Chimerism - a modern strategy for
tolerance induction in renal transplantation
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Abstract

Most significant barrier in organ transplantation between genetically different individuals is the immune system
that will recognize a transplanted kidney as ,non-self” and will reject it. Therefore, one of the most important goals
for clinicians, immunologists, researchers working in the field of organ transplantation, is the long-term acceptance
of transplanted tissue in the absence of immunosuppression so, tolerance induction.

Over time, it was considered several mechanisms that could induce tolerance. In recent years, it has been
proposed and is becoming increasingly studied, a new theory which attempts to clarify graft tolerance. It seems that,
the presence of a certain amount of long-lived donor specific cells (hematopoietic or dendritic cells) in the recipient
blood flow, plays an important rol in long-term graft acceptance.

Development of new stronger, well targeted immunosuppressive protocols and augmentation of chimeric state
even by donor-specific bone marrow infusion, may be useful for long-term graft acceptance in the absence of
immunosuppressants, a clinical condition recognized as tolerance.
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Most significant barrier in organ transplantation
between genetically different individuals is the im-
mune system that will recognize a transplanted kidney
as ,non-self” and will reject it. Most of the commonly
used immunosuppressive drugs control the rejection
process by targeting the immune response nonspecifi-
cally but, as lifelong administration is usually required,
they often lead to unwanted side-effects including
increased susceptibility to infections and development
of tumours. Some of these drugs are also associated
with nonimmunological complications including an
increase in cardiovascular risk factors.

Therefore, one of the most important goals for clini-
cians, immunologists, researchers working in the field
of organ transplantation, is the long-term acceptance
of transplanted tissue in the absence of immunosup-
pression so, tolerance induction. This implies no
symptoms of acute or chronic rejection, the absence of
circulating donor-specific antibodies and no evidence
of subclinical rejection on bioptic specimens. Experi-
mental studies on animal models have showed that
long term survival of vascularized grafts can be
achieved and more, tolerance induction can effectively
prevent the development of chronic rejection [1].
Immunotolerance to alloantigens (,non-self”) could be
induced by exploiting the mechanism that normally
maintain the immune system homeostasis and tole-
rance to ,self” antigens. In humans, the occurrence of
immunological tolerance has been occasionally re-
ported, in patients who have stopped immunosup-
pressive treatment because of various reasons (i.e. low
compliance, major toxicity, malignancies) and the graft
remained still functional.

Among all solid organs that were transplanted, the
liver is considered the most privileged in terms of im-
munology, the most resistant to immunological attack
and damage. These observations are not valid for
others types of solid organ, kidney in particular, where
the harmful effects of acute rejection on graft function
and survival are well documented [2-5]. In renal trans-
plantation, it is very difficult for clinical investigators to
test different strategies of tolerance induction, be-
cause reducing immunosuppression exposes patients
to a significant risk of acute rejection occurrence. On
the other hand, the situation is complicated by the fact
that, at time, there are no certain, specific biomarkers
for tolerance assessment. Until such biomarkers are
identified and validated, clinical end points of tole-
rance are limited to a ,lack of rejection”. In order to ad-
dress the lack of clinical end points of tolerance, the
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Immune Tolerance Network (ITN) has established the

TN Registry of Tolerant Kidney Transplant Patients,” a

multi-institutional collaboration aiming to identify and

study a rare group of renal transplant recipients who
have already discontinued immunosuppressive thera-

py, but have so far not rejected their grafts [6].

Over time, it was considered several mechanisms
that could induce tolerance. In recent years, it has been
proposed and is becoming increasingly studied, a new
theory which attempts to clarify graft tolerance. It
seems that, the presence of a certain amount of long-
lived donor specific cells (hematopoietic or dendritic
cells) in the recipient blood flow, plays an important rol
in long-term graft acceptance.

Chimera term defines a person with at least two
genetically different cells populations. In humans, this
feature is less frequently transmitted congenital but
could be acquired by blood transfusion or transplant
procedures, either stem cells or solid organ transplan-
tation. Chimerism monitoring has become a routine
diagnostic tool in bone marrow transplantation. Are
defined three types of chimerism:

1. Total chimerism when whole recipient hemato-
poietic system is destroyed and replaced with do-
nor hematopoietic cells. Unfortunately, this kind of
chimerism induction is associated with an incresed
risk of graft versus host disease (GVHD).

2. Mixed chimerism which assumes donor and reci-
pient hematopoetic cells coexistance. It can be
achieved with lethal conditioning regimens.

3. Microchimerism that means a low level of donor
cells in the recipient blood stream. This situation
occurs spontaneously in some patients undergoing
solid organ transplantation, due to persistence of
donor hematopoetic cells in the allograft which
then migrate into de recipient circulatory system.
Microchimerism might be one of the ways to
achieve engraftment.

In humans, chimerism involvment in tolerance in-
duction has been proven since 1991 when there were
reported two cases of patients who had successfully
undergone a bone marrow transplantation for acute
leukemia and subsequently developed chronic renal
failure requiring kidney transplantation. Rennal allo-
grafts were harvested from the same donors who have
donated hematopoietic stem cells. The transplanted
kidneys were accepted by the hosts in the absence of
the immunosuppresive therapy [7-10].

However, routine use of the chimerism concept in
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clinical practice in the field of solid organ transplanta-
tion, was ruled out because of high toxicity of con-
ditioning regimens and because of increased risk of
GVHD following myeloablative therapy. Subsequently,
experimental studies on mice have shown that tole-
rance could be induced using also non-myeloablative
conditioning regimens, leading mixed chimerism [11-
14]. Later, non-myeloablative protocols have been
proved safe and effective in humans bone marrow
transplanation forhematological malignancies [15-16].
The first attempts to combined transplant, bone mar-
row and kidney, with non-myeloablative conditioning
were conducted in patients with chronic renal failure
secondary to multiple myeloma. Conventionally, in
these kinds of patients, bone marrow transplantation is
contraindicated due to renal failure and kidney trans-
plantation is contraindicated because of hematological
malignancy [17-19]. Of nine patients HLA-matched with
donors, treated in this way, only one developed renal
rejection, quickly overcome with temporary
immunosuppressive therapy. The longest period of
normal functioning renal graft without rejection signs
in the absence of immunosuppression, was 12 years.
Regarding multiple myeloma, only three patients
developed recurrent disease, one of them dying seven
years later due to progressive multiple myeloma.
Other studies have shown that mixed chimerism
and graft tolerance could be induced using costimula-
tory blocking agents [20] or T cell-depleting antibo-
dies [21], strategies that are more clinically acceptable.
On the other hand, a condition of very low level of
donor chimerism (microchimerism) occurs sponta-
neously in a fraction of organ transplant patients as a
result of persisting donor hematopoietic cells that have
migrated from the transplanted organ into the host.
Animal models experiments have shown that
microchimerism contributes to allograft acceptance. In
arat model, depletion of intragraft donor leukocytes at
the time of heart transplantation was associated with
acute graft rejection, whereas untreated animals
developed long-term graft survival [22]. To facilitate
the development of microchimerism, various strate-
gies have been tested both in experimental animals
and in transplanted patients by infusion of different
donor cells (bone marrow / mature leukocytes such as
splenocytes / dendritic cells / peripheral blood mono-
nuclear cells) [23-28]. Despite the high number of
studies, which type of donor cells and whether mature
or immature donor cells should be infused to achieve
the best tolerogenic result have not been clarified yet.
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Peripheral blood microchimerism in renal transplant
recipients is still a subject for debate. Fourtounas et al.,
in a small number of patients study, have not found
peripheral blood microchimerism but they have found
microchimerism in urine in almost half of patients,
especially in the first week post-transplant [29].

Microchimerism detection is highly dependent by
the sensitivity of the tests used. Polymerase Chain Reac-
tion (PCR) as a rapid method for amplification of micro-
satellites and minisatellites regions of the human
genome has provided a powerful and reliably tool for
the chimerism study. PCR method allows detection of a
minor donor cells population among recipient cells. Ge-
nerally, the microsatellites (STR - short tandem repeats)
analysis is simpler, more accessible than minisatellites
(VNTR - variable number of tandem repeats) analysis.

Using a nested-PCR method with a sensitivity up to
1:1,000,000, a group of scientists from Tehran, have
been detected the peripheral blood microchimerism in
21.9% of renal unrelated living donor transplanted
patients. Microchimerism was not detected in reci-
pients from cadaveric donors [30]. Similar results has
also obtained a group of researchers from Sao Paolo,
Brazil. Four of five living donor recipients have de-
veloped blood microchimerism and all of them had a
better outcome[31].

Other studies have shown that, with routine immu-
nosuppressive protocols, a better HLA antigens/alelles
matching, especially HLA class Il (HLA-DRB1), facilitates
microchimerism induction [32].

In conclusion, development of new stronger, well
targeted immunosuppressive protocols (including
conditioning) and augmentation of chimeric state
even by donor-specific bone marrow infusion, es-
pecially in completely mismatched HLA-DRB renal allo-
graft recipients, may be useful for long-term graft ac-
ceptance and improved quality of life in the absence of
immunosuppressants, a clinical condition recognized
as tolerance.
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Obstacolul major in transplantul de organe intre persoane diferite genetic il reprezinta sistemul imun care va
recunoaste un rinichi transplantat ca ,non-self” si il va respinge. De aceea, unul dintre cele mai importante deziderate
pentru imunologi, clinicieni, cercetatori care lucreaza in domeniul transplantului de organe este acceptarea pe
termen lung a tesuturilor transplantate in absenta imunosupresiei, adica inducerea tolerantei.

De-a lungul timpului s-au luat in considerare mai multe mecanisme care ar putea induce toleranta. In ultimii ani,
a fost propusa si este din ce in ce mai mult studiata o noua teorie care incearca sa elucideze toleranta grefelor. Se pare
ca prezenta in sangele primitorului a unei anume cantitati de celule cu durata de viata lunga provenite de la donator
(celule hematopoietice sau celule dendritice) are un rol important in determinarea acceptarii grefei pe termen lung.
Dezvoltarea unor noi protocoale imunosupresoare, intensive si bine tintite, si augmentarea statusului chimeric
chiar prin infuzie de limfocite donor-specifice, poate induce acceptarea grefei pe termen lung in absenta
imunosupresoarelor, conditie clinica recunoscutd ca toleranta.

Cuvinte cheie: chimerism, imunotoleranta, microchimerism, rejet, transplant renal

nr.4/2012.vol 11

Revista Romana de Urologie

Eolitorial

9



