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Abstract

Previous attempts of a-1,3-galactocyltransferase knockout (GalTKO) pig bone marrow (BM)
transplantation (Tx) into baboons have demonstrated a loss of macro-chimerism within 24 h in
most cases. In order to achieve improved engraftment with persistence of peripheral chimerism,
we have developed a new strategy of intra-bone BM (IBBM) Tx. Six baboons received GalTKO
BM cells, with one-half of the cells transplanted into the bilateral tibiae directly and the remaining
cells injected intravenously (IBBM/BM-Tx) with a conditioning immunosuppressive regimen. In
order to assess immune responses induced by the combined IBBM/BM-TX, three recipients
received donor SLA-matched GalTKO kidneys in the peri-operative period of IBBM/BM-Tx
(Group 1), and the others received kidneys 2 months after IBBM/BM-Tx (Group 2). Peripheral
macro-chimerism was continuously detectable for up to 13 days (mean 7.7 days; range 3-13) post-
IBBM/BM-Tx and in three animals, macro-chimerism reappeared at days 10, 14 and 21. Pig
CFUs, indicating porcine progenitor cell engraftment, were detected in the host BM in four of six
recipients on days 14, 15, 19 and 28. In addition, anti-pig unresponsiveness was observed by in
vitro assays. GalTKO/pCMV-kidneys survived for extended periods (47 and 60 days). This
strategy may provide a potent adjunct for inducing xenogeneic tolerance through BM-Tx.
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Introduction

Two major obstacles in clinical transplantation are the shortage of available organs and the
lifelong necessity for immunosuppressive drugs. A potential strategy for solving both of
these obstacles is the use of organs from pigs and the induction of immunologic tolerance
across this xenogeneic barrier. Bone marrow transplantation (BM-Tx) has been
demonstrated to induce donor-specific tolerance in rodent (1), porcine (2), non-human
primate (3), and, most recently, human clinical cases (4,5). It has also been successful in
concordant rodent (6) and pig-to-NOD/SCID mouse (7) xenogeneic models. Despite
promising results in rodent models, xenogeneic BM-Tx in preclinical pig-to-nonhuman
primate models has yet to be successful (8-12). Previous studies using porcine BM cells
infused intravenously following ex vivo immunoadsorption of natural anti-Gal antibodies
(Nab) have only demonstrated transient macro-chimerism, where most of the infused cells
were undetectable within 24 h (8,9). Although the Nab were considered likely to be the
major obstacle in this model, the use of a-1,3-galactocyltransferase gene knock-out
(GalTKO) pigs (13) as BM donors had only limited effects on prolonging peripheral macro-
chimerism (11,12). Two of 10 animals had transient donor-specific hyporesponsiveness in
vitro following BM-Tx, while none of the animals showed detectable pig cells by flow
cytometry for more than 12 h post-BM intravenous infusion (IV BM-Tx) ((12) and a
subsequent unpublished study).

Intravenously injected BM cells must travel throughout the circulatory system, which can
lead to a significant loss of cells (14). Recent data in allogeneic models demonstrated that
direct injection of donor BM cells into recipient BM spaces (intra-bone bone marrow
transplantation: IBBM-Tx) produced rapid reconstitution and a higher survival rate
compared to IV injection (15). Therefore, we applied a modified IBBM-Tx procedure to our
preclinical pig-to-baboon model to assess whether this would allow us to achieve improved,
persistent macro-chimerism as well as engraftment of BM across a xenogeneic barrier. We
demonstrate here that this new strategy leads to (i) markedly prolonged detectable peripheral
macro-chimerism, (ii) higher incidence of BM engraftment both at the injection site (local
engraftment) and systemically, and (iii) prolonged survival of life-supporting GalTKO pig
kidney grafts up to 60 days without co-transplantation of a pig thymic graft (16).

Materials and Methods

Animals

Details of materials and methods are described separately in the Supporting Information.

Recipients were Papio hamadryas baboons (n = 6) of known ABO blood type and with body
weights of 4-7 kg (Mannheimer Foundation, Homestead, FL). BM cell (n = 6) and kidney (n
= 7) donors were Massachusetts General Hospital (MGH) inbred GalTKO miniature swine
(13). All swine for BM cell donors were of SLAdd (Class Id, Class 11d) swine leukocyte
antigen haplotype, hereafter referred to as DD. Most of the kidney donors, with two
exceptions, were DD GalTKO pigs that were SLA-matched to the BM donors. Baboons
B336 and B344 received kidneys from HH GalTKO donors (Class la, Class I1d) (17-19) due
to a shortage of DD GalTKO pigs. All animal care was performed in accordance with the
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Principles of Laboratory Animal Care formulated by the National Society for Medical
Research and the Guide for the Care and Use of Laboratory Animals prepared by the
Institute of Laboratory Animal Resources and published by the National Institutes of Health
(NIH publication no. 86-23, revised 1996).

Surgical procedures

All surgical procedures, including kidney transplantation, BM-Tx, splenectomy, intravenous
or intra-arterial line insertions, and BM biopsies were performed under general anesthesia as
previously described (8-12,20).

IBBM-Tx Combined with BM-Tx (IBBM/BM-Tx)

Collagen gel matrix was used for the IBBM-Tx to retain BM graft cells in the recipient BM
cavity. Cellmatrix, a purified collagen solution for cell culture, was purchased from Nitta
Gelatin, Inc. For IBBM-Tx, half of the BM cells were mixed with the collagen gel matrix
solution and transplanted directly into the bone cavities of the recipient tibiae as well as the
iliac crest for one animal using an 18-gauge needle. The remaining BM cells were infused
intravenously on the same day.

Kidney Tx
The baboons received an orthotopic kidney transplant from GalTKO swine donors using a
previously reported procedure (16) either within 1 week (Group 1) or 2 months (Group 2)
after IBBM/BM-TXx to assess whether this strategy could induce tolerance of swine tissues.
The right native kidney was removed from the baboon recipients on the day of the kidney
transplantation (K-Tx). The left native kidney was not removed but the left ureter was
completely ligated. In the event of loss of graft function with high serum creatinine (S-Cr)
within 2 weeks, the left ureter was untied to keep the recipients alive in order to continue the
subsequent immunological assays if the animal was not seriously ill.

Conditioning regimen for IBBM/BM-Tx

All animals were subjected to a non-myeloablative conditioning regimen with minor
modifications from the regimens that have previously been reported from this laboratory
(11,12).

Clinical laboratory studies

Blood cell counts, chemistries, coagulation assays, and blood levels of immunosuppressive
drugs were carried out at regular intervals.

Colony forming unit assay

In vitro progenitor cell assays were performed according to methods previously described
(21). Following 10-14 days of incubation in 5% CO, at 37°C, each culture dish was visually
scored through an inverted microscope and evaluated for the presence and frequency of
colony-forming units of granulocytes and/or macrophages (CFU-GM), colony-forming units
of granulocytes, erythroid cells, macrophages, and/or megakaryocytes (CFU-GEMM) and
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burst-forming unit-erythroid (BFU-E). Pools of 10 CFU-GM and BFU-E colonies were
isolated for PCR analysis to detect the presence of porcine cytochrome b DNA (see below).

DNA assays

A polymerase chain reaction (PCR) assay that specifically amplifies the porcine cytochrome
b gene was used to detect porcine DNA in bulk BM samples and from CFUs grown from
BM aspirates from baboon recipients (11). Samples were considered negative for porcine
DNA if a strong signal for baboon GAPDH, indicated a sufficient quantity and quality of
DNA template. Porcine BM aspirate-derived CFUs were used as the positive control and
naive baboon BM aspirate-derived CFUs were used as the negative control.

Mixed lymphocyte reaction

The mixed lymphocyte reaction (MLR) in vitro assay has been previously described (22).
The number of counts per minute (CPM) could be normalized into the stimulation index (SI)
by dividing the CPM in all wells by the CPM within the self-stimulator wells.

Flow cytometry for detection of chimerism and quantification of T cell depletion

Monoclonal antibodies to specific cell subsets were used to determine the phenotype of pig
or baboon cells during immunologic recovery or during subsequent stages of peripheral
macro-chimerism and BM engraftment. To characterize baboon cell populations, we used
antibodies against CD3, CD4/CD8 for T cell subsets, CD20 for B cells, CD45 for all baboon
leukocytes, and Class I. In order to detect pig cells specifically (macro-chimerism), we used
1030H1-19 (mouse anti-pan-pig tissues, IgM) followed by PE-conjugated anti-mouse IgM
antibody.

Assays of humoral immunity

BM recipient baboons were tested for antibody production and binding to BM donor cells.
Serum titers of induced anti-non-Gal baboon IgG and IgM antibodies were measured by
flow cytometry and analyzed using WinList mode analysis software for detection of cell-
bound antibody.

ELISPOT assay

Baboon cytokine ELISPOT assay was performed to detect interferon gamma (IFNy) after
transplantation. Ninety six-well polyvinylidene difluoride plates (Millipore) were coated
overnight at 4°C with anti-IFNy capture antibody. Baboon PBMCs (2.0 x 10° cells/well)
were incubated with medium or irradiated PBMCs (self, donor and third party) or
phytohemagglutinin (PHA). After culture, biotinylated anti-IFNy Ab were used to detect the
presence of cells secreting IFNy.

Histology examination

Tissue samples were fixed in 1% formaldehyde, embedded in paraffin and subsequently
sectioned. Tissues were stained using either hematoxylin and eosin (H&E) or periodic acid-
Schiff (PAS).
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Simultaneous IBBM/BM-Tx with K-Tx (Group 1) and delayed K-Tx (Group 2)

Six baboons received IBBM-Tx combined with intravenous BM-Tx (IBBM/BM-Tx) from
MGH GalTKO pigs with a slightly modified previously described conditioning regimen
(11). Baboons B318, B324 and B331 (Group 1) received kidneys from GalTKO pigs that
were SLA-matched to the BM donor pigs. B324 and B331 received a K-Tx on the day of
IBBM/BM-Tx, while B318 underwent a K-Tx 7 days after IBBM/BM-Tx. The remaining
three baboons, B296, B336 and B344 (Group 2), received a GalTKO K-Tx 2 months after
IBBM/BM-Tx. Details of the outcomes of the GalTKO kidneys transplants will be described
later.

CD3* T cells were depleted to <100 cells/uL for 3 weeks after IBBM/BM-Tx, and CD20* B
cells were also substantially reduced for approximately 1 month after IBBM/BM-Tx. B318
(Group 1) and B296 (Group 2) required platelet transfusions on days 23-26 and 0,
respectively, due to platelet counts (PLT) below 20 K/uL as a result of TBI.

BM cells from GalTKO pig donors were processed to attain concentrations of 4.1-8.3 x 109
cells/kg. Approximately half of the isolated BM cells (1.8-5.9 x 10° cells/kg) were injected
directly into host tibiae with collagen gel matrix (see Materials and Methods Section; Table
1). One baboon (B344) also received BM cells in the right iliac crest (0.9 x 10° cells/kg).
The remaining BM cells were infused intravenously on the same day.

One baboon in Group 1 died at day 27 from cardiac death (B318), another at day 19 from
pneumonia (B324), and the third on day 14 from gastrointestinal bleeding (B331), while
baboons in Group 2 survived for over 90 days (Table 1). These results suggest that, although
the current conditioning regimen for the IBBM/BM-Tx is safe as demonstrated by the
prolonged survival of animals in Group 2, the combination of the IBBM/BM-Tx and the
invasive surgical procedure (K-Tx) during the induction period (Group 1) is not well
tolerated in this xenotransplantation model.

Level and durability of donor cell macro-chimerism in peripheral blood in the induction
period following IBBM/BM-Tx

Flow cytometric data of baboon blood indicating pig cell chimerism are shown in Figure 1.
In contrast to previous findings in our GalTKO IV BM-Tx model (12), high levels of
peripheral pig cells were present in the circulation in the induction period in all of the
baboon recipients (Figure 1A). FACS profiles clearly demonstrated porcine macro-
chimerism (pan-pig Ab positive but primate CD45 negative, Figure 1B). Two of three
recipients had higher macro-chimerisms at day 2 in Group 2, but there was no difference in
the duration of macro-chimerism between Groups 1 and 2. In three cases, B324, 296 and
B344, macro-chimerim was less than 0.2% at days 6, 3 and 13, respectively, but
subsequently reappeared at days 14, 10 and 21, suggesting either a slow release of donor
cells from recipient bones or BM engraftment. Although the animals were tested at later
time points, chimerism was not detected beyond day 28.

AmJ Transplant. Author manuscript; available in PMC 2015 April 23.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tasaki et al.

Page 6

Evidence for BM engraftment

BM biopsies were performed in B296, B318, B336 and B344 on PODs 28, 27, 27 and 15,
respectively. In the remaining two baboons, B324 and B331, BM samples were obtained
when they were sacrificed at days 19 and 14, respectively. BM engraftment was confirmed
by CFU assay followed by PCR for porcine cytochrome b. Four of six baboons showed
engraftment of pig BM at remarkably higher levels than what was observed in our previous
report with only intravenous BM-Tx from GalTKO pig (11,12). Notably, BM macro-
chimerism was also detected at the injection sites by flow cytometry (Figure 2A). Micro-
chimerism was confirmed by CFU assay in the tested animals (B324 and B296), not only at
the site of BM injection but also at a separate site (Figure 2B), indicating systemic BM
engraftment in these animals.

Donor-specific hyporesponsiveness and absence of anti-pig antibody development
following IBBM/BM-Tx

Immune responses after IBBM/BM-Tx were assessed by MLR, ELISPOT and flow
cytometry. Pretransplant MLR showed robust proliferative responses to GalTKO DD (BM
donor haplotype) pig and allogeneic cell stimulators (Figure 3). During the first 2 months
following IBBM/BM-Tx with the conditioning regimen, the MLRs showed general
hyporesponsiveness in all of the animals. However, allogeneic responses slowly returned
with reconstitution of T/B cells, while anti-GalTKO DD pig cell responses remained very
low (see POD 64 for B296, POD 70 for B336 and POD 55 for B344 in Figure 3). Similar to
the anti-DD responses, B336 and B344 which received kidney grafts from GalTKO HH
pigs, were hyporesponsive to their kidney donor before K-Tx (see POD139 for B336 and
POD55 for B344 in Figure 3).

Since MLR primarily assess CD4 T cell responses, we assessed CD8 T cell responses by
IFNy ELISPOT assays. B336 showed numerous IFNy spots at day 183 in wells with
allogeneic and human cells, while only minimal reactivity, similar to the response to self,
was observed with GalTKO DD pig cells (Figure 4).

Moreover, none of the animals in Group 2 developed anti-pig IgM or 1gG following
IBBM/BM-Tx with delayed K-Tx (Figure 5A). B318 and B331, which both received a K-Tx
in the induction period, died early with stable renal graft function (see below) and no elicited
anti-pig IgM or 1gG in the sera.

Outcome of K-Tx

In Group 2 (delayed K-Tx), no drugs for T cell depletion or B cell depletion were given
before K-Tx. However, chimeric anti-CD154 mAb (once a week) and low-dose MMF (less
than 50 mg/kg/day) were continued both before and following the delayed K-Tx. We have
recently reported that latent porcine cytomegalovirus (pCMV) in donor animals can lead to
activated pCMV in the xeno-kidneys, likely leading to rejection (23) (See more details in
Discussion Section). Three animals in this study (B318, B296 and B336) received pCMV
positive kidneys before we were aware of these findings concerning pCMV. Primary
kidneys in the others (B324, B331 and B344) as well as the second kidney of B336 were
from pCMV negative GalTKO donors.
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As described above, B318, B324 and B331 which all received a K-Tx within 1 week post
IBBM/BM-Tx (Group 1) died at day 27, 19 and 14, respectively; B324 and B331 had s-Cr
levels less than 1.7 mg/dL at the time of death. After B318 received a primary K-Tx, the
platelet count decreased to 27 K/uL and the animal became severely anemic. Because
multiple blood transfusions were required and the s-Cr increased to 3.3 mg/dl, the first
kidney was replaced with an SLA-matched GalTKO kidney at day 20 (13 days following the
primary K-Tx). Histology of the excised kidneys showed no rejection in Group 1 (B324 in
Figure 5B). However, the primary graft from B318 had congested glomeruli with apparent
thrombi and fragmented red blood cells without neutrophils or cellular infiltrates (B318 in
Figure 5B) suggesting pCMV associated graft loss (23). Unfortunately, the animal died from
cardiac failure 7 days after the second kidney transplantation at day 27. Neither acute nor
humoral rejection was observed in the second kidney.

All baboons in Group 2 survived over 90 days and two of the three kidney grafts (second
kidney graft of B336 and primary kidney graft of B344) had stable function. B336 lost the
primary kidney graft (p0CMV positive) 13 days after K-Tx. We excised the kidney, untied
the animal’s native ureter and immunosuppression was terminated. The excised primary
graft was hemorrhagic, similar to the primary graft of B318. However, the animal remained
hyporesponsive in cellular assays (see above) and did not develop elicited antibodies even
60 days after the primary kidney graftectomy. The second kidney of B336 and a primary
kidney of B344, which were proven pCMV negative by qPCR, functioned well but
eventually lost function at days 60 (B336) and 47 (B344), respectively. S-Cr levels were 6.7
mg/dL (B336) and 5.4 mg/dL (B344). The excised kidneys had glomerular and tubular
damage but no hemorrhagic humoral rejection was observed (B336 in Figure 5B). B296
received a pPCMV positive kidney. Before K-Tx, the MLR showed donor specific
unresponsiveness at day 64 (Figure 3) and no anti-donor antibody was detected (Figure 5A).
B296 was sacrificed at day 17 due to decreased platelets and severe anemia, likely due to
disseminated intravascular coagulation (DIC). Unfortunately, no pCMV negative kidney
graft was available for B296 at this time.

Discussion

Xenotransplantation, or transplantation between different species, offers the tremendous
benefit of an inexhaustible supply of organs. Pigs are generally considered to be the best
candidate for xenotransplantation donors (17,24) as they are physiologically and
anatomically similar to humans. Because pigs constitutively express the cell surface a-1,3-
Gal antigen, to which humans and non-human primates (NHP) have pre-formed antibody,
pig-to-NHP grafts undergo hyperacute rejection (25,26). Our lab has recently demonstrated
that utilizing GalTKO pigs as donors (13) prolongs life-supporting renal grafts for up to 3
months when a T cell tolerance strategy, involving co-transplantation of a vascularized
GalTKO thymus, is included (16).

Despite promising results in a GalTKO rodent model, which demonstrated successful
engraftment of GalT*/* mouse BM cells into GalTKO mouse recipients (27), GalTKO
porcine BM-Tx in a pig-to-NHP model has yet to be successful. Our lab recently
demonstrated transient micro-chimerism in 2 of 10 baboons receiving BM that was infused
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intravenously, however, macro-chimerism was only detected transiently in the periphery
(less than 2 days) and not at all in the BM. Moreover, 8 of 10 baboons were sensitized after
BM-Tx with evidence of elicited anti-pig antibodies ((12) and a subsequent unpublished
study). Two major causes of early BM graft loss with BM-Tx in a GalTKO pig-to-NHP may
be responsible for the different outcome observed in the BM-Tx in the GalT** mouse to
GalTKO mouse model: pre-formed anti-non-Gal Nab (28) and phagocytosis due to CD47
incompatibility (29,30).

A previous study performed in mice showed a smaller proportion of donor BM cells (1-2%)
localized to the BM in recipients that were preconditioned by irradiation (14), indicating that
the localization of donor BM cells at the host BM is a critical component of both BM
engraftment and the reconstitution of host hematopoiesis. Therefore, we hypothesized that
IBBM-Tx could increase the engraftment of porcine BM cells. Our results demonstrated that
our new strategy including IBBM-Tx showed (i) a high percent and durable macro-
chimerism and (ii) a high incidence (4 of 6 animals) of BM engraftment with
hyporesponsiveness across xenogeneic barriers in our pig-to-baboon model. Furthermore,
although chimerism eventually disappeared after IBBM-TX, (iii) baboons retained donor
specific hyporesponsiveness and long-term xeno-kidney graft survival was achieved in both
recipients in Group 2 that received pCMV negative GalTKO kidneys (more details in a later
section).

We included IV BM infusion (i) as a marker of the initial (day 0-2) peripheral chimerism
and (ii) to decrease circulating Nab through binding to 1V infused BM cells and thereby
protect the “slow release” BM cells that were injected with the collagen gel matrix solution
directly into the bone. We used a four- to eightfold higher number of BM cells in this study
than in previous studies (11), but this dose was split between intra-bone and IV
administration with half going to each. Thus, the amount of BM that was administered 1V
was increased by only a factor of two to four. This higher number of cells infused might be a
part of high percent of peripheral chimerism at day 2, although we consider this unlikely
because macro-chimerism markedly decreased or disappeared within 2 days (most of donor
cells were gone in 12 h) in previous studies (11,12). We also included anti-CD154 mAb
treatment to the conditioning regimen, which likewise may have played a role in the
improved chimierism and engraftment we have observed (11), although this too had been
attempted previously without major improvement of chimerism or evidence of engraftment
(11). To our knowledge, this is the first report of a high incidence of BM engraftment,
durable porcine BM cell survival within the host BM and donor-specific unrespnosiveness
in this preclinical xenotransplantation model. This innovative strategy may also be
applicable to clinical allogeneic tolerance protocols.

Injecting porcine BM cells into the recipient’s BM spaces could minimize the exposure of
pig BM cells to preformed anti-non-Gal Nab and macrophages. This could result in a much
greater survival of donor hematopoietic stem cells (HSCs) and mesenchymal stem cells
(MSCs) after inoculation into the recipient’s BM compared to conventional intravenous
infusion of BM cells (15). Since the BM possesses an extensive vascular network, injected
BM cells are at a high risk of leaving the BM and entering the peripheral circulation. In
order to retain the injected BM cells at the site of injection, we used a collagen gel,
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Cellmatrix, that is typically used as a three-dimensional gel matrix to promote the growth
and differentiation of isolated cell cultures (31,32). In this study, donor cells reappeared
after day 7 in three of six baboons. As described above, at the time of IBBM/BM-Tx, some
of the intravenously infused BM cells may eliminate pre-formed circulating anti-non-Gal
Nab and, therefore, increase the survival of donor BM cells slowly released from injected
sites of bones.

Baboons in Group 1 demonstrated a short period of survival that was likely a result of the
conditioning regimen’s toxicity for the K-Tx that was performed in the peri-transplant
period of IBBM/BM-TX. In addition, percent macro-chimerism at day 2 was relatively lower
than that in Group 2. Inflammatory responses associated with kidney transplantation at the
same time as BM-Tx might have negative effects on peripheral chimerisism in peri-
operative period. In Group 2, B336 lost its primary renal graft at day 13 without evidence of
sensitization (see Results section), while its second graft was accepted up to day 60,
confirming no immunologic sensitization at the T or B cell levels. The early loss of the first
graft was likely due to the presence of pPCMV in the graft. We have recently found a strong
association between the presence of pCMV in GalTKO porcine kidneys and markedly
decreased graft survival with evidence of early activation of endothelial cells in our pig-to-
baboon xeno-kidney transplantation model (23). In fact, gPCR confirmed the presence of
pCMYV in the first graft, while the second graft, which was intentionally prepared to be
pCMV-negative, was accepted up to day 60. Notably, immunosuppression of B336 was
terminated after removal of the primary kidney until the second kidney graft. The primary
graft of B344, which was pCMV-negative, also functioned up to day 47. Loss of kidneys
may be due to either innate responses (macrophages, etc) or low grade T/B cell responses
that are undetectable in vitro. We have previously shown that kidneys transplanted with
vascularized thymic tissue demonstrated prolonged renal graft survival at an average of 51
days with a T cell depletion induction regimen (33), while recipients of kidneys transplanted
alone, but otherwise treated similarly, rejected grafts by day 34 (16). These results were
superior to those of other research centers, where most kidney transplants were rejected
within 16 days (34,35) even with T cell depletion in the induction period (34). Although it is
in an admittedly small number of animals, the survivals reported here, without T cell
depletion at the time of K-Tx, are similar to the average survival that we have reported with
co-transplantation of thymus with T cell depletion (33).

Another strategy to avoid phagocytosis that is currently under investigation in this
laboratory is the use of our recently developed GalTKO/human CD47 (hCDA47) transgenic
(Tg) pigs (36). Recent work, specifically focused on CD47, showed that the interaction
between CD47 and signal-regulatory protein alpha (SIRPa) downregulates phagocytosis by
macrophages and that there is interspecies incompatibility of the CD47-SIRPa interaction
(29,30). Because it appears that the innate immunologic responses, specifically those of
macrophages, are associated with xenogeneic rejection, the use of BM cells transfected with
hCD47 or BM cells from GalTKO/hCDA47 Tg animals holds significant potential. Our future
plans include the use of GalTKO/hCD47 Tg pigs for thymokidney/IBBM-Tx into baboons.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Peripheral macro-chimerism after IBBM/BM-Tx. (B) Facs profiles of peripheral

macrochimerism. (a) B331 (Group 1), (b) B344 (Group 2), (c) Positive control (normal pig
blood), (d) Negative control (naive baboon blood). Pink squares showed pig cells (pan-pig
antigen positive cells) in baboon recipient.
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Figure 2. Bone marrow macro- and micro-chimerism after IBBM/BM-Tx
(A) Pan-pig positive cells were detected in right tibia and right iliac crest from the bone

marrow aspiration samples on POD15 (B344). (B) Positive bands of porcine cytochrome b
were detected in the tibia (3) and sternum bone (4) of B324, and in the right tibia (5) and
right iliac crest (6) of B296. 1 and 2 were positive control.
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Figure 3. Mixed lymphocyte reaction (MLR)
Pretransplant MLR showed a robust proliferative response to GalTKO pig and allogeneic

cell stimulators. These animals showed general hyporesponsiveness until around 30 days
after IBBM/BM-Tx. However, allogeneic responses began to recover while stimulation by
GalTKO DD pig cells (BM donor type) remained very low. B336 and B344 showed
hyporesponsiveness against kidney donor (the different haplotype GalTKO HH pig) cells on
POD139 and POD55, respectively (asterisk shows response against haplotype HH).
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Figure 4. ELISPOT assay for INFy
Many spots could be seen in the wells stimulated by allogeneic cells (C and D), human cells

(F) and PHA (G) on POD183 (B336), while the spots were few in the well stimulated by
GalTKO DD pig cells (E). This was similar to what was observed in wells stimulated by
media (A) and autologous PBMC (B).
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Figure 5.
(A) Changes in pig IgG antibody against GalTKO pig cells in sera of recipients after

IBBM/BM-Tx assessed by flow cytometry. No animals developed anti-pig antibodies. (B)
Histology (HE and PAS staining) of the kidney grafts. Kidney samples were taken at day 20
for B318 (primary graft), at day 19 for B324 and day 264 (60 days after 2nd K-Tx) for
B336.
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