CTBOJIOBbIE KJ/IETKW




CoBpemeHHoOe npeAacTaB/ieHUue

O CTBO/10BbIX K/IETKaX MHOIO FOBOPAT
Ha cTBOJ1OBblE KJ1€TKUN HAZeHTCS
CTBO10BbIE KNETKM CMACAOT XMU3HU

CTBON10OBbIE K/IETKM HEOHBXOAMMO M3YyYaThb

[Ae rpaHuLa MeXAy BbIMbIC/IOM U PeasibHOCTbIO?



3ayemM OHU HYXXHbI?

Basic research — onpeageneHne mexaHnsmos/
LLenoYeK CObbITUM NPOUNCXOAALLMNX NMPU
pa3BUTUKM YenoBeka. [ToHMMaHme
MOJIEKYIIPHBIX OCHOB Pa3BUTUSA
OHKOJIOrnYyeckmnx 3aboneBaHunM.

MonekynsapHbie MexaHn3Mbl KOHTPOIS FeHOB

Ponb cMrHanoB B 3KCNpeccum reHOB B CTBOJIOBbIX K/1E€TKaX
M andodepeHLNpoBKe
Teopusi pakoOBbIX CTBO/IOBbIX KNE€TOK

PereHepauus TkaHewn



3ayemM OHU HYXXHbI?

JloKnnHUYyeckne nccnesoBaHnda — CTBOJIOBbIE
KN1eTKN MOTryT NO3BOJ/INTb CO34aTb HOBbIE
MOZeNn ANA TeCTUPOBAHUSA JIEKAPCTB

be3onacHoe TeCcTMpoOBaHMe HOBbIX JIeKAPCTB Ha
AnddepeHLMPOBAHHbBIX K/IETKAX

CKpl/IHl/IHF NOTEHLUNAJIbHbLIX J1IEKAPCTB:

PakoBble K/1eTOYHbIE IMHUK YXKe BblIM MCNOABb30BaHbI A4/151 MOMUCKA
MPOTUBOOMYXO/IEBbIX /IEKAPCTBEHHbIX NPenapaToB.

Bo3amoxHocTn DCK MOryT NnO3BOAINTbL NMPOBOAUTL TECTUPOBaHME
JIeKApPCTB CPa3y Ha LWMPOKOM CNeKTpe TUMNOB K/IETOK U
MUHUMU3NPOBATb TECTbI HA XXMBOTHbIX



3ayemM OHU HYXXHbI?

KneTouyHasa Tepanus:

PereHepaTtmBHasa Tepanus Takmx 3aboneBaHnM Kak:
6onesHu NapknHcoHa, Anburenmepa, bokosow
aMNOTPOPUUYECKNM CKAEPO3, TPABMA CMMHHOIO MO3ra,
MHCYNbT, MHPAPKT, OXXOrM, OCTE0APTPUTbI, PEBMAaTOUAHbIN
apTPUT N T.A.

CTBO/10BbIE KNETKM U FeHHasa Tepanus

CTBO/10BbIE KNETKMU MOryT OblITb HOCUTENAMMU FEH. KOHCTpYKLI,VIl\;I N1In
MOTYT ObITb CAMUN N3MEHEHDI

CTBON1OBbIE KJIETKW U paK



[lpakTUKa

Research/Disease Areas FY 2013Actual FY 2014Actual FY 2015Actual FY 2016Actual FY 2017Estimated FY 2018Estimated
(Dollars in millions and rounded) (Enacted)
Stem Cell Research $1,273 $1,391 $1,429 $1,516 $1,582 $1,230
Stem Cell Research - Embryonic - Human $146 $166 $180 $206 $213 $167
Stem Cell Research - Embryonic - Non-Human $154 $150 $159 S146 S152 S$117
Stem Cell Research - Induced Pluripotent Stem Cell $228 $313 $324 $374 $387 $300
Stem Cell Research - Induced Pluripotent Stem Cell - Human $199 $280 $282 $335 $347 $269
Stem Cell Research - Induced Pluripotent Stem Cell - Non-Human $43 S49 S61 S56 S58 S45
Stem Cell Research - Nonembryonic - Human $431 $443 S445 $457 $480 $373
Stem Cell Research - Nonembryonic - Non-Human S613 $627 $632 $652 $681 $528
Stem Cell Research - Umbilical Cord Blood/ Placenta S40 S34 $35 S42 S43 $33
Stem Cell Research - Umbilical Cord Blood/ Placenta - Human S35 $28 S32 $33 S34 S27
Stem Cell Research - Umbilical Cord Blood/ Placenta - Non-Human S7 S7 S6 S10 S11 S8

Estimates of Funding for Various Research, Condition, and
Disease Categories (RCDC)

Table Published: July 3, 2017
https://report.nih.gov/categorical _spending.aspx
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from the Stem Cell Summit 2007 Fact Sheet: http://www.stemcellsummit.com/2007/stem-cell-fact-sheet.pdf




[lpakTUKa

Otobal stem cell market, by reglons; 2016.¢4) UK stem cells market share, by technology

2014 - 2025 (USD Billion)

18.7 21.3 . . . l
- - -

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

m Cell Acquisition Cell Production  ® Cryopreservation Expansion and Sub-Culture
® North America Europe = Asia Latin America = MEA

Stem Cells Market Analysis By Product (Adult Stem Cells, hESC, Induced Pluripotent Stem Cells), By Application (Regenerative Medicine, Drug
Discovery), By Technology, By Therapy, And Segment Forecasts, 2014 — 2025.
http://www.grandviewresearch.com/industry-analysis/stem-cells-market



[lpakTUKa. BaHKK CTBO/IOBbIX KJ1€TOK

BbnobaHK — nepcoHanbHoe/HenepcoHanbHoe XxpaHunuwe oobpasuoB CK:

*baHKV NyNnoOBMHHON KPOBU
baHkn KKM




[lpakTUKa. baHKM CTBO/IOBbIX KJ1I€TOK
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[lpoTBOpeUUe

Evidence of a Pluripotent Human
Embryonic Stem Cell Line

Derived from a Cloned Blastocyst

Woo Suk Hwang,"?* Young June Ryu," Jong Hyuk Park,?

Eul Soon Park,” Eu Gene Lee," Ja Min Koo,* Hyun Yong Jeon,’
Byeong Chun Lee,’ Sung Keun Kang,” Sun Jong Kim,* Curie Ahn,®
Jung Hye Hwang,® Ky Young Park,” Jose B. Cibelli,®
Shin Yong Moon®*

Somatic cell nudear transfer (SCNT) technology has recently been used to generate
animals with a common genetic composition. In this study, we report the derivation
of a pluripotent embryonic stem (ES) cell line (SCNT-hES-1) from a doned human
blastocyst. The SCNT-hES-1 cells displayed typical ES cell morphology and cell surface
markers and were capable of differentiating into embryoid bodies in vitro and of
forming teratomas in vivo containing cell derivatives from all three embryonic germ
layers in severe combined immunodeficient mice. After continuous proliferation for
more than 70 passages, SCNT-hES-1 cells maintained normal karyotypes and were
genetically identical to the somatic nudear donor cells. Although we cannot completely
exdude the possibility that the cells had a parthenogenetic origin, imprinting analyses
support a SCNT origin of the derived human ES cells.

Science, 2005




[lpoTBOpeUUe

S Korea scientist on fraud charge

12 May 2006, 04:11 GMT 05:11 UK

r

The South Korean cloning scientist who faked his
stem cell research has been charged with fraud and
embezzlement.

Hwang Woo-suk was also charged with using millions of
dollars in grants for private purposes, as well as violating
laws on bio-ethics.



Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'?*

L Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
2CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

*Contact: yamanaka@frontier.kyoto-u.ac.jp

DOI 10.1016/].cell.2006.07.024

Embryonic stem cell trials for macular degeneration: > @
a preliminary report

Steven D Schwartz, Jean-Pierre Hubschman, Gad Heilwell, Valentina Franco-Cardenas, Carolyn K Pan, Rosaleen M Ostrick, Edmund Mickunas,
Roger Gay, lrina Klimanskaya, Robert Lanza

Summary
Background It has been 13 years since the discovery of human embryonic stem cells (hESCs). Our report provides the  Ppublished online

first description of hESC-derived cells transplanted into human patients. January 23, 2012
DOI10.1016/50140-






TkaHeBaA UHXXeHepus

T.1. — pasgen buotexHonorum,
OCHOBHOM LIeNb KOTOPOro sIBNAeTCcH
pa3paboTka MeToaoB co3aaHUS
TKaHEeNnogobHbIX CTPYKTYP.

[Mpoayktel T.U. INpumeHatoTca He
TONbLKO B 06NacTn TpaHCnnaHTonornu,
HO U B pasnunyHbIX cdepax
onomeanumHbI




NcTopunyeckas cnpaBka

1963 r. —Till u McCulloch gokasaTenbcTBo cywecTtBoBanus M'CK
1968 r. — nepBad HepoAcTBeHHasa nepecagka KM

1970-€ IT. — OTKPbITbl CTPOMaJibHble CTBO/10BbIE K/1eTkKn KM
1978 I. — BblAe/IeHbl KNeTKU NYNMOBMHHOU KPOBU

1981 r. — nosyyeHbl ES Mbiwmn

1988 r. — ycnewHas TpaHcniaHTauma CK nynoBMHHOW KPOBU MPY aHEMUMN.
Monyyenbl CK 13 nepudepuryeckon kposu nog aencremem G-CSF

1992 I. — BMepBble M0Jly4YeHbl HeMpoHaabHble CK
1994 I. — BbiiBJieHMe pakoBbix CK
1996 r. — KJIOHMPOBaHWe OBLbl

2004 I. — bonee 400 Toicay 06pasyoB CK xpaHnTCa B 6aHKax M UCNOAb3yeTCs
AN TPAHCNIAHTaL MUK
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CrBO10BafA KJjieTKa

Differentiated
cells
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CTBONOBble K/NETKU - HegudpdepeHUMpOoBaHHbIE,
CNoCObHble K CaMOOOHOBAEHMIO U  anddepeHLNPOBKe

KJ1eTKU



OCHOBHbIe TUnMbI

* B3p0Cnb|e
CTBONORKe
A KneTtky



OCHOBHbIe TUnMbI

OMbpHoHa/ibHble CTBOJIOBbIE KJIETKU
Embryonic Stem (ES) cells

BHyTpeHHsAs K1eToYHasA Macca
6nracToumnCThbl OMbpuoHanbHble NONOBbIE KNETKU

Embryonic Germ (EG) cells
NIKOPUNOTEHTHbI

I"IepBMqule MO/1I0Bbl€ KNETKWU 3apOAbllla

NAOPUNOTEHTHbI

CTBO/N10BbIE KN€TKU B3POC/1I0r0 OpraHu3ma
Adult stem cells

CpopmMmMpoBaHHbIe TKaHM B3POC/IOro OpraHn3ma

YHUTNOTEHTHbI NI MYZIbTUNMOTEHTHDbI



Knaccndpumkaums cTBONOBbIX KNETOK

TOTUMNOTEHTHLIE 3urota /6 \‘-’
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BHYTPEHHIOIO KJI€TOYHYIO MaccCy
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CBouncTBa HegndPepeHLNPOBAHHbIX

SMOpPUOHANbHBIX CTBOIOBbIX KJETOK

1855: Rudolf Virchow Bbickaszan runoTesy o6
3MOPMOHANIBHOM MPOUCXOXAEHNN ONYXOen

Ha oCHOBaHMM MMKPOCKONUYECKNX UCCAeA0BaHMN 06pa3L,oB
OMYyX0/IM OH BbIIBUA MOPDOI0OrnMyYeckoe CXo4CTBO C
pPa3BUBAOLWLMMCA GETYCOM.

BbigeneHve Tepatombl — g06poKayeCcTBEHHbIE OMYXON
TepaTtoma npeacTaBsseT cObom NpakTUYECKM BCE TUMbI KJETOK.

JTOT paKT NOATBEPXKAAET YTO OHA MOXET CPOPMMPOBATLCA U3
PAHHUX CTBOJ10BbIX KneTokK (ICK)



CBouncTBa HegndPepeHLNPOBAHHbIX

SMOpPUOHANbHBIX CTBOIOBbIX KJETOK

TepaToma ANYHUKOB
3ybbl

http://home.earthlink.net/~radiologist/tf/040802.htm_Image courtesy of Leonard J. Tyminski, M.D., Radiologist at earthlink.net




AamunHnctpauymsa Obambl npoPuHaHCHpyeT

CTBOJ10Bbl€ K/1e€TKU

09.03.2009

Obama paspeLumrn
nccrnegoBaHus
CTBOJIOBbIX KIETOK
9MOpUOHa YenoBeka

J
T [ Kak BEPYIOLUNI HEJIOBEK, 51 CYUTalO, YTO
Lols

Mbl ripu3BaHbl 3a60TUTLCS APYI O Apyre
n ctapartbcs obrier4artb 4es10Be4eCKNe
CcTpagaHvs. 51 yBepeH, 4To y Hac ecTb
CrocoBHOCTb 1 BOJIS 415 MPOL4OJIKEHNS
aTUX UCCNIeqoBaHu - paBHO Kak
4e/I0BEYHOCTb M COBECTb /1 TOro,
4TOObI fjes1aTb 3TO OTBETCTBEHHO",



BausHue 2ocydapcmseHHOU hoaumuku

Ha HayKy u mexHono2uu
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B 1998 2 6binu nony4yeHbi nepabie auHuu 4Y3CK u
omkpbima uHm.PHK. [Jnss mo2o ymo6si CLLUA ce200Hs
moeasu ebiimu Ha 0 mo4Ky, puHaHcupoeaHue OOJIKHO
npeesocxodumb huHaHcupoeaHue AHanuu u CuHzanypa
e amux obnacmsix e 2-3 pa3sa.



Ncnam He npoTtue DCK

MpaH
NpaH J0CTUM 3HAUNTENIbHOIO NPOrpecca B AOKJANHNUYECKNX UCC/IeS0BAHUSIX.
BxoauT B TON 10 cTpaH paboTatowmx ¢ ICK.

3HaunTeNbHOrO ycnexa A06mnacs B BOCCTaHOBAEHUWN CMIMHHOMO MO3ra noce
TPaBMbl

Egypt, Turkey and Malaysia

AKTVBHO pa3BMBalOT NPOrpaMMbl CTBOIOBbIX K/1IETOK

Pakistan

[puHSAAN peleHne B pa3BUTUM 3TOIO HaNpPaBAEHUS

C S C [




OMObpUOHaNbHbIE CTBO/IOBbIE K/1IETKW

1960e rr. — paboTbl c AMHUAMMK TepaTokapumnHoM (EC) mMbiwn, KoTOpble
obnagatoT cnocobHocCTbIO AnddepeHymMpoBaTbhCS (B.Mintz)

1961 r — nepBas B MMpe Mbilb-XMMepa, 0bpa3oBaHHan B pe3yabTaTe CJINAHUS
ABYX Mopyn (Tarkowski, A.K. Nature, 1961, 190:857)

1967 I — IMHUK KNIETOK M3 B1acToumCTbl Kpoauka (Cole,R. et al J.Dev.Biol. 1967,
13:385)

1968 r. — nepBas Mbilb-XMMepa, NoJyYeHHaAs B pe3yabTaTe nepecaskm K1eTok
BKM (Gardner,R.L. Nature, 1968, 220:596)

1977 I. — MOJlyYeHbl MbILLIN-XMMEPbI U3 61aCTOLNCTBI, B KOTOPYHO BBE/IN
KNeTKM NOCTOAHHOW IMHUM TepaTokapuunHomebl (Dewey et al., 1977)

1981 r. — noay4veHbl AMHUKM ES kneTok mbiwu (Martin 1981, PNAS 78:7634-38; Evans
and Kaufman 1981, Nature 292:154-56)



OMObpUOHaNbHbIE CTBO/IOBbIE K/1IETKW

1987 . — U3mMeHuAn reHom ES kneTku nytem romonormyeckon pekombumHaumm (Thoma:
KR and Capecchi MR 1987, Cell, 51:503-512)

1989 . — NOKa3a/n, YTO reHeTUYeCKM n3MeHeHHble ES kneTkn, MHbeuMpoBaHHbIe
obpaTHO B b1acTOUMCTY, MOryT NepeAaBaTh 3Ty MyTaL MO B MOJIOBbIE KNETKN U
noToMcTBY (Koller et al., 1989, PNAS, 86:8927-8931)

1991 I. — noay4veHbl EG kneTku mbiwmn (Resnik 1992 Nature, 414:105-11; Matsui, 1992, Cell
70:841-47)
1995 . — noay4veHbl ES knetkn npumatos (Thomson JA et al., PNAS, 92:7844)

1998 r. — nosiyyeHsbl ES knetkun yenoseka (Thomson JA et al., Science,282:1145)

1998 r. — nosyyeHbl EG knetkn yenoseka (Shamblott et al., 1998, PNAS,95:13726)

1978 . — HobeneBckas npemusa daBapacy 3a TexHoaoruwo KO



CBouncTBa HegndPepeHLNPOBAHHbIX

SMOpPUOHANbHBIX CTBOIOBbIX KJETOK

[AopuUNoOTeHTHOCTb (naT. plures - MHOIO) - cNOCOBHOCTb ANddepeHLLMPOBaTLCS
B It0Oble KneTkm ambpmoHa (M B3poC/Ioro opraHm3ma)

CamoO6HOB/IEHME U UMMOPTA/IbHOCTb — J0YepHME KNETKM MOIYT OCTaBaTbCA
CTBOJIOBbIMU; in Vitro KAeTKn npoandepmupyroT HeEOrPaHNYEHHO A0ATO.
TyMOpOreHHoOCTb — cnocobHoCTb 06pa3oBbIBaTb ONYX0AU

Ana anddepeHuympoBkm Heobxogmm Hi

JKkcnpeccmna mapkepoB ES knetok: Oct-4, Nanog, ERas, Rex-1, SSEA-1 -
Ans mbiwen, SSEA-3 - ana yenoseka
[loBbIWEHHAsA aKTUBHOCTb Te/IOMepasbl, akTVBHasA WenouyHas ¢pocdarasa.




Oct-4

NpuHagnexut knaccy V POU-a0MeHHbIX
TPAHCKPUMLNOHHbIX PAaKTOPOB

Pa3mep: 352 aMUHOKNCAOT

Jkcnpeccusa: MPHK ecTb B 3pesiom oouuTe,
6enok - B bractomepax, KneTkax BHyTpeHHeu
KNeTOYHOU Macchl. [locne racTpynayum
MPUCYTCTBYET TO/IbKO B MEPBUYHbIX NMOJIOBbIX
KNeTKax.

Nm.pn. okpacka ES kneTok Ha
Oct-4

Mcrula Blastocyst

®

<
Ccmpacted
morula
v
dopmupoBaHme
dopmurpoBaHme NEPBNHUHON
TpodoskTtogepm  HAOAEPMBI
bl
B Lcb
— BKGDREGHAT
B Bgemedtidé younenmne
3KCnpeccmu

Oct-4 -/- 5Mb6pUOHbI He cnocobHbl 06pasoBaThb
BKM, rmbHyT Ha CTagmnu uMnaaHTaymu.
Hepoctatok Oct 4 3acTtaBasieT 61acTtomepsl
anddepeHLNpPOBaTHCA B TPODOIKTOAEPMY.

AkTuBeH B Komnaekcax  Oct-4/Sox2; Oct-4/Oct-4; Oct-4/Oct-6; Oct-4/Oct-1



Nanog

Tir nan Og — B MM}OI0rnmn KeNbTOB — 3eM/151 BEHHOW IOHOCTM
eHomeobox TpaHCKPUNLUMOHHBIN GaKTOP; KIOHMPOBAH M ONMUCAH B 2003 roAy

(Chambers et al., Cell 113:643-655; Mitsui et al., Cell 113:631-642)
®305 aMUHOKMUCOT

Jkcnpeccua: mopyaa, BKM, annbnacr,
’ NnepBMYHbIE MO0BbIE KJETKM.
AmHMn ES, EG, EC kneToKk.

Chambers et al., Cell 113:643-655



Nanog

Ceepxakcrnpeccus nanog nogaepxmsaet ES knetkun
B HegnpdepeHLMPOBaHHOM COCTOSIHUM Aaxe Mpu
KynbTuBnpoBaHuu 6e3 LIF (He3aBucmMmo ot
akTMBHOCTU STAT3).
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A BOT oTCcyTCTBME OCt-l|. MnoBbIWEHHAA SKCNpeccnad nanog CKOMNEHCNPOBATb HE MOXKET

— KNeTKM BCEé paBHO AndPepeHLnpYyOTCS. = _nanog_

WT K
nanog
oct3/4
Nanog -/- SMbpMOHbI He pa3BMBAOTCH, OHU He bmp2
obpasyoT BKM. gaes

lamininB1

In vitro n3 Nanog -/- baactoumcT He yaaeTcs
MNOAYYUTb MNONYNALMIO
HeanddepeHLmMpoBaHHbIX ES kneTok, Bce
K/NIeTKW NpeBpaLLatoTCsa B NapueTanbHyo

3HA0AEPMY.
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In vitro

mcamoomosneme

TpodoaKTOAEPMA <T ES kneTku T» nepBUYHasd sHA404EepPMa




KynabTuBupoBaHue ES kneTtok mbiliun

OaHoro LIF 6e3 cbiBOpOTKM

KenatuH
Cpena+SCF+LIF HeA0CTaTOYHO A/15 NpeAoTBpaLLeHNs
anddepeHupoBKM
KenatuH o LIFsBN Octd-GFP

cpesa +LIF +BMP-4

Ying et al., 2003 Cell, 115:281-292



