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Development of new methods for producing chimeric common marmosets
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To produce allogenic ICM injected chimeric marmoset embryos, efficient
processing method of ICM has been examined and contributions of the donor ICM cells into the host
ICM have been observed by live cell imaging technic.
0CT4 distal enhancer is known as a marker for human naive pluripotent stem cells. Therefore marmoset

ES cells with reporter gene at homologous region to human OCT4 distal enhancer in marmoset were
established. Using this ES cell line, marmoset primed ES cells were converted morphologically
similar to human naive pluripotent stem cells. To analyze kinetics of chimeric marmoset embryos, a
pseudo post-implantation embryo culture method that allows in vitro observation of post-implantation

embryo develoEment has been developed. Finally, using allogenic ICM transplanted chimeric embryo
production method, marmoset naive ES cells were injected into marmoset host embryos and kinetics of
the naive ES cells in the embryo was analyzed by pseudo post-implantation embryo culture.



X C—19, F-19—1, Z2—19 (Gt#)

1. MRS FI DTS R

F"REOKWHESHES)MIE, A TZiMtEsGPSMIdIL, ~ 7 R LM PRI R R0 X X Z 8

FEHTE RN, T2 T IMIERBEOERDH O ~—Fy b (v—FEY I ZHNT

R LT v 7T b, v 7 A T VIR 2 FTREIC 5 BB & e 4 5,

2. WHEOHK

AWFFETIE, ~—Ft v MEZ AW F A ZEEIERBINZ T 5 Z EBREMEARTHY . (D)

MERL~v—Fy XA THREERT H5MEE2EETH L BLOQ)~—Ft& Y MM SR

L= ZREMERR IR OHERF o 7 L & R CIFE 2 e . AR O R & G S CT(3) R Ak L

TR ERIEDOBZE 21T\, ES MIOTEANIC L D ¥ A TIROMER- 2175 72,

3. WDk

DR 72~ —F & v % 2 7 IERO KRG

(1-1) GFP & # 7 RO {EHL
FEPNEERIEIC L 0 HERERICES Lz~ —F T v FOEE VW T GFP-transgenic ~—%
v b (GFP ~—% %> ) B% FF—ICM(inner cell mass) & LT, BHARMWDIEE R A
& LTRES A 7 Z2(ER LT, ICMI3mE Fiiikaz AV Tafi L7z, &R ME~D R —
MEBHEII~A A /7 n~v=a2 L —%—% T, 0.05% Trypsin EDTA ¢ ICM Oz
BafEODH L THlaESBEL, BT ALy MERAWTHR MRZIEALL, #HIRE T
FAE LT, 4%8 7RV AT AT FCEELT (FiR, 1 FH) SEilfib sz o,
DAPI & A OEAAIZ W TR ZIEA(L L T, GFP 3 XU NANOG B Eflfa 2 il L7,

(1-2) 7 A 7 AT E O SRRt
GFP ~—%% v MEBERIZH D D TIERNZ b, WT Off% Cell Tracker(CT) THE
WL, FF—ICM & LTHW D GMmita 56 L=, Simits, 74 7ers 2=y s
ZFER L. CT O 7 F B 5 Z & T host fi~D FF—ICM Ol AR %2 fed L7z,

(1-3) K —ICM DA ALEEE DS
XA TMERZ O R —MROIRL2B|NE T A T LA A—VTBIET S L, KT —ICM A
RA IR~ T 5T DR MA 2 e o T2 2 E D R —ICM O ALELE D S
TR & 320 L 7=, degik & LT, Ca - Mg RE#EEE VT ICM B8 X OEIEkEZ 1 /L
BULIZOBIZH, FRIT00MBEEE DR 2o T2REETHR A MRICHEA LT, EORRIC L
— P —ZRFLIEIC TR R MROZEIH I X ORI A B 72,

(2) ~—Ftk vy NED OB Lo ZREME IR OMERE > 7 VAT

(2-1) 7T A LRI REMERMIEIZ 31T D MERE S 7 T VgAY
~—Ety NSO Y ST VR T S0, v—F 'y MEDO ICM 2»bH E b
DORERAL ES fifa (77 A 27 ES #ifin) & [F— O #(DMEM F12/20% KSR/FGF2 £ i) %
HAnC~—%Fty h ESHlaziHE L,
TIA L~ —F¥ v N ES M EREE A AUV T Feeder fifd ECHERF L7z, £z, ~—
Ty MZRRIESRAIORSMERERHC B E /2 > 7 T VA RE T H 72912, Feeder-free K748
MRt s¥~—Ft v N ES i@z W\ T 21T > 72, Feeder-free 555 RF13,
Accutase WIRIZ L - THIBFEL7=~—Fk v b ES @i, feeder MfZZEFRE L2,
iMatrix-511 2 —7 1 > 7 %{T72 > =553 dish EIZHERE L, 5 BILLERKC 21770 > 72l %
L7z, £7-. Bz DMEM F12/20% KSR/FGF2 15 H#1% feeder M =T 1 HE538 A 4T
STk B MEF 207 o« a VD Z Vv, BEE RIS E FGF2 2N L7= b D & ff
A7,



(2-2) F A =T~ —Ft v b BHREMEHNN O E
v b OCT4 L= Y —OfH| RO B WESZ 7 u—= 7 L, LER—F—7F
A X RZEVER L7=(PB-¢jOCT4-GIP-EN), L& —% —fd DM 2475 72012, 7T A K
HEREIIECLY NI AT =7 va rafTv, FARIRICEY 77 2 I FREA ST
ES Mla DKL 1T 72~ T2, ~—Ft& v b ESHIldDF 4 —7{kik Guo et al., Development
2017 IR SN TV D FIEIZHEW TR o7,
B)~—TFt v bF 2 T ROIERET OB F
(3-1)AE IR & Fiflf U 7= (R o5 2595 D BA 3
FATMREER L7256, 3 IR ERBUIBE L CRAERICMIR AR T 5 2 EBKET
HL, BIEEBRO 3R D FEO L & invitro THEIRZ R L - KIMNE#REICOW TR R T
WESINTWDFELICH L TITo T,
(3-2)ES HIFDIEANIT L 5 & A T R /ERL
AIE O AT 722 & T, IKBL~DOMBAIZITOTIZ K —ICM OMIE~D % 57 In
vitro CHESHICHER TX A2, 2FEO~—F+& v I ES cell (Tet-on BCL2, Cira Reset)
DENEATS T2, T b TV A 27V ATetKAFEIZ T A F— 2 %BAE T 5 Tet-on BCL2 ES
AR L ON2-2) THE LI-F A —THM~—Ft v FLHeMEMIE Cira Reset ES iz o =
—EERT 4 v anb AT ARy N THM L, PB1 B#E TS L7 HIZ Ca Mg R
GEERIRIC 1 R L, L= =8B TR A MRIZIEA LTz,
4. WFIEECR
(D=2~ —F1 > b % X TIRERO S
(1-1) GFP & # 7 RO {EHL
GFP % A FJfi%& F+—ICM & LT, BAR(WT) A A Ik
IZICM EAZAToTo, DRGSR, 1 O Y s & 4t
WMTET 5 NANOGH >~ 7 F A B AL, &5
NANOG(+) « GFP(H) DO LJIENBIE S LTz, £z, KT
—ICM DEFEABEZHRFT LI 2 A 10 HLLEEA L
LI B AR GFPOMIDEE N A b T-(K 2), L
L7275 5 NANOGH) - GFP(+) 0 SR TERIRLIE % < numberof donor
Bohenolz,
(1-2) 7 A 7 VAR ITIE O SR
CT IZEMIAZ Y 5 = LNA[REZR 2 L b, GFP =
—Ety NEOMRAE L THERATE 205 LT, & —
PRI OT Yefa % hiT % & IOM (T4 5 70 No.of donor c
RondZ ent, EFMEIC CT YefaziTv, R
2 NEA~OEAETH = L TR K —ICM o B 2 GFP BAERAOHRA b 0% 53
kA AR E 2o 7 (IX8),
(1-3) R —ICM OHMIFALIRE DR

X 1. GFP ¥ X S RO GEMELS:

|

No. of GFP positive signals
N
h
L]

o
I



GFP % X Z R E 7215 CT % 2 Z IR TIE,
HEA U7 R 2SR A 2 T b — T
FTICE E > TWDERF-ABIE ST,
Flo. TATRAAL A=V T THIL
THE. RP—Hlao#ixnnz &
B, FEA TV D ATEEME BRI STz,
o T, R —Hlao Bk Z Mt Lz, ~ v 2 ES a7z & Cid Trypsin % AV CTHERL BT
B EMNDL ARIETYH Trypsin 24 H LTV 723, Trypsin (XHllosEE
K21 L. RICHIB SR I B 2 OIZRE# D 0025, £ DTz
O, Mo THUEHIZHIlaESE TEX 3 R —ICM 233EA T L % 5 "lReME
HERI U 7o, MR &2~ A L RIZ§H 5 51EE LT Ca & Mg i
EEK T332 H5ERDD, (it-> T, Ca Mg REatshzHAWT K —
ICM Z#WFE L7z & Z A Trypsin & W TR L= A L 2 B Y |
B 4 Trypsin LEE (B) g [OM 2PEA LIa 0 b B T RABE SN, $72.
¥ Ca-Mg RELEE (F)

Trypsin LB TR 572 RF—ICM LA A MNROERH R 572 7

‘-
--

K 3. KF+—ICM @ Cell tracker %5

>7z (X 4),

(2) ~—Fk vy MNEDBBIL LT- et IR OMERE > 7 L fifdT

(2-1) 7T A LRI REMERMIIEIZ 31T D MERF > 7 T VgAY
7I4 1H e h ESAPS filla & Rk O A AW T, ~—F & v b ES HIlaZ B+ 5 2 LIk
Hliz, ~—Ft v b ES MldOMERREHIC B £ 2 FOF2 IREZ A HE LEFR A1T R o 12112,
RNA Z[EL L, ZHEMESM~—h —TH D 0CT4, NANOG D%l % qRT-PCR ikIZ X v #
AL, FGF2 IR OB D25 Z EnHLMhE o7z (M5),
BN L7z~—%t% v + ES flix, 74 —4&—
MifazHnTng, BEHo~—%Ft v  ES il
fab 7 4 — =% AVTHERFF S TS, LY
A~ —Ft v b ES MO R LHIMER > 08
TFIVEENT T 272012, feeder-free {b.%17 -
7oo FEBEMEF 27 4 v a A WD 2
L T, Bl feeder-free v—Et& » b ES Mg o0
BISLICAREh LTz, Z OB, MEF 225 v a v 0 4F;m£m1° 20
Erfiic 1L FGF 2B+ 2% & . ES fifaidsy
fELCLEHS, ~—Fty MIFUEZEEHT
HDHMN, ~—Fkv b ESHlaiLt b ESAPS fifld & #7220 | FGF v 7 /WEx A7 4 712 <
ZENyol,
Eblz, v—Fty b ES MIBOZREMEMERICLE Ry 7 VOB EIT R o1, T ORGSR,
TGFb/Activin 27 F/VBEEAITINREC Z B ~ — I — D LW Ao b7z (4 6),
Feeder-free 55#8 544 T C Activin A NI © Z Rt~ — 7 — ORBLAFRF L2 /E R, Activin
BeHRRCZRetE~ — I — ORBINHERI SN D Z LR LML o T,

X 5. FGF2 FICf 5 et~ — 4 — DR LS)

1.2

AACt

0.4




(2-2) F A —THl~w—Ft v N ZEEMEHL DT
774 2l —t v h ESHIEHNTTH A —

[ 6. Activin HRINCE 5 BHatE~ — b —DFBEL

14

THIZ eI A ST 572012, B B IW 12

U AFA—THES MO —H—ELTHD o

HENTWD OCT4 DFENT v~ — LR gﬁj I

EHETLHT ) AERE I/ —= T L, LR—X 02 I
—7TAI REER LT, TREEALTZLR— Y Tre mene | FoR2 otvin
% —ES fifn% fAvy, Guo et al., Development oo F12/KSR

2017 IZBWTCHE SN/ Mo — T RIZEEN
HAIAOFHEEEHTH 5 cRM1 X0 cRM2 (2
FEDNWIHE T A — T b & T o 72, K 2 B
FETHA — 7 BZ Rt iia O R - T 5/ VO
an=—EERT A — TSRS O
HigH L (K 7)., EBE BEFRBLAMRL
el A TTA LA IR DL REMBEE D
FEHL AR LT,
@)~—EFt v bF 2 T WOIERELA O B
(3-1) &R & Al U 7= iR o B2 1 DB %
v MNRO FEE I~ — Tt v NERERINES
BIEEMNL LT, ~—T 1 v MU E 20% FBS %51 IVC1 T3, 2-3 H#IZ dish
(TR L= 4 A 2/ T 30 % KSR
AEte IVO2 B S Lz, 2
FHiET~Y—Fty NEEZR#% 17
HEHE CHRAEEN AR L o7z
(4 8), KrHizz#ug, 2 Alc—[l,
PP OENM LT, H 8.~v—Tk v MNEOBEREEAER
(3-2)ES MlaDiEAIZ XL D ¥ A TR
DYERY
Tet-on BCL2 ES fifla% 6 fHo~—F% v MEIZIEAL,
ERBEA R 2 F N LT, SN LIRAIH LD b, .. ;
6 14T CIEIZIME RS A IER S 4L, SIS D1 (days) D2 (dayS)  E(days)
DR, oct BHED EBIEDT A TR T 725, GFP 1) ’“ﬁk} ( =
PERIITRRD S5 Tz, Ak
Cira Reset ES fild%x 4 fHo~—F% v MRIZIEAL T,
BIRBIRAEER 2 F5hE LT, day7 £ Tl 3 i, - ;'»,”) i
1 {8 00 R I NER R AR DN T P R A e 23 e R ( 3
S, B ET >R, BS MIICHAGA LT <
LK — R TIBR S Ao (9 10), 10 5 #l(Cixa Resot)chimera
AWFEIC LD, ~—Fk Y FFATIMEHEMROMNL, ~—F &y M ESMlRDO T —7 1k, &
PIERERIZE D ESMROR 7 ) —=v FHEI BN S, 5. 2 b OFdiE: S 512
BL, ¥AT7~—Fty MiKOEELZHIE LTV,

oCT4 m NANOG

X 7. ~—%%& v b CiRA Reset ES #if3

10H B 15H B 16HBH 17HB

A (day5) B (day5) C (day5)




7 6 0 1

Watanabe T, Yamazaki S, Yoneda N, Shinohara H, Tomioka I, Higuchi Y, Yagoto M, Suemizu H, Kawai in press
K, and Sasaki E.
Highly efficient induction of non-human primate iPS cells by combining RNA transfection and 2019
chemical compounds.
Genes to Cells in press
DOl
50
Academic Review Contribution to medical research of nonhuman 2018
primates
96-199
DOl
Stefano BD, Ueda M, Sabri S, Brumbaugh J, Huebner A, Sahakyan A, Clement K, Clowers KJ, 15
Erickson A, Shioda K, Gygi SP, Gu H, Shioda T, MeissnerA, Takashima Y, Plath K, Hochedlinger K.
Reduced MEK inhibition confers a growth advantage and improves genomic stability in na&iuml;ve 2018
human ES cells.
Nature Methods 732-740
DOl
10.1038/s41592-018-0104-1
Yu Legian Li Junjun Hong Jiayin Takashima Yasuhiro Fujimoto Nanae Nakajima Minako 11
Yamamoto Akihisa Dong Xiaofeng Dang Yujiao Hou Yu Yang Wei Minami Itsunari Okita
Keisuke Tanaka Motomu Luo Chunxiong Tang Fuchou Chen Yong Tang Chao Kotera Hidetoshi Liu
Li
Low Cell-Matrix Adhesion Reveals Two Subtypes of Human Pluripotent Stem Cells 2018
Stem Cell Reports 142 156

DOl
10.1016/j .stemcr.2018.06.003




150

ES/iPS 2018
363-366
DOI
Yoko Kurotaki, Erika Sasaki 34
Practical reproductive techniques for the common marmoset, J. Mamm. 2017
Ova Res. 3 12
DOI
Sato Kenya, Sasaki Erika 63
Genetic engineering in nonhuman primates for human disease modeling 2017
Journal of Human Genetics 125 131

DOl
10.1038/s10038-017-0351-5

56 14 12

ES

65

2018




CRISPER/CAS9

65

2018

Creating neuronal disease models using genome editing

22nd Biennial Meeting of the International Society for Developmental Neuroscience

2018

Seki Fumiko, Hikishima Keigo, Komaki Yuji, Nishio Marin, Hata Junichi, Uematsu Akiko, Okahara Norio, Sasaki Erika, Okano
Hideyuki

Characterization of white matter structures growth in common marmosets.

International Society of Magnetic Resonance in Medicine 26th Annual Meeting

2018

Uematsu Akiko, Hata Junichi, Komaki Yuji, Seki Fumiko, Yamada Chihoko, Okahara Norio, Kurotaki Yoko, Sasaki Erika, Okano
Hideyuki

Orbitofrontal-limbic structural development maturation in non-human primates: a longitudinal study.

International Society of Magnetic Resonance in Medicine 26th Annual Meeting

2018




Keiko Kishimoto, Akiko Shimada Haruka Shinohara, Tsukasa Takahashi
Erika Sasaki

Yuichiro Higuchi, Hiroshi Suemizu, Yasuhiro Takashima,

THE NOVEL EMBRYONIC STEM CELL LINES ESTABLISHED FROM COMMON MARMOSET

International Society for Stem Cell Research

2018

2018

2018

ES

2018




139

2018

161

2018

Erika Sasaki

“ Current state of marmoset population in Japan and exchange of the marmoset genome resources” , “ Generating genetically
modified model marmoset”

ILAR roundtable “ Care, Use and Welfare of Marmosets as Animal Models for Gene Editing-based Biomedical Research”

2018

41

2018




41

2018

41

2018

RNA

41

2018

41

2018




2019

RNA

2019

2019

2019




MRI

2019

2019

Katsunoti Semi, Akiko Shimada, Erika Sasaki, Knut Woltjen, Yasuhiro Takashima

Analysis of the induction mechanisms for KLF4 expression in marmoset PSCs.

2019

2019




Huaiyu Hu

2019

2019

2019

RNA

2019




2019

2019

2019

Fumiko Seki, Keigo Hikishima, Yuji Komaki, Marin Nishio, Junichi Hata, Akiko Uematsu, Norio Okahara, Erika Sasaki, Hideyuki
Okano

Multiparametric analysis of life-span brain maturation and degeneration

2019




Junichi Hata, Kouya Yachida, Yawara Haga, Takaaki Kaneko, Reona Kobayashi, Naoki Kawaguchi, Kei Hagiya, Noriyuki Kishi,
Erika Sasaki, Hideyuki Okano

Brain Function of the Transgenic Marmoset harboring Mutant alpha-Synuclein using resting state fMRI

2019

Teppei Ebina, Yoshito Masamizu, Akiya Watakabe, Daisuke Koketsu, Kazuo Hikosaka, Hiroaki Mizukami, Atsushi Nambu, Erika
Sasaki, Tetsuo Yamamori, Masanori Matsuzaki

Two-photon imaging of neuronal activity in the motor cortex of common marmosets during reaching tasks

2019

2019

ES

2019




ES

2019

2019

CT

2019

Translational and Regulatory Sciences Symposium

Nonhuman Primate models for Translational Science

2019




Erika Sasaki

Development of Genetically Modified Non-Human Primate Disease Models

Keystone Symposia Conference/ Genome Engineering: From Mechanisms to Therapies

2019

Erika Sasaki

Development Non-human Primate Disease models by Genetic Engineering

2nd Internatioal Primate Neuroscience Research Symposium

2019

13

2018

Primitive endoderm specification from naive pluripotent stem cells in human”

From stem cell to human developmen

2018




BioJapan2018

2018

2018

Takashima Yasuhiro, Ueda Mai, Shimada Akiko, Sasaki Erika

Derivation of common marmoset primed ES cells under human primed ES cell curture condition

ISSCR 2017 Annual Meeting

2017

2018




ES

2018

ES

2018

Yasuhiro Takashima, Katsunori Semi, Akiko Shimada, Erika Sasaki

Pluripotent stem cells in human and common marmoset

2018

Erika Sasaki

Genetically modified non-human primate model

The American Society for Neural Therapy and Repair, 2017 Annual Conference

2017




Erika Sasaki

Development of genetically modified marmoset models

Cold Spring Harbor Conference Asia

2017

Erika Sasaki

Genome editing of NHP embryos for creating disease model

IBS-Nature Conference on Frontiers in Genome Engineering

2017

Erika Sasaki

Genome editing in non-human primates

The Wellcome Trust Sanger Institute AZ CRISPR Conference

2016

8

Atsushi Iriki, Hirotaka James Okano, Erika Sasaki, Hideyuki Okano ( )

2018

Springer Japan

388

The 3-Dimensional Atlas of the Marmoset Brain: Reconstructible in Stereotaxic Coordinates
(Brain Science)




2018

272

2018

224

Robert Marini Lynn Wachtman Suzette Tardif Keith Mansfield James Fox(

2018

ACADEMIC PRESS

537

The Common Marmoset in Captivity and Biomedical Research

2017

90




2017

301

2017

252

2017

288

up-to-date-

MOOK32 )

(Takashima Yasuhiro)

iPS

(70469930) (14301)

999
(Kurotaki Yoko)
(80771229) (72611)




(Kishimoto Keiko)

(40616744)

(72611)

999




