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SUMMARY

The safety of xenotransplantation using pig organs and tissues could be compromised by Porcine
Endogenous Retroviruses (PERVs). PCR products from PERV env genes were cloned and
sequenced, and 9 different types were found in the Westrans inbred line. of pig. Five have stop
codons in the env gene compared with published PERV-A and PERV-B sequences, and one type,
designated cl, shows evidence of recombination at the border of the surface and transmembrane
regions of the env gene.
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INTRODUCTION

Pigs are being promoted as the best source of organs and tissues for transplantation into humans for
safety, financial, ethical, and practical reasons. Until recently, the main apparent obstacle to
xenotransplantation was the aggressive immune reaction, called hyperacute rejection (HAR). Various
strategies are being developed to control HAR (Cozzi and White 1995). Recently, a new problem has
emerged. Retroviruses, expressed from a pig kidney cell line (PK 15), were shown to infect different
types of human cells (Patience et al. 1997). This suggested that the use of pig organs and tissues for
xenotransplantation could be dangerous because of the endogenous retroviruses (PERVs). However,
the limited available data suggest that there is no PERV infection in vivo (Heneine et al. 1998,
Patience et al. 1998). Two types of pig retrovirus, PERV-A and PERV-B, with characteristic
sequences for the envelope (env) gene, the major determinant of retrovirus tropism, have been shown
to be widely distributed in different pig breeds and inherited as provirus (Le Tissier et al. 1997). We
are characterising all PERVs in a line of pigs (Westrans line) that is being inbred at Westmead
Hospital for transplantation research.

MATERIALS AND METHODS

Animal resources. The most inbred pig available from the Westrans (Westmead transplantation) line
was chosen for analysis. The Westrans animals are partly derived from a small population of feral
pigs from Kangaroo Island, which were deliberately released over a century and a half ago. Some of
these feral pigs were captured and transferred to the Adelaide University for a breeding program for
medical research but were crossed with commercial Large White pigs. After being maintained as a
very small colony for about 10 years, a pair of full sibs was transferred to Westmead Hospital in
Sydney for transplantation research. The core breeding line has been maintained by deliberate full-
sib mating ever since. The most inbred animals are now in the 6" generation of recorded deliberate
inbreeding. Their highly inbred status has been confirmed by microsatellite data (not shown).

Primer design. The published PERV-A and -B sequences (Le Tissier et al. 1997) were aligned using
the Gap program (Australian National Genomic Information Service, http://www.angis.su.0z.au).
The env genes of PERV-A and PERV-B have highly conserved regions at each end, flanking a

258



Proc. Assoc. Advmt. Anim. Breed. Genet. Vol 13

variable region which forms the basis of recognising the A and B variants. The primers were chosen
from the highly conserved regions in order to search for novel variants in the less conserved region.
The forward primer was 5’-CCAAGCATCCCACGTTAAGC-3’, and the reverse primer was 5’-
ACCATCCTTCAAACCACCC-3".

PCR conditions. PCR was carried out in a 50pl volume with approximately 100ng of template
genomic DNA, 0.2mM of each primer, 600uM of each ANTP, 2mM MgCl,, 10xPCR buffer
(Invitrogen), and 2.5 units of Taq polymerase. This mixture was overlaid with one drop of mineral
oil. Amplification was performed in a MJ thermocycler for 45 cycles with denaturation for 1 min. at
94°C, annealing for 1 min. at 65°C and extension for 1 min. 72°C. The final extension was for 20
mins. at 72°C.

Screening and sequencing of PERV clones. The env PCR products were cloned using a TOPO-TA
cloning kit according to the manufacturer’s instructions (Invitrogen). Restriction enzymes (Kpnl and
Mbol) were used for preliminary screening of the clones for characteristic features of PERV-A and
—B (Le Tissier ef al. 1997). A SequiTherm EXCEL™ Long-Read™ DNA sequencing kit (Epicentre)
and Li-Cor sequencer (Model 4200, Li-Cor Inc.) were used to read approximately 1.8kb of full
length insert sequence, using vector primers (M13 Forward and M13 Reverse primers). Sequences
were analysed using Base ImageIR™ software (Li-Cor Inc.).

RESULTS AND DISCUSSION :
Sixty four positive PERV clones were picked, plasmids prepared and inserts digested by Kpnl or
Mbol. Four different restriction patterns were identified by Kpnl digestion and six types by Mbol
digestion (Fig 1). Altogether nine different types of clones were identified by restriction digestion.

(a Kpnl (b) Mbol

Sl a b ¢ d 82 k I m n o p S2

Figure 1. Restriction digestion of PERV clones. (a) Four patterns (a, b, ¢, d) of Kpnl digestion were
identified and (b) six patterns (k, |, m, n, o, p) of Mbol digestion. S1 and S2 are the 1kb DNA ladder
(Promega) and ¢x174DNA/Hae 111 Marker (Promega) size standards, respectively.

Table 1 shows nine different types of PERV clones identified in the inbred pig, based on digestion
with the two restriction enzymes. Two clone types, am (16%) and bl (64%), are most common and
their sequences were shown to correspond quite well to PERV-A and PERV-B respectively.

Comparison of the sequence of ail 9 clone types showed that 5 corresponded to PERV-A and 4
corresponded to PERV-B, but that in some cases there were substantial mismatches with the cognate
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sequence, indicative of a high level of heterogeneity in the PERVs. Although there have been some
unpublished reports of a third type of PERV, no new type could be recognised which was as
distinctive as PERV-A from PERV-B.

A sequence similarity matrix (Table 2) shows over 94% similarity within PERV-A and within
PERV-B clones. However, there is only 76% to 80% sequence similarity between PERV-A and
PERV-B types. This result suggests that the type A and type B classification is quite robust, despite
an apparently high mutation rate within the env region.

Table 1. Restriction digestion and sequence analyses of PERYV clones

Digestion pattern No. Most likely type from Mismatches with most
sequence comparison likely type
ak 1 A 100/1785
am 10 A 53/1785
an 4 A 52/1785
ao i A 53/1785
ap 4 A 52/1785
bl 41 B 14/1776
bn 1 B 8/1776
cl 1 B 100/1776
dl 1 B 9/1776

Table 2. Sequence similarity matrix of 9 PERYV clones and 2 published sequences

sequence similarities
Clone

ak am an ao ap A bl bn cl dl B
ak R
am 94.7 -
an 962  98.1 -
ao 94.5 97.8 97.9 -
ap 94.3 97.1 97.2 98.5 -
A 94.1 97 97.1 97 97.1 -
bl 79.6 76.7 76.6 765 768 76.8 -
bn 79.7 76.7 766 765 - 767 769 98.7 -
cl 79.6 79.5 79.5 792 796 80.1 93.8 94 -
di 79.9 76.7 76.7 76.6 767 769 98.6 99 93.9 -
B 80 76.9 76.9 76.8 77 77.2 99.2 99.6 94.4 99.5 -
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Figure 2. Part of the alignment of the deduced envelope protein sequence of PERV-A, PERV-B
and the cl type. Up to amino acid 395, cl is identical to the PERV-B sequence but then swaps
over to very close similarity with PERV-A. The predicted cleavage site between surface and
transmembrane regions is marked with an arrow, on the basis of comparisons with murine
leukaemia virus.

The mismatch pattern of the cl type, particularly in the deduced amino acid sequence (Fig 2) suggests
that there may have been a recombination event between the A and B types near the border of the
surface and transmembrane regions, as deduced from murine leukaemia virus (Battini et al. 1995),
and that this has generated a new variant, which cannot be classified easily as type A or type B.

Five (ak, bl, an, ao, bn) out of 9 types of PERV clones identified in this:study have stop codons
within the envelope protein encoding region. These endogenous retroviruses could not make full
length envelope protein and thus could not be recognised by cell surface receptor for the virus. Such
PERVs are unlikely to constitute a hazard in xenotransplantation. It is perhaps reassuring 1o note that
the most common clone type found in this study, namely the bl type, is for this reason unlikely to be
functional. This conclusion must remain tentative until further bl clones are sequenced.
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