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[ Abstract] Objective This study was aimed to characterize the swine leukocyte antigen( SLA) class I genes of
GGTA1 ™~ Wuzhishan minipigs and compare their similarity to human leukocyte antigen( HLA). Tt has important implica-
tions for understanding the cellular rejection in xenotransplantation. Methods Specimens of ear tissue from six founding
GGTA1 ™"~ Wuzhishan minipigs were collected, and the SLA class I genes ( SLA-1, SLA-3, SLA-2) were amplified by RT-
PCR. Purified products were cloned into pEASY-T1 vectors and sequenced, followed by BLAST alignment and using bioin-
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formatc analysis to characterize the SLA class I genes and compare with the similarity to HLA. Results A total of six al-
leles were detected, among them alleles were previously reported ( SLA-1 *0703,SLA-2 * 1102, SLA-3 %0401, SLA-3 *
0403) , and the other were novel ( SLA-1 * 0401wz01, SLA-2 * 11wz01). The homology between alleles of SLA class I
genes in Wuzhishan minipigs and HLA was from 70. 5% to 72. 1% . The homology analysis of critical amino acid residues
on HLA binding with human CD8 * molecules showed that SLA-1 * 0401wz01, SLA-1 %0703, SLA-2 % 11wz01, SLA-2 *
1102 and SLA-3 #0401 occurred mutant at amino acid positions 225 and 228 (T—S,T—M) , whereas the other loci were
highly conserved. There was a high homology at amino acid level between SLA-2 * 11wz01, SLA-2 * 1102 and HLA class I
genes which are NK cell KIRs binding sites. Conclusions The amino acid sequences of SLA class I genes of GGTA1 ™/~
Wuzhishan minipigs have a high homology to HLA. From the point of view of cell-mediated xenograft rejection, the amino
acid sequences of SLA class I genes of GGTA1 ™"~ Wuzhishan minipigs have a high homology to HLA , therefore, Wzhishan
minipigs may become a good potential donor for pig-human xenotransplantation.
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1 SLAI
Tab.1 PCR primers information of the SLA class I genes
/ (5" -3") /
Gene loci Primer sequences Annealing temperature Reference
SLA-1 F:AGACCCCGAGGCTGAGGATCAT 62 -
R:AGGCAGCTGCAGAAACAGGAGTCA
SLA-3 F:TGGAGCTGGAAAGTGGATCAG 62 -
R:CAGACTCCGAGGCTGAGGATC
SLA-2 F:CCACAGAATCTCCGCAGATTCC 55 [19]
R:CCGACACAGACACATTCAAATGCT
1.2.3 SLA-3 2 ,  BLAST
PCR , ,SLA-1 1 ,
( ) GenBank, :SLA-1 # 0401wz01
, 8 (Accession No:; KT715501 ), 1 SLA-1 =*
s Lasergene 7. 1 0703 ;SLA-3 2
SeqMan , , SLA-3 * 0401 ( Accession No:
BLAST ( http://www. ncbi. nlm. nih. gov/ AF464011 ), SLA-3 =* 0403 ( Accession No:
BLAST/) , Gen- KT715502) ; SLA-2 SLA-2 % 1102 ( Ac-
Bank o cession No: JQ361654 ) ,
1.2.4 1 , GenBank,
MegAlign : SLA2 % 11wz01 ( Accession No:
NIH . SLA 1 KT194213) , SLA-1 SLA-2
, CD8* HLA NCBI
. HIAI KIR
° 2.3 ) o
2.3 SLAI
2 6 GGTAl ™/~ SLA
2.1 SLAI I 6 ,6
GGTA1 '~ RNA 2,
( 1A), : RNA ; SLA-1 SLA-2 2.4 SLAI
SLA-3 , 1200 bp . NIH
1231 bp 1300 bp, ( 1B), N
A e > , SLA 1
NIH 83.2% ~
15— 100% .,  HLA 70.5% ~72.1%.
SLA-1 #0401wz01  NIH  SLA-1 * 0401 ,
55 —> 564 (G—C),
HLA 70. 8% ;SLA-2
1 RNA(A) SLA-1(B.1).SLA-2(B.2). SLA-2 * 11wz01 ,SLA-2 * 1102  NIH
SLA-3(B.3) 92.1% , HLA
Fig.1 A. Agarose gel assay of the total RNA; 71.3% , 62.2% ; SLA-3
B: Agarose gel assay of RT-PCR amplification SLA-3 %0401 SLA3 #0403 NIH
of SLA-1, SLA-2 and SLA-3 genes 94.5% |
2.2 SLAI 72.1% ,
GGTA1 '~ SLA-1,SLA-2, 3,
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2 SLAI
Tab.2 Distribution of alleles in the SLA classical I genes loci
SLA [
Individuals SLA class I genes loci

SLA-1 SLA-3 SLA-2
60 0401wz01/0703 0403/0401 11wz01
01 0401wz01/0703 0403/0401 11wz01/1102
1203 0401wz01/0703 0403/0401 11wz01/1102
1212 0703 0401 11wz01/1102
1316 0703 0401 11wz01/1102
1220 0401wz01/0703 0403,/0401 11wz01/1102

3 SLA-1.SLA-2 SLA-3
Tab.3 Comparison of MHC class I alleles in terms of amino acid homology among Wuzhishan minipigs,
NIH minipigs, mice and humans

Alleles 10701 1 #0401 2 %0401 2 %0301 3 %0301 3 #0602 A #0201 H-2D"
SLA-1 * 0401wz01 93.4 100 88.4 90.3 87.6 87.3 71.0 60.5
SLA-1 #0703 93.4 91.4 87.3 89.5 88. 1 87.3 70.8 62.0
SLA-2 # 11wz01 89.8 88.9 91.4 92.1 87.6 87.0 71.3 62.6
SLA-2 %1102 90.1 90.3 91.8 91.0 89.0 88. 1 70.5 62.9
SLA-3 #0401 89.0 87.0 91.4 88.7 93.6 83.2 72.1 63.2
SLA-3 0403 88. 1 86.7 90. 0 88.6 93.4 93.6 71.0 62.8

: A %0201 HLA-A * 0201 ; NIH SLA-1 SLA-2 SLA-3

s : SLA-1 * 0701 ( AF464036 ) | SLA-1 * 0401 ( AF464002 ) , SLA-2 * 0401 ( AF014006 ) , SLA-2 * 0301 ( AF014004 ) , SLA-3 =* 0301
(AF014003 ) .SLA-3 #0602 ( DQ303227) , H2D" o
Note. A #0201 stands for HLA-A #0201, a class I allele with the highest frequency in human populations. ltalic stands for alleles, a class I allele with
the highest frequency in the NIH populations minipigs, as follows: SLA-1 %0701 ( AF464036), SLA-1 #0401 ( AF464002), SLA-2 * 0401 ( AFO14006) ,
SLA-2 %0301 (AF014004), SLA-3 #0301 ( AF014003), and SLA-3 %0602 (DQ303227). H-2Db stands for corresponding mouse alleles.

2.5 SLAI CD8* HLA 0703 .SLA-3 %0401 SLA-2 * 1102 SLA-2 * 11wz01
CD8*
SLA 1 SLA-1 .SLA-2 SLA-3 o SLA-3 * 0403 225
CD8 " (Thr)— (Gly), 228

HLA-A #0201 (Thr) — (Met) 227 ~ 228

( 4, _SLA-1 * 0401wz01 . 4 , : (GIn) .
SLA-1 #0703 ,SLA-3 #0401 ,SLA-2 * 1102  SLA-2 (Ser) . (GIn) . (Tyr), H-2D"

* 1 1wz01 225 228 CD8 *
, (Thr)— (Ser) . ('Thr) HLA-A #0201 ,
- (Met) | SLA-1 * 0401wz01 .SLA-1 *  H2D" 4 .
4 SLA 1 CD8* HLA

Tab.4 Comparison of the homology of CD8 * -binding amino acid sequences recognized with

SLA class I molecules between humans and Wuzhishan minipigs

Alleles 223 224 225 226 227 228
HLA-A * 0201 D Q T Q D - - - - T
SLA-1 % 0401wz01 + + S + + - - - - M
SLA-1 %0703 + + S + - - - - M
SLA-2 * 11wz01 + + S + + - - - - M
SLA-2 #1102 + + S + + - - - - M
SLA-3 #0401 + + S + + - - - - M
SLA-3 * 0403 + + G + + Q S Q Y M
H-2Db E L T + + - - - - M
7 HLA-A #0201 J= ;HLA-A #0201
Note. Theoitalic stands for inserted amino acids. “ +” indicates that the amino acids are identical to human HLA-A #0201. “ -7 indicates that the

deleted amino acid. A * 0201 stands for HLA-A #0201, a class I allele with the highest frequency in human populations.
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2.6 SLAI HLA I KIR 2 o SLA-1 =
0401wz01 HLA I KIR
5 SLAI HLA 1 KIR , 3
o ,SLA- o SLA-1 %0703 ,SLA-3 * 0401 SLA-3
2% 11wz01  SLA-2 %1102 HLA I KIR * (0403 HLA I KIR
, NKTA-1 SLA-2 # 11wz01 SLA-1 # 0401wz01
1 , NKTA-2 NKTA-3 o
5 SLAI HLA I KIR

Tab.5 Comparison of amino acid residues that NK cell KIRs binding sites of HLA class I genes with

corresponding SLA class I genes

NKTA-1 NKTA-2 NKTA-3
Alleles
78 79 80 77 78 79 80 77 78 79 80 81 82 83
HLA 1 N L R K S L R N N L R I A L R
SLA-1 * 0401 w201 G - N T G - N T G - N T L R G
SLA-1 #0703 - - N N N - N N - - N N L R G
SLA-2 * 11wz01 - - T N - - T - - - T - G
SLA-2 #1102 - - - T N - - T - - - T - - G
SLA-3 * 0401 - - K N N - K N - - K N R G
SLA-3 * 0403 - - K N - K K - - K K L R G
:NKTA-1/2/3 3 KIR HLA . HLA o
Note. NKTA-1, NKTA-2 and NKTA-3 stand for three kinds of HLA amino acid residues which binding to KIRs. “ —” indicates that the amino acid
residues are identical to that in human HLA class 1.
s Gao ! 5
3
SLA-3 #0403 225
SLA 1 (Thr) — (Gly), 228
L , (Thr)— (Met) , 227 ~ 228
SLA HLA 4 R
o SLA NIH , SLAI
T ,
, ; SLA I CD8* T
o NIH SLA I o
R GGTA1 =/~ SLA 1 SLA 1
HLA . GGTA1 ™~ SLA- HLA 1 KIR ,
1 .SLA-3 SLA-2 HLA-A * ,  Sasaki™
0201 70.5% ~72. 1% , NIH 3 KIR HLA-G
83.2% ~100% , SLA I , , NK
HLA Chen ¥ . o SLA-2 * 11wz01 ~ SLA-2
SLA-1 ,SLA-2 1102 HLA I KIR 1 ( NK-
HLA . - , TA-1) 2(NKTA-2 NKTA-3) ,SLA2
SLA s * 11wz01 SLA-2 %1102
SLA o NK GGTA1 ™'~
HLA 223 ~228 ) o
CD8 + [18] .
SLA-1 * 0401wz01 , SLA-1 * 0703 [ SLA-2 * 11wz01 | ,GGTA1 ™/~ SLA 1
SLA-2 = 1102 SLA-3 # 0401 HLA-A * 0201 HLA ,
, (Thr) — , _

(Ser) . (Thr)— (Met) , o
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