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Abstract 

The transporter associated with antigen processing (TAP) translocates antigenic peptides from the 
cytosol into the lumen of the endoplasmic reticular and plays a critical role in the major histo-
compatibility complex (MHC) class I molecule-mediated antigenic presentation pathway. In this 
study, the porcine TAP1 gene was mapped to the pig chromosome 7 (SSC7) and was closely linked 
to the marker SSC2B02 (retention fraction=43%, LOD=15.18). Subcellular localization of TAP1 by 
transient transfection of PK15 cells indicated that the TAP1 protein might be located in the en-
doplasmic reticulum (ER) in pig kidney epithelial cells (PK-15). Gene expression analysis by 
semi-quantitative RT-PCR revealed that TAP1 was selectively expressed in some immune and 
immune-related tissues. Quantitative real-time PCR (qRT-PCR) analysis revealed that this gene 
was up-regulated after treatments that mimic viral and bacterial infection (polyriboinosin-
ic-polyribocytidylic acid (poly(I:C)) and lipopolysaccharide (LPS), respectively). In addition, ele-
vated TAP1 expression was detected after porcine reproductive and respiratory syndrome virus 
(PRRSV) infection in porcine white blood cells (WBCs). One single nucleotide polymorphism 
(SNP) in exon 3 of TAP1 was detected in a Landrace pig population by Bsp143I restriction enzyme 
digestion. Different genotypes of this SNP had significant associations (P<0.05) with the red blood 
cell distribution width (RDW) of 1-day-old (1 d) pigs (P=0.0168), the PRRSV antibody level (PRRSV 
Ab) (P=0.0445) and the absolute lymphocyte count (LYM#) (P=0.024) of 17 d pigs. Our results 
showed that the TAP1 gene might have important roles in swine immune responses, and these 
results provide useful information for further functional studies. 
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Introduction 

The transporter associated with antigen pro-
cessing (TAP), which is located in the MHC II region, 
is a heterodimer composed of the TAP1 and TAP2 
subunits. Both subunits belong to the ATP-binding 

cassette family of transporters. TAP1 functions by 
providing a supply of candidate peptides to the MHC 
I molecules within the peptide loading complex (1) 
and by transporting antigen peptides from the cyto-
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plasm into the endoplasmic reticulum (ER) (2). It has 
become evident that TAP is involved in immune re-
sponses in both humans and pigs. In humans, in-
creased expression of TAP1 and MHC I path-
way-related genes has a pivotal role in the processing 
and presentation of viral antigens and the clearance of 
viruses within infected cells (3). In pigs, Garcia-Borges 
et al. first cloned the complete coding sequence of the 
porcine TAP1 gene, and an alternatively spliced var-
iant of this gene has been proposed to be associated 
with host resistance mechanisms by inhibiting the 
expression of the immediate-early protein ICP47 of 
herpes simplex virus-type 1 (HSV-1)(4). TAP is also a 
target for viral escape strategies (1). Some inhibitors of 
TAP, such as herpes simplex virus (HSV) (5-6), Ep-
stein-Barr virus (EBV) (7), cytomegalovirus (CMV) (8) 
and varicella virus (9) can inhibit the MHC class I 
antigen presentation pathway by inhibiting TAP, 
which translocates peptides across the endoplasmic 
reticulum membrane. Similarly, an early pseudora-
bies virus protein induces the down-regulation of 
swine leukocyte antigen class I (SLA I) by interfering 
with the TAP genes in swine (10).  

TAP1 is expressed in many immune cell types, 
including human Hu-H7 hepatocytes, macrophages 
and porcine PK-15 epithelial cells (3-11-12), and is 
strongly induced by some cytokines. TAP1 is 
up-regulated by 20-fold and 10-fold, respectively, at 

the mRNA and protein levels within 12 h by IFN- in 

both endothelial and HeLa cells (13). In vitro IFN- 

and TNF- stimulation up-regulates TAP1 in a frac-

tion of tumor samples (14). Treatment with IFN- 
induces TAP1 expression primarily in human mac-

rophages (15). Both IFN- and LPS can synergistically 
increase TAP1 transcription, which may be mediated 
by STAT1 (16). Up-regulation of TAP expression may 

strengthen MHC  processing and CTL killing effi-
ciency. It has been reported that TAP1 could also be 
strongly induced by the p53 and p73 tumor suppres-
sors, which leads to the activation of the MHC class I 
pathway (17). In contrast, a reduction of TAP expres-
sion and function has been observed in murine tumor 
cell lines expressing IL-10 (18). 

PRRSV, a single positive-stranded RNA virus 
belonging to the family Arteriviridae (19-20), is the 
most economically significant infectious disease 
threat to the swine industry worldwide. It causes high 
mortality of piglets, reproductive failure in pregnant 
gilts and sows and respiratory disease in pigs of all 
ages (21-22). It has been reported that PRRSV reduces 
the antigen-presenting ability of monocyte-derived 
dendritic cells (Mo-DC) and results in reduced ex-
pression of MHC I and MHC II (23), which might be 
involved in viral immune evasion during host de-

fense. In this study, we completed new molecular 
characterization of the porcine TAP1 gene and locali-
zation analysis at both the gene level and the protein 
level. A thorough expression analysis including tissue 

distribution and immunostimulation by poly(I:C) 
and LPS was completed as well. In vivo PRRSV infec-
tion and association analysis between SNPs and im-
mune traits highlighted the role of porcine TAP1 gene 
in PRRS and pig genetics. 

Materials and methods 

Gene mapping of porcine TAP1 gene 

The INRA-University of Minnesota porcine ra-
diation hybrid (IMpRH) panel was used to map the 
porcine TAP1 gene to a porcine chromosome (24). The 
PCR primers (map-F/map-R in Table 1) were de-
signed to amplify a 329-base-pair (bp) genomic frag-
ment spanning intron 3, exon 4 and intron 4 of the 
porcine TAP1 gene. PCR reaction was performed as 
described previously (25). Subsequently, the result 
was analyzed on the website 
http://www.toulouse.inra.fr/lgc/pig/RH/ for RH 
mapping (26). 

Subcellular localization of TAP1 in PK-15 cells 

The 2241-bp open reading frame (ORF) encoding 
porcine TAP1 protein was amplified and subcloned 
into the NheI-BamHI site of the pEGFP-N1 vector 
(Clontech, USA) to yield the mammalian expression 
plasmid pEGFP-TAP1. PK-15 cells were transiently 
transfected with the pEGFP-TAP1 vector, and the 
empty pEGFP-N1 vector was used as a negative con-
trol. The primer pair pEGFP-F and pEGFP-R for por-
cine TAP1 is listed in Table 1. PK-15 cells were seeded 
on coverslips in 6-well plates and washed three times 
with phosphate-buffered saline (PBS). After a 6 h 
transient transfection using LipofectamineTM 2000 
(Invitrogen, USA), the medium was replaced with 

fresh challenge media with or without poly (I:C) 
(Sigma, USA) at 10 µg/ml, following by 18 h transient 
transfection. Cells were fixed in 4% polyformalde-
hyde in PBS for 15 min at room temperature, perme-
abilized with pre-warmed 0.1% Triton X-100 in PBS 
for 5 min at 37 °C, and then stained with 40 μg/ml 
tetramethylrhodamine-conjugated ConA (Invitrogen, 
USA) in PBS at 37 °C for 20 min. All fluorescence im-
ages were generated using an LSM 510 META confo-
cal microscope (ZEISS, Germany). LSM Image Exam-
iner was used to generate images of individual fluo-
rescent markers and to overlay pictures to demon-
strate the relative distribution of the fusion protein. 
All images were obtained at 63× optical zoom. 
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Table 1. TAP1 primer sequences used in this study. 

Gene name Primer name Primer sequences(5'-3') Primer location PCR(Tm)( °C) Size(bp) 
  SNP-F tcggaaatgtggataagagca intron1 56 790 
 SNP-R aaacagacggataatgaaagagg intron3 

TAP1 map-F acctggctcattgctcgtc intron3 61 329 
map-R tctgggatgagggtcagtgtag intron4 
exp-F ccagatccagttcaccgaagc exon6 61 190 
exp-R cgggtaggcaaaggagacatt exon7 

pEGFP-F ccgctagccgacctcgtacgccaatg 5'UTR 60 2274 
pEGFP-R ccggatcccttaactcaggagcatct 3'UTR 

 β-actin Actb-F ggacttcgagcaggagatgg 61 130 
Actb-R gcaccgtgttggcgtagagg 

 
 

RNA extraction and expression pattern of the 

TAP1 gene 

Total RNA from 18 porcine organs (brain, heart, 
liver, spleen, stomach, lung, kidney, lymph node, fat, 
bone marrow, small intestines, muscle, testis, epidi-
dymis, bladder, uterus, ovary and skin) was isolated 
with an RNA prep pure Tissue Kit (Tiangen Biotech 
(Beijing) Co., Ltd). Total RNA was then quantified 
using a NanoDropTM 1000 Spectrophotometer (Ther-
mo Fisher Scientific Inc., USA). The quality of the 
RNA was evaluated by formaldehyde denaturing gel 
electrophoresis in 1.2% agarose gels, which showed 
dispersed bands (28S and 18S) without any obvious 
smearing patterns that would indicate degradation. A 
total of 2 μg RNA was used for reverse transcrip-
tase-polymerase chain reaction (RT-PCR) using the 
TransScript First-Strand cDNA Synthesis SuperMix 
according to the manufacturer’s instructions (Tiangen 
Biotech (Beijing) Co., Ltd). Semiquantitative RT-PCR 
(30 cycles) was employed to analyze the tissue dis-
tributions using the gene-specific primers exp-F and 
exp-R (Table 1). The expression level of β-actin (Table 
1) was used as the internal control.  

 

Immunostimulation with poly (I:C) and LPS in 

PK-15 cells 

PK-15 cells were seeded in 6-well plates at a 
concentration of 2.5×105 cells/well and were cultured 
in Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented 10% (v/v) fetal bovine serum in hu-
midified air containing 5% CO2 at 37 °C. When ~50% 
confluence was observed, the medium was replaced 

with fresh challenge media with or without poly(I:C) 
at 10 µg/ml or LPS (Sigma, USA) at 1 µg/ml. Total 
RNA was harvested at 0, 6, 12, 24 and 48 hour post 
infection (hpi) using TRIzol reagent.  

PRRSV infection, white blood cell isolation and 

qRT-PCR 

All animal sample collection was performed ac-

cording to guidelines approved by the Animal Care 
and Use Committee of Guangdong Province, China. A 
total of 72 PRRSV-negative local Chinese hybrid pigs 

(30 d～40 d old) were used for the detection of porcine 
TAP1 gene expression in response to PRRSV infection. 
The pigs were divided into 2 groups and were housed 
in isolation facilities. The infection group consisted of 
49 pigs and the control group consisted of 23 pigs, 
which were littermates of the pigs in the infection 
group. After 7 d of acclimation, pigs in the infection 
group were inoculated with 2 ml of 105 50% tissue 
culture infectious doses/ml (TCID50) per 10 kg body 
weight of PRRSV strain TPP6 by cervical muscle in-
jection, while the control group was inoculated with 2 
ml of DMEM culture medium. Blood was collected 
from the jugular vein of pigs using a 5 ml tube with 
EDTA-K2 anticoagulant at 0, 4, 7, 14, 21, 28, 35 and 42 
day post infection (dpi). Red blood cell (RBC) lysis 
buffer was added to the blood samples and lysis was 
allowed to proceed for 5 min at room temperature. 
White blood cells (WBCs) were isolated by centrifu-
gation at 2800 revolutions per minute (rpm) for 5 min, 
following by WBC RNA extraction using RNA prep 
pure Blood Kit (Tiangen Biotech, Beijing). Three pigs 
at each time point from the infection and control 
groups were selected to evaluate the mRNA expres-
sion of the porcine TAP1 gene.  

Poly(I:C)-, LPS- and PRRSV-induced expression 
of the porcine TAP1 gene was determined by 
qRT-PCR using a standard SYBR Green PCR kit 
(Toyobo, Japan) and a Bio-Rad iQ5 Real-Time PCR 
Detection System. Reactions were prepared in a total 
volume of 20 µl containing SYBR® Green Real-time 
PCR Master Mix, gene-specific primers (exp-F/exp-R 
in Table 1) and template cDNA. The cycling condi-
tions consisted of an initial, single cycle for 3 min at 
95°C followed by 40 cycles of 30 s at 95°C, 30 s at 61°C 
and 15 s at 72°C. Three independent samples at each 
time point/condition were analyzed. Porcine β-actin 
was used as the internal control, and all reactions 
were run in triplicate. The ΔΔCt method was used to 
determine the different expression levels (27). 
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SNP identification, allele frequencies and as-

sociation analysis 

An A/G polymorphism in exon 3 of the porcine 
TAP1 gene, which had been reported based on ge-
nome sequencing of different breeds of pigs was de-
tected in our Landrace population by Bsp143I re-
striction analysis (28). PCR restriction fragment length 
polymorphism (PCR-RFLP) analysis with the primer 
pair SNP-F/SNP-R (Table 1) was employed to geno-
type the SNP polymorphic sites in this study. In total, 
306 DNA samples of Landrace piglets, 17 DNA sam-
ples of sires and 36 DNA samples of dams were gen-
otyped. The blood parameters and levels of antibodies 
to PRRSV, CSFV and PRV were measured for all pig-
lets at 1 d, 17 d and 32 d. As the A/G polymorphism 
identified creates a polymorphic Bsp143I restriction 
site, allele A (in which the restriction site is absent) is 
characterized by the presence of one fragment 790 bp 
in length, whereas for allele G (which possesses the 
polymorphic restriction site), the amplicon is cut into 
fragments of about 651 and 139 bp (Fig. 5). Subse-
quently, deviation from Hardy–Weinberg equilibrium 
was examined with the Fisher’s exact test (probability 
test) using PopGene 3.2 (29). A total of 18 blood pa-
rameters were analyzed and association analysis was 
performed as described previously (30).  

Results  

Chromosome mapping and subcellular locali-

zation of TAP1 in PK-15 cells 

The porcine TAP1 gene was found to be located 
on chromosome 7 (SSC7) using IMpRH, and the 
two-point analysis from RH mapping showed that 
porcine TAP1 is closely linked to the marker SSC2B02 
(retention fraction=43%, LOD=15.18). We also com-
pleted subcellular localization analysis of the porcine 
TAP1 protein by fluorescence and confocal analysis. 
With pEGFP-N1 empty vector transfected EGFP was 
observed throughout the entire cell (Fig. 1C). The 
green fluorescence of pEGFP-TAP1 overlapped with 
the red fluorescence of an ER marker, indicating that 
TAP1 might be localized subcellularly on the ER (Fig. 

1F). Under poly(I:C) stimulation, the subcellular lo-
cation of porcine TAP1 did not change (Fig. 1I).  

Tissue distribution analysis and poly(I:C)- or 

LPS-induced expression of TAP1 mRNA in 

PK-15 cells 

To investigate the general tissue distributions of 
porcine TAP1, RT-PCR was used to analyze TAP1 
transcripts in RNA prepared from various tissues. 
Our results showed that the porcine TAP1 gene is 
selectively expressed in certain tissues including the 

lymph nodes, bone marrow, lungs, fat, skin, stomach, 
kidneys, epididymis, bladder, uterus and ovaries (Fig. 
2). There was low or no expression in the testis, brain, 
heart, liver, spleen, small intestines and muscle.  

To determine whether the porcine TAP1 gene is 
responsive to viral or bacterial infections, stimulation 
experiments in which PK-15 cells were treated with 

poly(I:C) and LPS and analyzed by qRT-PCR were 
performed. The immunostimulation results show that 
porcine TAP1 was up-regulated following both types 
of stimulation (Fig. 3). Significant increases can be 
seen from 6 hpi(P=0.0045) to 48 hpi(P=0.0005) and 
from 24 hpi(P=0.0022) to 48 hpi(P=0.0005) following 

poly(I:C) and LPS stimulations, respectively. 

Elevated expression of the TAP1 gene in 

PRRSV-infected pigs 

To investigate whether the porcine TAP1 gene is 
responsive to viral infections in vivo, stimulation ex-
periments in which health pigs were infected PRRSV 
and analyzed by qRT-PCR were performed. The abil-
ity of PRRSV to induce the expression of the porcine 
TAP1 gene in WBCs is shown in Fig. 4. Our results 
demonstrate that the level of TAP1 mRNA in WBCs 
was higher than baseline from 4 to 42 d, peaking at 28 
d and decreasing from 35 d. The expression of TAP1 
mRNA was maintained at a constant level from 0 to 42 
days in the control group. 

Polymorphism detection and association 

analysis 

To determine whether the genetic variation of 
porcine TAP1 is associated with immunological traits 
in pigs, two genotypes, GG (homozygote) and heter-
ozygote GA, were detected by PCR-RFLP for the SNP 
(A/G polymorphism in exon 3) (Fig. 5). The numbers 
of samples with the genotypes GA and GG were 31 
and 275, respectively. The TAP1-Exon III-Bsp143I G 
allele is the predominant allele, with a frequency 
0.9493. Analysis in PopGene showed that the ob-
served genotypic values of 306 piglets were not sta-
tistically different from the expected values based on 
the Hardy-Weinberg equilibrium (P=0.3589, P>0.05, 
Table 2). These results indicate that different geno-
types of the SNP in TAP1-Exon III are significantly 
associated (P<0.05) with RDW at 1 d (P=0.0168), 
PRRSV Ab at 17 d (P=0.0445) and LYM# at 17 d 
(P=0.024) (Table 3). Moreover, the associations of 
RDW (1 d) and LYM# (17 d) with the GA genotype 
and of PRRSV Ab (17 d) with the GG genotype were 
the strongest (Table 3). The homozygote AA was not 
detected in this population. Pigs with the genotype 
AA may be rejected during long-term selection be-
cause of the disadvantage of this allele.  

http://imprh.toulouse.inra.fr/Do=R&M=IMpRH00696
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Fig. 1. The subcellular localization of the pEGFP-TAP1 fusion protein in PK-15 cells. Cells expressing pEGFP-TAP1 (D, E, F), 

pEGFP-TAP1 (with poly(I:C) stimulation, G, H, I) and pEGFP-N1 empty vector (A, B, C) are displayed in the panel. The cells were stained 
with tetramethylrhodamine-conjugated ConA (excited at 550 nm; red, A, D, G) and the expression of the green fluorescent protein is 

displayed in the center of the panel (excited at 488 nm; B, E, H).The fluorescent signals were analyzed by confocal microscopy. The overlay 

images were generated by merging two signals (C, F, I). 

 

Fig. 2. Tissue distribution analysis of porcine TAP1. β-actin was amplified as the internal control. Lengths of the PCR products 

(pTAP1: 190 bp; β-actin: 233 bp) are marked in the figure. Markers for mw (M): DL2000 DNA marker (2000 bp, 1000 bp, 750 bp, 500 bp, 

250 bp, 100 bp). 
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Fig. 3. Porcine TAP1 mRNA levels in poly(I:C)- or LPS-stimulated PK-15 cells. Cells were harvested at the times indicated; 

RNA was prepared and RT-PCR was performed with β-actin amplified as the internal control. The mean results±s.e.m. of three samples 
are represented in each graph. Significant differences in the expression compared to the untreated control group (0 h) were calculated 

using two-tailed paired Student’s t-tests. P-value<0.01 were considered to be dramatically significant vs. 0 h and are indicated with (**). 

 

 

Fig. 4. Porcine TAP1 mRNA levels in WBCs after PRRSV infection (in vivo stimulation) with for 0, 4, 7, 14, 21, 28, 35 and 

42 d. mRNA levels of β-actin were used as internal control. The mean results±s.e.m. of three individual animals are presented in the 
graph. The black symbols indicate the infection group and white symbols indicate the control group. (Calculated methods and significance 

levels are as noted for Fig. 3). 

 

 

Fig. 5. PCR-RFLP analysis of a porcine TAP1 polymorphism. The genotypes are shown on the top of the lanes (M, molecular 

weight marker). 
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Table 2. Distribution of PCR-RFLP-TAP1 polymorphism in 306 Landrace piglets. 

Biomass Genotype Allele frequence Chi-squre Pdf=1 
GA GG A G 

306 31 275 0.0507 0.9493 0.841741 0.358899 

 
 

Table 3. Association analysis of the TAP1SNP with immune response and growth traits. 

Trait Genotype(n) Lsmesn±SE P-value 
1-day RDW GA(28) 15.0211±0.3691 0.0168* 

GG(255) 14.3952±0.2740 
17-day PRRSV Ab GA(23) 0.7845±0.1875 0.0445* 

GG(236) 0.9723±0.1650 
17-day LYM# GA(21) 8.6247±0.8105 0.024* 

GG(205) 7.0456±0.4669 

*: significant difference level at P<0.05 level. 

 

Discussion 

Previous studies of TAP1 have mainly focused 
on humans and mice. However, little is known about 
the potential role of TAP1 in porcine immune re-
sponses and infectious diseases. Studies on important 
genes involved in immune responses and various 
genetic markers are necessary to improve the genetic 
resistance to infectious disease (31-32), which prompts 
us to complete further investigations of TAP1 in 
swine.  

Using the IMpRH panel, TAP1 was mapped to 
SSC7 and was found to be closely linked to the marker 
SSC2B02, which is located in the MHC region and is 
linked to DQA and DQB (33-34). In humans, the TAP1 
gene has been mapped to chromosome 6p21.3 and is 
located in the MHC II region between HLA-DP and 
DQ (35). Comparative map analysis between humans 
and pigs (www.animalgenome.org/pigs/) further 
confirmed our chromosome mapping results; human 
chromosome 6p21 is homologous to pig 7p11 and 
q11-q14 (36-37). At the protein level, porcine TAP1 
was predicted to be located in the ER by bioinformatic 
analysis (http://wolfpsort.org/). To validate our 
prediction, the subcellular location of TAP1 was de-
termined by fluorescence and confocal analysis of 
PK-15 cells transiently transfected with the 
pEGFP-TAP1 vector. The results were in agreement 
with the bioinformatics analysis. Consistent with 
porcine TAP1, the human homologue is located in the 
ER and the cis-Golgi (38-39). These data strongly 
support the notion that TAP1 might be located in the 
ER. Interestingly, our subcellular localization analysis 

of porcine TAP1 following poly(I:C) stimulation 
showed that the localization was the same as that 
under the normal conditions, indicating that the pro-
tein localization is not significantly affected by viral 
stimulation (Fig. 1I). Subcellular location of porcine 

TAP1 is also consistent with its function in transport-
ing the antigen peptide from the cytosol into the lu-
men of the endoplasmic reticulum in living cells. 

Under normal conditions, porcine TAP1 was se-
lectively expressed in immune (lymph node and bone 
marrow) and immune-related tissues (lung, skin, 
stomach and fat) in addition to organs of the urogen-
ital system (kidney, epididymis, bladder, uterus and 
ovary). The tissue distributions in pig are generally 
identical with that in both humans and mice (40). The 
porcine TAP1 expression pattern indicates that it may 
play a vital role in immune responses. Surprisingly, 
there was no TAP1 expression in the spleen under 
normal conditions, which may be associated with 
following two reasons: Firstly, the difference of breed 
and day in pigs may be responsible for the mRNA 
expression quantity of TAP1 in the some immune 
tissues; Secondly, the expression of TAP1 in some 
immune organs may be induced by other virus or 
bacterium infection. After immunostimulation mim-

icking viral or bacterial stimulation using poly(I:C) 
and LPS, we detected TAP1 up-regulation in PK-15 
cells, indicating its wide roles during defenses in pigs. 
In humans, TAP1 expression could also be induced by 
LPS after treatment for 24 h in primary human mac-
rophages (15); up-regulation of TAP expression might 
strengthen MHC I processing and CTL killing effi-
ciency. It has been shown that porcine TAP1 expres-
sion was significantly induced at 24 hpi and 48 hpi in 
Salmonella choleraesuis-infected porcine lungs (41). In 
this study, we first observed the up-regulated expres-
sion of porcine TAP1 following PRRSV infection in 
vivo. We observed a gradual but not significant 
up-regulation of TAP1 gene expression in WBCs from 
4 dpi (FC=1.1, P=0.6980) to 7 dpi (FC=1.3, P=0.3635) 
(Fig. 4). This up-regulation may imply that TAP1 
production in response to PRRSV infection is slow 
and weak. Similarly, Suradhat et al. found that the 
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IFN-γ gene expression was not significantly 
up-regulated from 5 dpi in PBMCs following by 
PRRSV infection. These results may be due to the 
weak innate immune response to PRRSV (42). How-
ever, up-regulation of IL-10 gene expression was ob-
served previously in PBMC of PRRSV infected pigs 
from 5 dpi (43). Interestingly, Salazar-Onfray et al. 
demonstrated that IL-10 can decrease the expression 
and function of the TAP1/2 molecular complex(44). 
Overall, this implies that the expression and effect of 
TAP1 may be fine-tuned by IL-10 during an innate 
immune response to PRRSV from blood. We also 
found that TAP1 expression was markedly 
up-regulated from 14 dpi (P=0.0050) to 42 dpi 
(P=0.0036), which occurs in the adaptive immune re-
sponse stage of PRRSV infection. In this stage, much 
greater cytokine, interferon and antibody levels were 
produced to protect pigs against the PRRSV invasion; 
the role of these increased levels is not clear. Our re-
sult suggests a potential induction mechanism for the 
anti-virus immune response of porcine TAP1 in blood 
following PRRSV infection. In other species, modula-
tions of viral infections, including hepatitis B virus 
(HBV) in HepG2 cells (45), single-stranded hepatitis A 
virus in hepatocytes (3), West Nile virus (WNV) in-
fection in human skin fibroblasts (HFFs) (46) and 
Marek’s disease virus (MDV) infection in chicken 
spleen (47) have also been reported.  

The ultimate objective of modern breeding is to 
produce pigs with superior immune response and 
health traits; however, infectious disease has been the 
most costly and hazardous problem in breeding. 
Studies on various genetic improvement methods and 
important immune response genes are crucial to im-
prove the genetic resistance to infectious disease 
(31-32). However, little information has been reported 
on the correlation between the TAP1 gene and pig 
infectious disease. One SNP (A/G polymorphism) in 
exon 3 of porcine TAP1 was found to be significantly 
associated with RDW, LYM# and the PRRSV Ab level. 
Blood parameters and antibody levels can reflect the 
immune competence of an individual or a population 
to some extent and may be used as potential indica-
tors for disease or disease severity. RDW is essential 
diagnostic parameter that reflects the difference in the 
red cell count. Zou et al. found that there were 14 
QTLs associated with RDW at 18, 46 and 240 d after 
white Duroc×Erhualian intercross resource popula-
tion, and a QTL for RDW at 18 d was located in the 
KIT region (48). RDW is used as an inexpensive and 
powerful prognostic marker in heart failure and car-
diovascular disease, which has been a hot research 
area in recent years (49-52). Lymphocytes are im-
portant components of the host immune response. 

The absolute lymphocyte number is also a prognostic 
indicator for survival in various hematological ma-
lignancies (53-56). 

PRRS is an economically important disease. Be-
cause of the high variability in the PRRSV genome 
between North American and European isolates, no 
vaccines could offer effective protection against all 
PRRSV isolates currently existing (57-58). Alternative 
methods such as the characterization of 
host-resistance mechanisms using genetics strategies 
would be helpful to identify the genes involved in 
resistance to homologous or heterologous PRRSV 
infection (59). Therefore, more studies are now fo-
cusing on candidate genes that are associated with 
PRRS resistance during innate immune and adaptive 
immune responses. These genes include IFNs (IFN-α, 
IFN-γ), ILs (IL-8, IL-10, IL-1β), TLRs (TLR-3), CXCLs 
and the PRRSV receptor (SIGLEC1, CD163) (60-65). 
Interestingly, our association analysis showed that the 
porcine TAP1 gene was associated with the PRRSV 
antibody level. Proper antibody levels are important 
to protect pigs from virus infection. These results in-
dicate that porcine TAP1 may not only play crucial 
roles in antigen presentation but may also signifi-
cantly affect antibody levels during PRRSV infection.  

In conclusion, we investigated TAP1 as a candi-
date gene for disease resistance in swine. We per-
formed gene mapping and analyzed the genetic vari-
ation of porcine TAP1 gene, and we investigated the 
induced expression change in cells stimulated in vitro 

by poly(I:C)/LPS, or infected health pigs by PRRSV. 
Together with this, our results indicate that the por-
cine TAP1 gene is closely related with porcine im-
mune responses; thus, this report provides useful in-
formation for further functional studies.  
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