R0/3220/24

EES @M ETREMEE
HA R B S IR R
(BT LLX—HKBETY - ARFREE BREEEWRRSH)

INA A NLTHRE - iSRRI K SRR
FOMDEEDEEIZET 5T

EW2 5FE WENRHRES

pRfAxRE Bl AL

k26 (2014) £ 5bH



1. KRAewEmEE
INA F NTHARE - JE2 OB X AHERIFE T OMORBOIBFIZE T 2558 - 1
KIEKZERFER: EFRER - BT HHEE =) AL

II. Z4BafFsesss
NAF ANTHIIE - B2 OB K ARERIG-E DM OB OIRIIZES T 2838 ----emmmm- 9
KIRKFRFERE EFERFEE - EBEE EER B Btk

NA A NI - [E2R 0BRSS & BRI OO RBOIBEIZEE T 2828 ------mmm- 12
BRIERFEZE AR FEERAETENEE g BB hEE

A ANTHIN - BESOBRIC £ BHRITE OMOEBOWBRIC BT 5HZE -~ 20
KWK BAEMFRIE #dg 1 EA

I e R B 25

IV. FZERRDOTIATY - BRI



IR AT B RS E Bh E
GHEMERES IR (REET VL X —RBETE, - IRFIHEEEE  BREERGTZE))

ARt &

I\ A NTHERS - l2R DBAFEI < & HREFRIR T DILDERBDAKIZEET %

EeRERE  BIIAT KEORFERFRESRITER - NERES

MR E

T BIFERBTICEZ b,

BHNIERR /S A ANTHIE - R0 Th b, FIRE A AANTHES L L, ZOMBMHRAO®E
RFRETZOERED ST, ERIL7chybridBZFAEEEIZEE L CiL, 8l (v U X) TORBL
IR AR GRS T TTAE & HIWT L7z, —J5. BEfEDhomozygous GalT-knockout (K0) 7' 4 (OIS
M A ERSE L, FDPUEO S 525K —ED Bighife o7, DV . GalT-KO7 ¥ DR FEkkiE
SHIIROH-DHURE % in vitroCKOIZEFI L TEY . 4%, BATEDRIETEERREE, TOEEBIE

SaEi=0i vy
RELEE
Bla R AR HaR
FIEA
KREREFRIRTERER 7 — #d%

i yaE:y
RIRREFER R RTFER
EEFA B, ST ().
RS (e ATHEE @F7E8)
BB R AR AR
BN WHER) . #EL—K BiER).
WO & A GFFER) . TEFFIE (BF9ER)
RIRRF R IFR IR v 57—

TSR (3080 . (LEST WI5ER)

A WFZEERY
HEOL, ERA A A AT - B0 TH D,
FIRE AL FANTHER & L, £OiafHeA0BR
FYET 2 DIEHE D ET,

BREFgEE OB, e 0 BABBE DRSS
MEAEROFEZIER T 5 F % R\ 72 L<Trans
plantation 46:825,1988>, 19904FH XY b b

EFHYUA (transgenic:T0) L. 74 DMET &
25 L7 (knockout:KO) BEFHET X DBA%EES
FHPIEE ST, KETHE, BEFUR (aGal) OKO
78 BTSRRI FETC L, o 0Gal-KO
/hCD46/TFP1/CTLA4-1g7 % . E5AERL, TO%, &
ETbERE o Vs FBFEOTWS, FEE, oGa
HZHEE . ROBFEHUR CTH HCMAH (cytidine monop
hosphate—N-acetylneuraminic acid hydroxylase,
H-DEUR) DKO® 2K, #THE I,

oo IREE E CIT, o6al-KO7 & ICZRNTEC
HDIZKOZ %, —Hhetero HD-KOD ¥ m—
&1 T, aGal/HD-KODfibroblast line

() ZFRESL LT, —F. BIOD o Gal-KORHARA>
STALEN 1512 & U [E#E o Gal/HD-KODFibroblast
Dline () bREL LTz, X HIT, FEMHIY
FOREEE K A A 2 &% Phybridd LT, CTDM

(CL—INHH + Thrombomodulin « DAF « MCP®hybri
d) <ABAGIHE o> K UHLA-Ev (147) ~2A-hb2m <
FRamED 2 1R LTz,

PERIRBE ~D Z DA A N TS & BD3H Y
2. BUERTARISH~ M A ATHFI, BHBE I
A FANTBIE A TE D, Fz, BHEERE A
BNCAER D Z &N TE, BROEFEHTERTZE
BELTOTELENET D,



B. WG

1). BEfFD o -Gal( @ 1,3 galactosyl transferase)—
K07 &1z, BECH#RED B HCMHOKOEZMZ, S BIT
HISE EA% o 72574 Ohybri dBIE T 2 8AT 5,

@. £, BEEDT ¥ D1lineDEEH,

It >homozygous GalT-K04 m—>17 & (DK3-9%)
AR 2 L ZZEL L., heterozygous GalT-KO7
BERFIIAAEH Lz, Zhick o T, s n—
=V PN E o TR AT CHER S C & 72CalT-
KO 7' & DFRFUS, BYEAFEZ ST L TH LV BB
WEDEARITo Tz, 5biizheterozygous GalT-
KM%, BEfFEDhomozygous Gal T-KORE(EA (DK3-1
F) O FCALIRICER S ERFE/L, Z0Kk
17 & Y BISL L 7oA (DK3-1neo) Z VT, &
HEREERARIC L B 7 o — AR EH 21T 5 72,

®. homozygous GalT-K0Z m—> 7 % (DK3-93R.
) OFfEA XTI, MAHRIE T AAZR) & 4 5 Zinc
finger nuclease (ZFN) mRNA ZEA L7z, HBbh
#zheterozygous CMAH-KORBNE % ASHRAZRSAEI FAV
T, 7 a—EFOERET o 1,

®. &5z, BIEAEER % FH L zhomozygous
GalT—KOHHAE (DK3—1neo) 2%t L CiZ. Transcription
activator-like effector nuclease (TALEN) mRNA
BEAT 5 Z L TOA-KOD R FREEIT 72,

2). ZOM., FFRERELAC, v rurr—v/
1 LA (00) % BIH T X BRI B E T A RAT 5
&L biZ, a-Gal & H-DHURLIS DB i 72 Egab TR &
BV T RIRE G2 RET 5,

Q. 72 MERNKIZHTEEe b ~vra7r—v
/DI & BHEE T 55 FRRE L,

@. FH Lt FOislets OREGHEEE 3 U
HPLCHER OV B4047  (MALDI-TOF-MS) & TSR L7z,

(3. CRISPR (Clustered Regularly Interspaced
Short Plidromic Repeats) /Cas (CRISPR
Assoc‘i’ated) VAT NTHT ZCMAHE =T DKO
siteZARE LT,

(fmEEHE~DBLE)
EREWK DB E R ORI L T

KIRKRER LOHIBRZEOEMEREZERZER L
7o ETRIR-2TWED,

RRTEZ DMUTAE D 7 & T IRREMH ISR O 2 21
I, FOREETHFES LRI ETND,

C. fi ke

1. @. aGal KO7¥ M) LEFEMTZE
DAFUNZ L » TH BN Tzheterozygous KOEEF% .
o a—Gal K07 ZIEFIC LY RIS THIFE
ML, $721297 1 D a—Gal KO7 & #lf%
BISL Uiz, FrLWBEEREEA LR
homozygous GalT-KOfHAE (DK3-1neo) 7> 64§E® 4
n— EFEE, FONSEIIERETHORD,
HAER2 B E TICRURRIUC Bt L7z, —BAII33 H
B ¥ TERF GEETH),

@. #Hri-IZHL L 7=homozygous GalT-KO
/heterozygous CMAH-KOFMAE (DK3-93R) 735, - 45HD
7 u— EFERT, ABRPOIEITEE Th 7o,
SHAIIFERE D DU NIERETI Th o7z, BEREE)
DM v — B EH O DRI &
B LTz, IS, T OMME~FFEEZFN nRNAZE
AT BZEi2L Y., homozygous GalT-
KO/homozygous CMAH-KO & 7 /LKOMIME (M) % .
FAHNC2T A UBISL LT,

@. H LW BEHE = % 3E A L 7-homozygous
GalT-KOARAR (DK3-1neoktt) DR FHAEIZL Y |
homozygous GalT—KO0/homozygous CMAH—KO@ BT
homozygous KOMIE% 2T 1 BisL Uiz,

2). FHEETORE

@. KRR K Y OBERE GM-CSFLPS T#5
E UG b~ 27 v 7y — T Z E AR

(SEC) (st Lasv iR =G A 7R L7223, HLA-E
BLWa2, 6-STEEFOEANIZLY | SECiE~vs o
77— VHEEEEN b ER IR,

®. T xisletsiTiE. k& MisletsicESh7u
PR LHEN SR b, BHEFURN: & OBfE %
BRERTH D, ‘

(. CRISPRIEDHESL,  FRFE L7zCMAH (ex7) D
off-target site& L Tid. METIIN=14TETO



ThHoTz, HE. ExonTDbestDtarget sitewm iR
BTH B,

D. B ; :

YRR U 7chybrid@&mFEEUCEI L TIL, in vitro
TORBOMR LKL, BEE (vUR) TOR
BEfEDOTND, BIHIE (ICSTE) [Tk
7 2 EEOVEH &R R o 7ot ARRaR
AR CESR TH oz, BBRANCHIETEA
FTRE & W L7z,

< E THRMKINTIL, o-Gal+CMAH-% 7 /VK0-7 &
W2, T D OhybdiBETF 2RI D EN BZERD
T, BEE L UIHSTIRWE—IRET LT, &
DRAT o AT, DFED ., BEEDline B EH L
T a~6al-K07 ¥ DlineZfi>T, CHAHZKOL /=7
G (FTNKO-7 5) OFHEFHRIIRE R DR o7
hybrid@mF A2 BB S, TNEBIET 251
ThH D, ;

—75. BEfEDhomozygous GalT-KOT7 Z\ZHii-72
BIRHY R A G LIl b, AfFATREe s n—
VT EP/ONTZ L H3b, homozygous GalT-KOAH
JZ B TREBRIES SN OV Lo e v
VR T 4 v I EROEEN, HIRELEING
LEZTWA, BHAE, homozygous GalT-K07A>D
heterozygous CMAH-KOEEIEH & COERRIL TS
D, ;

E7HT LVKOJ7 T b % A TEIDCRISPH/CSIER,
TALENiE, 8B\ NIZENVEIL, LARTOFREREAHE £ 15
WZHAT, 2D ASITKOTE DRI R0l L E X
bbb, ZhbDHETHEL DRIZBNTE T/~
KO m—ABEDOIEIZE S Th 5 LT & 7,

I, FZK0EHORET H 5 WV IHEAER
FOfEtE LT, HLA-EDEADNKHIR/Z 1 TR <
w7 a7y — IRt LT, BRCERERERE ST
WBCDATLL EOMISIBhEPSHER C& e, 2 a2, 6-
SIOBEETFEA L~ v 77—V OMIBEEREE
ERITIHITAZ BN I olz, EBIT, HE
SHEURDIAT ) GHEBEFEMRET H—HL LT
WBAIEBERSE X DN L b RERETH D,

BBz, K ai - =R L CIB AR

b, FE., FEFERFOT ¥ COBRERIIT S
B E TIT 2> THEET DT o TUVads, 24F
B CIENFE . BRI X 2 VR aG
BRCRAT 207 b Ligote, BEHRERNL S
TR IRERPHRT, RIIBRNE TR, T
AN HRRRE OB ENEEND, ETHD
lineDEEFIBI LTI, T HIFAEEND DK,
AD3hY | EFEE CETIEEEXD L 1V
TNV 1ERDDD D, Zhb -G48 CHlE
TORIF LFBE o THIGR Do Tods, 9 F LR
L BEFDline N EBITE /- L E XD,

E. f&#

FuV=y O2ERBICSHETY # ITRIZT
A LT DSEF R e o 1o, BAEEITHO
pCHAH (H-DHUR) % in vitroTKO L7277 & DRE RO
HERIIZ, BATEOERTEERRIE, 20
HEBIET D HERETICE bz, —F. BEF
@homézygous GalT-KO7' & DIEF M - A1F A HE
L. & 5ICHEBEMHERERRIZ BV T aGalizik
SHEBRFUR b DH-DHURORREICIT, 7 # CMAH &
fBF-Dgenome DEFILHER L. Ei@h o7z,

MAT, v 877 —IAkt L O RRE T
A L, Fiz /e BEHUR ORZEIz b BN 2 577,
E 7Rl & L TOCRISPR/CSH: b 800 THI AFKOEEIE
SHBDOTETORKOZAEEEZ bNT,

F. ERRfERIER
HRRIZEL

G WIERE

<EIHE>

1. Aki Yamamoto, Kosuke Ikeda, Dandan Wang, Shino
Nakatsu, Yuichi Takama, Takehisa Ueno, Hiroshi
Nagashima, Akihiro Kondo, Masahiro Fukuzawa and
Shuji Miyagawa. Trial using pig cells with the H-D
antigen knocked down.  Surgery Today. 43:782-6,
2013. ; :

2. Akira Maeda, Takehisa Ueno, Shino Nakatsu,
Dandan Wang, Noriaki Usui, Shunsaku Takeishi,



Teru Okitsu, Masafumi Goto, Hiroshi Nagashima,
Shuji Miyagawa. A lectin microarray study of
glycoantigens in neonatal porcine islet-like cell
clusters (NPCC). J Surgical Research. 183:412-8,
2013.- '

* Akira Maeda, Takuji Kawamura, Takehisa Ueno,
Noriaki Usui, Hiroshi Eguchi, Shuji Miyagawa. The
suppressioﬁ of inflammatory macrophage-mediated
cytotoxicity and proinflammatory cytokine -
production by transgenic expression of HLA-E.
Transplant Immunology; 29:76-81,2013.

Shuji Miyagawa, Akira Maeda, Takuji Kawamura,
Takehisa Ueno, Noriaki Usui, Sachiko Kondo,
Shinichi Matsumoto, Teru Okitsu, Masafumi Goto,
Hiroshi Nagashima. A comparison of the main
structures of N-glycans of porcine islets with those
from humans. Glycobiology. 24:25-38,2014.
Akira Maeda, Takuji Kawamura, Dandan Wang,
Takehisa Ueno, Noriaki Usui, Shuji Miyagawa.

*‘Monocytic suppressor cells derived from human

peripheral blood suppress xenogenic immune

reaction. Xenotransplantation. In press. '

Akira Maeda, Takuji Kawamura, Kengo Nakahata,

Takehisa Ueno, Noriaki Usui, Hiroshi Eguchi, Shuji

Miyagawa. Regulation of macrophage-mediated

xenocytotoxicity by overexpression of alpha 2,6-

sialyltransferase in swine endothelial cells. Transplant

Proc. In press.

Matsunari H, Kobayashi T., Watanabe M, Umeyama

K, Nakano K, Kanai T, Matsuda T, Nagaya M, Hara

M, Nakauchi H, Nagashima H: Transgenic pigs with

pancreas specific expression of green :

fluorescent protein. J Reprod Dev. In press.

HaraS, Umeyama K, Yokoo T, Nagashima H,

Nagata M: Diffuse glomerular nodular lesions in

diabetic pigs carrying a dominant- negative mutant

hepatocyte nuclear factor 1-alpha, an inheritant
diabetic gene in humans. PLoS One DOI: 9:¢92219.

DOI: 10.1371/journal.pone: 0092219PONE-D-13-

45932 [pii], 2014.

10.

11.

12.

13.

Wuensch A, Baehr A, Bongoni AK; Kemter E,
Blutke A, Baars W, Haertle S, Zakhartchenko V,
Kurome M, Kessler B, Faber C, Abicht JM, Reichart
B, Wanke R, Schwinzer R, Nagashima H, Rieben R,
Ayares D, WolfE, Klymiuk N:Regulatory
sequences of the porcine THBD gene facilitate
endothelial-specific expression of bioactive human
thrombomodulin in single- and multitransgenic pigs.
Transplantation. 97:138-47, 2014.

Watanabe M, Nakano K, Matsunari H, Matsuda T,
Maehara M, Kanai T, Kobayashi M, Matsumura Y,
Sakai R, Kuramoto M, Hayashida G, Asano Y,
Takayanagi S, Arai Y, Umeyama K, Nagaya M,
Hanazono Y, Nagashima H: Generation of
interleukin-2 receptor gamma gene knockout pigs
from somatic cells genetically modified by zinc
finger nuclease-encoding mRNA. PLOS ONE
8:¢76478. DOL: 10.1371/journal.pone. 0076478
PONE-D-13-27603 [pii], 2013. '
Klymiuk N, Blutke A, Graf'A, Krause S, Burkhardt
K, Wuensch A, Krebs S, Kessler B, Zakhartchenko 'V,
Kurome M, Kemter E, Nagashima H, Schoser B,
Herbach N, Blum H, Wanke R, Aartsma-Rus A,
Thirion C, Lochmuller H, Walter M.C, Wolf E:
Dystrophin-deficient pigs provide new insights into
the hierarchy of physiological derangements of
dystrophic muscle. Hum Mol Genet 22:4368-82,
2013. ‘

Kurome M, Geistlinger L, Kessler B, Zakhartchenko
V, Klymiuk N, Wuensch A, Richter A, Bachr A,
Kraehe K, Burkhardt K, Flisikowski K, Flisikowska T,
Merkl C, Landmann M, Durkovic M, Tschukes A,
Kraner S, Schindelhauer D, Petri T, Kind A,
Nagashima H, Schnieke A, Zimmer R, WolfE:
Factors influencing the efficiency of generating k
genetically engineered pigs by nuclear transfer: multi-
factorial analysis of a large data set. BMC Biotechnol
13:43,2013.

Yamamoto A, Tkeda K, Wang D, Nakatsu S, Takama
Y, Ueno T, Nagashima H, Kondo A, Fukuzawa M,



Miyagawa S: Trial using pig cells with the H-D
antigen knocked down. Surgery Today. 43:782-6,
2013.

14. Arai Y, Ohgane J, Fujishiro S, Nakano K, Matsunari
H, Watanabe M, Umeyama K, Azuma D, Uchida N,
Sakamoto N, Makino T, Yagi S, Shiota K, Hanazono
Y, Nagashima H: DNA methylation profiles provide
a viable index for porcine pluripotent stem cells.
Genesis. 51:763-776,2013.

15. Maehara M, Sato M, Watanabe M, Matsunari H,
Kokubo M, Kanai T, Sato M, Matsumura K, Hyon
SH, Yokoyama M, Mochida J, Nagashima H:
Development of a novel vitrification method for
chondrocyte sheets. BMC Biotechnology. 13:58,
2013.

16. Shigeta T, Hsu HC, Enosawa S, Matsuno N,
Kasahara M, Matsunari H, Umeyama K, Watanabe
M, Nagashima H: Transgenic pig expressing the res
fluorescent protein kusabira-orange as a nobel tool
for preclinical studies on hepatocyte transplantation.
Transplantation Proceedings. 45:1808-1810, 2013.

17. Umeyama K, Honda K, Matsunari H, Nakano K,
Hidaka T, Sekiguchi K, Mochizuki H, Takeuchi Y,
Fujiwara T, Watanabe M, Nagaya M, Nagashima H.
Production of diabetic offspring using cryopreserved
epididymal sperm by in vitro fertilization and
intrafallopian insemination techniques in transgenic
pigs. J Reprod Dev. 59: 599-603, 2013.

1. PEBETF. MO & I, HIEZES, RIBL

A& 8P R - MY — F o T R

ORI & wTREME, FAER 13, 48-51,
2014.

<EE B >

1 RIBLES: WML L UIFOBERT.

In: SHEAEYSF. Edited by RAEFEAYFS
. interzoo; 2013: 278-289.
2. RO LR, RIELRERE: BWEEN COlERS

BE Ind EIOMsEE BAER BELE;
2013: 130-135. ‘i

< ERRER D
Dandan Wang, Akira Maeda, Takuji Kawamura,
Takehisa Ueno, Noriaki Usui, Shinichi Matsumoto,
Teru Okitsu, Masafumi Goto, Hiroshi Nagashima,
Shuji Miyagawa. The main structures of N-glycans
of porcine islets. The 13" Congress of the Asian
Society of Transplantation (CAST) Sep2-6. In
Kyoto
Akira Maeda, Takuji Kawamura, Takehisa Ueno,
Noriaki Usui, Shuji Miyagawa. Regulation of
macrophage-mediated xenocytotoxicity by
overexpression of alpha 2,6-sialyltransferase in
swine endothelial cells. The 13" Co;éress ofthe
Asian Society of Transplantation (CAST). Sep2-6.
InKyoto
Akira Maeda, Takuji Kawamura, Takehisa Ueno,
Noriaki Usui, Shuji Miyagawa. Monocytic
suppressor cells derived from human peripheral
blood suppress xenogenic NK lysis. The 13%
Congress of the Asian Society of Transplantation
(CAST). Sep2-6. InKyoto
Akira Maeda, Takuji Kawamura, Takehisa Ueno,
Noriaki Usui, Hiroshi Eguchi, Shuji Miyagawa.
Poly I:C-activated monocytic suppressor cells
suppress xenogenic cytotoxicity via IDO-
dependent mechanisms. The 12" ‘International
Xenotransplantation Association. Nov10-13. In
Osaka
Akira Maeda, Takuji Kawamura, Takehisa Ueno,
Noriaki Usui, Hiroshi Eguchi, Shuji Miyagawa.
The suppression of inflammatory macrophage-
mediated cytotoxicity and proinflammatory
cytokine production by transgenic expression of
HLA-E. The 2%
Xenotransplantation Association. Nov10-13. In
Osaka
Dandan Wang, Akira Maeda, Takuji Kawamura,

International



10.

11.

Takehisa Ueno, Noriaki Usui, Hiroshi Eguchi, Shuji
Miyagawa. Regulation of macrophage-mediated
xenocytotoxicity by overexpression of alpha 2,6-
sialyltransferase in swine endothelial cells. The 12
International Xenotransplantation Association. Nov
10-13. In Osaka.

Shuji Miyagawa, Akira Maeda, Dandan Wang,
Takuji Kawamura, Takehisa Ueno, Noriaki Usui,
Hiroshi Eguchi, Shinichi Matsumoto, Teru Okitsu,
Masafumi Goto, Hiroshi Nagashima. The adult
porcine islets preparation contained several glycans
that were not detected in human islets. The 12t
International Xenotransplantation Association. Nov
10-13. In Osaka.

Dandan Wang, Akira Maeda, Takuji Kawamura,
Kengo Nakahata, Takehisa Ueno, Noriaki Usui,
Hiroshi Nagashima, Shuji Miyagawa. The structures
of N-glycans of neonatal porcine islet-like cell
clusters. The 12 International Xenotransplantation
Association. Nov10-13. In Osaka.

Nakano K, Matsunari H, Matsuda T, Kanai T,
Hayashida G, Matsumura K; Kobayashi M,
Kuramoto M, Asano Y, Sakai R, Uchikura A, Arai
Y, Watanabe M, Umeyama K, Nagaya M,
Nagashima H: Application of blastocyst
complementation to development of genetically
modified pigs for xenotransplantation. The 121
International Xenotransplantation Association.
Nov10-13. In Osaka.

Matsunari H, Nakano K, Kanai T, Matsuda T,
Maehara M, Watanabe M, Umeyama K, Nagaya M,
Nakauchi H, Nagashima H: In vivo generation of
exogenic pancreas in apancreatic cloned pigs via
blastocyst complementation. The 12 International
Xenotransplantation Association. Nov10-13. In
Osaka.

Sahara H, Nagashima H, Miura K, Waki S, Kawai
A, Nakano K, Matsunari H, Arai Y, Sekijima M,
Tasaki M, Setoyama K, Shimizu A, Date H,
Yamada K: Attenuation of hyperacute dysfunction

12.

13.

14.

15.

and microangiopathy by the treatment of carbon
monoxide in GalT-KO pulmonary
xenotransplantation. The 12% International
Xenotransplantation Association. Nov10-13. In
Osaka.

Waki S, Sahara H, Miura K, Kawai A, Sekijima M,
Nakano K, Matsunari H, Arai Y, Tasaki M, Shimizu
A, Nagashima H, Yamada K: Porcine CMV may be
the causative agent of porcine kidney rejection in
GalT-KO pig to nonhuman primate preclinical
xenotransplantation. The 12% International
Xenotransplantation Association. Nov10-13. In
Osaka.

Uchikura A, Wakayama T, Wakayama S, Matsunari
H, Maehara M, Matsumura Y, Nakano K, Sasaki E,
Okahara J, Tsuchiya H, Nakauchi H, Nagashima H:
Practical application of the hollow fiber vitrification
method for cryopreservation of mammalian
embryos. In: 40th Annual Conference of the
International Embryo Transfer Society: Jan 11-14.
Reno, USA.

Matsunari H, Nakano K, Kanai T, Matsuda T,
Maehara M, Watanabe M, Umeyama K, Nagaya M,
Nakauchi H, Nagashima H: In vivo exogenic organ
generation with organogenesis-disabled cloned pigs
as a platform. In: 40th Annual Conference of the -
International Embryo Transfer Society: Jan 11-14.
Reno, USA.

Kobayashi M, Watanabe M, Matsunari H, Nakano
K, Kanai T, Hayashida G, Matsumura Y, Kuramoto
M, Sakai R, Arai Y, Umeyama K, Watanabe N,
Onodera M, Nagaya M, Nagashima H: Generation
and characterization of transgenic-cloned pigs
expressing the far-red fluorescent protein
monomeric plum. In: 40th Annual Conference of the
International Embryo Transfer Society: Jan 11-14.
Reno, USA.

<JBfRmiE - EbREe>

1. Shuji Miyagawa. The study for the antigenicity in pig



to human xenotransplantation. First Korean
Xenotransplantation Association Symposium. Jun 28.
In Seoul.

2. Nagashima H: Tg pigs- recent progress: Multiple
Tg+GalTKO. In: Joint IXA/JEXSPINE Plenary
Session. The 12" International Xenotransplantatio
n Association. Nov10-13. In Osaka.

<ENFEE

1L BJIEL, aiE R, WFEE, FEEE. b
BFEEA. EIHHEA. FIIEA. W B 'S
EE. R GFUE T & itk R

i (50), NBJHTHS-6H,

2. BUHE R, R $ES. REFEAL EIFEA,
TR E, E)IEL, b MA-EBRETHERER
BUZ LB~ 7 v 77— U E O Mk ER
OfEEt, BABIEFS (49). FUEL H254E9 A 5-
7H,

3. BNEAL, £ FHY. BTER, ILRE, LB
I BB, BEEES, AlE—, RIBHLE
. 7 EER OB HEDOTURIEIZOWT, H
FEMEF R (49). FUER H254F9H5-TH,

4. WERET, RO E %, WFER, PEFFIEA,
REFER, AUESEM, BILEE, EHLUREZ R
BB thZe%h 5 ZMEEDERLIZET 5
5e-1 « AR OEFE~DOFE. In: 8
106[E] A ABIEAEYFRARE: 11-14 Sep 2013;
I,

- WEPEZE, ROR, NHEFAEESE, WA, FHE
fn, RAARSFRE RIBLLERE, KEEE: T 2ICB

ol

T AP B FOTE Y = T ¢ v 7 EIEHEEAT.

In: $5106[E B ASFEAYFER KRS 11-14 Sep
2013; FH,

LR, NHEZSHEE, ARYE, BBEE HiHE
i, RIBLES, KB BRSCIHHEZR
FMstn®DDNAA F/AKIZ L BEERAIE. In: 58
106[E] A ARBEFEAEYF2 RS 11-14 Sep 2013;
H,

. NEFSHESE, BK RARY, BEHEE ¥R
fn, RIBLLEE, KEEH: PRI LIZREh

o

-3

HBETFORIEE. In: E5106[E] B ABIEA
WA RE: 11-14 Sep 2013; FAT,

8. WAL, HK, WHEHESE BEFER FHR

n, RIBLLER, KEEE: 7 #Hnfla, Hnfdad
g R AORETUTIIDNAR F UL L T o F
ZFE— FRNADSBE S 5. In: Z5106[E] H A%
FHAEMFS RS 11-14 Sep 2013; A,

9. FRHEZER, FEEBA, WO &R, HEFFI,

10.

11.

12.

13.

S, IHERER, SR ARIT,
SHIRET, REFER, NARET, FUEEH,
FHER, wlL—K REEH, REHT ¥
W, RIBLLEE: MBOERREE T o
—7Fucci &FET D7 & HHIUZAEIRDE
Hi. In: Z8106[E] A ARIEAYF RS 11-14
Sep 2013; BT,

BREFHER, MROE R, IHERS, NARET,
HEFFORA, AREZER, IMATER, AT, K
FEET, @FFE, MR, R, E
BREA, RIBHERE: DNAA F/ULRAERR X
W 2 b BT e F /A LRERBREAIDS 7 & (54
FRGRAAERR DFEAEREIC RUT 948, In: 26106
[B] B ABIEANF R RS 11-14 Sep 20135 3
o
PATSERR, RURSEM, AMER, MEER &
AR, EFI, RREOE A, RS,
WEREF, REFHER, EBEA, fEL—X R
BEM#, RIBHLEE: UJ7RMURFSN=EH,
R BANSEREIR R R TR T VBIE T
WET 2 OEH. In: $106[E] B AGEIEAYF
&KL 11-14 Sep 2013; B,

Akira Maeda, Takuji Kawamura, Kengo Nakahata,
Takehisa Ueno, Noriaki Usui, Hiroshi Eguchi, Shuji
Miyagawa.Transgenic expression of HLA-E and
CD33 suppresses macrophage-mediated cytotoxicity
and pro-inflammatory cytokine. B A ZFERSFERFFT
£(16), KIE H5E11A108,

Akira Maeda, Takuji Kawamura, Kengo Nakahata,
Takehisa Ueno, Noriaki Usui, Hiroshi Eguchi, Shuji
Miyagawa. Transgenic expression of HLA-E and

CD33 suppresses macrophage-mediated cytotoxicity



14.

15.

16.

17.

18.

19.

and pro-inflammatory cytokine. F A~ EREEAEHTIZE
£(16). KX H254E11H10H,

NERETF, WFTESR, DR, RESR, R
B ERE: FERECL DV ABBLUOT ¥
RO A 5 ZYVEAE. In: H68E A ALTEESES
15-16 Nov 2013; #F,
ST, FEAY, R0LR, FUERA,
BN, Ml—X, EREES, LBEfE, &
BEH, E)IEL RiBLEE: REBHETE
BT DBIETFHET & DIEH~DO N TATER
WooFIA. In: F1E HASGEE TF7 2%
£ 12 Nov 2013; KPR,
WHBEF, FEHFIH, R0 L7, BiHRA,
BESEA, L—X REBESH, E)IAL B
Btk A& BETHRES n—r 7 2B
B NTATERATEFIR LI2BER Ny 7 75
v ROEHL In: $E16[E B ARRFEBAEMFE:
10 Nov 2013; KK,

FARZRE, BN, PENEA, RARROL A,
IHREEZE, HMZER, AANET, SHEH
LngEe, BNEE REEH, RIBLEE:
7 & I3 BmRNA injectioniE A FV zZine
Finger NucleasesiZ L BT/ v 777 b,
In: 5536[E B ALY FAEMFS: 3-6 Dec 2013;
T,

Arai Y, Ohgane J, Fujishiro S, Nakano K, Matsunari
H, Watanabe M, Umeyama K, Azuma D, Uchida N,
Sakamoto N, Makino T, Yagi S, Shiota K, Hanazono
Y, Nagashima H: Evaluation of porcine induced
pluripotent stem cells based on the DNA methylation
profile of mouse embryonic stem cell-specific
hypomethylated loci. In: Z536[8] B ApFAMWES
: 3-6 Dec 2013; ##7,

BN, PEFIRA, ARALOE A, R E RS,
SHEE, IMERE, WNER, SHEET
BANET, MBZER, REFHA, SR,
HEF, #L—K, REES, & 16 KRBk
B Zinc finger nucleaseFSERmRNAIZ L 5
IL2RGEIETF/ v 7 7 U R T ZDEH. In: &
3681 B ARGy FAEMIFE: 3-6 Dec 2013; 1,

20.

21

WO By BEFFHL DHERE, NERET.
ESEEA. HL—K, REEH. 1EE. &
WELL B, BEERIE T 2 BRiF 4 BV 2ot siettAm
PSR R ORA. In: H13E AARFAR
PP 46 Mar 2014; FTHD,

ARZER, EREIEA, MR OE A4, NERT,
ISFPSERR . SRR T, NAIREESE, ITnEA,
ZREE, RIBHLERE. UV FEEMIES— hD
BT AMURAFEOBR © ERLICEIT =% R
HFE-1. In: 58 13 EAABAERZSRS:
4-6 Mar 2014; EUHD,

TR - B

1.

=

BWEL, fER, L0E, RELES BE
BIEOBN, HABHEYS (49). FHL H2o4F
9A5-TH,

RiBtLEE: BETUET S - /u—r Tk
LB b TR = a ) B —FORERA.
In: BAREMERFET =27 T v I HIES v
R A 14 Dec 2013; FHEYE,
RIBLLERE: RS L—va ) —F
WCRTB7a—rT7 48 « BIERFRET ¥ OF
Btk Int E5[EE FNephrology Forum: 26
Nov 2013; BEFT, ‘

RIBLEEK: /-7 %87 Ty b 74—
AETBIFUAL— gAY P—F In:
FORERERIR R EFAEERE: 11 Oct
2013; HAL

RIS AT TR  SRk0EHY)
A In: B5106[0] H AZREA Y T BB
SHEE: 14 Sep 2013; I,

BB B 7 u—r 7 & % BV Eeas
- BAERFRROBUR L FEREBE. In: 5E28EHE
BB +—F At 27 Jul 2013; 85,
RIBHLEE: 7 o—VE0ES: - BFE~D
FUF. In: SEoEIEFEMEHHAHE (MK
FEATEAE) 18 Jun 2013; BT,

FRIBTEHED HIRE « BRI
Rz,



BT BRI R A A ;
LIRS ARIITEESE (T VAV —IREETY) - 1Ot BIEERITTEDE))

- RS

I\ F NTHERE - BEEROBAFEIC & HREPRIR T DILDEBDAKIZEET 8%

oEfEE BIIEL KIRRERFEGRERIER - NEENR #edz

WoEEE

EEH A A ANTHINE - R0z TH D, TREASAAMAATIHEES L L, ZOMEEHEAOBE Tk
BT ZOEREDST, v/ u 77—V L CENRBETFEHH L, £, FiizeEEUEopse
W2 BTz 5T, Bk L UTOCRISPR/CSEAIL T & TORKOIZARh E &2 bz,

o %

KRR TR
FEEEA 950, EIHT ()
WRHES) (). RIS (BFEE)

A HFFEER

BEE, B AT - BEROBRETH D,
ERE S AANTHEE L L. ZOMBEEAE Omix
FHET # OfEHEDHET,

B. BFZEHE

D. BEfFD a-Gal(a1,3 galactosyl transferas
e)-KO7' Ziz, BEIZ#4EH 3 A CMAH (cytidine monop
hosphate-N-acetylneuraminic acid hydroxylase,
H-DHUR) DKOZANZ., & HITHISR EAS o 7o fiEr dhy
bridi#fEFEEAT 3,

ZOM. FREREAT, v/uryr—Y/ HE
#BAa (DC) 2 I T & DFT o F AR TH L &
B2, o Gal & H-DFURLIS O IR UR 2 11
HRERGF 2R D,

O. 72 MERRIXTHE b - wor7r—Y
/DO & BIEEZHIET 5 0F 2 RE LT,

@. 7H¥ &t FDislets OFEFEEEE TN 3
WITHPLCIE R OVE ES3#T (MALDI-TOF-MS) {12 THRSR,

®. CRISPRIEDENS,

CRISPR (Clustered Regularly Interspaced

Short Plidromic Repeats) /Cas (CRISPR
Associated) AT LTOHT ZOMAHEEFDKO
siteBRE LT,

C. fE5%
1). FHRBETFOBRE :

O©. FMMERZEKL Y OHBKEM-CSFHLPS TH
BB~ 7 v 7y — DT & E N AR

(SEC) izt UiV RRiE =I5 R L7278, HLA-E
BEU a2 6-STEETFOEACL Y, SECitv s o
77— VSRS E O ERIC T,

©. 7 #isletsiZid, t MisletslZR b
T LHENZERZ T b, BEFURM & OBhES
BRBERTH D, ‘

®. CRISPRIEDMEL,  FFE L7=CMAH (ex7)
bestPDtarget siteZ N7 F ML THELTH HEN
HIBA LTz,

D. BE

BEfFD1ine Z#E L C a~6al-KO7 & Dline Z4E
2T, CHAHZKO U727 & (¥ 7 VKO-7 4 ) DR
IR E R OFAThybr i dBfEF 2 E RS, £
NEEBHET 5 HEEEZ TS,

i 72K0 B DR T 8 BV NEEARB T ORES
& LT, HLA-EDEADNKHIAIZ I Tl =o a7
7= LT, BRCERMEAIE S T 50047
P EOIHISESHEETE -, £z a2, 6-STOER
FHEAL <7 0T 7 — VO EEE 2 ERICH



HT D2 LB E 0T, SBIT, FEFHRD
FEAT A DI EBRIET A IRE T 5 —5 & LTS

BERISEZ b & bR EIHECH B,

o Galiz ¥k CHEEPUR T H AHDHFURDOBREITIL.

7% CMAH 3B{5F Pknockout® B3z o717,

MAT, w7 87 7= LT R A48
MR L, Hi7- 2R OMEIC S BTz T,
F 2Bk & LTOCRISPR/CSEIL, 4D T & TD

KOlZEZhEE 2 Bz,

F. (R RefahatEeg
BT,

G. HFFE3EF
1. BRSCHEER

@ Aki Yamamoto, Kosuke Ikeda, Dandan Wang, Shino

Nakatsu, Yuichi Takama, Takehisa Ueno, Hiroshi

Nagashima, Akihiro Kondo, Masahiro Fukuzawa and

Shuji Miyagawa. Trial using pig cells with the H-D
antigen knocked down.  Surgery Today..
2013;43:782-6.

@  Akira Maeda, Takehisa Ueno, Shino Nakatsu,
Dandan Wang, Noriaki Usui, Shunsaku Takeishi,
Teru Okitsu, Masafumi Goto, Hiroshi Nagashima,
Shuji Miyagawa. A lectin microarray study of
glycoantigens in neonatal pofcine islet-like cell
clusters (NPCC). J Surgical Research. 183:412-8,
2013.

@ Akira Maeda, Takuji Kawamura, Takehisa Uerno,

Noriaki Usui, Hiroshi Eguchi, Shuji Miyagawa. The

suppression of inflammatory macrophage-mediated

cytotoxicity and proinflammatory cytokine
production by transgenic expression of HLA-E.
Transplant Immunology. 29:76-81, 2013

@ Shuji Miyagawa, Akira Maeda, Takuji Kawamura,
Takehisa Ueho, Noriaki Usui, Sachiko Kondo,
Shinichi Matsumoto, Teru Okitsu, Masafumi Goto,
Hiroshi Nagashima. A comparison of the main

10

structures of N-glycans of porcine islets with those
from humans. Glycobiology. 2014, 24, 25-38.
Akira Maeda, Takuji Kawamura, Dandan Wang,

* Takehisa Ueno, Noriaki Usui, Shuji Miyagawa.

Monocytic suppressor cells derived from human

peripheral blood suppress xenogenic immune
reaction. Xenotransplantation. in press. ‘
Akira Maeda, Takuji Kawamura, Kengo Nakahata,
Takehisa Uéno, Noriaki Usui, Hiroshi Eguchi, Shuji
Miyagawa. Regulation of macrophage-mediated
xenocytotoxicity by overexpression of alpha 2,6-
sialyltransferase in swine endothelial cells. Transplant

Proc. In press

FRER
O EIEAL #E R AEE. PEES. b

BPEEA. FUESEA. GUIEA. S B BB
HEE RASERRETUET . ik R
Yo (50), HEJITH5-6H

ATE - 5&. AT $RSE, LEFERA. FIFREIRA.
IR . B)IAL, b FHA-E@&EFIRHRE
BT LD~ v 7y — s E ORIz R
DIRES, RABHEFES (49). 7R H254E9 H5-
7H

BIEAL, £ MR ATER. ITRE, LH5
A BEHEE REEESL, RE— RIBLE
B 7 X B ORI REOTURMEZ ST
=)IEL, giER. TOE, RELEE
BAEDIRIL

Akira Maeda, Takuji Kawamura, Kengo
Nakahata, Takehisa Ueno, Noriaki Usui,
Hiroshi Eguchi, Shuji Miyagawa. Transgenic
expression of HLA-E and CD33 suppresses
macrophage—mediated cytotoxicity and pro—
inflammatory cytokine. BZAREFERIEITS
(16). KB H254F11H10H

SOFEERET-. FEFNEE, RAERONE A, FFHEFN.
ESHA. fHL—K, REEM. )AL
WELL 2, BEFHRES o—r 7 2B
B NTAFERAT 2 AR LIoRER Ny 7 75 D



v ROFH, BARREBERER (16), KK
H254E11H 10H

Akira Maeda, Takuji Kawamura, Kengo
Nakahata, Takehisa Ueno, Noriaki Usui,
Hiroshi Eguchi, Shuji Miyagawa. Transgenic
expression of HLA-E and CD33 suppresses
macrophage-mediated cytotoxicity and pro—
inflammatory cytokine. H7ZABIEBAEIIIEE
(16). KBX H254E11A10H

SHEERET, PEFANBA, ARAKON& A FEHERT

WA, HEL—k, EEES, LEfE, B
BEM, EIEL, BIBLES, REHEC

B BRETYIET & OVEHA~D N TAFH;
ORI, BAGEETST 2B 1), X
Pk 11H12H

FaRR (ERER)
Shuji Miyagawa. The study for the antigenicity in pig
to human xenotransplantation. First Korean
Xenotransplantation Association Symposium
2013.Jun 28. In Seoul.
Dandan Wang, Akira Maeda, Takuji Kawamura,
Takehisa Ueno, Noriaki Usui, Shinichi Matsumoto,
Teru Okitsu, Masafumi Goto, Hiroshi Nagashima,
Shuji Miyagawa. The main structures of N-glycans
of porcine islets. The 13" Congress of the Asian
Society of Transplantation (CAST)Sep2-6,In Kyoto
Akira Maeda, Takuji Kawamura, Takehisa Ueno,
Noriaki Usui, Shuji Miyagawa. Regulation of
macrophage-mediated xenocytotoxicity by
overexpression of alpha 2,6-sialyltransferase in swine
endothelial cells. The 13" Congress of the Asian
Society of Transplantation (CAST)Sep2-6,In Kyoto

@ Akira Maeda, Takuji Kawamura, Takehisa Ueno,

Noriaki Usui,

suppressor cells derived from human peripheral

Shuji Miyagawa. Monocytic
blood suppress xenogenic NK lysis. The 13"
Congress of the Asian Society of Transplantation

(CAST)Sep2-6,In Kyoto

® Akira Maeda, Takuji Kawamura, Takehisa Ueno,

11

®

Noriaki Usui, Hiroshi Eguchi, Shuji Miyagawa.
Poly I:C-activated monocytic suplgressor cells
suppress xenogenic cytotoxicity via IDO-
dependent mechanisms. The 12% International
Xenotransplantation Association.Nov 10-13 in
Osaka

Akira Maeda, Takuji Kawamura, Takehisa Ueno,
Noriaki Usui, Hiroshi Eguchi, Shuji Miyagawa.
The suppression of inflammatory macrophage-
mediated cytotoxicity and proinflammatory
cytokine production by transgenic expression of
HLA-E. The 12t
Xenotransplantation Association.Nov 10-13 in
Osaka

Dandan Wang, Akira Maeda, Takuji Kawamura,

Takehisa Ueno, Noriaki Usui, Hiroshi Eguchi, Shuji

International

Miyagawa. Regulation of macrophage-mediated
xenocytotoxicity by overexpression of alpha 2,6-
sialyltransferase in swine endothelial cells. The 12
International Xenotransplantation Association.Nov
10-13 in Osaka

Shuji Miyagawa, Akira Maeda, Dandan Wang,
Takuji Kawamura, Takehisa Ueno, Noriaki Usui,
Hiroshi Eguchi, Shinichi Matsumoto, Teru Okitsu,
Masafumi Goto, Hiroshi Nagashima. The adult
porcine islets preparation contained several glycans
that were not detected in human islets. The 12
International Xenotransplantation Association.Nov
10-13 in Osaka ‘

Dandan Wang, Akira Maeda, Takuji Kawamura,
Kengo Nakahata, Takehisa Ueno, Noriaki Usui,
Hiroshi Nagashima, Shuji Miyagawa. The structures
of N-glycans of neonatal porcine islet-like cell
clusters. The 12% International Xenotransplantation
Association.Nov 10-13 in Osaka.

FIRIFTAHED HRE - BRI
KR



FAEFBHLHELENE GRS IIRAERE)
SHERFREEE  RIBLES
BIZFHRET Z OEHICET 58F50

WESEE RIBHRES WIERFRFMEGRABEETAEE %

WFEEEE : BEfF D al,3-galactosyltransferase gene knockout (GalT-KO) 7' & ~A A5
ENLTHLVWVEEHNEROEAZITW, LVEME/I vc—=v 7@ L
homozygous GalT-KO i % sz L7z, B L7zfilanffiigs o—=r 712k o T,
GalT-KO £FEFNF/B LN D Z LRI,

I HiZ, 7/ AREHINTE H T, Hanganutziu-Deicher (H-D)HURD &AL % & 5
cytidine monophosphate-N-acetylneuraminic acid hydroxylase (CMAH)&=+% /
JT T RNTAI LI LT, BEIIZ, GalT/CMAH-# 7 /L homozygous KO O&/&

—

EEEZR>, MO E S iz,

A. BIERHEY

BEFF® al,3-galactosyltransferase gene
knockout (GalT-KO)”7 # #~X—X & LT,
X VEiR s v—= 2 U A A A
MTBHTEEARNE L, E5IZ, GalT-KO
MBI xF L T . Hanganutziu-Deicher
HD) K o & Kk % 7 2
monophosphate-N-acetylneuraminic acid
hydroxylase (CMAH)&EET/ v 77V b
ZBMTDZ Lz, F2OEME LI,

cytidine

B. BHHIE
1. EEHE &% B #H L 72 homozygous
GalT-KO gDz & 7 n— EFDOE
H

M homozygous GalT-KO 7 u—>7
% (DK3-9 R)&BAEMMT &7 LR/ L,
hetefozygous GalT-KO 7 # ¥ 7-\Z/EH
Lz, ZHiCE-T, il m—=>7
WA EEATENICHERF S TE R
GalT-KO 7% ORI, AR 2/ LT
FLOVWBCHEROEALZIT T2, Hbi
7= heterozygous GalT-KO s BEfF D

homozygous GalT-KO KEfE{E (DK3-1 %)
DHEFTAIHICEZR I ERFEERL, 2
ORAF LV B SL U 72 Bk ZE R
(DK3-1neo) & AV T, Iz L5
7 a—AEEERHEIT 272,

2. WD GalT/CMAH-4 7 /v KO #ila i

I

D homozygous GalT-KO 7 m—>7
% (DK3-9)iffifia % xt5iz, CMAH &5+
AHER) & 75 Zine finger nuclease (ZFN)
mRNA # E A L7, B b h Kk
heterozygous CMAH-KO #llfied 2 (&%
BRICHAWT, 77—V EFOEREIT-
7z, homozygous CMAH-KO #iia DR 3LD
e, ZO/LNTT m— AT HERIME
FHAE (heterozygous CMAH-KO) ~FHE
ZFN mRNA #EA L7z,

3. HED GalT/CMAH-# 7' /v KO fijaniE

2

BEYE =% EH L 72 homozygous
GalT-KO g (DK3-1neo) % H VT,

N

-12-




JE A S BRI B e (HEA MR R IR e H )

Sy RIS

CMAH #EisT%1ER) & T 5 Transcription
activator-like effector nuclease (TALEN)
mRNA DEA éfﬁo 72

C. fE%
1. {5 7 & % B L 7= homozygous
GalTKO MMM & 7 o — > FEfF D fE
i ; ,
by % B # L 72 homozygous
GalT-KO #f2 (DK3-1neo)?>b 4 FHD 7 &
— VEFEBTL, DN 3 BHITERET O
T, HiEH 2 B E TIZRBHRRUCHE L7,
5 1EITHIAS 33 B E CAFELRER L
. BEHRBUCHE LTz, -

Hi B
B A

2. D GalT/CMAH-# 7 /v KO #lilan

N

5|
~F

#r 7= I B sz L 7= homozygous
GalT-KO/heterozygous CMAH-KO #fifan»
b, ATO s m— VB R, 4THO 1
B Ch o7, 3 BITED D VIT
EREFR Th o7, HAEH 2 RICESEGE
BT o — A EEE D72 DR
BRWEEE L, ZOMIa~FE ZFN
mRNA 28 AT 5 Z &2 kv,
homozygous GalT-KO/homozygous
CMAH-KO ®# 7/ KO il %, SfKeic
2 FAVMELE, Zhick DD
GalT/CMAH-% 7 /v KO #lla N #15 S iz,

3. #D GalT/CMAH-# 7 /v KO #lilg i

IR

=R
G

EiEH N HEF X472 homozygous

i .
=

13

R &

GalT-KO #i gz  (DK3-1neo) IZ 3t 7 5
TALEN mRNA (2 L A BRFHEEITo T2
558, homozygous GalT-KO/homozygous
CMAH-KO &7 v KO #ifan, Bi&rz
2 FA VI EShe, Zhick VD
GalT/CMAH-# 7 /v KO M4 B8 S e,

D. B% ;

BEAE®D homozygous GalT-KO 7 ZIZHr

T R B ARAE B A A LT ARl &, AETF
AR/ n— T A NELNE I LG,
homozygous GalT-KO HIfEIZ 8\ THE kR
AENTWEERILOEBRL Y = 3T
4y VEROEBR, boREKESNE
tEZLND,
ZEN % TALEN % V=4 MRt BE
GOEEBET/ v T U NTHE (Thbb
GalT-KO) W 7=RBEF/ v 27T U b
(T72bH CMAH-KO) #%BMT 57291
B ThH-Tz,

BAatEEBERIERRIZE T
al,3-galactose epitope IZIRSEETH D
H-D FURDOBREIC ORI LIzZ LT, 4%
DOHFZEEOHERBRNCHIF SN B, AR
T, 7 AmMEEIFER VT, MEED
GalT/CMAH-# 7 /v KO 44z S ho iz
DT, BTN S O RS
i U AR OB R EE A A LT
EMEINERBODINERD D, D
REEDS BAF ThIE, 2h b % B
Jar a—=r712 k> 7T, Gall/CMAH-%
7'/ homozygous KO E{EDIEH L. +4
AETHD LEILLND,



ARSI S HEe (AR BT R
SETEHEE RIBLES

E. @

BETF® homozygous GalT-KO 7 # % &
PEETEDY A 7 WVIZHBAND Z LT,
EOEFM - EFEEHELEL, 7/ A
WEBINOFIIZ LY, BEFEOEIETF/ »
IT Y NTE~DOFI BT/ v TV
FOEIMZ, T ERNRDRTITVE
%o

F. REpfaEiFd
AWFFET K D RAEFRIT 2127,

G. WX
<JFEE RS>
1. Matsunari H, Kobayashi T.,

Watanabe M, Umeyama K, Nakano K,

Kanai T, Matsuda T, Nagaya M, Hara
M, Nakauchi H, Nagashima H:
Transgenic pigs with pancreas
specific expression of green
fluorescent protein. J Reprod Dev
60:in press. 2014.

2. Hara S, Umeyama K, Yokoo T,
Nagashima H, Nagata M: Diffuse
glomerular nodular lesions in diabetic
pigs carrying a dominant- negative
mutant hepatocyte nuclear factor
1-alpha, an inheritant diabetic gene
in humans. PLoS One DOI: 9:¢92219.
DOI: 10.1371/journal.pone.
0092219PONE-D-13-45932 [piil,
2014.

14

3. Wuensch A, Baehr A, Bongoni AK,
Kemter E, Blutke A, Baars W,
Haertle S, Zakhartchenko V, Kurome
M, Kessler B, Faber C, Abicht JM,
Reichart B, Wanke R, Schwinzer R,_
Nagashima H, Rieben R, Ayares D,
Wolf E, Klymiuk N: Regulatory
sequences of the porcine THBD gene
facilitate endothelial-specific
expression of bioactive human
thrombomodulin in single- and
multitransgenic pigs.
Transplantation ,DOI:
10.1097/TP.0b013e3182a95cbc, 2013.

4. Watanabe M, Nakano K, Matsunari

H, Matsuda T, Maehara M, Kanai T,
Kobayashi M, Matsumura Y, Sakai R,
Kuramoto M, Hayashida G, -Asano Y,
Takayanagi S, Arai Y, Umeyama K,
Nagaya M, Hanazono Y, Nagashima
H: Generation of interleukin-2
receptor gamma gene knockout pigs
from somatic cells genetically
modified by zinc finger
nuclease-encoding mRNA. PLOS
ONE 8:e76478. DOI:
10.1371/journal.pone. 0076478
PONE-D-13-27603 [piil, 2013.

5. Klymiuk N, Blutke A, Graf A, Krause
S, Burkhardt K, Wuensch A, Krebs S,
Kessler B, Zakhartchenko V, Kurome
M, Kemter E, Nagashima H, Schoser
B, Herbach N, Blum H, Wanke R,



A SRR RS (AR EE TR EE)
Sy IR TR &

Aartsma-Rus A, Thirion C,
Lochmuller H, Walter M.C, Wolf E:
‘Dystrophin-deficient pigs provide new
insights into the hierarchy of
physiological derangements of
dystrophic muscle. Hum Mol Genet
22:4368-82, 2013

.- Kurome M, Geistlinger L, Kessler B,

Zakhartchenko V, Klymiuk N,
Wuensch A, Richter A, Baehr A,
Kraehe K, Burkhardt K, Flisikowski
K, Flisikowska T, Merkl C,
Landmann M, Durkovic M, Tschukes
A, Kraner S, Schindelhauer D, Petri T,
Kind A, Nagashima H, Schnieke A,
Zimmer R, Wolf E: Factors
influencing the efficiency of

- generating genetically engineered
pigs by nuclear transfer: -

- multi-factorial analysis of a large
data set. BMC Biotechnol 13:43. DOI:
1472-6750-13-43 [piil,
10.1186/1472-6750-13-43, 2013

. Yamamoto A, [keda K, Wang D,

Nakatsu S, Takama'¥, Ueno T,
Nagashima H, Kondo A, Fukuzawa M,
Miyagawa S: Trial using pig cells with
thek H-D antigen knocked down. Surg
Today 43:782-6. DOI:
10.1007/s00595-012-0274-%, 2013

. AraiY, Ohgane J, Fujishiro S,

Nakano K, Matsﬁnari'H, Watanabe
M, Umeyama K, Azuma D, Uchida N,

15

10.

RIgH &2

Sakamoto N, Makino T, Yagi S,

Shiota K, Hanazono Y, Nagashima H:

DNA methylation profiles provide a

- viable index for porcine pluripotent

stem cells. Genesis, 51(11):763-776,

2013.
9. Maehara M, Sato M, Watanabe M,
Matsunari H, Kokubo M, Kanai T,
Sato M, Matsumura K, Hyon SH,
Yokoyama M, Mochida J, Nagashima
H: Development of a novel
vitrification method for chondrocyte
sheets. BMC Biotechnology , 13:58,
2013. k
Maeda A, Ueno T, Nakatsu S, Wang
DD, Usui N, Takeishi S, Okitsu T,
Goto M, Nagashima H, Miyagawa S:
A lectin microarray study of
glycoantigens in neonatal porcine
islet-like cell clusters. Journal of
Surgical Research ,
183(1):412-418,DOT
10.1016/5.3ss.2012.12.037; 2013.
11. Shigeta T, Hsu HC, Enosawa S,
Matsuno N, Kasahara M, Matsunari
H, Umeyama K, Watanabe M,
Nagashima H: Transgenic pig
expressing the res fluorescent protein
kusabira-orange as a nobel tool for
preclinical studies on hepatocyte
transplantation. Transplantation
Proceedings, 45:1808-1810, 2013. -
12. Umeyama K, Honda K, Matsunari H,



BAEFBHREMEEMNE (EREREE TR ERE)
SRR EE RiEBLas

Nakano K, Hidaka T, Sekiguchi K,
Mochizuki H, Takeuchi Y, Fujiwara T,
Watanabe M, Nagaya M, Nagashima
H. Production of diabetic offspring
using cryopreserved epididymal
sperm by in vitro fertilization and
intrafallopian insemination
techniques in transgenic pigs. J

Reprod Dev 59(6): 599-603, 2013.

<faEn>

1.

NESEF. RO & &, BIRES. &
WS b 5 O - MK - MifR S — RO
7 AERAFOBUR & FTHEME, BAERER
13, 48-51, 2014

<FEE (FF) >

1.

RIEL 575 WHABWIRE JUYR-F0
BERAT. Int BIHAY . Edited by
H ARZTEA Y 4 interzoo; 2013:
278-289.

MEOE &, BB BE: B EERN
TONGESFEA. Int BT L BARE
#e. FEILE; 20130 130-135.

<HBFEE - ERTER>

1.

Nagashima H: Tg pigs- recent
progress: Multiple Tg+GalTKO. In:
Joint IXA/JEXSPINE Plenary
Session: 13 Nov 2013; Osaka.

<PBRERIE - B>

1.

BB ER: BETFHRET Y - 70—

16

YIZEREB T A= aTNY
P —FOREM. In' FAEFEBRET =
27 N7 IHIES VRV T A 14
Dec 2013; {FEE.
EIELEEK: N TR L—v gty
P—FIZBI B a1 T F - EET
WA T Z OEEEME. In FHEIERE
Nephrology Forum: 26 Nov 2013; &
.

EREEK: sa—r74%75 v b
TA—LETDINT A L—Ta T
Y —F. In: HIRERERKFRT
BeRRIEESS: 11 Oct 2013; T,
BB B AT TR < Rk
DEMARE. In: 51068 B B Y
TR /ABGEIE: 14 Sep 2013; H.
RIBH E&: 7 v—2 7 & & VT2l
PN - HAMROIUR L kB,
In: B28EHEBBIET +—F 5127
Jul 2013; & 5.

RIBLEE: 70— VEOESE - E
FA~OFF. In: FHHEIEZELEF R
B (BEMOKPES £4#) © 18 Jun 2013;

A

<>

1.

2N

Uchikura A, Wakayama T,
Wakayama S, Matsunari H,
Maehara M, Matsumura Y, Nakano
K, Sasaki E, Okahara J, Tsuchiya H,
Nakauchi H, Nagashima H: Practical
application of the hollow fiber

vitrification method for



FAEZBRFEHAEHDE EAMRBE TR IEHE)

cryopreservation of mammalian
embryos. In: 40th Annual Conference
of the International Embryo Transfer
Society: 11-14 Jan 2014; Reno, USA.
Matsunari H, Nakano K, Kanai T,
Matsuda T, Maehara M, Watanabe
M, Umeyama K, Nagaya M,
Nakauchi H, Nagashima H: In vivo
exogenic organ generation with
organogenesis-disabled cloned pigs
as a platform. In: 40th Annual
Conference of the International
Embryo Transfer Society: 11-14 Jan
2014; Reno, USA.

Kobayashi M, Watanabe M,
Matsunari H, Nakano K, Kanai T,
Hayashida G, Matsumura Y,
Kuramoto M, Sakai R, Arai VY,
Umeyama K, Watanabe N, Onodera
M, Nagaya M, Nagashima H:
Generation and characterization of
transgenic-cloned pigs expressing the
far-red fluorescent protein
monomeric plum. In: 40th Annual
Conference of the International
Embryo Transfer Society: 11-14 Jan
2014; Reno, USA.

Nakano K, Matsunari H, Matsuda T,
Kanai T, Hayashida G, Matsumura
K, Kobayashi M, Kuramoto M, Asano
Y, Sakai R, Uchikura A, Arai'y,
Watanabe M, Umeyama K, Nagaya
M, Nagashima H: Application of

Sy RS &

17

RUBL &

blastocyst complementation to
development of genetically modified
pigs for xenotransplantation. In:
12th Congress of International
Xenotransplantation Association
(IXA): 10-13 Nov 2013; Osaka.
Matsunari H, Nakano K, Kanai T,
Matsuda T, Maehara M, Watanabe
M, Umeyama K, Nagaya M,
Nakauchi‘H, Nagashima H: In vivo
generation of exogenic pancreas in
apancreatic cloned pigs via
blastocyst complementation. In: 12th
Congress of International
Xenotransplantation Association
(IXA): 10-13 Nov 2013; Osaka.
Sahara H, Nagashima H, Miura K,
Waki S, Kawai A, Nakano K,
Matsunari H, Arai Y, Sekijima M,
Tasaki M, Setoyama K, Shimizu A,
Date H, Yamada K: Attenuation of
hyperacute dysfunction and
microangiopathy by the treatment of
carbon monoxide in GalT-KO
pulmonary xenotransplantation. In:
12th Congress of International
Xenotransplantation Association
(IXA): 10-13 Nov 2013; Osaka.

Waki S, Sahara H, Miura K, Kawai A,
Sekijima M, Nakano K, Matsunari H,
Ara1 Y, Tasaki M, Shimizu A,
Nagashima H, Yamada K: Porcine
CMYV may be the causative agent of



FAEFBHPEMERME (ERIEREE TR EEE)

SRR

porcine kidney rejection in GalT-KO
pig to nonhuman primate preclinical
xenotransplantation. In: 12th
Congress of International
Xenotransplantation Association

(IXA): 10-13 Nov 2013; Osaka.

<EPEL>

1.

RO & B B ER, RERR,
NERETF. ESEA. BL—K, BE
B, PREL. RIBL A, BElEX
BT & B & R T4 St A H S
MR D7, In: 85 13[E B ABARE
FFESHE: 4-6 Mar 2014; 3LED.
AREMR, EEREAN, RO EH, K
BT, frEsE BOHEEET DA
TREEE. AT, ZREK, RIBKLS
& VX WEME— FoNT T X
RIFIEDORSE - ERICHITZHRE
WFoE-1. In 3 13 Bl H ABEERES
4z 4-6 Mar 2014; FUAR.

FAHZRES, BEBIEA, TEH, K
O &7, IMRERZR, HREZER, BA
PoF, @FEE, 1LaEe, TR,
ERER, RIBHLER: 77INIRT
A mRNA injectioni® % FV 7= Zinc
Finger Nucleases\Z X A #InF ./ v 7
7 U b.In: B36HE B AS FAEMFES:
3-6 Dec 2013; 7.

Arai Y, Ohgane J, Fujishiro S,
Nakano K, Matsunari H, Watanabe
M, Umeyama K, Azuma D, Uchida N,
Sakamoto N, Makino T, Yagi S,

&

18

R A8

Shiota K, Hanazono Y, Nagashima
H: Evaluation of porcine induced
pluripotent stem cells based on the
DNA methylation profile of mouse
embryonic stem cell-specific
hypomethylated loci. In: 55365 H A<
Sy FHEMEE4S: 3-6 Dec 2013; HH7

5. MESBEA, hEMHA, RO LS, 2

HZREE, @HEE, I RERRE, B
=R, WHEEF, BAYTF, WHEE
K, ®EEHR, sk, HiHRM, iE
h—x, REEM, & 15 RRtbEE:
Zinc finger nuclease R HFmRNAIZ X
ZIL2RGEETF / v 7 T U b7 # OfE
H. In: 5536[H A A FAWF S 3-6
Dec 2013; /7.

6. WELET, MfTEs, PEME, &

HH|, RIB AR RERECLD~
U ARE LT Z RO T T ZRFF.
In: 558[E] A AAFHIE F 2 F N
£+ %1 15-16 Nov 2013; #F.

7. RHEEF, DERE, R0 &R,

FrERR, EREA, fEU—K, ER

FMu, WEE, REEMH, EIEL,

IR A& RAEBENZEICRT 58
BFUET & OEHA~O N T ARSI
OFIF. In: FE1E A ASGEE THET
#FFE<: 12 Nov 2013; K.

8. RHBETF, PEAA, RO & A,

R, KA, mlL—X, BE
B, BIEL, RBLES: BT
BB n— 7 ZRRIZBIT D ANTAE
FEEIT &R LicBisi Ny 7 77y



