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Development of a 1,3-galactosyltransferase Inactivated and Human Membrane
Cofactor Protein Expressing Homozygous Transgenic Pigs for Xenotransplantation
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ABSTRACT

Transplantation is considered to be a very useful approach to improve human welfare and to prolong life-span.
Heterologous organ transplantation using pig organs which are similar to human beings and easy to make
mass-production has known as one of the alternatives. To ensure potential usage of the pig organ for transplantation
application, it is essentially required to generate transgenic pig modifying immuno-related genes. Previously, we
reported production of heterozygous a 1,3-galactosyltransferase (GalT) knock-out and human membrane cofactor
protein (MCP) expressing pig (GalT'MCPH), which is enforced for suppression of hyperacute and acute immunological

MCP/-MCP MCP/+ __.
pigs.

pigs. We performed quantitative real-time

rejection. In this study, we reported generation of homozygous pig (GalT
MCP/-MCP MCP/+

) by crossbreeding GalT"
Two female founders gave birth to six of GalT , and seven GalT"
PCR, western blot, and flow cytometry analyses to confirm GalT and MCP expression. We showed that fibroblasts
of the GalT™"™MP pig do not express GalT and its product Gal antigen, while efficiently express MCP. We also
showed no expression of GalT, otherwise expression of MCP at heart, kidney, liver and pancreas of transgenic pig.

-MCP/-MCP

Taken together, we suggest that the GalT pig is a useful candidate to apply xenotransplantation study.

(Key word: Xenotransplantation, a 1,3-Galactosyltransferase, Membrane cofactor protein, Pig
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1. SA HA & {REXHES

2 AT TAE FEHE H
General Hospital (MGH) "4 =ix]e]t}, &
ol ® GalTV ™ ¢
GalT™™"" #1A] 3433 AAwH) S
th Al F T A A F 24 dEE A F 5t
=5 7192 A B39 Maxwell 16 Tissue DNA
Purification kit (Promega, Wisconsin, USA)E A}&3}¢]
genomic DNAE FZE331t. ©] DNA§ Fyo g =gah
A -S(PCR) A4S At F 50ue] ¥HEo] HE
= 50ng9] DNA, 10 w2l 5 x buffer, 4ul ©] 2.5mM dNTPs,
ZzlolH 141F (5-AATGGTGGAGAGTAGCTGGGAATGTT
ACAG-3") 119} 138R (5'-TTATAGAGAAACAA GAGTCCT
AATTGACTTGT-3") 1ul, HS prime &4 0.5ul (TaKaRa,
Tokyo, Japan)& £33l F33FAL WHg 2712 94Tl A
30%, 627ColA 303 213 72°ClA 724 717k 353] whs
&3tk PCR Whg F A7]95S Sall 2.3kbe] ©d W= A
2 Al wild type, 5.7kbe] T M= A A] GalTM ™M g
A& 122 23kbst 5.7kb F MO WME A4 Al GalT™ !
HAZ AR

F
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ol AH2-E MCP &A= BioLegend (San diego, USA)ll
A %L%’J—s} 101, GalT &9 A&
USAAFN A 93815tk Gal 8ol ot flow cytometry 241>

e (')OII

Mybiosource (San diego,

FITC conjugated Isolectin By (Enzo, NY, USA)E A}&-3}9th.

3. A AMA|ZF PCR (Quantitative real-ime PCR) &4
HA S A, A, A, T 2AE AFSHY A APER

A3 & 100mg FEo 4 =4S 1.5ml FH| Ho}
TRIzol (Thermo, Massachusetts, USA) S E3] = RNAE
23Rtk Superscript III first-strand synthes1s system kit
(Thermo, Massachusetts, USA)E ©]43}o] = RNA Z4H
cDNAE 343 & PCRS 4338t *}% MCP 7 %}9]
5% 98l 5-GAAGCTATGGAGCTCATTGGTAAA-3’9}
5’-TTGCTACTGATCCTTTAAGTTCAC-3 &, GalT 42} $&&
93l 5>-TACATCATGGTGGATGATATCTC-3’¢} 5°-GCCTG
TAGCTGAGCCACCGAC TG-3'E, beta-actin &1 <3l
5’-CATCGCCGACAGGATGCAGAAG-3’¢} 5-TGCTGGAA
GGTGGACAGCGAG-3’E Zgto]H 2 A28l Gapdh &
AR tigk Zatolw A ELE 5-TCGGAGTGAACGGATT
TG-3’¢} 5°-CCTGGAAGATGGTGATGG-3’ ] th. PCR HH-g-2
Z 20ul9] WFEHell SYBR premix Ex Taq (TaKaRa, Tokyo,
Japan) 10ul, Rox reference dye 0.4plS % 7}3}>] Rotor-Gene
3000 (Corbett Research, Sydney, Australia) ©]&3 433}
Atk WS 27 94Cell A 20%, 60TClA 20% 183 7
2TCAA 124 717} 40315 wHE-3t o

4. AIAEH Z4M

R 9] Al E} Z2Z-& M-PER mammalian protein extraction
reagent (Thermo, Massachusetts, USA)S Al&3lo] whuld S
FEUtt. FE4
polyacrylamide geloll A A 719522 & 3 & nitrocellulose
membrane 2 2 & TH 4°Col A 12417F S 12} &A|(GalT
antibody; 1:1000 dilution, hMCP antibody; 1:500 dilution,
Actin antibody; 1:1000 dilution)Z ®HS-A]Z1 F HRP7}
conjugation ® 23+ A Z 1A1ZF F<t el A vhg Al H T
52271 EZ-capture IFHE o] &3] od& &2

sk,

@28 sodium dodecyl sulfate-

5. flow cytometry =4

MEZEL 2% paraformaldehydeS # 2]3l] 1027+ 2200 A
24 =92 1% BSAZF H7bE PBSE AlH s 3%
BSAS 0.1% (v/v) Triton X-1007} 719 PBSE 3087+
blocking 43 3+ & FITC7} conjugation ¥ A= 1417+ 5t
2o Al qHS-sATE Attune NXT Acoustic focusing cytometer
(Thermo, Massachusetts, USA)E AF&-8lo] &33-8 HA3l )
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Figure 1. Structure of MCP expression vector insertion into GalT locus, and strategy to confirm its gene-targeting event. (A) Arrows
indicate the PCR primers for verifying GalT targeting of MCP expression vector. (B) PCR analysis. 5.7 kb of PCR product indicates
of homozygote (GalT™*"™) 5.7kb and 2.3kb of PCR products indicate heterozygote (GalT"™), and 2.3kb of PCR product indicates
wild type (GalT*""). The numbers 598, 628, 63 %, 64 %, 69 %, and 71 % are confirmed as homozygous pigs, and the numbers 60 %,
6130, 653, 66%, 673, 683, and 70% are heterozygous.
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Figure 2. No expression of GalT and Gal epitope in fibroblasts of
GalTMP™MCP pig. (A) reverse-transcription PCR analysis. M: 100bp
ladder, 1: wild type, 2: GalT™®™* 3: GalT®"™* % (B) Flow
cytometry analysis to detect expression of Gal epitope.

A4, 7FA GalTM?" == Aol s 14.2540, 18.6241,
2,584, 510 © ¥k, ol ula) GalT™ ™M sj=) o] A7)
o= wrdo] Ao A Aok thfigure 4A). AAFE A
o GalT o2& £F& day Aoz 2AAg Ax
GalTM™" sj Ao A L& o] 148k, GalT™ ™M g =14
Me ddo]l FlEA ¢ol, GalT A7 A3sHA
knock-out HAth= A& R F A Th(figure 4B).

MCP mRNA S| & 52 Alxo] B4 Azo}l FAlsA
GalT 3 #te] =¥ MCP copyel wel #d 4] F7t
&te] GalT™ ™" iAol wlal GalT™M™MT sz Aol A oF
29.54v =X, A, A7, TF A A 27 6.240, 22.484,
23.980) F7tstdom, dutslx)o o] A oAM= BAE R &
AUthfigure 5A). A2E EMGME  GaTV™" =A<}
GalTM MY g o] Agz=oxgt A MCPE sl
ol MEE FelatAth(Figure 5B).
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Figure 3. Identification of MCP expression in porcine ear fibroblast.
(A) Western blot analysis. 1: wild type, 2: GalT™™™ 3: GalTM"Me,
(B) Flow cytometry analysis.
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Figure 4. No expression of GalT in various tissues of GalT ™M

pig. (A) Quantitative real-tme PCR analysis. The relative
concentrations of GalT in heart, kidney, pancreas, and liver were
calculated after normalization to the actin gene using the delta delta
Cr method. Data bars represent mean + standard error of mean.
*, ™, " indicate significant differences from wild type at p<0.05,
p<0.01, and p<0.001, respectively (one-way analysis of variance
and Tukey's post hoc t-test). (B) Western blot analysis to detect
GalT expression in heart of GalT"*™ and GalT ™M pigs.
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Figure 5. Verification of MCP expression in various tissues of
GalT"™ and GalT"™M% pig. (A) Quantitative real-tme PCR
analysis. The relative concentrations of MCP in heart, kidney,
pancreas, and liver were calculated after normalization to the actin
gene using the delta delta Cr method. Data bars represent mean
+ standard error of mean. *** indicate significant differences from
wild type at p<0.001, respectively (one-way analysis of variance
and Tukey’s post hoc rtest). (B) Efficient expression of MCP in
heart of GalT"*™ and GalT"*"™M pigs.
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