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Absence of PERV specific humoral immune
response in baboons after transplantation
of porcine cells or organs

Abstract Xenotransplantation of
pig organs seems a promising way of
overcoming the prevailing limitation
on allotransplantation due to donor
numbers. However, as porcine en-
dogenous retroviruses (PERVs) can
infect human cells in vitro, there is
substantial concern regarding the
risk of a PERV infection in xenoge-
neic transplant recipients. Cultured
porcine endothelial cells, stimulated
peripheral blood mononuclear cells,
and pancreatic islet cells can release
PERYV infectious for human cells in
vitro, but it is currently unknown
whether PERYV is released in vivo,
whether these viral particles can in-
fect the transplant recipient, and
whether they are pathogenic. In a
retrospective study 15 immunosup-
pressed baboons were tested for a
specific immune response against
PERY after transplantation of por-
cine endothelial cells, mononuclear
blood cells, and lungs. Anti-PERV
antibody expression was analyzed
with peptide-based, enzyme-linked
immunosorbent assays and highly
sensitive Western Blot assays. This
xenotransplantation study using
nonhuman primates found no

evidence of PERYV specific humoral
immune response. OQur data suggest
that no productive PERV infection
and no continuous PERV release
takes place in the nonhuman pri-
mates analyzed in this study.

Keywords Xenotransplantation -
Xenozoonosis risk - Pig endogenous
retrovirus - Baboon

Introduction

Recent advances in xenotransplantation due to the
development of pigs that are transgenic for human
complement regulatory proteins, improvements in
pharmacological immunosuppressive therapy and

tolerance induction may lead to first clinical trans-
plantations of porcine organs. However, it is still con-
troversial whether one should proceed to clinical trials
since porcine endogenous retroviruses (PERVs) have
been shown to be infectious for human cells in vitro [3,
11, 13, 16, 25, 27]. Although PERVs are released by
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cultured porcine primary aortic endothelial cells [2, 11],
porcine peripheral blood mononuclear cells (PBMCs)
after mitogenic stimulation [23, 27], pancreatic islet
cells [8], and established cell lines [16], it is still un-
known whether PERVs are produced in pigs or by
transplanted porcine materials.

Moreover, the in vivo infectiousness of PERV for
humans seems to be low, as no PERV infection was
found in 160 patients after contact with living porcine
cells and tissues [7, 15, 17], and PERVs released from
porcine cells bear, similarly to retroviruses derived from
cells of other nonprimate species, Gal-a1,3-Gal-epitopes
(and other species-specific structures) on the surface of
the viral membrane. Thus, viral particles produced by
pig cells are lysed in human serum by natural anti-Gal-
al,3-Gal antibodies and complement [26]. However,
current methods of avoiding hyperacute and vascular
rejection of porcine xenografts, especially thorough im-
munosuppression, the ex vivo adsorption of anti-Gal-
ol,3-Gal antibodies, and the use of transgenic donor
organs or soluble complement inhibitors also impair
these anti-PERV immune mechanisms.

On the other hand, infection studies in severe com-
bined immunodeficiency mice (SCID mice) supplied
evidence of PERV transmission [8]. Attempts to infect
other small animal species failed, although pharmaco-
logical immunosuppression was applied [20].

PERY infection of the recipients can be analyzed in
PBMC and tissue samples by means of highly sensitive
polymerase chain reaction (PCR) and reverse tran-
scriptase (RT) PCR methods [6, 12, 17]. Unfortunately,
these methods are effective only if an infection spreads
from single initially infected cells to other cells and cell
types, tissues or organs of the recipient, and if the in-
fected organs and tissues are known and analyzed.
Likewise, the detection of retroviral particles in serum
samples (e.g., by means of RT-PCR) is helpful only if
the infection is productive or if pig cell derived PERV
particles are present during sample collection. However,
virions expressed by porcine cells, if not released by
transgenic porcine material, are eliminated quickly after
contact to human serum [16, 18].

Anti-PERV specific antibodies are a further indica-
tion of a potential PERYV infection. The production of
specific anti-PERV antibodies is induced in the recipient
if the host’s immune system contacts PERV-specific
proteins derived from released viral particles, from vi-
rus-expressing porcine cells, or from infected hosts cells.
Thus, in contrast to PERV DNA and RNA, a PERV-
specific immune response can be detected even if the
infected tissues are unknown, or if no PERV particles
are present in the recipient’s serum during sample col-
lection. However, such immune responses are usually
induced only by a productive infection or by a contin-
uous exposure of the host’s immune system to viral
proteins or virions [5]. While assays for detection of

anti-PERV immune responses have been established
only recently, similar assays are used for clinical
detection of HIV infection and replication of other
retroviruses [4].

As mentioned above, retrospective studies on patients
after contact with porcine material, and infection studies
in small animal models have revealed different results.
This may be because both kinds of studies suffer from
limitations and do not mirror clinical xenotransplanta-
tions in many respects. Nonhuman primate models may
be more suitable to address the immunomodulatory
protocols of clinical xenotransplantation. Recently, ape
and baboon cells have been shown to be susceptible to
PERYV infection in vitro [1, 20] Since infection studies
with apes are ruled out for ethical and practical reasons,
the baboon model is considered to be the best animal
model available.

We therefore investigated potential PERV in vivo
infection of baboons after transplantation of porcine
cells. Moreover, animals were screened after transplan-
tation of whole organs. Although rejection of porcine
lungs is clearly harder to manage than rejection of hearts
or kidneys, we chose lung xenotransplantation as a
model. Since the current state of the art allows only
bridging strategies, and since quite well-established
therapeutic and bridging strategies such as dialysis and
artificial devices are available for kidney and heart,
transplantation of cardiac or renal xenografts may not
be justified for first clinical trials. Acute lung failure,
however, frequently leads to the death of patients if no
suitable allograft is available immediately.

In addition to, it is of special importance to analyze
recipients of pulmonary xenografts because these grafts
usually contain significant amounts of passenger leuko-
cytes, containing cell types capable of releasing PERV
[27). Moreover, it may be important that at least a
portion of pulmonary PBMC is usually pre-activated by
aerial bugs and may therefore release significant titers of
endogenous retroviruses.

Pharmacological immunosuppression and depletion
of anti-Gal-a1,3-Gal antibodies, a strategy proposed to
prevent hyperacute rejection, make our experimental
procedure highly comparable to the situation in future
clinical xenotransplantation. Analysis of specific im-
mune responses against PERYV as an indirect evidence of
PERY infection and/or continuing PERV expression has
been performed with recently developed, highly sensitive
immunological assays for detection of antibodies against
PERYV [22, 24].

Materials and methods

Cell isolation and cell culture

Porcine primary aortic endothelial cells were isolated and cultured
as described previously [11]. The celis were harvested by means of
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incubation with 0.05 M trypsin/0.02 M EDTA and tested for via-
bility with a trypan blue exclusion assay. Cells were prepared for
infusion in a final volume of 10 ml phosphate-buffered solution
(PBS). Porcine PBMCs were isolated from EDTA blood, which
was diluted 4:3 with PBS. Porcine spleen mononuclear cells were
isolated from whole minced spleens and filtered through a 40 um
nylon mash. PBMCs and spleen mononuclear cells were then pu-
rified by means of density gradient centrifugation over Ficoll-
Hypaque.

Plasma samples and control sera

Plasma was prepared from fresh EDTA blood samples by means of
centrifugation at 3400 g for 10 min at 20°C, and was immediately
frozen. All plasma samples were stored at —70°C for further use
after 1 month, maximally after 3 years.

Transplantation experiments

All procedures and care of the animals were carried out in ac-
cordance with guidelines of the National Institutes of Health and
United States Department of Agriculture for the care and use of
laboratory animals. Lungs and aortic endothelial cells and
mononuclear cells were taken from nontransgenic hybrid pigs in
Germany or Russia (German landrace, Russian landrace). All
procedures other than routine blood sampling were carried out
under general anesthesia. A total of 15 baboons (Papio hamady-
yas) underwent transplantation with various porcine materials
(Tables 1, 2). One additional animal remained untreated as con-
trol. Porcine primary aortic endothelial cells and mononuclear
celis were transplanted as suspension by means of slow intrave-
nous injection. Porcine lungs were transplanted single left-sided,
orthotopically. Cold ischemia time was 120-225 min and total
ischemia time 170-265 min. Baboon 52 received 25 mg/kg body
weight of fucoidin acid intravenously. Functional parameters,
including oxygenation, were monitored continuously. Immuno-
suppression protocols and other treatments of the recipients are
presented in Tables 1 and 2.

Extracorporeal immunoadsorption

Animals were anesthetized and a “Sheldon” double-lumen catheter
was placed in the femoral vein. Plasmaphereses was performed by
means of a plasma separator (Plasmaflos OP 05; Asahi Medical,
Frankfurt, Germany) using a Baxter BM11a and BM14 pediatric
monitor system. A volume of 41, approximately the quadruple
plasma volume of the animals, was immunoadsorbed. Two Gal-
«1,3-Gal-PAA columns (Synthesome, Munich, Germany; Excorim,
Lund, Sweden) were used, alternating for each liter of plasma.
Columns were regenerated by rinsing with 250 ml 0.1 N HCI,
500 ml PBS, pH 7.4, and 500 ml 0.9% NaCl).

Anti-o-Gal ELISA

Isotype specific detection of Gal-«l,3-Gal antibodies was per-
formed by enzyme-linked immunosorbent assay. Briefly, microtiter
plates (Nunc Maxisorp, Roskilde, Denmark) were coated at 4°C
overnight with 0.5 pg/well of Gal-«l,3-Gal-PAA disaccharide
(Synthesome) in carbonate buffer pH 9.6. The plates were blocked
with 3% bovine serum albumin (BSA) PBS for 1 h at 37°C. Plasma
was thawed, diluted with 0.3% BSA PBS (1:10-1:280) and incu-
bated for 1.5 h at 37°C. Thus prepared, the plates were washed
with PBS pH 7.4 containing 0.02% Tween 20 and bound Gal-«1,3-
Gal antibodies labeled by incubation with monoclonal antibodies
to human IgG and IgM (Dianova, Hamburg, Germany) conju-
gated with biotin and streptavidin alkaline phosphatase (1.5 h at
37°C). Sample wells were stained by o-phenylene diamine dihy-
drochloride substrate (Sigma, Steinheim, Germany) at room tem-
perature. The reaction was stopped with 30 pl 40% H,SO, per well
at a Eg9p of approximately 1.5 of the positive control reaction.
E490 was measured using a MR580 microplate reader (Dynatech,
Alexandria, Va, USA).

PCR detection of PERV and chimeric porcine cells

PBMCs were prepared from baboon EDTA blood by purification
over Ficoll-Hypaque. Of baboorn PBMCs 1x10%, or alternatively
five slices of the tissue samples (20 pg), was lysed in 100-200 pg/mi
proteinase K in PCR buffer for 3 h at 56°C followed by 10 min

Table 1. Study design: animals,

xenotransplants. and jmmuno- Baboon Transplanted Sequential Immunosuppression protocol Tested plasma
su ressivré trea’tmentS' material transplantation samples,
prg?ocol for animals réceiving dates (day p.t.) Treatment Duration collection
only porcine endothelial cells; (days) dates (day p-t)
transplantation dates and
plasma collection dates are 315(32 IO7 PAEC - 0 B - 702
indicated as number of days 7 -
. 264 10’ PAEC 0 - - 702
after first transplantation (bw 390 107 PAEC 0 742
body weight, CyP cyclophos- o N
pﬁaryni o . tragorp%real 257 107 PAEC 0 45 mg/kg bw per day CyP 03 705
- ’ . 4026 10" PAEC 0 30 mg/kg bw per day CyP 0-6 627
immunoadsorption, MePr p
methylprednisolone, Mycph 7 40 mg/kg bw per day Mycph  3-30
mveophenolate. PAEC porcine 25559 10’ PAEC 0 15 mg/kg bw per day CyP 0-3 742
yeop ) p 26195 107 PAEC 0 45 mg/kg bw per day CyP 0-3 742
primary aortic endothelial cells, 7
p.1. postiransplantation) 226 107 PAEC 0 30 mg/kg bw per day CyP 0-3 -
w 10’ PAEC 196 30 mg/kg bw per day CyP 0-5 704
376 10’ PAEC 0 30 mg/kg bw per day CyP 0-6 -
40 mg/kg bw per day Mycph  3-30
10" PAEC 119 30 mg/kg bw per day CyP 0-5 626
392 10’ PAEC 0 - - -
107 PAEC 236 30 mg/kg bw per day CyP 0-5 742
25809 107 PAEC 0 - - -
10" PAEC 237 30 mg/kg bw per day CyP  0-5 745
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Table 2. Study design: animals, xenotransplants, and immuno-
suppressive treatments: protocol for animals also receiving pig
mononuclear blood cells and lungs; transplantation dates and
plasma collection dates are indicated as number of days after first
transplantation (bw body weight, CyP cyclophosphamide, EI4

extracorporeal immunoadsorption, MePr methylprednisolone,
Mycph mycophenolate, PBMC peripheral blood mononuclear
cells, PAEC porcine primary aortic endothelial cells, SMCs spleen
mononuclear cells, p.t. posttransplantation)

Baboon Transplanted Sequential Immunosuppression protocol Other Tested plasma
material transplantation- treatments samples,
dates (day p.t.)  Treatment Duration collection dates
(days) (day p.t.)
31590 6x10° SMCs 0 20 mg/kg bw per day CyP 0-2 IxEIA 0
10® PBMCs 54 - - - 54
52 10" PAEC 0 - - - 703
Lung (50 min in situ) 788 - - - 1196
- - Fucoidin acid -
10® PBMCs 1196 - - IxEIA 1197
108 107 PAEC 0 30 mg/kg bw per day CyP  0-6 - 628
40 mg/kg per day Mycph 3-30
Lung (3 h in situ) 717 - - - 1085
10® PBMCs 1085 - - - 1086
375 10’ PAEC 0 15 mg/kg bw per day CyP 0-3 - 742
Lung (28 h in situ) 819 10 mg/kg per day MePr 0 - 1204

inactivation at 95°C. Of these crude extracts 3.5 pl served as tem-
plate for PCR with pig cytochrome oxidase I1 [21] or pig centromer
specific primers. (Centromer specific primer sequences supplied by
Dr. Clive Patience, BioTransplant, Charlestown, Mass., USA) -
Actin specific primers [6] were used as internal positive controls.
PCR sensitivity was determined using porcine PK15 cells: various
quantities of lysed PK 15 cells were mixed with lysed baboon cells.
The sensitivity of the porcine mitochondrial gene and pig centro-
mer specific PCR was one porcine cell within 10°-107 baboon cells.
The PERV pol specific PCR detected one porcine cell within 10°—
10° baboon cells. Samples from skin, lymph nodes, liver, and
PBMC were analyzed for PERV sequences as described previously
[12].

Detection of anti-PERV antibodies

Western blot assays and ELISA based on synthetic peptides were
performed as previously described [24]. For Western blot assays
virus produced by PK15 cells or by infected human 293 cells was
purified by means of standard ultracentrifugation methods using
sucrose gradients. Gradient fractions with peak RT activity were
pooled and used for denaturing tricine-based polyacrylamide gel
electrophoresis. Proteins were transferred to polyvinylidene fluo-
ride membrane (Millipore, Bedford, Mass., USA) by electroblot-
ting. Membranes were blocked using 0.1% Tween 20 and 1%
bovine serum albumin in Tris-hydroxy-aminomethane buffered
saline. Test sera were incubated at 1:20 or 1:50 dilutions followed
by a 1:5000 dilution of peroxidase-coupled protein G (Bio-Rad,
Hercules, Calif., USA). Antibody binding was visualized using
metal-enhanced diaminobenzidine and peroxide (Pierce, Rockford,
Ill., USA). Protein preparations from whole cell lysates of PBMC
from German landrace pigs were similarly used for Western blots
assays to detect general antiporcine immune response.

For ELISA synthetic peptides [24] were immobilized in 96-well
plates (Becton Dickinson, Heidelberg, Germany) at 1 pg per well.
The plates were blocked using 0.5% Tween 20 in PBS with 3% fetal
calf serum. Triplicates of test sera were applied at 1:50 and 1:100
dilution. After incubation with a 1:5000 dilution of peroxidase-
coupled protein G (Bio-Rad) and staining with o-phenylene diamine
plates were measured photometrically at 492 nm using 570 nm as a

reference. Plates without any peptide were used as negative controls.
The absorbance of the negative control was subtracted from the
absorbance of plates with PERV-derived peptides.

Results

To investigate the risk of PERV in vivo infection after
xenotransplantations into humans we screened for
PERV-specific immune responses in baboons after
transplantation of porcine endothelial cells, mononu-
clear cells, and lungs. All experimental transplantations
and immunosuppressive protocols are presented in Ta-
bles 1 and 2. Table 1 shows all baboons that received
porcine endothelial cells only. Table 2 shows the exper-
imental protocols of all animals that received porcine
mononuclear blood cells or lungs. Leukocytes and tissue
samples (skin, lymph nodes and liver) of all baboons in
Table 1 were analyzed for potential PERV infection and
potential microchimerism, as recently published [12].

Baboon 31509 was chosen as negative control and did
not receive any porcine material or immunosuppression.
All other animals listed in Table 1 underwent trans-
plantation of 10’ porcine primary aortic endothelial
cells. As shown in this table, the animals were treated
with various immunosuppressive protocols, including
initial high-dose cyclophosphamide immunosuppression
and, in two cases, administration of mycophenolate for
30 days.

Baboon 31590 received an infusion of 6x10° pig
spleen mononuclear cells and an initially high dose of
cyclophosphamide immunosuppression (Table 2). In
addition, this animal and baboons 52 and 108 received
10® PBMC each. Extracorporeal immunoadsorption of
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anti-Gal-a1,3-Gal antibodies was performed before cell
infusion in baboons 31590 and 52; extracorporeal im-
munoadsorption resulted in at least a 90% decrease of
the anti-Gal IgM and IgG in both animals as determined
by anti-Gal ELISA (data not shown). These animals
were investigated for microchimerism by pig cytochrome
oxidase 11 [21] and centromer specific PCR. In animal
31590 weak xenochimerism (or porcine DNA) was de-
tected for up to 535 days in several tissues but not in
peripheral blood leukocytes. Animal 108 was positive
for up to 109 days after cell transplantation in this assay
(data not shown). However, no PERYV sequences could
be detected by the ten times less sensitive PERV pol
specific PCR, apart from some samples collected at early
time points after cell transplantation. The latter samples
showed very strong pig-specific PCR signals, also indi-
cating PERV amplification from pig cells or persisting
porcine DNA and not from PERV-infected baboon cells
(data not shown).

Baboons 52, 108, and 375 underwent transplantation
of a porcine lung. In animal 52 the porcine lung was
removed after 50 min due to uncontrollable bleeding. In
baboon 108 the transplanted lung was explanted after
3 h due to loss of oxygenation and visible signs of hy-
peracute rejection. In baboon 375 the porcine lung was
in situ for 28 h. Functional parameters revealed no ev-
idence of hyperacute rejection within the first 3 h, the
lung was still perfused after 28 h.

The titer of anti-Gal-al,3-Gal antibodies increased
for up to 40 times in all three animals after contact to
porcine cells or tissue and was still elevated up to 3 years
after immunization as determined by anti-Gal ELISA
(data not shown).

The immune response against PERV of the baboons
that underwent transplantation was tested, using re-
cently published ELISA and Western blot assays [22,
24]. The sera were first tested for antibodies that react
with synthetic peptides corresponding to the immuno-
suppressive or immunodominant domains of the trans-
membrane protein pl5SE of PERV [3]. Neither any
animal from the group that received porcine endothelial
cells (data not shown) nor any baboon that additionally
received porcine PBMC or lungs (Fig. 1) showed a sig-
nificant reaction against any of the peptides. In general,
background levels were all well below the cutoff point.

Several animals reacted when the probes were re-
tested in Western blot assays with purified virus prepa-
rations from infected human 293 cells (Fig. 2).
Especially baboon 25559, which had received porcine
endothelial cells, showed two strong reactions and a
further weaker reaction on the Western blot system
(Fig. 2a). Also, two other baboons (nos. 392 and 376)
exhibited weak bands. Of the group that received lungs
only, baboon 108 showed a weak band at 10 kDa in the
first probe that was only faintly visible in the sera from
the second and third bleeding (Fig. 2b). Western blot
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Fig. 1. ELISA detecting specific antibodies against PERYV. Plasma
samples from baboons were analyzed for antibodies reacting
against two synthetic peptides from the transmembrane envelope
protein of PERV. Rabbit antisera against these two peptides [24]
were used as positive controls. The figure shows results of all
plasma samples collected from animals in Table 2. ISU Immuno-
suppressive; /DO immunodominant

assays with virus preparations from porcine PK15 cells
showed essentially the same results as the experiments
with virus produced by infected 293 cells (data not
shown).

Of the visible bands only the 10-kDa antigen was
detected with the control rabbit serum against whole
virus. However, the corresponding antigen represents no
viral protein, but fetal calf serum derived bovine hemo-
globin which was copurified with the virus used for im-
munization and for the Western blot assay. This was
demonstrated by amino acid sequencing of the protein,
by means of Western blot assays using antihemoglobin
serum and by binding of the rabbit control serum against
PERYV to purified bovine hemoglobin (data not shown).

Discussion

Reports of porcine endogenous retrovirus being infec-
tious for human cells in vitro raised substantial concerns
about the clinical use of porcine organs for xenotrans-
plantation [9, 11, 16, 27]. Recent studies on patients after
contact with porcine cells or tissues provided no evi-
dence of PERV infection or a PERV-specific immune
response [7, 15, 17, 24), although other studies in small
animal models have provided contrary results [8]. To
date it is unknown whether PERYV particles are released
after pig-to-human organ transplantation, whether
PERYV is infectious in vivo in the setting of clinical
xenotransplantation, and whether PERYV is pathogenic
in humans.
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Fig. 2a, b. Western blot detecting specific antibodies against
PERV. Plasma samples from the baboons were analyzed for
antibodies reacting against purified virus grown on infected human
293 cells. Rabbit anti-p27Gag-serum and a rabbit anti-whole-
PERY serum served as positive controls. Right Molecular masses;
left bands identified by the positive control sera. All lanes arranged
arise from one blotting experiment. a Results of all plasma samples
collected from animals in Table 1. b Results of all samples collected
from animals in Table 2

Although initial in vitro infection experiments revealed
nonsusceptibility of nonhuman primate cells to PERV
pseudotypes [25], recent studies have shown infection of
baboon primary cells and replication of PERV in baboon
cell lines [1, 10] Therefore, the baboon model may be
a good animal model for in vivo infection studies [1].

In this study we analyzed several baboons for PERV-
specific immune response as an indirect evidence of
PERV infection and/or continuing PERV expression
after transplantation of porcine primary aortic endo-
thelial cells, mononuclear blood cells, and lungs. Addi-
tionally, we searched for PERV DNA in tissue samples
by PCR. Comparable to clinical xenotransplantation
conditions, pharmacological immunosuppression, and
extracorporeal adsorption of anti-Gal antibodies were
used.

As shown in Fig. 2, no reactivity was observed in
Western blots using purified virus, clearly stating that

€208
1105
gp8SEnv ?
gp70Eny *
Pr60Gag * ' i
153
134
p27Gag * 1
|17
15Env
’ «13
7
p7Gag* «7
<« 4
KDa
SST§385888E N
S2fgL LSS H
T2z ez il
- N W N~ ® e 8 5
FERERQ@BE822 %
-mo-

there was no immune response against PERV proteins in
any of the baboons. Plasma samples of the animals
25559, 392, and 376 showed some bands which are not
recognized by the PERV-specific control sera and
therefore do not represent viral proteins. Only the 10-
kDa band was also detected by one of the anti-PERV
control sera. Sequence analysis of the corresponding
protein revealed that it is not a viral protein but repre-
sents bovine hemoglobin. This antigen is constituent of
fetal calf serum and was obviously copurified with virus
particles from infected HEK 293 cells. Hemoglobin-
contaminated virus preparations were used to raise the
anti-PERV control serum and loaded onto the poly-
acrylamide gel electrophoresis gel to prepare for the
Western blot assays. Therefore cross-reacting baboon
antibodies, and the specific anti-PERV control serum,
react with the 10-kDa band. Likewise, the other bands
cannot be related to antibodies that react with antigens
of the virus. Instead, they may be raised against cell
surface epitopes of the human 293 cell line in which the
virus was produced. All viral antigens, gp85Eny,
Pr60Gag, p27Gag, plSEnv, and p7Gag are detected by
control serum directed against whole virus preparations.
Therefore all other bands must represent membrane
proteins from the host cells HEK293, incorporated into
the viral envelope membrane or present as contamina-
tions in the viral preparation used for this blot.
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Concurrent with the results of the Western blot as-
says, no PERV-specific immune response was detected
by ELISA (Fig. 1). The absence of an antiviral immune
response is clear confirmation of the absence of a pro-
ductive infection in our animals. The recipient animals
did not receive pharmacological immunosuppression
during the whole observation period but only for a very
limited period during and after transplantation. There-
fore in the case of PERYV infection an antiviral immune
response would not be inhibited during the long-term
monitoring of the animals.

It is clear that PERVs carry immunogenic epitopes
and are able to induce a specific immune response. This
has been confirmed by the successful production of
highly specific antisera in guinea pigs, rabbits, and goats
using whole virus preparations and defined peptides
derived from env and gag proteins [14, 15, 22, 23].
There is therefore no reason to believe that a productive
PERV infection (or continuous PERV release) in
baboons would not lead to a virus-specific immune
response.

In the case of HIV it has been shown that continuous
virus production, a necessary prerequisite for AIDS, is
strictly coupled to a HIV-specific immune response, and
therefore detection of HIV-specific antibodies is relevant
for diagnosis of infection [19]. Based on the experience
with HIV and other retroviruses, absence of PERV-
specific antibodies indicates absence of productive in-
fection in these animals.

The absence of PERV-specific antibodies in the an-
alyzed animals may be explained either by a lack of
PERV protein expression and virion release by the

transplanted cells and organs, or by the prevention of
PERV infection due to immediate immunological
destruction of the virions.

This is one of the first studies in which whole pig
organ xenotransplantations into nonhuman primates
with pharmacological immunosuppression were per-
formed, and expression and infectiousness of PERV
were investigated in vivo. Our study is the first report on
the recipients of pulmonary xenografts. This is of sig-
nificance, as, in contrast to other organs, large amounts
of PBMCs, which have been shown to be capable of
releasing infectious PERV [23, 27], are transferred
within this type of xenograft. Usually a significant por-
tion of these PBMCs are already stimulated due to the
continuous contact with aerial bugs. This may further
increase the potential for PERV expression from pul-
monary passenger leukocytes.

No PERYV specific immune response was detected in
the animals that received cell transplantations or in ba-
boons after lung transplantation. This disputes a pro-
ductive in vivo infection and a strong or continued
PERYV release by the transplanted porcine materials.
Although no transgenic lungs were transplanted, and
although the organs were in situ for up to 28 h only, our
data provide further evidence that PERYV is significantly
less infectious for transplant recipients than initially
feared.
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