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TenomMmepa3sa u pakx
MeTacTa3unpoBaHue

IdnureHeTnyeckKue
MexXaHU3Mbl

TepaToreHes



7.1. Tenomepa v TenomMmepasa

CocTouTt uns:
- PHK (TER) — maTtpuua gna cunte3a ten. AHK
- TERT - Ten. obpaTtHasa TpaHCKpunTa3sa



Tenomepa

TenomepHasa OHK coctout mn3 nostopoB (TTAGGG)n c
BbiCcTynatowmnmm G-koHuamun. B Knetkax MekonuTarLmx,
2-HUTEBblIE  TENOMEPHbIE  MNOBTOPbI  CBA3aAHHbLI C
MynbTUOENKoBbIM KommnniekcoMm (shelterin nnu telosome),
npeancrtaeneHHbIM  tankyrase, telomeric repeat-binding
factor 1 (TRF1), telomeric repeat-binding factor 2 (TRF2),
TRF1-interacting protein 2 (TIN2), repressor-activator
protein 1 (Rap1), protection of telomeres 1 (POT1), w
TPP1(formerly Bnamed PTOP/PIP1/TINT1).

TernnomepHbin  (G-KOHeL, cBa3aH ¢ Pot1/TPP1
retepogumMmepomM. Teriomepa cBopaymMBaeTcs B ABYHUTEBYIO
T-netnto nnun ogHoHnTesyo D-netnio.



BenkoBble B3anMoaencTeus B
Tenomepe

TRF1 and TRF2 binds to the double-stranded DNA, while POT1 binds to the single-stranded DNA
and has two orthologs. These three proteins interact directly or indirectly with TIN2 and TPP1. TRF1 bends,
loops, and pairs DNA to form while the TRF2 localized at the two junctions to stabilize the loop structure




MexaHnam nogaepxaHua
Tenomep

=== Non-canonical repeat region
1 Canonical telomere repeats /F\
( T-loop

To centromere

= ‘\\

Telomere (TTAGGG)n

A

!
_:ll 1
!

HH

!!

Telomerase activation

Telomere homeostasis

Tenomepa CTaHOBUTCA He3allULLEHHON npu
KPUTUYECKN KOPOTKOM AfIMHE N pekomMbupupyet
C Opyron TenomMepowu, akTMBUpPYeTCs OTBET Ha
nospexaeHne [OHK N KneTka BCTynaetr B
pensimkatnBHoe CTapeHue .

[Mpu gedumumte cBepoyHbIX Tovek KL kneTka co
CITUTON XPOMOCOMOW MPOLOIMKAETCA OENUTLCS.
Ternomepa npogoskaer yKopayumBaTtbC4,
HacTynaetr Kpuauc. Cnuntas xpomocoma
pa3pbiBaeTcA B aHadpase B [OpyroMm MecTe.
CeCTpuHCKME Xpomatuabl NPOXo4aAT 4epes

«CNUTOCTb»  Nocre  pennukauun.  Cnntble
XPOMOCOMBI noBpexaarTcs npu
amnnmpumkaumm  OHK 1 TepMUHanNbHbIX
geenumnax.  Ternomepasa peakTUBMpyeTCcAa WU

ANYHa Tenomep noaaepKUBaeTCs.



Pennukauuma OHK aykapuotnyeckon
XPOMOCOMbI

PennukariBHbIe BHJIKH




Cxema o6pa3oBaHNA OOYEPHUX
ueneu OHK

Cunres nmampyowen N
Lenw




HapawmBaHue koHuoB [1HK
TerioMepHbLIMU NOBTOPaMK

_
EEES > TenoumepHble

. NOBTOpPbI
‘ Ponmeacaipm
...

PHK-;arpaBku

Yoanoswe PHK - 3atpasox
¥ 3anenmarnno Gpewes

BoicTynaroupii KoHew,




Cxema yanuHeHus 3’-koHua AHK

MarepHHcKas
uenbs JHK

KpacHbIu — cnapeHHble Rovephan
uens QHK

KOMMNEeMeHTapHble

HYKNeoTUAbl BbICTYNAIOLWEro KOHLa u

MaTPUYHOIrO Yy4yacTKa TerioMmepasHoun

AHK

Tenomepasa




CTtpaTterus ne4yeHus paka Ha OCHOBe
TernomMmepasbl Kak MULLEHMW

7 -
Intact telomere length
Intact telomere capping function

B Telomerase Inhibition
‘ Defective telomere capping function
e Reduced telomere length

* % Mutant telomeric DNA

Defective telomere capping function
- Intact telomere length




MeTacTasnpoBaHue

OCcHOBHbIE CBOUCTBA:

-HapyweHue agres3vm u
MEXKJ1eTOYHbIX KOHTaKTOB

- AKTUBaLUMA MeTannonporenHas
-AKkTBauumsa TF
- AKTUBaUUA aHrMoreHesa



7.2. MeXKneTo4yHble KOHTaKTbI,
aare3ums

3 OCHOBHBbIX KIlacca MOJeKyn:

- KneTouyHble agresamBHble MOoneKyrbl (CAMs)

- benkun BHekneTo4yHoro matpukca (ECM) -
onMOPOHEKTUH N NaMUHbI

- benkn uutTonnasmatnyeckou nepudcepuieckou
MeMOpaHbl (OCYLLECTBIAIOT CBAA3b C LLUTOCKENETOM,
perynupysa agre3mio)



Cxema agresumu

NHraHg,

KnertovuHas
MeMopaHa




CAM OGenkn

 KagxepuHbl

* AHTEerpuHbli

 CeneKkTuHbI

* Ig (immunoglobulin) superfamily (IgSF CAMs)
IJTO TPAaHCMeMOpaHHbIe IMUKOMNPOTEUHbI



KagxepuHbl

B3aumoagencreme ¢ akTuBHOM
umntockeneta: kagpxepuHbl N; P; R; B; E
AccounnpoBaHHble C 4€6CMOCOMaMMU:
HNecmornenHbl & AEeCMOKOSIUHbI
B3saumoaeuncreue c
UHTepMeauaTHbIMU chmnameHTamum

CADHERINS




HecMmocoMbl

KnerouyHasn

Edi MeMOpaHa

WuTtepueanartHbie
(punameHnTol

AecHOmentsl pecMOKONHHbI




B3anmogeuncrTBue KagxepvHa u KateHuHa (1)

/Llumep

aaresmu

KAQXEPHH




B3anmopgeuncreue KagxepuHa u
KaTeHUuHa (2)

cytosol
of cell 1

actin cytoskeleton

cadherin transmembrane \ plasma

/ domain

cadherin CAD1-CADS

extracellular domain membranes

/)f adjacent cells
7

0. catenin

cadherin B or y catenin

cytoplasmic domain
actin cytoskeleton

cytosol
of cell 2




Ca - 3aBUCUMMble aaresnBHbIE
MOJIEKY bl

Tin kagxepnHa

Tkaub

CrpykTypa

BryTpuin.
CBA3. DeNKN

Lluronnas.
(punamentol

| E-Cadherin;
P-Cadherin

JInuTeNHanbHble
KNeTkn

adhesion belts

KateHHbl,
anb(pa-aKkTHH

AKTHH

Desmosomal
Cadherin

3mu1epuuc H
nnaueHTa

desmosomes

Necwonnakunel |, II;
Mnakornooynuu

Kepatin;
0 CHUH

| N-Cadherin

HepBbl, MbIWLUbI

KNeTKn xpyctanuka

adhesion belts

KateHnubl, anbda-

dKTHH, BHHKYNHH

AKTHH




OpraHunsauus reHHbIX KfnacTepoB
KagXepuHoB

BapnavenbHble panoHbl KoHCcTaHTHBbIE paloHbI
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[1IBa TNa B3aMnMoeuCTBUU C
yyacTueM KagxepuHoOB

Adherens junction

Outside
of cell

Desmosome

: ..-::'-' ¢ Actin filament >‘v||l |l'¢

: *‘ Catenins ) ‘: Ill A
e ) E—
y' W/ /-

&l

| " Plasma membrane
Cadherin

\ I |
Intermediate Cadherins Plague Desmoplakin
filaments {desmogleins

and desmocollins)




Ponb dbochopunupoBaHusa/
aedocopunmpoBaHuna B agresmm

docopunupoBaHne

KaT€éHHHa CHHKaer

Bianmoaerncrene KXKT,
Caare ina yMeHbwaerca

KagxepuH

Peuenrop NnpoTeHH-THPO3HH
(pocparaiel  LAR




KapoxepuHbl n KaTeHUHbI B CT

~ MyTaummrena AxTvBaumm MyTawam
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B3anmoaencreue yepes

MHTerpuHbl
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CTpyKTypa MHTErpuHOB

ECM /BM
binding
P
; A A
o subunit B subunit
cation binding site N-terminal
globular domain
\ )
plasma membrane { l membrane spanning region
. C-terminal
cytosol J cytoplasmic
domain
cytoplasmic domain of [ subunit
links to cytoskeleton




MHTerVIHbI M NX rimraHgbl

Integrin subunits

Alternative
nomenclature

Ligand

M

iz}
4
£5
56

%2
*3

Y
%6
aV
oV

VLA-2/Cd49b/CD29/
la-lla
VLA-3/CD49c/CD29/
VLA-5

CD49e/CD104

Coll, lam, 231
Lam, coll, 241,231
fn (RGD)

fn, fb (RGD)
Lam

fn (RGD)

fn (RGD)

en = entactin, fn = fibronectin, fb = fibrinogen, lam = laminin, vn = vitronectin.




UHTerpuHbl B CT
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[TlpumMepbl UHTErPUHOB

Monekynsi Nuranaei Pacnpepnenenune
21B1 Laminin; Collagen NK, B & Activated T cells; Fibroblasts; Ghal
Tenascin, common form Penneunium; Schwann cells; Endothelial
NK, B & Activated T cells; Platelets
o2p1 Laminin; Collagen Endothelial; Fibroblasts, Epithelium
Astrocytes; Schwann cells; Ependymal
a3p1 Laminin;, Collagen, Activated T cells, Thymocytes, Endothelium;
B Fibronectin Fibroblasts, Epithelum; Astrocytes
AB1 edp1; adp7; Fibronectin; MNK ]13&?5 CZHIS; tE?;I?Op:fS; Eridsth.eha;;
24P VCAM-1, MAJCAM-1; TSP-1 I = M N
Function: T cell Transendothelial migration
Activated B & T cells; memory T-cells;
a5p1 | Fibiorsenis diimna Tl Thymocytes; Fibroblasts, Epithelium,

Platelets; Endothelial, Astrocytes
o-S disease: Myopathy in Chimenic mouse

Leukocytes; Thymocytes; Epithelial;
T cells (Memory & activated)
obpl Larminin Glial, Fibroblasts; Endothelial
0-6 disease:
Junctional epidermolysis bullosa




CeneKkTuHbLI

Monekynbl Nurangpl Pacnpenenenne

: sulfated: Leukocytes

Loselechn(CD02), ooy 603 MAGHET | @omingrecepion
0 % TR o
E-selectin (CD62¢) Tetrasacchandes: S1a1y1—Lem§ : Slalyl'-LEW’lS Endothelial cells
Cutaneous Iymphocyte-associated antigen

- Tetrasaccharides: Stalyl-Lewis® Endothelial cells

P-selectin (CD62P)
selectin (LD6ZP) P-selectin glycoprotein ligand-1 ' Platelets




PYHKLUNUN CENEKTUHOB

 MeaoneHHaqa murpauna MHTpaBacCKyNApPHbIX
NTENKOUMNTOB

e E-cenekTuH: Aare3nsd K aHgoTenmarbHbIM
KrneTkam

« Aare3uns nogBmkHasi, He Npo4YHas

* Henpo4yHaga agresuns yepes LFA/ICAM-1 &
VLA-4/VCAM-1



HomMeHKnaTypa cenieKTUHOB

Designation
(alternative
nomenclature)

Regulation of expression

Cellular distribution

L-(leukocyte) selectin
(CD62L, LECAM-1, LAM-
1, gpgomel)

P-(platelet) selectin
(CD62P, GMP-140,
PADGEM)

E-(endothelial) selectin
(CD62E, ELAM-1)

Constitutively expressed on leukocytes,
monocytes and neutrophils. Expression
is controlled by proteolytic shedding
from the cell surface after cell-cell
adhesion.

Rapidly elicited to the surface of
platelets and endothelial cells by
thrombin or histamine; also
transcriptionally induced by cytokines.
Transiently expressed for
approximately 1 h before
internalisation and degradation.
Transcriptionally induced and rapidly
elicited to the surface of endothelial
cells in response to cytokine activation.
Expression is transient, peaking within
4-6 h and declining to baseline levels
within 24 h

All circulating leukocytes, including
subpopulations of lymphocytes.

Stored in the membranes of Weibel-
Palade bodies of endothelial cells and
the z-granules of platelets,
megakaryocytes and activated
endothelial cells.

Activated endothelial cells.




CTpyKTypa CenekTuHoOB

L-selectin

E-selectin

P-selectin
Key:

. EGF motif O SCR ' C-type amino terminal lectin domain

I transmembrane domain % cytoplasmic tail




[TapTHepbI 4NA CeNneKTUHOB




HekoTopble (IgSF CAMs)

MAG)

Myelin-olizodendrocyte glycoprotein
MMOG)

Monekynoi INMuranabl Pacnpepnenenune
Adheston molecule on gha (hal
(ANOG) Neural migration
LICAM Axonin Neural
Myelin-associated slycoprotemn MAG Fiein

Myelin, Oligodendrocytes

NCAM-1 (CD56)

NCAM-1 wa polysialic acid

Modulated by
stalyltransterase X
Polysialyltransferase

Neural cells




Oowasa cTpykrypa IgSF

NH,
immunoglobulin-like

domain

transmembrane

R domain

S

COOH

cytoplasmictail




[ lpMmepbl KNETOYHOU
MUrpauum n agre3vmn
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B3anmogeucreue nmmopounToB
C BaCKyNnApHbLIM 3HAOTEeNMuemM

inflammatory
stimulus

subendothelial matrix

selectin mediated integrin mediated
L J S blood

vessel lumen
N @) -

N,
[ ® |

capture & weak, rolling firm
tethering adhesion adhesion

transendothelial migration

After cytokine

stimulation, initial tethering and rolling of the lymphocytes to the endothelium mainly involves the selectins on
endothelial cells recognising their carbohydrate binding partners on lymphocytes. The later firm adhesion and
subsequent transmigration involves mainly the integrins expressed by Imphocytes recognising their ligands, including
ICAM and PECAM-1, on the activated endothelium.




Apre3nsa mexay nemkountamuv u
JHOOTeNnarnbHbIMM KINeTKaMu

«._ Endothelial cell

Leukocyte

Selectin———. Integrin—— UK
. / ‘
<

Carbohydrate — ¢~ ' | ,[g
ICAM-—— %

Endothelial cell




MeXxkneTo4yHble
KOHTaKTb!



I[TNOTHbLIE KOHTAaKTbI

Tight junction

Iransmembrane
proteins (occludin
bind claudins)

Basolateral domain




LLlleneBble KOHTAKTDI




B3anmoaeuncreue nnasmoaecmara

Endoplasmic
reticulum

Cell wall 1 \

|
e e o T, T s, Wi —

Middle lamella J

-

- —_—— -

Cell wall 2 \

Plasma
membrane




MeTtannonpoTrenHasbl

« 7Zn 1 Ca 23aBucumble

* Matrix metalloproteinases (MMPs) — (cynepcemMencTso
MET3UHLWH) - Zn-3aBUCUMbIe 3HAONENTNAA3bl

/n-CB. MOTUB: HExXxHxxGxxH

« [MpencrtaButenn: AgamannauHbl, ceppanmanHbl U acTpaLnHbI



Knaccudounkaumna MMP

* MMP-19; MMPs 11, 14, 15,16 n17; MMP-2,3
n MMP-9;

OTO:

« KonnareHasbl, kernatuHassil,
CTPOMENU3nHbI U MeMOpaHHble MMPs
(MT-MMPs)



KonnareHasbl

« 3T MMPs paclennatoT 3-X cnmpanbHble
dnbpunnapHele KonnareHbl XpsLen n KoCcTen Ha
pasnnyHbie % U % doparmMeHThl.

* KonnareHol MMP-1 (MeXxayy3noBagd KonnareHasa)
 MMP-8 (HeUTpoUnbLHaga KonnareHasa_

* MMP-13 (KkonnareHasa 3)

* MMP-18

e MMP-14 (MT1-MMP)



CTpomernin3uHbl

 PaclwennaroT 3KCTPaKNeToO4YHble
MaTpU4YHble Oeriku, HO He KonnareH

UneHbl cemencTea:

* MMP-3 (CTpOMenun3unH 1, npoXxenatmHasa)
e MMP-10 (CTPOMENUN3NH 2)

* MMP-11 (cTpOMeEnu3nH 3)

* MMP-11 cxox ¢ MT-MMPs, akTUBUPYETCA
KOHBEPTA30M




XenatunHa3sbl

OcHOBHbIe cybcTparthi:

KonnareH Y Tuna v xenatuH

IMetoT JONONHUTENbHOW AOMEH — XKeNnaTUH-CB. JOMEH K aKTUBHOM
LIeHTpe, KOTOPbIN pacnonaraeTcs HenocpeacTBeHHO nepen Zn-
CBSA3bIBalOLLEN NOCNeaoBaTenbHOCTbI0. ATO hOPMUPYET OTAENbHYIO

cdonanHrosyto cybbeanHuLy , KoTopasi He paspyLuaeT CTPYKTYpPY
KaTannTU4eckoro JOMeHa.

* MMP-2 (aKkcnpeccupyeTca BO MHOIMX TKaHSAX)
 MMP-9 (NpenmMyLLeCcTBEHHO B HEUTpOomnax).



PyYyHKUUN MMPs:

PemogynupoBaHne TkaHeW, CBA3aHHOE C
TakuMu npoLeccamu, Kak:

MopdoreHes, aHrmoreHes, penapauus
TKaHeW, UMppo3s, apTpuT, MeTacTassbl.

MMP-2 n MMP-9 — MmeTacTasbl
MMP-1 — PeBMaToONaHbLIN N OCTEO-apPTPUT.



MMPs B nporpeccuun paka (1)

Benign Malignant Clinically
tumor e tumor evident
metastasis

Initiation Primary PG
tumor Angiogenesis Survivalin Extravasation

Promotion growth m—— circulation & | seal Btk
A 4 migration growth
Conversion Intravasation Initiation A

T of growth

Stages at which MMPs were thought to play a role

Expanded role for MMPs in tumor progression




MMPs B nporpeccuu paka (2)

MeTtacTasbl U UHBa3UA

Oerpapauua ECM '

_____________________________ o S TE TP do ot o oy s <o, e -y S O 1




CtpaTerna npMmeHeHus
MHrmMomtopoB MMPs

Strategy 1 : Comparison against

chemotherapy

Strategy 2 : Addition to chemotherapy

Initial Diagnosis of Cancer

Initial Diagnosis of Cancer

A

N\

[ Standard Chemotherapy]| |

MMPI Alone |

[ Standard Chemotherapy |

MMPI +

Endpoints : Time to tumor
progression,overall survival

Standard Chemotherapy

Endpoints : Time to tumor
progression,overall survival

Strategy 3 : Follow-up to Chemotherapy

Initial Diagnosis of Cancer

| Standard Chemotherapy |

| Best Response |

‘/\

Endpoints : Time to tumor
progression,overall survival




OOpa3oBaHue aKTUBHOIro Komnrekca TF




TF B nepepaye KrneTo4yHoro
cCUrHana

l - ABP-280 l

p42/p44 MAPK Ca”, p42/p44 MAP kinase,
Pathways p38 MAP kinase, JNK,
activated NF-xB

Cyr6l, CTGF, FGF-5
IL-1B, IL-8, hbEGEF,
collugenase, RhoB
MIP2a, LIF

Expressed CTGF
genes




CBa3b mexay odbpazoBaHmnem TF
KOMIMJieKca n MeTactasamm

' TF:’
/‘ | PAR

/LN

nglo- Cell- Gene transcription
genesis survival Protein expression

N/

Metastasis




AHIrmoreHes

PGSOl

transer iy V(3] 137

HensSeplon




‘MexaHnamsbl
MeTacTa3npoBaHUA



MeTacTasbl

Clonal Selection @ —)@ L) > @ _>%%>

Parallel Evolution © —> ﬁ _)@ }i"g

AR




1 cm tumor

30
10°
10 years

0
1
0

Tumor Cells:
me:

Doubling #:
Ti

Cancer Research Reviews




EMT-anutenmnanbHoO-
Me3eHXMarnbHasa TpaHC3UL U

Growth factors / cytokines
TGFB, BMP, VEGF, FGF etc.

& EMT
A

Interaction with
[ 1 Cancer cell

microenvironment
Hypoxia etc.

)
YV @
%[EMT-related microRNA]

miR-21, miR-126 etc.

; b [ Intracellular signals J

PSC - Ras/ERK, NFkB, Notch, Shh etc.




Knaccupukauunsa TMnoBs
MUrpauun

Classification of cell migration types. Orange dots: cell-ECM adhesions, Red
rectangles: cell-cell adhesions, Black bars: ECMs. See Introduction.

/ ~
l /| Amoeboid migration |

Mesenchymal cell
migration
Scaffold cell-

dependent
migration

o 4
2 e
. &
Collective o,
migration i <
i
7 4




Cell-Cell adhesion  Cell-ECM adhesion

Mesenchymal single cell migration Not required Essential
Amoeboid single cell migration Not required Not required
Collective cell migration Essential Essential

Scaffold cell-dependent cell migration Essential Not or less required




Tight junction
Adherens junction

Desmosome

Cadherin

Gap junction

Focal Hemidesmosome

adhesion c Intermediate filaments

Focal Plakophilin e

adhesion
Actin
stressfiber Desmoplakin

/ Plakoglobin
Plakophilin
Desmoplakin Desmoglein

/ Plakoglobin
Intermediate

filaments




BHYTPUKNETOYHbIN TpadpuUK

Intracellular trafficking pathways. Three major trafficking pathways are
endocytic pathways (blue arrows). secretory pathways (green arrows) and autophagy
pathways (orange arrows). Some cargo molecules are transported from endosomes to trans-Golgi

network via retrograde pathways.

Endocytic pathways

/ Dynamin@ \
Rab5
(Rab21) Rab4

Early
endosome

\ Rab7

Late
endosome

Rab11

Recycling
endosome

Retromer

Rab9
Nucleus

Secretory
pathways

N\ Golgi
ER k apparatus Lysosome

\_ Q\’@"’ _

l Autophagy pathways




JTanbl METAcTa3nMpoBaHUS

EMT-mediated invasion and collective invasion in cancer metastasis. Normal

epithelial cells (orange cells) undergo EMT and form a primary tumor (blue cells). Some
primary tumor cells invade and migrate into blood circulation as a multicellular strand
(green cells). EMT: epithelial-mesenchymal transition. MAT: mesenchymal-amoeboid

transition. MET: mesenchymal-epithelial transition.

| EMT I [Primary tumorl

wm @

SO I

AT ) v
)

| ‘ | ‘.{\\qn Collective
Aﬁﬁt{iw

I R0o0 =
[\ -g’

I Intravasation (transendothelial migration) |




IdnNUreHeTn4YeCcKue TemMmbl B
KaHLueporeHese

e MeTunupoBaHue reHoma

e CenekTopHble reHsbl (reH “eyeless”, Neuro
D-bhLh, ¢/EPPO-LZ, MyoD u Myf5

 HacnegoBaHue o6pa3u 0B 3KCNpeccumn
(MHakTBauua X xp., addekT
NoNoXXKeHns reHa white

e AyTOoperynaTtopHas neTnsa u
OncrtabunbHbLIU cTaTyC

e benku PcG m trx



[Mpodunb runepmetTnnmpoBaHmnsa CpG OCTPOBKOB

npu pake

Y-axis, frequency of hypermethylation for each gene in each primary.
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[ MnepmeTnpoBaHue PCI

Pathways Representative hypermethylated genes
DNA repair hMLH1, MGMT, WRN, BRCA1
Hormone response Estrogen, progesterone, androgen, prolactin and
thyroid-stimulating hormone receptors
Vitamin response RARB2, CRBPI1,
Ras signaling RASSFIA, NOREIA
Cell cycle pl6INK4a, p15INK4b, Rb
P53 network pl4ARF, p73, HIC-1
Cell adherence E-cadherin, H-cadherin, FAT
and invasion cadherin, EXT-1, SLIT2, EMP3
Apoptosis TMSI1, DAPKI1, WIF-1, SFRP1
Wnt signaling APC, DKK-1, IGFBP-3

Tyrosine kinase cascades SOCS-1, SOCS-3, SYK
Transcription factors GATA-4, GATA-S, ID4

Homeobox genes PAX6, HOXA9
Other pathways GSTP1, LKB1/STK11, THBS-14, COX-2,

SRBC, RIZ1, TPEF/HPP1, SLC5AS, Lamin A/C
microRNAs miR-127 (targeting BCL6), miR-124a

(targeting CDKG6)
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EPIGENETIC CHANGES IN GENE EXPRESSION
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KaHueporeHbl Kak addeKkTopbl
3NNreHeTU4YeCKNX N3MeHeHuun

- '3amMeHeHuna B CTPYKTYpe XpoMaTuHa
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- Umutaumsa ropmoHoB (PAH, TCCD)
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TepaToreHes

« QaKTOpPbl BHELLHEW cpeabl (TepaToreHbl)
* Bupychbl

* BocnaneHwue

e DHOOKPUHHbIE HAPYLLEHUS

* [ eHeTnYecKkne HapyLleHnsa



KceHOOMOTUKKN-TepaToreHbl

e TCCD
* PCBs, PAHs
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Coated pit

Endosome

Early in
infection

Coated vesicles

<— Replication complexes

£

Late in infection

Vesicles




JlekapcTBa Cc TepaToreHHbIM

adpdekToMm

Drug

Maternal
condition

Most susceptible period,
post conception

Nature of adverse effect

ACE inhibitors: benazepril, captopril,
cilazapril, enalapril, enalaprilat,
fosinopril, lisinopril, moexipril,
perindopril, quinapril, ramipril,
trandolapril

Amiodarone

Aminoplerin
(z1-3 mg/d)

Antiepileplic drugs: carbamazepine,
clonazepam, ethosuximide,
phenobarbital, phenytoin, primidone,
trimethadione, valproic acid

Coumarin derivatives: dicumarol,
warfarin

Cyclophosphamide

Danazol
(= 200 mg/d)

Diethylstilbestrol
(1.5-150 mg/d)

Hy pertension

Thyroid disorder

Cancer

Epilepsy

Thromboembolic
disorders

Cancer, transplant
rejection

Endometriosis,
fibrocystic breast
disease, hereditary
angioedema

Ovarian
insufficiency,
postcoital

Second or third trimester
(13th wk-term)

10 whk=term

Organogenesis
(18-60d)

Organogenesis
(18-60d)

For CNS defects:
unknown; for other
defects: second part of
first trimester (6-9 wk)

Organogenesis
(18-60d)

Unknown

First and second
trimesters
(1-24 wk)

Oligohydramnios, intrauterine growth retardation,
neonatal renal failure, hypotension, pulmonary
hypoplasia, hypocalvaria, joint contractures, death

Neonatal thyroid dysfunction or goitre

CNS, limb and skeletal defects

CNS, cardiac, eye, gastrointestinal and
genitourinary defects, facial dysmorphism and
digital hypoplasia, growth retardation

Nasal hypoplasia, stippled epiphyses, vertebral
abnormalities, CNS and ocular defects, cutaneous
hematomas, intracranial hemorrhage, growth
retardation, stillbirth

Skeletal and ocular defects, cleft palate

Virilization of external genitalia in female fetuses

Vaginal/cervical carcinoma in females and genital
tract abnormalities in males and females




[lpoaonxeHue

Maternal Most susceptible period,
Drug condition post conception Nature of adverse effect
Metholrexate Cancer, rheumatic Organogenesis Large fontanelles, abnormal head shape,

(2 12.5 mgiwk)

Methylene blue
(Intra-amniotic injection)

Penicillamine

Quinine
(=2 g/d)

Radioiodine
(296-8325 MBq)

Retinoids (oral): acitretin, eretinate,
isotretinoin

Tetracycline derivatives:
chlortetracycline, demeclocycline,
doxycycline, methacycline,
minocycline, oxytetracycline,
tetracycline

Thalidomide

disease

Twin pregnancy
(as an aid to
amniocentesis)

Cystinuria,
rheumatoid
arthritis

Leg cramps,
malaria

Thyroid
carcinoma, thyroid
disorder

Dermatologic
disease

Infection

Insomnia,
oropharyngeal and
esophageal ulcers
associated with
AIDS, immuno-
pathologic
disease, graft-
versus-host disease

(18-60d)

Second trimester when
amniocentesis is generally
performed

Unknown

First—third trimesters
(1 wk—term)

End of firstthird trimester
(10 wk—term)

Organogenesis
(18-60d)

Second or third trimester
(13th wk-term)

Organogenesis
2740d)

craniosynostosis, ocular and skeletal defects

Jejunal atresia

Connective tissue abnormalities resembling cutis
laxa with loose skin, hernias, loose joints, flat
face, small jaw

Deafness, abortion

Fetal hypothyroidism and goitre

CNS and ear defects, microagnathia, cleft

lip/palate, cardiac and great vessel defects, thymic
abnormalities, eye anomalies, limb defects

Staining of primary dentition

Limb reduction, cardiac, urogenital, renal,
orofacial, ocular and gastrointestinal defects,
cranial nerve anomalies, microtia




HepaBHO BbisiBrIeHHbIe TepaToOreHbl

Most sueceptible
Indication for period, post
Expasure treatment conception Risk in embryo or fetus Comments
Fluconazole Mycotic First trimester Four children have been described with a similar and rare 1) Risk appears to be more likely with high-
{chronic, infection (1-12 wk) pattem of congenital anomalies. The features seen inthese  dose, chronic, parenteral use
parenteral children are brachycephaly, abnomal facies, abnormal
doses, calvarial development, cleft palate, femoral bowirg, thin 2) A single, oral dase of fluconazole (150
400-200 mg/d) ribs and long bones, arthrogryposis and congenital heart 200 mg) is unlikely to pose a substantial
disease teratogenic risk
Methimazole  Hyperthyroidism  First trimester Aplasia cutis congenita, skull hypeplasia, dystrophic nails 1) Risk of fetal goitre or congenital
(usual (1-12 wk) and supernumerary nipples. Three children exhibited a anomalies is minimal to small
therapeutic characteristic pattem of malformations including facial
doses) dysmorphism, scalp defects, severely hypop lastic nipples, — 2) Untreated or inadequately treated
choanal atresia, esophageal atresia, psychomotor delay and — matemal hyperthyroidism during pregnancy
growth retardation may lead to lifethreatening complications
of thyratoxicasis and an increased risk of
Second-third Infants of women who are treated for Graves” disease fetal death
trimesters during pregnancy with methimazole are at increased risk of
(10 wk-term) hyperthyroidism due to placental transfer of thymid- 3) Fetal hypathyroidism and goitre are
stimulating immunoglobulins as well as of hypothyroidism  unlikely to be caused by methimazole
and goitre due to the medication treatment before abeout 10 wk after
conception when the fetal thyroid begins to
tuncticn
Misoprostol Peptic ulcer First-second Moebius anomaly, terminal transverse limb reduction 1) The risk of congenital anomalies
(usual disease, cervical  trimesters defects, arthrogryposis multiplex congenita and talipes resulting from vascular disruptions has been
therapeutic ripening, (1-24 wk) equinovarus associated with unsuccesdul attempts to
oral doses) pregnancy induce abortion early in pregnancy
termination
2) No consistent adverse effect has been
observed in newboms of women whe were
given misoprastol for cervical ripening and
induction of labour near term
Trimethoprim  Bacterial First trimester Neural ube defects, oral clefts, hypospadias and The absolute risk of neural wbe defects in
(usual infection, (1-12 wk) cardiovascular defects infants of women treated with trimethoprim
therpeutic pneumocysis during the first 2 months of pregnancy is
doses) carinii about 1%
poeumonia




MexaHn3Mbl TepaToreHHoro
OENCTBUA NEKApPCTB



donaTHbI aHTaroHN3m

e water-soluble B vitamin, occurs in high

e concentrations in certain natural foods (fruits,
leafy green vegetables,

* beans and liver) as polyglutamate. The
synthetic form, folic acid (a

* monoglutamic acid), is used in food
fortification and vitamin preparations.

* Folic acid has a higher bioavailability than food
folate



Folate—homocysteine—methionine
MeTabonn3m

methylated products

methyl acceptors (lipids, proteins, DNA)

S-adenosylmethionine p S-adenosylhomocysteine

methionine homocysteine

b

cystathionine

|

cysteine

folate —> dihydrofolate —> tetrahydrofolate

5,10-MTHF

Bl2, vitamin B;;; DHFR, dihydrofolate reductase; MTHF, methyltetrahydrofolate;
MTHFR, methyltetrahydrofolate reductase.



IlekapcTBa, cBA3aHHbIE C

Medical drugs associated with folate antagonism

doonaTHbIM aHTaroHU3MOM

Medication

Carbamazepine
Cholestyramine
Cyclosporine
Lamotrigine
Metformin

Methotrexate

Nicotinic acdd
Phenobarbital
Phenytoin

Primidone
Pyrimethamine
Sulfasalazine
Triamterene
Trimethoprim

Valproic acid

Main indication

Epilepsy, bipolar disorder
Hypercholesterolemia

Transplants, psoriasis, atopic dermatitis
Epilepsy, bipolar disorder

Diabetes

Cancer, some auto-immune diseases (rheumatoid
arthritis, psoriasis)

Hypercholesterolemia
Epilepsy
Epilepsy

Epilepsy

Malaria

Inflammatory bowel disease, rheumatoid arthritis
Hypertension, edema

Urinary tract infection

Epilepsy, migraine headache

Interference with folate metabolism
Impairment folate absorption

Impairment folate and vitamin B, absorption
Possible interference folate dependent remethylation
Inhibition DHFR

Interference vitamin B,
Inhibition DHFR

Decrease aditivity CBS
Impairment folate absorption

Impairment folate absorption, decrease activity methionine
synthase, possible decrease activity MTHFR

Impairment folate absorption
Inhibition DHFR

Inhibition DHFR

Inhibition DHFR

Inhibition DHFR
Antimetabolite of folate

CBS, cystathione B-synthase; DHFR, dihydrofolate reductase; MTHFR, methyltetrahydrofolate reductase.



Neural Crest Cell Disruption

* - HAPyLEeHUA B aOpTeE

* - HApYyLUEHNA B pa3BUTUN HEPBHOWU
CUCTEMBI

* 1 Op. HApyLEeHUs



Endocrine Disruption: Sex
Hormones

* diethylstilbestrol (DES) — HapyLleHUsA B
ropMoHaribHoMm banaHce

* - MHOXECTBEHHbIE HAPYLUEHUA



OKMCNUTENbHbIN CTPECC

* In vivo, HEKOTOpPbIe NIeKapCcTBa, N3BECTHbIE
KaK areHTbl BOCCTAHOBUTENbHOIO LIMKNA,
NCMONb3YITCH, B TOM YnCne, AN NeYeHuns
anunencuu, apuTMnmn 1 paka, npoxoamT
peakLuo 0OQHO-31EKTPOHHOIO
BOCCTaHOBJ1EHMSA C BbIXO4OM CBOOOHbIX
paaunKaros.



MornekynspHbie 1 DUOXMUYECKNE
OCHOBbI TepaToreHesa,
nHayumpoBaHHoro OC

Teratogenesis

Non-toxic
proteratogen

ATM, ataxia telangiectasia mutated; CYP, cytochrome P450;
G6PD, glucose-6-phosphate dehydrogenase; GSH, glutathione; LPO, lipoxygenase; Oggl, oxoguanine glycosylase |; PHS, prostaglandin H synthase;
SOD, superoxide dismutase; UDP, uridine diphosphate. Modified from Winn and Wells (1995) with kind permission from Wiley-Blackwell.



BackynapHble HapyLueHUd

* B nepBble 3 MmecsLua pa3BUTUSA

* HapyLleHne UMpKynaumm Kposu B
uterine-placental unit, the placental-fetal unit




I CUiprviMcURVIC PTLUC]TTUPDI Vi IV
TepaTtoreHes, onocpenoBaHHbLIN
depMeHTamMu

E Inhibitors angiotensin Il
i receptor antagonists

renin

angiotensinogen ——Jp angiotensin | 7—<:angiotensin I ———— vasoconstriction

bradykinin inactive
peptide

The renin—angiotensin system. ACE, angiotensin-converting enzyme.



[pyrne mexaHnsmol

- Hydroxymethylglutaryl-coenzyme A
Reductase

- AueTunnasa ructoHoBCyclooxygenase-1
(Non-steroidal anti-inflammatory drugs)

- N-methyl-D-aspartate receptors (MUrpaumus
HEeWPOHOB)

* 5-Hydroxytryptamine receptors

* and transporters (Serotonin
(5-hydroxytryptamine, 5-HT) is a monoamine
neurotransmitter)



[pyrne mexaHnsmol

1. Carbonic anhydrase. Carbonic anhydrases are metalloenzymes that catalyze the
reversible hydration of CO2 into the bicarbonate ion and protons. This reaction

is involved in many biological processes, including pH homeostasis,
respiration, biosynthetic reactions and bone resorption.

2. g-Aminobutyric acid receptors

In vertebrates, g-aminobutyric acid (GABA) is the major inhibitory
neurotransmitter, which binds to specific transmembrane GABA
receptors. Extraneuronal GABA-ergic systems are thought to be
present in other tissues as well, including the testis



Pe3ynbTaTt NpMeHeHUs NeKapcTB

Fig. 1: Minor facial anomalies in a 3-year-old boy whose
mother was treated with carbimazole (a prodrug that is com.
pletely metabolized to methimazole) for the treatment of
Graves’ disease during pregnancy (picture provided by Drs.
L.C. Wilson, B.A. Kerr, R. Wilkinson, C. Fossard and D. Don-
nai). Reprinted with permission from Wiley-Liss, Inc. (Am |
Med Genet 1998;75:220-2).




deTallbHbIN aNlKOrornbHbIN
CUHOPOM



Pa3sutne AC

Transgenerational effects

.

Ovum H_} Sperm

Conception

Developmental
stages
Pre-implantation
Embryo

Fetus

Time

FASD/FAS phenotype
Pre-and postnatal growth
retardation

Mental, cognitive and
behavioral deficit

Eanial dusmarmbaloaoms

Genetic variation

Maternal and paternal
genomes
Susceptiblity and
protective alleles

Maternal genome
Alcohol metabolism -
ADH, ALDH, CYP2E1
Epigenetic remodeling -
DNMT, DNDM, HAT,
HDAC, HMT, HDM

Fetal genome

Alcohol metabolism -
ADH, ALDH, CYP2E1
Epigenetic remodeling -
DNMT, DNDM, HAT,
HDAC, HMT, HDM
Genes in developmental
pathways and signaling

Environment

Maternal and paternal
Preconception alcohol
exposure

Maternal environment
Alcohol use

Nutritional status
Infectious diseases

Fetal environment
Placental health
Alcohol and metabolite
exposure

Nutritional status

Epigenetic remodeling

Gametogenesis

Wave of demethylation
and sex specific imprinting
followed by wave of
remethylation

Zygote

Wave of demethylation
(excluding parentally
imprinted regions)

Gastrulation
Wave of remethylation
Altered gene expression

Altered epigenome




[lpu3Haku petanbHOro
anKoronbHoro cuHgpoma (FAS)

Discriminating Associated
features features
__Epicanthal folds
Short palpebral :
fissures’ —Low nasal bridge
Flat midface— — Minor ear
anomalies
Indistnct o 4
philtrum ~ Short nose

Thin upper lip ™ Micrognathia




Pa3BuTne nccnenosaHumn

Reprod Toxicol. 2013 Jan;35:117-24. doi: 10.1016/j.reprotox.2012.10.007. Epub 2012 Oct 23.

Teratogenic effects of diabetic conditions in chick heart in ovo and in micromass culture may be
prevented by addition of vitamin C and folic acid.

Memon SMemon S, Pratten MK.
Source

Centre for Integrated Systems Biology and Medicine, School of Biomedical Sciences, Queen's Medical Centre,
University of Nottingham, Nottingham, UK.

Abstract

Maternal diseases like diabetes mellitus may cause developmental defects. Supplementation with folic acid and
vitamin C during the periconceptional period has been shown to prevent some neural tube and congenital heart
defects. Hearts were dissected from 5 days-old White Leghorn chick embryos, the cells isolated and cultured in
micromass under diabetic conditions, with and without folic acid and vitamin C. Contractile activity, cell viability
(resazurin reduction) and protein assays were performed. Results indicated diabetic conditions reduced contractile
activity and cell viability, whilst vitamin C (100 yM) and folic acid (1 mM) administered concurrently significantly
improved them to values comparable with the control. Day 3 chick embryos in ovo were injected with
glucose+hydroxybutyrate or a combination of these and vitamins. Diabetic conditions caused gross and
histological malformations, but these effects were abrogated by vitamin supplement. Teratogenic effects on heart
development could possibly be prevented by vitamin supplementation during pregnancy.




Hum Reprod. 2013 Oct 9. [Epub ahead of print]

Drugs associated with teratogenic mechanisms. Part Il: a literature review of the evidence on human risks.

van Gelder MM, de Jong-van den Berg LT, Roeleveld N.

Abstract

STUDY QUESTION:

What is the current state of knowledge on the human risks of drugs suspected to be associated with teratogenic
mechanisms?

SUMMARY ANSWER:

Evidence for the presence or absence of human risks of birth defects is scarce or non-existent for the majority of drugs
associated with teratogenic mechanisms.

WHAT IS KNOWN ALREADY:

Medical drugs suspected to be associated with teratogenic mechanisms are dispensed to a significant proportion of
women in the first trimester of pregnancy. However, an overview of the current state of knowledge on the human
teratogenic effects of these drugs is lacking.

STUDY DESIGN, SIZE, DURATION:

We performed an extensive literature review of studies in the English language which examined the associations between
selected drugs and specific birth defects. The literature was identified from MEDLINE and EMBASE from database
inception (January 1946 and January 1974, respectively) through December 2012 using 287 terms for the drugs of
interest. We only included studies if they specified birth defect subtypes and, specifically for cohort studies, involved live
born infants.

PARTICIPANTS/MATERIALS, SETTING, METHODS:

Of 14 406 potentially relevant articles, 556 full-text articles were assessed for eligibility and 250 met the inclusion criteria.
The studies included were divided into four categories according to their design to increase the validity of our study.
MAIN RESULTS AND THE ROLE OF CHANCE:

Epidemiologic studies assessing teratogenic risks were identified for less than half of the drugs included in the review. A
substantial variation in study design and data collection methods was observed. When the data collection method is of
questionable validity, study quality may be affected considerably. For only 15 drugs of interest, birth defects were assessed
in at least 1000 infants in cohort studies, and 13 of these were associated with one or more specific birth defects. The
majority of associations observed in case-control studies are as yet unconfirmed. For most drugs and drug groups,
however, the numbers of exposed infants studied were too small to draw any conclusions regarding their human
teratogenic risks.

LIMITATIONS, REASONS FOR CAUTION:

The validity of our review is limited by the validity and reporting of the studies from which the data were extracted. Some
relevant studies might have been missed owing to the exclusion of articles not in the English language and publication
bias.

WIDER IMPLICATIONS OF THE FINDINGS:

It is a cause of concern that the drugs most often dispensed in the first trimester of pregnancy are not necessarily the
drugs for which teratogenic risks have been studied. Future studies should focus on those drugs that are most commonly
used during pregnancy and for which the teratogenic risks are unknown, such as iron preparations, serotonin receptor
agonists or antagonists, drugs used in fertility treatment, dihydrofolate reductase inhibitors.

STUDY FUNDING/COMPETING INTEREST(S):

Marleen van Gelder was supported by the Netherlands Organisation for Scientific Research/NWO (grant no. 021.001.008).
No competing interests are declared. TRIAL REGISTRATION NUMBER: N/A.




