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ABSTRACT

Pigs have been extensively used as mediators of xenotransplantation research. Specifically, the Massachusetts General
Hospital (MGH) miniature pig was developed to fix major histocompatibility antigens for use in xenotransplantation
studies. We generated transgenic pigs for xenotransplantation using MGH pigs. However, it has not been studied yet
whether these pigs show similarity of reproductive physiological characteristics to wild types of MGH miniature pig.
In this study we analyzed the estrous cycles and pregnancy characteristics of wild type (WT) and transgenic MGH
miniature pigs, which were al,3-galactosyltransferase (GalT) heterozygous and homozygous knock-out, and membrane
cofactor protein (MCP) inserted in its locus, GalT™™" and GalT™"™M* pigs. Estrous cycles of WT, GalTM
GalT™MeP™er pigs were 20.9+0.74, 20.1+1.26, and 17.3+0.87 days, respectively, and periods of estrous were 3.2+0.10,
3.1+0.12, and 3.1+£0.11 days. The periods of gestation of WT, GalT™" and GalT™MPMCP pigs were 114.2+0.37,
113.340.67, and 115.4+0.51 days, respectively. Litter sizes of WT, GalT™™" and GalT™MP™MP pigs were 4.8+0.35,
4.8£1.11 and 3.0+0.32 respectively. There were no significant differences on estrous cycle, periods of estrous and

and

gestation, and litter size among WT, GalT ™" and GalT™"™" pigs, meaning that GalT knock-out and additional
expression MCP of the MGH miniature pig did not effect on reproduction traits. These results provide relevant information
to establish breeding system for MGH transgenic pig, and for propagation of GalTMEPMCP pig to supply for
xenotransplantation research.
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M2 Histocompatibility Complex Antigen) -7 <}

IG5 A =8

=
=
AE A 5 I g7leld Aol 232 FHoR AEEHL

0]F747] o2 AFE 3l Al S F Ao R FAbe
A 7F FA o] thido]l E A M, 2001), H2odlE A7 =
o QA et v AF R A7IE 7HR] MU= A7 539
7+ A71E A 7hs/do] B2 TEE #Alol
A=A ATHHEF 5, 2009). I 5 Massachusetts General Hospital
(MGH) "Y= A= F22) 438 (Minor Histocompatibility

5
[¢]
Antigen)®] HE4S T3k 9, F2322 889 (Major

2= ol

o
=
o‘l TR
z

+ Correspondence: Keon Bong Oh
Phone: +82-63-238-7254
E-mail: keonoh@korea.kr

(Lunney 2} Sachs, 1978; Pennington %, 1981; Raimon 5, 2015),
MGH PIU=RE o]F0]4] Ao 88 49 Aok nEFZE
2o} DNAZRRE] A== 7 3ol &g 7iAIZE xfe]& HelA]
%= Zlolgtal Ei ¥ Utk Hanekamp &, 2009).

MGH PIUsHAIE td o g F7dwel oldshd TAske 2w
A AFHES 2] 29 galactose alpha-1,3-galactose 3F(Gal)
< A= KA alpha-1,3-galactosytransferase (GalT)<]



166 Soo-Jeong Ji, Gunsup Lee, Sang Hyoun Park, Kyung Woon Kim, Sung-June Byun, Sun A Ock, Seongsoo Hwang, Jea-Seok Woo and Keon Bong Oh

71%°] E&A3Kknock-out, KO)YE FHAZE =7} Ak
(Kolber-Simonds &, 2004) =313, ©] S]] A4S vt dwo]
o o]4gt F WElRAE Bl 25 AR AAHAA T,
Gal ©]9]9] &l &3k 7AFRkgo] WA sh= AR FA 35
TR F7HE A NS A st ]
2457 9 tKShimizu %, 2008).

2 AFHAANE MGH iAo A 28] 2w gt Alael] B
A 2278 T o] 319l membrane cofactor protein (MCP) &
A W E GalT F47 &9lo] Edste] 3] Xshkygos 3
ARG HAE NLBATHL 5, 2013; Ko 5, 2013). TLEd],
o]A|7kA] MGH U= A& o]Fo] el o)k AFuk-g-5 Ao
sh7] 913 A E9E FEAS RS st
o o]2gte= AT fokoll JFE o] gy, AAE N

2]
o

ofrl
o
ofX
L
>
rO
-
2

g olFolHol &&sr] S8l dFHor de %
AE FAISE o4 ARl BEo] F2 HAE A
at7] gk M 54 3 AR Ao v Aol o
o] Ao A Ock 5(2014)el ]3] MGH H|U o]F0]4] &
A8 A 9] JA7NZE B AR ol vigk AdE Barst
, MGH 7|4 ks ok gad7det sh=) o] 24 Ao E
WA el F7F A7F o Aol

& Aol A= MGH vy dREsi 2] 9F GalT 32kl MCP
A7 oY R TIHY IHE =9E dEAS

o dlo off A off o

o EE

"
A Wy B4, QA717, AR S 8 A (sex ratio) 4]
2 o 29U FAA W el FF MALAS ¥
NS, I A AR Sl FHRT FAAD AT
WAHOE A G RelFAAW, WA Pel A SN
FAHQ AN Fol/t gtk ARE B o 2
e olFol ATE s AFHE MGH vlY] 3248 5
Ao AF 24T ARHA FHel 8D ol

A7l AR FE2 FTHSAATGLAA ARSFR
17-687H 4% ] MGH PIUsiA] 5 18572 A=A E AL

o YWk A(Wild Type, WT) 9%F, GalT 3z 2ol
MCP 2 E]7F Y8 o]FHG FAAL GaT™ " =jA)
4%, E8R% FAAF GaTV "M 552 B Ao FA
sk FAAS A= GaTV? A7 w2 kg 2
£=9] 47 AE polymerase chain reaction (PCR) WHOZ
A F GalT™™" HA 9} GaT™ MY A= Adeigi o
g Slal H@A ] mels dF dHste] 2183 §9(50mM

KCl, 10nM Tris-HCl [pHS8.3], 2mM MgCl, 0.45% NP-40,

0.5% Tween 20 and 100mg/mL of proteinase K) 2.2 55Tl A
2AI7F B9 230 A g3l F genomic DNAE F%34 PCR
24 Ao AMgstach FAAS ARE 137 $8k
141F (5°-AATGGTGGAGAGTAGCTGGGAATGTTACAG-3)%}
138R (5-TTATAG AGAAACAAGAGTCCTAATTGACTTGT-3’)
£ A3l tHFig. 1A). FAAE SEA1717] 918 &4+ HS
Prime Taq DNA polymerase (Genet Bio, korea)S AH83}512
o PCR 272 94Tl A 24, 94Tl A 30=, 627TCollA 30%,
72°ColA 587 40cycle, 72Tl A 1087 33tk %
H PCR AHE2 71955 AAISH 2.3 kb A7]llA] Tl
=k g9le] =™ Wild, 2.3 kb9 5.7 kb F 7] =S e}
W GalT M 2248 siA ety Aaallon], 57 kb =
714 @ w=nk gelo] Hw GalTV ™M A Ag =

A Wl 5 28U A o 35-409 4 &
J(Geatational Sac)©] =™ JAISE Ao 7 FHs)

A 204740l wrte] frAE=

fitl
™
Ko
o
ok
&
i
>,

N
B
lle}
jﬂ,
it
5]
rO

3. SAAE]
Zt g F719] dojoh 2 F719] 7442 MeantSEM S

2 AEstgon 4 2§98 wYF/) @ /10 s 99

A=t

H o] WRFT| o} A&7 B AL WY AE
dotatel Wil H718 ARt WA BEe BY & Yk
S e e el shfolt Heol, o Fe) 4 Aol BE

Y

oR &

Aol 277k o9k HEo] MGH vy AAe] W4 5
A3k Anrsi A oke] ZFold 2 MGH Plush Al =fe #4
<l 2 4

)
Aol g WA B GF RHE EFHHOZ o) Fo)y
| fleke] #Aj0] BeF =olth

T-ollX MGH GalT #7312} 2ol MCP & # g7}t



Reproductive Characteristic of Transgenic Massachusetts General Hospital Miniature Pigs for Xenotransplantation 167

A
. . Exon9 .
: 5.0kb i 3.4kb : 2.0kb |
: I MCP cassette b : "l’lz;rglefed
i Leftarm . ; o AR
i ; ; 22kb i
]3 P 57kb € 2,
Exon8 | aF L | -
B

ci C2 WwWT

Ga lT—}'[CPJ‘+

Ga lT—N[C]’f -MCP

Fig. 1. Confirmation of the transgenic pig targeted to GalT gene of MCP expression cassette. (A) A schematic representation of GalT
locus targeting the vector of MCP expression cassette and strategy to confirm the event by PCR analysis. Arrows indicate the
PCR primers to verify successful targeting events. (B) Genotype analysis of the MGH miniature pigs subjected to this experiment.
PCR analysis shows clearly GalT™*"™° and GalT™°™* pigs which were indicated by single band corresponding to 5.7 kb, and
double bands corresponding to 2.3kb and 5.7 kb, respectively. The structure of GalT targeting vector of MCP expression cassette
was described in Ko et al (2013). C1 and C2 indicate homozygous and heterozygous GalT targeting event of MCP expression
cassette as positive control. WT means non-transgenic MGH miniature pig.
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Table 1. Analyses of gestation period, litter size and sex ratio of piglets of the MGH transgenic miniature pig

Group n Gestation period (days) Litter size (No.) Sex ratio at birth *
WT 9 114.2+0.37 4.8+0.35 0.6£0.04
GalT M 4 113.3+0.67 4.8+1.11 0.4+0.18
GalT MM 5 115.4+0.51 3.0£0.32 0.4+0.22
Data are presented as Means+SEM.
* Total number of males/total number of piglets.
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Fig. 2. Analyses of estrous cycle and duration of estrous (Mean+SEM) in the MGH miniature pigs. Wild type (WT), GalT™*™* and GalT" "¢
pigs were subjected to measure estrous cycle (A) and duration of estrous (B) every day for 14 months.
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