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No Evidence of the Productive Replication of Porcine 
Endogenous Retrovirus (PERV) from SNU Miniature 
Pigs in Human Cell Line

Background: The presence of porcine endogenous retrovirus (PERV) has been 

considered as one of the main hurdles to transplant pig’s organs or tissues to human 

beings. There has been no report that PERV infection is associated with human 

diseases. Because pigs have their own characteristics of PERV according to pig strain, 

it is necessary to analyze the infectivity of PERV from SNU miniature pig to human 

cells for future utilization as a transplantation donor.

Materials and Methods: Human cell lines were infected with culture supernatant 

from porcine cell line or immunomodulator-stimulated peripheral blood 

mononuclear cells (PBMC) of SNU miniature pigs. They were also co-cultured with 

PBMC or islet cells of SNU miniature pigs. The presence of PERV genes and general 

pig marker gene in cells was determined by nested PCR with primer set for PERV pol 

and pig mitochondrial cytochrome oxidase II (COII), respectively. 

Results: Infection test with the culture supernatant from PBMC of SNU miniature 

pigs showed that PERV pol but not COII was detected only in a few cases, but there 

was no uniform infection pattern in scope of stimulators and cell types. PERV pol 

was not demonstrated in co-cultures of human cell line with PBMC or islet cells from 

SNU miniature pigs after 80 days of co-cultures.

Conclusions: In vitro infectivity test suggests that PERV from SNU miniature pig 

might not replicate productively in human cell lines although it could infect human 

cells and integrate into chromosome.
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Introduction

Xenotransplantation using pig organs and tissues is considered as a possible 

alternative to overcome the increasing needs for human transplantation 
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donors (1). However, there has been a report suggesting that the 

infectivity of porcine endogenous retrovirus (PERV) to human 

cells may be connected with the potential risk of zoonosis (2), and 

this led to the (worldwide) prohibition of xenotransplantation 

with pigs due to its unique nature of being endogenously present 

in every porcine tissue and its ability to integrate into human 

genome. Although PERV-derived proteins could inhibit the 

function of immune cells in vitro (3), there has been no report 

on the effect of natural PERV infection on genetic or cellular 

functional alteration after PERV genome integration into normal 

human cells. It was reported that some inbred miniature pig failed 

to produce human-tropic replication-competent PERV (4). There 

is no evidence that PERV infection is associated with human 

diseases (5). PERV production is different from strain to strain (3, 

6), and it is necessary to assess the characteristics regarding the 

infectivity of PERV from pigs to human cells as a possible donor 

source. To evaluate the long-term result of PERV infection on 

human cells, they were co-cultured with peripheral blood cells or 

islet cells from SNU miniature pigs, and were continually cultured 

for 3 to 6 months in this study.

Materials and methods

1. Cell culture 

PK-15 (ATCC CCL-33), ECV304 (ATCC CRL-1998), HEK-293 

(ATCC CRL-1573), T47D (ATCC HTB-133), HEL299 (ATCC  CCL-

137), and U373MG (ATCC HTB-17) cell lines were cultured in 

DMEM containing 10% fetal bovine serum (FBS) at 37℃ in CO2 

incubator. Jurkat (ATCC TIB-152), Raji (ATCC CCL-86), and THP-1 

(ATCC TIB-202) were cultured in RPMI1640 containing 10% FBS 

at 37℃ in CO2 incubator.

2. Pig cells preparation and PERV infection

Porcine peripheral blood was obtained from a gnotobiotic 

SNU miniature pig breed at the Center for Animal Resource 

Development, Seoul National University College of Medicine. 

Peripheral blood mononuclear cells (PBMCs) were collected at 

the interface after the centrifugation on Ficoll-Paque PLUS (GE 

Healthcare, Uppsala, Sweden) at 400 xg for 30 minutes. Islet cells 

of SNU miniature pigs were prepared as previously described (7).

The culture supernatant of PBMC stimulated with PMA (17 ng/

mL), PHA (8 ng/mL), PMA and PHA, LPS (17 ng/mL), or PGE2 (17 

ng/mL) was harvested after the indicated days’ culture and passed 

through a 0.2 μm filter (Nalgene, Rochester, NY, USA) to remove 

the cell debris. Each inoculum was then used to infect human cell 

lines with 8 μg/mL polybrene. All the reagents were purchased 

from Sigma (St. Louis, MO, USA). After 2 days of culture, the cells 

were harvested and tested for the presence of PERV by nested 

PCR.

For the infectivity test of pig PBMC by co-culture method, 1×

106 PBMCs/mL was mixed with 6×105/mL THP-1, 8×105/mL Raji, 

and 5×105/mL Jurkat, respectively. The same number of PBMCs 

was put onto the monolayer-cultured cells, 9×105/mL HEK-293, 

7×105/mL ECV304, 1×106/mL T47D, 9×105/mL HEL299 and 2×

105/mL U373MG, respectively. After co-culture for 24 hours, the 

culture media was removed and replaced with the fresh medium. 

Then the infected cells were subcultured every 3 days and grew 

in the culture medium for 3 to 6 months.

For the infectivity test of pig islet cells by co-culture method, 

1×103 IEQ was stimulated with PMA (17 ng/mL), PHA (8 ng/mL), 

LPS (17 ng/mL), or PGE2 (17 ng/mL), and put onto HEK-293 

cultures. After co-culture for 24 hours, the culture media was 

removed and replaced with the fresh medium. Then the infected 

cells were subcultured every 3 days and grew in the culture 

medium for 3 to 6 months.

3. Polymerase chain reaction (PCR) 

DNA of cells was extracted using a QIAamp DNA Mini Kit 

(Qiagen, Hilden, Germany). PCR was carried out in AccuPower 

PCR premix (Bioneer, Seoul, Korea) containing 10 pmol of 

forward and reverse primers of PERV pol or pig COII summarized 

in Table 1 (8), and 10 pg of DNA in a total volume of 20 μL. PCR 

was performed with 30 cycles at 94℃ for 30s, at 55℃ for 30s, and 

at 72℃ for 30s for pol amplification, and with 30 cycles at 94℃ for 

1min, at 64℃ for 1min, and at 72℃ for 1min for COII amplification. 

The products were then separated on 2% agarose gel (SeaKem, 

Rockland, ME, USA).

Table 1. Primer sets used for nested PCR in this study
primary nested

pol 5‘ GCA TTC AGT GCT GCT ACA AC 3’ 5’ GCT ACA ACC ATT AGG AAA ACT AAA AG 3’

5’ ATT GGA CAG GAA CTA GGA TG 3’ 5’ ACC CAG GAC TGT ATA TCT TGA TCA G 3’

COII 5’ CTT ACC CTT TCC AAC TAG GCT TC 3’ 5’ CAC  ACA CTA GCA CAA TGG ATG CC 3’

5’ TTC GAA GTA CTT TAA TGG GAC AAG 3’ 5’ GAG GAT ACT AAT ATT CGG ATT GTT AT 3’

COII, cytochrome oxidase II
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4. Reverse transcription polymerase chain reaction (RT-PCR)

RNA was prepared from 250 μL of plasma or culture supernatant 

by QIAamp MinElute Media kit (Qiagen). After mixing prepared 

RNA with primer p(dT)10 (Roche, Mannheim, Germany), the 

mixture was incubated at 70℃ for 5 min and then placed on ice. 

AccuPower RT premix (Bioneer, Seoul, Korea) was used for cDNA 

synthesis. For cDNA synthesis, one cycle was performed at 42℃ 

for 60 min; RTase inactivation step was carried out one cycle at 

94℃ for 5 min.

Results

1. Detection of PERV pol and pig cytochrome oxidase II (COII)

Nested PCR for PERV pol and pig COII was performed with the 

serially diluted samples containing known amount of cellular 

DNA of PK-15 for determination of the detection limit. Pol and 

COII could be detected up to 0.1 pg and 1×10-3 pg, respectively. 

2. Detection of PERV virion RNA

For the test of the presence of PERV virion, RNA was prepared 

from 250 μL of pig plasma or the culture supernatant of PBMCs 

with DNase treatment, and RT-PCR was performed for PERV pol. 

PERV virion RNA was not detected in pig plasma by RT-PCR (Fig. 1 

A). It was detected in the culture supernatant from PMA- or PHA-

stimulated PBMCs after 6 days’ culture, but not from PMA plus 

PHA, LPS, or PGE2-treated ones (Fig. 1B).

3. Detection of PERV in human cell lines after infection with 
the culture supernatant of stimulator-activated PBMC from 
SNU miniature pig 

Human cell lines, ECV304, HEK-293, THP-1, Raji, and Jurkat 

were infected with the prepared culture supernatant for the 

indicated days. The presence of PERV was detected by nested 

PCR with PERV pol primer set in DNA from the human cell lines 

after 2 days’ cultures. The presence of pig material in human cells 

was also detected by nested PCR with pig COII primer set in the 

same material. Experiments were repeated three times with the 

different pig’s PBMC. Both pol and COII were detected in almost 

all samples in experiment 1 and 3, while one of them or none were 

detected in some samples in day 1 cultures in experiment 2 (Table 

2). There was no consensus result regarding the presence of PERV 

in any particular combination of the stimulator and the cells.  

4. Detection of PERV in human cell lines after co-cultured with 
human cell line and PBMC from SNU miniature pig 

THP-1, Raji, Jurkat, T47D, ECV304, HEL299, and U373MG were 

co-cultured with PBMCs from SNU minipig for the indicated days. 

M    1    2    3    4    5    6    7    8    9 

M    1    2    3
500
300

500
300

(A)

(B)

Figure 1. Detection of PERV RNA in plasma (A) and culture supernatant of PBMC 
(B) from SNU miniature pig by RT-PCR.
(A) M, molecular marker; 1, PK-15; 2, plasma; 3, distilled water control
(B) M, molecular marker; 1, PK-15; 2, culture supernatant of PK-15; 3-8, culture 
supernatant of PBMC treated with PMA, PHA, PMA plus PHA, LPS, PGE2, and 
media; 9, distilled water control.

Table 2. Detection of PERV in Human Cell Lines Infected with Culture 
Supernatant of Stimulator-activated PBMC from SNU Miniature Pig*

PMA PHA LPS PGE2 PMA+PHA media

Exp-1

Day 3 ECV304 +/+ +/+ +/+ +/- +/+ +/+

HEK-293 +/- +/- +/+ +/+ +/+ +/-

THP-1 -/- +/- +/- +/- +/- +/-

Raji +/+ +/+ +/+ +/+ +/+ +/+

Jurkat +/+ +/+ +/+ +/- +/+ +/-

Day 6 THP-1 +/- +/+ +/- +/+ +/+ +/+

Raji +/+ +/+ +/+ +/+ +/+ +/+

Jurkat +/- +/+ +/- +/+ +/+ +/-

Day 9 THP-1 -/- +/- -/- -/- +/+ -/-

Raji -/- -/- -/- -/- +/+ +/-

Jurkat +/+ -/- -/- -/- +/- -/-

Exp-2

Day 1 THP-1 -/- -/- -/- -/- -/- -/-

Raji +/+ -/- -/- -/- +/- -/-

Jurkat +/+ -/- -/- -/- -/- -/-

HEK-293 -/- -/- -/- -/- -/- -/-

ECV304 -/- -/- -/- -/- -/- -/-

Day 7 THP-1 +/+ -/- +/+ +/- +/+ +/+

Raji -/- -/- +/- -/- +/+ -/-

Jurkat -/- +/- -/- +/+ +/- -/-

HEK-293 -/- -/- +/- -/- -/- -/-

ECV304 +/+ +/+ +/- +/- +/- +/+

Exp-3

Day 2 hPBMC -/- +/- +/- +/- +/+ +/-

THP-1 +/+ +/- +/- +/- +/+ +/-

Jurkat +/+ +/- +/- +/- +/+ +/-

Day 4 THP-1 +/+ +/- +/+ +/+ +/+ +/+

Raji +/+ +/- +/+ +/+ +/+ +/+

Jurkat +/+ +/- +/- +/- +/+ +/+

HEK-293 +/+ +/+ +/+ +/- +/+ +/+

Day 6 THP-1 +/+ +/- +/+ +/- +/- +/-

Raji +/- +/- +/- +/- +/- +/-

Jurkat +/+ +/- +/- +/- +/+ +/-

* +/+, pol(+)/COII(+); +/-, pol(+)/COII(-); -/-, pol(-)/COII(-)
PMA, phorbol myristate acetate; PHA, phytohemagglutinin; LPS, lipopolysaccharide;  
PGE2, prostaglandin E2
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The presence of PERV was detected by nested PCR with PERV 

pol primer set in DNA from cells in culture. Experiments were 

repeated twice with the different pig’s PBMCs, and PERV pol could 

not be detected in any sample after 80 days of co-culture (Table 3). 

5. Detection of PERV in HEK-293 after co-cultured with stimulator 
-activated islet cells from SNU miniature pig 

HEK-293 cells were co-cultured with various stimulator-

activated islet cells from SNU minipig for the indicated days. 

The presence of PERV was detected by nested PCR with PERV 

pol primer set in DNA from cells in culture. Experiments were 

repeated twice with the different pig’s islet cells, and PERV pol 

could not be detected in any sample after 40 days of co-culture 

(Table 4). 

Discussion

We performed PERV infectivity tests by transmission assay 

and co-culture assay, and demonstrated that PERV from SNU 

miniature pigs did not replicate productively in human cell lines 

in this study. PERVs have been reported to be spontaneously 

produced from established porcine kidney cell line, PK-15 (9), 

and could infect the human cell lines in vitro (2). PERV subtypes, 

PERV-A, -B, and –C, have been identified in the genomic DNA of 

pigs and porcine cell lines (10, 11). The PERV-A and -B subtypes 

can infect human and pig cells in vitro, while PERV-C subtype 

is not able to infect human cells but can replicate in pig cell lines 

(2, 11). Although human-tropic PERVs have been produced 

from porcine cell lines (2, 11-15), molecularly cloned PERVs have 

had been released from human cells with low titers and limited 

replication competence (16-18). 

To verify the contamination with porcine cells or genes 

during infection procedure, PCR with primers specific for pig 

mitochondrion cytochrome B oxidase II (COII) gene were 

included in the test. It was detected in the test with culture 

supernatant from PBMCs, but not from PK-15. These results 

suggest that during the activation with stimulators and the cell 

Table 3. Detection of PERV in Human Cell Lines Co-cultured with Peripheral Blood Mononuclear Cells from SNU Miniature Pig* 
Exp-1 Day 2 Day 30 Day 87 Day 98 Day 127 Day 147 Day 162

Jurkat +/+ ND ND ND -/- ND -/-

T47D +/- ND -/- -/- -/- -/- -/-

ECV304 +/+ -/+ -/- -/- -/- -/- -/+

HEL299 +/+ +/+ -/- ND ND -/- -/+

U373MG +/- ND ND -/- -/- -/- -/-

Exp-2 D-2 D-7 D-21 D-38 D-48 D-63 D80 D91 D-105

THP-1 +/+ ND ND ND +/- -/- -/- -/-

Raji +/+ ND ND -/+ ND +/- ND -/-

Jurkat +/+ ND ND ND -/- -/- -/- -/-

T47D ND +/+ +/+ ND ND ND ND ND -/-

ECV304 +/+ ND +/+ ND -/- -/- -/- -/-

* +/+, pol(+)/COII(+); -/+,  pol(-)/COII(+); -/-,  pol(-)/COII(-); ND, not done 

Table 4. Detection of PERV in HEK-293 Cells Co-cultured with Stimulator-activated Islet Cells from SNU Miniature Pig*
Exp-1 Day 5 Day 13 Day 22 Day 41 Day 62 Day 79 Day 90

Media +/+ +/+ +/+ -/- -/- -/- -/-

PMA +/+ +/+ +/+ -/- -/- -/- -/-

PHA +/+ +/+ +/+ -/- -/- -/+ -/-

LPS +/+ +/+ +/+ -/- -/- -/- -/-

PGE2 +/+ +/+ +/+ -/- -/- +/+ -/-

Exp-2 Day 30 Day 40 Day 58 Day 69 Day 90

Media +/+ -/+ -/- -/- -/-

PMA ND +/+ -/- -/+ -/-

PHA +/+ -/+ -/- -/- -/-

LPS -/+ -/+ -/- -/- -/-

PGE2 +/+ -/+ -/- -/- -/-

*+/+, pol(+)/COII(+); -/+, pol(-)/COII(+); -/-, pol(-)/COII(-); ND, not done.
PMA, phorbol myristate acetate; PHA, phytohemagglutinin;  LPS, lipopolysaccharide; PGE2, prostaglandin E2
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preparation, a part of PBMCs were destroyed and their genes 

were released into the culture media and contaminated the 

cells. From the results on the infectivity of PERV from culture 

supernatants of PBMCs, PERV pol, but not COII, could be detected 

in all kinds of the tested human cell line even though in different 

experiment and different experiment day (Table 2). However, we 

could not detect PERV pol in these samples when cultured further 

(data not shown). These results suggest that PERV from PBMCs of 

SNU miniature pigs could infect human cell lines and integrate its 

genome into their chromosomes, but not replicate successfully 

in them. It was not clear why the detection results of PERV were 

different from one experiment to other (Table 2). There could be 

two possible explanations. One is that the characteristics of the 

infective viruses present in each pig were different. The other 

is that the virus titers released from PBMCs were very low and 

the amount of integrated PERV was above the detection limit of 

nested PCR in some cases, but not in the other cases. Therefore 

we introduced a more sensitive method, co-culture assay, in 

the detection of PERV pol in human cell lines after mixing with 

porcine cells.

We investigated the PERV infection characteristics of miniature 

pigs by using in vitro co-culture assays. Two independent 

experiments with different pig’s samples were done. PERV pol and 

COII were not detected after 80 days of co-culture of PBMCs and 

human cell lines, and after 40 days of co-culture of islet cells and 

HEK-293 cells.  If we assume that porcine cells did not proliferate, 

that PERV did not replicate in original porcine cells or human cells, 

that human cells divided every day, and that PERV pol detection 

limit by nested PCR was 0.1 pg, it can be said that after 40 days of 

co-culture, no PERV pol could be detected. When we extrapolate 

the above assumption, PERV from PBMCs and islet cells of 

SNU miniature pigs can be presumed to be unable to replicate 

successfully in human cell lines.

The intracellular restriction factors such as TRIM5α and 

APOBEC are involved in the inhibition of retroviral replication 

in cells (19). It is suggested that PERV does not replicate well 

in nonhuman primate cells (20) and also in most human cells. 

Because human embryonic kidney cell line, HEK-293, does 

not express APOBEC3G (14), it was included as target cells for 

transmission assay and co-culture assay in this study. Because 

PERV could not be detected in HEK-293 after transmission of PERV 

and co-culture with porcine cells, PERVs from SNU miniature pigs 

seems to have been released from porcine cells with very low titer 

so as not to infect HEK-293 cells or have defective genome that 

cannot replicate in them by itself.  We reported previously that a 

large part of PERV in PK-15 cells contained the defective genome 

(21).

Effect of PERV infection on the growth of HEK-293 cells was 

reported by Yu et al. (22). Infected and uninfected HEK-293 

cells showed no significant differences in morphology and 

total DNA, while infected HEK-293 cells doubled a little earlier 

than the uninfected control, and grew poorly in serum-free 

medium. Although PERV could not be detected in human cells 

in this study, PERV from SNU miniature pigs could integrate into 

human chromosome (Table 2) and therefore the effect of PERV 

integration on human cells should be elucidated in future studes. 

PERV genomes consist of 5’ LTR, gag, pol, env, and 3’ LTR, but 

pig cells contain different copy numbers of gag and pol genes 

(23), meaning that many defective PERVs are present in them at 

genomic level. Further study should include the analysis on the 

characterization of PERV construct present in SNU miniature pig 

to verify the capacities of viral replication at genomic level.

Acknowledgement

This study was supported by a grant of the Korea Health 21 R & 

D Project, Ministry of Health & Welfare, Republic of Korea. (Project 

No. : A040004) and a Grant 04-2006-1200 from Seoul National 

University Hospital, Republic of Korea

References 

1.	 Sachs DH, Sykes M, Robson SC, Cooper DK. Xenotransplan­

tation. Adv Immunol 2001;79:129-223. 

2.	 Patience C, Takeuchi Y, Weiss RA. Infection of human cells by 

an endogenous retrovirus of pigs. Nat Med 1997;3: 282-6. 

3.	 Tacke SJ, Kurth R, Denner J. Porcine endogenous retro­

viruses inhibit human immune cell function: risk for xeno­

transplantation? Virology 2000;268:87-93. 

4.	 Oldmixon BA, Wood JC, Ericsson TA, Wilson CA, White-Scharf 

ME, Andersson G, Greenstein JL, Schuurman HJ, Patience C. 

Porcine endogenous retrovirus transmission characteristics 

of an inbred herd of miniature swine. J Virol 2002;76:3045-8. 

5.	 Valdes-Gonzalez R, Dorantes LM, Bracho-Blanchet E, Rodríguez-

Ventura A, White DJ. No evidence of porcine endogenous 

retrovirus in patients with type 1 diabetes after long-term porcine 

islet xenotransplantation. J Med Virol 2010;82:331-4. 

6.	 Tacke SJ, Specke V, Denner J. Differences in release and 

determination of subtype of porcine endogenous retroviruses 

produced by stimulated normal pig blood cells. Intervirology 



180     JH Kim • No evidence of the productive replication of PERV www.icjournal.org

2003;46:17–24. 

7.	 Kim HI, Lee SY, Jin SM, Kim KS, Yu JE, Yeom SC, Yoon TW, 

Kim JH, Ha J, Park CG, Kim SJ. Parameters for successful pig 

islet isolation as determined using 68 specific-pathogen-free 

miniature pigs. Xenotransplantation 2009;16:11-8. 

8.	 Deng Y, Tuch BE, Rawlinson WD. Transmission of porcine 

endogenous retroviruses in severe combined immunodeficient 

mice xenotransplanted with fetal porcine pancreatic cells. 

Transplantation 2000;70: 1010–6. 

9.	 Armstrong JA, Porterfield JS, De Madrid AT. C-type virus 

particles in pig kidney cell lines. J Gen Virol 1971;10:195–8. 

10.	 Le Tissier P, Stoye JP, Takeuchi Y, Patience C, Weiss RA. Two 

sets of human-tropic pig retrovirus. Nature 1997;389:681–2. 

11.	 Takeuchi Y, Patience C, Magre S, Weiss RA, Banerjee PT, Le 

Tissier P, Stoye JP. Host range and interference studies of three 

classes of pig endogenous retrovirus. J Virol 1998;72:9986–91. 

12.	 Martin U, Winkler ME, Id M, Radecke H, Arseniev L, Grotelüschen 

R, Simon AR, Steinhoff G. Transmission of pig endogenous 

retrovirus to primary human cells. Transplant Proc 2000;32: 

115-7. 

13.	 Martin U, Winkler ME, Id M, Radeke H, Arseniev L, Takeuchi 

Y, Simon AR, Patience C, Haverich A, Steinhoff G. Productive 

infection of primary human endothelial cells by pig endogenous 

retrovirus (PERV). Xenotransplantation 2000;7:138–42. 

14 .	 Specke V, Rubant S, Denner J. Productive infection of human 

primary cells and cell lines with porcine endogenous retro­

viruses. Virology 2001;285:177–80. 

15.	 Wilson CA, Wong S, Muller J, Davidson CE, Rose TM, Burd P. 

Type C retrovirus released from porcine primary peripheral 

blood mononuclear cells infects human cells. J Virol 1998;72: 

3082–7. 

16.	 Czauderna F, Fischer N, Boller K, Kurth R, Tönjes RR. 

Establishment and characterization of molecular clones of 

porcine endogenous retroviruses replicating on human cells. J 

Virol 2000;74:4028–38. 

17.	 Krach U, Fischer N, Czauderna F, Tönjes RR. Comparison of 

replication-competent molecular clones of porcine endo­

genous retrovirus class A and class B derived from pig and 

human cells. J Virol 2001;75:5465–72. 

18.	 Tönjes RR, Czauderna F, Fischer N, Krach U, Boller K, Chardon 

P, Rogel-Gaillard C, Niebert M, Scheef G, Werner A, Kurth R. 

Molecularly cloned porcine endogenous retroviruses replicate 

on human cells. Transplant Proc 2000;32:1158–61. 

19.	 Huthoff H, Towers GJ. Restriction of retroviral replication by 

APOBEC3G/F and TRIM5alpha. Trends Microbiol 2008;16:612-

9. 

20.	 Switzer WM, Michler RE, Shanmugam V, Matthews A, 

Hussain AI, Wright A, Sandstrom P, Chapman LE, Weber C, 

Safley S, Denny RR, Navarro A, Evans V, Norin AJ, Kwiatkowski 

P, Heneine W. Lack of cross-species transmission of porcine 

endogenous retrovirus infection to nonhuman primate 

recipients of porcine cells, tissues, or organs. Transplantation 

2001;71:959-65. 

21.	 Kim JH, Choi EY, Jung ES, Kwon Y, Lee DS, Hwang DY, Hwang 

ES. Characterization of clones of human cell line infected with 

porcine endogenous retrovirus (PERV) from porcine cell line, 

PK-15. Infect Chemother 2009;41:1-8. 

22.	 Yu P, Zhang L, Li SF, Li YP, Cheng JQ, Lu YR, Bu H. Long-term 

effects on HEK-293 cell line after co-culture with porcine 

endogenous retrovirus. Transplant Proc 2005;37:496–9. 

23.	 Yu P, Zhang L, Li SF, Cheng JQ, Lu YR, Zeng YZ, Li YP, Bu H. 

A rapid method for detection of the copy number of porcine 

endogenous retrovirus in swine. J Rapid Methods Autom 

Microbiol 2007;15:199–205.

 


