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1. UIMKNUHBI N LUUKIIUH-
3aBMCUMbIe KMHa3bI



KnetTouyHbIn UukKn
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OnpeneneHue a3 KL

[lepuon mexay oBymMa OenieHnsaMn HasbiBaeTca NHTePdas3oun. B
KneTkax mrekonutarwmx nHTepdasa gnmtca ot 12 Ao 24 yacos. B ato
BpeMs1 B KneTke noctossHHO cnHTeanpyetcs PHK, 6enkun. Knetka
yBenunymeaeTcs B pa3mepax. MHTepdasa genutca Ha 4 nepuoaa: Gap
(nHTepBan) 0 (GO), Gap 1 (G1), S (synthesis) phase, Gap 2 (G2).

G1 (pasa — nepuno BbICOKON MeTabonnyeckon akTMBHOCTU U pocTa
KIETKU Mexay MnTo3om u pennukaunen OHK.

S pasa — nepunopg cuHTtesa (pennukaunm HK). KonnyectBo saepHou
[OHK yBennynBaeTtcsa B ABa pasa OT 2n A0 4n.

G2 (pasa- nepuon noaroToBkM K MnTo3y. [NpogomkaeTcs KNeToUHbIN
POCT U CUHTE3 HEODXOANMbIX OENKOB

M pasa — geneHue KNeTkn Ha Ase goYepHNe C yMEHbLUEHNEM B HUX
konnyectea HK ot 4n oo 2n.



CBepo4Hble Touku KL

interphase

&1 Checkpoint

G1 CeepouHan Touka.
[lpoBepKa roToOBHOCTH

KJNEeTKH K en eHHK




Gl-cBepoyHas TOUYKa

* [IpoBepka noBpexaeHnsa OQHK
 Ponb 6enka p53



G1 CcBEPOYHbIE TOYKHU

G1-postmitotic, G1-ps ana G1-pre-S

GO

(Quiescence)
Restriction




G1 CBEPOYHbIE TOYKM
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CBepo4Hble Touku KL

Banach, AOCTaToOMeH
pasMep KNeTKkd u
noaxonAauwan cpena

interphase




[lpoBepKa 3aBepLLEeHHOCTU S-ha3bl

Knetka MOHUTOpPUTCA
Ha NPUCYTCTBUE
doparmeHToB OKasakm

DNA polymerase
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Leading strand 7
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DNA polymerase

DNA ligase
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fragments

Lagging strand
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[MpoBepka noBpexaeHnn [1HK

npumMepe OpoxKen)-2

Schizosaccharomyces pombe
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CBepo4Hble Touku KL

Ecnu xpomocombl
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[lpoBepkKka BepeTeHa PopMupoBaHue
LLeHTPOCOMbI

®opunpyrowanca
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LleHTpocoma n cuctema MnkKpoTpyoouek B npodasHoum,
MeTada3HOU U UHTepha3HON KrneTKax

TpouHoe nmmMmyHodn A ASA
OKpawlnmBaHue BbISiB
MUKPOTPYOOUKM (Kpa(
LLleHTPOCOoMYy (3es1eHb
AHK (cuHnuu ysem).

NMonoxeHue LeHTPOCC
CTpenkamu.

VHTEPDAS3A 10 MKM




YnpolieHHaa cxema CTPOEeHUSA LeHTPOCOMbI B
UHTepd a3HbIX KNleTKax MIIeKoONnMTarLWmx B cepeanHe
S-cha3bl KNeTo4YHOoro uukKna

MUKPOTPYDOYKM TPUNNEeToB:
o «C» «B» «A»
NPOKCUMaibHbIU KOHeY
[OYEePHEeU LeHTpronm POLEHTPUOND

wcTemMa
BHYTPEHHUX CBA30K
TpMnNneTos

AOYEPHAA UEHTPUONL

NE/ - NepUUEeHTPUONAPHBIN
N marepuan

' Rynnet MukpoTpyboyex

NPOKCUMAanNbHbLIA _
KOHeL, MaTepUHCKOn
UeHTpMONV

AVCTanNbHbLIA KOHEL,
LO4epHen LUeHTpUonu

«pebpo»

«TenexHoe Kxoneco»

——y

npoueHTpuons -4
MaTepuHcKan «KPIOK» Ha KOHLe
T ueHTpuonsb «C» MUKPOTPYDOUKHK
MUKpOTpyOOYKa

HKROTRYD QRN ronoska NepPULEHTPUONAPHOro
carennura
L& «HOXKa» NePULEHTPUONAPHOro
/ U\ carennuta
NepuUeHTPUONAPHbLIN \ «ronoska» NpuAaaTka

carennurt NPUAATKM

AUCTanbHBIN KOHeL,
MaTepUHCKOM UEHTPUONK




YnbTpacTpyKTypa ULeHTPOCOMbI B
MUTOTUYECKOMU KIeTKe MIeKonuTarLmXx
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Ponb BRCA1 B hopMUpoBaHNU
LLeHTPOCOMbI

« BRCA1 - obnagaet yOMKBUTUH-3aBUCMMOW
nurasHom akTMBHOCTbLI0. KoHTponupyeTr
rfokanunsauuto ramma-TyoynmHa B LLEHTPOCOME

* AKTMBEH B KOMNekce ¢ 6enkom BRCA1 associated
ring domain (BARD1)

* AURKA gpocopunmpyet BRCA1, Bbi3biBad
MHIMOnpoBaHne yONKBUTUH-3aBUCUMOU NUra3HON
aKTUBHOCTU BRCAL.



Perynaumsa ueHTpocom BRCA1l-3aBUCUMOM
yOMKBUTUHOBOW NIUra3on un
Aurora A KNHa30u

A. Normal BRCA1 and AURKA

DO N’

BRCAT1: inhibited
AURKA: high

MT nucleation: high
Normal mitosis S
B LT BRCAI1: active
Y\ AURKA: low
@/\L/ MT nucleation: low
Controlled centrosome
duplication

B. loss of BRCA1
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BRCA1: absent
AURKA: high
MT nucleation: high
Abnormal mitoses S
BRCA1: absont
AURKA: low
MT nucleation: high
Centrosome reduplication
and fragmentation

Ob

C. Model for AURKA
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MT nucleation: high
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"/ \__/ AURKA: high
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PesyneraT notepn doyHkunm BRCA1T n
nepeakcnpeccun AURRA (60% PMX) —

aMmnnudurkaumsa LEHTPOCOMbI




MHTgpcbasa CDa3bI MMTO3a

MeTachasa

Tenodgasa

LIuTOKMHES




Pa3geneHue ceCTPUHCKUX

XpomaTtuna
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BapuaHTtbl KU

HeKOTopble KNeTKH
OCTaHaBNHBAKTCA

HekoTo pble KNeTkH

OCTaHaBNIHBAKTCA .
B G1 Anacpasza He HauHeTCA NOKa

BCE XPOMOCOMBI He
NPHKPENATCA K BepeHeTy




LIMKNUHbLI U X KWHa3bI

LINKNUH-3aBUCUMbIE LinknuH AKTUBUPOBaHHbIW

A KOMMJeKc




LinknuHebl B KL

() = unknun
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,uerpa,nuposalmble
UHKITHHbI

M-phase S-phase
Promoting Promoting
Factor Factor




LinknuHbl n nx kmHa3sbl B KL

CB
—— =) | weF
; N e 6 agdi 3
CDKk4/6 N




Linknunubl B KU

CeepoYHas TouKa

Eenku, BoBneveHHbIe B

KaueporeHes(::>



KuHa3bl B perynsauum KU

Cdk1
Mitogenic signalling 23:‘;1
Cdc7?
Plk1
AurA Microtubule pucleation Cdk1 AurA
cdi Cdk1/2 il Mastl AurB
.  Cdk11 AurB Plk1
Cdk3? _Cdc7 Cdk1? ok Nuclear membrane & Bub1 _
Cdk4 DNA replication & repair  pjk1 cytoplasmic changes BubR1
Edke . Plk4 Mps1
Celkoycle specifi transcription Contmeom e umlisiie SEeaeasl 4




LinknuHbl u ux KnHa3sbl B KLL

LluknuH-saBuCcUMbIE daza KU
KUHa3bl
(CDK)

D14 2,4 (PSK-j3),6 G1

C 8 (K35) G1

Ei2 2/4,3,6 G1/S

G1-2 GAK (G-accoumupoBaHHas G1 /S
KUHa3a)

A1-2 1,2,3 S

A1-2 1,2,3 G2/M

F G2/M

B1i-3 M



CDk, UUKNMNHbI U UX
cyocTpaTbi-1

O603HayeHne PyHKkUua PerynatopHbin napTHep

CYBCTPATHI

Mitosis (DNA replication Cyclin-dependent kinases
and DNA damage,
Cdk1 DNA repair)
Cdk2 G, /S transition, DNA

damage, DNA repair

Cylins A, B (D and E)

Cyclins E and A (also D),

PCAF

Actopaxin, adenomatous polyposis coli,
Aki1 Amphiphysin 1, Anaphase
Promoting Complex, Ase1, BARD1,
Bcl-2, caldesmon, caspase-2,
caspase-8, Cdc7, Cdc20, Cdc25A,
Cdc25 C, Cdh1, Cdk7, C/EBPB, CK
Il, CtIP, dynein, dystrophin, EF-1,
Eg5, EGFR, ERK-3, FANCG, Fos,
FoxM1B, Fox01, GBF-1, GFAP,
GM130, GRASPES, histone H1,
hHRBA, HMGH(Y), IFAP300, KRC,
lamins A, B, and C, lamin B
receptor, Lats1, MAP1B, MAP4,
Map205, Marcks, MCM2, MCM4,
MKLP1, Myb, Nedd1, NBPB0O,
neurofilament H, NF-, Nir2, NO38,
nuclear pore complex, nuclealin,
Nucks, numatrin, Orc1, p18, p47,
p53, p54NRB, PAP, PHF8, plectin,
PP1-2, pRb, R2, Rab4, Rap1GAP,
Raptor, RCC1, Rllalpha, RunX2,
S6K1, SamB8, Securin, Separase,
SIRT1, Ski, survivin, mSTI1, Tau,
TMAP(CKAP2), vimentin, Vsp34,
thymidine kinase, 53BP1

ATRIP, BARD1, B-Myb, BRCA1, CBP/
p300, CdcB, Cdc?7, Cdk7, Cdt1, C/
EBPB, DP1, hHRBA, HIRA, Ku70,
Marcks, MCM2, MCM4, MyaD,
NPAT, nucleophosmin (B23), p107,
p21Cip1, p27Kip1, p53, pRb, R2,



CDk, UUKNMNHbI U UX
cyocTpaTbl-2

Cdk3 Not clear Cyclins E, A, and C, Cables 1, c-Jun
Cables
Cdk4  PSK-J3 G,/S progression D-type cyclins Cdt1, Marcks, p107, p130, pRb,
Smad3
CdkS  TPKII Neuron biology, p35, p39, cyclins D, E, AATYK1, Amphiphysin 1, Ape1, p2-
senescence and | Syntrophin, Cdh1, Disabled1,

Doublecortin, eNOS, Munc18a,
Nude, p53, PSD-95, Sds3, Stat3,
Synapsin 1, tyrosine hydroxylase,

Vsp34
Cdk6 PLSTIRE G, /S progression D-type cyclins p107, p130, pRb
Cdk7 CAK, M015, Cdk-activating kinase, Cyclin H Cdk1, 2, 4, 5, 6, RNA pol Il COOH-
STK1 transcription terminal domain
Cdk11 CDC2L2, Transcription, splicing, Cyclin D3, L1, L2 elF3, Pak1, RanBPM
CDC2L3 centriole biology and
cytokinesis

Aurora kinases

AurkA  Ark1, Btak, Centrosome and spindle Ajuba, Arpc1b, PAK1, Arpc1b, BRCA1,CENP-A, CPEB, Egb,
Stk15, Stke, function Tpx2 Histone H3, LATS2, Ndel1, N-Myc,
Stk7 p53, TACC




CDk, UUKNMNHbI U UX
cyocTpaTbi-3

AurkB

AurkC

PIk1
Plk2
PIk3

Plk4
PIkS

Bub1
BubR1
Mps1

Cdc?7
Nek2
NekB6

Nek7
NekS

Mastl

Aik2, AIM-1,
Ark2, Stk12,
Stk5

Ark3, Stk13

Snk

Sak

AC104852,
LOC126520

Bub1b
Ttk

Greatwall,
FLJ14813,
The2

Chromosomal passenger
complex (CPC]) kinase;
Chromosome attachment
and cytokinesis

CPC kinase, meiosis

INCENP, Borealin,
Survivin

INCENP, Borealin,
Survivin?

Polo-like kinases

Centrosome biology and Substrates need to be

mitosis primed by Cdks
G,/S progression?, neuron  Substrates need to be
function primed by Cdks
G, /S progression, neuron
function

Centriole biology
Neurite growth

Checkpoint kinases

Spindle assembly checkpoint
Spindle assembly checkpoint CENP-E
Spindle assembly checkpoint

Replication kinases
ASK, Dbf4, Drf1
NIMA-related kinases

DNA replication

Mitosis Activated by NekS
Mitosis Activated by NekS
Mitosis

Phosphatase-inhibiting kinases

Inhibition of PP2A, mitosis  Activated by Cyclin

B/Cdk1

Borealin, CENP-A, Hec1, Histone
H3, MCAK, MYBBP1A

Borealin, CENP-A

«-Synuclein, p-catenin, FoxM1B,
Nedd1, NudC, 53BP1
SPAR, a-synuclein

Vrk1, a-synuclein

No substrates identified

Cdc20, Mad1, Bub3

p53, BLM, Dam1

Mcm2, Mcm4, McmB

c-Nap1, rootletin, PP1, Nip,
centrobin, HMGA2

Eg5 S1033

No substrates identified

NekB, Nek?7

No substrates identified



AKTUBHOCTb CDk B TKaHAX
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Mopaenb KOHTponNsA G1 B CTBOMNOBbIX
KneTkax

Cyclin/ Young Adult Adult Old
Cdk stress
®— ——»@—»@
Stem cell
Normal Ink4/

- @ Q O
Rapidly dividing "
progenitor
Cyclin/
Cdk

Hyﬁ:racﬁve Ink4/

(loss of CKls) Cinip @ ‘.,. ° @
00

(CO

FIGURE 3 Adult stem/progenitor cell function and its control by G1 kinases. In normal tissues, stem cell
self-renewal is tightly controlled to ensure proper tissue homeostasis and regeneration throughout life.
Upon hyperactivation of G1 Cdks (e.g., Cdk2, Cdk4, or CdkE) mediated by cyclin averexpression of loss of
the corresponding inhibitors (Ink4 or Cip/Kip families), proliferation of stem cells is increased possibly
cooperating with tumor formation. In addition, this increased proliferation may lead to stem cell exhaustion
and inefficient responses to stress or ageing. This model is mostly generated from evidence obtained from



CTpyKTypa CDk2 yenoBeka, cBA3aHHOW

Hebonblwas N-TepMuHanbHas
aons  copgepXut  B-nomnocky um
PSTAIRE cnupanb. [lokasaH
oonbwon  C-koHey. AKTUBHbIN
LEeHTp B3anmopaeunucteyet ¢ ATP.
T-netngd (146-170 am.o.)
BbliaeneHa. MoHoMepHbIn  ©enok
HeakTuBeH, TaK Kak T-netns
NpenaTcTByeT B3aUMOOEUCTBUIO C
cybcTpaTom.

c ATP

PSTAIRE
Hellx




CTpyKTypa UMKIMNHA
A(a) n H(B) yenoBeka




CtpykTypa Cdk2-UnMKnNuH
A1-ATP KoMnrnekca yernoBeka

Cdk2 pacnonoxeHa cnesa. UuknuH A
— cnpaea. T-netna obo3Ha4vyeHa
yepHon cTtpenkon. CessbiBaHne Cdk?2
n LMKITNHA A BKItoYaeT
B3aMMOOENCTBME Mexady cnuparnbto
PSTAIRE Cdk-2 u cnmpanamn 3 n 5
UMKNMHaA A, a Takke Mexay cnuparnbto
N umknmHa A wun C-TepMuUHanbHOM
obnactbio Cdk2. CBa3biBaHWE LIMKITNMHA
Bbl3bIBAET 3Ha4YUTENbHbIE
KOH(POpMaLMOHHbIE  U3MEHEHUS] B
Cdk2. Cnupane 112  T-netnu
pacrnonoxeHa B [-uenu, no3Bonsas
cnupanu PSTAIRE ABUraTbCs
BOBHYTPb, 4TOObl  KOPPEKTUPOBATb
pacnonoXxeHne yyacTka uenen,
y4acTBYHOLLNX B OPUEHTUPOBKE
docdara ATD. T-netna gaensercs
YNSOWEHHON OTHOCUTENBLHO ee
no3mumm B MOHOMEpE.

.': _ v > N -;‘.

.} .
--- enupaJbN

PSTAIRE cnupane3
cnupanb = cnupanss




Perynauua Cdk akTUBHOCTH
dbocchopunmpoBaHnem
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Perynauma muto3sa
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Polo-KMHa3a B perynsaumu
MUTO3a

Prophase Prometaphase
Pl )
Cdkl \ kinase /
@ e £ N
(\ BubR1 ) ([ BubRI )
Interphase Mitosis
Mitotic
Functions
" Polo
Polo Kinase r———
\ Kimase '// [Cdkl
Yoo "
Map205( Map205 ) \ Map205 Map205 )

- " A




NMHrmountopbl Cdks

2 CemenctBa CKl:

* Cip/Kip (Cdk HrMBuTOpPHLIE BEnkn) p21,
p27,p57 — uHrmounpyot Cdk2 n Cdk4/6 (G1/S
KOHTPOIb)

* INK4 (MHrMbuTopbl KMHAa3) pl15, pl6, p18 n
P19 (y3kocneundonyHbl ansa Cdk4/6)




Ctpyktypa cBa3m komnrnekca Cdk2-umknuH Al c
yCe4YeHHbIM nenTuaom p27

[Mentng p27 (3aTeMHEeH) MpPOTSHYT
yepes BepLUMHY KOMMIleKkca, npuyem
N-koHeL cBsi3daH ¢ umknmHom A1, a C-
KOHUeBasi obnactb Ha HEKOTOPOM
NPOTSXKEHUN  B3aUMOOEWUCTBYET C
cybveamnHuuen Cdk2, paspbiBas [3-
CKrnagky marnonm ponu wu BHegpsas
Manyto cnupanbs B ATO-
cBa3biBaowmm cant. Cdk2 B aTOM
KomMmnriekce doocdopunupoBaHa
knHazon CAK no Thr161 T-netnu.
[MpencraBneHHasd CTPYKTYypa
NNACTpmpyeT adbdekT
doocdopmnnnupoBaHust, YTO NPUBOAMUT K
OanbHevwemy  cnnwmusaHuio  T-
NeTnn OTHOCUTENbHO ee Mo3uuun B
HedochopunMpoBaHHOM KOMMIEKCE.




KOHTpOsnb MNTO3a KNHaA30M
M dha3sbl

KuHasel u cpoccparasel,

KuHasa M dasel aktuBupyetr Cdce25
perynupyrowme kuHasy M dasbl pessmsesen
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Cdk-koMmnnekcbl B G1 1 S (ha3sbl

Thr
cyclin D1,D2,03 cdk2
Thri cyclin A
cdkS




Perynauna UMKNUHOB

- TpaHckpunuua (E2F ctumynupyet UAUM E
B S gpa3se) unu LID RAS-RAF-MAP KUHa3HbIN
kKackag nnm cAMP.

o - [lerpagauyna npoTeonm3om



CTpyKTypa NpoTEOCOMbI

KopoBaga yactuua (CP)

CP coctonT 13 2 Konuin 14 pasnuyHbIX 6enKkos.

OHn 06beanHeHbl B rpynny 13 7, obpasyromx
KOnbLO.

4 kornbLia cknaabiBalTCcs APYr C APYroM

PerynatopHasa yacTtuua (RP)

EcTb 2 naeHTUYHbIE RP Ha KaXXOoM KOHLE
KOPOBOW YacTuLbl.

Kaxkxgas coctonT n3 14 pasnunyHbix 6enkos.
6 U3 HUX - ATPases.

HekoTopble cybbeanHuLbl cogepxaTt CanThl,
pacno3HaBaeMble YOUKBUTUHOM

YOUKBUTUH

HebonbLion 6enok (76 aMMHOKUCIOTbI)
BbicokokoHCepBaTUBHbIN

Ncnonb3ayeTcs ans paspyweHnst 6enkos-
MULLIEHEN

YOHUKBHTHH

Perynatopnaa
YacTHua

HecoopaHHbIi
(unfolded)
benok

Kopoas
yacTHya

'-ﬁgeqm TOpHaA
YacTHua
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Bbixoa s peneHuvs-1

G2 Ctaauda

cdc25

suc1
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suc1t
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cyclin cyclin : I
PocchopunupoBaHme
NpOTeUH-KMHAasaMH
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;)603"C +P g PBOSTC
Lamins + P CDoccbaTasbl Lamins




Bbixoa u3 npeneHuns-2

/

Drosophila embryo.
MITOSIS
v
Greatwall |=p| Endos (= g?tsvli\nsl
B55

Centrosome- j

kinetochore substrates

. B

X

X

‘ INTERPHASE

Centrosome - nuclear
Lenvelope attachment

Cdk1
Cyclin B

Cdc25
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[JecTpyKumna MUTOTUYECKUX
LUKJIIUHOB

 LiInknocoma APC (anaphase promoting
complex) — MeTadasa-aHadasa (Cdc20) u
BbIX04 U3 MMUTO3a (Hctl).

« CybcTtpat ana APC-Cdc20 — 6enku cekypuH
N cenapwH, yaepXxmsatrLlime CeCTPUHCKNE
Xpomatumgbl. [ns

 APC-HctlocyuwlecTtBnsaer
youkeutuposaHue LIB.

* APC nHaktnsunpyetcsa G: LMKNMHamMun



Perynauua umknuHoB B KU

restriction
point

Growth

Histone H1
MAPK
Nucleolin
Lamin

turati
T
factor

CyclinA | Sphase

promoting
CDK2 factor

DNA polymerase
thymidine kinase




HobeneBckasa npemus no chmusmonorm u MmeauuuHe 3a
2001r.

 [lpucyxgeHa amepukaHuy JlenaHgy Xapteenny v
aHrnn4yaHam Tumotun XaHTty u [Nony Hepcy. 3toun
Harpagbl y4eHble yOOCTOUITUCL 3a 3HaYNTENbHbIE
OOCTUXeHNA B 0bnacTtu nccrieaoBaHmnn
KneTo4yHoro uukna. B sagsneHnn Hobenesckoro
KOMUTETA FOBOPUTCS, YTO 3TU OTKPLITUA “By0ym
npuUMeHaIMbCS rnpu duazHocCmMuKe onyxosieu u 8
KOHUE KOHUO08 ripusedym K pa3pabomke HO8bIX
criocoboe bopbbki ¢ pakom”,



CBepoyHblie Touku B KL

upstream
kinases

CDK
Inhibitors

CDK Activating
Kinases

Cyclin Dependent
Kinases (CDK)

Cyclins

CcDC

ATM P53« P19 ATR P38
l_,/ S _,_---""'- = v
CHK2+ v CHK1
P21 CIP/WAF P1 6INK-13 P27< P/21 CIP/WAF
Rés MOS CAK
I.\ ".' ‘
\ ',’ +
v CDK1
CDK2 % =
- (P34f°°2)
Cyclin E Cyclin A Cyclins A/B
CDC25A CcDC25C CDC25B
A
} i
G1 checkpoint \ G1 G1/S \ G2/M

N\

P-RB*:

E2F
==
RB

‘
P-CDC25C/14-3-3¢




KuHa3bl KL B pa3Butum paka-1

FeHeTUYeckoe
Fen XpoMocoma  poppexneHne BonesHb

Cyclin-dependent kinases

CDK2 12.q13.2 P45L Glioblastoma
CDK3 17925.1 S106N Glioma
CDK4 12914.1 R24C, R24H, N41S Melanoma

Amplification Several neoplasias
CDK6E 7q921.2 P199L and fs Melanoma and brain tumors

translocation Hematopoietic disorders
CDK8 13q12.13 R424C; D18SN Intestine and lung tumors
CDK18 (Cdc2LE) 6921 Inversion Microcephaly

G175S, A385V Melanoma and brain tumors

Aurora kinases

AURKA 20g13.2 Amplification Multiple neoplasias

S155R, S398L, V174M, Intestine, skin, and lung

and ns tumors

AURKB 17p13.1 V57M, E274Q Lung and brain tumors
AURKC 18g13.43 c.144delC Sterility

G18E, E114Q, H210Q Lung tumors

Polo-like kinases

PLK1 16p12.2 Several point mutations Carcinoma cell lines
R12L Lung tumor
PLK2 5q11.2 Hypermethylation Hematopoietic, liver tumors
(G92S, S14T, and fs Lung and ovary tumors
PLK3 1p34.1 Hypermethylation Liver tumors
PLK4 4qg28.2 LOH, hypermethylation Hepatocellular carcinoma

PLK5 8a12.3 Hypermethylation Glioblastoma



KuHa3bl KU B pa3Butumn paka-2

PLK3
PLK4
PLKS

BUB1

BUB1B (BubR1)

TTK (Mps1)

cDCc7

NEK6

NEK7

1p34.1
4g28.2
8g12.3

2913

15q15.1

6q14.1

1p22.2

9q33.3

1931.3

Hypermethylation Liver tumors
LOH, hypermethylation Hepatocellular carcinoma
Hypermethylation Glioblastoma

Checkpoint kinases

Several point mutations
and hypermethylation

Point mutations

Hypermethylation

fs mutations in A9 and
A7 repeats

Several tumor
types(colorectal, lung
thyroid, T cell leukemia)

Mosaic variegated
aneuploidy and premature
chromatid separation
syndromes

Colon carcinoma

Gastric, pancreas, ovary
and colorectal tumors

Replication kinases

G11SE and fs

Spontanous mutations in
stomach, intestine and
brain tumors

Nima-related kinases

19SS

1I275M and ns

Spontanous mutations in
kidney tumors

Spontanous mutations in
lung and ovary tumors



KuHasbl KL B pa3Butumu paka-3

NEK8 17q11.2 L621F, R282Q and fs, Spontanous mutations in
ovary, skin and stomach
tumors

NEKS 14924.3 P870S and fs Spontanous mutations in

lung and ovary tumors
Phosphatase-nhibiting kinases

MASTL 10g12.1 CHECK Thrombocytopenia;

D8B854N and fs Spontaneous mutations in
stomach and lung tumors



Jkcnpeccuda kuHa3 KL B
OnyXornsxX YyerioBekKa

Tumor

type
Bladder
Brain & CNS
Breast
Cervical
Colorectal
Esophageal
Head & neck
Kidney

Cdc7 Nek2 Nek6 Nek7 Nek9 Mastl

AruA AruB AruC Plk1 Plk2 Plk3 Plk4 BubiBubR1Mps1

N

‘lw N

Leukemia

Liver
Lung
Lymphoma

Melanoma

Myeloma
Others
Ovarian

R

Pancreas

Prostate

>l ERC -~ Ele

Sarcoma
# Significant |44

il § NE-EN EEEEER

ol

Total |_236 104

Normal ¢—p Cancer
1 5 10 i0 5 1

EEECOOE N

% >
* o >




KuHa3sbl KLl B Tepanuu paka

i ; Genomic
Checkpoint Checkpoint : e
kinases [:>abrogation [ instability
Bub1 (apoptosis)
u
BubR1
Mps1
AurB
M
Mastl

Cell cycle core

kinases Cdki
ﬂ Plk1 Cell cycle entry
Inhibiting cell kinases

cycle progression AurA

|

Arrest & genomic
damage (apoptosis) Cdc7 ﬂ

Quiescence
(and apoptosis)

4

Inhibiting entry or
G1/S progression



2. PakoBble cynpeccopHble reHbl Unn
OHKOCcynpeccopbl

*RB
*p53 (TP53)

Pa3BuTre paka npomcxoauTt n3-3a notepu
doyHkunm PCI



*RB benok



Pa3Butune petTnHo6nacTombl
(q14 aeneuund B 13-n Xxpomocome)

Xpomocoma 13 Xpomocoma 13 ¢ peneyunen nokyca RB

\.
L3

HopmaneHble KneTku ¢ puckoMm KneTku peTuHo -
KNeTKU peTUHbI onacromel




Ponb BUPYCHbLIX OHKOreHOB

E7- oHKOreH oaHOT0 H3 BHPYCOB
nanunnoMbl YenoBeka

~

HK

_n e F2 F o nHK
MpomoTopbl MpomoTopbl

MpoMoTopbI BbIKMIOYEHBI, MpomoTopkl BKNKOYEHBI,

KneTtka octaetca B GO KneTka BXoQuT B MUTO3




Komnnekc RB ¢ BUPYCHbIM OenKom

KoHcepBaTHBHOCTL
S




RB 6enok B perynsauuu KL

RB 6Genok gedocopunuposaH RB cBAasbiBaeT E2F,
6nokupya G1/S

GO paza

Penpeccuna
reHoB-MMIIEeHe

—

= S o
E2F ocsoboxnaercna Pocd. RB cammaer

[ onoknpoeky KL1

PaHCcCKpUNums




RB 6enok B perynsauuu KL

Unphosphorylated  Hypophosphorylated | Hyperphosphorylated T
P p p P T e
' P Rb P f‘:‘—‘} -

G1 ~PS S

Cell Growth
Checkpoint




docdopunmpoBsaHue RB
KoHTponupyetcsa B KL

RB AedocchopunupoBaH RB cBAsbiBaeT E2F:
> onokupya G1/S
”
GO phase
e / gl
') G2
G RsB t G1 215
s y E2F
@ \.‘/ .
v
Penpeccua
reHoB-MHWeHeH
- v RB ¢ochopunuposaHue

E2F BbICBOGOXAAETCA cHUMaeT UHrMBMpoOBaHUe

PakoBble aHTUreHel (SV40 T, AD E1A) ceasbiBaroT RB

GO phase

E2F

- -

E2F cBoGopeH |

‘ PakoBbIi
AHTHreH

\ RB

.

bnokupoBaHue KL npekpawiaercs,
koraa RB d¢ochopunupyerca (B
HOopMme) unu Koraa 3TO
cCeKkBecTnpyeTcs onyxoneBbIM
OHKOreHoMm (B pakoBbIX ONMYyXOnsX)



CtpyKTypa RB 6enkoB

rb1 (encoding P105) {13q14.1—-q14.2},
rb2 (encoding P130) {16q12.2},
rbl1 (retinoblastoma-like-1, encoding P107) {20q11.2}

COOH-

g. terminal

A-domain spacer domain

I | | I
RB (928 aa) | | | I ] N

NH»-terminal pocket

P107 (1068 aa) O s S S ] S S

P130RE2 (1139 aa) [ 1 ) S | o7 T I




CemencrtBo RB benkos

E2F binding
LXCXE Interactions :

-

| B
Protei N N
Protein
| SRS
L I Spacer I )
N-terminus . Small pocket C-terminus,
Large pocket
E2F1
i= 3
Cyclin Alcdkz binding
Cyclin E/cdKz binding
PP1 binding
m
PRB [

p107 | l
p130 [ .

J

IR e Cyclin Alcdk2 binding  B-domain
Cyclin Elcdk2 binding insertion

i




RB 0esfikuy B KNeTo4YHOM LuKne

& ™
) CTumynaums
a CbIBOPOTKOM
2 ¥
® p107
S e
0
3 pRB
Ee] PR L=
=
Q
T [
c | ~—— p130
>
O\
@ GO IG1ISIGZIM' (51'5I
-
o ®A3bI KU




Mopgenb perynauumn KU
KapMaHHbIMU ODerikamMm

- Hypophosphorylated

[pRB] - Hyperphosphorylated

- Activator E2F
g@ - Repressor E2F

0 - E2F target gene

S

(pIp)
(o]
(PIP]
Transcription
@E oy S-phase
b GENES
RB Reg Ia on of

Nucleus
Cytoplasm

R0 pIp)
o @




B3anmogeucteue perynaTtopHbIX
benkoB B Gi-¢hpa3e

(Curnansi, MHIMGUpyWMne  CUrHanbl K p,eneHmo\
AeneHune

INK4 CKis
CIP/KIP CKls

cyclin D/icdk4
cyclin D/cdké

cyclin E/cdk2 j
PP1 pRE

—> p107
PP2A 0130 =l

l

E2F TpaHCcKpUnums

|

MpoasuxeHune KL




CemeunctBo E2F MnekonuTaroLwmx

NLS| |CycA Dimeﬂzation Transacgvation
on [T 7 we [y e ) )
% E2F2 =:= o
g .. - g5
§ en —m—
< . o %<
2k 1 e e 53
. >30°
23
NES N9
o E2F4 - e B | S5
=3
N o s | BT | G
]
o
E2F6 i
., EF7a
5 .
: em —— .
&
< o S s




JKkcnpeccus E2Fs Bo Bpemsa KL

E2F target
2F8
E2F4 _ / 217
E2F5 N
J. jDNA replication
GO Gl S G M G

E2F target gene  /* E2F target gene\\ E2F target geng,/‘
GO Gl S G2 M Gl




E2Fs n pak

Gene (chromosome) Genetic alteration

E2F1(20q11.2) Amplification

Increased expression

Decreased expression

E2F2 (1p36) Amplification
Deletion
Increased expression
E2F3 (6p22) Amplification

Increased expression

E2F4(16q21—q22) Amplification

Deletion

Increased expression

Mutation (AGC

repeat)

Human cancer
HCC®*, oesophageal SCC'"*, NSCLC"® and

cervical cancer!?7-178

N SC LC111.135.179,180’ sCLCllliBl’ gliobla stomalOQ'
oesophageal SCC*#+62 HCC*8318 pancreatic

ductal carcinoma®®®, and Gl stromal*®®, breast*®’
and ovarian cancer*3031168

Gastric adenocarcinoma'®, oral SCC**°, and
colon'®* and bladder cancer®?

94

SCLC*, alveolar rhabdomyosarcoma®* and

osteosarcoma*®®

a7

Neuroblastoma'*, pheochromocytoma®®’ and

breast cancer'®®

Ovarian cancer!¥%43

105,106,133 99

,uveal melanoma®, and

103,104

Retinoblastoma
breast’®®* and bladder cancer

NSCLC1, SCLC!!, and bladder'®1% breast!!?,

ovarian'® and prostate cancer’®

Bladder cancer’®

HCC? and breast cancer!!7.20+205

tu7 206

Breast''’ and colon cancer

Gl cancer?-20

Notes

None

None

None
Detection of 1p32-1p36 amplicon in SCLC
None

None

Detection of 6p21.2 amplicon in breast cancer;
complete RB1 inactivation through LOH in
retinoblastoma

Decreased RB1 expression in breast cancer

CGH analysis carried out on 12 transitional cell
carcinoma lines

None
None

Expanded or reduced polyserine stretch and

LOH frequently observed




[lapagurma B3anmMoaencTBuS
E2F-RB B paKoBbIX KIeTKax

gz‘i RB inactivation Eﬁ
—

RB inactivation aﬁ

E2F3 amplification Classic E2F target gene

E2F] overexpression “
NFAPMF

Non-classical or unknown
E2F target gene

Classic E2F target gene




* B agpe HenponudepupyroLmx KrneTok octaetcd RB
rmnodocdopnnmpoBaHHbIM 1 PopMUPYET DENKOBLIN
KOMMIekc E2F-RB, T.0. MHIMOUPYIOTCA reHbl, perynupyrowme
BXxof4 B S1-cpasy. [MmnodocdopunmpoBaHHbIn RB Takke
HanpsiMyo CBA3bIBAET N UHIIMOMPYET akTuBaTopbl E2F (E2F1-
E2F3). RBMHaKTUBMUPOBaAH BO MHOIMMX TUNAaxX paka, 4yacTo n3-3a
MyTauuKn reHa, nokanns3oBaHHOIo Ha AJIMHHOM nneye
XpomMocomsbl 13 (13g14.3) nnu n3-3a HapyLleH1Usa KOMMOHEHTOB
E2F-RB nytn. Hanpumep, CCND1 nepeakcnpeccmpyeTca nnu
aMnnuumnpyeTca B pakoBbIX KIeTkax, B UTore, HapyLlaeTcs
doyHKUMA E2F n3-3a aktueauum CDK4 n CDK6 1 RB
runepdgocdopunmpyetca. CDK4 n CDK6 4acTto
rnepeakcnpeccupyeTcsd, MyTUPYIOT NN aMmnmuumupyeTcs B
PaKOBbIX KIeTKax. Bo MHOrMx pakoBbIX KIETKaxX MHIMOUpPOBaHbI
INK4A, p21, p27, B HOPME aHTaroHUcTbl ochopuInpoBaHmns
RB.

« [lnccoumauma rmnepdgocdgopunmpoBaHHOro RB 13 Komnnekca c
RB Be4eT K HEKOHTponMpyemMomy HakonneHuto E2F,(E2F1 v
E2F3.



pl6 B perynauumn KL

Crarye Cdk/umknun

Crary¢e RB

MHriuButopHbIN
cHUrHan

Docchopunuposanne
ONoKnpoBaHo

p16 cBasbiBaeTca ¢ cdkd u cdké nk
anmepy cdkd4 6. MHriM6upysa
aKTUBHOCTE cdk-umknuH D, p16
npeaoTspallaeT
cdhochopunuposarmne RB u gepxur
E2F B HeakTuBHOW hopme, UTO AenaeT
ero HecnocoGHeIM MHUUMMPOBAaTL

S dasy.




P16 n ctapeHune

p53 |_ Mdm2 |— p14ARF

Zp21 \
Semsce:/‘/ @+pr ~—Rb-E2F1
A
e

. Cyclin D1_IE_DK 4/6 @ Cyclin E/CDK 2

_ Bmi1 ) Id-1 C-Mye p21

Senescence Cisplatin




p21 n p27 B perynauumn KU

P21 " p27 UHrIMbnpyrT
c6opKy U aKTUBHOCTDL
Komnnekcos cdk ¢
umknuHamm D n E. OHm Taoke
MHriMbupyroT KL BHe
3aBucumocTu ot RB. p16
MHrMbupyet c6opKy U
akTuBHOCTb cdk4.6-umknud D

cdk4,6

“eyclin D

Assembly *




Benok p53 — Kno4yeBou
oHKocynpeccop. Ponb B
OHKOTOrnwu



CTpyKTypa 1 oyHKUUM P53

° - D,H K-CBFI3bIBaI'OLI.|,V|17I oenok (snepBble onucaH B 1979 r.)

e - DaKTOp TPaHCKpUNUMU (aKTUBaLMS,
cynpeccus reHoB)

e CTpaxX reHoma

* Jlokanusauumsa: 17 xpomocoma

e Paamep - 20kb (11 3K30HOB)

e benok p53 - onuromepHbin PT (393 0.aK),

opraHM3oBaH B 5 CTPYKTYPHbIX U
¢yHKLUUOHANbHbLIX PAUOHOB



PoaocnoBHaga ceMbu ¢ CUHOPOMOM
Li-Fraumeni (1969)

BB, 47

[

HO @Hm

LK, 6

¢ 0 B0 o

BB, 47 CNS, 41 BR, 37

CPC,4 RMS, 3 0S, 8
0s,9

BB-6unatepanbHbin PMX; CNS-pak ronosHoro
mo3sra; BR-yHunarepansHbin PMX;
LK-nenkemus; CPC-kapumHoMa XopnongHoro
cnneteHus; RMS-pabgoMmuocapkoma;
OS-ocTeocapkoma

YacToTa: 1:5,000 yenosek



[locnepoBaTenbHOCTMU,
y3HaBaeMble p53

PuPuPuC(A/T)(T/A)GPyPyPy



[JoMeHHas CTPYKTypa p53 Oernka

Benok pd3

[-. N N N NN NN N NN \\\\:.\\:l

TpaHckpunuuoHHen  [OHK-cBAasbiB. NomeH
aoomeH nomeH TeTpamepusauuu

- JK30H

- IBONLMOHHO KOHCEPBa-
THBHbLIE PaHOHBI




[JoMeHHas CTPyKTypa p53 Oernka

@
©
—_—
o

1

conserved regions 100 _II 200
NH, —{ ] H ] {H [ —{ H COOH
codons 13-19 120-143 172-182 238-259 271-290 393

. < >
mutalion fequency 86% (in conserved regions 68%)

“ > < - — i E—
transactivation Sedquence specific DNA binding domain oligomerization

domain a (102-292) , domain (320-360)

HSP-70 (13-29) SV40 « (364-390)

MDM-2 Large T binding domain — inhibition of
e y (04-203) nuclear translocation sequence

gﬁglucatnon Protein A saquence (316-325) spacific binding

< =
CDK phosphorylation
domain (serine 315)




CTpyKTypa KOPpOBOIro AoMeHa p53

KopoBbiit gomen p53 (ceetno- 3eneHblii)
ceAasbiBaerca ¢ JJHK (cuuuit). 6 Hanoonee
4acTbIX MyTauMi NoKasaHbl XKenTbiM. Bce
3TH a.0. HYXKHbI anAa ceAsbiBaHnA ¢ JHK




3D CTPYKTYpa p53




P53 perynupyeT pocCT

Ouknn p53 orpaHnyMBaeT pocT LA

¢ 3 =f SERG f > N
N f G
| o @] &
W & CeoitctBa mukoro pd3 e :
oo CeasbiBaeT aHTHreH SV40 T
. CeaszbiBaer 10n.0. caitel JHK
AKTHBHpYET WAKH penpeccHpyeT NPpoMoTOopbI}
(@]
B oTcyTcTBUM p53 POCT He OrpaHum- e S @i la
¢ > hos ol VLG \
yuBaeTcsa \;-\&J % SR st Rt
@ ie

Mocnencrena oTcytcTBnA pi3

. TeHbl-MHIWEHH He aKTHBHPOBaHbI

- yBenuuupaerca amnnudukauna JHK
Pennukauna He ocTaHaBnHBaeTca nocne
nospexaeHna JHK

MyTaHTHas cy6beanHuLa p53 Pl N E'?l‘—g N
:; HapyLuaeT pyHKUMIO Genka u pocT V@ % e 3: :




P53 oTBevyaeT Ha noBpexaeHune AHK

e Moepexaenune [JHK aktueupyer p53.
//"//WWI\\/)\i‘\\ PesyneTar saemucur ot ctagaum KLL. Ha panHnx
/ N\ cTaamnAax pS53 aKTUBUPYET CBEepPOoYHYIO TOMKY,

NsnyyeHne 4s ) YTO TOPMO3IMUT Npouecc A0 TeX Nop, Noka
/ noepexaeHue Syner penapupoesado. Ecnu
MOQ/ _ a / nosaHo, p53 sanyckaer anonTros.
. E = //

ST \*‘—’-’.’

=~ &
i\/ \— ’;" ~ AxkTtuBauua p53

- .
Gl B O R

I 4

CB. 1. 610K KU,Z > Anonrtozs {
- :
- =3
e -
- B
B
B ;

KL, BOo3;OOHOBNAETCA,
Korja nospexaeHne Knerka ymupaer
penapupyerca




Hecneundmyeckune nocnepgoBartenbHocTu OHK, c
KOTOPbIMM MOXET CBA3bIBaTbLCA P53

— Single-stranded DNA
— e = DNAstrand break
VN N o ka0 DNA
e — DNA gap
‘g Holliday DNA
~. Triple-stranded DNA




P53 n anonTtoa3

03\\
XX ‘
AN\

Sequence-specific Non-sequence-specific

DNA Binding DNA Binding >.<
F A
Growth Arrest  Cell Type Specific
(p21, 14-3-30) (bax, pigs)
\ Apoptosis
o Checkpoint

Esds-DNA]+!g§3F
epair Proteins

Survival Apoptosis




P53 akTMBUpPYET HECKOSIbKO He3aBUCUMbIX NyTEMN.
AxTuBauuga apecta KLl BmecTe ¢ reHOMHOM
HeCTabMNbLHOCTLIO — aribTepPHaTMBA anonTo3y

NMpeporTBpaleHne
OcTtaHoBKa KL reHOMHOM Anontos
B G1ase HecTabUNbHOCTU




Perynauua akTuBHoOCTHU p53

1. B HOpMe ero akcnpeccusa HeBenuka u
KOHTPONMpyeTcs YOUKBUHNUPOBAHUEM U
NpoTeEOCOMHOWU Aerpagaunen.

* 2. IHOYKUUMSA B OTBET HA CTUMYIb
(MOCTTpaHCKpUNUMoHHaa mogmdukaumns)

3. lerpagauuna 6enka SUMO-1 +
ap. 6enku

* 4, Ponb 6enka mdm?2
* 5. MexaHn3Mbl noBpeXxaeHnsa p53



Kaxabin nyTb, KOTOpPbIN akTUBUpPYeET p53, Bbi3biBaeT
moaudcdunkauuio onpenerieHHbIX OCTaTKOB aMUHOKUCTIOT OeriKa

PocdopunupoBaHue
n 2
m(;:mupylo NoHUu3npy-
obny4eHue Y®-usnyyeHue toLyas Y®-uznyyeHune
paguauus
v O\ ¥
: 0 i
Cki ATM : B Calk PKC
ﬁ + /2 MeTUNUpPO- + 4 Y
8639 81 5 833 837 BaHNe

831 5 8376 8378 8392

e 0 @ @ @, Oﬁé"".

e, 0 0 0 @ @ @ .0

&

o

‘. O.Q 0‘&- 0‘0 0‘%;» 0‘. 0‘0 0‘. O‘Q 0‘0 '.. 0‘6 O.ii» -:o‘*‘ 0‘6 q.é
L320 L382
L-nenunH
S-cepuH * .4 +
K-nn3unH

AueTUnupoBaHue pCAF 7 p300

NoHusupyrouwas
paguauyus




Fhoay QTR Auemx s " S v P e ——.

Residue of p53 Modification Modifiers De-modifiers

% p INK2, CKIb/e =
So P CKid/e -
s15 p ATM, ATR, DNA-PK, AMPK, mTOR, RSK2, CDKS PP1, PPMID
T8 P TTK, CHK2, VRK1 -
s20 P CHK2, PIK3 -
533 P CDKs, CDKs, CAK/CDK7, GSK38, P38K -
S37 P ATR, PRAK PP, PP2A
S46 P CDK5, AMPK, HIPK2, P38K, PKCB, DYRK2 PP2A
155 P ERK2, TAF1 PP2A BssY
T81 P INK2 -
K120 Ac TiPso -
Tiss P CSN -
K164 Ac P300 (KAT3B) -
5215 p STKIS -
E255, E258, E259 R PARP-1 (poly ADP-ribosylase) 3
K305 Ac P300 (KAT3B) =
5313, 5314 P CHK1, CHK2 -
$315 p STKis, CDKs, CDK2 CDC14A
L320 Ac PCAF (KAT2B) HDAC
S366 P CHK2, IxBK2 :
K370 Me Me? SMYD2 (KMT3C) LSD1
K372 Me' SET7/9 (KMT3) -
K373 Ac P300 (KAT3B) HDACY
$376 P PKC, GSK38 -
T377 P CHK1, CHK2 3
5378 P PKC, CHK1, CHK2 -
K382 Ac P300 (KAT3B) HDACY, SIRTY
K382 Me SET8 (KMTsA) =
K386 S SUMO-1 -
1387 B CHK1 -
S392 P CDKs, PKR, FACT (CK2) pPY
K320, K321, K370, K372, K373 Na FEXO11, MDM2 -
K120, K132, K139, K164 Ub - -
K291, K292 Ub MKRN1 -
K320 Ub E4F1 -
K351, K357 Ub MSL2 -
K01, B?:,Baxzs'%:zn, K3s1, = s _

P Phosohorviation: Ac Acatviation: Me' Mona-meathvlation: Me? Di-methwiation-R Ribosviation- S Sumoviation: N8 Neddviation- Ub Ubiouitination



MDM2 B perynauum ps53

* 1991 r. - BNEpPBbIE NOKA3aHO €ro
B3aMMOOENCTBUE C p53



CtpyKTypa 6enka Mdm2

p53 ACIDIC  Zn RING
BINDING REGIONFINGER FINGER

1 - e m. b 491
- 101 237 788 2890 33 w ¥




Mdm2 perynupyeT p53-3aBUCUMbIN OTBET
Ha noBpexaeHune OHK

Mdm?2 cBsi3biBaeTcs ¢ pS3, KOTOPbIH
peryJmupyer MHoOrue resbi. /1o
nospeskaennsi JTHK Mdm?2
B3auUMOAelCTBYeT ¢ pS3 u
pudocomubiM 0esikom RPL26,
NPUBOAS K YOUKBUTHHAIIUN U
transtation npoTeocoMHOu aerpagauuu. Ilpu
nospesxkaennu JHK
Mdm?2 u p53 moauduuupyercsi nocr-
TPAHCKPUIILMOHHO U HE MOT'YT
0oJiblIe B3aUMOJEiICTBOBATDh. Temnepb
PS3 MOXkKeT peryjaupoBaThb IKCIPECCUI0
redoB. HenaBHo noka3zano, 4yro Mdm2
B3anmozeicTeyer ¢ mRNA camoro
P53 u cynmpeccupyeT TPAHCJIASLUIO.

. Q Kpome 1oro, 0esiok RPL26 siBasiercst
TaKsKe PeryJsiTopoM TpaHcassuum pS3.

IIpu nospe:xknenuu JHK ero

} ‘ TARGET p53
\j'\u'\d GENES '\

OOOQOXX

DNA DAMAGE

B3anMozaeiicrsue ¢ Mdm?2 rakike

r> NpeKpanmaercs, 4YTo NIPUBOAUT K
TARGET YBeJMYEHHUIO YPOBHSA Oeska pS3.
k/\ ’\u'\u'\ ’\

GENES




KoMnneKkCcHbIU KOHTPOmb P53




YOUKBUTUH-E3-Nurassil,
perynmpyrou.wle aKTUBHOCTb p53

Ligase

Mdm2

Pirh2
Copl
TRIM24
ARF-BP1
CARP1/2
TOPORS
Synoviolin
CHIP

JFK

MKRN1

E4orfé and
E1B55K

ICPO
MSL2
CuL7

WWP1

Ubc13

E4F1

BZLF1

RING

RING
RING
RING
HECT
RING
RING
RING

RING

RING

RING

RING

RING

HECT

p53-
responsive

Yes

Yes

Yes

No

Yes

Repressed

UbcH5b

UbcH5b
UbcHsb
UbcH8
UbcH5c

UbcH5a/c, UbcHe
UbcH5c
UbcH5b

UbcH5a

UbcH5a, UbcH6

UbcH5c

Ubc13

UbcH5a/c

Ub

Mono/Poly

Poly
Poly
Poly
Poly
Poly
Poly
Poly
Poly

Poly

Poly

Poly
Poly
Mono/Di
Mono/Poly

Poly

Poly

Poly

p53-Lysine residue

K370, K372, K373,

K381, K382, K386

K291, K292

K351, K357

K320

p53 status

Degradation

Degradation
Degradation
Degradation
Degradation
Degradation
Degradation
Degradation

Degradation
Degradation
Degradation
Degradation
Translocation to
Nuclear Foci

Nuclear Export

Transcriptional
inactivation

Nuclear Export

Prevent
Tetramerization

Translocation to
Chromatin

Degradation

Mode

Direct

Direct
Direct
Direct
Direct
Direct
Direct
Direct
Direct

Skp1-Cull-
Rbx1-F-box

Direct

ElonginB-Culs-
Rbx1

Direct
Direct
Direct
Direct

Direct

Direct

ElonginB/c-
Cul2/5-S0CS



AKTMBaUMA p53 B OTBET Ha
CTpecc

Ub s
o2 NUB U8 UB)G5;

# .
ONCOGENIC RIBOSOMAL/
ACTIVATION NUCLEOLAR
STRESS

TARGET
ENES




A.

+1

Perynauusa akcnpeccuu reHa Mdm2

P1

ATG
+1022

P2 transorot ICRINERE

AP-1/ETS
Smad2/3
RXR | sz TATA
nGGGGC GC V| P2
boxes boxes N
EXON 1a T m ia_u_ EXON 1b
a0 LLLL '"’ i Vo5 +898
SNP309
ATG
L1022
P1 transcript i- """ >

vvvvvv

ATG
+1022

EXON 2

+10719

+1701

Y rena Mdm2 aBa
npomortopa. P1
KOHTPOJIUPYeT 0a3aJIbHYI0
IKcnpeccuro, P2 mpomorop
HCIOJIb3YeT CTAPTOBBIM CAUT
y nepBoro 3xk3o0Ha 1b.

P2 — unayuubenbHbIi
MPOTOMOP, peryJnupyercs
MHOruMu DT, BKIO4Yas
RXR, AP-1, cemeiicTBO Ets,
Smad2, Smad3 u cam p53.
TpaHCcKpUNTHI C IPOMOTOPOB
P1 and P2 umerT pa3inyHbie
HETPAHCJIUPYeMbIe PEeruHOHbI
U Pa3HYIO JJIUHY.



OHKOreHHble NyTn ycunueatoT
aKcnpeccuo Mdma2




OHKocynpeccopbl KOHTPOUPYIOT
doyHKUMIO Mdm?2

Beaok p14*RF — yeratusHueblii peryasTop

Mdm?2, oH TPAHCKPUIILIUOHHO
peryaupyercsa PT cemeiicrtBa E2F. beaku
RB peryimpyor ¢gyHKIHIO

E2F. MHorue KOMIOHEHTBI 3TOI0 Iy TH
SIBJISIIOTCH OHKOT€HAMM

(Cyclin D, Cdk4, and Cdk6) uamn
onkocynpeccopamu (pl16INK4A u

PRB). TGFb-nyTh Tak:ke ocymiecTBaseT
cynpeccopHbiii 3p@exT uepes
p15INK4B. IIyrs TGFb peryaupyer
sxcnpeccnio pl14°RF ganpsimylo uepes
B3anMmojaeicTeue 0eakoB Smad ¢
reHoMHbIM J0KycoM ARF.




P16 n ARF

Transcription OFF
p16

x* B P14ARF 2 @ \’

p16/p14ARF
promoter B S ™ /’4 N
Heterochromatin Euchromatin / ’ \
p14ARF promoter / p16 promoter / \\ \
RE=——r — 3 B
) e SR e SN B [ | | [ Y
’ 20 kB 34 KE r 2.6 k8
{Intron) {intran) (intron)
Exons Ip e 3

Nucleoctides 315 150 204/303 15
(Amino Acids) (105) (50) (69N(101) (5)

[eH p16
OoXBaTbIBaeT IT0KYyC
Ink4b/ARF/Ink4a Ha
Xpomocowme 9p21.
[1Be pasnmnyHbIx
PaMKuN CYNTbIBAHUA
NCronb3yTCcA ond
TPaHCKpUNLUnn
p14ARF
(ansTepHaTuBHadA
pamMka
CYMTbIBaHUSA) U p16
reH-cynpeccop
onyxonem



PCI ocywecTBnAOT KOHTpOonb KL




P53 - MUWLEHb B XMMUoOTEpanmu

Radiation
Chemotherapy

|

DNA damage

rAd-p53 [ —»

Nutlins RITA
Mi-293

.@

ONYX-015
CP-31308
PRIMA-1

CBD3
C-terminal peptides
Ellipticine

-

37AA
RETRA

A
iASSP

B HopmanbHbIX Knetkax p53 TOHKO
perynupyetca. MDM2 ctumynupyet p53 Kk

NPOTEOCOMHOM aerpagauun.
MospexpeHne  [OHK npmBoanT K
doochopunmpoBaHuto p53 wn ero

auccoumaummn n3 komnnekca p53-MDM2
N TpaHcakTuBaumm downstream reHoOB.
bernok p73 npuHagnexut K p53
CEMENCTBY N HEraTMBHO KOHTpONMpyeTcd
IASSP. p73 Takke  aKTuBMpyeTcs
XuMmnoTepanmen n MHQyUnpyeT anonTos.

Bo MHOrmMx onyxonsix MyTaHTHbIM p53
CBA3bIBAETCA W WHaAKTUBUPYET p73.

Ctparterus: (1) poctaButb wild-type p53 k
pakoBbIM KrieTkam

(rAd-p53), (2) yoanuTb MyTaHTHbIN p53
afleHOBMPYCOM (ONXY-015), (3)
BOCCTaHoOBrIeHNe OYHKUMM OMKOro pS3
(CP-31398, PRIMA-1, CBD3, C-terminal
peptides, Ellipticine), (4) nHrmbnposaHue
aerpagaumn pS3 (nutlins, RITA, MI-293),
(5) akTMBauusi [Opyrux 4neHos pd3
cemMencTBa gnsa 3ameHbl YHKUnK p53.



eHbl-MULLEHN P53

Proteome Level

Transcriptome Level

Promoter Level
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Aapec: [&] http: //www-pS3.arc.fi/

The IARC TPS3 Mutation Database compiles all TPS3 gene rmutations identified in
hurman cancers and cell lines that have been reported in the peer-reviewed
literature since 1989,

The following datasets are available:
.TP53 somatic mutations in sporadic cancers

.TP53 germline mutation in familial cancers Research
.Common TP53 polymorphisms identified in human populations .
.Functional properties of PS3 mutant proteins ", G . oot

.TP53 gene status in human cell-lines.

The database is meant to be a source of information on TPS3 mutations for a broad
range of scientists and clinicians who work in different areas:

.Basic research, to study the structural and functional aspects of the p53 protein;
.Molecular pathology of cancer, to understand the clinical significance of
rmutations identified in cancer patients;

.Molecular epidemiology of cancer, to analyze the links between specific
exposures and rmutation patterns and to make inferences about possible causes of
cancer.

» be held in New York, May 20-24 2006. More...

i » 2nd International Workshop on Mutant p53, November 2005, Israel. Report...

» Latest news on pS53 at biojournals.com.

- 3 » The online analysis system of the IARC TPS3 database has been updated in November 2005, New search
options, graphical outputs and annotations on functional activities of mutant proteins have been added.

2011 r.: CornacHo IARC, BbissiBnsieTcs 6onee, yem 26 000 comaTUyecknx Mytaumin B
(TP53 database version R14 (http://www-p53.iarc.fr/)



Hanbonee yacTto BCTpevyaemMblie
MyTauuum p53




OTHOCUTEenbHaga YyacrtoTta
repMmHarbHbIX MyTauun B p53

337

175 213 248273

TAD PRR

62 94 292 325 356

i l 245.“ LL
- B wiat S -l l.ll.ll...}lll.c.‘ . .l.-n v » LJL A T
I TR T T T T T sy e

393

TAD-TpaHcakTuBaunoHHbI goMeH; PRR-
nponuH-6oratein panoH; DBD-AHK-
cBA3biBaOWMN aomeH; TET-gomeH
TeTpamepusaunn; REG-perynatopHbin AOMEH.




N3odhopmbl p53

ETN |
ECH st
b}
B - i ow i i
BT o o oSN
-

P53 (FLPS3) (53 kD)

pS3p
pS3y
A40p53a
240p53p
A40p53y
A133p53a
A133p538
A133p53y
A160p53a
A160p53p

A160p53y

(47 kD)
(48 kD)
(47 kD)
(42 kD)
(42 kD)
(35 kD)
(29 kD)
(29 kD)
(31kD)
(26 kD)

(26 kD)




P63 1 p53 Oernku

(SAM - sterile alpha motive)

A p53 [ TA  }—{ DNA Binding Domain

22% 60% 37%
TAp63a [ TA | DNA Binding Domain { SAM__ |=
TAp63p [ TA |—— DNA Binding Domain
TAp63y [ TA }——{ DNA Binding Domain
ANp63a [[——{ DNA Binding Domain [ SAM |-
ANp638 [——{ DNA Binding Domain
ANp63y [ = DNA Binding Domain
P1-TA P2-AN
B
1 2 3 |38 < 5 6 7 8 9 10 11 12 13 14 15




JKcnpeccus p63 B onNyxXonsx

Tissue/Organ Site  Variant mRNA expressed Comments’

Bladder TAp63 and ANp63 ANp63a protein expression

Protein expression in ductal
hyperplasia, carcinoma in situ,
Breast ANp63 and sarcomatoid/metaplastic
carcinomas (restricted to
myoepithelial cells)

Cervix Not determined Protein expression in SCC*

Head and Neck TAp63 and ANp63 Gene.amphflcatlon 'and.AI\‘p63a
protein overexpression in SCC
Gene amplification and

Lung TAp63 and ANp63 ANp63a protein overexpression

in SCC

Protein expression in benign
prostate hyperplasia, high-grade

Prostate ANpP63 intraepithelial neoplasia, and
ACBCC® (restricted to basal
cells)




BoccTaHoBneHne akTUBHOCTW
P53

BBeneHue B onyxosb ANKOrO p53 C MOMOLLbH penniMkaTMBHO-AedEKTHOro
a[leHOBMPYCHOIO BEKTOpa

C P'3 1 398 — MOrieKyrna Ha OCHOBE XMHa30mMHa, yBenuinsaeT
TePMOANHAMUNYECKYIO CTaOUNBHOCTb MYTaHTHOIO P53.
(PRIMA) — p53 reactivation and induction of massive apoptosis -1 — He6ornbLuas

MOJIEKyna, KoBaneHTHO CBA3bIBAETCA C TUONOBLIMW FPynnamMm MyTaHTHOIO p53 n
BoccTaHaBnueaet [JHK-cBa3biBaloLWyO0 aKTUBHOCTb.

[lenTung 53BP2, kotopbiit casiabiBaioT C-KoHeL, p53 (OCTaTkM 490—498), Unn

aHTUTEena, YTo CTabunuanpyet ps53 1 yBenninBaeT ero CnocobHOCTb CBA3bIBATLCS C
INHK and showed that it could stabilize a p53 mutant and increase its capacity to bind

DNA

anti-mdm?2 arentsi
AKTMBMpOBaTbL anonTo3 4Yepes p63 and p73



Mapkepbl PMXX Ha 17-
XpomMocome

p TOP2A, TAU u RDM1 rensl, oTBe4yaomue Ha
p13.3 HIC-1 AHTPALHUKJIHMHBI, TAKCAHbI WIHM HUC-IUIATHH TePaNuIo
p13.1 — p53 coorBercTBeHHo, PCI' p53, BRCA1 u HIC-1 Ba:kHBI B
kaHueporenese MK
pi2
qi1.2 = —— RDM1 Wei Zhang and Yingyan Yu «The Important Molecular
BRCA1 Markers on Chromosome 17 and Their Clinical Impact in Breast Cancer»
g —— HER2 Int. J. Mol. Sci. 2011, 12, 5672-5683
TAU
TOP2A
q22
q

b

Chromosome 17



PYHKUUN MapPKepoB

Gene ID Name Location Functions

2064 ERBB2/HER2 17q21.1 Epidermal growth factor (EGF) receptor family of receptor
tyrosine kinases. Amplification and/or overexpression have
been reported in numerous cancers.

7153 TOP2A 17q21q22  DNA topoisomerase, controls and alters the topologic states of
DNA during transcription. It is associated with the
development of drug resistance.

201299 RDM1 17q11.2 RADS2 protein encoded by RDM1 is involved in DNA

double-strand break repair and recombination event
Disruption of the RDM1 gene resulted in an increased
sensitivity to the anti-cancer drug cisplatin.

7157 P53 17p13.1 P33 responds to diverse cellular stresses to regulate target
genes that induce cell cycle arrest. apoptosis, senescence,
DNA repair. It is accunmilated in a vaniety of transformed cells.

672 BRCA1 17921 BRCALI plays a role in maintaining genomic stability. It acts
as a tumor suppressor. BRCA1 combines with other tumor
suppressors, to form a BRCAl-associated genome surveillance
complex (BASC). Mutations in this gene are responsible for
approximately 40% of inherited breast cancers and more than
80% of mherited breast and ovarian cancers.

3090 HIC-1 17p133 Hypermethylated in cancer 1. a candidate tumor suppressor
gene which undergoes allelic loss in breast and other human
cancers. The human HIC-1 gene is a target gene of p53.

4137 TAU 17q21.1 Microtubule-associated protein TAU (MAPT). functions to
keep cell shape. mucrovesicle transportation and spindle
formation. Interfering spindle microtubule dynamics will
cause cell cycle arrest and apoptosis. TAU detection helps to
identify those patients who are most likely to benefit from
taxane treatment and resistant to paclitaxel treatment.




[Mpumepbl pasnuyHbix PCI

Familial Cancer Tumor Suppressor . Chromosomal Tumor Types
Function :
Syndrome Gene Location Observed
Li-Fraumeni
Syndrome cell cycle regulation, brain tumors, sarcomas,
P53 apoptosis 17p13.1 leukemia, breast cancer
OMIM data
'Familial .
Retinoblastoma RB1 cell cycle regulation | 13914.1-914 .2 S S[:gggﬁ:?sstgmg'm -
OMIM data
Wilms Tumor o
YW1 trarr;zcurllgttilgr?al 11p13 pediatric kidney cancer
OMIM data
Neurofibromatosis
Type 1 MNF1 catalysis of RAS 170112 neurofibromas, sarcomas,
protein = neurofibromin 1 inactivation qrt. gliomas
OMIM data
Neurofibromatosis : Schwann cell tumors
Type 2 NF2Z linkage of cell astrocytomas '
protein=merlin or membrane to actin 22q12.2 i iomas'
OMIM data neurofibromin 2 cytoskeleton epen d?xm ors s
Familial
Adenomatous signaling through
Polyposis APC adhesion molecules 5021-q22 colon cancer

OMIM data

to nucleus




Tuberous sclerosis 2

TSC2

GTPase activation of

benign growths
(hamartomas) in many

OMIM data protein = tuberin RAP1 and RABS 16p13.3 tissues, astrocytomas,
rhabdomyosarcomas
Deleted in Pancreatic
Carcinoma 4 :
Familial juvenile DPC4 ;gﬁhﬁ'g? ﬁ;TGF' 18421 1 pancreatic carcinoma,
polyposis syndrome also known as Smad4 J Bzl colon cancer
transduction
OMIM data
Deleted in Colorectal transmembrane
Carcinoma receptor involved in
DCC axonal guidance via 180213 colorectal cancer
OMIM data netrins
cell cycle control,
controlling protein
Familial Breast degradation, DNA
Cancer damage repair, and -
BRCA1 transcriptional 17921 breast and ovarian cancer
OMIM data regulation; interacts
with Rad51 in DNA
repair
transcriptional
Familial Breast regulation of genes
Cancer involved in DNA -
BRCAZ2 repair and 139123 breast and ovarian cancer
OMIM data homologous

recombination




TTOTTUTAry

Nonpolyposis Colon
Cancer type 1

HNPCC MSH2 DNA mismatch repair 2p22-p21 colon cancer
OMIM data
Hereditary
Nonpolyposis Colon
Cﬂﬁgggg 2 MLH1 DNA mismatch repair 3p21.3 colon cancer
OMIM data
Familial diffuse-type
gastric cancer CDH1 cell-cell adhesion 16422 1 gastric cancer, lobular
protein = E-cadherin protein Hez: breast cancer
OMIM data
regulation of
von Hippel-Lindau transcription renal cancers,
Syndrome elongation through hemangioblastomas,
VHL activation of a 3p26-p25 pheochromocytoma,
OMIM data ubiquitin ligase retinal angioma
complex
. INK4a
Familial Melanoma p16 .
also called CDKNZA | cell.cycle regulation Ip21 melanoma, pancreatic
OMIM data protein=cyclin-dependent cancer, others
kinase inhibitor 24
transmembrane
receptor for sonic
Gorlin Syndrome PTCH hedgehog (shh),
T TSI involved in early 9q22.3 basal cell skin carcinoma
OMIM data P =P development through

repression of action




[MpymMepbl HOKaAYTHbLIX MblILLEU C
nHakTueupoBaHHbiMu PCIT unn NnoO

T ——————

Spontaneous tumors/other
phenotypes

Gene Cellular role

APCA™5  Cytoskeletal regulation

p33* DNA damage response, cell
cycle control

p21 Cell cycle control

NF1 Ras regulatory protein

BRCA1  Unknown-possibly DNA
repair, proliferation
BRCA2  Unknown—possibly DNA

repair
ATM Cell cycle control, DNA
damage checkpoint
Rb Cell cycle control

Intestinal tumors
Lymphomas, sarcomas, others

No spontaneous cancers, cells
defective in G, arrest after
damage

—/— lethal, +/— develop
pheochromocytomas and
myelogenous leukemia

—/— lethal, +/— no tumor
phenotype

—/— lethal. +/— no tumor
phenotype

Lymphomas

—/— lethal, +/— develop
pituttary tumors




VHL oHKocynpeccop

Von Hippel-Lindau syndrome — HacnegctseHHagd
MYIbTUCUCTEMHAsA DOMe3Hb, XapakTepm3ayoLwascs
HeHopMarbHbIM POCTOM KPOBAHbLIX COCYAO0B.

HacTo conpoBoXgaeTca cnopagnyeckon peHanbHoun
KapuUHOMOMW.

Jlokanunsauua — a4po 1 UMTO300Mb.

BbinonHseT aHanornyHblie p53 n RB doyHKumn



