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Summary

 

A total of 53 alleles at five highly polymorphic swine
leucocyte antigen (SLA) loci (SLA-1, SLA-3, SLA-2,
SLA-DRB1, and SLA-DQB1) were identified in eight
commercially available porcine cell lines (ESK-4, LLC-
PK1, MPK, PK13, PK15, PT-K75, SK-RST, and ST). This
information is essential for the use of these cell lines to
understand the role of SLA genes and proteins in swine
models of transplantation, xenotransplantation, and in
swine immune responses to infectious diseases and vaccines.
The ready availability of these cell lines also makes them
a good source of reference DNA for SLA allele typing.

The highly polymorphic swine leucocyte antigen (SLA)
genes in the porcine major histocompatibility complex
(MHC) have been repeatedly shown to influence swine
immunological traits (Mallard 

 

et

 

 

 

al

 

., 1989; Madden 

 

et

 

 

 

al

 

.,
1990), vaccine responsiveness (Rothschild 

 

et

 

 

 

al

 

., 1984;
Lumsden 

 

et

 

 

 

al

 

., 1993) and tumor inheritance (Tissot 

 

et

 

 

 

al

 

.,
1989) (reviewed in Lunney 

 

et

 

 

 

al

 

., 2009). Favourable
production traits have also been mapped close to the
SLA region (reviewed in Vaiman 

 

et

 

 

 

al

 

., 1998). The strong
influence of the SLA complex is mostly attributable to the
antigen-presenting properties of MHC proteins in the
swine adaptive immune system and to many important
genes in strong linkage (Renard 

 

et

 

 

 

al

 

., 2006). In addition,
several studies which explored pigs as potential xenograft
donors for human transplantation have documented the
direct recognition of SLA antigens by human T cells

(Yamada 

 

et

 

 

 

al

 

., 1995; Shishido 

 

et

 

 

 

al

 

., 1997). Studies have
also shown that the SLA proteins can inhibit human
natural killer (NK)-mediated cytotoxicity (Kwiatkowski

 

et

 

 

 

al

 

., 1999). These xeno-recognitions suggest that there is
a high level of structural homology between the swine and
human MHC proteins. Thus, understanding the SLA
genes is crucial to the development of pigs as large animal
models for human diseases and the improvement of
animal health in the pig production industry.

Relative to the human MHC system, little is known
about the diversity of SLA genes in the entire pig popula-
tion. To better understand the extent of polymorphism
and allelic architecture of the SLA system, we have sought
to discover new SLA sequences from different sample
sources. We report here the sequence-based characteriza-
tion of alleles at five highly polymorphic SLA loci in
eight porcine cell lines that are publicly available from a
commercial cell line repository. The ready availability
of these cell lines makes them a good source of well-
characterized standards for SLA allele typing. In addition,
these cell lines have been useful for the culture of various
pig viruses. The characterization of their SLA genes would
facilitate their use in studies of peptide epitopes from these
viruses and may facilitate the design of effective vaccines
in the context of SLA specificities.

Eight porcine cell lines, ESK-4 (embryonic kidney),
LLC-PK1 (normal kidney), MPK (normal kidney), PK13
(normal kidney), PK15 (normal kidney), PT-K75 (nasal
turbinate mucosa), SK-RST (normal kidney cortex) and
ST (normal testis), were obtained from the American
Type Culture Collection (ATCC) (Manassas, VA, USA)
and cultured according to the recommended conditions.
LLC-PK1 was derived from the kidney of a Hampshire
pig (Hull 

 

et

 

 

 

al

 

., 1976). PK13 and PK15 were established
from two clones derived from the PK2a line which was
also originated from a Hampshire pig (Ruddle, 1961).
Interferon (IFN)-

 

γ

 

 (R & D Systems, Minneapolis, MN,
USA) was used at a final concentration of 100 ng/mL in
the PK13, PK15 and PT-K75 cell cultures for 5 days to
induce SLA class II mRNA expression. Alleles of SLA-1,
SLA-3, SLA-2, SLA-DRB1 and SLA-DQB1 were amplified
from complementary DNA (cDNA) using the locus-specific
polymerase chain reaction (PCR) primers as previously
described (Lee 

 

et

 

 

 

al

 

., 2005; Smith 

 

et

 

 

 

al

 

., 2005c; Ho 

 

et

 

 

 

al

 

.,
2006; Lee 

 

et

 

 

 

al

 

., 2008). These primers were positioned in
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the untranslated regions to amplify the entire coding
region. Alleles of the SLA-DQA and SLA-DRA loci were
not characterized in this study due to their tight linkage to
the SLA-DQB1 and SLA-DRB1 loci, respectively, and the
limited polymorphism of the SLA-DRA locus. A minimum
of two reverse transcriptase (RT)–PCRs were performed
for each locus in each cell line to confirm obtained
sequence data. Betaine (Sigma-Aldrich, St. Louis, MO,
USA) was used at 1-

 

m

 

 final concentration to facilitate the
amplification of SLA-DRB1 alleles in ESK-4 (Henke 

 

et

 

 

 

al

 

.,
1997). PCR products were cloned into the pCR4Blunt-
TOPO vector (Invitrogen, Carlsbad, CA, USA) as previ-
ously described (Ho 

 

et

 

 

 

al

 

., 2006) or the pSC-B vector
(Stratagene, La Jolla, CA, USA) according to manufacturer’s
protocols. A minimum of eight clones from each locus
were screened for each cell line and at least two clones for
each allele were sequenced completely in the forward and
reverse direction. All sequences were submitted to the
GenBank database and compared with the existing alleles
in the Immuno Polymorphism Database (IPD)–MHC
SLA sequence database (http://www.ebi.ac.uk/ipd/mhc/
sla/; Ellis 

 

et

 

 

 

al

 

., 2006). Novel alleles were submitted to the
SLA Nomenclature Committee of the International Society
for Animal Genetics (ISAG) for name designation based

on sequence similarities and phylogenetic analysis (Smith

 

et

 

 

 

al

 

., 2005a,b).
A total of 53 alleles were identified at five SLA loci in

the eight porcine cell lines (Table 1). Comparisons with
the published SLA sequences indicated 24 alleles were
novel and six alleles were confirmatory (confirmed
previously designated tentative alleles). Of the novel
alleles, six were not assigned into existing allele groups
(i.e. designated with a provisional alphanumeric name,
e.g. SLA-1*es11) due to distinctive sequence motifs, as
shown in the phylogenetic analyses (IPD–MHC SLA
sequence database). Seven novel alleles were found to
contain single base pair (bp) nucleotide substitutions from
the published SLA sequences (Table 2). These single bp
differences were confirmed by successful PCRs using
sequence-specific primers (PCR–SSP) directed at the
polymorphic sites (results not shown) and the sequences
were therefore assigned permanent numerical names as
confirmed alleles. Two novel sequences detected in PT-K75
were identical to cDNA library clones SPL010035D12
(GenBank Accession no. AK237395) and SPL010037G02
(GenBank Accession no. AK237409); they were also
assigned as confirmed alleles SLA-1*1301 and SLA-
2*1001, respectively.

Cell line/locus SLA-1 SLA-3 SLA-2 SLA-DRB1 SLA-DQB1

ESK-4 es11b 04es32b 10es21b 0101 0701
es12b 0502c es22b 0603Q es51b

LLC-PK1 1101b 0302 0701c 1301c 0901
MPK 0201 0401 0201 0201 0201

0701 040202b 0901 0801
11mp11b

PK13 0401 0401 040201c 0501 0201
PK15 0401 0401 040201c 0501 0201
PT-K75 08pt13b 03pt31b w09pt22b 0102 0303

1201b 0502c 1001b 0403 040101
1301b

SK-RST 0202b 0101 10sk21b 0501 04sk51b

08sk11b 0502c 110101b 1102b 0801
sk13

ST 0702c 0402c 0202c 0101 0101
st11b 0601 1201b 0901 0801

a Nucleotide sequences reported here are available in the GenBank database under the 
accession no. EU170457–EU170461, EU432061–EU432069, EU432072–EU432098, 
EU440330–EU440344, and EU496105; b novel allele; c confirmatory allele.

Table 1. Swine leucocyte antigen (SLA) alleles 
identified in eight commercially available 
porcine cell linesa

Allele Cell line Similar published SLA sequence Polymorphic position

SLA-1*1101 LLC-PK1 GenBank Accession no. AJ581570a +134
SLA-1*1201 PT-K75 GenBank Accession no. AK237712a +457
SLA-1*0202 ST SLA-1*02we02 +71
SLA-2*040202 MPK SLA-2*040201 +822
SLA-2*110101 SK-RST SLA-2*110102 +384, +405
SLA-2*1201 ST SLA-2*12Lw01 +512
SLA-DRB1*1102 SK-RST SLA-DRB1*11br02 +245

SLA-DRB1*11zs10 +157

a SLA sequence not designated by the ISAG SLA Nomenclature Committee.

Table 2. Novel swine leukocyte antigen (SLA) 
alleles with polymorphic nucleotide 
substitutions confirmed by PCR using 
sequence-specific primers (PCR–SSP)

http://www.ebi.ac.uk/ipd/mhc/sla/
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Allelic dropouts are occasionally encountered with
sequence-based typing methods due to preferential PCR
amplification of one allele relative to another in a heter-
ozygous sample. This could potentially lead to the
misinterpretation of the genotypes of interest. In this
study, all porcine cell lines were also typed with genomic
DNA by a low-resolution PCR–SSP-based typing method
(Ho 

 

et

 

 

 

al

 

., 2009b) to confirm their SLA specificities.
Briefly, this typing method relies on a set of group-specific
PCR primer pairs to differentiate the published class I and
class II alleles by groups with similar sequence motifs as
designated by the SLA Nomenclature Committee (Smith

 

et

 

 

 

al

 

., 2005a,b; Ho 

 

et

 

 

 

al

 

., 2009a). Despite the performance
of two RT–PCRs and screening of a minimum of 20
clones for each locus, the group-specific PCR–SSP SLA
typing indicated an SLA-1*02XX group allele and an
SLA-2*w09XX group allele were not detected by the
sequence-based typing reactions in MPK and PT-K75,
respectively (details not shown). To effectively identify
these missing SLA specificities, PCR amplifications were
repeated with the forward and reverse locus-specific
primers independently paired with the appropriate group-
specific PCR–SSP primers (SLA-1*02XX, 5

 

′

 

-GCAGTT
CGTGCGGTTCGACAACT-3

 

′

 

 and 5

 

′

 

-GGTGTTCAGG
CCCACTCGGAG-3

 

′

 

; SLA-2*w09XX, 5

 

′

 

-TGTGGGACC
AGACGGGCTCT-3

 

′

 

 and 5

 

′

 

-GCCTTGCAGGTAGCTCC
TCCAG-3

 

′

 

; Ho 

 

et

 

 

 

al

 

., 2009b) to preferentially yield clones
with overlapping sequence segments. Results revealed
that the missing specificities were a confirmed allele SLA-
1*0201 in MPK and a novel allele SLA-2*w09pt22 in
PT-K75. Similarly, the sequence of SLA-1*08pt13 in
PT-K75 was verified with the same approach of cloning
overlapped sequence segments (SLA-1*08XX, 5

 

′

 

-CGTG
GACTCCCGCTTCTTCATT-3

 

′

 

 and 5

 

′

 

-GTCTCCCGAT
CCCAATACTCCG-3

 

′

 

; Ho 

 

et

 

 

 

al

 

., 2009b) due to the fact
that only one such full-length sequence was identified in a
total of 16 clones screened.

Several SLA alleles identified in this study have un-
expected sequence characteristics. An identical 3-bp deletion
(codon 150; nt + 510-512) in exon 3 (which encodes
the 

 

α

 

2 extracellular domain of the mature MHC class I
protein) was observed in both SLA-3*0402 and SLA-
3*04es32 in the ST and ESK-4 cell lines, respectively. In
addition, SLA-3*04es32 has a unique 12-bp insertion in
exon 4 (which encodes the transmembrane domain). A 6-bp
deletion (codon 294-295; nt + 943-948) in exon 5 (which
encodes an intracellular domain) was observed in
SLA-2*w09pt22 in the PT-K75 cell line. Additionally,
the SLA-DRB1*0603Q (formerly designated SLA-
DRB1*060202) allele detected in the ESK-4 cell line does
not appear to possess the exon 5 coding region (which
encodes an intracellular domain of the mature MHC class
II 

 

β

 

-chain protein). Despite having such a profound
sequence modification, SLA-DRB1*0603Q does not
appear to be a sequence artefact as it has been detected
independently in two porcine cDNA libraries constructed
from the Landrace–Yorkshire commercial pigs (Fahrenkrug

 

et

 

 

 

al

 

., 2002; Dvorak 

 

et

 

 

 

al

 

., 2005). Moreover, we also
found multiple clones of either SLA-DRB1 allele (i.e. SLA-

DRB1*0101 and SLA-DRB1*0603Q) in ESK-4 that lack
exon 5 but contain an unusual 262-bp intron 5-like insertion
between the exon 4 and exon 6 coding regions (results not
shown). The addition of IFN-

 

γ

 

 to the cell culture and the
use of betaine in locus-specific PCR did not alter or
eliminate these transcripts. These unusual transcripts may
have resulted from spontaneous mutations at the exon–
intron splice sites in subpopulations of the ESK-4 cells
given that genetic instability is often observed in cultured
cell lines (Maitra 

 

et

 

 

 

al

 

., 2005). Nevertheless, together with
other SLA sequence length variants described previously
(Smith 

 

et

 

 

 

al

 

., 2005a,b), it is not known whether the
sequence modifications affect the structural integrity of
the encoded SLA proteins and thus modify their surface
expressions. This therefore warrants further investigation.

Five of the eight porcine cell lines characterized in this
study were heterozygous across their SLA loci (with
the exception at the SLA-3 locus of MPK; as explained
below). Exact allele associations in the presentation of
haplotypes could not be determined without further
information on the SLA genotypes of the parents and/or
siblings of the animals originating these cell lines. PK13
and PK15, as expected, were identical in their SLA specif-
icities due to their derivation from the same cell line (Ruddle,
1961). Results indicated that they are homozygous for the
SLA haplotype Hp-4b.5 which has been detected in the
Yucatan miniature pigs (Smith 

 

et

 

 

 

al

 

., 2005c). LLC-PK1
was also homozygous for its SLA region which led to the
designation of a new SLA haplotype Hp-25.25 by the SLA
Nomenclature Committee. Preliminary studies of SLA
diversity in outbred pigs using the low-resolution PCR–
SSP SLA typing method indicated Hp-4b.5 and Hp-25.25
are very common in multiple commercial pig populations
(Ho 

 

et

 

 

 

al

 

., 2009b). Furthermore, excluding the tentative
alleles without group designation, the array of SLA alleles
characterized in this study correspond to 19 of the 32 class
I allele groups and 15 of the 23 class II 

 

β-chain allele
groups recognized to date by the SLA Nomenclature
Committee (Smith et al., 2005a,b; Ho et al., 2009a). This
demonstrates the porcine cell lines studied here represent
a very diverse immunogenetic background.

More than two SLA-1 alleles were detected in MPK,
PT-K75, and SK-RST. This suggests that the SLA haplo-
types present in these cell lines have a duplicated SLA-1
locus, which has been observed in a number of class I
haplotypes from multiple pig breeds (Lee et al., 2005;
Smith et al., 2005b; Ho et al., 2006; 2009a; Soe et al.,
2008). A recent study by Tanaka-Matsuda et al. also
revealed multiple duplication events in two newly
designated SLA class I haplotypes, in which as many as
nine class I genes were detected at the mRNA level in one
haplotype (Tanaka-Matsuda et al., 2008). On the other
hand, only one SLA-3 allele was detected in the MPK cell
line despite the sequencing of 22 clones. SLA allele
association suggests MPK was originated from a pig that
had the SLA haplotype Hp-2.2 found in the Sinclair,
Hanford and NIH miniature pigs, in which no expressed
SLA-3 gene was detected (Sullivan et al., 1997; Smith
et al., 2005c). The sole SLA-3 sequence identified in
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MPK was therefore most likely associated with the other
undesignated haplotype. Taken together, growing evidence
suggests the number of expressed SLA class I loci is highly
haplotype dependent.

In summary, we have successfully characterized the
alleles at five polymorphic SLA loci in eight commercially
available porcine cell lines. The array of alleles repre-
sented by these cell lines furthers our understanding of
allelic architecture and the extent of polymorphism in
the SLA system. These publicly accessible cell lines also
correspond to a diverse immunogenetic background
which may facilitate and expand their use in a variety of
biomedical and agricultural research, e.g. in elucidating
the roles of SLA proteins as immunologic barriers in pig-
to-human xenotransplantation as well as their influence in
many important swine immune traits such as disease
resistance and vaccine response.
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