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aBsTRACT. The prevalence of porcine endogenous retrovirus (PERV) proviral DNA among various pig breeds raised in Japan was inves-
tigated by polymerase chain reaction (PCR). Moreover, potentia infection of PERV was investigated by PCR and reverse transcrip tase-
polymerase chain reaction (RT-PCR) in experimentally induced diabetic dogs (n=5) implanted with the diffusion chamber type bio-arti-
ficial endocrine pancreas (Bio-AEP) containing porcine pancreatic endocrine (PE) cells. No immunosupplessant was used after the trans-
plantation. PERV gag, pol, env-A and env-B genes were detected in any pigs examined. In two of three Landrace breeds, env-C gene
was absent. PERV proviral DNAs and viral RNAs were also detected from the cultured porcine PE-cells. Inthe periphera blood mono-
nuclear cells and the spleen obtained at 6, 30, 32, 36, 79 weeks of xenotransplantation in dogs, however, no evidence of microch imerism,
infection and viremia were confirmed. These results suggested that the risk of PERV infection through xenotransplantation of Bio-AEP

containing porcine islet cells without immunosuppressants may be quite low.
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The pig is expected as the most suitable donor source of
pancreas or islet xenotransplantation for the patients with
insulin dependent diabetes mellitus. However, the risk of
infection of porcine endogenous retrovirus (PERV) has
been suggested in recent years [1]. PERV is classified into
Family Retroviridae, Genus Gammaretrovirus [7]. PERV
is related to other gammaretroviruses such as murine leuke-
miavirus and feline leukemia virus in nucleotide and amino
acid sequence and morphology, which may induce leukemia
and immunodeficiency in the infected host, and potentially
in recipients of xenotransplantation of porcine tissues[16].

Three classes of PERV's have been identified to date:
PERV-A, -B and -C [5]. Most of xenozoonoses can be pre-
vented by specific pathogen-free (SPF) breeding conditions
and vaccination [16]. However, PERV's may be difficult to
eliminate from porcine organs or tissues because multiple
copies of PERV genomes are present in pig genomes [17].
The recent study showed that PERV particles could be
released from PK-15 or porcine peripheral blood mononu-
clear cells (PBMCs) after mitogenic stimulation [5, 20].

In 1997, Patience et al. reported that PERV could infect
human kidney 293 cellsin vitro when the cells were co-cul-
tured with PK-15[14]. Moreover, van der Laan et al. dem-
onstrated that when porcine pancreatic islets were
transplanted into non-obese diabetic severe combined
immunodeficiency (SCID) mice, PERV was transcription-
ally active and infectious to themin vivo [19]. These results
suggested that a concern for the risk of PERV infection
associated with pig islet xenotransplantation might be justi-
fied.

Despite of potential transmittance of PERV to SCID mice
by porcine idet transplantation, transmission of PERV has
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not been detected in baboons and human patients xenotrans-
planted or extracorporeally dialyzed with pig tissues[3, 6].

We have been studying xenotransplantation using adiffu-
sion chamber for bio-artificial endocrine pancreas (Bio-
AEP) containing porcine pancreatic endocrine (PE) cells
[10]. Inthe previous study, xenotransplantation of Bio-AEP
with porcine PE-cells into experimentally induced diabetic
dogs was partially successful to reverse the hyperglycemic
condition [4]. Clinical application of idet xenotransplanta-
tion may be possible in the future. Therefore, the risk of
PERYV infection must be investigated in the dog. However,
there has been no information on the prevalence of PERV in
various pig breeds raised in Japan or onin vivo investigation
of PERV infection using dogs.

The purpose of this study was to investigate the preva-
lence of PERV proviral deoxyribonucleic acid (DNA) in
pigs raised in Japan by polymerase chain reaction (PCR)
using PERV specific primers reported from Centers for Dis-
ease Control and Prevention and Food and Drug Adminis-
tration. Moreover, infection of PERV was investigated in
dogs that had been xenotransplanted with Bio-AEP contain-
ing porcine PE-cells in the previous study by PCR and
reverse transcri ptase-polymerase chain reaction (RT-PCR).

MATERIALS AND METHODS

Pig and porcine PE-cells: Blood samples from the boars
of Duroc (n=3), Landrace (n=3), Large Y orkshire (n=3) and
three-breed termina crossbreed pigs (n=3) were obtained
from a pig breeding farm (Japan farm, Ltd., Kagoshima,
Japan). These pig breeds occupy more than 95% of the pigs
of Japan. PBM Cswere used to investigate the preval ence of
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Table 1.

Primer pairs and conditions for polymerase chain reaction (PCR) amplification of porcine endogenous retrovirus (PERV)

No. region bps  primer primer name  denature annealing  replication cycles

@ gag 187 CGGCAAGAGAAGAATTTGACTAAGATC PRETFL 94°C (60S) 60°C(60S) 72°C(60S) 35
CAGTTCCTTGCCCAGTGTCCTCTT PRETR1

@ pol-1 212 CCACAGGGCAACGGCAGTATCCATG PK15GF2  94°C(60S) 60°C (60S) 72°C(60S) 35
TTGGAGGGTCAACACAGTGATGGG PK15GR2

® pol-2 116 AGCTCCGGGAGGCCTACTC - 94°C(60S) 60°C(60S) 72°C(60S) 35
ACAGCCGTTGGTGTGGTCA -

@ env-A 320 TGGAAAGATTGGCAACAGCG PL170 96°C (30S) 55°C(45S) 72°C(30S) 30
AGTGATGTTAGGCTCAGTGG PL171

® ew-B 223 TTCTCCTTTGTCAATTCCGG PL172 94°C (30S) 55°C(45S) 72°C(30S) 30
TACTTTATCGGGTCCCACTG PL173

® ew-C 280 CTGACCTGGATTAGAACTGG PL205 94°C (30S) 58°C(45S) 72°C(30S) 30
ATGTTAGAGGATGGTCCTGG PL206

PERYV proviral DNA.

PCR for porcine mitochondrial DNA and PERV proviral
DNA: Porcine PBMCs or PE-cells (1.5 x 10° cells each)
were lysed with proteinase K a 70°C for 10 min. Then,
DNA was eluted using DNeasy™ Tissue system (QIAGEN
Inc., Valencia, CA., U.S.A.). DNA waseluted in theelution
buffer and used as a template of PCR. Porcine mitochon-
drial (mt) DNA cytochrome oxidase subunit Il as a positive
control of the porcine cell was amplified using primers
PMTF2 and PMTR2 [3, 6]. PERV gag, pol, env-A, env-B
and env-C specific amplifications were carried out with the
previously reported primer pairs (Table 1) [3, 6, 18, 19].
PCR was performed on GeneAmp PCR System 2400
(Applied Biosystems, Foster City, CA., U.SA.). The PCR
enzyme used in this study was TaKaRa Ex Taq™ (Takara
Shuzo Co., Ltd., Tokyo, Japan). The amplification condi-
tions for PCR were shown in Table 1. Following electro-
phoresis on 1.8% agarose gels, PCR products were
visualized by ultraviolet irradiation after ethidium bromide
staining.

Sensitivity of PCR for PERV proviral DNA was evalu-
ated using cultured porcine PE-cells. The DNA concentra-
tion was measured with UV spectrophotometry and then
serial diluted. Thetotal DNA yields used in this study were
15ng, 1.5 ng, 150 pg and 15 pg, respectively.

Detection of PERV messenger ribonucleic acid (mRNA)
from the cultured porcine PE-cells: The porcine PE-cells
wereisolated from the pancreas of crossbreed pigs. Theiso-
lation and the culture methods of PE-cells were the same as
described in our previous study [11, 12, 15]. Porcine PE-
cells, which had been cultured at 37°C in atmosphere of 5%
CO, and 95% air for 1, 3, 6, 9 and 12 weeks, were used to
investigate the expression of PERV mRNA. At the end of
culture, porcine PE-cells were collected with ethylenedi-
aminetetraacetic acid (EDTA) and trypsin (Invitrogen Co.,
Carlsbad, CA., U.S.A.). Then, porcine PE-cells were
washed with cold 0.01 M phosphate-buffered saine (PBS:
Sigma Co. Ltd., St. Louis, MO., U.S.A.) and immediately
immersed in TRIzol Reagent (Invitrogen Co.). The samples
were incubated for 5 min at room temperature. Then, chlo-
roform (Sigma Co., Ltd.) was added and centrifuged. Fol-
lowing centrifugation, the aqueous phase was transferred to

the fresh tube. Then, isopropyl acohol (Sigma Co., Ltd.)
was added and centrifuged. The supernatant was removed,
and the sediment was washed once with 75% ethanol by
centrifugation. RNA samples were diluted with diethyl
pyrocarbonate (DEPC: Sigma Co., Ltd.) treated ribonu-
clease (RNase)-free distilled water.

Recipients: Five Beagle dogs that had been transplanted
with approximately 1.0 to 2.0 x 108 porcine PE-cells were
used [4]. Porcine PE-cells were embedded in the diffusion
chamber type Bio-AEP constructed of asilicon ring and two
nucleopore membranes with a pore size of 0.1 um [4, 10].
Bio-AEP was implanted into the abdomina cavity of the
dog without fixation. No immunosuppressive drug was
used in the experiment.

Detection of PERV proviral DNA in the recipients:
PBMCs and the spleen of dogs were collected at autopsy at
6, 30, 32, 36, 79 weeks of implantation for the detection of
PERV proviral DNA. PBMCswere purified by Histopaque
1077 (Sigma Co., Ltd.) layer centrifugation at room temper-
ature immediately after collection. These samples were
soaked in liquid nitrogen immediately after purification, and
stored at —70°C until PCR or RT-PCR was performed. After
thawing the sample, DNAs of PBMCs and the spleen of the
recipients were lysed as described above. Canine GAPDH
primer pairs (sense: 5 -CTCATGACCACAGTCCATGC-
3’, antisense: 5'-TGAGCTTGACAAAGTGGTCA-3')
were used for positive marker for PCR and RT-PCR. The
sample was amplified using primers specific for porcine
mtDNA to investigate microchimerism, and primers spe-
cific for PERV gag, pol, env-A, env-B and env-C to survey
infection. The PCR conditions were the same as described
above (Table 1). All examinations were performed at |east
4 times using the different concentration of DNA or mRNA
to check reproducibility.

cDNA synthesis and RT-PCR to detect PERV mRNA: The
frozen samples from dog recipients were removed from
—70°C and immediately homogenized in TRIzol Reagent.
The RNA elution method was the same as described above.
All RNA samples were treated with deoxyribonuclease |
(DNase | Amp Grade, Invitrogen Co.) to prevent them from
contamination of genomic DNA. After the treatment,
cDNA synthesis was performed using the ThermoScript
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RT-PCR system (Invitrogen Co.). RNA (1 ug) and Oligo
(dT), were used to synthesize cDNA. RNase H was added
to completely remove RNA after cDNA synthesis. The
cDNA was amplified using primers of PERV gag, pol, env-
A, env-B, env-C and canine GAPDH. The PCR conditions
wereshown in Table 1.

RESULTS

PCR for porcine mtDNA was still positive with 15 pg of
DNA of porcine PE-cells. PERV gag and pol proviral
DNAs could also be detected from only 15 pg of DNA.

PCR for PERV gag or pol was more sensitive than for env-
A, env-B and env-C (Fig. 1).

All the pig breedsinvestigated had PERV gag, pol, env-A
and env-B genes (Fig. 2). Intwo of three Landrace breeds,
env-C gene was absent, while env-C gene was detected in
other breeds (Fig. 2).

PERV proviral DNAswere aso detected in cultured por-
cine PE-cells.When the change in the expression during the
culture period of porcine PE-cells was evaluated, PERV gag
and pol RNAs were detected from porcine PE-cells cultured
for 1, 3, 6, 9and 12 weeks (Fig. 3).

After implantation of Bio-AEP into diabetic dogs, no

H,0 15ng

1.5ng

150pg 15pg

Fig. 1.

< 187 bps
<= 212bps
<= 119bps

<= 320bps

<= 223bps
<= 280bps

<= 255bps

Sensitivity analysis of porcine mitochondrial (mt) DNA and porcine endoge-

nous retrovirus (PERV) proviral deoxyribonucleic acid (DNA) in cultured porcine

pancrestic endocrine (PE) cells.

]
6@0 2
\)‘b(\ /\P&o

Fig. 2.

187 bps

212bps
119bps
320bps
223bps

280bps

255bps

Polymerase chain reaction (PCR) analysis of peripheral blood mononuclear cells (PBMCs)

from each breed of pigsfor PERV gag, pol, env provira DNA and porcine mtDNA sequences.
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Fig. 3. Reverse transcriptase (RT) -PCR analysis of cultured por-
cine PE-cellsfor PERV gag, pol and porcine mtDNA sequences.
PERV gag and pol messenger ribonucleic acids (MRNAS) were
detected in porcine PE-cells cultured for 1, 3, 6, 9 and 12 weeks.

recipient had signs of lymphoproliferative or neurological
diseases associated with gammaretroviruses. Figures 4 and
5 show the results of PCR and RT-PCR in PBMCs and the
spleen of recipient dogs. Porcine mtDNA was also not
detected in any samples of the recipients. Therefore, micro-
chimerism was not confirmed in al recipients of this study
after xenotransplantation. All PERV proviral DNAs and
mMRNA s were not detected in any PBMCs and the spleen of
the recipients, suggesting no evidence of infection and vire-
miaof PERV in recipients after xenotransplantation of Bio-
AEP.

A Pancreatectomized diabetic dogs
H,0 Pig 1 2 3 4 5
&ag 187 bps
pol-1 212bps
pol-2 116bps
env-A 320bps
o R
After Tx(wks) 36 6 79 32 30
B p ized diabetic d
H,0 Pig 1 2 3 4 5
pol-1 212bps
pol-2 116bps
oA 320bps
env-B 223bps
env-C 280bps
GAPDH 372bps
After Tx (wks) 36 6 79 32 30
Fig. 4. Detection of PERV DNA and mRNA, and porcine mtDNA in PBMCs of dogs implanted with

bioartificial endocrine pancreas (Bio-AEP). (A) PERV DNA sequences and porcine mtDNA were
undetectable by PCR. (B) PERV mRNA was a so undetectable by RT-PCR. After Tx: After transplan-
tation.
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Fig. 5. Detection of PERV DNA and mRNA, and porcine mtDNA in the spleen of dogs implanted with

Bio-AEP. (A) PERV DNA sequences and porcine mtDNA were undetectable by PCR. (B) PERV

mRNA was also undetectable by RT-PCR. After Tx: After transplantation.

DISCUSSION

All the pigs of any breeds investigated in this study had
PERYV proviral DNAS, suggesting wide prevalence of PERV
in pigsof Japan. Thesurveillance of PERV inthepig before
xenotransplantation of porcine PE-cells was possible by
measuring using PBMCs. In two of three Landrace breeds,
env C gene was absent. Bosch et al. also reported env C
gene was absent in some of SPF Large White pigs [2].
However, env A and env B geneswererecognized in al pigs
examined. One option to prevent from infection may be to

use PERV -free pigs that generated by knocking out or dis-
rupting crucial PERV genes.

Cultured porcine PE-cells were also recognized PERV
provirad DNAs. In this study, PERV gag and pol proviral
DNA could be detected from only 15 pg of DNA of the PE-
cells, thus PCR is highly sensitive for the molecular detec-
tion of the PERV sequence and could be clinically applica-
ble. The expression of mMRNA for PERV was detected from
porcine PE-cells even after 12 weeks of culture, suggesting
that PERV mRNA could be released from cultured porcine
PE-cells without mitogenic stimulation by concanavain A
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(ConA), phytohemagglutinin (PHA) and phorbol myristate
acetate (PMA). Clemenceau et al. reported that PERV gag,
pol, and env mRNA were found in pig idlet cdls, but full
length genomic PERV mRNA and RT-activity were not
detected [3]. From the results of this study, complete PERV
virions might not be released from porcine PE-cells as
shown in thereport by Clemenceau et al. Therefore, PERV
infection might not be confirmed in this experiment despite
the expression of PERV mRNAs in the cultured porcine PE-
cells.

In the recent investigation, 17 of 25 SCID mice were pos-
itive for mtDNA and PERV pol when porcine islets were
transplanted under the kidney capsules [19]. In that report,
the organ most frequently infected with PERV was the
spleen. Therefore, the spleen was examined in this study,
however, PERV proviral DNA and mRNA sequences were
not detected in the spleen of any recipients.

The diffusion chamber type Bio-AEP used in this study
had two nucleopore membranes with a pore size of 0.1 um.
In the previous studies, PERV RNAs were small enough to
cross the pores in the membrane of 70 kDa nomina molec-
ular weight cut-off (MWCO) (estimated to be 5 nm). How-
ever, PERV was unable to infect 293 cells cultured in the
extraluminal space isolated by fibers <400kDa MWCO,
while PERV particles could cross the membrane with a pore
size of 0.2 um and infect 293 cells [8, 9]. The diameter of
PERYV is approximately 0.1 um according to electron
microscopy [20]. Therefore, PERV particles might pass
through the membrane of the Bio-AEP. Unfortunately, it
was not confirmed whether PERV particles could across the
membrane in this study.

To our knowledge, there has been only one report on
PERYV infection in vivo [19], where SCID mice were used
and authors stated that the risk of PERV infection may be
significantly increased in the patient with severe immunode-
ficiency or the patient medicated with immunosuppressive
drugs. However, no infection and viremia was detected in
160 patients transplanted with living porcine tissues or cells
with immunosuppressants [13]. In his report, persistent
microchimerism was observed in 23 of 159 patients, where
23 patients were treated with extracorporea splenic perfu-
sion [13]. This result may suggest that the risk of PERV
infection is significantly increased in the patient with vascu-
lar anastomosis.

The receptor of PERV on the cell isimportant for estab-
lishment of PERV infection. It has been suggested that
canine cells have the receptor [17]. These results suggest
that PERV is not easily transmitted to dogs through this type
of xenografts.

In conclusion, it is suggested that therisk of PERV infec-
tion through the implantation of Bio-AEP containing por-
cine PE-cells without immunosuppression and vascular
anastomosis may be quite low. It may be possible to detect
PERV infection by using currently available techniques.
Our strategy of embedding porcine PE-cells within a diffu-
sion chamber may be advantageous in respect of PERV
infection, however further researcheswill be needed to clar-

ify more precisely the potentia infection of PERV to the
recipient dogs.
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