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There is a growing interest in the potential therapeutic effect of mesenchymal stromal (stem)
cells (MSCs) in many disease states (reviewed in [1-4]). MSCs can be isolated from various
tissues of mammals; the blood, bone marrow, and adipose tissue have to date formed the
major sources. The number of cells that can be isolated from any tissue is small. For
example, MSCs represent only 0.001-0.01% of the total nucleated cells in bone marrow.
However, they grow readily in vitro and can be expanded to significant numbers in culture.
After in vivo administration, they have the ability to migrate to sites of inflammation and
also to sites of allograft rejection (2).

MSCs are known to have regenerative, anti-inflammatory, and immunomodulatory effects,
and these have all been identified both in vitro and in vivo. Immunomodulation is achieved
through the effects of the MSCs on T cells, dendritic cells, B cells, and NK cells through
direct cell-to-cell contact and by humoral factors. The successful treatment of patients with
severe acute graft-vs-host disease by the administration of third-party haploidentical human
MSCs in 2004 (5,6) created a surge of interest in the potential therapeutic effects of these
cells.

Today, although relatively little is known about their in vivo biology, human MSCs are
commercially available, and have been introduced into clinical medicine as potential
treatments for a wide variety of pathological conditions. Currently, no fewer than 86 clinical
trials are being undertaken worldwide (www.clinicaltrials.gov), at least four of which relate
to organ transplantation. Their therapeutic potential is being investigated in sub-clinical
rejection, chronic allograft nephropathy, and in the induction of tolerance to renal allografts.

However, there is as yet no consensus on (i) how to prepare MSCs, (ii) how to identify them
accurately, and (iii) when and how many to infuse to obtain the desired therapeutic effect.
The small number of human MSCs that can be obtained from tissue such as bone marrow
necessitates prolonged ex vivo expansion in order to obtain sufficient numbers for
therapeutic efficacy. Currently, it is considered that at least 2×106 MSCs/kg are needed for a
rational clinical therapy (7). Prolonged expansion, however, may alter the function of the
MSCs, e.g., with a loss of immunomodulatory function, and may increase the risk of
differentiation into unwanted tissues and/or of replicative senescence.

Although allogeneic MSCs have been demonstrated to have immunosuppressive capacities
in vitro, they can lose this capacity in immunocompetent animals and, indeed, can induce an
antibody response. To avoid this response, it would seem essential that some
immunosuppressive therapy is required at least during the early phase after MSC infusion.
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Of considerable interest to those in the field of xenotransplantation research is the
observation that MSCs can function, e.g., regenerate and differentiate across species barriers
(8-10). This has been demonstrated in diverse animal models, e.g., human/pig-to-mouse,
human/pig-to-hamster, and human-to-pig. However, to date there are no data from a pig-to-
primate model.

Pig MSCs (pMSCs) might have considerable potential, particularly in xenotransplantation,
but also possibly in allotransplantation. In view of the size of the pig in relation to that of the
average human, pMSCs can be obtained in very large numbers, thus reducing the necessity
for prolonged ex vivo expansion with its potential complications. The data available in the
literature from other animal models strongly suggest that pMSCs would have a potent
regenerative effect if administered to humans.

However, it is not known (i) whether pMSCs would be sufficiently immunogenic to prevent
their clinical use - in other words, would they be rejected - or (ii) whether they would have a
significant immunomodulatory effect on the human immune response. Of particular
relevance to xenotransplantation, it is not known whether pMSCs will immunomodulate the
primate response to other pig cells, e.g., islets.

The potential advantages of pMSCs extend beyond their easy availability (11,12). For
example, in pig islet transplantation into primates, the MSCs could be obtained from the
same islet ‘donor’, i.e., the same source pig, and could possibly provide a preferable micro-
environment for the islets, resulting in more rapid stimulation of local growth factors and
revascularization, and even regeneration of the islets. MSCs from genetically-engineered
pigs, e.g., α1,3-galactosyltransferase gene-knockout (GTKO) pigs that are additionally
transgenic for a complement-regulatory protein and possibly other beneficial genes, might
be of particularly low immunogenicity, increasing their potential as a therapeutic ‘agent’ in
xenotransplantation and possibly also in allotransplantation.

We have successfully isolated MSCs from GTKO pigs (manuscript submitted), and have
confirmed their phenotype and differentiation capacity. They have identical or very similar
characteristics to MSCs from other mammals. As anticipated, GTKO pMSCs do not express
Galα1,3Gal antigens, and are significantly less immunogenic than WT pMSCs. Furthermore,
there is significantly less human antibody binding (IgM and IgG) to GTKO pMSCs than to
GTKO pig aortic endothelial cells (pAECs).

The human proliferative cellular responses to GTKO pMSCs, allogeneic MSCs, and to
allogeneic PBMCs were compared. The response of human PBMCs to GTKO pMSCs was
not significantly different from that to human MSCs (p=0.08) (Figure1), both of which were
significantly lower than to allogeneic PBMCs (p<0.01).

In summary, therefore, we believe that genetically-modified pMSCs may have considerable
potential in xenotransplantation. Not only are they available in large numbers, which
reduces the necessity for prolonged ex vivo expansion, but they can be obtained from a herd
of identical or almost-identical pigs, thus significantly reducing the variation seen when they
are obtained from pooled human sources. This may be a significant advantage over human
MSCs. Importantly, they would appear to be no more immunogenic than allogeneic MSCs,
suggesting that they would not be at a disadvantage in this respect if administered clinically.
Their anti-inflammatory and regenerative capacities in humans are likely to be no different
from allogeneic MSCs. If it can be confirmed that their immunomodulatory effect is
comparable to that of human MSCs, then their potential as a therapeutic agent may be
considerable.
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Figure 1.
The cellular response of PBMCs from two healthy volunteers to (i) GTKO pMSCs, (ii)
human MSCs, and (iii) human PBMCs in MLR (responder:stimulator ratio at 1:10). The
proliferation of human PBMCs was significantly greater to allogeneic PBMCs than to both
human MSCs and GTKO pMSCs (p<0.01). There was no significant difference between the
response to human MSCs and that to GTKO pMSCs (p=0.08). Data representative of 2
different experiments.
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