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Abstract : Pigs have anatomically and physiologically very similar to human and because of this, pigs are the possible 
xenotransplantation donors for human organs. PERVs (Porcine Endogenous Retroviruses) are known to be one of the 
possible obstacles for using porcine organs regardless of the immunological barriers. In order to understand the expression 
patterns of PERVs in Korean native pigs, we investigated PERV expressions in porcine liver, heart, spleen, and lung 
samples. After RNA extraction, two types of specific PERV envelope genes (ENV-A and ENV-B) were amplified using 
specific primers by RT-PCR. The results indicated that the variable PERV expressions were observed in inconsistent patterns
among animals and tissues. The PERV expressions were verified with semi-quantitative real-time PCR with three replicates. 
Even though, these results confirm the previous findings that the PERVs were differentially expressed between animals 
and tissues. These results also give some valuable information for xenotransplantation when using the Korean native pigs 
as the organ donor.
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I. Introduction

Xenotransplantation, transferring cells, organs, and 

tissues from one species to another, can offer a poten-

tial solution for shortage of human organs and tissues 

for medical transplantation. For the xenotransplanta-

tion to human, pigs are thought to be the best source 

of organ donors than primates for the various reasons 

including safety, economical and practical applica-

tions. Also, pigs have little ethical problems than pri-

mates because large number of pigs was slaughtered 

every day for providing pork for human consumption 

(Lee and Moran, 2001). Recent advancement of genetic 

modifications in pig including Gal knock-out made 

the possibility of decreasing the xenograft rejections 

in the recipient immune system (Weiss et al., 1998). 

Using the samples from these pigs, pre-medical trials 

have been previously carried out. For example, pig 

livers were used for perfusion of human blood and por-

cine hepatocytes were used for the overcome of hepatic 

failure in a short period of time. Also, pancreatic islet 

cells were used to cure type I diabetes and fetal neuro-

nal tissues were implanted as a treatment for Parkin-

son’s disease (Deacon et al., 1997).

Porcine endogenous retroviruses (PERVs) are pro-

virus status of retroviruses and are inherited to the 

next generation in a Mendelian fashion (Patience et al., 

1997), as well as being acquired via maternal infection. 
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Previously, Akiyoshi et al. (1998) have been estimated 

that about 30 to 50 PERVs are present in the pig ge-

nome. Three main types of PERVs, PERV-A, -B and 

-C based on the envelope proteins, have been exten-

sively investigated. Within the env gene, the region 

encoding the ligand of the host cellular receptor has high 

sequence variations among the PERV types (Akiyoshi et 

al., 1998; Le Tissier et al., 1997). These three types 

of viruses have distinct receptor specificity and in vitro 

cell tropism (Wilson et al., 2000). Meanwhile, gag and 

pol genes in the PERV genome have less nucleotide 

variations and could not distinguish the type of PERVs 

only using the sequence information from the gag and 

pol genes. 

Previously, human cell lines were infected by PERVs 

when co-culture with porcine PK-15 cell lines (Patience 

et al., 1997). Also, there is an evidence of PERV infec-

tion in SCID mouse tissue in vivo (van der Laan et 

al., 2000). This indicates that the PERVs can be trans-

mitted from pig to human and at the same time, it 

gives very high incident of transmitting harmful disea-

ses from animal to human. However, the percentage 

of the outbreaks of a new disease in human is very 

low since the PERVs were hardly developed to a disease, 

even in pigs. However, until now, no PERV infection has 

been recorded in vivo in baboon monkeys (Martin et al., 

1998; Valdes-Gonzalez et al., 2010) or in humans (Par-

adis et al., 1999). The PERV expression analyses 

indicate that they can be expressed in most of the por-

cine tissues (Klymiuk et al., 2006).

With the controversy between the development of 

disease from PERV infection in relation to xenotrans-

plantation, PERVs are one of the key point in the xeno-

transplantation and worth to investigate in a variety 

of pig breeds. Martin et al. (1998) have founded PERVs 

that primary endothelial cells, hepatocytes, lung and skin 

from minipigs, Yucantan micropigs and German 

landbreed pigs. Moreover, PERV-A and PERV-B geno-

mic locations have been identified in the several pig 

breeds such as Korean native pig, Large White pig and 

Westran pig (Regel-Gaillared et al., 1999; Regel- 

Gaillared et al., 2001; Lee et al., 2002; Jung et al., 2010) 

and Fujimura et al. (2008) reported that Large White, 

Landrace, Duroc, Berkshire, miniature pigs and 

genetically modified triple-cross breed pigs in Japan can 

express both PERV-A and PERV-B. Recently, 

recombination between PERV types has been reported. 

The recombinant PERV-A/C had roughly 500-fold 

more infectious into human cells than PERV-A 

(Harrison et al., 2004, Denner et al., 2010). Further-

more, the possibility of recombination between PERVs 

and HERVs (cross-species recombination) can be ha-

ppened when the xenotransplantation is performed. 

Therefore, so many researchers have been trying to 

eliminate PERVs using knock-out and knock-down 

skills. Especially, RNA interference, which may prevent 

expression of viral genes by using small interfering 

RNAs (siRNAs), has been developed (Li et al., 2006; 

Dieckhoff et al., 2009; Ramsoondar et al., 2009). How-

ever, this method could not perfectly block the PERVs 

expression.

In this study, in order to understand the molecular 

characteristics of PERVs in Korean native pigs, the 

possible organ donors in Korea, PERV expression pat-

terns were investigated in liver, heart, spleen and lung 

using semi-quantitative real-time PCR. The results 

presented in this theses can give a valuable information 

for understanding of PERV expressions in different 

porcine tissues.

II. Materials and methods

1. Experimental samples

Korean native pigs (KNPs) were almost extinct until 

1980 and new breeding program were established since 

then, mainly by National Institute of Animal Science 

(NIAS) in Korea. In order to investigate the PERV ex-

pression levels in liver, heart, spleen and lung tissues that 

were compared the RNA expression profiles, 10 KNPs 



Jun-Heon Lee / Expression analysis of Porcine Endogenous Retroviruses (PERVs) in Korean native pig organs

CNU Journal of Agricultural Science 38(1), 2011. 3 73

Table 1. The primer sequence information for amplifying PERV-
A and PERV-B. The positive control primers, β-actin and GAPDH
were also shown.

Primer 
name F/R Primer sequence (5'-3') Length

(bp)

PERV-A
F TCCGTGCTTACGGGTTTTAC

224R TTGCCAATCTTTCCATCTCC

PERV-B
F TAAAAGCACACCTCCCAACC

192R CCGGAATTGACAAAGGAGAA

β-actin
F AAGGAGAAGCTCTGCTACGT

283R ATGTCCACGTCGCACTTCAT

GAPDH
F GGTCATCATCTCTGCCCCTT

267R ATGATGTTCTGGAGAGCCCC

(J1001, J1006, J1016, J1025, J1029, J1033, J1034, 

J1038, J1053 and J1058) were used in this study. Sam-

ples were provided from National Institute of Subtro-

pical Agriculture in Jeju province. Tissue samples from 

the above four organs were excised from the pigs, im-

mediately frozen in liquid nitrogen, and stored at -70℃ 

until use.

2. RNA extraction from tissues

Total RNAs were isolated from frozen tissue samples. 

Initially, the tissue samples were subjected to homo-

genization and total RNAs were extracted using a QIA-

gen RNeasy midi kit according to the manufacturer's 

instruction (Qiagen, USA). Total RNAs were treated 

with RNAs-free DNaseI enzyme (Invitrogen, USA) at 

37℃ for 1 hr to remove possible contamination with 

DNA. The extracted RNA concentrations were measur-

ed by NanoDrop 2000C spectrophotometer (Thermo 

Scientific, USA) at wavelength of 260 nm (OD260). After 

finishing all the procedures, extracted RNA samples 

were stored at -70℃ freezer until use.

3. RT-PCR analysis and PCR amplification

Total RNAs were employed for the synthesis of first- 

strand cDNA by reverse transcriptase using cDNA syn-

thesis kit (Promega, USA). Initially, contaminating DNA 

was digested by DNase (RQ1 RNase-Free DNase) 

(Promega, USA). After alcohol precipitation, RNA purity 

and integrity were determined by spectrophotometry. 

RNA was performed in reactions containing RT reaction 

mixture 0.5 ug oligo (dT)15 Primer, Reverse Tran-

scription 10X buffer (1.4 ml), MgCl2 (25 mM), dNTP 

Mixture (10 mM), Recombinant RNasin Ribonuclease 

Inhibitor (2500 units), AMV Revers Transcriptase 

(1500 units) at 42°C for 1 hr by AMV Reverse 

Transcription System (Promega, USA). The PERV-A 

and PERV-B specific primers were designed on the 

basis of PERV-A and PERV-B sequences (GenBank 

accession number Y-12238 for PERV-A; Y-12239 for 

PERV-B). The PCR amplification was performed in 

order to investigate the PERVs expression between 

the tissue samples and individual expression variations 

within the same tissue samples. The primer information 

for the PCR reaction is shown in Table 1.

Using the cDNA as a template, PCR reaction was 

performed. PCR reactions contained 10X PCR gold buf-

fer (Applied Biosystems, USA), 25 mM MgCl2 (Applied 

Biosystems, USA), 10 mM of dNTP (Genetbio, Korea), 

10 pmol of forward and reverse primers, 0.5 unit of 

Amplitaq Gold (Applied Biosystems, USA) and cDNA in 

a total volume of 25 ㎕. Thermal cycling was performed 

in a GeneAmp PCR system 2700 (Applied Biosystems, 

USA).

Reaction profiles included predenaturation step at 

10 min at 94°C followed by 35 cycles, each consisting 

of 30 sec of denaturation at 94℃, 30 sec of annealing 

step at 56℃, 30 sec of final step at 72℃, after a final 

extension of 10 min at 72℃. The PCR products were 

separated using 2% standard TAE agarose gel 

electrophoresis.

4. Semi-quantitative real-time PCR

Semi-quantitative real-time PCR reactions were 

performed using Roter-Gene (Corbett Research, USA) 

and the PCR reactions were employed according to the 

manufacturer’s instructions (Corbett Research, USA). 
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Fig. 1. Expression patterns of PERV-A and PERV-B in liver samples from 10 different Korean native pig individuals. The expression
control genes, β-actin and GAPDH, are also indicated.

Fig. 2. Expression patterns of PERV-A and PERV-B in heart samples from 10 different Korean native pig individuals. The expression
control genes, β-actin and GAPDH, are also indicated.

The primers used for the semi-quantitative real-time 

PCR were the same as RT- PCR reactions (Table 1). 

Both β-actin and GAPDH mRNA expressions were used 

as the internal standards. For the fluorescence 

incorporation, SYBR green I Prime Q-Mastermix (Gen-

etbio, Korea) was used and this mastermix contains Taq 

DNA polymerase and 10X reaction mix (contains 

reaction buffer, SYBR green, optimized PCR buffer, 5 

mM MgCl2, and a dNTP mixture that includes dUTP). 

The PCR involved an initial denaturation program (95℃ 
for 10 min), followed by 45 cycles of amplification and 

quantification (95℃ for 10 sec, 56℃ for 30 sec, 72℃ 
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Fig. 3. Expression patterns of PERV-A and PERV-B in spleen samples from 10 different Korean native pig individuals. The expression
control genes, β-actin and GAPDH, are also indicated.

Fig. 4. Expression patterns of PERV-A and PERV-B in lung samples from 10 different Korean native pig individuals. The expression
control genes, β-actin and GAPDH, are also indicated.

for 30 sec with a single fluorescence measurement), The 

melting curve of each sample was carefully checked and 

the fluorescence data were used for quantification. Since 

the melting curve of a product was sequence-specific, it 

can be used to distinguish between non-specific and 

specific PCR products. Data were analyzed using the 

mathematical model and for doing this, the determination 

of the crossing points (CP) for each transcript is needed. 

The CP is defined as the point at which the fluorescence 

rises appreciably above the background fluorescence. The 

relative quantification of gene expression was analyzed 

using the ddCt method (Livac et al., 2001).



이준헌 / 한국재래돼지의 장기조직에서 PERVs의 발현 특성 분석

농업과학연구 제38권 제1호, 2011. 376

III. Results and discussion

1. Partial envelope gene sequences for 

PERV-A and PERV-B 

The PERV expression levels were investigated in four 

tissues, namely, liver, heart, spleen and lung samples 

from 10 KNPs. In order to confirm the specificity of the 

primers that we used, PCR products using PERV-A and 

PERV-B specific primers were sequenced. The results 

indicated that the primers are PERV-A and PERV–B 

specific, respectively, and therefore these primers were 

used for the further experiments for the semi- 

quantitative real-time PCR (Table. 1).

2. RT-PCR Analysis

Using PERV-A and PERV-B specific primers, RT- 

PCR reactions were performed and the PERV expression 

levels were measured. Initially, the PCR products were 

confirmed by gel electrophoresis on a standard 2% 

agarose gel stained with Ethidium Bromide (EtBr) and 

visualized under ultraviolet light. All the PCR products 

gave a single band with the expected size of 224 bp for 

PERV-A and 192 bp for PERV-B, respectively.

3. Semi-quantitative real-time PCR ana-

lysis of PERVs

The PERV expression levels were measured using 

semi-quantitative real-time PCR. For the normaliza-

tion of the PCR reactions β-actin and GAPDH gene were 

used as the internal control. After normalization, the 

PERV expression levels in liver, heart, spleen and lung 

samples were investigated. The real-time PCR 

reactions were validated by repeating these procedures 

three times. As the results, relatively high PERV expre-

ssions were observed in spleen, heart and lung tissues 

(Fig. 2, 3, and 4). However, in case of the liver samples, 

relatively low expression patterns were found (Fig. 1).

Based on the overall expression patterns in four tis-

sues in this study, PERV-B expression was appeared 

to be higher than PERV-A expression. This may indi-

cates that the PERV-B copy numbers in the KNPs were 

relatively higher than that of PERV-A. Previously, Kly-

miuk et al. (2006) investigated the PERV expression 

in liver and spleen tissues. They showed that PERV 

expressions in pregnant Landrace sows were lower than 

that of their fetuses. This may indicates that the PERV 

expressions are higher in early developing stages and 

the PERV expression was decreased when the animals 

become mature. Also, Clemenceau et al. (1999) investi-

gated the relative PERV expressions among PERV-A, 

-B and -C in French SPF and conventional Large White 

pigs. They found that relatively small PERV-A expre-

ssion was observed in these pigs. However, there were 

large PERV-B expression differences between the SPF 

and conventional Large White pigs. 

This study confirms the previous findings that the 

PERV expression had variation among animals and  tissues 

(Akiyoshi et al., 1998; Clemenceau et al., 1999). Also, 

the different PERV expression was observed among the 

pig breeds (Tacke et al., 2000).

Until now, a number of studies have shown the pos-

sible PERV transmission in relation to xenotransplan-

tation. Also, large number of researches have been 

carried out the elimination of PERV expressions in pigs. 

This study gives the basic information in PERV expres-

sion in Korea native pigs which will be useful for the 

understanding the expression nature of PERVs and pos-

sibly give some clues as the xenotransplantation donor.

IV. Conclusions

 In this research, we have investigated PERV-A and -B 

expressions in liver, heart, spleen and lung samples from 

ten Korean native pigs. The PERV expressions in spleen, 

heart and lung tissues were relatively higher than those 

in liver samples. Also, PERV-B expression was 

appeared to be higher than PERV-A expression. This 
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indicated that the PERV-B copy numbers in the KNPs 

were higher than those of PERV-A. These results will 

give some valuable information for xenotransplantation 

studies using these pigs.
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