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immunosuppression.

Immunosuppression is costly
Solid organ transplantation is a treatment
and not a cure. Its success depends on
immunosuppression, which in turn has
toxicity, limited efficacy, high cost, and
problems with adherence. Immunosup-
pression is associated with an increased
risk of hypertension, cardiovascular dis-
ease, diabetes, nephrotoxicity, and neu-
rotoxicity, as well as common side effects
including tremors, nausea, vomiting, and
diarrhea. Immunosuppression is costly,
averaging over $10,000 per year. Non-
adherence is common and a major cause
for transplant failure, especially in the
first year after transplantation (1). Many
patients are nonadherent because of cost
or toxicity, but even for adherent patients,
more than half develop chronic rejection
(2), and 10%-20% develop recurrent dis-
ease (3), with both complications poten-
tially leading to graft loss. Thus, current
immunosuppression regimes are flawed,
and as a result, our endeavors to make kid-
ney transplantation safer and more conve-
nient and prolong graft and patient surviv-
al have stalled.
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Immunosuppression continues to be a necessary component of
transplantation, despite its association with a multitude of adverse
effects. Numerous efforts have been made to circumvent the need

for immunosuppression by using various techniques to achieve donor
hyporesponsiveness. In this issue of the JCI, Morath et al. take this
endeavor forward. Prior to transplantation, the researchers infused
recipients with donor-modified immune cells and achieved immunologic
hyporesponsiveness. This successful phase | trial also provides a
possible avenue for achieving transplantation without the requisite

Generation of tolerance

The holy grail of successful transplantation
would be a strategy devoid of immunosup-
pression. To give this a historical context,
freemartin cattle, circa 1945 (Figure 1),
were serendipitously found to have similar
blood phenotypes in genetically dissimilar
twins, which was explained by a common
occurrence of vascular anastomosis (ves-
sel fusion) between bovine twin embryos
(4). Six years later, Medawar alluded to
the phenomenon of microchimerism, the
mother-to-offspring cell transfer involved
in the generation of tolerance (5). In 1954,
the first attempt at transplantation without
immunosuppression was done between
identical twin siblings; however, the recip-
ient succumbed to recurrence of glomer-
ulonephritis, and the graft failed after
eight years (6). Despite the graft loss from
recurrent disease, this first truly successful
kidney transplantation paved the way for
understanding the phenomenon of immu-
nologic tolerance. The impetus for further
understanding of tolerance was provided
by infusions of donor bone marrow cells
(DBMCs) in canine renal allograft recip-
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ients (7). Starzl provided the first defini-
tive evidence for the presence of micro-
chimerism in bone marrow-derived cells
in allograft recipients, showing ceased
immunosuppression for a prolonged peri-
od without loss of the allograft (8). Since
then, most tolerance-inducing treatments
have and continue to use combined bone
marrow or hematopoietic stem cell infu-
sion with kidney transplantation to pro-
duce some level of chimerism that allows
for the avoidance of immunosuppression
(9-12). However, cytotoxic conditioning
regimens, total lymphoid irradiation, or
biologic agents put the patient at risk for
infection and graft-versus-host disease
(GVHD) and have limited applicability,
since they require living donors with close
HLA matching. Moreover, donor chime-
rism can be transient and therefore unpre-
dictable in preventing rejection (13).

Modified immune cells

In this issue of the JCI, Morath et al. (14)
sought to circumvent the GVHD issues dis-
cussed above. The authors developed a cell
therapeutic called modified immune cells
(MICs), which are leukapheresis-derived
donor monocytes treated with mitomycin
C. The resultant cells developed features
of immature DCs and resulted in profound
suppression of the T cell response. Before
living donor kidney transplantation, MICs
were infused into 10 patients (3 groups of
patients received MICs at different time
periods), who were subsequently followed
for 1 year.

The Morath et al. study succeeded
in its primary objective of demonstrating
safety, as the infusions were not associated
with any significant adverse effects, and
no patient developed chimerism despite
receiving a high volume of allogenic donor
mononuclear cells (up to 1.3 x 10'°) before
transplantation. No GVHD occurred,
because the MICs did not proliferate after
treatment with mitomycin C. Additional-
ly, no de novo donor-specific antibodies
(DSAs) or episodes of rejection were detect-
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Figure 1. A brief history of time: tolerance from discovery to application. Timeline detailing the evolution of understanding immunologic tolerance and
subsequent efforts to achieve it. RAR, renal allograft recipient; SAR, skin allograft recipient.

ed during the one-year follow-up period.
Immunologic donor-specific hyporespon-
siveness was achieved along with reten-
tion of responsiveness to third-party cells,
demonstrating that the immune response
could be redirected toward donor-specific
hyporesponsiveness in the absence of
chimerism. Importantly, however, some
episodes of infection triggered transient
donor-specific responsiveness that abated
upon resolution of the infection. This tran-
sient donor-specific responsiveness may
be beneficial, because none of the patients
developed BK viremia (BKV) or CMV vire-
mia, which are common donor-derived
opportunistic infections that occur during
the first year after transplantation. The
group of patients who showed the most
profound hyporesponsiveness were also
off steroids at the one-year follow-up point.
Also, no patients developed leukopenia,
post-transplantation  lymphoproliferative
disorder, or diabetes. The study by Morath
and colleagues provided mechanisms that
explain the hyporesponsiveness to donors
by demonstrating a substantial increase in
CD19°CD24"CD38" transitional B lym-
phocyte regulatory cells (Bregs) after trans-
plantation. This subset of cells is instru-
mental in maintaining long-term allograft
immunologic tolerance (15-17). Bregs
exert this suppressive action through IL-10
and TGF- B1. Serum levels of both were
increased in patients treated with MICs.
Most important, MIC-treated patients dis-
played Immune Tolerance Network (ITN)
operational tolerance signatures, such
as immunoglobulin kappa variable 4-1
(IGKV4-1) and immunoglobulin variable
1D-13 (IGKV1D-13). These favorable gene
expression patterns are also associated with
improved renal allograft function (18). It is

jci.org  Volume 130

unlikely that the results were due to main-
tenance immunosuppression, because a
retrospective review of a non-MIC-treated
control group who were on similar immu-
nosuppression with cyclosporine or tacro-
limus showed that these patients failed to
develop the tolerogenic signals and profiles.
It is important to remember that
Morath et al. carried out a phase I study
designed to test safety but not to assess the
efficacy of the treatment. Thus, only four
patients underwent extensive evaluations
to elucidate the mechanisms of immu-
nologic tolerance, and the control group
was selected retrospectively and included
patients on tacrolimus as well as cyclospo-
rine. Indeed, the use of cyclosporine as the
calcineurin inhibitor (CNI) in the study
population makes the findings less appli-
cable to a real-world scenario in which
tacrolimus would be more commonly
used. It is important to note that patients
who demonstrated immunologic hypore-
sponsiveness were kept on cyclosporine
throughout the one-year follow-up period.
However, the authors make a case by citing
that MIC-treated animals showed signifi-
cantly higher Breg (CD19*CD5*CD1d")
frequencies than did untreated controls
in the absence of any immunosuppres-
sive therapy, thereby ruling out a role for
immunosuppression in the generation of
immunologic hyporesponsiveness. In this
study, patients were well HLA matched,
but not as well matched as subjects in oth-
er tolerogenic protocols, with the majority
having three or fewer HLA mismatches.
Also, all patients were recipients of living
donor transplants. The baseline charac-
teristics of the patients assigned to groups
with various MIC doses and timing of
administration also differed.
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Future trials

The next phase II study should address
the timing and dose of the MICs. The data
presented show that administration of 1.5
x 108 MICs per kg BW seven days before
transplantation was associated with the
strongest donor-specific hyporesponsive-
ness as well as development of Bregs and
a tolerance signature. The investigators
previously used MICs generated from
donor monocytes to treat a patient who
experienced therapy-resistant rejection of
a haploidentical stem cell transplant (19).
This suggests that delivering an MIC infu-
sion after transplantation and, intriguing-
ly, that using MICs from deceased donors
at the time of transplantation or even later
could induce donor-specific hyporespon-
siveness and tolerance.

There are further questions that future
trials should address. Since none of the
patients developed BKV in the first year
of follow-up, it remains to be seen wheth-
er development of BKV would break the
donor hyporesponsiveness, as BKV occurs
in 15% or more of transplant recipients
and is associated with the formation of de
novo donor-specific antibodies (20). Also,
all of the recipients were seropositive for
EBV. EBV seronegativity is associated with
an increased risk of post-transplantation
lymphoproliferative disorders.

In conclusion, the phase I study by
Morath et al. demonstrates the safety
of MIC infusion and provides support-
ive mechanistic data for induction of
donor-specific hyporesponsiveness that
challenge the concept that chimerism is
needed for tolerance. These preliminary
findings are encouraging and warrant pro-
ceeding with phase II and III trials. If this
treatment does eventually show contin-
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ued safety and efficacy, we will be witness
to the realization of what transplantation
originally set out to achieve: to move from
atreatment to a cure.
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