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MnayeHma: ece usu NoYymu ece U3MeHeHUsI 8 Op2aHU3Me
Mamepu pez2ynupyromcs niayeHmod

o Perymsauus naBazuu TpodobiacTa U NOBBIIIEHUE MATOYHOIO
KpPOBOTOKA

o KapauoBackyJisipHas aganramysi

o ApanTanusg GYHKUHUM JETKUX U ITOYEK

o MMMyHHas aganTanus

o KoHTpons meTabonn3ma matepu

o Pocrt u pazBuTHE mnoaa




Placenta — The Director of Pregnancy

¥

! Oxygen Materna
UTERUS 1 | SuDSirales Maternal
' Trophoblast Invasion/ | Hormones
Uteroplacental Blood ——. | 4
Flow | I
Matlemal melabol
L | '
_— . - = |mmune||—_- pp—— S— _— -
: |
Barrier_| —
l I LILr e ]
| |
Angiogenic | | || Metabe Peptide/Steroid
PLACENTA Factors | | Hormones
| | Production/atabolism
| |
|
|
|
— *

Fetal placental
blood flow

Carbon

FETUS Dioxide

FETAL GROWTH AND DEVELOPMENT
FETAL PROGRAMMING




MexaHuU3mblI

e OHIOKpPHUHHbBIC, ayTOKPUHHBIE U NApAKPUHHBIE

o Cteponanl (3CTpOreHsl, MPOreCTePOH, TTFOKOKOPTUKOUIHI,
MUHEPATOKOPTUKOMIHI)

o IlenTuasl (XoproOHMYECKHUI TOHATOTPONMH, IPOJIAKTHH, TaKTOTCHBI,
AHTUOTeHHBIC (DAKTOPHI, IUTOKUHEI, (DAKTOPHI POCTA)

o Jlumuael (KUpHBIC KUCIOTHI, COUHTOJUINIEI, TPOCTATIaHNHbI)

o« MukpoPHK

o Koportkue Hekoaupyromume nuenoykd PHK

o beskinerounas dperansHas JJHK




Adu3panmopsbl (Hapywarouwue ghakmopasbl)

o JIt0OBIC TU3PANTOPHI MOTYT HAPYILIMTh ILIALIEHTAPHYIO
(D YHKILIHUIO:

BHYTPUYTPOBHOE
[TPOIPAMMMWPOBAHHUE

o BimsgHue Ha 310pOBBE BO B3POCIION KU3HU
o BimsHue Ha MeTa00JIM3M MaTepH




Mapkepbi duhpepeHyupoesku mpogobriacma

o Xopuonunueckuii roHagoTponut (xI'U, hCG)

o Ilmanenrapnsiii nakrorexn (NPL) =4emoBedeckuii
comaroMammotponuH (hCS)

« Pregnancy specific glycoprotein 1

o IlnameHnrapubIii KOpTHKOTpONUH-pUAK3HHT ropMoH (NCRH)

« Apomaraza
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Figure 17.1. Schematic diagram of the maternal circulation during
pregnancy. A proportion of maternal systemic blood flow is diverted
through theintervillousspace of the placenta. This proportionis deter-
mined by the relative values of the uteroplacental resistance (R,) and
the nonplacental resistance (R,;,).
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Fig. 2.2 Diagram of the maternal blood supply to the placental bed
and intervillous space of the placenta showing physiological changes
of the spiral arteries in the basal plate, decidua and junctional zone
myometrium. After Brosens et al. [39].
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dyHkyuu mpoghobriacma

o DIIUTEINAIBLHAA
- TpaHCHOPT MUTATENLHBIX BEIIECTB (TJIFOKO3Q,
AMHUHOKUCJIOTHEI, JTUITHIH])

~  DKchopeccus peLenTopoB
e OJHJOKpPHUHHAsA

~  CrepouHbie TOPMOHBI

— llenTuaHbie TOPMOHBI, IIPOCTArIaH U HBI
e DHIOTEIHAIBHEIE

- NO, npocrarnanguHbl
—  Awnnekcun V
~  IIpo- 1 anrnoreHHeIe (HAKTOPHI
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KoHdpayHOepbi | HebriazonpussmHbie ghakmopabl
OKpYyXaroujeil cpeobi

o Ilon nmoga (orpoMHas pa3HMIA B OKCIPECCHUU T'€HOB B
3aBUCHUMOCTH OT MOJIa M1ojaa). B 4acTHOCTH, €Cliu M0
’KEHCKOIO I10J1a, SKCIMPECCUS TEHOB MIMMYHHOM CHUCTEMBI
ropaszo 0ojee BeIpa)keHa)

e OJTHHYECKAS MPUHAICKHOCTD

o DaKTOPHI BHEUIHEW CPEIbI

—  OxupeHue, NUTaHue

- Menaununackue cocrosaus (I'JIM, mpesxmammcus)

—  OkcureHaumus, OKCUJATUBHBIN CTPECC, KYpEeHHUE

~  JAIMMYyHHBIN cTaTyC, MHPEKIUU

—  DHIOKpUHHBIC TU3panTopsl (OMChHEHOIbI), KCEHOOMOTHKH
~-  Crpecc

~  BcnomorarenabHbie penpoyKTUBHBIE TEXHOJIOTUH




eHOMHbIU KOHGhSIUKM U UMIIPUHMUH2

Y10 Takoe reHOMHbIV UMAPUHTUHT U NOYEeMY OH NMOABUICA B
npowecce aBoaroUnnN?

3|<cnpeccvm reHoB, B 3aBNCUMOCTN OT TOTO, YHaAC/ZIE4OBAHDbI
OHW OT OTlU,a NN OT MaTePU

OCHOBHbI€ 30Hbl UMMNPUHTUHTA:
« NNaueHTa
e« T[ONOBHOMU MO3T

o KapuuHorenes
e (CTBOJIOBEIE KJIETKH

o BcnomorarenbHble PCHPOAYKTHUBHBIC TCXHOJIOT'MH




Kak
paboTaet
MMMPUHTH
HI B
TeyeHune
>KM3HEHHOT
O UMK/a

S If__j W
o S
@ k\g l;f(l‘
|
Differ:ntlated
O Cells
D C L=
¢/ Imprint Reading

@ Primordial

Germ Cell

Gametes
W .

O S Imprint Erasure

@

Imprint Establishment

Figure 1. Imprint establishment and propagation during gametogenesis and
development. The paternal allele (dashed line) is imprinted and the maternal
allele is expressed (solid line). The “imprint mark” (black box) represents a
parental-specific methylation established during gametogenesis. A: The ma-
ternal and paternal genomes have different imprint patterns following fertil-
ization. B: Both “imprint marks” and imprint reading are maintained during
somatic cell division. C: The parental specific imprints are erased in the
primordial germ cells. D: The appropriate “imprint marks” are reestablished
for the next generation.




MMnpunHTUpOBaHHbIE reHbl ABAAIOTCA «rocnogamMmm»

naaueHTauum.
OHM KOHTPOZINPYIOT pa3BUTUE U

Regulation of supply and demand for maternal nutrients in
mammals by imprinted genes

Wolf Reik*, Miguel Constancia*, Abigail Fowdent, Neil Anderson*, Wendy Dean*,
Anne Ferguson-Smithi, Benjamin Tycko$ in Si

E4

Trophoblast

Polar trophectoderm

E6

giant ceiile ccne

Ectoplacental

ES8
Mesathelium

%b'""
o €l
P

NLgla nt cells
\P\ Parietal decidua
yolk sac gpongiotrophoblast J

E13
Trophoblast

Maternal

3 {,‘:m £
By g 3 Tophaies
: Chorionic (86 L gian
— j @E_ﬁ
ectodermé ar&_._ . g ~
% [o q 5 / N
* a-T Vlsl;koeral - —k—&—li—Allantms «:.: ' - ‘B
. YOIK sac A C m—— J 315) 0 )
Blastocoel ¥ l = ‘._';-- - v &\
Trophectoderm JI ) O o
/ . mbilica
] Trophoblast \ ‘ J/ / il Labyrinth cord
] Primitive endoderm Extra-embryonic ".\ b | 4 /—*’— mbryo
ectoderm G
Amnion

Figure 1. Placental development in the mouse.

Early development of the mouse embryo from embryonic day (E) 4 — E13, showing the origins of the extra-

embryonic lineages and the components of the placenta. ICM, inner cell mass. (After Rossant & Cross, 2001.)
Downloaded from jp.physoc.org at SIMON FRASER UNIV on December 10, 2007 |




AKkcnpeccuss uMNpPuUHMUPOBaHHbLIX 2eHO8 8 fnJj1IauyeHme u
20JI06HOM MO32€

o H3BectHo 00aee 100 UMIPUHTUPOBAHHBIX
T€HOB, 3HAYUTEIHLHO OOJIBIIEE UX YUCIIO
peaCcKa3aHo JU00 TpeOyeT MOATBEPHKICHHUS

e | 1aBHBIM MECTOM 3KCIIpECCUU
MMIIPUHTUPOBAHHBIX T€HOB SIBJISIETCS
«couuanbHas» 30Ha — [IJTALIEHTA,
KOTOpast 00ECTIEYNBAET TPAHCTIOPT PECYPCOB
MEXy MaTE€PbIO U MI0J0M

e Manble OTKIIOHEHH B IJIALICHTAPHOU
(GYHKIMA MOTYT OBITH MOJE3HBI IS TI0Aa
WJIA MaTepU. FHaYume1bHble OTKIOHEHUS
MOT'YT CTaTh OMACHBIMM JJ11 000UX

e BropsiM Hanbosee 3HAYMMBIM MECTOM
MMIIPUHTUHIA T€HOB SIBJISCTCS
«COLMAJIbHBIN» MO3T




AMnpuHmuHa u 20/108HOU MO32

‘OONbLUIMHCTBO MMMPUHTUPOBAHHbIX FeHOB byAeT BAUATbL Ha TO,
CKONbKO pecypCcoB NOTOMCTBO MOAy4YaeT OT MaTepu B yLepb
pPecypcoB, NpeAHa3HaYeHHbIX 418 Apyrnx bpaTbeB u cecTep.
[103TOMY OXKMAaeTCa, UTO UMMPUHTUHT ByaeT 3aTparmBathb
NOKYChbl, KOTOPble BAUAKOT Ha POCT NAALEHTbI, COCaHME TPyAu,
noBeAeHNEe HOBOPOXKAEHHOTO, anneTnT, MeTaboansm
NUTaTeIbHbIX BELWECTB N CKOPOCTb MOCTHATaAbHOrO POCTa... CTOUT
PACCMOTPETb rMMoTe3bl, KAK UMNPUHTUHT ByA€eT BANATb Ha

KOHTPO/1b anneT1Ta 1 runoTtasammueckme GyHKLMM'

David Haig. Genomic Imprinting and
[locne naaueHThI

Hanbonee 3HaYNMMOU 30HOM

MMM PUHTUHIa ABIAETCA



«XumMepu4decKuu» M0o32 MbIWU
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Mamb u «sMamepuHCKUU» M0O32

SIBJISICTCS TJIAaBHOM 7151
3a00THI U TUTAHUS
MaJiblIa

Ja€T paBHOE KOJIUYECTBO
IF€HOB BCEM CBOUM JIETSIM
(o 50%)

€€ I'eHbl «BbICTPAHUBAIOT»
Ty 4aCTh MO3ra, KOTOpas
OTBEYAET 3a 3a00Ty U
KOPMJICHUE U
oO€ecCIeYrBaeT 3anpeT u
OrpaHUYEHME. HEO-
KOPTEKC




Omey u «xomuyoeckue» 2eHbl

o« llomaraercs Ha CBOU I'eHBI JIA
KOHTPOJIS POCTA, PA3BUTHUS U
ITOBEICHUSI

e Jlpyrue netu B CEMbE HE
00513aTE€ABHO PA3JICIISIIOT €ro
T'CHBI

e Ero reHel «BbICTpanBarOT»
AUMOUUECKYIO KODY




Omuyoeckue 2eHbl 60s1ee ecez20 3KcripeccupoeaHhbl 6
aunomarsiamyce U makum obpa3om esiusirom Ha
3Hepa2emu4yeckuu memabosiusm u opyaue
OocHoeoroslaz2aroujue pyHKyuu op2aHu3ma (edy, ypoeeHb
akmueHocmu, CeKc, COH)

Table 8.1. Imprinted Genes Expressed in Brain and Placenta

Gene Parental imprint Brain expression Family/protein References

Necdin
Dik1
Sgee
Peg3
Pegl
Magel2
Snrp
Nnat

Hypo Neuronal growth suppressor Coan et al., 2005; Watrin et al., 2005
Hypo/pit Negative regulator of notch 1 Coan et al., 2005; Croteau et al., 2005
Hypo Sarcoglycan family Coan et al., 2005; Yokoi et al., 2005
Hypo/pit Bac transport—apoptosis Coan et al., 2005; Li et al., 1999
Hypo/pit A-hydrolase fold family Coan et al., 2005; Lefebvre et al., 1998
Hypo MAGE like protein Coan et al., 2005; Watrin et al., 2005
Hypo Nuclear ribonuclear protein Kaneko-Ishino et al., 2003
Phosphorylates CREB Kaneko-Ishino et al., 2003

SESSSESESE s

S S S S

Hypothalamus




AMnpuHmuHe u pak

OTIIOBCKHE SKIIPECCHUPOBAHHBIC
T'€HbI YCHIIMBAIOT
pocT/poiudepanmio.
HekoTopble U3 HUX SBIISIOTCS
KOHKOTCHAMU»

MarepuHckue
9KCIPECCUPOBAHHBIE I'€HBI
OrpaHUYHBAIOT
pocT/poiudepanmio;
HEKOTOPBIC U3 HUX SIBIISIOTCS
«CYIIPECCOPaMU» OITyXOJICH

Paternal and maternal genomes confer opposite
effects on proliferation, cell-cycle length,
senescence, and tumor formation

Lidia Hernandez, Serguei Kozlov, Graziella Piras*, and Colin L. Stewart"

Cancer and Developmental Biology Laboratory, Center for Cancer Research, National Cancer Institute, Frederick, MD 21702

PNAS, 2003

Loss of imprinting is the silencing of active imprinted genes or the
activation of silent imprinted genes, and it is one of the most
common epigenetic changes associated with the development of a
wide variety of tumors. Here, we have analyzed the effects that
global imprinted gene expression has on cell proliferation and
transformation. Primary mouse embryonic fibroblasts (MEFs),
whose entire genome is either exclusively paternal (androgenetic)
or maternal (parthenogenetic), exhibit dramatically contrasting
patterns of growth. In comparison with biparental MEFs, andro-
genetic proliferation is characterized by a shorter cell cycle, in-
creased saturation density, spontaneous transformation, and for-
mation of tumors at low passage number. Parthenogenetic MEFs
reach a lower saturation density, senesce, and die. The maternally
expressed imprinted genes p574P2 and M6P/Igf2r retard prolifer-
ation and reduce the long-term growth of MEFs. In contrast, the
paternally expressed growth factor lgf2 is essential for the long-
term proliferation of all genotypes. Increased Igf2 expression in
primary MEFs not only stimulates proliferation, but also results in
their rapid conversion to malignancy with tumor formation of
short latency. Our results reveal that paternally expressed im-
printed genes, in the absence of maternal imprinted genes, pre-
dispose fibroblasts to rapid transformation. A potent factorin their
transformation is IGF2, which on increased expression results in the
rapid conversion of primary cells to malignancy. These results
reveal a route by which malignant choriocarcinoma may arise from
molar pregnancies. They also suggest that the derivation of stem
cells from parthenogenetic embryos, for the purposes of thera-
peutic cloning, may be ineffective.

genomic imprinting | uniparental | Igf2 | p57%P2 | cloning




nasHbIe MexaHU3Mbl, C MOMOUW,bIO KOMOPbLIX 2eHOMHbLIU
UMIMPUHMUH2 MO)Xem esiusimb Ha KaHUepo2eHe3

Inactivating
Mutation

Figure 3. A: Only one allele of a tumor suppressor gene (T) is expressed
because of genomic imprinting (T™). Loss of heterozygosity (LOH) of the
expressed allele or an inactivating mutation in the expressed allele (T™)
results in loss of tumor suppressor function. B: Only one allele of the

LOH

proto-oncogene (P) is expressed because of genomic imprinting (P*). Loss
of imprinting (LOI) or uniparental disomy (UPD) results in biallelic expres-
sion of the proto-oncogene.




GENOMIC IMPRINTING AND CANCER 21

FIG. 1. Oncogenesis model of hepatocellular carcinoma (HCC) development in patients with liver cirrhosis. (A) Normal human liver. (B)
Chronic hepatitis virus infection and/or alcohol abuse results in hepatocyte loss (white areas), and the formation of preneoplastic hepatocytes
in which a single allele of the M6P/ZIGF2R tumor suppressor gene is inactivated (@). (C) The preneoplastic, M6P/AIGF2R-mutated hepatocytes
preferentially regenerate and/or survive, forming clonal lesions (black areas) in the cirrhotic liver. (D) These clonal regions of preneoplastic
hepatocytes (black areas) continue to expand as liver cirrhosis progresses. Approximately 60% of HCCs (large sphere) ultimately arise from
this clonally expanded population of preneoplastic, MO6P/IGF2R-mutated hepatocytes; both alleles of the M6FP/IGF2R are commonly
inactivated in the HCCs.




UmnpuHmuHe u ecriomo2amesibHbie pernpooyKmueHble

mexHosio2uu (Eamonn R. Maher)

BWS = cnHapom
bekBuTa-
BugepmaHa

B 3-4 pa3a
yawie nocne

Table. 1 Genetic diseases caused by imprinting effects in humans (tab001gml)

Imprinted region Disease

mUPD7 Silver—Russell syndrome
Segmental pUPD11p15.5 Beckwith—Wiedemann syndrome
mUPD14 MatUPD14 syndrome

pUPD14 PatUPD14 syndrome

mUPD15; chromosomal region 15gq11-13 Angelman syndrome

pUPD15; chromosomal region 15q11-13 Prader-Willi syndrome

Abbreviations: mUPD, maternal uniparental disomy; pUPD, paternal uniparental disomy.

Refs

76,77,78

9, 101, 102

93, 94

96

103, 104

105, 106

Table 1. Details of studies reporting an increased frequency of ART births in BWS

Location Study design ART in BWS cohort Number of BWS MNumber of BWS ART

ART cases cases with KvDMR1
treated with ICSI (LOM/number tested)

Reference

UK Retrospective cohort 6/149, expected 1.5 (P = 0.009) /6 2/2
USA Retrospective and prospective 7 57 5/6
cohorts
Prospective cohort 3/65, expected 0.49
France Retrospective cohort 6/149, expected 1.94 (F = 0.01) 2/6 6/6

Australia Retrospective case—control 4/37 versus 1/148 controls ( P = 0.006) 1/4 3/3

Maher et al. (6)
DeBaun et al. (7)

Gicquel et al. (8)
Halliday et al. (9)




Hormonal Changes in Pregnancy
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XopuoHuU4YecKuu comMmamomMaMMOMmpOruH YesioeekKa =
yesiogedyeckuu rniauyeHmapHsbiu niakmoa2eH (hCS = hPL)

o Cunrepuspyetcsa cunuutuorpododiactom (CT) B KoauyecTse,
nponopuroHaibHoM Macce CT

o OOnapyxuBaercs ¢ 5 Henens 6epemennocTu. B 35 aenens 1 r/cyt
(10% nentumoB mianeHTsl) (cp.: 5S00Mr nporecrepoHa B CyT)

o Cekpenysi B MAaTEPUHCKHAM KPOBOTOK, JEUCTBUE CXOJHO C
ropmonoMm pocta (hGH)

 IloBbilaeT B KpoBU CBOOOAHBIE )KUPHBIE KUCIOTHI, TIFOKO3Y U
MHCYJIVH, TTOBBIIIAET JUMOIM3 U PE3UCTEHTHOCTh K UHCYJIUHY
(HapyIIaeT anTelK TIIFOKO36I U IIIIOKOHEOreHe3), Aeias IIII0K03Y U
AMMHOKHCJIOTHI 00Jie€ JOCTYIHBIMU IS ILI0Aa

o He sBasseTcsa HEOOXOAUMBIM J1JIs1 YCIEITHOW OEpEMEHHOCTH
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AHa2uo2eHHbIe hakmopbI naayeHmabl

o IIpo-anrnoreHHeIC
. VEGF (A, B, C,D)
 PIGF
o AHTH-AaHTHOTCHHBIC
. S-endoglin
o SFIt-1 (s-VEGF-R1)
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PAPP-A

Nuarndux A
[Tnanenrapubiii nporend 13 (placental protein 13, PP13)




Conversion of Cortisol to Cortisone in
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l translation
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