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Abstract

The pig-to-nonhuman primate model is the standard choice for in vivo studies of organ and cell
xenotransplantation. In 1998 Lambrigts and his colleagues surveyed the entire world literature and
reported all experimental studies in this model. With the increasing number of genetically-
engineered pigs that have become available during the past few years, this model is being utilized
ever more frequently. We have now reviewed the literature again and have compiled the data we
have been able to find for the period January 15t 1998 to December 315t 2013, a period of 16 years.
The data are presented for transplants of the heart (heterotopic and orthotopic), kidney, liver, lung,
islets, neuronal cells, hepatocytes, corneas, artery patches, and skin. Heart, kidney, and,
particularly, islet xenograft survival have increased significantly since 1998, and the reasons for
this are briefly discussed. A comment on the limitations of the model has been made, particularly
with regard to these will affect progression of xenotransplantation towards the clinic.
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Introduction

Because of the immunologic similarities of Old World nonhuman primates (NHP), e.g.,
baboons, rhesus monkeys, and cynomolgus monkeys, to humans, the NHP represents the
preferred surrogate for humans in exploring the response to pig organ or cell transplantation.
The pig-to-NHP model was introduced into xenotransplantation research in the mid-1980s
(1, 2), and has become the standard model for testing the primate immune response to
organs and cells from pigs with genetic manipulations and/or the effect of novel
immunosuppressive regimens.

Early experience in this model was comprehensively reviewed by Lambrigts et al., in 1998
(3), but has not been reviewed fully since then. With the aim of assessing progress in the 16
years that have elapsed since 1998, we have therefore attempted to search the literature for
experience of pig organ (heart, kidney, liver, lung), islet, neuronal cell, hepatocyte, cornea,
and artery patch transplantation. Others have relatively recently reviewed cornea (4-6) and
islet (7) xenotransplantation, and their data have been included here. Brief mention has also
been made of skin transplantation in the pig-to-NHP model. The early studies on the
transfusion of pig red blood cells into nonhuman primates have been reviewed elsewhere
(8), but have not been included here.

In 1998, the only genetically-engineered pigs available were those expressing a human
complement-regulatory protein, e.g., CD55 (hDAF) (9). Research in the NHP model was
greatly facilitated by the generosity of David White and his colleagues at Imutran and
Novartis in making these pigs available to the research community.

The major innovations that have been introduced into the field since 1998 include (i) many
new genetic modifications in pigs (reviewed by Ekser et al (10), including a1,3-
galactosyltransferase gene-knockout (GTKO) pigs (11-15) and (ii) T cell costimulatory
blockade agents, first introduced into NHP xenotransplantation models by Buhler et al., in
2000 (16). In 2013, the first pigs that did not express the important N-glycolylneuraminic
acid epitopes (NeuGc-KO pigs) became available (17) but, as this oligosaccharide is
expressed in all mammals except humans, its relevance cannot be explored in the pig-to-
NHP model (discussed in (18)).

The literature has been reviewed from January 15t 1998 to December 315t 2013. On
occasion, the same series of experiments has been reported in more than one paper, e.g., one
reporting the overall results, one concentrating attention on the histopathology, etc. At times,
it has been difficult to determine whether the experiments included in a report are the same
as, or overlap with, those reported previously, and so there may be some duplication. If the
report is of relevance to the pig-to-NHP model, we have attempted to be comprehensive, but
we cannot guarantee we have included all publications.

We have not included reports of studies in NHPs that did not undergo organ or cell
transplantation, e.g., immunoadsorption of anti-pig antibodies alone, or reports of ex vivo
blood perfusion of pig organs, which has been a relatively common form of experimentation
with regard to assessment of pig lungs and livers. Nor have we included bone marrow or
hematopoietic cell xenotransplantation between pig and NHP unless it was associated with
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an organ graft. We have not included papers published in languages other than English, nor
abstracts of congresses, and have not always reviewed publications that did not present new
data, or presented in vitro data from in vivo studies if the actual results of the transplants
were not reported. If a short publication in Transplantation Proceedings was followed by a
full publication in another journal, we have not always included reference to the preliminary
publication.

Heart xenotransplantation (Table 1)

More progress has been made in pig heart transplantation than in the transplantation of other
vital organs. The introduction of GTKO pigs was important (reviewed in (19); hyperacute
rejection, already minimized by the transplantation of hearts from pigs transgenic for a
human complement-regulatory protein, was virtually eliminated, particularly when GTKO
pigs expressed a human complement-regulatory protein. With adequate exogenous
immunosuppressive therapy, the incidence of delayed xenograft rejection (acute humoral
xenograft rejection, acute vascular rejection) was also greatly reduced. However, a new
phenomenon, thrombotic microangiography, was reported (20), stimulating the development
of pigs transgenic for one or more human coagulation-regulatory proteins, e.g.,
thrombomodulin, CD39, endothelial cell protein C receptor, which are only now being
explored in the pig-to-NHP model.

In 1998, the longest survival of a heterotopically-placed (non-life-supporting) heart was
reported to be 31 days (3), whereas by the end of 2013 this has been extended to >12 months
(19,21-24) (Table 1A). Survival after othotopic (life-supporting) pig heart transplantation
has been extended from a maximum of 19 days (3) to 57 days (Table 1B).

Kidney xenotransplantation (Table 2)

Progress in the pig kidney-to-NHP model has been slower than in the pig heart-to-NHP
model, though this conclusion may be misleading since the kidney is transplanted as a life-
supporting organ whereas in the majority of cases the heart is transplanted as a heterotopic,
non-life-supporting organ. However, the complications of consumptive coagulopathy appear
to develop more rapidly when the kidney is transplanted (25). For reasons not fully
understood, this model may therefore be a more difficult one than when the heart is
transplanted. The longest life-supporting kidney graft survival in 1998 was reported to be 23
days (3), but this has been extended to 90 days (26).

With regard to co-transplantation of pig kidney and thymic tissue, which has resulted in a
maximum kidney graft survival of 83 days (27), there have been studies of pig thymic grafts
in NHPs in the absence of kidney transplants (28-31). Six baboons underwent a regimen
aimed towards inducing tolerance, three of which received fetal or neonatal pig thymic
tissue transplants (31). There was some in vitro evidence that the thymic tissue induced
xenogeneic hyporesponsiveness.
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Liver xenotransplantation (Table 3)

Special problems relating to pig liver transplantation have proved a major barrier to
progress, largely because the genetic manipulations of the organ-source pigs have to date
largely been directed towards extending survival of heart and kidney grafts. The rapid
development of thrombocytopenia in the recipient NHP following pig liver transplantation
remains unresolved. Nevertheless, graft survival has been extended from <3 days in 1998 (3)
to 10 days today (32).

Lung xenotransplantation (Table 4)

The lung continues to provide major barriers, and considerable attention is currently being
directed towards overcoming them. Most studies have been of ex vivo pig lung perfusion
with human blood, which are not reviewed here. Despite major efforts, to date, pig lung
graft survival after transplantation into NHPs has been extended only from 9 hours in 1998
(3) to 5 days today.

Pancreatic islet xenotransplantation (Table 5)

More progress has been made in the transplantation of pig cells than pig organs. Although
the instant blood-mediated inflammatory reaction remains a major barrier after islet
transplantation into the portal vein, pig islet transplantation in NHPs has been successful for
>1 year.

These reports and those for neuronal cell transplantation (see below) suggest that, with the
possible exception of corneal xenotransplantation (see below), these cellular transplants are
likely to be the first introduced into the clinic. Indeed, clinical trials of encapsulated wild-
type pig islets have already been undertaken (33-35) but detailed reports have been scarce.

Neuronal cell xenotransplantation

A field in which there were no reports in NHP models in 1998 is pig neuronal cell
transplantation. Research has been largely limited to one European consortium, but graft
function in monkeys with a Parkinson-like disorder has been documented for periods >1
year (36, 37).

Hepatocyte xenotransplantation

Although the transplantation of pig hepatocytes may have some advantages over liver
xenotransplantation, few studies have been undertaken in NHP models to date. However,
hepatocyte function has been documented for >80 days after transplantation and for 253
days when a second transplant was performed (38).

Corneal xenotransplantation (Table 6)

To our knowledge, no studies of pig corneal transplantation in NHPs had been reported
before 1998, whereas a number of studies have been published since then, with encouraging
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results. Anterior lamellar keratoplasty using decellularized corneas from wild-type pigs has
resulted in graft transparency for >1 year.

Artery patch xenotransplantation (Table 7)

Because of the development of thrombotic microangiopathy and/or consumptive
coagulopathy, the assessment of immunosuppressive regimens or immunomodulatory
approaches directed to the T cell response have been difficult to assess following pig-to-
NHP organ transplantation. At our own center, Ezzelarab et al. have introduced a simple pig
artery patch model which allows the adaptive immune response and, in particular, the
production of T cell-dependent elicited anti-pig antibodies to be followed in the absence of
the complicating factors of coagulation dysfunction (39). No such model had been reported
in 1998, but today artery patch xenotransplantation is proving of value in assessing various
immunosuppressive regimens.

Skin xenotransplantation

In very complex experiments involving transduction of baboon bone marrow cells with SLA
class Il genes, followed by bone marrow transplantation and either pig kidney or skin
transplantation, lerino et al reported pig skin graft survival for 17 (control) or 21 days (40).
Wiener et al reported prolonged GTKO pig skin graft survival in baboons (41). The GTKO
skin grafts survived for up to 14 days whereas wild-type pig skin grafts were rejected by day
4,

Discussion

In summary, we were unable to identify any reports on experimental studies of pig thymic
tissue, neuronal cell, hepatocyte, corneal, skin, or artery patch transplantation in NHPs
before 1998. Pig heart, kidney, and, particularly, islet graft survival have increased
significantly since 1998. This has been associated largely with the increasing availability of
pigs with genetic manipulations aimed at protecting the pig tissues from the primate immune
response. Both GTKO and the introduction of human complement- and coagulation-
regulatory transgenes have played a role, particularly with regard to heart transplantation.
Although encouraging results have been achieved after the transplantation of wild-type pig
islets into NHPs, the transplantation of islets from genetically-engineered pigs may allow a
reduction in the intensity of the immunosuppressive therapy required to prevent graft loss.

Many successful immunosuppressive regimens in the pig-to-NHP model have been based on
costimulation blockade with an anti-CD154 monoclonal antibody (mAb), which is unlikely
to be available for clinical use because of its thrombogenic effects. Attention is now being
directed towards replacing this agent with others, e.g., an anti-CD40 mAb (+/- an agent that
blocks the CD28/B7 costimulation pathway). This problem will have to be resolved if
approval for clinical trials is to be obtained by most national regulatory administrations, e.g.,
the Food and Drug Administration (FDA) in the USA. Recent studies by Mohiuddin and his
colleagues (21-24) suggest that an anti-CD40 mAb-based regimen is likely to be successful,
but this agent is not yet approved for clinical use. Blockade of the CD28/B7 pathway alone
would appear to be inadequate (lwase H et al, submitted).
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A second topic that needs to be addressed before clinical trials are likely to be fully
successful is that of expression of NeuGc in pigs (and in all NHPs), but not in humans (18).
However, we would suggest that a successful GTKO pig transplant in a NHP provides an
indicator of the likelihood of success of a GTKO/NeuGc-KO pig transplant in a human. We
therefore continue to believe that the pig-to-NHP model provides very important data that
cannot be obtained from in vitro, ex vivo perfusion, or other in vivo models. This particularly
applies to the efficacy and safety testing of immunosuppressive protocols.

There are, of course, other differences in the biological (e.g., physiologic, immunologic)
responses of NHPs and humans to transplanted pig organs, tissues, or cells, and resolutions
to some of these may not be possible until clinical trials are undertaken. Nevertheless, we
believe it is important to accumulate as many data from the pig-to-NHP model before
proceeding to clinical trials, as this will provide the greatest likelihood of success. Whatever
barriers identified in the pig-to-NHP model should be addressed before proceeding to the
possibly more complex pig-to-human studies. Even though the management of a patient
with a pig graft will undoubtedly be easier in many respects, failure from graft rejection or
from the complications of excessive immunosuppressive therapy in the pig-to-NHP model is
unlikely to be fully reversed in the pig-to-human model.

It is of interest to note the relative publication rates of the papers surveyed. For example,
more papers relating to kidney xenotransplantation were published during the period
covered by this survey than those relating to other organs. However, there was a marked
reduction in the number of papers published after 2005 (Figure 1B). This may be associated
with the increased problems related to pig kidney than to heart transplantation, where
consumptive coagulopathy appears to be less problematic. However, after a peak period of
publications in 2005, the rate of publication of papers reporting studies of pig heart
transplantation also fell (Figure 1A).

The decline is possibly more likely a consequence of lack of sufficient funding for
xenotransplantation research during the past few years, and this may also be a major factor
in the reduction in publications relating to kidney transplantation after 2005 (Figure 1B). In
turn, this decline in funding was at least in part associated with reluctance on the part of
certain commercial/industrial sponsors to continue to participate in the development of
xenotransplantation in view of the scares being propagated at that time relating to the
transfer of porcine endogenous retroviruses (PERV) with the graft to the recipient. Since the
first report of the potential of pig-to-human infection by PERV in 1996, much subsequent
research has demonstrated that the risk of cross-species transmission is unlikely and, in any
event, manageable (42). Of note, regulatory authorities are largely concentrating their
attention on proper patient monitoring and archiving of samples rather than on preventing
the introduction of xenotransplantation.

In contrast, pig islet xenotransplantation, which has provided very encouraging results, was
reported fairly consistently throughout the period with between 1 and 4 publications per year
(Figure 1C).
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Numbers of publications relating to pig-to-nonhuman primate heart (A, top), kidney (B,

middle), and islet (C, bottom) transplantation during the period 1998-2013.
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Table 1A

Heterotopic transplantation of pig hearts in NHPs (1998-2013)

Page 11

FIRST AUTHOR (Year) DONOR (pig) RECIPIENT (n) IMMUNOSUPRESSIVE THERAPY SURVIVAL-
RANGE
(MEDIAN)
(Days, unless
otherwise stated)
Simon (1998) WT Baboon (n=2) Intravenous infusion of synthetic Gal <1 (4-6 hours)
oligosaccharides
Waterworth (1998) CD55 Baboon (n=3) CyP, CsA, CS >2,13,>21
Lin (1998) CD55/CD59 Baboon (n=5) CyP, CsA, CS <1-5
Baboon (n=6) CyP, CsA, CS, Ig-depleted 1-29
(immunoadsorption column)
Bhatti (1999) CD55 Baboon (n=14) CyP, CsA, CS, MMF 10-99 (26)
Crespo (1999) CD55 Baboon (n=13) Not stated <3 (n=2)
3-7 (n=11)
Kozlowski (1999) WT (MSw) Baboon (n=2) TBI, TI, pig BMTX, splenectomy, 8,15
immunoadsorption, ATG, CsA, MMF,
CS, 15-deoxyspergualin
Romano (1999) WT Baboon (n=1) Intravenous infusion of synthetic Gal <1 (<18 hours)
ologosaccharide
Buhler (2000) WT (MSw) Baboon (n=2) TBI, TI, splenectomy, Not applicable
Alwayn (2000) immunoadsorption, ATG, CVF, CsA or (study of
anti-CD154mAb, MMF or 15- hemostasis)
deoxyspergualin (not clearly stated) +/—
pig hematopoietic stem cells (n=1)
Manez (2000) WT Baboon (n=10) None (n=5) <96 hours
CD55 Baboon (n=10) Immunoadsorption (n=5) 87.6+/-35 hours
None (n=5) 89.6+/-42 hours
Immunoadsorption (n=5) 101.6+/-23 hours
Lin (2000) CD55/CD59 Baboon (n=5) CyP, CsA, CS <1-10 (3)
Baboon (n=4) Immunoadsorption, CyP, CsA CS 9-39
Brenner (2000) WT Cynomolgus (n=1) Immunoadsorption }
Rhesus (n=2) Immunoadsorption
Rhesus (n=4) No immunoadsorption }
140+/-35 minutes
78+/-28 minutes
Lam (2002) CD55 Cynomolgus (n=7) CyP, CsA, CS, MMF 6-36 (23)
Schuurman (2002) (based WT (n=7) Cynomolgus (n=62) | CyP, CsA, CS, splenectomy +/-rapa +/- | WT: HAR 57%
on previous publications) CD55 (n=55) Baboon (n=33) MMF +/-sCR1 CD55: HAR 7%
WT (n=5) CyP, CsA, CS, splenectomy +/-rapa +/- | WT: HAR 20%
CD55 (n=28) MMF +/-sCR1 CD55: HAR 11%.
Ashton-Chess (2003) CD55 Baboon (n=2) None 4,5
Baboon (n=2) Immunoadsorption 4,6
Baboon (n=9) Cyp, CsA, MMF, CS 6-29 (14)
Domenech (2003a,b) CD55 Baboons (n=8) CyP (high dose), CsA, CS, GAS914 6-60 (27)
(n=6) 57
CyP (low dose), CsA, CS, GAS914 (n=2)
Lam (2003) CD55 Rhesus (n=2) ATG, sCR1, tacrolimus, MMF, CS, <1
GAS914
Schirmer (2004) CD46 Baboon (n=9) Anti-CD20mADb, tacrolimus, rapa, CS, 15-30 (22)
Baboon (n=9) TPC, clopidogrel, aspirin 4-53 (15)
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FIRST AUTHOR (Year) DONOR (pig) RECIPIENT (n) IMMUNOSUPRESSIVE THERAPY SURVIVAL-
RANGE
(MEDIAN)
(Days, unless
otherwise stated)
Anti-CD20mADb, tacrolimus, rapa, CS,
TPC
Manez (2004a) CD 55 Baboon (n=5) CsA, GAS914 5-8 (6)
CD55/CD46 Baboon (n=5) CsA 4-9 (7)
Manez (2004b) WT Baboon (n=5) None HARin30f53,4
CD55 Baboon (n=6) None No HAR <1-<5
WT Baboon (n=5) Immunoadsorption No HAR <2-5
CD55 Baboon (n=7) Immunoadsorption No HAR <4-<6
McGregor (2004) CD46 Baboon (n=10) ATG, splenectomy, anti-CD20mADb, 56-113 (76)
tacrolimus, rapa, CS, TPC
Houser (2004) CD55 Baboon (n=10) ATG, anti-CD2mADb, TI, CVF, anti- 4-139 (27)
Kuwaki (2004) CD154mAb, MMF, CS
Lam (2004a) CD55 Cynomolgus (n=15) | ATG or CyP, CsA or tacrolimus, MMF, No GAS914:
Lam (2004b) CS, immunoadsorption, +/- GAS914 HAR in 4 of 6 4,
78
GAS914:
HAR in 0 of 9 0-
36 (20)
Chan (2005) CD55 Cynomolgus (n=4) CyP, CsA, MMF, CS, GAS914 +/- sCR1 | 20, 22, 35, 36
Stalder (2005) CD55 Cynomolgus (n=6) CyP or ATG, CsA or tacrolimus, MMF, 2-36 (mean 30.5)
CS, GAS914 +/- sCR1
Teotia (2005) CD46 Baboon (n=16) Anti-CD20mADb, tacrolimus, rapa, CS, 6-113 (mean 71)
TPC
Dor (2005)* GTKO (MSw) Baboon (n=8) ATG, anti-CD154mAb, MMF, CS 16-179
ATG, anti-CD154mAb, MMF, CS,
recombinant human antithrombin 111
Kuwaki (2005) GTKO (MSw) Baboon (n=8) ATG, Anti-CD2mADb, TI, CVF, anti- >16-179 (63)
Tseng (2005) CD154mAb, MMF, CS
Hisashi (2008)
Shimizu (2008)
Moscoco (2005) CD55 Baboon (n=9) CyP, CsA, MMF, CS, GAS914 (n=5) 50+/-19
CD55/CD46 Baboon (n=5) CsA, GAS914 (n=4) 6+/-1
CsA, GAS914 6+/-2
Weaver (2005) CD46 Baboons (n=8) Anti-CD20mADb, tacrolimus, rapa, CS, 0-92 (64)
TPC
Wu (2005) CD55 Baboon (n=13) CyP, CsA, MMF, CS +/- anti-CD20mAb | 2-36 (12)
CD46 Baboon (n=5) +/- ATG +/- GAS914 or TPC (n=10) 0-11 (6)
ATG, anti-CD154mAb +/- anti-
CD20mAb +/- CTLA4-Fc +/- GAS914
Or TPC (n=8)
McGregor (2005) CD46 Baboon (n=7) Splenectomy, ATG, anti-CD20mADb, 15-137 (96)
tacrolimus, rapa, CS, TPC
Byrne (2005) CD46 Baboon (n=9) Splenectomy, anti-CD20mADb, 3-62 (20)
Baboon (n=13) tacrolimus, rapa, TPC, warfarin + ATG 5-109 (18)
Baboon (n=9) or CyP for rejection episodes 4-53 (15)
Splenectomy, anti-CD20mADb,
tacrolimus, rapa, TPC, low molecular
weight heparin+ ATG or CyP for
rejection episodes
Splenectomy, anti-CD20mADb,
tacrolimus, rapa, TPC
Brenner (2005) CD55 Baboon (n=4) Immunoadsorption, CyP, CsA, CS, MMF | 2-8 (10)
Davila (2006) CD46 Baboon (n=1) Splenectomy 5
Baboon (n=2) TPC, splenectomy 6,7
Baboon (n=1) TPC, anti-CD20mADb, splenectomy 7
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FIRST AUTHOR (Year) DONOR (pig) RECIPIENT (n) IMMUNOSUPRESSIVE THERAPY SURVIVAL-
RANGE
(MEDIAN)
(Days, unless
otherwise stated)
Byrne (2006) CD46 Baboon (n=63) Splenectomy, TPC, anti-CD20mADb, 0-139 (96)
tacrolimus, rapa, CS +/- aspirin/
clopidogrel or Lovenox or warfarin
Ricci (2007) (based on CD46 Baboon (n=64) Groups 1-4 (n=40): (Low maimtenance Groups 1-4: 0-
previous publications) IS) Splenectomy, anti-CD20mADb, 137 (30)
tacrolimus, rapa, CS, TPC +/- Lovenox Group 5: 0-139
or aspirin + clopidogrel or coumadin (96)
Group 5 (n=15): (High maintenance IS)
Splenectomy, anti-CD20mADb,
tacrolimus, rapa, CS, TPC, Lovenox +/—
ATG as induction of treatment of
rejection
Wu (2007) CD55 Baboon (n=20) CyP, CsA, MMF (n=18); Technical failure
CD46 Baboon (n=3) ATG, anti-CD154mAb (n=10); GAS914 (n=1)
(n=8) or TPC (n=3)+/- HAR (n=10)
immunoadsorption; complement Early graft failure
inhibitors (n=12) 1-3 (n=4)
AHXR 6-36 (15)
(n=8)
Zahorsky-Reeves (2007) CD55 Cynomolgus (n=3) ATG or CyP, CsA, MMF, CS +/- 36, 39, 78
GAS914
Byrne (2008) CD46 Baboon (n=4) Splenectomy +/- TPC +/- anti- 5-7
GTKO Baboon (n=8) CD20mAb 0-128 (25)
Splenectomy, ATG, anti-CD20mADb,
tacrolimus rapa
Ezzelarab (2009) GTKO Baboon (n=9) ATG, CVF, anti-CD154mAb, MMF, CS 2-56
Bauer (2010) (Intrathoracic) | WT Baboon (n=2) None Euthanized after
GTKO/CD46 Baboon (n=2) ATG, anti-CD20mADb, tacrolimus, rapa, weaning from
MMF, CS, bortezomib, cardiopulmonary
immunoadsorption (n=1) bypass
<1,50
Tazelaar (2011) (partially CD46 Baboon (n=11) ATG, anti-CD20mADb, tacrolimus, rapa, 15-109 (41)
based on previous CD46 Baboon (n=8) TPC 8-42 (13)
publications) GTKO +/- CD55 Baboon (n=5) Immunoadsorption, CyP, CsA 18-71 (26)
ATG, anti-CD20mADb, tacrolimus, rapa
Mohiuddin (2012) GTKO/CD46 Baboon (n=2) No IS <1
Corcoran (2010) Baboon (n=2) ATG, CVF, anti-CD154mAb, MMF, CS 8,8
Horvath (2010) Baboon (n=9) ATG, anti-CD20mAb, CVF, anti- 36-236 (71)
CD154mAb, MMF, CS
McGregor (2012) GTKO Baboon (n=6) ATG, anti-CD20mADb, tacrolimus, rapa, <1-128 (21)
GTKO/CD55 Baboon (n=5) CS 15-52 (28)
ATG, anti-CD20mADb, tacrolimus, rapa,
CS
Kim (2013) GTKO Cynomolgus (n=4) ATG, anti-CD20mADb, CVF, anti- 11-24 (14)
CD154mAb, tacrolimus, CS
Mohiuddin (2013) GTKO/CD46 Baboon (n=9) ATG, anti-CD20mADb, CVF, anti- 3A8=21,21,28
CD40mADb (either 3A8 [n=3] or 2C10R4 (21)
[n=6]), MMF, CS 2C10R4 = >30,
>40, 60, 107, 146,
149 (84)
Mohiuddin (2013/4) GTKO/CD46/TBM | Baboon (n=5) ATG, anti-CD20mAb, CVF, anti- 0->380 (4 ongoing

CD40mAb, MMF, CS

at 77-380 days)

Abbreviations:

ATG = anti-thymocyte globulin; BMTx = bone marrow transplant; CD46 = membrane cofactor protein; CD55 = decay-accelerating factor; CD59 =
protectin, membrane inhibitor of reactive lysis; CS = corticosteroids; CsA = cyclosporine; CTLA4-Fc = CTLAA4 covalently linked to a human
immunoglobulin Fc molecule; CVF = cobra venom factor; CyP = cyclophosphamide; EGF = early graft failure; GAS914 = a soluble
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glycoconjugate comprising Gal on a poly-L-lysine backbone; GTKO = a1,3-galactosyltransferase gene-knockout; HAR = hyperacute rejection; IS
= immunosuppressive therapy; LoCD2b = rat anti-primate CD2b monoclonal antibody; MMF = mycophenolate mofetil (or analog, e.g.,
mycophenolate sodium); MSw = miniature swine (MGH herd); Rapa = rapamycin (or derivative, e.g., RAD); sCR1 = soluble complement receptor
type 1 (in some papers described as TP10); TBI = total body irradiation; TI = thymic irradiation, TPC= an aGal-polyethylene glycol polymer
conjugate.
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FIRST AUTHOR (Year) DONOR (pig) RECIPIENT (n) IMMUNOSUPRESSIVE THERAPY SURVIVAL-
RANGE
(MEDIAN) (Days
unless otherwise
stated)
Schmoeckel (1998) CD55 Baboon (n=10) CyP, CsA, CS <1 (x5)
4-9 (x5)
Waterworth (1998) CD55 Baboon (n=5) CyP, CsA, CS >1,>1,5,5,9
Xu (1998) WT Baboon (n=2) Immunoadsorption (through another donor 18,19
organ), TBI, CsA, methotrexate,
Brenner (2000a) WT Cynomolgus (n=2) | Immunoadorption 130+/-21 minutes
Brenner (2000b,c) WT Baboon (n=4) None (n=1) 29 minutes
Immunoadsorption (n=3) <2, 11, 21 hours
Vial (2000) CD55 Baboon (n=1) CyP, CsA, MMF, CS 39
Schuurman (2002) (based CD55 Baboon (n=16) CyP, CsA, CS, splenectomy +/- rapa +/ HAR 1 (6%)
on previous publications) -MMF +/-sCR1
Brandl (2005) CD55 Baboon (n=4) ATG, tacrolimus, rapa, CS, GAS914 +/- 1-25 (9)
CyP
Brenner (2005) CD55 Baboon (n=4) CyP, CsA, MMF, CS <1,11,13,20
Bauer (2005) CD55 Baboon (n=9) ATG, tacrolimus or CsA, rapa, CS, GAS914, | Not stated
Brandl (2007) CD46 or CD55 Baboon (n=2) ATG, tacrolimus, rapa, CS, GAS914 1,9
Baboon (n=2) ATG, anti-CD20mADb, tacrolimus, rapa, CS, <2 (1 technical
Baboon (n=4) GAS914 failure)
Baboon (n=5) ATG, low-dose CyP, tacrolimus, rapa, CS, <1,14,25(1
GAS914 technical failure)
ATG, CyP, tacrolimus, rapa, CS, anti-HLA- <1-4
DR antibody, +/- GAS914+TPC
Bauer (2007) CD55 Baboon (n=6) Not stated Not stated
CD46 Baboon (n=6)
Bauer (2011) CD46 Baboon (n=6) ATG +/- CyP, tacrolimus, rapa, CS, Not stated
GAS914 or TPC, anti-HLA antibody
Byrne (2011) CD46 or CD55 ATG or CyP, tacrolimus, rapa +/- anti- 0-57 (6)
or CTKO/CD55 CD20mAb +/- GAS914 or TPC

1duasnuely Joyny vd-HIN

Abbreviations as for Table 1A
Table 1B: References

Bauer A, Baschnegger H, Renz V, et al. Comparison of propofol and isoflurane anesthesia in orthotopic pig-to-baboon cardiac xenotransplantation.
Xenotransplantation 2007;14:249-254.

Bauer A, Baschnegger H, Abicht JM, et al. hDAF porcine cardiac xenograft maintains cardiac output after orthotopic transplantation into baboon -
a perioperative study. Xenotransplantaion 2005;12:444-449.

Bauer A, Renz V, Baschnegger H, et al. Microcirculatory alterations after orthotopic pig-to-baboon heart transplant. Xenotransplantation
2011;18:232-238.

Brandl U, Michel S, Erhardt M, et al. Administration of GAS914 in an orthotopic pig-to-baboon heart transplantation model. Xenotransplantation
2005;12:134-141.

Brandl U, Michel S, Erhardt M, et al. Transgenic animals in experimental xenotransplantation models: orthotopic heart transplantation in the pig to
baboon model. Transplant Proc. 2007;39:577-578

Brenner P, Schmoeckel M, Reichenspurner H, et al. Technique of immunoapheresis in heterotopic and orthotopic xenotransplantation of pig hearts
into cynomolgus and rhesus monkeys. Transplant Proc. 2000;32:1987-1088. (2000a)

Xenotransplantation. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Cooper et al. Page 18

Brenner P, Schmoeckel M, Wimmer C, et al. Mean xenograft survival of 14.6 days in a small group of hDAF-transgenic pig hearts transplanted
orthotopically into baboons. Transplant Proc 2005;37:472-476.

Brenner P, Reichenspurner H, Schmoeckel M, ey al. Prevention of hyperacute xenograft rejection in orthotopic xenotransplantation of pig hearts
into baboons using immunoadsorption of antibodies and complement factors. Transpl Int 2000;13 Suppl 1:5S508-17. (2000b)

Brenner P, Reichenspurner H, Schmoeckel M, et al. 1G-therasorb immunoapheresis in orthotopic xenotransplantation of baboons with landrace pig
hearts. Transplantation 2000;69:208-214. (2000c)

Byrne GW, Du Z, Sun Z, Asmann YW, McGregor CG. Changes in cardiac gene expression after pig-to-primate orthotopic xenotransplantation.
Xenotransplantation 2011;18:14-27.

Schmoeckel M, Bhatti FN, Zaidi A, et al. Orthotopic heart transplantation in a transgenic pig-to-primate model. Transplantation 1998;65:1570—
1577.

Schuurman HJ, Pino-Chavez G, Phillips MJ, et al. Incidence of hyperacute rejection in pig-to-primate transplantation using organs from hDAF-
transgenic donors. Transplantation 2002; 73: 1146-1151.

Vial CM, Ostlie DJ, Bhatti FN, et al. Life supporting function over one month of a transgenic porcine heart in a baboon. J Heart Lung Transplant
2000;19:224-229.

Waterworth PD, Dunning J, Tolan M, et al. Life-supporting pig-to-baboon heart xenotransplantation. J Heart Lung Transplant 1998;17:1201-1207

Xu H, Gundry SR, Hancock WW, et al. Prolonged discordant xenograft survival and delayed xenograft rejection in a pig to baboon heart xenograft
model. J Thorac Cardiovasc Surg. 1998;115:1342-1349.

Xenotransplantation. Author manuscript; available in PMC 2015 September 01.



Page 19

Cooper et al.

(siseisoway

(pareis Ajiea)d jou) ulfenBiadsAxoap-GT 10 4ININ ‘QVWHSTAD

- M J9Iyn
Jo Apis) ajqeatdde JoN -1UE 10 WSO ‘4AD ‘uondiospeountuw ‘Awoiosualds ‘91v I ‘19l (1=u) uoogeg (MSN) LM (0002) Jo1ung
() 9 qvwinb-nue (g=u) uoogeg
i (0002) xnoyaq
1S (T ur Awoydaua)ds) suoN (y=u) uooqgeg
(e1) 69 SO 'WsD ‘dhD (2=u) snBjowoukd
5509 [(866T) meyg]
— A ds‘sD ‘dh = 6 A S
(62) 8.5 Woosua|ds ‘SO vsD ‘dAD (6=u) snbjowouAd (0002) 12200
(0) 0e-0 Awoyosuslds ‘s 'vsD ‘dAD (g=u) snbjowould 1M
G-¢ ureday yBiam Jeinasjow Mo (=u) uoogeg
aseJajsuen)-H/65Ad0/SSAD
4 (¢=u) uooqeg
(0002) uEMOD
2z 3UON (z=u) uoogeg aseJajsueli-H/S5AD
7> (y=u) uooqeg Im
15 (YWH Uo eIWaYdSI P02 40 193449 Jo Apnis - Bunoddns-a1] (8=u) snbjowoukd
1M (0002) ss01
15 (¥WH uo eIWaYasI pjod Jo 198448 Jo Apnis - Buiioddns aj1]-uoN) (2=u) snbjowouk)
() s-T (g=u) uooqeg ama
uondiospeounwwi ‘sisalaydewse|d (666T) 1A\
(€) st (=u) uooqeg Im
9'¢ (pay1pow) anoge sy (z=u) uooqeq
T 5SQ-5T J0/pUe AN (z=0) uoogeg (MSIN) LM (666T) MIsmo|Zo
‘SO ‘WSO ‘O1V ‘uondiospeounwiw] ‘Awoydsualds ‘X1 Ag bid ‘11 ‘191 -
(£=U) S]199 MOLIBW (suo Ajuo ur Buiioddns [(66T) ounal]
ureHsoun auog _pgdD pue ,£AD U00geq 40 uononpsues) auab || Ssejd IS -aJ1| ‘p=U) suooqeq (MS) LM (6667T) ouLsa|
(Aaupry Buiuonouny ( : . .
N et U 9=U) SO 'JNIN ‘WSO 'dhD -
UM syzesp ¢ Inq) ww “Mumwx (6 =U) SO HININ WS “dkD “AWo10aus|dS (T1=U) snBjowoukd 65a0 | (666T) [9280WYS
(e1) 59 (2=u) snBjowoukD 6500
SO 'vwsD 'dhD (866T) IpreZ
(2) oe-1> (9=u) snBjowoukd 1M
(2 ueaw) z1-2 (9=u Jan1] Bid ‘y=u uwnjod [e9) uondiospeountuw| (0T=U) snBjowoukD (MSIN) 1 (866T) NX
ulenbiadsAxoap-GT
eT'er '8 ‘SO 4NN 'VsO ‘T-4Os ‘uondiospeountuwi ‘sisasayde ‘Awojoaualds (g=u) uooqeg (MSIN) L (866T) ouLsa]
‘([z=u] 11 sse[o WIS yum pajoaysuedy ‘snobojoine) X LING ‘191
A
Az<_mm_m_\o/_w AdVHIHL ) (1d) m%ﬂﬂﬂ@
JONVH-IVAIALENS JAISSTFAdNSONNININI IN3IdIO3d dONOd 15414

NIH-PA Author Manuscript

¢ ?olgel

(€T0Z-866T) SAHN 0l sAsupi Bid Jo uonelue|dsuel |

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Xenotransplantation. Author manuscript; available in PMC 2015 September 01.



Page 20

Cooper et al.

(€'0-/+¥T UesW) GT-€T

SD ‘WSO ‘dAD ‘uondiopeounwiwi aAlsusul ‘Awolosus|ds

(g=u) uooqgeg

(T-/+0T uesW) 21-9 SO 'vsO ‘dAD ‘uondiopeounwiwi ‘Awolosus|ds (9=u) uooqegq 65a0 (T007) Uea@
(T-/+G uesw) /—€ S0 'V ‘dhD (5=u) uooqeg
. (wstiawiyd auidiod pue sniiA0LBl _
€11 snouabopua auidJod Jo uoissiwsue) Uo Apnis) SO ‘WS ‘dAD (§=u) snbjowoukd
A - - . 1M (T002) 501
3 wISKIBWIYD auidlod pue sniiAol1al snoushopus auldlo _
(82) 827 10 uolissiwsues} uo Apms yeuh buiioddns-al) UON) SO ‘WSO ‘dAD (2=u) snbjowouAd
o e (Bo2< Asupix
vt $9'dhD'vsd Jouop) : (g=u) snbjowoulD
oo K 1M (T002) 8501
_ o 1A ¢ 05> Asup1y
(€) sT>-T> 183 'dhD 'vsD Jouop) (zT=u) snBjowouA)
89 ‘8z ‘1Z ‘8T HNI-TD ‘SO ‘dAD ynm uondalas Jo Juswieal) + anoge sy (=u) snbjowoui)
GT'TT'TT'6 SO 'dAD ynm uonosfal Jo Juswiyesl) + dA0ge Sy (=u) snbjowould §5a0 (T00Z) MosaBuen
v'e SO ‘v$D ‘'dhD (z=u) snBjowoukD
62 ‘62 ‘82 (e=u) uooqegq §5a0
19.L ou Inq ‘dAD + anoqe sy
e e (=) wooges ) (1002) s31ung
: : MSIN) LM
¢ SO AN ‘QVWySTAd _
897 -nue ‘4AD ‘uondiospeounwiwil ‘91V ‘11 ‘191 ‘Awolosus|ds (e=u) uoodeg
(9=u) snbjowoukd [elIqo)
-0l _%h%mﬁmwn %w _m: oh_o S 'vsD 'dhD (T002) oswWazid
1pJed Jo Apnis) paiels 10N (2=u) snBjowoukD 1M
(TT) 89-1 (6=u) snbjowouAd Iale)
SO 'vsD 'dhD (0002) ss01
(5e) T1-T (g=Uu) snBjowouAd M
15 sisasaydewse|d jeuonippe + aA0qe Sy (z=u) uooqgeg
1M (0002) tyseAeqo
19 sisasaydewse|d ‘SO ‘snwijoidel 10 s ‘dAD (z=u) uooqeg
(8) €19 XLING ‘4AD 10 THOS 'ANIN (T=U) DLV ‘IL + dA0qe sy (G=u) uooqeq
y1'9'9'¢ (T=U) X LING “feunbaiq 10 4NN ‘OLV ‘IL ‘191 + 8Aoqe sy (=u) uooqeq
1T'6 (z=u) uooqeq (MSIN) LM (0002) Nziwiys
(T=U) XLNG 'OLV ‘IL ‘191 + 8n0qe sy
(5'6) ST-0 (0T=U) snBjowoukd
8'2'T'0 urenBiadsAxoap-GT ‘s ‘Awoloaus)ds ‘uondiospeounwiw| (y=u) snbjowoukd
s|192 anstodorewsy Bid + anoge sy (g=u) uooqeg
(skeq) (4v3A)
(NV1a3) m_>_mmm_xn5%m__u_ﬁ_w_,__.__>_k_ Fzm_a_omﬁ_m mmmmnm dOHLNV
JONVH-TVAIAENS 18414

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Xenotransplantation. Author manuscript; available in PMC 2015 September 01.



Page 21

Cooper et al.

7 ‘9T SO ‘WSO ‘(sasop §) arexanoyIs N (z=u) snbjowouiD
vE'9T ‘0 SO 'SdIN 'WSO ‘(s8sop 1) arexalioyisiN (e=u) snbjowould 650 (€002) 12200
6€ ‘0T '6'6 9 SO ‘4NN WSO (s8sop 9) arexanioyiviN (G=u) snBjowoukd
0T‘,L'S's TX uondiospeounwiwi Inq ‘dA0qe Sy (y=u) uooqgeg [«l-Taje)
2101 '8, uondiospeounwiwi ou INg ‘9A0qe Sy (=u) uooqeg [elIq}o)
(€002) ssay0-uolysy
6'G'S'S anoge sy (=u) uooqeg §5a0
(9) ¥ SO ‘4NN ‘WSO ‘dAD ‘uondiospeounwiwi (2=u) uooqeg 1M
(z2) 152 4NN 'sD ‘dAD 'wsD ‘Aworosus)ds (0T=U) snBjowoukd 650 (€002) 12200
TT'TT'6'8 [eD-VSg + dn0qe S (=) suoogeg (MSIN) LM
62 ‘62 ‘82 e » o hmo . u_>__>_ﬁ.“ 400 (g=u) suoogeg §5a0 (e002) Jausioe||09
— dAD ‘QvwiySTao-nue ‘o 1y ‘uondiospeounwiw ‘Awojosus|ds ‘| L (z=u) suooceg (MSIN) LM
e}
(L2) 622—¥2 | ‘4NN ‘HAD ‘dAD ‘avwySTAD-NUE ‘11€AD-NUE/9 LY ‘qvWzdd-Nue (g=u) uooqeg 6500 (e002) yreg
‘uondiospeounwiwi ‘Awoloaua|ds ‘| 1 /Awo1oswAy) ‘(sAsupijowAyl)
(1) Le-2 ¥T6SVO ‘edel ‘SO ‘vsD ‘dAD (z1=U) Uoogeg
650 (e002) Buoyz
or'9z'v 'y edel ‘SO ‘SO ‘'dhkD (=u) uooqeq
111 UIqUIOJy}IIUR UBwINy JURUIqWOI9Y (t=u) uooqeg
9-T> 111 UIQUIOJYIIUR UBWNY JueuIqwodal ‘ureday Jybram Jejnasjow mo (g=u) uooqgeg 65d2/S5AD (2002) uemod
urieday yBram Jejndsjow mo (t=u) uooqeg
() 9 avw WBI-nuy (G=u) uooqeq 1M (2002) xnoysa
22'1e '8t SO 'YT6SVYO ‘WSO ‘OLV (e=u) uooqegq
9z '€z ‘2z ‘0z edes ‘SO 'YI6SVYD VSO 'OLY (7=u) uooqeg sifale} (2002) JexpuRyD
9€ ‘02 edes ‘dAD ‘SO 'YT6SVD ‘WSO (z=u) uooqegq
0=U ¥VH (v€z=u) snBjowoukd siclafo]
THOS—/+ HININ—/+ edel —/+ Awoldaualds ‘SO ‘wsD ‘dAD (2002) uewInnyos
€=U 4VH (TT=U) snBjowouiD 1M
(1€) 09— THOS—/+ JININ-/+ edei—/+ SO 'vsD 'dAD (0z=u) snBjowoukd silale} (2002) spreyory
GT'ET'S HNI-TO ‘SO ‘4ININ ‘WSO ‘dAD (e=u) snbjowoulkd 1M (2002) 18%28H
(5'9) 81-T> (asessip annelayijoidoyduwA| uejdsues-isod (reg=u) snblowouAd 5500 (2002) SOUUION
uo ApmS) THOS—/+ 4ININ-/+ edel —/+ Awo1oaus)ds ‘SO ‘WSO ‘dAD (17=U) sNBJoWouAD M
she
Az<_ﬁom _\n,__w AdvHaHL W (©1d) mwﬂﬁﬂ@
JONVH-TYAIASNS IAISSTHINSONNNIAI AN3Id103d doNoda LSuI4

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Xenotransplantation. Author manuscript; available in PMC 2015 September 01.



Page 22

Cooper et al.

(€002 Buoyz pue z00z JexeUBYS UO paseq) snoteA uoogeg 650 (¥002) sexpRURYD
TT'TT'6'8 dAD —/+ [eD-VSg uonippe ui ‘sures (=u) uooqeq (MSIN) LM
62 '62 '8¢ (e=u) uooqeg 650 (#002) J8UsioR||0D
SO ‘4NN ‘YSTAD-Nue 'HAD ‘OLV ‘IL ‘XdS ‘avI ‘dAo/1am
(5'9) €T (9=u) uooqegq (MSIN) LM
9'g (z=u) uooqeg 6500/S5A0
3UON (¥002) 1210UsIN
> (z=u) uooqeg 1M
(Tz uesw) 5.+ Y65V ‘SO ‘JININ/edel ‘SNWIj0I0BlYSD ‘O 1V/dAD (£z=u) suooqeg 6540 (#002) e1o1e9
paies 10N paless 10N (6=U) uooqeq 650 (¥002) ze1a
gz 'se 111 UIqUIOJY}IIUE UewNy JUBUIQWOI8) + 3A0QE S (z=u) snbjowouiD
((s'g) L8-2 YT6SVO + aA0(e Sy (apIxouow uog.ted yum paeanasd Bid Jouoq) (9=u) snbjowouk)
(T2) 8¢~ YI6SVO + 3n0Qe SY (G=u) snBjowoukd 650 (¥002) uepleg
(e1) 60 91eX8410Y18W + 9A0QER S (0T=U) snBjowouAD
(8Y) 06-T SO 'ANIN ‘WSO ‘dAD (2=u) snBjowoukd
_ (o . . _ (ap1xouow uogJes yyum
(e1) L8 v16SVO ‘SO 'ANIN VSO 'dAD (g=u) snbjowouAd pareanaid Bid Jouod]) S5a0 (v002) 12200
LE'TETT'9 YT6SVO + anoqe sy (=u) snbjowould
§5a0 (¥002) we
0> 0> ‘0> SO ‘4NN ‘WSO ‘dAD (v=u) snBjowoukd
(§'21) €6-T snoLieA (zg=u) snBjowoukd §5a0 (#002) AoM
6=U) uoogeg 9vad
paless 10N 8uoN (Buroddns-ay1-uoN) (¥002) pue|aA0T]
(£=u) uooqegq 1M
66 3U0UBX0)IW JOU dAD INg ‘Bn0qe Sy (z=u) uooqgeg
(801'8'L'9 auoJuexoiw ‘SO ‘HININ VSO (=u) uooqeq 6500/55a0 | (#002) SsayD-uolsy
9's 3UON (z=u) uooqeg
rx® -nue ‘dhko ¢ ‘ ‘ ,>Eosm:mw%m ..nﬁ_h_ﬁ\y,__u_\ﬂw_hmm,q%mmw:m_co (2 oo = (€002) BlfESOU
€129 Aue dA0 AN DLV IL 105 vonciosp ! (g=u) uoogeg (MSW) LM
AN dAD oung ‘[e9-vSa + anoqe sy (¢=u) uooqeg
s [£2-V'Sd + noge sv (e=u) uoogeg (msw) Lm | (e002) seusoeiion
- dAD 'S HNIN _
€T L9 ‘QVWHSTAD-NUR ‘4AD ‘O1V ‘|1 ‘Awolosusds ‘uondiospeountuw| (e=u) uoodeg
she
Az<_ﬁom _\n,__w AdVHIHL @) ©1d) m%ﬂﬁﬂ@
JONVH-TYAIASNS IAISSTHINSONNNIAI AN3Id103d doNoda LSuI4

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Xenotransplantation. Author manuscript; available in PMC 2015 September 01.



Page 23

Cooper et al.

14 (T=U) uooqegq 97A2/OM1D
aUON (0T02) U
1> (T=U) uooqeg 1M
_ qvWOozao-nue ‘4NN ‘snwijoloel ‘qywySTad _
(6v) £8-8T “UE QYWZAD-NUE —/+ © 1Y (1=U) 19 ‘AWo1aua)ds ‘AWo1oewAyL (=) uooqegq (MSIN) OM1LD (6002) Jawasan
palels 10N
=U) uooqe M
palels 10N (AsupisjowAuy 10 8q0| d1WAY} PaZLIRINISeA —/+) (y1=U) uoogeg (MSI) OM19 (6002) Blfesous]
pajels 10N (9=u) uooqegq G5A0 10 (MSIN) LM
T1'6'8°C SO ‘snuwijoude) ' dAD ‘Awoaus|ds (=u) uooqeg 0 asepisojoe|el-¢-opus/s6a0 (6002) PlezeA
(01) 680 dAD 10U S1EX3A0YIBW ING ‘BAOGE S (g=u) snbjowouk)
§5a0 (2002) 110142018
(02) 06-T SO ‘4NN ‘WSO ‘dAD (2=u) snBjowoukd
v1'8 Qvw0zao-hue ‘4AD ‘snwijoIdel 'O 1V ‘OdL/rTESYD (z=u) uooqegq
sielafo] (9002) usyd
(e1) 521 SO ‘HININ ‘SnWijoIoel ‘D 1V ‘OdLTESYD (g=u) uooqeg
1€ '2€'02 '0T T-HOS + YT6SVO + dN0Qe SYY (e=u) snbjowoukd
qT'e T-40S + 8n0Qe Sy (z=u) snBjowoukd 65A0 (S002) we
1€°2T'9 SV9 ‘SO ‘4NN ‘WSO ‘dAD (e=u) snBjowouk
(om) ez AVWESTAD-NUE ‘NN ‘JAD ‘dAD ‘LIEQO-NUE/O LY (or=u) uooqeg sa5 (5002) Nz
@) 12-6 ‘uondiospeounwiwi ‘| 1 /Aw010sWAY) ‘Awi0108ua|ds (AsupIyowAyl) (9=U) uoogeg s
(1) 912 (g=u) uooqeg (g Ja1ddns wouy) 55a0
OdL/FTESYD ‘HNIA ‘SnlIjo.oel ‘O 1Y
Gl (T=Uu) uooqegq
9z ‘€2 ‘02 yT6SVO ‘edel 'vsD ‘O1V (e=u) uooqeg (S002) uns
(W se11ddns woyy) §5a0
(1) 166 YT6SVO + dn0Qe SY (0T=U) uoogeg
ov'9C'v 'y edes ‘s ‘dhkD (=u) uooqeg
0T%2¢T SO VSO ‘Ald ‘Qvwszao-nuy (G=u) uooqegq
§5a0 (5002) 05020\
6¥TT SO ‘4NN ‘WSO ‘dAD ‘YT6SVO (8=u) uooqeg
9T ‘€T '6 4AD 'AININ + 3node sy (e=u) uooqegq
oM19 (5002) usyd
TT0T'8 SO ‘snwijoioe} ‘D1v (e=u) uooqeg
(e€) ve-0z anoqe sy (Asupiy) (e=u) uooqegq
— £ A =
(92) £8-91 anoge sy (AsupiowAyl) (g=u) uooqeg (MSIN) OMLO (6002) epeweA
_ 4AD —/+ ‘SO 'JNIN ‘QvWySTAD-hue ‘Qvwzad N
(ce) 8oy -1ue ‘Awoydsua)ds ‘AwoyswAyy ‘|gM—/+ (o] J1WAYY paziie|naseA) (9=u) uoogeg
she
Az<_ﬁom_\n,__w AdVHIHL W) ©1d) m%ﬂﬁﬂ@
JONVH-TYAIASNS IAISSTHINSONNNIAI AN3Id103d doNoda LSuI4

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Xenotransplantation. Author manuscript; available in PMC 2015 September 01.



Page 24

Cooper et al.

"Z¢T-¢TT:TT ‘700Z uomelue|dsueliousx
“apiweydsoydojaAd yum uosiiedwod :suoodeq ui uonjeuejdsueljousx [euas Bid oruabsuely ui Jossaiddnsounwiwi ferualod e se suosuexoliw Jo Apnis ayl ‘[e 18 9 Wedey ‘O ajalen|A ‘T SsayD-Uuoysy

$30UBIRYRY 12 d|qeL

aseasip pue.ga]|ipn UoA Joy snobAzowoy sbid = gaaa ‘siuobe
101da2a1 eyeydsoyd-T auisobuiyds = A 14 ‘dongiyur T Jusuodwod Juswa|dwod = HNJ-TD ‘Saplieyaoesohi|o [es o1 parebnluod ulwngpe Wnias auIAog = [B9-YSg ‘uIxolounwwi £gd-Nue = 1 |£dD-Nuy

:(A1snoinaid pasn 10U 1) SUOIBINBIQQY

88 (z=v) mmsﬁ_wcm:.I\mmoo\mmoo\mmoo\ox.ro
€T el SO ‘NI ‘SO ‘QvWwozad-nue Jo dAD (8=u) snBjowoukd (¢=u) 5500/0MLD (e102) BIZOIS
GS 'v€ '0€ ‘6T (y=u) §5a0
(er) ezFeT SO 'JAIN 'VSD 'qvW0zad-huy (g=u) snBjowoukd
988494BURI1-H/6€QD/65AD/55AD/OM 1O (€T02) B101U1d
(91) z'e¥eT SO ‘4NN VSO ‘dAD (g=u) snBjowoukd
o a0 ¢ (T=U) 191 -/+ SO ‘I 'QYWSTAD-NUe ‘qywzdd-hue ‘O1v .
€8 1889 99 ‘Awio1oaua)ds ‘AwooawAy | (AsupjowAyl 1o aqoj J1WAy) Jejnasep) (r=u) uoodeq
e 191 ‘Awoloaualds ‘Awo1oswAy) + anoge sy (T=u) uooqgeg (MSI) OM19 (¢102) nziwiys
£e-02 SO ‘4NN ‘PSTAD-hue ‘qyWizad-hue ‘9 1y (z=u) uooqeg
[ — HNI-TD ‘SO ‘HINIA ‘snwijooe) ‘dAD ‘(z=u) Aworoausds (=u) uooqeg (T102)
S6B434pURI1-H/6£10/6500/55AD/OM LD Jopeuag seg o
v'e 3UON (z=u) uoogeg
‘ 11€@D-1ue ou Ing ‘anoqe Sy -
T 9T (AsupiiowAyL) (z=u) uooqeg
(MSIN) OMLD (TT0Z) BANWIYSIN
. QvWySTAD-NUe ‘AN ‘SnwijoIde} ‘qywogad-hue ‘91 Vv ‘qywedd —
ST st -nue—/+ 11£aD-nue ‘Awoisus)ds ‘AwoioswAy L (AsupijowAyl) (¢=u) uooeq
(02) 268 0 u19)0.d pareAlnde uewINy JUBUIGUIOIA] + BAOQR SY (6=u) snbjowoukd
. D ulgjoid pajeAnoe uewny _
ve et JUBUIQWIOJ3] + ||| UIGWOIYIIUE UBLINY JUBUIGUIOD3] + SAOCR Sy (z=u) snbjowiouAs 5500 (1102) woruis
S5 ‘8z SO 4N ‘WSO ‘dAD ‘vT6SWYO ‘uoisnyiad Asupry [eaiodiodelixg (z=u) snbjowoui)
. (T=U) 4AD —/+ -
TH8 | x1ng 0319 ‘snuijosoey ‘qyuizad-nue ‘o1 *Awopsualds ‘1L ‘181 (g=u) uoogeg (MSW) 031D | (0T02) Jeuiasalio
9T ‘0T ‘0T '6 S92 10 4AD ou Ing ‘anoge Sy (y=u) uooqeg
97AD/OM1D
2 4D 0u INg ‘an0qe Sy (t=u) uooqeg
L (T=u) uooqeg OM19
SO '4AD ‘4NN ‘¥STAD-hue ‘O1V
9 (T=u) uooqeg im
A
AZ<_AM_m_m_\n/__W AdVHIHL ) ©1d) m%ﬂ&.ﬂ@
JONVH-TVAIAGNS INISSTIdNSONNNINI 1N3IdIO3d dONOd 1Sy14

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Xenotransplantation. Author manuscript; available in PMC 2015 September 01.



Page 25

Cooper et al.

"T02G-€69S :Z/T #00Z [ounwiwy [ "uonoafal 1yeiBousx JejnaseA aanoe Buunp sISOquIoIy) 0} S8INGLIU0D Z|6) JO UOIONPUI [B1[3YI0PUT *[e 18 H NIT ‘|l OUIDIPUSIA ‘Y JeXauRyS

'GE-8Z ¥/ ‘200g uoleue|dsuel L
"winJas a1A00WAYIUe 1ggel JO Uole.SIuIWPE YiM siyelBousx [euss sjewid-01-6id olusBsuedy Jojoey Buiiess|sade Aeosp uewiny Jo uonoafes ul JuswaAoidwi “[e 18 A onT ‘9 alofeT ‘v Jexsueyo

"9TLT-VTLT :9€ ‘00T 201d Juedsues |
*13)U90 UrelpeURD B 18 30UaLIadxe sieak ¢ :serewiid uewny-uou o) Asupiy aurdlod olusBsues Jojoey Buiress|aade Aedsp uewiny Jo uonelue|dsueiousyx "y Buoyz ‘9 usy) ‘tH BueA ‘1H uns ‘g eloses

"LTE-ETE €T :¥00C [ounwwi]
|dsue. ] “Aesse onAjoway Aq pajosiapun sadoiida auioiod 0] pajoalIp Sa1pOgIIUBOUBX UOOJe] S19919p Aesse A1191X0101A9 pajelpall-juawajdwod A1jawolAd Mol ‘e 18 ¥ 0udua) ‘| 0S0ISON ‘L zeld

'9¥6-GE6 10/ 1000z Uonelue|dsuel | ‘syeifouax
Jeuas uoogeq 03 Bid Jo uonaalal andesadAy sassaiddns Apogiue jeuojoouow Nw-1Ue Jo UoeAsIUIWpPE Ag Saipogiiue [ednjeu \B| pawJoyaid Jo uonajdap ai419ads e 18 S adjel ‘S OH ‘dr Xnoyaq

'67E€-8EE 16 :200Z UonriuR|dsursiouaX ‘1elbouax Aaupiy suidiod Jo uondalal sejnaseA ande Bulnp saipogiue 96| sulalod-1ue uoogeq Jo UoNEZLIBORIRYD ‘|e 18 @ duuneT ‘g elled e 8Q ‘dr Xnoysa

'22/-121:€€'7002
20.d Wejdsuel ] ‘JeAIAIns eaBousx Aaupiy olusBsuen 9y gD uo Awoyosua|ds pue uondiosgseounwiwl Yim [eaowal Apognue [eseydie-nue 40 19838 8y ‘[e 18 ‘H 3][BA Bl[ed ‘T Usyod 'Od uesq

"0TE-00€ :0T ‘€002 uolrelue|dsuensouax "syelbousx
Jeuas autoiod 4@y Jo swaldioal ajewid Jo [ealAIns pabuojoid smoje sp10Jals pue Wnipos ajejouaydodAw ‘v uriodsojaAd yiim uoissaiddnsounwiwi ajdii 8durUBUIBIAl |8 18 d 31]ISO ‘D [RIA ‘T 12200

"GYE-GEE Y ‘700 ue|dsuel ] [ Wy “uoleiuejdsuesiouax Aaxuow-03-61d [euss ui ajiyoid uoieInBeod 8y Ul SUOIEIAYY ‘|e 18 ‘N uuplog ‘d luolwisS ‘J 12200
'G6G—/8G :0T ‘€002 uoieluejdsuesioua "uolnejuejdsuesiousx jeusl Aaxuow snbjowouka-03-6id Buioddns-a4i) ui uoissaiddnsounwiwi 1oy 81exal10UIdA ‘[e 18 N uepleg ‘Y 1qqoJpe) ‘3 1zzo)
"TZ—GT 0/ ‘0002 uoneuejdsuel ] syesBouax Asupiy autalod oluabsuely Buiioddns-ay1) BuiAizoal serewlid UBWINY-UOU JO [BAIAINS WUBY-BUOT “|e 18 N [94990Wy9S ‘4 meyq ‘3 120D

'S1GZ-70G2
169 ‘0002 uonejueldsuel] ‘suoogeq passaiddnsounwiwi-uou ui Ayredojnbeod asned 1ng paloalal AjginoeladAy Jou are sbid oluabsueli-ajdiiy wody syeiBousax [eusy ‘|e 18 H mojieg ' UBlUIWY ‘fd UBMOD

'GZG-02S :Z 200z uejdsuel] [ Wy ‘uoneyeuejdsueiousx [eual axewid o) Bid ul ||| UIGWOIYINUR UBLLINY JUBUIGUIODA JO S108)J8 3AI103]01d ‘|8 18 H MOjJeg ‘Y URIUIWY ‘[d UBMOD

"€87—€/2 ‘18 ‘900z uonejue|dsuel | “Adelayjuoniezifesnau
Apognue [es-nue BuiAIzdal suoogeq ul sAsupiy auiolod o1ushsuel) 4yQy Jo uonodsfes Yeibouax [eJowny ainde Jo JuswdojaAap ay} ul salpognue [eb-uou-nue Jo ajol ayl ‘e 18 H BueA ‘H uns ‘9 usyd

'862T-G62T TT ‘S00Z P3IAl 18N ‘shkaupiy Bid 1noxo0ux-1es Buisn suoogeq ul susbiue [e9)-UoU 0) SAIPOGIIUER YIM PaIeId0sSe sI U0Ndafal a1ndy “[e 19 | [zJeis ‘H ueld) ‘O usyd

"9GT-G¥T :¥T '200g Uopelue|dsuesiousx
‘suswiBal anissaiddnsounwiwi Jualaip Buimoljoy syelbousx [euas autolod jo syuaidioas ajewnid Jo 1oea) feunsajulonsed ayy ui sBulpuly jeaibojoyredolsiH ‘e 18 A 1jjnddez ‘9 uez a@ ‘7 1]01y22IARD

"2SLT-E7.T 2/ ‘T00Z uoneuedsuel ] “uoie|nbeod
Je[naseARIUI PaTRUILSSSIP pue Uoiioafal eiBousx [eiowny aInde Ylm payeroosse si auofe B [eoe-T (eydfe) [e-nue :suooqeq ul uoneiue|dsuely Asupiy Bid ‘[e 19 H einweny| “y epeweA “491yng

"TEET-EZET 0/ ‘0002 Uoneueldsuel] sayewrid uewnyuou ul uonelueldsuesy |19 onstodorewsy pue ueblo Bid yym parerdosse s1apJosip d110quiolyl pue uone|nbeod ‘e 18 di uAemy ‘W Jayseg ‘1 Jsjung
*)9YZ:0S'866T "004d 1uejdsues "Awoyosus|ds Aq paoueyus si sajewiid ur sAaupiy aiushsuel) 4wy Buinioddns-a1lf JO [BAIAING 219 ‘Al [84090WYIS ‘W Ip1RZ “MSINH meyg

‘¥29T-GT9T :GL ‘€002
uonejuedsues | "ssauaAlsuodsalun |199-1 o1319ads-6id 1oy 8duspIng °| :Japow uoogeq-03-Hid e ul uoneluR|dsuel) anssiy JIWAYY pue AsupiowAy) J1auabouax ‘e 19 Jr eulljeweT ‘S ojowewe A ‘NY yueg

“I8V—G.¥ ¥ ‘Y00Z ue|dsurl] [ WY ¢SIUBAS [edlBojounwiwi 0} pajeal uouawouayd e :uonejue|dsueliousx jeusl ayewid-01-61d 4\QH Ul SISOUS]S [e18181N [ 18 4 asaiqe[ed ‘d mobiy ‘N uepfed

'T96-¢SS:0T
‘€002 Uoneue|dsuesouax ‘suoogeq Ui skaupiy Bid ojusBsuen GG uewny Jo uonosfal yeiBousx pakejap uo suondiospeuntuwl ulngojBounwwWI J0 1988 3y L ‘I8 18 d pJeutag ‘Or |[3SN0Y ‘T SSayD-UoIySy

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

available in PMC 2015 September 01.

Xenotransplantation. Author manuscript;



Page 26

Cooper et al.

"€8-TLT 'TT ‘¥00g uonelue|dsuesouax
'suoogeq passaiddnsounwiwii-uou Ul uonoalas synoesadAy 1surebe sAsupiy oluabsuel) Jo uonoalod pue Bid olusbsuesy 9D © JO UoIRZIIBIORIBYD ‘|8 18 d NOXELIAY ‘T pue|iAl ‘Ig puelaA0T]

"96T—98T -/ ‘000z Uonejuejdsuenousx ‘|apouw yeibousx Asupiy arewiid-01-61d e ur uoneAnoe Juswa|dwod J1WwslsAS YIIM paleloosse si Uoiosfal JejnaseA sindy “[e 18 [ OYIPILYIS ‘g MotaBueA ‘|l SsoT
'62-T¢ ¥T ‘100z BIns 1s9Au| ¢ uondafes Yeub ayndesadAy Inoyym uorreiuejdsueniousx Asupry ayewtdd o} Bid Jueplodsip 4oy [apow ajewld W "[e 38 A 398Wazid ‘T OIPIUYIS ‘Al SO

"6GTT—GSTT (69 ‘0002 Uoneue|dsuel ] ‘uonelue|dsuesy Asupiy snbjowouka
01 au1210d JueploasIp Jaie uondalal Yelb anaesadAy uo Bulyorew azis Juaidioal/iouop pue ‘saipogiue auidiod-nue Juejdsueiald ‘B BILWBYISI PIOD JO 30UBN|IU| “[e 18 [N M08Wazid ‘Y Zund] ‘|A S0

"L€-T€E T 1002
U] (dsuel ] "WISLIBWIYD0.01W BULISLISIUI INOYNM [9pOLU Uolelue|dsuBiouSX UeBI0-aj0ym e Ul uoissiwsue) (AY3d) sniinonal snouaBopus aurolod [enusiod 4o sisAfeuy |e 18 I JJUIM ‘H SPUSIY ‘A SO

"89GT—9GGT i/ ‘0T0Z uedsurl] [ Wy ‘uoneiue|dsuesiousx Asupiy arewtid-03-61d ur AyredojnBeod sandwnsuod yim pajerdosse si uoissaidxa 1030e) anssiy Jualdioay “[e 18 ¥ oideys ‘3 qelejdzzy ‘O ul

"0EVE-92ZVE €V ‘TT0Z
2014 Juejdsuel | ‘suoogeq ol shsupiy Bid olusbsuel) asesaysuril-|AS0oN) pue ‘6£AdD ‘65AD ‘SSAD ‘IN0XI0UY| dseiaysuel) |Asolor|eh Jo uoneiue|dsurlious) ‘[e 19 N J8LI0d ‘X NOJ|IL 'S 1opJeulag-seg o

'¥2S—/16G :TT ‘¥00g uoneiuejdsueliousx "yT6SY a1efnfuodoaA|b e
-eydye ayy Aq uonuanaid pue saipognue Bid-nue Bunsixs-aid 4o souanpul :sAaxuow snbBjowouAd ul syeibouax uebio Bid olusbsuen-4way 4o uonoalal anoeiadAH “|e 18 M siINd-ax909g ‘g JasneH ‘1 | weT

'6¢-0¢ ‘2T ‘5002 uonejue|dsueousx
‘siyelBbousx Asupiy Bunioddns-ayi srewid-o3-61d o1usbsue-4@y ui uonaalal Yesbouax [eiowny ainde uo T adA) 103dadas Juswajduwod 3|gn|os 40 198448 8yl ‘e 18 7 YO0H ‘g uasneH ‘11 we

"0€-8T :/9 ‘666T Uoneiue|dsuel] "uondiospe Apognue pue uswifal uononpul aduels|ol e Bulohiiapun suoogeq ui uonelue|dsuel) Leay pue Asupiy auldlod ‘[e 18 @ sibuqueT ‘v NZIWIYS ‘1 SMO|ZoM
"80T-TOT :Z ‘0002 uonejuejdsuenouay ‘sisasaydewse|d uonen|is ajgnop Aq ssipognue [ef-nue pue Ogy-nue Jo [eAowsal Jo A9ediyys ay) Jo Apnis anltesedwo) “[2 18 M IWNZOION ‘| eWeAONOA ‘1 1yseAeqos
"9T0T-900T:6 ‘6002 Jue|dsuel | [ Wy "uoleluejdsuenousx uoogeq-01-Gid ur uonosalal sejnasea ainoe 10edwi AllsusBolslay [e1]ayI0pUS JBIPJED PUR [eUSY ‘|8 18 Y Pepyag ‘M BMBZEA ‘D B[|esouy

'6TST-0TST
'€ ‘600z ueldsuel] [ Wy 'suoogeq ul uoleiue|dsuel) Asupiy pue ueay Bid Buimojjoy ainjre) 1yelb yum sebueyo [eaibojoreway pue [ea1WaYd0Ig 40 UOIRI3LI0D ‘|8 18 T Jajyng ‘g Jauxae|j09 ‘D B|[esoud]

'9GF—¢Sy ‘TT ‘700z uoneluedsuesousx
¢suabnue 81A00xna| UewNY Yym 19ea1-SS0.9 ey} saipogiiue axonold uoneiue|dsuenousx srewid uewnyuou-03-6id Jsyye suabiue 814203na| auims 03 ainsodxa ssoq ‘D JojAe] ‘TH uewInnyds ‘1 Aay|

"8¢TT-6TTT:29:666T UonEuR|dsuel] "SislLreq
218U8BoUaX SSOJOB 80URIB|0) JO LUONONPUI U1 10} SUOOGR] JO S||80 MOLtew auog snobojone ojui saush || ssejo xajdwods Anjignedwosoisiy Jofew suims J0 Jajsuel] “[e 18 ‘1 d sslisueg ‘S 0fo9 ‘74 ouws)

"0S¥T-6EPT 199 ‘866T Uonelue|dsuel ] “syesBousx Jeual uooged-01-id Jo uondalal pake|ap ayl Yim UOIIBIJ0SSE Ul Uolie|nfeod JejnaseAeul pareulwassiq e 18 dr 19619S ‘1 DSMO|zoY ‘T4 oula]
'¥69—889 €/ ‘Z00Z uoneluejdsues | ‘uoneiue|dsuel) Asupiy Aaxuow snbjowoukd 03 Bid Jaiye uondslal yelbousx Jo sixejAydold 1oy JoNqIyul-TD [e 18 ¥ yeiddy Y zuaio ‘AL 18X98H

'¢TE-00€ ‘LT
‘0T0Z Uoielue|dsUenouaX 'SUoogeq 0) MOLIBW 8U0g OM-1[29 JO uonesiuiwpe Buimo||o) suabiiue suImso) ssauaAISUOdSaI-UoU [elowny 913198ds J0O 80UBLINGO0 “[B 18V BxelelIH ‘4 Buel ‘Qy Jawsesslo

'8/92-6992 :6 ‘6002 Juejdsurl] [ Wy ‘syeiBousx AaupIyowAy) auroiod IN0YI0UN-[eD) JO SINSaY [ 18 V NZIWIYS ‘W eleXeliH ‘aV JoWwasalo
"J¥8T-T¥8T :G/ ‘€00z uoneuejdsues | uonejuejdsuenousx ayewid-03-6id ur Ayredojnbeos pue sniinojeBaw01Ad au1210d '[e 19 S JaSNOH ‘TN J3]J1aNIAl ‘g J1auxe||09)
'$T9-909 :0T ‘€00¢ Uonejuejdsuesiousy ‘a1ebnfuod [eog-TrjeD-ulNge WNJIas aUIAOG € UM AJsnouaAeiiul pajeal) suoogeq ul uoleiuedsuel) Asupiy Bid ‘Je 18 S J18SNOH ‘O e|[esouy ‘g Jauxae||09)

“TPLT-GELT :LL ‘¥00Z uoneiuedsuel | “Ananoe
jueinfeoso.d Jo uordNPUI PU. S||39 [I|3YI0PUS JBJNISEA JO UOITBAIIJE Ul SBIPOQIIUE 3AIIOBSI0USX Palldl|d PUB [ednleu Jo SajoJ :syeiBouax Jo uondalal Jenasea alndy '[e 18 | IMeQ ‘MS Yoo ‘g Jauxde||09

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

available in PMC 2015 September 01.

Xenotransplantation. Author manuscript;



Page 27

Cooper et al.

"6T-0T G/ ‘€00¢ uonelue|dsues |
voeydie Jo wioj diswAjod e ‘pTeSed Jo uoiessiuIWpe snousAeiul Yim uondalal yyeibouax Asupiy autalod alusbsuesy Jojoe) Buiresajsdde Aedsp uewny ul Juswanoidwi “[e 18 H BueA ‘A onT ‘Y Buoyz

"06ST—8ST :G9 ‘866T uonelue|dsuel | "siouop paiyipow Ajjeanaush Buisn uonejuejdsuesousx [euss syewid-01-61d Bunioddns-a4i] “|e 18 4 nreYg ‘IN [94990WIYIS ‘Y Ip1eZ
"TZS-TTS 9T ‘6002 Uoneiue|dsueiousy *1ojoey Buiela|adde Aeasp uewny pue J asepisoloejel-elag-opus Buissaidxa sBid pauojo Jo Buipasig-ss010 [NJSS329NS *[B 18 W 1YSIUQ ‘|A 0JOWRM| ‘S IeZeA

"Y€—2€ 'TT ‘S00Z P3N BN "anssi} o1WwAy} Jo uonelue|dsuesod
3} puB SI0UOP IN0X20UX-aUaB aseaysuellAsoloefeB-¢ T eydye Jo asn ayl yBnoiyr uoogeq Ui feAlAIns JyelBousax [eual sutdiod Jo uoneBuojold paselA ‘|8 19 W NZIWIYS “M BMEZEA M BpeweA

'6.T-2LT:G9:866T uonelue|dsuel |
“uwinjod Anueounww X-0|9eledp-TelsqeDg-Teyd e e Aq OAIA Ul pue oA Ul ewseld ajelulid Uewunyuou pue UeWINY WoJy SaIpogiue [einteu autolod-nue Jo [eAoWsy ‘e 18 ‘L sul|qes 'L o A nX

ele
—99¢ :8 ‘100z uoneluejdsuenousx ‘sAaupiy auidiod d1usbsuel) 4\vay Jo sjusidioal snBjowouAd ur uondslal 1yelbousx JejnaseA a1nNde JO JusWIeal) 104 J0NGIYUI-TD ‘8 18 Y ZUal0T ‘N J9399H ‘g molabuep

'6EET
—TEET 08 'S00Z uoneuejdsues | uonoafas Yeibousx [eiowny sinde pue [eAIAINS Jeh uo aushsuel) 1010y Bunelajaooe Aeasp UBWINY JO UOISSaIAX® UIJaseg JO 8oUsN|JUI 3YL ‘[e 38 A NIT ‘'O usyD ‘H uns

'66—68:02 ‘ST0Z Uoneiue|dsuesousy “uolelue|dsuesiousx Asupiy Asxyuow-03-6id ui saj1joid aalre|nbeod Jo uonenies olydelboisejaoquioly] ‘Je 18 ‘O npey ‘N ulipjog ‘7 eizalds
"89T-T9T :T6 ‘TT0Z Uolelue|dsuel | "sayewd payelbouax ul O ulsjoid uewiny JueuIqUIOda] JO UOLeASIUIWPE WIs)-BUo] JO 19813 "[e 18 S 0SSeARD) ‘|\l uLpjog ‘d uoIWIS

'¢eLeE-SvlLe
19T ‘500 10dydaN 208 Wy [ “syesBousx Asupiy Uoogeq-0l-auims dlusbsueli-1010es Buiiess|aaoe Aeosp uewny ul AyredojolawolB o1yredolBue0IDIW D1I0GWIOIY ] ‘[ 18 S OJOWRWEA “M BpRWEA V NZIWIYS

'GEZ-G22 €2 2102 [04ydaN 20S Wy [ ‘syelBousx Asupiy paiuejdsuell Jo sonsLLloeIeyd d160joyred "9y UIAJ0D ‘HA SYIES ‘DS U0SGOY ‘M eprWeA 'V NZIWIYS

‘0€8
—GT8 :08 ‘0002 1s9AU| e ‘sielb [eual srewnid uewnyuou-03-61d ur wnijayiopus Aejjided JejnaseAoIW 8y} JO UOIONIISAP :uonoafal 1yelBousx [elowny aIndy ‘[e 18 | INSMOJZOM ‘NS UBYSSIA 'V NZIWIYS

"TSTT-9¥TT €/ ‘200Z uonelueldsues | siouop dluabsuent-4yay woJy suefio Buisn uoirejuejdsuesy syewid-03-Bid ul uonoalal smnoeladAy Jo aauapiou] ‘e 18 A sdijjiud ‘O zeneyd-ould ‘fH uew.unnyas
"T96:TE:666T 90.d Juejdsues ] sayewnid ui sAaupiy Bid olusbsuely 47y JO [eAlAIns sanoidwil Awo1osus|ds ‘e 18 ‘W Ip1eZ ‘N4 mieyg ‘I [94990wWyds

'688-T88 €/ 12002
uolelue|dsues | “uolyejuejdsues) Asupiy Asxuow snbjowouAa-03-61d ul uoroalas Yyeibousx [eiowny aInde Jo Ssio¥edlpul [erusiod se saipognue Bid-nue wnias ‘|e 18 [N ulubne|d ‘4H seineq ‘OV spleyory

"YIST—2IST :TZ ‘T00Z uoneuedsues | sAsxjuow snbjowoukd ui uoisnyiadas 1yeibouax Asupiy aurdiod Jo seouanbasuod d1WeUAPOWaH e 18 N S0 ‘g MoJabue ‘| %98Wazid

'1Sy—6¥¥:0C ‘€102
uonejue|dsuBNOUSX BLINUIBIOA JO UOIEN[EAS dAIRIIeNb pue sAleInuenb :syeiBousx [eus su1oiod 4o syusidioal ajewrd uewny-uou ul sbuipuly (eaibojoyredodiun|d e 18 ‘I IOPeA ‘S LisiuLljed T 80luld

"Ly9-T¥9 126 ‘TTOZ Uoheue|dsuel |
"3U02IN0 U0 uoN3|dap |192- L J0 199443 8y} :uoneue|dsuesjousx srewnd o) Bid ur Adesay uoonpul se uixojouNWWI QO JUBUIGUIOII JO SN 3UI YN 30UB1IBdX3 1Si1- *[e 19 Z Bue ‘T B9[edS ‘H BINWIYSIN

"Z8/=L.. 6/ ‘500z Uonejue|dsuel |
"saipognue [eBeydje-nue jo uonajdap paurelsns Yim uoneiue|dsuenousx uoogeg-0l-61d ur sniinoael snouaBopus aurolod JO UOISSILISUR.) $81990S-SS0.10 JO OB *|e 19 o ZaWB\ ‘|N 0181id-BpIWISH ‘| 0SOISOA|

"Gy—8€ :/9 ‘666T Uolelue|dsuel | “uoneue|dsueliousx Jo [apow arewtid-03-61d e ul Jouop se Asupriy pasessip pueigajjiAA UOA JO 3sn “[e 18 N Urewoy ‘d JJoM ‘D JaAsiN
‘T.YT-89¥T :// ‘¥00Z uoneluejdsuel | uolreuIquiod uoogeq-03-6id ayy ui uoireiuejdsuesiousx Asupiy pue sbid slusbsues) 65D pue GGaD uewNy 0 UOIeZLIAdRIRYD ‘| 18 © oydue|g ‘IA 1eld ‘S 18J0UsiN

"2S—vP ‘€. ‘200z uonelue|dsuel ] “uonelue|dsueliojfe [euss sxewnd pue
uoljejue|dsueliousx [euas arewid-031-61d ui pasn sAayuow snBjowouAd ul sniiasadiay-ewwreh ajewnd yim palerdosse Japlosip aanelasjoidoydwA| Juedsuesnisod ‘e 18 © plojbue ‘4¥ nailer ‘43 Ssuuldn

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

available in PMC 2015 September 01.

Xenotransplantation. Author manuscript;



yduasnuel Joyny Yd-HIN

1duasnuely Joyny vd-HIN

1duasnuely Joyny vd-HIN

Cooper et al.

Transplantation of pig livers into NHPs (1998-2013)

Table 3

Page 28

FIRST AUTHOR (Year) | DONOR (pig) | RECIPIENT (n) IMMUNOSUPRESSIVE THERAPY SURVIVAL -
RANGE
(MEDIAN)
(Hours)
Luo (1998) WT Baboons (n=2) CyP, CsA, CS <2
Rhesus (n=6) None (n=3) <6
Cyp, CsA, CS, Dashen (traditional Chinese
medicine) (n=3)
Ramirez (2000) WT Baboon (n=3) CyP, CsA, CS <12
CD55 Baboon (n=2) 96,192
Ramirez (2005) WT Baboon (n=4) Anti-CD25mAb, CyP, anti-CD20mADb, CsA, <16
CD46/CD59/FT Baboon (n=5) , 13-24 (20)
Ekser (2010) WT Baboon (n=1) ATG, CyP, CVF, tacrolimus, MMF, CS <24
GTKO Baboon (n=2) <24,144
GTKO/CD46 Baboon (n=8) <24-168 (144)
Kim (2012) GTKO Baboon (n=3) ATG, LoCd2b, CVF, anti-CD154mAb, 72-216

azathioprine, tacrolimus, CS

Abbreviations as used previously
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(Clodronate liposomes to donor

pig)

FIRST AUTHOR (Year) DONOR (pig) RECIPIENT (n) | IMMUNOSUPRESSIVE THERAPY | SURVIVAL (Hours)
Daggett (1998) WT Baboon (n=7) Pre-Tx perfusion with pig lungs (n=4), <11
CsA, azathioprine, CS (n=7)
Yeatman (1998) WT or CD55/CD59 Baboon (n=10) CsA, azathioprine, CS +/- CVF <3
Lau (2000) CD55/CD59 Baboon (n=9) Immunodepletion (3 different <24 (details not
methods), CsA, CS, CyP or stated)
azathioprine
Gaca (2002) CD46 Baboon (n=7) Immunodepletion, dexamethasone, <9
CsA, CyP, indomethacin, azathioprine
+/- anti-human GPlb mAb
Gonzalez-Stawinski (2002) CD46 Baboon (n=8; Anti-Gal antibody depletion, CsA, CS, <16
control 4, CyP or azathioprine, gamma globulin,
experimental 4) anti-CD20 mAb, splenectomy
Lau (2003) VWF-deficient Baboon (n=5) CsA, CS, azathioprine <5
Gaca (2006) CD46 Baboon (n=5) Immunodepletion +/- anti-human C5a <12
mAb (n=3)
Cantu (2007) WT/macrophage and vVWF-deficient Baboon (n=15) Immunodepletion 19-109
Nguyen (2007) CD46 or GTKO Baboon (n=6) CS (details not stated) <4
Bush (2011) GTKO/CD55, PIM-depleted Baboon (n=2) CsA, azathioprine, CS 3-48

Abbreviations (if not used previously)

PIM = pulmonary intravascular macrophages

Table 4: References

Bush EL, Barbas AS, Holzknecht ZE, et al. Coagulopathy in a-galactosyl transferase knockout pulmonary xenotransplants. Xenotransplantation.

2011;18:6-13.

Cantu E, Balsara KR, Li B, Lau C, et al. Prolonged function of macrophage, von Willebrand factor-deficient porcine pulmonary xenografts. AmJ

Transplant 2007;7:66-75.

Daggett CW, Yeatman M, Lodge AJ, et al. Total respiratory support from swine lungs in primate recipients. J Thorac Cardiovasc Surg

1998;115:19-27.

Gaca JG, Lesher A, Aksoy O, Ruggeri ZM, Parker W, Davis RD. The role of the porcine von Willebrand factor: baboon platelet interactions in

pulmonary xenotransplantation. Transplantation. 2002;74:1596-1603.

Gaca JG, Appel JZ 3rd, Lukes JG, et al. Effect of an anti-C5a monoclonal antibody indicates a prominent role for anaphylatoxin in pulmonary
xenograft dysfunction. Transplantation. 2006;81:1686-1694.

Gonzalez-Stawinski GV, Daggett CW, Lau CL, et al. Non-anti-Gal alpha 1-3 Gal antibody mechanisms are sufficient to cause hyperacute lung
dysfunction in pulmonary xenotransplantation. J Am Coll Surg 2002;194:765-773.

Lau CL, Daggett WC, Yeatman MF, et al. The role of antibodies in dysfunction of pig-to-baboon pulmonary transplants. J Thorac Cardiovasc Surg

2000;120:29-38.

Lau CL, Cantu E 3rd, Gonzalez-Stawinski GV, et al. The role of antibodies and von Willebrand factor in discordant pulmonary
xenotransplantation. Am J Transplant. 2003;3:1065-1075.

Nguyen BN, Azimzadeh AM, Zhang T, et al. Life-supporting function of genetically modified swine lungs in baboons. J Thorac Cardiovasc Surg.

2007;133:1354-1363.

Yeatman M, Daggett CW, Parker WW, et al. Complement-mediated pulmonary injury: studies in swine-to-primate orthotopic single lung
transplant models. Transplantation 1998;65:1084-1093.

Xenotransplantation. Author manuscript; available in PMC 2015 September 01.




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Cooper et al.

Table 5

Transplantation of pig pancreatic islets in NHPs (1998-2013)

Page 30

Cynomolgus (n=4)

Encapsulation (subcutaneous with islet
mono-layer device)

FIRST AUTHOR (Year) | DONOR (Pig) RECIPIENT (n) IMMUNOSUPRESSIVE THERAPY | SURVIVAL -
RANGE
(MEDIAN) (Days)
Sdderlund (1999) WT fetal islet-like cell Cynomolgus (n=8) None <6
clusters Cynomolgus (n=6) CsA, 15-deoxyspergualin <12
Rijkelijkhuizen (2000a) WT adult Cynomolgus (n=4) CyP, CsA, CS 4-11
Rijkelijkhuizen (2000b) WT adult Cynomolgus (n=4) CyP, CsA, CS 4-11
Jonker (2001) WT adult Rhesus (n=4) ATG, CsA, CS, anti-IL2RmAb 21-53
Buhler (2002) WT adult Baboon (n=3) Splenectomy, ATG, CsA, azathioprine | <2
WT adult islets + PBPC Baboon (n=2) Splenectomy, multiple 12,28
infusion immunoadsorptions, TBI, Tl, ATG,
CVF, anti-CD154mAb, CsA, MMF,
CS
Cantarovich (2002) WT adult Baboon (n=4) ATG, CsA, MMF, CS <2
Cynomolgus (n=1) ATG, deoxyspergualin, MMF, CS <2
Rijkelijkhuizen (2003) WT adult Cynomolgus (n=4) CyP, CsA, CS 4-11
Rhesus (n=4) ATG, CsA, CS, anti-IL2RmAb 21-53
Kirchhof (2004) WT adult Rhesus (n=6) None <1->3
Elliott (2005a) WT neonatal Cynomolgus (n=2) Encapsulation, nicotinamide 56
Isaac (2005) WT neonatal + Sertoli Cynomolgus (n=7) None <56
cells
Elliott (2005b) WT neonatal Cynomolgus (n=8) Encapsulation, nicotinamide >252
Komoda (2005) WT adult Cynomolgus (n=3) None 1-3
GnT-I11 adult Cynomolgus (n=4) None 1-5
Hering (2006) WT adult Cynomolgus (n=3) Anti-CD25mAb, FTY720, rapamycin 24-45
Cynomolgus (n=4) Anti-CD25mAb, FTY720, rapamycin, 47-187
Cynomolgus (n=5) | anti-CD154mAb 68—>158
Anti-CD25mAb, FTY720/tacrolimus,
rapamycin, anti-CD154mADb,
leflunomide
Cardona (2006) WT neonatal Rhesus (n=9) Anti-CD25mADb, anti-CD154mAb, 4->260 (140)
CTLAMIg (belatacept), rapamycin
Dufrane (2006) WT adult Cynomolgus (n=2) None <7
Cynomolgus (n=12) | Encapsulation <7-60 (30)
Gianello (2007) WT adult Cynomolgus (n=4) Encapsulation, (renal subcapsular) Data not available

Rood (2007) WT and GTKO adult Cynomolgus (n=2) ATG, anti-CD20mADb, tacrolimus, <5
Cynomolgus (n=4) rapamycin >58 (partial function)
Cynomolgus (n=4) ATG, CVF, anti-CD154mAb, MMF or | 5-7
rapamycin + tacrolimus
ATG, anti-CD154mAb, MMF
Cardona (2007) WT adult Rhesus (n=5) Anti-CD25mADb, anti-CD154mAb, 3-76
CTLA4-Ig (belatacept), rapamycin
Rogers (2007) WT embryonic pancreatic | Rhesus (n=3) No IS, multiple transplants 78-409
primordia
Casu (2008) WT adult Cynomolgus (n=9) ATG, anti-CD154mAb, MMF Partial function >60
Garkavenko (2008) WT neonatal Cynomolgus (n=12) | No IS >180
van der Windt (2009) CD46 adult Cynomolgus (n=9) ATG, anti-CD154mAb, MMF 5-396 (46)
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FIRST AUTHOR (Year)

DONOR (Pig)

RECIPIENT ()

IMMUNOSUPRESSIVE THERAPY

SURVIVAL -
RANGE
(MEDIAN) (Days)

Hecht (2009) Fetal pancreatic fragments | Cynomolgus (n=2) ATG, anti-CD25mADb, anti-CD20mAb, | 280, 380
FTY720, rapamycin, CTLA4-Ig
Igarashi (2010) WT adult Cynomolgus (n=4) Microencapsulation >42
Cynomolgus (n=5) Macrodevice >180
Dufrane (2010) WT adult Cynomolgus (n=4) Microencapsulation 14
Cynomolgus (n=5) Macrodevice 136-180

rapamycin, CTLA4-1g (belatacept)

Rogers (2011) WT embryonic pancreatic | Rhesus (n=3) None 56 (Experiments
primordia Rhesus (n=3) None were electively
WT adult terminated)

Thompson (2011a) WT neonatal Rhesus (n=9) Anti—-CD25mADb, anti-CD40mADb, 47-203 (80)

Thompson (2011b)

GTKO neonatal (n=5)
WT neonatal (n=5)

Rhesus

Anti-CD154mADb, anti-LFA1mAD,
MMF, CTLA4-1g (belatacept)

50-249 (137)

Cynomolgus (n=1)

Anti-CD25mAb, CTLA4-1g
(abatacept), tacrolimus, rapamycin

Thompson (2012) WT neonatal Rhesus (n=3) MMF, CTLA4-1g (belatacept), anti- <50 (none engrafted)
Rhesus (n=5) LFA-1mADb, basiliximab —
Rhesus (n=5) MMF, CTLA4-1g (belatacept), anti- 92-114
LFA-1mADb, basiliximab, tacrolimus
MMF, CTLA4-1g (belatacept), anti-
LFA-1mADb, alefacept, tacrolimus
Kim (2013) WT adult Msw Rhesus (n=3) None <5
Lee (2013) WT adult Rhesus (n=2) Not stated >120
Vériter (2013) WT adult Cynomolgus (n=4) Coencapsulation with bone marrow- 1-217
Cynomolgus (n=6) drived stem cells 14-224
Coencapsulation with adipose-derived
stem cells
Graham (2013) WT adult Cynomolgus (n=not | Various (review of previous data from Various
stated) Hering [2006] and additional data) >180

Abbreviations (if not used previously):

GnT-I11= N-acetylglucosaminyltransferase 111
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FIRST AUTHOR (Year) DONOR (Pig) RECIPIENT (n) IMMUNOSUPRESSIVE THERAPY SURVIVAL -
RANGE
(MEDIAN)
(Days)
Amano (2003) WT Cynomolgus (n=6) | None (Stromal disk into stromal pocket) 60-180 (165)
Pan (2007) WT Rhesus (n=6) None (PKP) 12-18 (15)
Rhesus (n=4) Local betamethasone (PKP) 129-276 (183)
Rhesus (n=4) None (ALK) >90
Li (2011) WT Rhesus (n=5) None (ALK, dehydrated) >180
Rhesus (n=5) None (ALK, fresh) >180
Rhesus (n=5) Local triamcinolone (ALK, dehydrated) >180
Choi (2011) WT Rhesus (n=5) Local prednisone + dexamethasone, systemic 195->391
Rhesus (n=4) CS (ALK, decellularized) 194->398
Local prednisone + dexamethasone, systemic
CS (ALK, fresh)
Jie (2013) WT Rhesus (n=6) CYP +bone marrow Tx (PKP) 30-42 (36)
Rhesus (n=6) CYP (PKP) 12-20 (19)
Choi (2013) PKP allograft, Rhesus (n=5) Local prednisone + dexamethasone, systemic 35, 49, >324,
following CS >379, >421.
previous Previous xeno-
decellularized sensitization did
WT pig ALK not influence

outcome

Abbreviations (if not used previously):

ALK = anterior lamellar keratoplasty

PKP = penetrating keratoplasty
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FIRST AUTHOR (Year) | DONOR (Pig)

RECIPIENT (n)

IMMUNOSUPRESSIVE THERAPY

SURVIVAL - RANGE
(MEDIAN) (Days)

Ezzelarab (2012) GTKO

Baboon (n=3)
Baboon (n=5)
Baboon (n=1)
Baboon (n=1)
Baboon (n=4)

No IS
Anti-CD154mAb

Anti-CD154 mAb, ATG, MMF
CTLA4-Ig

ATG, MMF, CTLA4-1g

14->28
2->28
>28
>28
14->28

Abbreviations as used previously
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