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1. Introduction

Tolerance in human transplantation can be defined in two ways [1]. Clinical tolerance (also
referred to as clinical operational tolerance [2]) is the survival of a foreign organ or tissue
(allogeneic or xenogeneic) in a normal recipient in the absence of immunosuppression [1].
Immune tolerance is the absence of a detectable immune response against a functional organ
or tissue in the absence of immunosuppression [1].

Early evidence demonstrating that adult mice could be tolerant of skin grafts after the
induction of neonatal tolerance by the introduction of splenocytes intraperitoneally was shown
by Brent and Medawar, in 1953 [3]. The central role of the thymus in mediating cellular
immunity and graft rejection was established by JEAP Miller, who showed that nude mice
tolerated skin allografts because of a marked deficiency of lymphocytes [4]. Conversely, there
have been recent studies that show that spleen transplantation in pigs or dogs has a tolerogenic
effect on renal transplantation [5, 6]. On the basis of the promising results obtained in these
animal models, several tolerogenic protocols have been attempted in humans, but most have
failed to achieve robust and stable tolerance after renal transplantation. This is due to that the
transplantation immunobiology is very complex, because of the involvement of several
components such as antibodies, antigen presenting cells, helper and cytotoxic T cell subsets,
immune cell, surface molecules, signaling mechanisms and cytokines; which play a role in the
alloimmune response.

2. The alloimmune response

The allogeneic immune response has largely been attributed to the recognition of donor
antigens, presented in the context of human leukocyte antigen (HLA) molecules to T cells,
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which in turn direct a huge array of cellular and humoral responses, causing tissular damage
and graft rejection. This type of response is mediated by the adaptative branch of the immune
system [7].

The immune system can be divided in two components, the innate and adaptative immunity.
The innate immunity, refers to a nonspecific response that involves the recruitment of diverse
components of the immune system such as, macrophages, neutrophils, natural killer cells (NK
cells), cytokines, several cellular receptors, complement components, cytokines, Toll-like
receptors (TLRs), and antimicrobial peptides (AMP’s). The adaptative immunity, which
involves recognition of specific antigen, conferring both specificity and a memory effect [8].
Data suggest that initial allograft injury (such as ischemia) may initiate an innate immune
response (Figure 1A), thus contributing to acute and chronic allograft rejection. Furthermore,
this inflammatory response may initiate and expand the adaptive immune response to the
point where the different HLA antigens come into play for the first time [9]. Some immunol-
ogist choose not to divide the alloimmune response in adaptative and innate branches;
nevertheless, they are closely related and dependent on each other.

The main and strongest responses to alloantigens are mediated by host T cells, which recognize
peptide antigens presented by antigen presenting cells (APCs) in the context of HLA. The
phenomenon by which the recipient immune system reacts with donor antigens that are
considered to be “non-self” is called allorecognition. Foreign or donor antigen presentation to
T cells may occur by either direct or indirect pathways [10] (Figure 2A).

2.1. Direct allorecogniton pathway

The direct allorecognition pathway involves recognition of intact donor HLA molecules on
the donor cells, usually APCs. This seems to contradict the classic self-HLA restriction property
of T cells, since the peptide being recognized is presented in a non-self HLA, and to date, two
models have been proposed to explain this discrepancy [11].

The “high determinant density” model proposes that the transplanted organ carries a variable
number of passenger APCs in the form of interstitial dendritic cells (DCs). Such APCs have a
high density of allo-HLA molecules and are capable of directly stimulating the recipient's T
cells. Given the very high ligand density, the affinity of alloreactive T cell receptors required
to generate an optimal alloimmune response can be significantly lower compared to that
required for self-HLA peptide complex [12].

In the “multiple binary complex” model, peptides derived from endogenous proteins that are
bound into the groove of donor HLA molecules play a role. These peptides are derived from
the same normal cellular proteins that are present even in the recipient. However, the differ-
ences in the allo-HLA groove causes a different set of peptides to be presented from homolo-
gous proteins. These peptides can be recognized by the recipient T cells. Therefore, even a
single HLA mismatch between the donor and the recipient would be able to stimulate a large
number of alloreactive T cells [13].

This pathway is thought to be the dominant pathway involved in the early alloimmune
response (acute graft rejection), as the relative number of T cells that proliferate on contact with
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allogeneic or donor cells is extraordinarily high compared with the number of clones that target
antigen presented by self-APCs [14].
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Figure 1. The alloimmune response: (A) ischemia may initiate an innate immune response, (B) which contributes to
acute and chronic allograft rejection. The initial allograft injury, during reperfusion, is associated with generation of
DAMPs for maturation of donor-derived and recipient-derived dendritic cells, (C) which represents the bridge to the
development of an adaptive alloimmune response that results in rejection. Abbreviations: DAMPs, Damage-Associat-
ed Molecular Patterns; NF- kB, Nuclear Factor- kappa beta; DC, Dendritic Cell.

2.2. Indirect allorecognition pathway

In the indirect pathway, T cells recognize processed alloantigen presented as peptides by self-
APCs (host-APCs) [11]. The basic premise for indirect allorecognition as a mechanism involved
in allograft rejection is shedding of donor HLA molecules from the graft. These HLA molecules
are then taken up by recipient APCs and presented to CD4+ T cells. Interestingly, there is also
evidence that demonstrates that recipient DCs can acquire and process intact donor HLA
molecules from donor cell debris and stimulate CD8+ T cells by cross priming. Therefore, both
CD4+ and CD8+ T cells mediate indirect allorecognition [11]. The indirect pathway is postu-
lated to play a dominant role in chronic allograft rejection [15].
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‘ A I RECOGNITION

‘ B I CENTRAL TOLERANCE

Figure 2. A). Allorecognition process. Two pathways lead to T-cell activation, the direct pathway and the indirect
pathway. The mechanisms of tolerance are: (B) Central tolerance in which T cells migrate from the bone marrow to
the thymus where they are educated, such that those recognizing self-antigens are deleted, and (C) Peripheral mecha-
nisms of tolerance for self-reactive T cells including AICD, anergy, and suppression by T,.. (D) B-cell awaiting the prop-
er stimulus of a T-cell to initiate the production of alloantibodies. Two possible scenarios ensure tolerance: deletion of
these self-reactive B cells and receptor editing, which is a process by which a new receptor with altered specificity is
generated through another sequence of B cell receptor gene rearrangements. Abbreviations: HLA, Human Leukocyte
Antigen; APC, Antigen Presenting Cells; TCR, T-cell Receptor; T, T-cell; T reg, regulatory T cells; B, B-cell; IL-2; Interleu-
kin-2; AICD, Activation-Induced Cell Death.

2.3. Other allorecognition pathways

A third mode of allorecognition, which Lechler’s group has termed the “semi-direct” pathway,
has been recently proposed [16]. This model is based on the transfer of intact HLA molecules
between cells. DCs have been shown to acquire intact HLA class I and II molecules from
exosomes secreted by other DCs and to prime both naive CD8+ and CD4+ T cells, thereby
inducing an alloimmune response [17,18].

Another mechanism of allorecognition involves NK cells. NK cells may recognize HLA
classical and non-classical type I molecules through interactions with cell surface receptors
called killer cell immunoglobulin-like receptors (KIR, formerly named killer inhibitory
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receptors) that recognize classical HLA class I molecules [19] and CD94/NKG2 receptors that
recognize non-classical HLA class I molecules. Currently, the role of NK cell-mediated
cytotoxicity in allograft rejection remains controversial, but recent data shows that NK cells
are potent alloreactive cells when fully activated with IL-15 and can mediate potent acute skin
rejection, at least in a murine model [20]. While reports continue to provide evidence support-
ing a role for NK cells in promoting rejection, there are a growing number of studies that
illustrate an alternative role for NK cells in promoting allograft survival and tolerance [21].

2.4. Activation of T cells

Through their specific antigen receptors, T cells are capable of recognizing external antigens
and initiating immune responses. These reactions may be characterized predominantly by cell-
mediated reactions in which effector immune cells play a major role; or by humoral reactions
in which the stimulation of B cells (Figure 2D) may induce antibody responses. The T cells
orchestrate both the initiation and the propagation of immune responses, largely through the
secretion of protein mediators termed cytokines and chemokines. Moreover, recent findings
suggest that a novel subtype of T cells, named regulatory T cells, have an important role in
achieving allograft tolerance [22]. These facts make T cells important targets for immunosup-
presive therapy and tolerance induction protocols.

T cells require two separate signals before activation occurs. The first signal is antigen specific
and is provided by the interaction of a T cell receptor (TCR) with a peptide antigen presented
within the antigen binding groove of HLA molecules on the surface of APCs (Figure 2A). These
are HLA class  molecules in the case of CD8+ T cells and class Il molecules in the case of CD4+
T cells. The second, costimulatory, signal is provided by the interaction of T cell surface
molecules with their ligands on APCs, being the most important the B7'-CD28 and CD40-
CD154 interactions. The first signal in the absence of the second signal may lead to T cell
inactivation, anergy, or failure of a Thl (T helper cell-1) response with a switch to a Th2 (T
helper cell-2) response [23].

The Th1/Th2 response refers to the pattern of cytokines produced by T helper cells. Th1 cells
produce interleukin-12 (IL-12) and interferon gamma (IFN-gamma) inducing macrophage
activation leading to delayed-type hypersensitivity responses. The Thl response has been
implicated in acute allograft rejection. Th2 cells produce IL-4, IL-5, IL-10, and IL-13, and
provide help for B cell function [24]. IL-4 is a growth factor for B cells and antibody production,
and also can directly inhibit T cell maturation along the Th1 pathway [25]. Such responses have
been associated with allograft tolerance, but are mainly implicated in clearing parasitic
infections and the presentation of allergic diseases.

Once the binding of CD4/CD8 co-receptors stabilizes the immunologic synapse between the
T cell and the APC, tyrosine-based activation motifs on the CD3 complex leads to the phos-
phorylation of a series of intracellular proteins, resulting in the activation of a variety of
enzymes including calcineurin, and the activation of transcription factors, such as nuclear
factor of activated T cells (NFAT) and NF-«k[3, permitting the transcription of different genes,

1 B7-1 (or CD80) and B7-2 (or CD86).
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including HLA class I and IL-2 [26]. There are other important events implicated in the
activation of T cells, including leukocyte migration and the interaction of chemokines with
their receptors.

3. Transplantation tolerance

The alloimmune response can be divided into central and peripheral tolerance, according to the
mechanisms thatinduce a tolerance state. These are related and not exclusive [27] (Figure 2).

3.1. Central tolerance

Central tolerance is the most important means by which T and B autoreactive lymphocytes are
eliminated in a process termed clonal deletion. T and B cells mature and are educated in the
thymus and the bone marrow, respectively (Figure 2B).

Immature T lineage cells emerge from hematopoietic progenitors in the bone marrow and enter
the thymus without expressing either the TCR or coreceptors. Since they lack CD4 and CD8
antigens, these cells are called double-negative (DN) cells or thymocytes. T cell selection begins
after DN cells have undergone a TCR-mediated rearrangement process and up-regulated both
CD4 and CDS8 antigens, thus becoming double-positive (DP) cells [28]. From here, the thymo-
cyte’s fate is determined by the nature of its interaction with self-peptides that are presented
on the self-HLA molecules of thymic stromal cells. This process is called “the affinity-avidity
model”. If a T cell reacts too strongly with self-antigens presented on bone marrow—derived
APCs, it is eliminated by apoptosis or negative selection in the thymus [29]. Thymocytes with
TCRs that interact with self HLA/peptides with lesser avidity, are positively selected and
evolve into mature T cells that express either the CD4 or CD8 receptor (single positive T cells).
The cells with very low avidity interactions fail to induce survival signals and die within the
thymus. At the end of the process, only 3% of the total number of CD4*CD8" DP cells are
exported from the thymus, having developed into single positive CD4" or CD8" cells [30].

Currently, it is not completely understood how many peripheral tissue-specific antigens
are expressed and presented in the thymus to ensure central T-cell tolerance to antigens
that will be encountered in the periphery eventually. The expression of peripheral pro-
teins in the thymus (such as insulin, thyroglobulin, and renal autoantigens) is driven in
part by a gene called AIRE (autoimmune regulator). Mutations in the AIRE gene result in
a disease known as autoimmune polyglandular syndrome type I. Interestingly, only cer-
tain organs and systems are involved, and within these, only particular parts of the organ
tend to be affected, confirming that additional mechanisms must be involved to maintain
systemic tolerance [31].

B cells undergo a similar process, as they are tested for reactivity to self-antigens before they
enter the periphery. Immature B cells, developing in the bone marrow, test antigen through
their antigen receptor, a surface IgM called the B cell receptor (BCR). If signaling through the
BCR is sufficiently weak, immature B cells can be rendered permanently unresponsive or
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anergic. However, if immature B cells are strongly self-reactive, there are two possible
scenarios to ensure tolerance. The first is deletion of these self-reactive B cells. The second is
receptor editing, a process by which a new receptor with altered specificity is generated
through another sequence of B cell receptor gene rearrangements [32].

3.2. Peripheral tolerance

Besides the deletion process of autoreactive cells occurring during central tolerance, some T
or B cells with self-reactivity may escape from the thymus or bone marrow, making the loss
of self-tolerance easier. However, several mechanisms, collectively named peripheral toler-
ance, can control or eliminate such cells. Peripheral tolerance involves deletion and apoptosis,
anergy, and regulation or suppression (Figure 2C).

3.2.1. Deletion and apoptosis

This mechanism is used to eliminate activated T cells specific for self-antigen. The programmed
cell death, or apoptosis, is also termed activation-induced cell death (AICD). This process is
mediated by the interaction of Fas (CD95) with its ligand (Fas-L or CD95L) on T cells, and can
occur in developing thymocytes as well as mature T cells [33]. IL-2 can activate the STAT 5 sig-
naling pathway through the IL-2 receptor (IL-2R), which in turn potentiates the up-regulation
of Fas-L and the down-regulation of Bcl2 expression on T cells, thus promoting AICD. Con-
versely, IL-15 acts as a growth and survival factor for T cells [34, 35]. Since augmented AICD can
induce tolerance through elimination of populations of reactive lymphocytes [36], certain tol-
erogenic models which use IL-15 antagonists and IL-2 agonists during transplantation havere-
sulted in donor-specific tolerance [37]. Further research on this topic is needed before
considering this peripheral mechanism as a therapeuticapproach.

3.2.2. Anergy

The hyporesponsiveness of T or B cells to further antigenic stimulation, also called anergy, is
a process that can result from antigenic stimulation in the absence of costimulation. In the case
of T cells, complete activation requires the presentation of peptide on the HLA molecule to the
TCR (first signal), and costimulatory signals, such as the B7-CD28 and CD40-CD154 interac-
tions (second signal). The second signal is required to induce the multiple pathways that will
lead to the activation of IL-2 gene transcription, ultimately inducing T cell activation and
proliferation. However, it has been shown that IL-2 production and subsequent signaling
through its receptor, IL-2R, is necessary for T cells to escape anergy, since blocking IL-2/IL-2R
engagement even after stimulation through the TCR and CD28 still results in induction of T
cell anergy [38].

As with T cell activation, B cell activation requires two signals. In this context, naive B cells
can be anergized if their surface immunoglobulins bind to self-antigens (first signal) in the
absence of the additional necessary T cell signals (second or costimulatory signal) [39].
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3.2.3. Regulation or suppression

A third mechanism of peripheral tolerance is regulation or suppression of immune responses to
self or foreign antigens. Perhaps, the regulatory T cells (Treg cells) are the most important and
well documented effectors of this mechanism to date. These cells control the type and magni-
tude of the immune response to foreign antigen to ensure that the host remains undamaged.
Treg cells are also integral to maintaining a lack of response to self-antigens or tolerance [40].

There are two subsets of Treg cells.“Natural” Treg cells, are a thymus-derived population that
constitute about 10% of the CD4 population. Natural Treg cells express CD4, CD25, CTLA4,
and GITR on their surface [41], and express transcription factor Foxp3 intracellularly [42]. The
importance of Foxp3 as the orchestrator of the molecular programs involved in mediating Treg
function has been highlighted by diseases such as IPEX syndrome (immune dysfunction,
polyendocrinopathy, enteropathy and X-linked inheritance), in which a mutation in the Foxp3
gene has been described [43].

The other subset of T, cells, commonly termed “adaptative” T, cells, develops in the
periphery, in a thymic-independent manner, following antigen encounter under particular
circumstances, namely exposure to transforming growth factor-g (TGF-f). This leads to the
expression of Foxp3; the hallmark of T, cells [44]. Data suggesting the role of these cells in
immunologic tolerance has been obtained from different studies in which patients with normal
graft function reportedly possess a smaller T,,, population compared with patients having
chronic allograft rejection, suggesting that T,., cells may prevent damage and graft loss [45].
Other groups have shown that certain immunosuppressive protocols are more permissive than

others in generating these populations [46].

The mechanisms by which Treg cells exert their effects are not completely understood. There
have been two main mechanisms proposed. One mechanism requires cell contact between
CD4+CD25+ Treg and responder cells and interaction between CTLA-4 and GITR molecules
[47], while the other mechanism involves the induction of suppression or regulation by newly
generated suppressor T cells in a cytokine-dependent manner through IL-10 and/or TGF 3 [48,
49]. Although promising, there is still too much to learn, before using this subset of cells for
tolerance induction in renal transplantation.

In addition to T, cells, there are other cell phenotypes with regulatory properties, such as
CD8* T cells and certain NK populations [50]. CD8" T cells with regulatory/suppressive
properties have been named “veto cells”. Such cells maintain peripheral tolerance by attacking
alloreactive T cells which are present in bone marrow with increased frequency, and may be
responsible in part for the reduction in graft versus host disease and the induction of chimerism
seen in some bone marrow transplant models [51].

4. Tolerogenic strategies in renal transplantation

Tolerance in renal transplantation is an exceptional finding. Approximately 100 cases of
tolerance in renal transplantation have been reported to date, mainly in patients who
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were not compliant with their immunosuppressive regimens or in individuals who had
previously received a bone marrow transplant for hematological disorders [52]. At the
present time, in looking for tolerance in renal transplantation, physicians in clinical prac-
tice have implemented protocols and surgical procedures in which tolerance was the
planned objective before the transplant.

4.1. Strategies and protocols

Protocols in which tolerance in renal transplantation was the planned objective before the
transplant may be divided into three subgroups, namely molecule-based, cell-based, and total
lymphoid irradiation.

4.1.1. Molecule-based protocols

The molecule-based group includes all cases in which the induction of tolerance was attempted
through administration of presumed tolerogenic drugs. These tolerogenic drugs include
polyclonal antithymocyte globulin antibodies and anti-CD25 monoclonal antibodies. Anti-
CD25 monoclonal antibodies competitively inhibit IL-2R-dependent T cell activation, while
the polyclonal antithymocyte globulin antibodies are directed against lymphocyte antigens.
The goal of the induction treatment was the nonspecific removal of clones of immune cells
responsible for rejection before contact with foreign donor antigens occured. Once the donor
antigens were in place after implantation of the new kidney, repletion of immune cells occured,
favored by the homeostatic expansion triggered by leukocyte depletion. In addition, minimi-
zation of maintenance immunosuppression was implemented to further reduce the anti donor
response with just enough treatment to prevent irreversible immune damage to the graft, but
not with such heavy treatment that the donor specific clonal exhaustion-deletion process was
precluded [53].

4.1.2. Cell-based protocols

In the cell-based group, patients received a donor-cell infusion of highly enriched CD34+
hematopoietic progenitor cells mixed with CD3+ T cells, [54] ie, patients received heavy
conditioning regimens in association with the perioperative infusion of immunomodulatory
cells, such as transplant-acceptance inducing cells. Afterward, maintenance immunosuppres-
sion was given for a few months until complete withdrawal, when possible. Overall, although
these trials demonstrated that the infusion of transplant-acceptance inducing cells is feasible,
major concerns remain regarding the efficacy and safety of such an approach. Whether this
approach confers any benefit in the establishment of minimal immunosuppression in renal
transplantation patients when compared with the protocols currently in use is unclear. Lastly,
the optimal dose and timing of cell infusions, along with the most appropriate concomitant
immunosuppression regimen, remains to be determined [55,56].

Patients who received renal transplantation after bone marrow transplantation from the
same donor are also included in this group. Bone marrow transplantation, when success-
ful, generally results in the total replacement of the recipient’s bone marrow with the do-
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nor’s bone marrow hematopoietic cells, a condition referred to as full chimerism [57].
Experimental data have confirmed that the infusion of donor-derived bone marrow cells
can prolong allograft survival by still incompletely understood mechanisms [58]. Howev-
er, the translation of this model from animals to humans has remained a very challeng-
ing task. In particular, an immunosuppression-free state has been achieved only
sporadically after living-related donor renal transplantation, whereas similar findings
have never been documented after deceased donor renal transplantation [57,59-63]. In
some studies, the perioperative infusion of donor bone marrow seems to reduce the inci-
dence of acute and chronic rejection, [57,60,61] and to improve graft function when in-
fused not only systemically but also intrathymically [62,63].

4.1.3. Total lymphoid irradiation protocols

Total lymphoid irradiation was originally developed as a nonmyeloablative treatment for
Hodgkin disease [64]. This treatment modality was first used about 40 years ago to in-
duce prolonged renal allograft survival. However, total lymphoid irradiation has signifi-
cant short- and long-term effects on lymphocyte subpopulations through suppression of
activated T cells and the IL-2 pathway. Importantly, as the doses of radiation required
for total lymphoid irradiation to be effective are high, with 10 doses of total lymphoid ir-
radiation (80 to 120 cGy) targeted to the lymph nodes, spleen, and thymus, [54] its clini-
cal application is limited by the toxicity that occurs with such high doses. With the
advent of more effective immunosuppressive drugs and cytolytic therapy with antithy-
mocyte globulin and monoclonal antibodies, the use of total lymphoid irradiation has de-
clined considerably and is mainly applied, as stated earlier, as a nonmyeloablative
preparative regimen of total lymphoid irradiation in combination with the infusion of do-
nor-derived cells to induce a state of lymphohematopoietic chimerism [65-71].

4.2. Surgical procedures

Currently, Japan has a serious shortage of cadaveric organs. As a result ABO incompatible
living kidney transplantation is being performed [72-76].

Between 2001 and 2004, the ABO-incompatible living kidney transplantation procedure used
a 1-week pretransplant immunosuppression with tacrolimus/mycophenolate mofetil/methyl-
prednisolon. During this period, splenectomy was performed in all cases and the short-term
outcome was excellent [77]. Graft survival was 93.5% at three years and 91.3% at five years in
these patients [78].

The spleen is involved in the production of B lymphocytes and IgM, so splenectomy can
result in decreased antibody content and increased tolerance [79]. This effect could be
considered analogous to the effect of rituximab (anti-CD20+ monoclonal antibody),
[80,81] which prevents acute rejection mediated by antibodies, resulting in a tolerogenic
effect. Conversely, recent studies show the important role of the spleen for the induction
and maintenance of regulatory CD4+CD25+ T cells, which are important for self-tolerance
[82,83]. This immune regulatory mechanism is known as non-specific suppression of acti-
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vation and differentiation, and is the result of the release of anti-inflammatory cytokines
[84,85]. Therefore, upon splenectomy, the activity of regulatory T cells is presumably af-
fected, and this may simulate the mechanisms of action of some currently used immuno-
suppressant drugs, such as basiliximab and daclizumab (chimeric monoclonal antibodies
that selectively affect T lymphocytes) [86].

5. Conclusion

Despite advances in understanding the cellular and molecular mechanisms of the alloimmune
response, tolerance induction in renal transplantation remains an important clinical challenge.
In clinical practice, prevention of graft rejections has combined tolerance mechanisms, such as
suppression of activated T cells, inhibition the IL-2 pathway, decreased antibody production,
and t chimerism. However, no completely satisfactory results have been achieved. The reason
for these seemingly insurmountable challenges stems from the properties of the alloimmune
response, which are not yet completely understood.

Acknowledgements

We thank Andrea Liliana Lopez Flores, University of Guanajuato; for the preparation of
drawings and we to thank Daniel Tafoya Arellano, University Quetzalcoatl of Irapuato; to help
carry out this chapter.

Author details

Marco Antonio Ayala-Garcia', Beatriz Gonzalez Yebra?, Ector Jaime Ramirez Barba® and
Eduardo Guani Guerra*

*Address all correspondence to: eduardoguani@yahoo.com.mx

1 Hospital Regional de Alta Especialidad del Bajio and HGSZ No. 10 del Instituto Mexicano
del Seguro Social Delegacion Guanajuato, México

2 Hospital Regional de Alta Especialidad del Bajio and Department of Molecular Biology,
University of Guanajuato, México

3 University of Guanajuato, México

4 Hospital Regional de Alta Especialidad del Bajio, México

473



474 Current Issues and Future Direction in Kidney Transplantation

References

[1]

[2]

[4]

[5]

[6]

(]

[10]

[11]

[12]

[13]

[14]

Rossini AA, Greiner DL, Mordes JP. Induction of immunologic tolerance for trans-
plantation. Physiological Reviews 1999;79(1) 99-141.

Ashton-Chess ], Giral M, Brouard S, et al. Spontaneous operational tolerance after
immunosuppressive drug withdrawal in clinical renal allotransplantation. Transplan-
tation 2007; 84(10) 1215-1219.

Billingham RE, Brent L, Medawar PB. Activity acquired tolerance of foreign cells.
Nature 1953; 172(4379) 603-606.

Miller JFAP. Effect of neonatal thymectomy on the immunological responsiveness of
the mouse. Proc R Soc Series B 1962; 156(964) 415-428.

Dor FJ, Tseng YL, Kuwaki K, et al. Inmunological unresponsiveness in chimeric
miniature swine following MHC-mismatched spleen transplantation. Transplantation
2005; 80(12) 1791-804.

Ayala-Garcia MA, Soel JM, Diaz E, et al. Induction of tolerance in renal transplantation
using splenic transplantation: experimental study in canine model. Transpl P 2010;
42(1) 376-380.

Chinen J, Buckley RH. Transplantation immunology: solid organ and bone marrow. J
Allergy Clin Immunol 2010; 125(2) S324-S335.

Chaplin DD. Overview of the human immune response. ] Allergy Clin Immunol 2006;
117(2) S430-5435.

Land W, Messmer K. The impact of ischemia/reperfusion injury on specific and non-
specific, early and late chronic events after organ transplantation. Transplantation Rev
1996; 10 (2) 108-253.

Bharat A, Mohanakumar T. Allopeptides and the alloimmune response. Cell Immunol
2007; 248(1) 31-43.

Game DS, Lechler RI. Pathways of allorecognition: implications for transplantation
tolerance. Transpl Immunol 2002; 10(2-3) 101-108.

Portoles P, Rojo JM, Janeway CA Jr. Asymmetry in the recognition of antigen: self class
I MHC and non-self class II MHC molecules by the same T-cell receptor. ] Mol Cell
Immunol 1989; 4(3) 129-137.

Sherman LA, Chattopadhyay S. The molecular basis of allorecognition. Annu Rev
Immunol 1993;11 385-402.

Matzinger P, Bevan M]. Hypothesis: Why do so many lymphocytes respond to major
histocompatibility antigens? Cell Immunol 1977; 29(1) 1-5.

Heeger PS. T-cell allorecognition and transplant rejection: a summary and update. Am
J Transplant 2003; 3(5) 525-533.



[17]

[21]

[22]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

Tolerance in Renal Transplantation
http://dx.doi.org/10.5772/54734

Jiang S, Herrera O, Lechler RI. New spectrum of allorecognition pathways: implications
for graft rejection and transplantation tolerance. Curr Opin Immunol 2004; 16(5)
550-557.

Andre F, Chaput N, Schartz NE, et al. Exosomes as potent cell-free peptide-based
vaccine. I. Dendritic cell-derived exosomes transfer functional MHC class I/peptide
complexes to dendritic cells. ] Immunol 2004; 172(4) 2126-2136.

Thery C, Duban L, Segura E, et al. Indirect activation of naive CD4+ T cells by dendritic
cell-derived exosomes. Nat Immunol 2002; 3(12) 1156-1162.

Boyington JC, Brooks AG, Sun PD. Structure of killer cell immunoglobulin-like
receptors and their recognition of the class | MHC molecules. Inmunol Rev 2001; 181
66-78.

Kroemer A, Xiao X, Degauque N, et al. The innate NK cells, allograft rejection, and a
key role for IL-15. ] Immunol 2008; 180(12) 7818-7826.

Gill RG. NK cells: elusive participants in transplantation immunity and tolerance. Curr
Opin Immunol 2010; 22(5) 649-654.

Hwang I, Ki D. Receptor-mediated T cell absorption of antigen presenting cell-derived
molecules. Front Biosci 2011; 16 411-421.

Van der Merwe PA, Dushek O. Mechanisms for T cell receptor triggering. Nat Rev
Immunol 2011; 11(1) 47-55.

Fietta P, Delsante G. The effector T helper cell triade. Riv Biol 2009; 102(1) 61-74.

Sayegh MH, Akalin E, Hancock WW, et al. CD28-B7 blockade after alloantigenic
challenge in vivo inhibits Thl cytokines but spares Th2. ] Exp Med 1995; 181(5)
1869-1874.

Auphan N, DiDonato JA, Rosette C, et al. Immunosuppression by glucocorticoids:
inhibition of NF-kappa B activity through induction of I kappa B synthesis. Science
1995; 270(5234) 286-290.

Dong VM, Womer KL, Sayegh MH. Transplantation tolerance. Pediatr transplant 1999;
3(3) 181-192.

Coutinho A, Caramalho I, Seixas E, et al. Thymic commitment of regulatory T cells is
a pathway of TCR-dependent selection that isolates repertoires undergoing positive or
negative selection. Curr Top Microbiol Immunol 2005; 293 43-71.

Sprent J, Lo D, Er-Kai G, et al. T cell selection in the thymus. Immunol Rev 1988; 101
172-190.

Egerton M, Scollay R, Shortman K. Kinetics of mature T cell development in the thymus.
Proc Natl Acad Sci U S A 1990; 87(7) 2579-2582.

Peterson P, Org T, Rebane A. Transcriptional regulation by AIRE: molecular mecha-
nisms of central tolerance. Nat Rev Immunol 2008; 8(12) 948-957.

475



476  Current Issues and Future Direction in Kidney Transplantation

[32]

[33]

[34]

[38]

[39]

[42]

[43]

[44]

[45]

[46]

Russell DM, Dembi¢ Z, Morahan G, et al. Peripheral deletion of self-reactive B cells.
Nature 1991; 354(6351) 308-311.

Ju S-T, Panka DJ, Cui H, et al. Fas(CD95)/FAsL interactions required for programmed
cell death after T-cell activation. Nature 1995; 373(6513) 444-448.

Van Parijs L, Refali Y, Lord JC, et al. Uncoupling IL-2 signals that regulate T cell
proliferation, survival, and Fas-mediated activation-induced cell death. Immunity
1999; 11 281-288.

Li XC, Demirci G, Ferrari-Lacraz S, et al. IL-15 and IL-2: a matter of life and death for
T cells in vivo. Nat Med 2001; 7(1) 114-118.

Zheng XX, Sanchez-Fuevo A, Sho M, et al. Favorably tipping the balance between
cytopathic and regulatory T cells to create transplantation tolerance. Immunity 2003;
19(4) 503-514.

Ferrari-Lacraz S, Zheng XX, Kim YS, et al. An antagonist IL-15/Fc protein prevents
costimulation blockade-resistant rejection. ] Immunol 2001; 167(6) 3478-3485.

Wells AD. New insights into the molecular basis of T cell anergy: anergy factors,
avoidance sensors, and epigenetic imprinting. ] Immunol 2009; 182(12) 7331-7341.

Yarkoni Y, Getahun A, Cambier JC. Molecular underpinning of B-cell anergy. Immunol
Rev 2010; 237(1) 249-263.

Seyfert-Margolis V, Feng S. Tolerance: is it achievable in pediatric solid organ trans-
plantation? Pediatr Clin North Am 2010; 57(2) 523-538.

Shimizu J, Yamazaki S, Takahashi T, et al. Stimulation of CD25(+)CD4(+) regulatory T
cells through GITR breaks immunological self-tolerance. Nat Immunol 2002; 3(2)
135-142.

Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell development by the
transcription factor Foxp3. Science 2003; 299(5609) 1057-1061.

Taguchi O, Nishizuka Y. Self tolerance and localized autoimmunity. Mouse models of
autoimmune disease that suggest tissue-specific suppressor T cells are involved in self
tolerance. ] Exp Med 1987; 165(1) 146-156.

Maynard CL, Hatton RD, Helms WS, et al. Contrasting roles for all-trans retinoic acid
in TGF-beta-mediated induction of Foxp3 and 1110 genes in developing regulatory T
cells. ] Exp Med 2009; 206(2) 343-357.

Louis S, Brandeau C, Giral M, et al. Contrasting CD25hiCD4+T cells/FOXP3 patterns
in chronic rejection and operational drug-free tolerance. Transplantation 2006; 81(3)
398-407.

Lopez M, Clarkson MR, Albin M, et al. A novel mechanism of action for anti-thymocyte
globulin: induction of CD4+CD25+foxp3+ regulatory T cells. ] Am Soc Nephrol 2006;
17(10) 2644-2646.



[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Tolerance in Renal Transplantation
http://dx.doi.org/10.5772/54734

Thornton AM, Shevach EM. CD4+CD25+ immunoregulatory T cells suppress polyclo-
nal T cell activation in vitro by inhibiting interleukin 2 production. ] Exp Med 1998;
188(2) 287-296.

Levings MK, Bacchetta R, Schulz U, et al. The role of IL-10 and TGF-beta in the
differentiation and effector function of T regulatory cells. Int Arch Allergy Immunol
2002; 129(4) 263-276.

Kingsley CI, Karim M, Bushell AR, et al. CD25+CD4+ regulatory T cells prevent graft
rejection: CTLA-4- and IL-10-dependent immunoregulation of alloresponses. ] Immu-
nol 2002; 168(3) 1080-1086.

Cosmi L, Liotta F, Lazzeri E, et al. Human CD8+CD25+ thymocytes share phenotypic
and functional features with CD4+CD25+ regulatory thymocytes. Blood 2003; 102(12)
4107-4114.

Womer KL. Transplantation tolerance. Saudi ] Kidney Dis Transpl 2005; 16(4) 498-505.

Orlando G, Hematti P, Stratta R, et al. Clinical Operational Tolerance After Renal
Transplantation. Current Status and Future Challenges. Ann Surg 2010; 252(6) 915-928.

Starzl TE, Murase N, Abu-Elmagd K, et al. Tolerogenic immunosuppression for organ
transplantation. Lancet 2003; 361(9368) 1502-1510.

Scandling, JD, Busque S, Shizuru JA, et al. Induced Immune Tolerance for Kidney
Transplantation. N Engl ] Med 2011;365(14) 1359-1360.

Hutchinson JA, Brem-Exner BG, Riquelme P, et al. A cell-based approach to the
minimization of immunosuppression in renal transplantation. Transplant Int 2008;
21(8) 742-754.

Hutchinson JA, Riquelme P, Brem-Exner BG, et al. Transplant acceptanceinducing cells
as an immune-conditioning therapy in renal transplantation. Transplant Int 2008; 21(8)
728-741.

Delis S, Ciancio G, Burke GW, et al. Donor bone marrow transplantation, chimerism
and tolerance. Transplant Immunol 2004; 13(2) 105-115.

Sykes M. Hematopoietic cell transplantation for tolerance induction: animal models to
clinical trials. Transplantation 2009; 87(3) 309-316.

Barber WH, Mankin JA, Laskow DA, et al. Long-term results of a controlled prospective
study with transfusion of donor-specific bone marrow in 57 cadaveric renal allograft
recipients. Transplantation 1991; 51(1) 70-75.

Mathew JM, Garcia-Morales RO, Carreno M, et al. Immune responses and their
regulation by donor bone marrow cells in clinical organ transplantation. Transplant
Immunol 2003; 11(3-4) 307-321.

Ciancio G, Burke GW, Moon ], et al. Donor bone marrow infusion in deceased and
living donor renal transplantation. Yonsei Med ] 2004; 45(6) 998-1003.

477



478  Current Issues and Future Direction in Kidney Transplantation

[62]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Trivedi HL, Vanikar AV, Vakil JM, et al. A strategy to achieve donor-specific hypores-
ponsiveness in cadaver renal allograft recipients by donor haematopoietic stem cell
transplantation into the thymus and periphery. Nephrol Dial Transplant 2004; 19(9)
2374-2377.

Trivedi HL, Shah VR, Vanikar AV, et al. High-dose peripheral blood stem cell infusion:
a strategy to induce donor-specific hyporesponsiveness to allografts in pediatric renal
transplant recipients. Pediatr Transplant 2002; 6(1) 63-68.

Comerci GD, Williams TM, Kellie S. Immune tolerance after total lymphoid irradiation
for heart transplantation: immunosuppressant-free survival for 8 years. ] Heart Lung
Transplant 2009; 28(7) 743-745.

Fudaba Y, Spitzer TR, Shaffer J, et al. Myeloma responses and tolerance following
combined kidney and nonmyeloablative marrow transplantation: in vivo and in vitro
analyses. Am ] Transplant 2006; 6(9) 2121-2133.

Buhler LH, Spitzer TR, Sykes M, et al. Induction of kidney allograft tolerance after
transient lymphohematopoietic chimerism in patients with multiple myeloma and end-
stage renal disease. Transplantation 2002; 74(10) 1405-1409.

Spitzer TR, Delmonico F, Tolkoff-Rubin N, et al. Combined histocompatibility leuko-
cyte antigen-matched donor bone marrow and renal transplantation for multiple
myeloma with end stage renal disease: the induction of allograft tolerance through
mixed lymphohematopoietic chimerism. Transplantation 1999; 68(4) 480—484.

Kawai T, Cosimi AB, Spitzer TR, et al. HLA-mismatched renal transplantation without
maintenance immunosuppression. N Engl ] Med 2008; 358(4) 353-361.

BurlinghamW], Jankowska-Gan E, VanBuskirk A, et al. Loss of tolerance to a maternal
kidney transplant is selective for HLA class II: evidence from transvivo DTH and
alloantibody analysis. Hum Immunol 2000; 61(12) 1395-1402.

Millan MT, Shizuru JA, Hoffmann P, et al. Mixed chimerism and immunosuppressive
drug withdrawal after HLA-mismatched kidney and hematopoietic progenitor
transplantation. Transplantation 2002; 73(9) 1386-1391.

Scandling JD, Busque S, Dejbakhsh-Jones S, et al. Tolerance and chimerism after renal
and hematopoietic-cell transplantation. N Engl ] Med 2008; 358(4) 362-368.

Takahashi K, Yagisawa T, Sonda K, et al. ABO-incompatible kidney transplantation in
a singlecenter trial. Transplant Proc 1993; 25(1) 271-273.

Tanabe K, Takahashi K, Sonda K, et al. ABO-incompatible living kidney donor
transplantation: results and immunological aspects. Transplant Proc 1995; 27(1) 1020-
1023.

Tanabe K, Takahashi K, Sonda K, et al. Long-term results of ABO-incompatible living
kidney transplantation: a single-center experience. Transplantation 1998; 65(2) 224-228.



[75]

[76]

[77]

[78]

[79]

[83]

[84]

[85]

[86]

Tolerance in Renal Transplantation
http://dx.doi.org/10.5772/54734

Toma H, Tanabe K, Tokumoto T. Long-term outcome of ABO-incompatible renal
transplantation. Urol Clin North Am 2001; 28(4) 769-780.

Gloor JM, Lager DJ, Moor SB, et al. ABO-incompatible kidney transplantation using
both A2 and non-A2 living donors. Transplantation 2003; 75(7) 971-977.

Tanabe K, Tokumoto T, Ishida H, et al. Excellent outcome of ABO-incompatible living
kidney transplantation under pretransplant immunosuppression with tacrolimus,
mycophenolate mofetil, and steroids. Transplant Proc 2004; 36(7) 2175-2177.

Kazunari Tanabe, Hideki Ishida, Tomokazu Shimizu, et al. Evaluation of Two Different
Preconditioning Regimens for ABO-Incompatible Living Kidney Donor Transplanta-
tion. Contrib Nephro 2009; 162 61-74.

Olivera SO, Mederos CON, Faedo BF. Cirugia conservadora de la funcién esplénica en
el adulto joven. Rev Cubana Cir 1995, 34(2). http://scielo.sld.cu/scielo.php?
script=sci_arttext&pid=50034-74931995000200012&Ing=es (accessed 31 July 2012)

Venetz JP, Pascual M. New treatments for acute humoral rejection of kidney allografts.
Expert Opin Investig Drugs 2007; 16(5) 625-633.

Golshayan D, Pascual M. Tolerance-inducing immunosuppressive strategies in clinical
transplantation. Drugs 2008; 68(15) 2113-2130.

Chosa E, Hara M, Watanabe A, et al. Spleen plays an important role in maintaining
tolerance after removal of the vascularized heart graft. Transplantation 2007; 83(9)
1226-1233.

Sakakura M, Wada H, Tawara I, et al. Reduced Cd4+Cd25+ T cells in patients with
idiopathic thrombocytopenic purpura. Thromb Res 2007; 120(2) 187-193.

Bradley BA. Prognostic assays for rejection and tolerance in organ transplantation.
Transplant Immunology 2005; 14(3-4) 193-201.

Waldmann H, Adams E, Fairchild P, et al. Regulation and privilege in transplantation
tolerance. ] Clin Immunol 2008; 28(6) 716-725.

Halloran PF. Immunosuppressive drugs for kidney transplantation. N Engl ] Med 2004;
351(26) 2715-2729.

479



ntechOpen

ntechOpen



