> cancer
dochopunmpoBaHHbii Rb He MoxeT cBasbiBaTh E2F[1 S dbasa
- PaspyweHue/geneuma Rb reHa
- MHakTuBaumna 6enka Rb
-[] HeKoTponupyemas nponudepaums KneTok [ pak
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Rb gene rex P6

CurHan cakropa pocta Phosphorylated
Growth factor Rb protein
signal P

\ ‘ docchopunmpoBaHHbIN
v (Ras pathway)

Y
kR
G1 Cdk-cyclin y 6enok Rb

Genes required Gene transcription

for S phase are %\V‘\ﬁg (ADP) y TPaHckpunuus

not transcribed

eHbl, HeobxoauMmble RN translats s
ANA NpoxoxaeHusa S TpaHCcnAUUA
cda3bl He Y

TPaHCKPMOUpYHOTCA DepMeHTLI U
Apyrue 0enkun, gnzumes and other proteins

HeobxoauMble ANsl required for S phase
S dasbl

Copyright @ 2003 Pearson Education, Inc., publishing as Banjamin Cummings.




p53

Phosphyorylated p53 activates transcription of p21 gene
docdhopunmpoBaHHbIN PS3 akTUBMPYET TPaHCKPUNLUMIO reHa p21
p21 Cdk inhibitor (binds Cdk-cyclin complex --> inhibits kinase activity)

p21 Cdk nHrméutop (ceszaHHbIn Cdk kKomnnekc [ UHIMBUMPYET akTUBHOCTb
KMHa3bl )

Cell cycle arrested to allow DNA to be repaired

KneTouHbI LMK OCcTaHaBNMBaeTcs Ans TOro

4yTOObI Npounsowna penapauma OHK Damaged

If damage cannot be repaired .
--> cell death (apoptosis)

Ecnu noBpexeHne He MOXET ObiTb

penaprpoBaHo, NPONCXoanUT CMETPb

KIeTKM (anonTo3)
Disruption/deletion of p53 gene
. PaspyweHne/geneuns reHa p53
Inactivation of p53 protein
-->uncorrected DNA damage
-->uncontrolled cell proliferation --> cancer
. NHakTuBauma 6enka p53
1 Heucnpaenaemoe nospexaeHne JHK
-> HEKOHTpOnuUpyemas nponudepaumst Knetku [ pak J-inhibits

{}O G1 Cdk-cyclin

1 Cannot phosphorylate

* Activates

Degradation

DNA

@1 Transcription

(52;] (Cdk inhibitor)

Rb protein

Cell cycle Apoptosis
arrest (cell death)

reon Education, Inc., publishing




DNA REPAIR GENES

These are genes that ensure each strand of genetic
information is accurately copied during cell division of the
cell cycle.

Mutations in DNA repair genes lead to an increase in the
frequency of mutations in other genes, such as
proto-oncogenes and tumor suppressor genes.

i.e. Breast cancer susceptibility genes (BRCA1 and BRCA?2)
Hereditary non-polyposis colon cancer susceptibility genes
(MSH2, MLH1, PMS1, PMS2) have DNA repair functions.
Their mutation will cause tumorigenesis.
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I'envt penapayuu /IHK

TN reHbl 0becne4vynBalOT aKKypaTHOe KONUpoBaHUe Kaxaoun
uenu JHK Bo Bpemsa geneHusa KneTku.

MyTauuu B reHax penapauuu OHK npuBoaaT K yBennyeHuro
4acTOTbl MyTaLMN B OPYrMxX reHax, TakKux Kak npoTo-
OHKOreHbl U reHbl Cynpeccopbl OnyXorsiu.

eHbI yyacTByroWwMe B pa3sutum paka rpyam (BRCA1 um
BRCA2)

[eHbl yyacTBylOLWME B pa3BUTUUN Hacrieayemoro
Henosriuno3Horo paka kuwe4vyHuka (MSH2, MLH1, PMS1, PMS2)
BOoBJieYyeHbl B penapauuto OHK.

MyTau,vm B 3TUX N’'eHaX BbI3bIBAOT onyxoneoﬁpasoBaHMe.
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Molecular l @ o
mechanisms of P
DNA double (A ) = ps3

o
-- ==
-

strand break
repair

| repair

%

MoJieRkyJasapHBI @ggs% ™

MEXaHU3M -

penapanuu | :

JTBYHHUTEBBIX - Nature Reviews | Genetics
pa3pbiBoB HK

Van Gent et al, 2001
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IMPORTANCE OF DNA REPAIR BA/KHOCTbD PEITAPAIIHHA /THK

DNA damage NoBpexaeHne OHK DNA damage

! !

Iy X A

Defective/ HapyLUeHMe
'| incomplete penapauuu

Penapauus DNA

HHK repair ! DNA repair nHK

€« >

Genetic Genetic
stability instability

NleHeT4Yeckas éHeTuueckas

cTa6un bHO@ HeCTabUNbHOCTE

Cancer, Genetic

hereditary divergence
disease

Pak, HacneacTBeHHbIe
3aboneBaHUsA Nature Reviews | Cancer

AnBepreHuums




Tumor Progression Pazsumue onyxoJsiu

Multiple mutations lead to colon cancer
Genetic changes --> tumor changes

MHOXeCTBEHHbIE MyTauuunm npmuBoaAT K paky KUMLWLEHHNKA
[ eHeTn4yeckne nameHeHudal ! nsSMeHeHus OMyXOoJin

AKTMBauus

ras oHKoreHa MNMoteps reHa
cynpeccopa

lNoTeps reHa onyxonu p53
cynpeccopa

onyxonu DDC

MoTteps reHa @) Activation
cynpeccopa of ras @) Loss of
onyxonu APC oncogene tumor-

@ Loss suppressor
of tumor- © Loss of gene p53

suppressor tumor-

JdononHuTtenbHbIE
MyTauum

suppressor @ Additional

Colon wall 9ene APC
(or other) gene DCC mutations

=Lt N N

Normal colon Small benign Larger benign Malignant tumor
epithelial cells growth (polyp) growth (adenoma) (carcinoma)

Hebonbluon Bonbwasn 3nokKkadyecTBeHHas
AoOpoKayeCcTBEHHbLIN AobpokayecTBeHHas 5 6 onyxo’sb
pocT (nonwun) onyxornb (aaeHoma) (kapunHoMma)

HopMmanbHble KneTku
3ANUTENUA KULWLEeYHUKa




Revolution in cancer treatment:
PeBoJIIOIIMA B JICUCHUM PaKa:

‘Smart Bullets Period’
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Summary of 30 years of research (1971-2001)

Pe3yabTarbl 30 JJeTHUX HCCIeT0OBAHUA

WNT > —> Disheveled Anti-growth factors
+ (e.q9. TGFB)
Gsi-sp l
APC TCF
+ E TGFBR
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Hanahan & Weinberg 2000
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Translocation and Bcr-Abl fusion in CML

Tpancnokayus u Ber-Abl cnusiHue npu neukemuu

Bcr gene on
chromosome 22 Abl gene on chromosome 9

51 — =

breakpomt \ /breakpomt
TO4YKa pa3pbiBa TO4YKa pa3pbiBa

TRANSLOCATION
TPAHCJ'IF)KALI,I/IFI

S o 3 fused Bcr/Abl gene
| CIINTbIN reH
TRANSCRIPTION
TPAHCKPUNLNG,
Sholy A fused Bcr/Abl mRNA
cnutaa MPHK

I
TRANSLATION
TPAHC{IFI LA

== 1 Bcer-Abl fusion protein
CNUTbLIN Oenok

Figure 23-44. Molecular Biology of the Cell, 4th Edition.



STI-571 against Ber-Abl




Smart bullet STI-571 lockes itself to the target molecule
YmHuas nyns STI-571 nopaxxaem moJsibKO MOJIeKY1y-
MUWeHb

(C) 3 curHan gns
BCR-ABL ACTIVE aKTUBHbIU nponudepaumnmn KneTok

substrate rotem . ;
P 6enok cyb6erpar L, sngn_al fo r cell
- — proliferation —= LEUKEMIA

w . " and survival nemkemMus
ATP activating aKTMBMpylowmn

phosphatedocdar

Ber-Abl ADP

BCR-ABL BLOCKED WITH GLEEVEC OInOKMpPOBaHHbLIV

substrate protein
Genok cyberpar w — no signal — NO LEUKEMIA
i HeT cCUurHana JenkeMmmn
Q\ » !

Ber-Abl STI 571




Thousands of Targets
Tvicauu muuierneu
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MOLECULAR BIOLOGY & INFORMATICS
MOJIEKYJIAPHASA BUOJIOI'YSA U THOOPMATHUKA
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Growth of GenBank
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