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Background Overview
STEALTH is one of 3 promising contemporary
paradigms of immune tolerance induction in nonhuman primates (NHP), the penultimate step to
clinical translation.1 Unlike more familiar approaches and mechanisms that use chimerism2-5 or
costimulatory blockade,6 the most recent approach
to long-lasting immune tolerance to NHP organ and
islet transplants, STEALTH, uses neither chimerism
nor chronic immunosuppressive therapy (CIT). Yet
this novel paradigm has enabled us to achieve seemingly permanent acceptance in a large majority of
mismatched allografts in rhesus macaques (Macacca mulatta, Mamu). In this review of the
STEALTH model, we have not included discussion
of these other important and thoroughly reviewed
primate tolerance strategies (chimerism, irradiation, costimulatory blockade, and pretransplant
conditioning7-10) so that we can focus solely on the
details of this emerging and intriguing model.
STEATLH exploits a concise peritransplant treatment strategy of a 2-week duration that involves a
synergy between 2 novel immunosuppressive agents.
These are CRM9 diphtheria-based anti-CD3ε immunotoxin (IT), an unusually effective eradicator
of T cells, and 15-Deoxyspergualin, a specific inhibitor of NF-κB/RelB nuclear translocation, a signaling pathway critical for myeloid dendritic cell
(DC) maturation11-13 (C. Asiedu, submitted for
publication). A consistent property of long survivors in this NHP tolerance model is in vivo immunological donor specificity. It is also worth emphasizing that every aspect of the STEALTH model
was engineered for application to unrelated cadaveric donor transplantation. Thus, no preconditioning period is used. Since most unrelated human
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transplants are incompatible for major histocompatibility complex (MHC) alleles, all our rhesus
donors and recipients are prescreened by PCR14,15
based typing with Mamu-specific MHC primers,
ensuring both MHC class I and class II incompatibility to mimic the human situation. Thus, from an
immunogenetic view, the peritransplant STEALTH
tolerance induction model is rigorous.
The Underlying Concept
Conceptually, we view tolerance induction by
STEATH as a maneuver to evade interactions between cells involved in immune activation, thereby
enabling graft-borne MHC alloantigens to be introduced below the immunological “radar” screen.
Outside this “immunological danger” zone, as
Matzinger has described it, alloantigens would be
virtually imperceptible.16 Our working concept of
STEALTH induction is that it represents a synergy
between profound LN T cell depletion by IT with
concomitant blockage of NF-κB (particularly RelB
nuclear transcription). In effect, this allows the host
to ignore early proinflammatory “danger” alarms
normally elicited by necrotic donor cells in the ischemic reperfused organ or cell transplant. In contrast to CIT, which dampens already triggered
proinflammatory activation, the STEALTH tolerance approach is designed to be proactive, diverting
the earliest direct and indirect alloimmune responses away from proinflammatory signaling and toward immune downregulation.
Assumptions Related to the Model
In evolving the STEALTH protocol, we incorporated 2 fundamental assumptions. The first is that
steady-state NF-κB/RelB-dependent processes are
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“on standby,” operationally poised to accelerate
maturation of host or donor myeloid DCs that
process fragments of necrotic donor cells.11,17,18 After
antigen processing, DCs home to LN, a process
that hinges on DC upregulation of CCR7, the receptor for RelB-dependent LN ligands in the T cell
area of the LN.19 Within the immune epicenter of
the LN,20 the presence of antigen-bearing, mature
DCs promotes activation of type 1 helper and cy17
totoxic T cells and Ig switching in B cells. Since
RelB expression is crucial for myeloid DC maturation and LN homing, we reasoned that activation
of type 1 responses might be interrupted if RelB
nuclear translocation could be prevented early during antigen exposure.
A second assumption in the development of this
protocol was that it might be necessary to transiently remove memory T cells (putatively alloantigen cross-reactive) from the playing field since they
can be activated without DC interaction. Parenthetmemory
cell
ically, a pan–T cell IT is used because the T
phenotype is presently too complex to allow for
construction of a Tmemory-specific immunotoxin at
this time. T memory cell activation can proceed in
a DC-independent fashion through NF-κB-driven
costimulatory adhesion molecules expressed on
nonprofessional antigen-presenting cells (APCs),
such as endothelial cells.21 Activation of Tmemory cells
in the absence of DCs is also enhanced by common
γ chain cytokines (IL-2, IL-15, etc.).22 In this context, if Tmemory cell contributions could be blunted,
induction of robust, enduring tolerance to multiple
MHC incompatibilities in outbred NHP species
might be achieved, without having to employ irradiation, chimerism, or CIT. To effect this outcome,
we used anti-CD3IT to rigorously deplete both the
circulating T cells and T cells in tissues, wherein the
memory cells are sheltered. At the same time, we
used deoxyspergualin (DSG) to uproot the NFκB/RelB-dependent proinflammatory surge of cytokines and related sequellae.12,13,23-26
Immunological Profiles
after STEALTH Induction
To date, studies of early immunological changes
during STEALTH induction in rhesus monkeys
point to the involvement of 3 interrelated elements.1 These are as follows:
sagepub.com
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1. IT-induced profound, transient depletion of
recipient T cells in LNs, which are functionally devoid of T cells for 1 to 2 weeks after IT
treatment;
2. DSG-induced blockade of antigen presentation in LN by maturation arrest of myeloid
DCs that are crucially dependent on RelBmediated signal transduction; and
3. striking deviation of cytokines to a type 2
pattern of immunological downregulation,
with sustained production of IL-4 and IL-10,
which reflects a unique synergy between IT
and DSG. Perhaps a fourth element should
be added, in that the STEALTH environment apparently preempts generation of IgG
antibody responses to donor-specific alloantigens introduced during induction, suggesting development of both operational B
13
and T cell tolerance.
This final point may be pivotal in biasing the graft
toward STEALTH tolerance.
STEALTH Tolerance Outcomes
Survival of Rhesus Monkey
Organ and Cellular Grafts
The high frequency of allograft survival in the
STEALTH model, in the absence of any chronic
immunosuppression, is remarkable. Moreover, induction of tolerance by the STEALTH strategy is
not restricted to the type of graft. This suggests that
mechanisms underlying tolerance induction to
MHC-incompatible Mamu allografts are fundamental to different types of transplants. The peritransplant treatment with IT plus DSG promoted
long-lasting acceptance of both kidney13 and isolat1
ed pancreatic islet grafts (in streptozotocin [STZ]induced diabetics) for years. In current follow-up,
some of the earliest members of the kidney allograft
series are in excellent health > 6 years posttransplant. There are an unprecedented number
(62.5%, 10/16) of survivors at > 3 years’ follow-up
without physiological or histological evidence of
acute or chronic rejection (Fig. 1). The duration of
islet allograft function after one single donor transplant is particularly significant, given the necessity
for multiple transplantation in the most successful
issue 6
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variables between the models. Among these is the
etiology of diabetes, which was either spontaneous
29
(putatively involving autoimmunity ) or high-dose
30
STZ induced. Other variables include age (aged
vs. young recipients), type of donor islets (concordant xenograft vs. MHC incompatible allograft), and recipient species (M. fasicularis and Cercopithecus aethiops vs. M. mulatta). While we have
not yet systematically examined the IT plus DSG
model in concordant and discordant xenoislet
transplants, it is conceivable that it will yield appropriate protocols to promote xenograft islet acceptance or tolerance.

Figure 1. Actual long-term rejection-free graft survival.
27

current clinical protocol. In these single-donor islet
transplants, we have observed 42.9% (3/7) currently surviving > 3 years with stable euglycemia by several criteria. Finally, recent studies have extended
tolerance induction to primary full-thickness rhesus skin grafts (J. Thomas et al., unpublished data),
which exhibit an overall lower rate (50%) of indefinite survival (now > 9 months’ follow-up) compared to kidney and islet grafts. Thus, by comparison with any current NHP tolerance protocol that
has been reported, STEALTH-induced tolerance is
unsurpassed in the duration and frequency of seemingly permanent tolerance.
With reference to islet transplantation, it is worth
noting that operational tolerance has also been successfully induced to concordant rhesus islet
xenografts in spontaneous insulin-dependent diabetes mellitus (IDDM) African green and
cynomolgus recipients using a modification of the
IT plus DSG strategy.28 Those studies used cyclosporine in place of DSG. It is noteworthy that
cyclosporine plus IT did not achieve long-term success in either the spontaneous diabetics or STZinduced IDDM. We have not yet examined the IT
plus DSG treatment strategy in spontaneous
IDDM. The apparent discrepancy between results
using either DSG or cyclosporine in the 2 models
is intriguing, although the reasons are presently
unclear. This is in large part related to the many
324
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Challenge Grafts Reveal Specificity
and Stability of STEALTH
The studies of Murray et al. provided the original
criteria to assess immunological tolerance in
large animal species.31 Arguably, the most critical of
these is the acceptance of a second graft from the
donor without any immunological intervention.
We applied this test, using challenge donor skin
and second kidney transplantation, to tolerant kidney allograft recipients. The results satisfied the
conditions of Murray et al.—namely, that the second kidney graft was accepted without consequence and performed optimally.13 Skin graft challenges in the same animals revealed an additional
interesting pattern. First, third-party grafts were
briskly rejected in a week, while donor skin transplanted at the same time was accepted without
acute rejection for prolonged periods, confirming
donor specificity in the immune-tolerant state.
Within 2 months, however, the donor skin grafts
succumbed to a slow, chronic-type rejection. This
event had no effect on the continued function of
the long-term kidney grafts, suggesting that the
late rejection of donor-specific skin might be a response to skin-specific minor antigens. To further
examine this notion, we transplanted a second
donor-specific skin graft, which resulted in accelerated rejection of the skin but again without any
change in renal allograft function, a trend that held
for at least 2 years’ follow-up. Overall, we interpret
these results (with challenge primary and secondary specific donor skin grafts and secondary specific donor kidney grafts) to indicate an exquisite level of immune precision in the tolerance achieved to
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the mismatched donor MHC antigens that were
presented to the recipient during the induction
phase of tolerance. In contrast, the tolerant recipients are able to respond to minor skin-specific
donor antigens that were not introduced during
tolerance induction.
CHRONIC REJECTION:
A host versus graft reaction that occurs over
a period of months to years, characterized
histologically in most transplanted organs
by arterial and arteriolar thickening (intimal
layer), atrophy, and/or interstitial fibrosis.

sagepub.com

Freedom from Chronic Rejection
Chronic rejection is the foremost problem confounding long-term success in conventional (i.e.,
chronic immunosuppressive drug-based) transplantation. In human transplantation, late graft loss
due to chronic rejection has thus far resisted the
best efforts to eradicate it. Both immunological
and nonimmunological factors are implicated in
the pathogenesis of chronic rejection. Because immunosuppressive drugs blunt (but do not eliminate)
a smoldering host allograft response, immune tolerance induction may provide a means to discriminate between immune and nonimmune responses
in the etiology of chronic rejection. With
STEALTH tolerance induction, we have observed
an apparent absence of chronic rejection (humoral
13
and cellular) in long-term survivors. The reasons
for the lack of chronic rejection even at 6 years
posttransplant are under study. It is possible that
the use of DSG during the induction period ameliorates injuries of a nonimmunological nature that
further compromise long-term graft integrity and
function. A caveat regarding the chronic rejectionfree status of the many long-term survivors in our
NHP tolerance model is that we are transplanting
living unrelated donor grafts rather than stored
grafts, as is the case in most human cadaveric kidney donor transplants.26,32 Thus, we have not assessed
the impact of graft storage stresses. However, we
are examining the hypothesis that DSG-induced
blockade of the surge of NF-κB/RelB-dependent
DC maturation and related “alarm signals” from
necrotic donor cells during the healing-in period
might also be applicable to stored organs. In the
same context, if the final common pathway of
risk for chronic rejection in cadaveric organ donors
arises from donor cell apoptosis and necrosis due to
organ storage and cumulative stresses related to
brain death, it is not unreasonable that the
STEALTH strategy may supplant chronic rejection
with tolerance.
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Absence of Antidonor Alloantibody
Once mounted, an IgG antibody response to the
graft is extremely difficult to control and thus may
be an important factor in both acute and chronic
rejection.33 With STEALTH, we have the ideal situation of a specific absence of alloantibody responses coexisting with the capacity to produce antibodies to new (e.g., vaccines) or ostensibly
previously encountered antigens.13,30 Once again,
this alloantibody unresponsiveness arises from the
synergy between peritransplant T cell depletion and
DSG. Besides virtually eliminating T cell help for B
cells, DSG is known to block antibody synthesis by
2 avenues. One is the direct inhibition of NF-κB34
dependent immunoglobulin synthesis by DSG,
35
consistent with the originally described role of
NF-κB in the constitutive expression of Ig κ chain
synthesis;36 the other is that DSG blocks maturation of DCs in LN. Mature DCs express CD40L,
as well as other costimulatory molecules, which can
directly activate B cells without T cell help.37 For
these reasons and probably others, the presence of
DSG in the immediate peritransplant period appears to be critical to enhance B cell tolerance induction to nominally recognized alloantigens. Finally, the evidence of specific in vivo T and B cell
tolerance in our long-term survivors, who are uniformly free of chronic rejection, bolsters the notion
that tolerance induction may resolve the nagging
problem of chronic rejection.38
The Tolerance Window
The treatment “window” for tolerance induction
in the STEALTH model encompasses a 2-weeklong interval, characterized by a quiescent state
with low numbers of mature T cells and a preponderance of immature APCs.13 Broadly considered,
this condition resembles that of the developing
neonatal immune system, which is highly susceptible to induction of tolerance. Interestingly, the
temporal window for neonatal tolerance induction
in mice is within 1 to 2 weeks of birth. Both limited T helper cells39 and immature APCs40 have been
postulated to enable neonatal tolerance induction.
In the NHP STEALTH model, as grafted tissues
“heal in” and resume normal function during the
peritransplant grace period,41 it is conceivable that
there is sufficient time for necrotic cell debris,
issue 6
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generated by surgical reperfusion injury, to be
cleared without eliciting alarm signals that would
normally ensue from NF-κB-dependent immune
response mechanisms. In many ways, this notion is
consistent with the “danger model,” in that it predicts that the residual immune system and repopulating T cells will simply accept the graft as “nondangerous.”16 The repopulation of mature
peripheral T cells, from both peripheral and central
sources, accelerates around the end of the first
26,42
(Z. Chen, personal communication,
month
2002) and proceeds steadily and without a loss of
immune competence. Despite the profound T cell
depletion, these recipients are apparently resistant
to opportunistic infection and neoplasia. We speculate that this may be due to preservation of innate
and non–T cell immunity and the relatively rapid
recovery of T cell immunity with respect to cell
42
numbers and repertoire.
Mechanisms Involved in
STEALTH Tolerance Induction
As noted above, induction of tolerance in this
model depends on a novel synergy between immunotoxin-induced T cell depletion and DSGinduced NF-κB inhibition. Neither IT treatment
alone nor DSG treatment alone can reproducibly
yield durable or lasting tolerance to MHC disparate
grafts.1,12,13,41
Immunotoxin-Mediated T Cell Depletion
The development of an FN18 CD3ε-directed
IT by Neville and his associates provided a highperformance T cell–killing reagent that produces
remarkable T cell depletion (typically > 99.5%) in
both blood and LN, with no demonstrable nonspecific toxicity.10,43 This claim applies to rhesus recipients that express the FN18 epitope, which is not
uniformly expressed in the overall rhesus population.24 With proper management, the monkeys are
physiologically stable, and both kidney and islet
transplant recipients tolerate IT treatment well.32
The current version of IT is based on a precise conjugation of anti-rhesus CD3ε mAb24 and genetically engineered diphtheria toxin.43 We have evaluated
both intact mAb- and F(Ab)2-based IT conjugates
and have found both to be effective,12,26 although
the noninflammatory F(Ab)2IT appears to have an
326
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advantage in promoting long-term, permanent
rejection-free survival. Fully recombinant sFv-toxin
fusion proteins are under development by Novartis
to replace the chemically conjugated IT construct.10
Practically, preclinical and clinical use of IT will be
enabled by the continuity of supply and quality
that are afforded by the recombinant product.
Repopulation of T Cells, Including
Those with Memory Phenotype
Following acute depletion by IT, the T cell repopulation proceeds steadily after the first month with
apparent contributions from residual peripheral T
42
cell pools as well as from thymic origin (Chen, unpublished TREC analyses). Measuring a “memory”
T cell subset (CD3+CD45RO+CD62L– or CD11a+)
by flow cytometry, we have observed an early reduction and subsequent burst of expansion in this
population at approximately 2 to 4 months.42 This
is not without precedent, as studies in patients experiencing therapeutic ablation of lymphoid tissues
reveal a similar pattern.44 Presumably, this phenomenon reflects homeostatic repopulation. However,
based on recent studies in mice, these findings may
be subject to reinterpretation, as memory cell expansion could reflect a conversion of naive T cells
into a memory phenotype.45,46 This property of
naive T cells to divide homeostatically has been
demonstrated to be independent of antigen stimulation,47,48 thus creating a population of antigeninexperienced memory cells. Further studies are
under way to examine whether such cells persist
and the degree to which T cell memory is functionally retained or lost. Resolving these issues may
have implications for STEATLH intervention in
autoimmunity.
Peritransplant Deoxyspergualin Institutes
the “Quiet Revolution” through NF-κB Signal
Blockade in the T Cell–Depleted Recipient
The original impetus to use DSG in combination
with IT in monkey kidney transplants was to ameliorate early complications of IT administration,
specifically the vascular leak syndrome and attendant “proinflammatory cytokine storm.” Without
DSG, IT treatment elicited substantial production of IL-12p70, INF-γ, and TNF-α.32 However,
it soon became apparent that the DSG-mediated
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IMMUNOTOXIN:
Any toxin that is conjugated to either an
immunoglobulin or Fab fragment directed
against a specified antigen.

inhibition of NF-κB nuclear translocation had
more far-reaching advantages for tolerance induction than we had initially expected.
At the outset, DSG-mediated inhibition of NFκB-driven signal transduction virtually eliminates
proinflammatory mediated response cascades,
thereby minimizing “danger” in the early posttransplant immunological environment. In this context,
it is worth noting that endotoxin (LPS) can preempt DSG inhibitory effects on the translocation
of activated NF-κB and thus can circumvent
35
DSG’s anti-proinflammatory effect. Accordingly,
antibiotic therapy is routinely administered during
the first 1 to 2 weeks posttransplant to minimize
exposure to gram-negative bacteria and/or endotoxin. Second, DSG interrupts NF-κB/RelB-dependent
maturation of DCs that process antigen. The evidence
for this claim derives from 3 sets of observations:
+
+
1. the unique paucity of mature CD83 CD86
+
+
DR p55 DC in LN tissue of monkey recipients under DSG treatment;
2. negligible expression of TNF-α or anti-CD40induced mature DC phenotype in cultures
containing DSG,13,41 and
3. DSG-induced upregulation of the TRAIL
death receptor (DR4) and heightened sensitivity to TRAIL-induced apoptosis in DCs
activated by anti-CD40 or TNF-α, both NFκB-driven signal transduction pathways.49

By inference, these consequences would preclude
indirect and direct alloantigen presentation, as we
currently understand the processes.17 Finally, the
original pharmacological property of DSG—namely, blockade of antibody synthesis—may also contribute to a dramatic reduction in alloantibody production when coupled with the lack of mature DCs
to stimulate B cells.35
Immune Deviation toward a Type 2 Profile
A remarkable aspect of STEALTH induction is
the rapid deviation toward systemic type 2 cytokine
production. Within 1 to 2 weeks posttransplant,
there is a dramatic rise in plasma IL-4, IL-10, and
(transiently) TGF-β, which is protracted for
months.13,41 In seeking to identify the source of this
outpouring of type 2 cytokines at a time when recipient blood and LN T cells were severely depletsagepub.com
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ed, we have examined recipient LN sections. Immunohistochemical analysis has confirmed type 2
cytokine-producing cells and secreted cytokines in
the LN within 4 days posttransplant. Notably, such
cells are not seen in normal LN or when IT or DSG
is administered alone.
In contrast to the abundance of type 2 cytokines
following IT plus DSG treatment, the plasma and
12,13,41
These
LN are virtually devoid of interferon-α.
observations have profound implications for establishing an immunoregulatory milieu. T cells undergoing primary activation in such an environment
become polarized toward a type 2 or “immunosuppressive” profile by the action of specific transcriptional regulatory signals (reviewed in ref. 50). Thus,
it is probable that naive alloreactive cells that repopulate the periphery during and after the 2-week
induction period will be diverted into a functional
type 2 phenotype, contributing to a nonalloreactive environment.1,13 Consistent with this notion is
the observation of increasing numbers of
CRTH2+CD3+ (type 2 cytokine-secreting) cells in
the circulation for months after STEALTH induction with IT and DSG.42,51
A definition of the cell type(s) responsible for the
early and late production of type 2 cytokines in the
STEALTH model is a current focus in our laboratory. For the early period of STEALTH induction
(a time devoid of T cells capable of producing these
cytokines), a likely prospect is the natural killer
(NK) T cell. Rhesus monkey NKT cells express
low levels of CD3 and appear to be resistant to ITmediated killing (B. Gansuvd, B. Hubbard, and J.
Thomas, manuscript in preparation). NKT cells,
which represent a minor lymphocyte population
(∼ 0.5% overall),52 are normally absent in peripheral LN but highly represented in liver and bone marrow, where they comprise 30% to 50%, and 20%
to 30% of lymphocytes, respectively. A prominent
early presence of NKT cells in LN tissue is suggested from our studies of LN node biopsies taken during the T cell nadir (day 4 posttransplant). Immunohistochemical analysis of cytokine expression
in these cells reveals prominent IL-4 but also IL-10.
NKT cells are a major source of IL-4.52 Although
production of IL-10 by NKT cells is not well documented, IL-10 has been implicated in the suppressive action of NKT cells in several models of
issue 6
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ALLOANTIBODY:
An antibody specific for an alloantigen.
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experimental autoimmunity.53,54 It is clear that activation of NKT cells in vivo elicits IL-4 and IL-10
53,55,56
production and promotes Th2 polarization.
The exact cell source(s) of sustained IL-10 and IL4 production in long-term tolerant recipients remains to be established. A role for T regulatory
cells, rather than NKT, in late cytokine production
is suggested by the exquisite immune specificity
that characterizes the long-term tolerant recipients
as described above. Thus, it is seems likely that
antigen-driven chronic activation of clonally specific T regulatory cells is involved, although some degree of nonspecific bystander effects of IL-4 and IL10 deviation must prevail. In this context, it is
puzzling why, in the face of systemic IL-10 and IL4 production, there is not an increase in infection
or malignancy in these monkeys. Likewise, the
question is applicable to neonatally induced tolerance in which a similar type 2 cytokine profile exists. However, there is increasing evidence for the
role of IL-10-producing T regulatory cells in allograft tolerance (reviewed in refs. 57-59). As a source
of active immune suppression, CD4+CD25+ regulatory T cells have a cytokine secretion profile
that would fit with our observed high levels of IL10.60-62 Although evidence for their role in allograft
tolerance is compelling,60,63 CD4+CD25+ cells do
not typically produce IL-4,61 so it is possible that
they may represent only a piece of the regulatory
cell puzzle in the NHP STEALTH tolerance model. On the other hand, the recent studies of Asiedu
et al. have shown that long-term allograft acceptance after treatment of mice with anti-T cell antibody and DSG requires IL-10 and not IL-4, as
shown by a complete lack of prolongation in IL-10
knockouts (C. Asiedu, presented at AST 2002,
manuscript in preparation).
Finally, it is important to reemphasize that the
resolute shift to type 2 cytokines (IL-4 and IL-10)
in the NHP STEALTH model is a manifestation of
unique IT-DSG synergy. This change, not previously reported in other NHP studies, seems to be
favored by a milieu devoid of both mature T cells
and mature myeloid DCs. As noted earlier, the
neonatal mouse shares the latter milieu. In this context, the recent observations of Pack et al. are relevant.64 These authors reported that exposure to
antigen in the neonatal period initiates type 2 im-

volume 5

issue 6

mune deviation with prominent IL-10- and IL-4producing cells in lymphoid tissues. The cellular
and molecular mechanisms responsible for these
perturbations are not yet understood. It is tempting
to speculate, however, that a deficiency of NFκB/RelB-dependent chemokines in the lymphoid
network may influence the unusual homing pattern
of IL-10- and IL-4-producing cells. In support of
this notion are the recent data of Weih et al. showing that RelB expression by lymphoid tissue stroma
is essential for expression of homing chemokines in
both the paracortex and germinal centers of the LN
microarchitecture.19 It is conceivable, therefore,
that the so-called “tolerance window” created by a
mere 2-week treatment in outbred primates reflects
a unique coincidence in which alloantigens are introduced to a milieu that is at once deficient in mature T cells, mature myeloid DCs, T cell and DC
homing signals, and B cell Ig transduction signals.
The result is the acceptance of foreign antigens,
which are introduced in that window and persist as
self thereafter.
Conclusions
The STEALTH tolerance induction strategy has
satisfied preclinical test objectives in a challenging
NHP model and is under active development for
clinical translation. The induced tolerant state is
both robust and long-lived, with immunosuppressive drug-free kidney allograft survivals in excess of
5 years and islet allografts in excess of 3 years. During this time, there appears to be no activation of
specific antidonor cellular or humoral alloimmune
responses, which occurs without known compromise to the host’s functional immunity in general.
Taken together, these findings seem to satisfy the
accepted criteria for immune tolerance.
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