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Establishment of regenerative medicine for musculoskeletal system using
clinical-grade canine iPS cells
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A basic study to realize regenerative therapy for joint disorders using
clinical-grade canine induced pluripotent stem (iPS) cells was performed. First, we focused on
tissue derived from canine fetal appendages and established a highly efficient method for generating

iPS cells by using the umbilical cord. Next, we found the optimal conditions for inducing
differentiation of canine umbilical cord-derived iPS cells into mesenchymal stem cells (MSCs). We
also confirmed the safety of intra-articular administration of MSCs in dogs. In addition, we were
able to induce differentiation into chondrocytes by pellet culture of canine iPS cell-derived MSCs.
Furthermore, we partially contributed to the fabrication of articular cartilage and ligament-like
tissue from i1PS cell-derived MSCs using three-dimensional cell stacking technology with a bio-3D
printer.

iPS



B X C—19. F—19—1., Z—19 (@)

1. WFEBRAE 4O 5

(1) BREEEDOIBIZ - TEREO R L, EEgsEE 247 2 ROEE LEIMER I H -
720 FEIZ. RCITERMREETECHTH WA & Do TEBFIR B OB AENL L HRADFE
JETHEIE STV D 10 5EHRLL_ ED R D 40%LL EASEEIEREEICRE L TWD Z ERH LM
Wl olz, 2O X HIC, BEERABIIERORKICBWTRLZWEEROUESETHY , #
RFMNEMTOIRKNOER E L GREEIND Lol oT,

(2) ROEFAEEEIE OIERITHEREN T L E > TR Y . WHAMAREREIIEE L T
Mo To, iz, BIEBEECHT-H 8 WA X o C—EEHR S U 7= BIERR g o8 X
ETLIITRL RN E N TS, TDO X RRBHNL ., BRERICB W TYH ., BRMEREEEIC
X DREEIR OFEFISC, 5o\ T2 BB OB 2 E1E T 2 72 D ISR O AR R 3
FFREEIRD LIV TV,

(3) KT, LR BMIZEKT S 2 ORIk HRREISRESMEA N sh TnT, —&
DIRIEER D WS STV, L, R —fRORESHK 2 B D 2 &1 &SRB
T2 EOREMNILFE L T, £/, MRS 2R M L To . BIERE -8R 2 B4
L2 LIIREETHY . T O O A TEEICFEET D 72D 2 2R IR IR & L
DWMER BT,

(4) NEETIL, BKZ L— RO ANTZaetEmia GPS Mifa) 2 Hv 7z B 8 o e
FEIENPFIE SN TEHEY . BRSARIT SN TN, BFERFEZT HIT. BIRZL— RoRD
iPS M ORISR THIO TR L TE Y, FNE2FIHTHZETRF—7 U —TL0O%)
B 722 R OEBNZE BT D HIRERS KO HAERNPHEL TE DL VW) EZICE T,

2. WEoOHB

(1) WFFEREF HIZ. RO iPS fifn % AW o s CHAER 2 BHT 572012, WRVA
WAL T 4 —Z il E T, BB R 2 & F A OB TR R v RE R R
L— R EERDRDIPS MIBOERICE I LTV 5, LU, BAED iPS IR R O #RAE
FHIASER L CEBY | BEISHT A 710, & BICHISIZIEE % 5 DL O &\ O
fak 2B T 2 ERH 5, € 2T, BT EDHEERICER L, T aH LTz
BEEE 7" L — RO R oD iPS MR O SL & HH59,

(2) WFFERRFE SBISL LTZERIR 7 L — RO RO iPS fifans, HFEAFZEE 12 L - TREICHEST
LTWDREEZHOCRHERSBME~EMET 28N E2H L T D NENERGIET 5, £
72 iPS AMIITEE SO SRR IC K o THRIR2NE 22 B 720  FZER S B AL L 7= iPS
FIEARIZ & o Tt 72 MR ~ D /LB BRI 2 R R T 5,

(3) R CHIZEREMNNZ BN G LT BRO L BT OV T, ZARITHGEE L 72 & I IAFE L
TV, £ 2T, BN HZE R 2 4 5 U, BREERTIC X 2 BRI & 8RR
ZFRFCATV, BEERERHL 2 BENICR G925 2 LI K 2B S ARNICHRGET 5,

(4) ROFEEKE 2R D720 O e giifali & LT, AFERER S RA L TO SRR
7 L— RORDPS Mllic& B L7z, LU, RO iPS Alfa) & B2 #E 2 /B U 7o i i3
BMADIFEBFELR, £ 2T, HIRECHINL L7 RO iPS il DS 53U RE & MRE T
Do &bz, EFENEE HA D ZRocHilaE Bl 2 R L, Mlgo & T AT Rz 1
WFIZ &) RE RESRIKE OEREHAZ D,

(5) BIfEETIZT, RO iPS A HEEAEEM 2 ERL L7c & W O B I HFE LRV, £ 2T,
AR U 72 ZWRTAMIEREE Bt 2 L, Ko iPS AL H SEESHIAE & 7213 iPS AR b Sk 2
FEEHAR ) S ISR O AR D, & BT, RO E OIRIE~DISH 2 Z &
L. B804 ORI & 22 IMANE O S S ONLE 2 ZERIIZFHHEI L, RS L 7 B iE
RORBENEDOREZ BT,

3. WD L

(1) EIRFEFEY T hb 5 B %E O RO Z B L, Feid 21T > T2 I 2 [FE L7z, IRIT,
st 2 M) LT B ES R ILIC##E L. 10%FBS % & ¢e aMEM % VT, I RRMESE IR 2
PEREEFE L7z, eV T Nucleofector™ 2D (2 WPy 80) AL, =Y —< /LY
4 —% M7= Electroporation 7512 THFFEAERE O 2MFFFFHIFE L TV 2 b EE &~ b
FEAN LT, ZN6OMRE 7 — X —Hn L8 fE L, A — 7% ES fifg HEE  Chs AR



L7=8%IZ, 774 » FRIES Ml ARSI E TR L2, oo =—2NHEBR L7258, MR
JRaDTEHE & HAGHAE. ALP Yeft, s~ — b — D3I, MEERE % O =R/ RE & 5T
fliL, iPSHIILTH D Z & DfEREIT 72,

(2) BIARFTCIERL L 72 KO Hy i 5k iPS Ml 2 v, HFEIBFZEE S Ofa% THEMi L TV 5 IR
R L CRIBEREMIE~ & MEiBE T 2 HikER AT, S 51T, BFERERE D I3kt
KEAI 208 L C iPS IR O/ERLZ LTV D Z &b, #2707 [ 3 R s
~DMEFEE LR TZ, F90E. KD iPS Mida LY2109761 & CHIR99021 % ¥isiN L 7= 55 Hh
TI10 HEEERT 5 2 & T, MREMA~DO MM E 2T o7, IRWT, 747X T F
Ta—7 4 7 LI EEEa B L, 2% FBS. SB431542, bFGF. EGF % s/l L 7= oMEM

(NCC #MeFrEE ) CTREE L7-, NCC HERFRS 2 O CTERIRIfk S L 727412, SB431542 % i
U 7= 3R AR A o e i 5 RS 2 V€ MEE RSB~ biFE 2l A7, £ L
T, M RE D ZAL-CHIERE D FEAT, 7 17— A h A U —IZ X DR EHUR O, B
TERA - #ERIE - IRIGHEIE A~ =M EREDRRRE ATV, 15 D A7 M oMk & ffbr L 7=,

(3) AWFFETIE, ROBEEINICHIEEREILZ &5 L1ZBEOREMHEIZ OV T U R 21T - 72,
FE. ROBBEFE RO EZ N SERIEEETT 572, IRWT, 13106 cells /kg D3R
EHI 2 & T IR R A R B B NI R B LT, REE., 1,203 » A%, & 5530 0 fE
i, FEAR, BUROA A TN L 7=, SHIZ, BRIEAIC L 5 B0, Mk, X A 41T
W, A EFROFEATE L 72, ARG TR, FIREREEODRHALTNDE 74— AT L —
I (VFPpro, &t =—7 v 7)) BLOZRIGEESHTS A7 & (ICpro-2D, t =2—7 v 7)) %
HWTHTOREE A BB BRI L, FIEEREHIRL OB 510 L 2 82 FGiE Lo,

(4) AT CIER L 72 R o> iPS Mifa R FIE Rl A <Ly MEFET 5 2 & T, #E M~
DIEHE AR Tz, ZOBRITIE, 2x10%cells/mL 0 iPS A R e R HE R e 2 5 2ol e
BB A 150 pL/well & 722 X 51T PrimeSurface® 7L — b 96V ((EA~<—2 71 b) 18
FE L. canine chondrocyte differentiation medium (Cell Applications) % FV > CTHUE M ~D 4>
{EFFEEIT - T, EFHE 3 EEZIC, GoncsizEE L, 77 o7 —Rv %
Fhi L7, £72. AMRETTIE. AL RAEE I RME 2 & T RG22, iPS
AR 6 EE 26T A ERIE 2 ER 3 5 72O O EMERET 30 L7, 2 OFRIZIX, iPS Al
il X0 R ER AR & 1 U T bRRE U 7o 3SR eI 2 D e MARSR 2 FRL L . S Bl
A A 3D 7Y & & T ZIRoTABRaRE R BT A R U TRk % 72 dg ik 2 Al L7z,

(5) AIRRET & [FIRRIC, iPS AMALH KSR ML 2 AV, A 43D 7V & & Wiz =kl
fafEEEAT 2RI 95 2 & C, $IHRRIEE R 2 ERL L 7=, R\, BAED B Bl RGBS %
FRE WS REZ —EMREEE T 2 L Tl 72, 512, ROBBEEIZHBW T, /i
T+ ORI & %M D55 %2 FELIICHIE U, ERL U 7= Bk ik O 3% &AL
& & AL L7z,

4. WF7ER SR
(1) #MED L CHE L 7B %0 DR HESE IR 23 R L
SMANZ [ 23 - THITE L T\ o 72, 15 6 3L 7 B HESE ‘
~~ Electroporation %% F\\ N CHiE L7z gL 2 v b §
FEANLT LA EEOae=—nExkIh (KO), §
BonMlaE, 7 o —F —Hlax AWV < THREEN AT
BEThoTc, 2O =—EEMIEIE, ALP Y+l x%f
L CHME T i~ — b — 125 B e ez B
Tt OCT4, SOX2, NANOG, SSEA1, SSEA3 BNGHETH |
-7 (K@), &6z, ROWREME OCT4, SOX2, NANOG ¢
? mRNA OFENEZIHIIN L, PEERTERE O =g §
SMEREL A LTz (X)), AREtcix, Ry »
ROMFHE DG iPS ML ORI 2 Z LTI LT,

M@ MEEMTE R D =3y bhe

M@ @i~ —5 —DFRE



(2) BIARFTCIERL L 72 RO Hy 5k iPS Ml 2 v, IREER A2 i L C SR~ & ok
B D FEEIT o720, MRS~ L b ST 5 Z LIXTE R o T2, FRAEERS
DMERL L 72 iPS HERRIIA R AIRZ U CTHERLT 28V R A Z 800, TIHER D~
EREOIZHMEFE T 0TI, Mgz B 52 FEEsR AT 81U

FIULLIPS AR~ LB E LI 2 A,
10 H CHREEMIIAR O S R L7, 240 O
RO —EBI%, MREMLO~—2—TH 2D CD271 12k |
PETH Y, iPS Ml & Ll LT NGFR 35 KO TFAP24 |
mRNA BHRENEZEICE N EARENT, ST, # §
FREE AN RAMERRES A F O CTHURIRER L 72 7%12, SB431542
Ze RN U 7 [T 25 A v M e PR oD 4B If T B b GBS 38 21T -
7ol Z A, BRHEERIERORE~E L L T o7z (X A= <
@), N HOMIAE, 15 fRLLEICD Y mOHIfERE iPS ¥ ph e 4 7 A
ety S M FH Sk [ 3 R i

Fr Eon-MoRmHRE 7o —H A 8 A N =T L7= & Z A, CD29, CD44,
CD90 DFHPE=RITAI 90%LL Ear L7 (M®), —F5 T, CD34 & CD45 [ZiF & A EFBLHF
ool (MB), KBS, AmETCER L7 iPS Mifa bk 3R #Hiin o =53 big
R LT-E 2 A, lRE~OGLEEEZE T 5 Z LIRSz,

£ Gate: (P1inal) 3 _Gate: (P1 inal) § Cate: (P1 inal) g Gate:(P1 inal) g _Gate: (P1in all)
“1 cp29 “1 cp44 CD90 “1cp34 7 CD45
g 3 B - .
E g g Ly 3
E H M1 E= M2 B M1 B
e Zg 2l s HE
38 ) 3% 95.9 33 89.9% 38+ 069 ig Mo
0 S e S SO S e S 7Y B S S e P 0 St ot S S S S S Y

MG 7u—YAAN =X DMK mHUH O FEBL

Yt 2 S N P S B = S O P G E = SN O
N JAE A H e [ 3 R sl o> MHC class 1T OFEFRL L~ & Helik L7,
ZORESF, A iPS Al b A I BE R @Al MHC class 1T DR IX
0.1%~0.8%Th v (X®). & ffH REEEREHALD 0.12%, AR
HRFEE RN D 0.19% & RN 2N EVHH L, Zh b Dfk
Bonn | W iPS AR H M EE R E A e FME MR AT REVE 2 R = e e
iz, [X/® MHC II D3sH,

(3) RoOMZERwML 2 BRI RE L, TR, EEFHN, gt mgmiz,T
9 Z L TRAENEWGEE LT, £ OME, BEHARIC EBEOBATE B LI @B FE L
2,1 BEBNICEEE Lc, DS OER TR, BITHRE, BREBA~OFFE, Mk,
X B, BBIE OB T EEIC B W TRFEIIRO bR oTz, ZhHDORRNE,
1x10°cells/kg O HHERBHNLDORERAEI N ~DR G-I RESRAEFZNEL T, —EOREN
DR T & T2,

Gate: (P3in all)
MHC class 1T

3,200

1,000 2,000

(4) R iPS Hifa 1 R FIER ML A2~ Ly MR CeE
OB LTz & 2 A BRI A0 iasl 2 kK
L. canine chondrocyte differentiation medium CHERFE
MU TH Tz, S HIZ, ORI L7
T— (AB) YA TH Y E Y (K@), iPS M H skl
BEZREIAR S HCE R L b L, A S & A LT
WD ERH LN o7, Fiz, iPS ML AR
M2 10%FBS & bFGF & T oMEM THiE L, % .
REHI~HMEFE L T D | BIREEREERZ VT - S
A7 zaA FROBWEMIBIAZER L7, Sbic, N KO KEHHISLO AB Yt
# 3D 7V & & VT EIROTICECE S A A g L
NTAEHE OIS . L 58 KRR AV I O R 2 U7k o MERUZ i 2h LTz,

30

(5) WGt CTHWZ ZRoCHIIAREREHR 2 FIV L iPS e Fh R SE R s A 7> & H R A AR
ZEE LT, &bI2, BIEO HEMMRIFEREERAS 2V TR 5 2 & T, Pk R
W92 AR E 2 A LT RRA 2 Al 92 Z LTk Lz, S 612, ROBBIAICE
T EIEFHE ORI & B AMIUHE O 2 ZBIRICHIE L7z & 2 A RERE IO wT
TR PR S AR U BTPRTES O S SR SMANET 0 b R AN AL L
Tz, FEo, BEBRICITERIFE R O BRI L U BTPRIE O J5 B3R IMAITIZ 0%
SAINCAAE L TR Y . MR CEM T DEROREN E 2 IEMEICRFE S D 2 &N TE,



6 5 1 4

Yoshimatsu Sho Yamazaki Atsushi Edamura Kazuya Koushige Yuko Shibuya Hisashi Qian Emi 64

Sato Tsukika Okahara Junko Kishi Noriyuki Noce Toshiaki Yamaguchi Yoshifumi Okano Hideyuki

Step- by- step protocols for non- viral derivation of transgene- free induced pluripotent stem 2022

cells from somatic fibroblasts of multiple mammalian species

Development, Growth & Differentiation 325 341
DOl

10.1111/dgd.12798

Yoshimatsu Sho Edamura Kazuya Yoshii Yumi Iguchi Aozora Kondo Hirotaka Shibuya Hisashi 53

Sato Tsukika Shiozawa Seiji Okano Hideyuki

Non-viral derivation of a transgene-free induced pluripotent stem cell line from a male beagle 2021

dog

Stem Cell Research

102375 102375

DOl
10.1016/j .scr.2021.102375

Yoshimatsu Sho Nakajima Mayutaka Iguchi Aozora Sanosaka Tsukasa Sato Tsukika Nakamura 16(4)

Mari Nakajima Ryusuke Arai Eri Ishikawa Mitsuru Imaizumi Kent Watanabe Hirotaka Okahara

Junko Noce Toshiaki Takeda Yuta Sasaki Erika Behr Rudiger Edamura Kazuya Shiozawa Seiji

Okano Hideyuki

Non-viral Induction of Transgene-free iPSCs from Somatic Fibroblasts of Multiple Mammalian 2021

Species

Stem Cell Reports 754-770
DOl

10.1016/j .stemcr.2021.03.002

Yoshimatsu Sho Ohtsu Kanae Sato Tsukika Yamamoto Masafumi Sasaki Erika Shiozawa Seiji 51

Okano Hideyuki

Generation and validation of a common marmoset embryonic stem cell line ActiCre-Bl that 2021

ubiquitously expresses a tamoxifen-inducible Cre-driver

Stem Cell Research

102164 102164

DOl
10.1016/j .scr.2021.102164




Nemoto Akisa Kobayashi Reona Yoshimatsu Sho Sato Yuta Kondo Takahiro Yoo Andrew S.
Shiozawa Seiji Okano Hideyuki

10

Direct Neuronal Reprogramming of Common Marmoset Fibroblasts by ASCL1, microRNA-9/9*, and 2020

microRNA-124 Overexpression

Cells 6 6

DOl

10.3390/cel 1510010006
35
2022
4-9

Veterinary information

DOl

23 11 4

RNA reprogramming

22

2023

2023




Overview

22

2023

22

2023

19

2023

17

2022




165

2022

2022

Hinano Eto, Kazuya Edamura, Shota Kaneda, Koji Tanegashima, Yuma Tomo, Kei Hayashi

Tibial plateau levering osteotomy on cruciate ligament tension in dogs

31st European College of Veterinary Surgeons Annual Scientific Meeting

2022

2022




2022

2022

2021

21

2022




-One Health Translational medicine-

21

2022

Sumihiro Maeda, Hayato Hiramine , Mitsuru Ishikawa, Ikuko Koya, Ryosuke Nagashima, Seiji Shiozawa, Mari Nakamura, Manabu
Itoh, Hideyuki Okano

Developing a 3D hiPSC-derived culture model system for inducing endogenous tau aggregation

International Society for Stem Cell Research 19th annual meeting

2021

hiPSC3D

40

2021

164

2021




Daiki Murata, Ryota Fujimoto, Shoko Takao, Miho Miyake, Anna Maria Nakamura, Koichi Nakayama

Tendon/ligament regeneration using a scaffold-free biofabricated 3D construct of autologous adipose tissue-derived
mesenchymal stem cells in rabbits

The 6th Tissue Engineering and Regenerative Medicine International Society World Congress

2021

scaffold-free 3

21

2022

Kazuya Edamura

Regenerative Medicine in the Field of Veterinary Orthopedic Surgery -Recent Evidence and Future Prospects-

10th Asian Society of Veterinary Surgery Conference

2020

16

2021




2021

2022-035798

2023

(MURATA Daiki)

(00772683) (17201)
(SHIOZAWA Seiji)
(10447039) (37104)
(HATOYA Shingo)
(40453138) (24405)







