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Porcine Heterotopic Composite Tissue Allogr aft
Transplantation using A Large Animal Model
for Preclinical Studies

Yur-Ren Kuo*?, MD, PhD, FACS, Justin M Sacks?, MD; W.P. Andrew Lee?, MD;
Wen-Sheng Wut, DVM, MS; Nai-Siong Kueht, MD; Sheng-Fa Yao!, MD;
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Background: Composite tissue allograft (CTA) transplantation is currently limited by the
risks of side effects resulting from long-term high-dose immunosuppression.
Therefore, preclinical animal models are essential to help CTA transplanta-
tion advance into clinical reality. Evidence has shown that small-animal
model (rodents) immunotherapy protocols cannot be directly applied to
humans. This study investigated whether a miniature porcine model is repro-
ducible for preclinical studies.

Methods: Based on the concept of vascularized skeletal tissue allograft transplantation,
limb heterotopic allograft tissue from a mismatched donor miniature pig con-
sisting of the distal femur, knee joint, tibia, fibula, and surrounding muscle
with a vascularized skin paddle model supplied by the superficial femoral
vessels was transplanted into recipient pigs. Swine viability and rejection
signs of the allograft were monitored postoperatively. Histopathological
changes in the allograft tissues were examined using hematoxylin and eosin
staining if the alo-skin flap was rejected.

Results: The recipient pigs were ambulatory immediately following surgery. The
flaps showed no visible signs of rejection over the first 4 days of observation.
The skin flaps appeared bluish-purple and edematous on postoperative days
5~7, and progressed to tissue necrosis and rejection on postoperative days
8~13. Histological examination revealed marked mononuclear cell infiltra
tion and necrotic changes in the all rejected tissues, especial in the allograft
skin tissues (skin > muscle > bone > cartilage).

Conclusions: The results showed this the porcine CTA model is reproducible and suitable
for preclinical training for human CTA transplantation. Monitoring of the
alo-skin flap is a useful strategy to evaluate composite tissue allograft rejec-
tion.
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omposite tissue allograft (CTA) transplantation

has potential applications in the field of
microvascular reconstructive surgery.® Advances in
reconstructive microsurgery, an increased experience
with organ transplantation, and recent developments
in immunosuppressive therapy have lead to increased
interest in CTA research and its clinical applica-
tions.® CTA transplantation represents an aternative
to conventiona reconstructive methods for repairing
various tissue defects resulting from trauma, surgical
resection for tumor extirpation, and congenital
defects. This surgical procedure offers patients who
lack their own *autologous’ tissue for reconstruction
the chance for reconstruction using tissue structurally
similar to their own.

The first human hand transplantation was
reported from Lyon, France in 1999, where this pro-
cedure was demonstrated to be technically feasible.®
Since that time, multiple hand transplantations have
been performed with various levels of success and
failure.® In spite of its promising potential, CTA
transplantation has not been widely adopted for use
in clinical settings because of the side effects of
long-term immunosuppressive therapy and the phe-
nomena of chronic rejection.®® Therefore, in order to
evaluate the long-term efficiency of new immuno-
suppressive strategies, they must be tested in preclin-
ica trials.

Preclinical animal models are essential to help
CTA transplantation become a clinical reality.
Investigations involving small-animal hind-limb
models are well developed for the evaluation of CTA
rejection. Even though the rat model has shown pre-
dictable patterns of rejection, differences exists
between the human and rat immune systems.
Applications of results found in rodent models do not
necessarily trandate to human studies. Large-animal
models are preferable because their immunological
responses more closely mimic those observed in
humans. Several animal transplant protocols have
been used in CTA transplantation including rabbits,®
dogs,® pigs,®® and primates.”? Large-anima mod-
els, especialy those using pigs and primates have
better characterizations of the major histocompatibil-
ity complex (MHC), which is similar to that found in
humans. In 1998, Lee et al. described a miniature
swine heterotopic limb allograft transplantation
model. Results using this model were predictable,
and the procedure produced minimal morbidity to
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the animals.® Therefore, in this study, we investigat-
ed whether this large-animal model is reproducible
so that it can be utilized for our future preclinical
studies.

METHODS

Animals

Three transplant donors and 3 recipients were
age (3 months old)- and size (15~25 kg)-matched
out-bred farm wild-type miniature pigs. Animal care
followed guidelines established by the Guide for the
Care and Use of Laboratory Animals published by
the National Institutes of Health, USA. Experiments
were conducted under an Ingtitutional Animal Care
and Use Committee (IACUC) protocol approved by
both the University of Pittsburgh, USA and Chang
Gung Memorial Hospital at Kaohsiung, Taiwan.

Transplant procedurein the CTA model

A recipient pig was premedicated with ketamine
(10 mg/kg) and xylazine (1.5 mg/kg) through an
intramuscular injection. The animal was placed in a
supine position on the operating table and intubated.
Anesthesia was maintained with an inhalation mix-
ture of 1%~2% isoflurane and oxygen. After normal
sterile preparation, the following procedure was per-
formed.

An intravenous catheter was put in place for
intraoperative fluid management. This catheter was
subsequently used to draw blood samples and admin-
ister medicines postoperatively. A single-lumen
Hickman catheter was inserted in the internal jugular
vein under direct vision and tunneled in a posterior
direction to exit high on the dorsal neck. The inci-
sions were closed in layers using both absorbable
and non-absorbable sutures.

A composite tissue skeletal graft consisting of
the tibia, fibula, knee joint, distal femur, and sur-
rounding muscles was harvested from a donor pig.
First, a T-shaped groin incision was made, and the
femoral vascular pedicle was isolated. A paddle of
skin measuring approximately 8 x 8 cm was pre-
served on the medial aspect of the knee area, and it
was supplied by the superficial femoral vessels. The
rest of the skin was removed from the limb. The tibia
and fibula were divided at the junction of the upper
1/3 and lower 2/3 (about 5 cm below the knee), and
the thigh muscles were divided at the level of the



mid-femur. The femur was divided 5 cm above the
knee joint. The graft was perfused with heparinized
saline until the recipient site was prepared (Fig. 1A).
On division of the vascular pedicle, 60 ml of
heparinized saline was flushed through the femoral
artery. The donor animal was euthanized with an
overdose of pentobarbital once the limb had been
harvested.

The recipient animal was prepared in a similar
fashion. To decrease the ischemic time during trans-
plantation, 2 surgical teams simultaneously dissected
the donor and recipient operative beds. The recipient
femoral vessels from the contralateral site relative to
the donor pig were isolated by means of a groin inci-
sion. A subcutaneous pocket was developed in the
anterolateral abdominal wall. The limb graft was
placed in the subcutaneous abdominal wall pocket
and the vessels were anastomosed end-to-end onto
the host femoral vessels with 8-0 Proline and 9-0
Nylon interrupted sutures under microscopic magni-
fication. A defect was made in the host abdominal
skin, and the skin paddle on the donor limb was
sutured into place. After confirming the vessel paten-
cy, the wound was closed in antomical layers with 3-
0 Monocryl. The skin was closed with 2-0 Ethilon
and stapled autosutures (Fig. 1B).

Postoper ative care

Each alograft recipient recovered fully with an
uneventful postoperative course (Fig. 1C). The ani-
mal was placed in a tubinette vest to protect the
indwelling 1V catheter. Once the anima had awoken
and was breathing comfortably on its own, it was
returned to its pen. It was placed in a recovery cage
for the first 24 h under close observation.
Hematological and chemical indices were evaluated
postoperatively by drawing blood. The intravenous
catheter was flushed with heparin (2000 U heparin in
1000 ml 0.9% normal saline) twice daily. The animal
received a 5-day course of a first-generation
cephalosporin and was monitored for signs of dis-
tress, sepsis, or wound complications.

Histological examination of tissue sections

At the time of allo-skin rejection, animals were
sacrificed; skin, muscle, cartilage, and bone samples
were obtained from the donor allograft and fixed in
an Accustain® formalin solution (neutral buffered
10% formalin, Sigma, St. Louis, MO, USA). These
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Fig. 1 Heterotopic limb composite tissue allograft (CTA)
transplantation model. (A) Intraoperative photo of the har-
vesting of the left hind-limb CTA including a vascularized
skin paddle, skeletal tissue of the femur, tibia-fibula bone, and
knee articular joint. A vascularized skin paddlie measuring 8 x
8 cm was designed in the medial aspect of the thigh and knee
area. The vascular loop identifies the CTA pedicle originating
from the femoral vessels. (B) Animal with a heterotopic alo-
graft in place postoperatively (arrow). (C) The skin paddie of
the CTA in the recipient’s lateral abdominal wall pocket
showing no signs of rejection on postoperative day 4.
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tissues were then sectioned at 6 pum, stained with
hematoxylin and eosin (H & E), and assessed using
light microscopy.

RESULTS

The heterotopic allograft transplantation
remained viable throughout the first 24 h of monitor-
ing immediately following the return of the animal to
the recovery cage. No special care was required for
the animals. Following recovery from surgery, the
animals ambulated freely in their cages with no diffi-
culty. Postoperatively, the animals almost immediate-
ly began to consume food and water. The skin flap
was monitored on adaily basisfor any signs of rejec-
tion including erythema and changes in texture.
There were no significant differences in biochemical
studies using blood drawn preoperatively and post-
operatively. The flap showed no visible signs of
rejection over the first 4 days of observation, except
that local swelling surrounding the allograft area was
noted. The skin flap appeared bluish-purple and ede-
matous on postoperative days 5~7, and tissue necro-
sis devel oped on postoperative days 8~13.

However, histological examination following H
& E staining revealed marked mononuclear cell infil-
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tration and necrotic changes in the epidermis and
dermis of the rejected allo-skin tissue compared to
that in the normal control skin (Fig. 2A,E). The mus-
cle and bony tissue showed an inflammatory reaction
and mononuclear cell infiltration (Fig. 2FH). The
cartilage of the alograft revealed less mononuclear
cell infiltration as compared to other rejected tissue
(Fig. 2G). Mononuclear cell infiltration in the reject-
ed alo-skin tissue significantly increased compared
to that in the other rejected tissues. These analytical
findings indicated that different antigenicities of the
composite allografts tissues existed. Allo-skin tissue
can be used as a clinical monitor to evaluate whether
aCTA isbeing rejected.

DISCUSSION

Composite tissue allograft (CTA) transplanta-
tion offers many advantages over autologous tissue
reconstructive procedures including superior func-
tional and esthetic outcomes, no donor site morbidi-
ty, and fewer subsequent surgical revisions
required.® Transplantation of CTAs may provide an
attractive strategy for the reconstitution of defects
including bone, joints, muscles, or even the peripher-
a nervous system.®2

ge
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Fig. 2 Histophathologic examination after composite tissue allograft rejection using H & E staining. Normal donor tissues as the
normal control (A-D). The rejected tissue of the alo-skin revealed marked mononuclear cell infiltration and necrotic changes
(arrowhead) in the dermis and subcutaneous layers as compared to that in normal skin (E). The muscle (F) and bony tissue (H) also
showed an inflammatory reaction and greater mononuclear cell infiltration compared to that in normal tissues (arrowhead). The car-
tilage of the allograft (G) revealed less mononuclear cell infiltration as compared to that of other rejected tissues. Mononuclear cell
infiltration in rejected allo-skin tissue was significantly increased compared to that in other tissues. Magnification is 100X.
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There have been many reports of whole-limb
allotransplantation in experimental rodents.®®
However, these models almost all used small animals
that are not suitable for applications in humans.
Evidence has shown that small-animal model (using
rodents) immunosuppression protocols cannot con-
sistently be applied to humans because rodents tend
to be more tolerant of alograft transplantation.“® In
order to assess new immunosuppressive protocols
and the possibility of tolerance induction, it is essen-
tial for large-animal models to be assessed prior to
initiation of human clinical trials.

Large-animal studies for CTA transplantation
are superior to small-animal models for a variety of
reasons. From an immunological viewpoint, the
MHC complex in large animals is better character-
ized, especially in miniature pigs and primates.®2
Predictable regjection processes in solid-organ studies
that incorporate animals with MHC disparities are
similar to those of humans. Pigs have a similar
immunological system to that of humans and have
extensively been used for transplantation studies.®®
Ustuner and Ren described a radial forelimb
osteomyocutaneous flap.®# They mentioned that
this model is ideal for performing long-term studies
investigating allograft survival, and sensory and
motor function. However, there are still some diffi-
culties with the ambulatory status of the animal
based on the need to put a cast on the allograft.

In this heterotopic CTA transplantation model,
the reproducibility of previous allotransplantation
results in miniature pigs was explored. The pigs were
able to freely ambulate postoperatively. Compared to
both heterotopic hind limb and orthotopic forelimb
transplantation, this model resulted in minimal mor-
bidity to the animals except for increased abdominal
wall girth. However, a disadvantage of this model is
that the functional motor and sensory outcomes
could not be evaluated following CTA transplanta-
tion.

In marked contrast to the monitoring of solid-
organ transplants, measurements of graft function
cannot easily be utilized as an indicator of alograft
rejection. However, since CTAs are not hidden from
observation, rejection of the graft might be easily
detected and monitored via inspection of the skin. In
this study, the heterotopic porcine allograft model
allowed simple clinical visuaization of the CTA skin
surface for detecting early rejection and the vascular
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status of the allograft.

The study of composite tissue rejection is com-
plex. Different antigenicities of various tissues found
within the CTA (skin, muscle, bone, articular carti-
lage, and blood vessels) result in differential rejec-
tion reactions.® In this study, histopathological
staining was analyzed when allograft rejection
occurred. The data revealed that mononuclear cell
infiltration in rejected allo-skin was markedly
increased compared to that in other rejected tissues.
These experimental results indicate that different
antigenicities of the various alograft tissues found
within the CTA results in various extents of the
rejection process. Monitoring and modulation of
early rejection of alo-skin may be a key treatment
strategy in CTA survival.

In summary, this heterotopic CTA model is
reproducible and suitable for preclinical studiesin a
large-animal model. This procedure caused no major
morbidity to the animals while permitting observa-
tion of allograft survival. This is an important step
towards CTA transplantation becoming available in
humans.
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