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To the Editor

We have now demonstrated that the heterotopic pig cardiac xenograft survival in a baboon
can exceed one year by utilizing porcine hearts with customized genetics (alpha galactosyl
transferase gene knock out (GTKO) to eliminate alpha Gal antibody mediated rejection,
transgenic expression of human complement regulatory protein (hCD46) to inhibit
complement activation and human thrombomodulin molecules (TBM) to prevent
coagulation) (Revivicor, Inc. Blacksburg, VA) and an immunomodulatory treatment
regimen consisting of co-stimulation blockade by a primatized anti CD40 antibody (Clone
2C10R4) (50 mg/Kg / weekly), anti CD20 antibody (19mg/Kg on d -14,-7,0 and 7), ATG
(5mg/Kg on day -2 and -1), MMF (20mg/Kg BID) and steroids (2mg/Kg tapered of in 4-6
weeks). Graft survival of all 5 animals in this group is shown in Table 1.

This is to our knowledge the first demonstration of long-term vascular xenograft survival
beyond one year in any large animal xenotransplantation model. All previous reported graft
survivals were at least 4 months less (1, 2). Antibodies, both preformed and elicited against
various xenoantigens, that mediate graft rejection (3) and thrombotic microangiopathy or
consumptive coagulopathy due to platelet activation (4), have been the main obstacles to
successful xenograft survival. In this study both these mechanisms were efficiently
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controlled in all 5 baboons by altering the genes of the donor pig and recipient treatment
with a regimen that includes anti CD40 antibody.

It is hard to comment definitively on the advantage of the genetic modification of pigs or the
use of anti CD40 antibody but the combination has clearly played a significant role in
prolonging graft survival. All hemodynamic and coagulation parameters remained within the
normal range in all the animals in this group. This was especially true of the platelet counts,
control of which, historically, had been a key issue in this model. Prevention of
thrombocytopenia by an initially low and thereafter tapering dose (20 mg/Kg) of anti CD40
antibody (clone 2C10R4) has also been demonstrated in our laboratory (Mohiuddin et al,
xenotransplantation, in press) but all GTKO. hCD46 grafts (n=6) in that study rejected
within 149 days. Thus, it seems the addition of the hTBM transgene had a further beneficial
effect. As shown in the table, only one graft out of 5 in this experimental group ceased
function and stopped contracting after surviving for 146 days. This baboon suffered from a
prolonged period of infection which was resistant to all available antibiotics. On necropsy,
CMV inclusion bodies were discovered indicating a probable CMV infection. The histology
of this rejected heart showed mostly necrotic cardiac myocytes with fibrosis. As of the date
of publication, all of the remaining 4 graft recipient baboons are still healthy with strong
xenograft contractile function (graft scores are shown in Table 1). Due to the use of anti
CD20 antibody, no B cells were detected in these baboons for the first 60 days. Both non
Gal IgM and IgG antibodies remained at pretransplant levels throughout all experiments,
indicating that the antibody response against xenoantigen was adequately controlled.

In addition to the above manipulations in genetics and immunosuppression regimens, in our
opinion, another key reason for improved graft survival is our ability to identify and
intervene at the earliest sign of any complication due to continuous telemetric and video
monitoring of the baboon recipient.

Survival of a heterotopic cardiac xenograft for more than one year is a significant milestone
in the field of xenotransplantation. To advance the field further, the next logical step should
be to test the pig genetics used in this experiment along with the optimal immunomodulation
protocol utilized in an orthotopic cardiac xenograft model, to investigate the life sustaining
capability of this pig xenograft. We hope that this result will drive further activity and
innovation in the field to make clinical xenotransplantation a reality.
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