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Knock-in Somatic Cells of Human Decay Accelerating Factor and
al,2—-Fucosyltransferase Gene on the al,3—Galactosyltransferase
Gene Locus of Miniature Pig
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ABSTRACT

Galactose- a 1,3-galactose (a1,3-Gal) epitope is synthesized at a high concentration on the surface of pig cells by
a 1,3-galactosyltransferase gene (GGTA1). The a1,3-Gal is responsible for hyperacute rejection in pig-to-human xeno-
transplantation. The generation of transgenic pigs as organ donors for humans is necessary to eliminate the GGTA1
gene that synthesize Gala(1,3)Gal. To prevent hyperacute graft rejection in pig-to-human xenotransplantation,
previously, we developed a1,3-galactosyltransferase gene-knock-out somatic cell by homologous recombination. In
this study, we established cell lines of a1,3-GT knock-out expressing hDAF and hHT gene from minipig fibroblasts
to apply somatic cell nuclear transfer. The hDAF and hHT mRNA were expressed in the knock-in somatic cells and
a1,3-GT mRNA was suppressed. However, the knock-in somatic cells were increased resistance to human serum-
mediated cytolysis.
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= ¥} #do] okl sl th(Morgan, 1995; Levy &,

2001
O])%— Zke] A7) o] 4= Fubol] ]9 7leS XA
2010'd United Network for Organ Sharing(UNOS)®]| A dE 2HA 7S (Hyperacute  rejection)S
A g xlge) wEw Aol s rthele A= 4,145 Ao 2 54 AFHHS(Acute vascular rejection), Al|2E
Hog o]F o]Xo] 753t A= 2,198 R 50% Hiel ’d AFHHE(Cellular rejection), THd A H-1E-3-(Chronic
A = Fxlolt) Al olygl, tjEe] ol rejection) &= 4TA| o] AFHRES doFir) I A Ee]
TEAE 53 AN TR S5 Ao A= o Q) ol AAH o= vkg3h= Al Ajtstr] AR
2 T A7 AE o)A o] FAIE sAdstr] A% st oAl = AIRE oujel] 2354 AF-9he{(Hyperacute

A T R W A7t T Aok Cargnoni xenograft rejection, HAR)®] dojdtiil Hiix i Qlrt
S, 2009; Mei -5, 2009). ©]% o] 7)ol W& A= (Cooper -5, 1993; Shimizu$} Yamada, 2006). w73 #4-

EAo o] 8E F e FEAYOZAN HAE= QA I S22 157d~37] 9] A= 497 wow, o]
719 FE535 AAE S5 U 5 s gAY 9 HAMEZZF ol A71E Qlx|sle] FHggo =M dhAys)
gk 7hA]o]ti(Levy &, 2001). “Lefuh Aol Al =] 7] = AFgor gddgaof o3t 34 A Y F
£ olAete d qlojA BAEE HYEH A= A A5 G o) o] wAdt AlxAd AFHEES F
Ao dojup= HAAA 9} anti-gal FAo] T3 St 2 allotransplantation®] &3+ A¥-RE-g- 02 THIZ17} o]
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SA71014 Al WA e gRkgo] AR ow 28
T vk A5 A3 Bag b ok v ARERSES
FINENA =d o) Foll A T] Wsh, o] A% 7] Al
of thgk A7 BA s3I FEaA AaE e AR
-5-0]t}(Shimizu®} Yamada, 2006).

Zwg 7 5-WH-g-(Hyperacute  rejection)> &2 47|
= QZtel A ol Aek wf, sAe] AT T B2 7
WAl Q1] FA7E S7F whgato] dojuhs ARG
2 A ItKPlatt®} Lin, 1998; Cooper &, 1993; Sandrin
5, 1993). Gal a(1,3)Gal FAH= #1#], w92, new world
monkeysoll = EAEHAIRE Q17E} old world monkeysel]
© FAlgkaL 4ef A 9loH, Xenogeneic natural antibody
XNA)oll ofsf 145 DAREE(carbohydrate epitope)
< g)F-Fo] Gala(1,3)Gal A= a1,3-galactosyltrans-
ferase( a 1,3-GT)- A7 Gal a (1,3)Gal B4 Aol &+
ofghttar Harwo] thBlanken$} Van den Eijnden, 1985;
Galili 5, 1987; Koren %, 1992). a1,3-GT %A= A|A
Ale Ae 2FAARES S5 S U S
SR, al1,3-GT F4AE knock-outr 7] S A7} AAks
AtHLai &, 2002; Dai &, 2002). al,3-GT FHA=
knock-out A|Z1 S A F7]e] o] 42 Z2FA 7HRHSS ¢
Ak 4= AJAT, 2EA 7Rl o] w4 ANk
= FHe] s o AaF dasith

o yolrl, 2F5A4AES oS g ow oAst
7] flste] 7]5Ake) ARl 2242 WSAIA human com-
plement inhibitorS W& s WHoR Hshs W
HE AAIF AL et o]#dh HS = human complement
inhibitor?] human CD594} human decay accelerating
factor(hDAF)E porcine aortic endothelial cells(PAECs)
ol WA A3, human serum® W cytolysis”}
0= Ao® Biusal glrk(Lachmann, 1991; Kennedy
= 1996).

HE3F Gal a(1,3)Gale] & £017] 913+ human «a
1,2-fucosyltransferase (hHT)°] @S o]&ste= H- W
W% ) hHT+= Al FWol| Fucose B2 Eo|W, HT
7} wédlskE AlEZo A+ Gal a(1,3)Galo]l FFadh=tl, ©]
712 human antibody reactivity®} serum-mediated cytolysis
o s opARIvtal dejAa SItk(Chen 5, 199%;
Koike -5, 1996; Sharma -5, 1996; Cohney &, 1997).

agug, B A B By gaAow 2547
HFHRS-S A8k flgke] a1,3-GT 44k #1319 human
complement inhibitor?] hDAF¢} hHT7} knock-in%el A
AlEE ek Aok

R

al,3-Galactosyltransferase FHX 9| X|0|lAX hDAF2 HT
FHEXIt WHSHE knock-in vector A%

Knock-in vector= ##] a1,3-GT genome 5 %% 5.6kb
9] fragmentE left arm .2 ©]-83}%1 o™, A a1,3-GT
genome 3 %99 2.5kb2] fragmentE right arm .2 o]-&
skl 533tk HEgE positive selection marker==

o

.,d
q
ofN

neo T3AE ©]-83}% 21, negative selection marker=
+ DT-A 32 ©]-83te] positive-negative A1 o] 7t
5%k knock-in vectors T-F3F3AtE Knock-in vectort=
A a1,3-GT2] exon 42] start codon 9]l hDAF, IRES,

S TAHer ddste] tadt o] AEeRSIt
Vectors A2 =918t lS wf AIEHoA Al
2 vector’t E=QE=H #Asial e Aom g
nls sequencei= pEGFP-N3 DNAE template= 3}%] Notl
restriction enzyme site”} 3H31% primer(GCGGCCGCGA
TTCGGAGTTA)®} Xhol restriction enzyme site”} 4F$] ¥l
primer(CTCGAGCCAGCTGTGGAATG)® PCR +%-3}iL
pGEM T-easy vector(promega, USA)°ll subclonings}3}
t}. Knock-in vector®] 5'arm 79| 752 ¢l5te] 5 frag-
ment™ Sall restriction enzyme site’} ¥ primer
(GTCGACCAACACTGGATCCTTAACCCATTGAGCGG
GTCCA)®} Neol restriction enzyme site”} 2F$1 ¥ primer
(CCATGGTTTTCTCCTGGGAAAAGAAAAGGAGAAGG
GAAAATT)Z PCR %33l pGEM T-easy vectord]
subcloning3F31th. pGEM T-easy vector®l subclongl nls
o} 5'arm S Notl-Xhol¥} Sall-Ncol A|gkg s A28t
o] insertZ A|%3}al, Neol-Notl A|aALZE o]-83sfe] t}
Al pGEM T-easy vector®] 3 fragment ligations}3ith.
hDAF= hDAF/T-easy vectors template® AR&-3}313L,
start codon ATG 9*] %% primer(TCACTAGTGATT
CTAGGAATTCATG)S} Sall restriction enzyme siteS 4}
Q3 primer(GTCGACGGGATCCCTAAGTCAGCAA)Z
o]83le] PCR T%3te] pGEM T-easy vector®l sub-
cloningst3itt. 2 Ao A A&k hDAF/T-easy vectors
v AR TTdT Y e MARERY Al g
nls¢} 5’arm®] subclong¥! pGEM T-easy vectorE Ncol-
Not1 A|gtas AH2|3tal hDAF BspHI-Sall Alga s
Aelste inserts A|Z=e F, ©]F Notl-Sall Algtas A
2|8t pMCDT-A vector®ll 3 frgment ligation 3} pDT-
nls-GT5-hDAF plasmid& $tH3F3ITh IRES -2 Sall
restriction enzyme siteE 4% % sense primer (GTCGA-
CCATGCATCTAGGGC)%} antisense primer (GGGTCG-
ACTCTAGAGGATCQ)E ©]83l9 PCR F3H3l3om,
pGEM T-easy vector®l| subcloninga}3ith. hHT A=
EcoRV restriction enzyme sites 43¢+ primer(GATAT
CCTGCAAGCAGCTCGGCCATG)®} 3'+= stop codon ¥
%05 BamHI restriction enzyme site5 4F$1%F primer
(GGATCCTCAAGGCTTAGCCAATGTCQ)E o]&-3te] PCR
23] pGEM T-easy vector®]l subcloning3t3It}. Sequence
& #18k3L EcoR V-BamH [Z Aw&}o] hHT insertE
H]S}al EcoR V-BamH1 A|gtE4A 2|3 pBluescript KS
vectorg A|Z3}e] insert®} vectorg 143t pBKS-HT
plasmidE& AZsF3ct. SkellA] =H& Sall - Smal IRES
insertE pBKS-HT/Sal I-EcoR V vectorol] AZ3}o] pBKS-
IRES-HT plasmidE &H|3H3ATE SV40 poly AS AZ2S
PCRell ©J3l] Poly A®] 5l BamHI restriction enzyme
site 219)(GGATCCTCGCCCTTCCCAACAGTT)3HL, 3
Xbal restriction enzyme site”} A3} primer(TCTAGA
TTAAGATACATTGATGAGTT)S #%3}3 PCR %Za}
o] pGEM T-easy vector?ll subcloning3}$ith. pGEM T-
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easy vector®] Poly AS 443t &L plasmids= BamHI-
Xba10.2 Hdato] inserts A%3F3alL, pBKS-IRES-HT
plasmidE BamHI1-Xbal 0. & A|gta s A 2lsto] vectors
Al ZFeEel 2, polyA insert®} vectors 1AA1A pBKS-IRES-
HT-polyA plasmidE #1333 t) Knock-in vector®] 3
arm & O3 #2o] PGKneo®t al13-GT 3’ frag-
mentE AZAZITh PGK-neot= Xbal restriction enzyme
siteS A Y3e 5 primer(TCTAGATACCGGGTAGGGGA
GGCGCT)®} Hindlll restriction enzyme siteS 3% s 3
primer(AAGCTTTCAGAAGAACTCGTCAAGA) S H| ¥
PGK-neo plasmid= ©]-&3t] PCR 533k % pGEM T-easy
vector®] subcloning3l®] T-easy/PGK-neo plasmids £
Hak3lth a1,3-GT 3' fragment 5 %ol Hindlll restric-
tion enzyme site”} A% primer(AAGCTTAATGTCA
AAGGAAGAGTGGTTCTG)¢} 3%l Smal  restriction
enzyme site”} A primer(CCCGGGGGAACTTGCT
CTTCTGTTAGATTC)= ©]-&3l] PCR %3 § pGEM
T-easy vectordl|l subcloning®}®] pGEM T-easy vector/ a
1,3-GT 3 fragment plasmidE }:.3}%(t}h. pGEM T-easy/
PGK-neo plasmidE Xbal-HindlI[. % Ztato] inserts
H|3}al, pGEM T-easy/ a1,3-GT 3' fragment plasmid&
Hindlll-Smal ©.2 A|$+& 4 2|3} insertE THISHA T
7123l 4% insert 270 pBluescript SKll 3 fragment
ligation A]7# pBSK-neo- a1,3-GT 3' plasmid& 753}l
t}. +=H]% pBluescript KS-IRES-HT-polyA vectorg Sall-
Xbal 0.5 T3}l pBluescript SK-neo- a1,3-GT 3' frag-
ment vectorg Xbal-Smal .= Hwbste] ZH7} inserts &
H]3}al, pMCDT-A vectorE Sall-Smal .2 Hehste] £
gk % 3 fragment ligation 3t%] pDT-IRES-HT-polyA-neo-
GI3' plasmidEs A|x3}Gith AellA] A|xg pDT-IRES-
HT-polyA-neo-GT3' plasmidE Notl-Sall &= 3t vector
o] pDT-nls-GT5-hDAF plasmidS Notl-Sall2.2 ek
insertS AZ%t #F pDT-nls-GT5-hDAF-IRES-hHT-
polyA-neo-GT37} 755 St) & Ao 4= ©] vector
= a1,3GT-hDAF-HT Knock-in vectorg}il ™3} om,
T3 vectorv= Notl Algtas A& &3 2Mdslsto]
nys 2] A transfection 33T

OIUSHX] ®ME B

 AgolA AREE PlYs A= TSRS A] AL
F5 3L 9= NIH PlYH A o] &8tk NIH 7| H %]
FAAMEE 225 Yol ofsto] StEstgion, dnt
Q1 MEujFs 918 miA 2= 15% defined Fetal Bovine
Serum(Hydlone, USA), 1Xnon-essential amino acid(Welgene,
Korea), 107* M B-mercaptoehtanol(Sigma, USA), 100 unit/
ml penicillin(Hyclone, USA), 100 ug/ml streptomycin
(Hyclone, USA)S *~338H= DMEMS ©]-&3}3it) Ank
21 A %2 8x10° AXEE 0.1% gelatin 2% 10 cm
culture dishell A #1F3}912.™, 90% confluentd wj Al
REEAER

OUZHX MM EO knock-in vector T 1} N E M
Knock-in vectorE NIH T|YS|#] AAAEL] =3}

7] $13}o] electroporation & AHE-SISATE WY EH A
AAEE 15% defined FBS, 1Xnon-essential amino acid,
107* M B-mercaptoehtanol, 100 unit/ml penicillin, 100
ug/ml streptomycin®] 7} DMEM wj =] ol 4] wljeF313
t}. Transfectionol] AH-8-3F #j%F 5Q1 AE= 0.25% trypsin
#2] % 50 ml tubecll 3]3St 50 ml tubeol] 2<%
A= hemocytometers ©]-&3te] Mx2TE ALE F,
2ol A 800 rpm .2 5 mingt YA F AT njg
S AAFAY. 343 AEE Al 43 Ham's F-10
HiZ] 20 mi=2 #Este] tA] AlEGE ALksiglon, A
204 800 rpm & 5 5t WAl 5 A E A7k
U} Transfectiono] AF§-3 X FA|EE 1.2x107/ml7} 5=
% Ham's F-10 WA= @EFe}glom, o] Al dEel 400
ul®} #4438} knock-in vector 10 ug/100 ul Ham's F-10
A& Z3et $ 4mm gap cuvette(BTX, USA)ol ¥
% BTX Electro-cell manipulator(ECM 2001, BTX, USA)
o A2t th 450 V, 4 pulse, 1 msO. 2 A7154E A
AleF3itt. Electroporation ¥ €& ¢loll FElS 1021+
W] $- electroporation®l A|XZE 10 ml Bl o= §7
AEFSt U1 48well plate®] 1 welldll 2,5007] A|2E #
33 TE Transfection®l A= #Foe] 300 ug/ml G418
(Gibco BRL Co. USA) AL o]-g3fe] 127+ A4
3Gl s sk ujYga e 3¢ HAo R WSkl

Knock-inE HAE2 PCR =4

G418 A2 A AEE 24 wellol A 12 well2 7]
el o 500 ul % 100 ulE 0.5 ml tubedl] $7 4C
A4 10,000 rpm o= 103 A4t AEE 3]FH3iTh
353 AEE S 4 ulel dES $, 100TColA
103 ‘st Asialty. Ae] 5 dgolA 283 WA st
Proteinase K(10 mg/ml) 1 ulE F7}8}e] 55TCeA] 130%
Bt vleFEteian, thAl dgellA 23 WA F, 100TC oA
57 w3t 100T ¥l Foll 7PEA ddste] F
45 ul & 20 ulE PCR #49 FYoz Agste] 14
PCRE F3datqlom, 22} PCROIA = AAMEZHE 8
g+ genome DNA 100 ngs AH&SF3ATE PCR RH3-2 Neo
3-1(sense primer)¥} HT DAF KI 3' primer 1(antisense
primer)S ©]-83}3l, 10xTag buffer, EX tag(TAKARA,
Japan), 250 uM dNTP mixtureS ©]-§3}o] 94Tl A 30
%%} denaturation, 68 Cell4] 30%%} annealing, 72C || A]
487} extension 2R 83T & 50 ul®] PCR Ak
E % 20 ulE 0.8% agarose gelollX 7] &3t T3
ARE 815 Long PCRS Al Eol| A $E38F genomic
DNAE F¥o= 2839l om, Primerv= KI PCR2 SII
(sense primer)2?} HT DAF KI 3' primer 1(antisense primer)
& ©]83}3, 10xTag buffer, LA tag(TAKARA, Japan),
250 uM dNTP mixtures ©]83F] 94TColA 30%3+
denaturation, 68 Coll4] 30%%} annealing, 72°CellA] 10
7t extensions o2 Fd3}Sith & 50 ule] PCR 4k
E % 20 ulE 0.8% agarose geloll A ©7] &3te] &<l
ak3tk 2t primer®] 94714 €S Table 101 AASHATE

RT-PCRY} Real-time PCR
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Table 1. The primer sequence for PCR, RT-PCR and Real-time PCR

N
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o
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Primer name Sequence
PCR Neo3'-1(S) TCGTGCTTTACGGTATCGCCGCTCCCGATT
HT DAF KI 3' primer 1 (AS) GCCTACACAAGCATCTCAACTCAGGTCAGG
Long PCR KI PCR2 SII(S) AGGTAGAACGCACTCCTTAGCGCTCGITGA
HT DAF KI 3' primer 1(AS) GCCTACACAAGCATCTCAACTCAGGTCAGG
H2a (S) GAGTACCTGACCGCGGAA
H2a (AS) GGCTCTCCGTCTTCTTGG
al3-GT (5) GAGTTGGAACGCAGCACCTTCCCTT
RT-PCR and a1,3-GT (AS) TATCCAGAACAAAGAACCTTCTGGG
Real-time PCR hDAF (S) CGTACAAATGTGAAGAAAGC
hDAF (AS) GGTACATCAATCTGACCATT
hHT (S) ATCTGCCACCTGCAAGCAGCTCGGCCATGT
hHT (AS) GCTCTCAAGGCTTAGCCAATGTCCAGAGTG

Control A= ARE-¥l NIH 7|U=}=#] A2} hDAF/
hHT knock-in vector’} =¥ AXE 10 cm culture
disholl A viste] 90% F%= confluentd W] 1xPBSE ©]&
g 3l4=s3ick 343k M= RNeasy mini kit(QIAGEN,
USA)E A8-319] total RNAE F&31%1eM, 71 & 5 ug
< Superscript II RNaseH-reverse transcriptase(Invitrogen,
USA)$} random primerE ©]-83}e] cDNA®] o]§-3}3] 2.
™, o] (DNAE FHOo & 57 o] a1,3-GT, hDAF,
hHTO| S gRlatieh. WA, 22 {2 2ds
gH15h7] 91¢F PCR HH&-oll A8l primert Table 19 A]
vrebd vkel Aok PCR WH-& 919 2488 ZH2+€] primer
10 pmole, 10xPCR buffer, EX HS tag(TAKARA, Japan),
250 uM dNTP mixtures ¥3Fs}H, PCR 712 H2a+
94°Col| A 3031t denaturation, 63°Cell4] 307} annealing,
72 ColA 30%3 extension®Z 33 cycle =33} a
1,3-GT= 94TCollA 30%7F denaturation, 63CeollA 30%
{F annealing, 72°Coll ] 40%7} extension®. % 28 cycles,
hDAF+= 94Coll 4 3027}t denaturation, 51°ColA 30%7t
annealing, 72CollA 30%7F extension®® 33 cydes,
hHT+= 94CollA 30%%}t denaturation, 60CoA 30%3F
annealing, 72°ColA 11 20Z%7} extension® % 28 cycle
St TF A5 2% agarose geloll A A 50 ul
o] PCR RES-9 5 20 ulE 7] d&ste] g1siglc)

a13-GTe| Tde =Is7] 913 real-time PCR W
< SYBR green PCR Kit(QIAGEN, Germany)?} Roter-
Gene 3000 system(Corbett Research)S ©]-&sto] ofz<}
o] Fef&l3lth. Template:™ 1st cDNA 40 ngsS ©]-8-3}f
Ao, primert= RT-PCROIA AH&-EF a1,3-GT9] primer
o} Z& g o] &3lGith PCR £31& 94CollA] 1527
denaturation, 50 Cll 4] 303X} annealing, 72°CellA 203
ZF extension®. = 45cycle S%3kATh A W] A
o2 A2 ACtHK (A 2] Ctak— H2a RNAS] Ctab)y< Al
3Fal W oS AMACtEH (A E2] ACtat—internal control H2a
9] ACtah)= T3} internal control H2a9] &S 12
B3RS ufe] Jld ARE 2-MCtpEe = AT Real-

time PCR-2 38HE AAJ5¢]om, 2 real-time PCR %

Ao A H2aZ internal controlZ 3] A A6t}

Cytotoxicity assay

Cytotoxicity assayt™ WA, NIH w|U==#] 7242}
hDAF/hHT Knock-in vector7t =¥ AIEE 24 well
culture plate®] 7} 1 welld 5,00071/100 ul& & ¥
37C, CO, incubatorol| 4] A X7} 90% A% confluentd W
7HA] vjekErdTh MEZF 90% A= confluent3t W], 1xPBS
2 23] wash 243 & 100% human serum¥ 100%
human complement serum®.2 B|FNS A8l 37T,
CO, wjF71olA 2413F v dabaitt. 2413F vl 5, plate
o 4] human serum® human complement serum< # 7]
3131, 1xPBS® 23] wash A8}l 0M, 15% FBS7} #7}
¥ DMEM Hig o= mAste] tA] 37T, CO, WY
of| A 2413 vl FakSiTk 2417 Bl $- cytotoxicity assay©l]
ARE-E CCK-8 solution(DOJINDO, Japan)= 2t welld
50 ul® Z7kske] 37°C, CO, wlg7]ol A 2A13F v et 5
450 nm FF=olA OD#-e& S78sk3ith Cytotoxicity =
3ukE 245199 21, 100% human serum<= 223k A|3E
o] AEESE 100%= HokS wWe] FiA ks AlLtekid
=8

A o o

al,3-GT SFHX XM hDAFQ hHT SEAL7} 2 st
£ knock-in vector 7%

Fig. 12> #H#] a13-GT 9= o]&3fo] & AFelA]
AZF3E knock-in vectord] AA|H ¢l RAEE el
Atk a1,3-GT 9xIollA hDAFS} hHT 4217} 520
W= knock-in vector?] TE-2 s XS A3l
U= A9 a1,3-GT 378 ATG 1A - 5.6kb
£ 5 arm YHO® o]&s3lon, Axe] = #E7}
EYHEES nlsE 5 arm®] &Fe] 443tk a1,3-GT
3" 4 25kbe| fragmentE 3' arm e & ©]-8-35}o] knock-
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al 3-GT genome locus
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Fig. 1. Construction of a1,3GT-hDAF-HT knock-in vector. A a
1,3GT-hDAF-HT knock-in vector for positive-negative selection
(PNS) consists of the neomycin resistance gene (neo) as a positive
selectable marker gene and the diphtheria toxin A fragment (DT-A)
gene as a negative selectable marker gene. The positions of primers
used for PCR and long PCR are indicated by short arrow.

in vector® %319 th. hDAF9} hHT:= SAlo wd e
T %5 Internal ribosome entry site(IRES)E ©]-&-3}o]
AAstgon, =% knock-in vectorE Aol Abds
T A AEE AEsr] $18ke] positive selection
marker = neof-AARE AMS-3131 1, negative marker® DT-A
£ AHESIITE a1,3-GT $1A°ll4 hDAF$} hHT7} &
& 5 QEF al3-GT F34+2] exon 4 ATG 139l hDAF-
IRES-HT?] ATG #IA1E AAAZIE o2 a13GT- hDAF-
HT Knock-in vector= “&dA Az&3ol| oJste] «
L3-GT x4k #1x]o A=W a1,3-GT+= knock-out™
31, hDAF®} hHT+= a13-GT +3172}+] gene regulatory se-
quences AAH SR o]gsto] LAY 5= ez A %3t
Atk

a13-GT 327} knock-out®l =i#]9] Aol H1gl
up glom, o]= al13-GT At AAE e = dale]
v kel do] EAI7E e Ealskal QlvkLai s,
2002; Dai &, 2002). webA A a1,3-GT F3H2H]
ATG siteoll IRES® ©J3l¢] hDAF$} hHT7} 124€ #4
7kl ATG sites LAAZIAl b a1,3-GT frdAbe
knock-out® ¥4 hDAF®} hHT 375 knock-in 3}
a13-GT 32} 49 °] promoter$} enhancer 52| gene
regulatory sequence®l| ]3] L¥T 4= S FOoR F=
k. o]& F8l a13-GT F3d47F sk " hDAF
oF hHT +3A7F ddd Ao= Azbdrt & AqelA
T al3-GT F3A 949E o83} knock-in vectorE
TE=EQ T, A% FAA QXS Ea) AEo knock-in
vector®] =91 75 &laky] %k WO positive-
negative selections ©]-8-3F31 T} Positive selection marker
2 neo FHAE AFE-3}G13L, negative selection marker
2% diphtheria toxin A (DT-A) F3AE AME-3FSITH
Diphtheria toxin A fragmenti= cytoplasm®|*] elongation
factor 2 (EF-2)2 =243} AlA ohild S A8t
AZE APES o7t (Yamaizumi 5, 1978)3L 2] Q)
o™ knock-in vector’} H|E-0]H o2 Q™ DT-A
A7 wdste] A7 APEstAl gk o]l positive-

negative selection markers ©]-8% gene targeting vector
= AF ES cellS ©]-&3% gene targeting®ll ©]-&% oA
$ktH(Yanagawa -5, 1999). WAl - Aol A 453k knock-
in vector™= positive selection marker neo r14}2} negative
selection marker® DT-A FAAE 71A2L Qo= &
Al AAEANA BEH SR 7538t knock-in vector =
A Ao Aol Thsd Alow Azt

al1,3GT-hDAF-hHT knock-in vector =8| & M4

2 A4 a1,3GT-hDAF-hHT knock-in vectorE NIH
U EiA] #] AAE 5x10%] electroporation ©. % 5= 35}
%Atk Transfection® AlEE 129 59+ G418% 300 ug/ml
o] sz Adste] AEsgion, Ferdat Aol
dojut s Zlo® FAEE colonyihs pick-upste] 13}
PCRE =33}9itt. 71 A}, Table 19 WER wle} o]
% 43] W0l 174709] colonyE PCR #413}31th 12h
PCReI| A 21% positive colonyi= 37l tE ©]E colony
E Al wjgste] genome DNAE 3578 U, 24} PCR
3} Long PCR=E 752 Az o & v gelst
ey

(418 AelE Eal ¥ ME= forward primer= Neo
Fd2 9412] Neo 3-1, reverse primer® knock-in vector
3 arm®| WPERREY 7IMAES AREE HT DAF KI
3-1% ©]-&sto] PCR SF3F3ith PCR T34 7= Fig. 2
oA e HEe} Zo], transfections =3 AlE A%
o] dojv} a1,3GT-hDAF-hHT knock-in vector’} =%
A1 370ell A= 2.7 kb9l bandS 218 5= SIUth

Transfections &3 HE knock-in¥l A¥+= &%
FAAL] a1,3-GT x94T &k Agle Aow
& A Axgol Aot tiHFAAlet o]
5o TS glshr] flste] 2 AolM I
Z 370°] colony®l A Long PCRS 3331 th Long PCR
< a1,3GT-hDAF-hHT knock-in vector®] #7]A & Wi
F-4-9] genome 91%] 9] primerZ forward(KI PCR2 SI)<}
reverse(HT DAF KI 3' primer 1)& ©|-&3}31i, Ay
Fig. 304 vtepdl upel o], e fx; Ajzgho] o
W A& 7.2kb, dojubA] @& 32 27kb $1419] band&
Zelskinh

PCR¥} long PCR®= #<1¥ & 37H9] colonyE 24 well,
12 well, 6 well, 10 cm dish® AtuieFslda, #A7r
wj ol whet efe] musiA] A|ES] 3E(karyotype)l
ool A=A &elslr] flste] MY HALS A s
1 A3}, Fig. 4914 e vpel o), 100% vu=) =] 9
P A5k As ik

B AFo A= 3H Y transfections 319 a1,3GT-
hDAF-hHT Knock-in vector’} %=%1¥ colonyE 371 €x.
& = QI3Itk Transfection &2 vector®} targeted locus
AFol 9] total homology A ©]¢} isogenic vector DNA%}
locus 5ol 93] G PIXE= Aoz Hux il QtiHasty
5, 1991). a1,3-GT 7149 targeting &8-S HH 0~9.3%
7HA] Brsh, Lai 512002)<> 21 kb homologous sequence
o} positive selection marker= neo FHdAHE AME-SIAS
W targeting &> 5%ctal Halskqivk. 12y Dai &
(2002)<> 9.31 kb homologous sequences AH&-3}3oH,

ox 1
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Fig. 2. PCR analysis of G418-resistant colonies. Genome DNA from
G418-resistant colonies were used for PCR with the forward (Neo
3-1) and reverse (HT DAF KI 3'-1) primer. P: control vector as
positive control. N: genomic DNA of wild-type NIH minipig cell
as negative control. No. 18, 22, 32: genomic DNA of G418-resistant
colony.

M N 18 22 32

- e [
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Fig. 3. Long PCR analysis of G418-resistant colonies. The fragment
of 7.2 kb and 2.7 kb represents targeted locus and non-targeted
locus, respectively. M: size marker A/Hind III. N: genomic DNA
of wild-type NIH minipig cell as negative control. #18, 22, 32:
G418-resistant colony.
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Fig. 4. Karyotyping of a1,3GT-hDAF-hHT knock-in cell. The pic-
ture shows that the chromosome pair was lined up according to
size. Karyotype of knock-in cell was shown 100% of 38, XY.

targeting &&-2 0.5-2.3%7+3L H.318}GI} Denning &
(2001)¢ll ©fsto] HALH 9.3%°] ¥ targeting &S a

o

)
ofN

1,3-GT 34| promoterdl] J3l neo frZxb7} &3t
=% 31%om, 102 kb homologous sequences AFE-3}
Aok Barstal vk & ATl A Fig. 1914 YERA vb
9} 7o), 56 kb 5 arm¥} 2.7 kb 3' arm 2% 74 ¥ knock-
in vectorg T-F3lItE 183l AEHA Alxde]l o
ot Mol MY &2 tha W2 1.7%°IUth ol
we §8-2 83 kb homologous sequence® 7-d% knock-
in vector WY Aoz FZHT)

al,3GT-hDAF-hHT knock-in AMZ0|A a1,3-GT, hDAF,
hHT |38X &4H =4

@ 1,3GT-hDAF-hHT knock-in vector’} a1,3-GT €]
of s A AxFE F& AYHE a1,3-GT At
o] gene regulatory sequence®l ¢]34 hDAF$} hHT7k
waE Aol I3 2R knock-in vector’} =QE A|XE
°o4] a1,3-GT, hDAF, hHT2] &3-S RT-PCR¥} real-time
PCRS F38] #9213t} Knock-in vectorZ} =1 A A
XA total RNAE F=3 F, (DNAE A5 o|&
FYo & st PCRE 3% A, Fig. 5aclAl yeERd
vle} ZFo], hDAFS hHTS 23S control A|¥Eo A=
ZolE A 9kl knock-in vector’} =QE A Eof AR
1%t} Knock-in vector =QE A XA a1,3-GTe
WL controlo] Mt 7HASHAl HE oM, real-time
PCR 45 Eal Hr; Bes] gelskqlc). Fig. 5bi real-
time PCR 4] Z3}% controlol4 a1,3-GTe &3S
100%% H S w, a1,3GT-hDAF-hHT knock-in vector
2% MEE controldl HEY] a1,3-GTe wW&o] 80%
Haetdas st

Gal a(1,3)Gal B+A+= a1,3-GT 7 A7}F knock-out
H A AXAME W2 FFoz BAFHS e, o] A
AAF9F # Aol A iGB3 synthaseol] ]3] WdE o=
H1¥tKSprangers ‘5, 2008; Yang¥ Sykes, 2007). a
1,3-GT F27F AAE == |ol| A Gal Fo] A =3
3t A o]F7ke] F7] o] Al 2FA AFNES ¥
o7 Aow AZHELE hHTVF @dsh= d2 73 npex
o} shx1o] AE wl%FA] Gala(l,3)Gal BEAS AT
thal ®ard vl glom(Cooper 5, 1993), ¥ Aol &
hDAF®} hHT7} a1,3-GT locuselA a1,3-GT F+4#-<]
ATG H-Eol AJEwA a1,3-GT FxA7F 2 24y
drE FdE 5 JdEE S8tk hDAFSF hHTZF &
== 7Sl A E)A total RNAS FE3ko] (DNA
%4 ¥ RT-PCRES 33 23, a1,3-GT F34 917l
hDAF¢ hHT #3047 4d# o2 e ghs gelst

‘

¢

2wt gt e

Table 2. Efficiency of gene targeting for hDAF-hHT knock-in vector on a1,3-GT locus in porcine fibroblast

No. of G418 colonies

No. of colonies analyzed by  No. of colonies analyzed by

Experiments Number of cells trasfected analyzed by PCR 1 3" PCR o 3 PCR
1 5x10° 25 1 1
2 5x10° 62 1 1
3 5x10° 45 0 0
4 5x10° 42 1 1
Total 2x10 14 3 3(1.7%)
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Fig. 5. The hDAF, hHT and a1,3-GT expression in a1,3GT-hDAEF-
hHT knock-in somatic cell by RT-PCR and Real-time PCR. RNA
was isolated from NIH minipig and knock-in somatic cells. A) The
RT-PCR was conducted with a pair of DAF specific primer, a
1,3-GT specific primer and HT specific primer, respectively. The
DAF and HT expression was detected in only knock-in somatic
cells, not in NIH minipig cell. a1,3-GT expression in the knock-in
cells was more decreased compared with that of control NIH
minipig cells. M: size marker 100 bp ladder. B) Analysis of «a
1,3-GT expression by Real-time PCR.

At} E3F real-time PCR ¥4 A3, a1,3-GT 2219
W& o] control AFEo H]EF 80% HAE S-S el
T AT} o]yt Ayl B A JhEgk knock-in
vector’} =% A A Zo| A% hDAFSF hHTS] #ao] A
FH o= o]FojX a1 glom, o] g WdHL Gal a(1,3)Gal
FEA HHS AAAD AR AT

al,3GT-hDAF-hHT knock-in H M Z0| A human comple-
ment serum X2[0] 2|Ft cytotoxicity £A

RT-PCRE §3l a13GT-hDAF-hHT knock-in vector
7F =94l A2l hDAFSH hHTO] Hds 2elsigie
™, hDAF$¢} hHT¢] @& o] human complement serum
Aol oJgk Al BEE] IS WA= A gl
A3+ cytotoxicity w418 P33Tt

24 well culture plate®l] control= AH&-3 NIH 7] 4=
A AAAES} knock-in®l AMEZE FE3st] 90% ©%F
confluentdt “JEel A 100% human serum¥} 100% human
complement serums 2A]7F A2k A3, Fig. 604 1t
ERdl 1ol 2Fo] control AlXel W a1,3GT-hDAF-hHT
knock-in vector’} =¥ AE] AEE0] 30% HE =
< A& Felskinh

2 A7 4= human complement regulatory protein
% 3141 hDAFE "2& 8k knock-in vectors 155}
o1, hDAF= AlE WA complement systems &
Agtka 4EA itk hDAF +dx7F ddste d2dHd
gk X = AR FHAA BAAE -8, o]F (1o
g7lol2 o] dojubs g4 AFNREo RS Y g o
2 B3gtial BaEArKYangy}t Sykes, 2007; Baldan
5, 2004; Chen 5, 2006). T3k hHT2] ¥&-S human
complement serum¢l] 2]g+ M AEFo] Fr7MET= A
TANER ZFA 7N S WA 5 s HoR B

150

0 l i I l
HS HCS HS HCS

Control GT-hDAF-HT KI
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Fig. 6. Human complement serum-mediated cytolysis assay to a
1,3 GT-hDAF-hHT knock-in cells. The viability in cells treated with
100% human complement serum was presented compare with
100% survival in the cells treated with 100% human serum. 100%
HS: 100% Human serum, 100% HCS: 100% Human complement
serum.

%3l glom(Costa 5, 2002), ¥ A7-ollA %3 knock-
in vectorg =918 AAEZAA FFA ] hHT TYdS
‘&% human complement serumol| €|g+ cytolysisE At
sholth Aol ANk A Ao /A<l hDAF
FrAARe hHT faAke] Has gelslglon, o= o]F
Zke] 7] ]2 Al complement &/d¢l oJ3l] dojube= =
v AFNES S5ske H Egol 2 Zow A7tH
o} Control#} knock-in vector’t =¥ AJA|Zol| 100%
human complement serum & A] controloll H]3l| 40%
Fo ASES Bolon, o= 44l hDAFSH hHT 9]
waor <3 Ao AZEM, human serumo] 23+
cytotoxicitys U] o2 Hud & QSAE BET
20041 hDAF7} 2Pl a8k sj«9] 472 baboon
dzolol o]AAAS W 139Y¢ AEsIHo] Kty vb
Atk wEbA 2 Aol A hDAFeF hHT7F Ed k= AlA|
FE AR A Aitew Qlsto] o]F3ke] A7) o] 4
Al AEFo] S Alom AzbE

& A7elM 5% hDAFSE hHT7} & dh= knock-in
vectorE VUSR] # AAEZA =Q43Fe] knock-in ® A
AZE 78RSl Knock-in # PIY = A] AM|EZE ©]&
3} hDAFS®} hHT7F a1,3-GT fx|olA gdxo=z
ot A8 HAE Y & F dS Aow Az
ol E3F o] 3 knock-in vector Al 2~E¥lS E3to] o] F
7] ol2 A 2 RS A f
A= T 270 ol Bk vysiA] ALk 7dE)

o ok
e =

& (Hyperacute rejection, HAR)o] dojddt}. %
W32 gAY 484 5 HAl(complement)ll ©]
dojup= 7ARHkgor Ao ddAE FHd Sl
Gal a (1,3)Gal FE-Aell QIzke] A7} Szt whs-alr]
ol dojuym, a1,3-galactosyltransferase( a 1,3-GT) %
A= HA dEAIE W9 Gala(1,3)Gal FEAF A4l

O] PG AAA o145 Hu EFHARY
247
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vol gt} wheba] QUM A A9 75 o4 str] fle)
A= a1,3-galactosyltransferase %125 A7 3H= 710
o3k Ao=m A vk & AT o] ATelA,
Ak wy s A] AAAZN A s AZEFH(Homologous
recombination)S ‘&3l «1,3-galactosyltransferase 714}
7F AAR AMEE AL vp glom, o] AMEE Fot
o al3-GT F&A7F AAE HA = ALkd vk ok
AT A=, human serum 2] Al #HA] AES H 33|
Tl B33 9l human complement regulator?!
human Decay-accelerating factor(hDAF)®} human a1,2-
fucosyltransferase(hHT)-+ A 2He a1,3-GT 5=+ $14] el
gene targetings}o] &A|ell hDAF$} hHT7} & sh= A
AEE AASHSITE Knock-in vector= hDAF9} hHT +
FAA7E BEEE = QS RESE A28 oM, al,3-
GT #3A+¢] start codons ©|&3ate] MHE 4 ULeH
T538F3ITE 53 vector= electroporations &3l H|Y]
A AAHE =8I o, PCR 43, a1,3-GT 314}
AANA s AxTo] oSS 2RRIsHITh Positive-
negative 18 WS Fal P2 gene targeting ¥ A4
M= RT-PCRO| 3l hDAFe} hHT fr7dzke] wdo] &
olE9lom, thETH(NIH minipig)ol Hl8) a1,3-GT 4
2o} wrdo] Attt Tk o]5 A3zl 100% human
complement serum= #2]3F31S Wl knock-in A7} o
Zwel vl 30% 4= ¥ w2 AEES B3l webA
e AMES o]FZE Aol f1g =HA Ak
A o] & o] &3k o]Fge] 7] o)A Al 2gA ANuk
= A W AHEE s Blow AzEnh
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