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ABSTRACT

The presence of donor specific antibodies and HLA-incompatibility between waiting list patients and
potential donors make transplantation programs worldwide complicated and stand as a major barrier
for a quick access for organ transplantation. Especially in kidney transplantation, the effector HLA
antibodies are the most important reason for graft failures and antibody mediated rejection. At the same
time, the demand for kidney transplantation is increasing remarkably worldwide, due to the continuously
Raising number of patients with end stage renal disease. For these patients, hemodialysis was regularly
considered as an intermediate step only and the ideal goal is to find a suitable kidney as early as possible.
However, in case of HLA-incompatibility, the waiting time for an organ is too long and often accompanied
with dialysis associated multiple diseases, including physical, social and psychological complications,
especially in patients with additional limiting factors, like ABO incompatibility or multi-morbidity.
This article provides an overview of the current diagnostic tools for an accurate testing, identification
and analysis of HLA-antibodies and addresses the remaining concerns related to their clinical and
immunological relevance. It reviews the increasing role of different technologies and approaches to
overcome the immunological barriers in kidney transplantation, including the extracorporeal removal of
clinically relevant antibodies. In addition, the review suggests avenues for future research on overcoming
immunological challenges and inducing immune tolerance in kidney transplantation.
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INTRODUCTION rate caused by HD related complications, kidney replacement

Since the introduction of Hemodialysis (HD) several decades
ago, considerable developments and many improvements were
achieved in treating patients with End-Stage Renal Disease
(ESRD). Nowadays, the use of new procedures and innovative
intra- and extracorporeal blood filtration systems allows
the achievement of a proficient and bettertolerated renal
replacement therapy [1,2]. Nevertheless, despite all efforts and
successes in offering treatment with modern and high-quality
HD, Renal Transplantation (RTX) remains superior to all kind
of replacement treatments, which are still resulting in significant
lower survival rates than RTX [3,4]. Beside higher mortality

therapies might be associated with more costs, which affect
national social insurance systems economically. More importantly,
till today kidney replacement therapies are stressful and not able
to ensure a normal life style without enormous impairments and
significant limitations for affected patients [3,5]. For the outlined
reasons, RTX is considered as the best alternative for HD in
patients suffering from ESRD. Consequently, the demand for
kidney transplantation is increasing remarkably worldwide and
HD is often considered as an intermediate target and optimal
treatment of patients with ESRD is an early transplantation of
a compatible kidney. However, immunological barriers, mainly
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Human Leukocyte Antibodies (HLA), hinder often fast kidney
transplantation and must be pondered in each RTX procedure.
After discovering the HLA molecules 1958, several studies in
the following years resulted and indicated that HLA antigens
might be responsible for immunological response [6-8]. It was
shown that the most promising and successful RTX is that
with absence of antibodies against HLA of the potential kidney
donors, known as Donor Specific Antibodies (DSA) [9]. In this
situation, RTX is easy to achieve, fast accessible and the outcome
of RTX is regularly very convincing. In contrast, the presence
of DSA and HLA-incompatibility between waiting list patients
and potential donors make transplantation programs worldwide
rather complicated, as the effector DSAs are the most important
reason for RTX failures and Antibody Mediated Rejections
(AMR) in renal transplanted patients [10-12]. In case of HLA-
incompatibility, the waiting time for suitable organ is often too
long and associated with multiple diseases, including physical,
social and psychological complications, especially in patients
with additional limiting factors, like ABO incompatibility or
multi-morbidity [13,14]. Patients affected under those conditions
are on a serious risk to die earlier as the mortality rate is
unacceptable high in this group of patients [15-17]. This makes
the HLA-incompatibility as one of the most challenging aspects
for any kidney transplant program. Therefore, beside surgical
technique and sufficient transplant nephrologist team with a
suitable pre- and post-transplant care, accurate and professionally
operating histocompatibility laboratory is the crucial part of
each transplant program in overcoming immunological barriers
and reducing significant transplant risks. The same might apply
for Immunohematology and transfusion medicine in case of
equipment-based technical removal of involved HLA-antibodies,
which needs sufficient and special expertise and know-how.
This knowledge should include, technical skills, apheresis
experiences, a proper understanding of the development’s nature
and physiological kinetics of effector HLA-antibodies along
with their intra- and extracellular behavior. In addition, a better
consideration of the underlying immunological mechanisms of
immune competent HLA-antibodies and the exact exploration of
their clinical significance and ability in inducing AMR through
activation the complement cascade. In this article, we report
about our experience in HLA testing using current diagnostic
tools, focus on the identification and analysis of HLA-antibodies
and address the remaining challenges and concerns related to
their diagnostic and clinical relevance. Furthermore, we address
the increasing role of different technologies and approaches,
including the extracorporeal removal of clinically relevant
antibodies in overcoming major immunological barriers in
kidney transplantation based in our own experience as a large
kidney transplant center and based on available literature data.
Finally, we suggest avenues for future research on overcoming
immunological barriers by inducing immune tolerance in kidney
transplantation.

LITERATURE REVIEW

Assays for detection of HLA antibodies

The review of published data about RTX showed that the
outcome and successful rate of transplanted patients with HLA
antibodies directed against donor tissue are considerably lower
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than transplanted patients without HLA antibodies, especially
if crossmatch results are positive between donors and recipients
[9,18-22]. This is the reason, why it is of the utmost important
and essential for each transplant center to have a competent
and state of the art histocompatibility diagnostic laboratory. To
support these critical responsibilities and obligations of the HLA-
lab, innovative and advanced technologies were developed in the
recent years like Flow Cytometry for Crossmatch Testing (FCXM),
Enzyme-Linked Immunosorbent Assay (ELISA) and the beads
array for Luminex® (LMX) platform for detection of antibodies
[23-27]. The last listed technology is however considered to be the
most sensitive technique for the identification of HLA-antibodies
introduced so far [28-30]. It is a solid phase fluorescent test
and detects antibodies that bind direct to natural or purified
recombinant HLA-antigens. In a first step (screening), the beads
are bound, on its surface, with a large number of class 1 or class
2 molecules derived from lymphoblastoid cell lines (natural
antigens). In case of the presence of HLA antibodies in patient’s
serum, the Luminex screening test provides positive result only,
without the exact identification of the HLA-antibodies. For the
identification and differentiation of HLA antibodies, beads with
single HLA molecules are used. These single antigen beads, known
as SAB, are produced per a recombinant technology, which is
flexible and enough sufficient to produce the most clinically
relevant HLA antigens. For this reason, the beads are the core of
the Luminex technology and provide a real advantage to detect
and identified accurately complex mixtures and large number of
HLA antibodies. This allows a successful transplantation even in
the presence of DSA that have less clinical relevance, e.g. Cw
antibodies. Hence, beads array-SAB test is rapidly increased
and now widely used in many transplant centers worldwide. In
this very specific test, HLA-IgG antibodies against well-defined
HLA-antigens are detected using a fluorescent anti-lgG detection
antibody. The intensity of the fluorescence reflects the strength
of HLA antibodies and is measured using two color laser
technology and high-speed camera. The test is semi quantitative
and the results are given as Mean Fluorescence Intensity (MFI).
However, despite the widespread use of this innovative LMX
platform the clinical relevance of HLA-antibodies detected by
beads array particularly those with weak, moderate and in some
cases even with strong MFIs is controversial and remains until
now a major theme and a matter of unsatisfied debate. To date
there are no consensuses, quantitative levels or standard cutoffs
as a surrogate for clinical relevant HLA-antibodies detected by
LMX technology, which can be uniformly and globally used
[31-33]. Cutoffs varied significantly from one transplant center
to other and each transplant facility defines its own threshold
in accordance with its individual transplant experiences and
procedures for finding and dealing with clinically relevant
antibodies. Our transplant center considers MFI>600 as a
positive for DSA, other centers push the barrier to 1000 or even
2000 MFIs [34,35]. With this unconvinced reality in mind, some
renowned transplant organizations, like European Federation of
Immunogenetics (EFI), remains recommending the “historical”
Complement Dependent Cytotoxicity Test (CDC) for crossmatch
testing or to use a technique for crossmatch that is equivalent
to CDC or superior in sensitivity [36]. However, CDC is old
methodology and extensive technique, requires complement
and viable target cells, detects non-HLA antibodies and depends
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totally on subjective assessment. Furthermore, CDC has not the
desired sensitivity and thus it is not able to identify all complement
binding or clinical relevant HLA-antibodies, especially those with
low or moderate titers [37,38]. As a consequence, many transplant
centers, including ours, are still combining high sensitive assays,
like Luminex technology and the less sensitive CDC test in the
diagnostic and evaluation of clinical relevant HLA-antibodies [39-
42]. Regardless which methodologyis used, performing of the HLA
tests and interpretation of the results of old and new technologies
need in all cases, advanced special technical skills and advanced
expertise in transplantation immunology, immunogenetics and
histocompatibility? Some HLA tests performed by combined old
proven methods and new highly sensitive diagnostic tools can
be very challenging and too complex. Thus, HLA labs should
be cautious with interpretations and conclusions. For example,
positive cross match results performed by new sensitive tests
should not routinely ignore as “overly sensitive”, when the less
sensitive CDC crossmatch is negative. In generally the use of
existing HLA-antibodies detecting sensitive and non-sensitive
technologies in a combination might reduce the risk to overlook
clinically relevant HLA antibodies. Nonetheless, it is advisable
always to keep in mind that even the use of all HLA antibody
test combinations cannot allow the prediction of AMR caused
by effector HLA-antibodies with complete certainly. Rather, the
experience showed us that HLA-antibodies differ significantly in
their strength and ability to fix complement and thus in causing
transplant rejection, even if they have the same specificity [43-
45]. This should be a motivation and one more reason for us to
look for more satisfactory alternative using complement binding
technology with more complement fixing ability than the one
observed by the less sensitive CDC assay.

For this reason Chen et al. developed a beads array-Clq test to
detect complement binding antibodies, which mainly caused
AMR by activation the complement cascade via classical pathway
[46]. It has been postulated that fixing first component (C1) of
the complement by clinical significant HLA-antibodies leads
to activation of Membrane Attack Complex (MAC) through
a formation of the terminal lytic fractions of the complement
system C5b to C9. The MAC activation ends in cell lysis and
tissue damage of transplanted organ. This means that HLA-
antibodies detected by beads array-Clq might have more
clinical relevance than those detected by other techniques. This
assumption is apparently reported by different published studies,
which found that C1q assay has a better correlation with rejection
and clinical outcome in kidney transplantation than CDC [47-
51]. However, other reported scientific analysis showed that C1
component may have only an indirect effect through inducing C3
fragment deposition, which blocks the binding of IgG detection
elements by coating the surface of the beads resulting in false
negative results [52,53]. Furthermore, a recently published study
found that Clq binds weakly to low number of IgGs and this
binding ability correlated positively with increasing density of
IgG antibodies [54]. Hence, a negative Clq assay result does
not exclude the presence of clinical relevant and complement-
binding IgG HLA-antibodies, especially in the case of low titer
HLA antibodies. On the other hand, a positive result resulting in
Clgfixing does not automatically mean the activation of MAC or
tissue destruction of donated organ [55]. Recently the European
Society for Blood and Marrow Transplantation (EBMT) issued
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consensus guidelines, which recommend the performing of
Clq and even require it as a mandatory test in the setting of
haploidentical bone marrow transplantation in case of moderate
or strong positive anti-HLA DSA [56]. Even so, in our opinion
it still remains unclear, whether Clq test can be established as a
standard test in the pre-transplant diagnostic or not. Especially,
under the impression of above described controversial and
unsatisfied aspects, further extensive studies and investigations
are needed to clarify and better evaluate the role of Clq test in

HLA-diagnostic.
Renal transplantation through immunological hurdles

In recent years extensive efforts have been made and different
options were discussed and identified with the view to transplant
HLA-sensitized patients with ESRD early and prevent long-
term dialysis associated complications [57-60]. One of the
debated choices is the transplantation of donated organ through
preformed anti-HLA DSA by suppressing the immune response
using sufficient high dose immunosuppressant and by appropriate
apparatus-based removal of effector DSA, which depends on
different invasive techniques in a process called desensitization. In
principle, there are existing different methods of desensitization,
which based on the removing of the effector anti-HLA DSA using
different technical methodologies or by inhibiting the building of
DSA in targeting T and B cells (Table 1).

Table 1: Methods of desensitization to overcome immunological
barriers in RTX.

Method Mechanism Frequency
Immunoadsorption Removal of HLA antibodies High
P}z;frizf)iitrlscls Removal of HLA antibodies High
L Anti-B cell effects by blocking of .
Drug (Rituximab) CD20 High
Inhibition of C3b and C4b and
Drug (IVIGg) neutralization of C3a and C5a and High

HLA-antibodies, competing for
activating Fc-Rs

Inhibition of complement cascade by Medium

binding of C5A

Drug (eculizumab)

Drug (bortezemib) Plasma cell inhibitors Medium
Prevention of HLA-building by
Splenectomy  removal of antibodies secreting Band ~ Low

plasma cells

The desensitization as a “routine” therapeutic option is
extensive to implement, especially in small transplant centers
and it presents not insignificant challenges to be matched. In
addition, it is not free of risks and side effects for the patients
[61,62]. This raised the rational question, particularly in living
RTX, whether it is a preferred solution to carry out RTX
through the crossmatch or HLA-antibody barriers or whether it
is more favorable and safer alternative to keep the patients on
the waiting list till finding a compatible donor. This dilemma
was faithfully and evidently addressed in a pioneering scientific
study published by Montgomery and his research group already
in 2011 [63]. Montgomery analyzed in a retrospective study the
survival of renal-transplanted patients with preformed DSA, who
underwent invasive desensitization procedures prior to living
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kidney transplantation. Eight years after transplantation 81% of
these patients were survived, compared with only 49% of patients
were survived in a control group who were placed on the waiting
list for compatible deceased RTX, regardless of whether they
were transplanted during the observation period or not. After
publishing this imperative study, different removal approaches
and desensitization programs were established and increasingly
used to overcome immunological hurdles in different parts of
the world [63-66]. Besides these described methodologies, a new
strategy of desensitization was proposed that relies on the IgG
endopeptidase and its cleavage ability of DSA, by introducing
the IgG degrading enzyme of Streptococcus pyogenes (IdeS)
intravenously [67]. This study included 25 highly sensitized
patients and all patients displayed near or complete reduction
of DSA levels at 6, 24 hours and even few more days in some
patients. According to this report, this significant reduction or
elimination of DSA led to the transplantation of 24 out of 25
patients with HLA-incompatibility. However, the introduction
of IdeS in vivo showed some adverse events include serious
infectious complications that mainly in response to treatment,
e.g. persistent myalgia and parvovirus viremia. We think that a
better managing or avoiding the side effects of IdeS might result
in a better acceptance of this technique in the transplantation
medicine in the future. However, further investigations in
a larger cohort prior to execution of IdeS desensitization in
routine use are needed. Despite described challenges and
unclear questions, the remarkable findings and exciting results
in all above listed pioneering studies inspired and encouraged
transplant staff to develop and use further invasive tools and
noninvasive strategies to overcome immunological barriers in
the field of organ transplantation, like Kidney Pair Exchange
(KPE) and centralized Virtual Crossmatch (VC), marking a
new era in kidney transplantation and resulting in a significant
reduction of waiting time for transplantation [68-73]. One of the
successful noninvasive strategies for overcoming immunological
barriers is also the Acceptable Mismatch (AM) program, which
was established in Europe 1988 to better facilitate kidney
transplantation in multi-sensitized patients. According to this
program deceased donor kidneys are mandatorily directed
“pulled in” toward highly sensitized patients with cPRA>85% in
the absent of DSA [74-76]. Unfortunately, despite all described
appreciated efforts and creative methodologies, all discovered
and currently existing noninvasive procedures can help only
one part of HLA-immunized high-risk patients. The other
part still requires additional invasive procedures and specific
extensive treatments to overcome immunological barriers,
especially the immunopathological effects of involved HLA-
Antibodies [77]. Thus, it has become clear that desensitization as
an invasive technique is now one of the most effective methods
for facilitating sensitized patients with ESRD in overcoming
immunological barriers prior to transplantation [78]. Using
desensitization, high titer HLA-antibodies can be depleted or
significantly reduced before transplantation. However, avoiding
or a partial reduction of immunological obstacles and the
evaluation of their remaining residual immunological risks for
patients require staffs’ outstanding knowledge and distinctive
expertise in the nature and immune pathological mechanisms
of involved HLA-antibodies. It requires moreover a close
interdisciplinary teamwork and cooperation between the HLA-
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laboratory, blood bank staff on one side and the clinicians and
transplant coordinators on the other side. The coordination
and the sufficient support of whole transplant team are very
important for every desensitization program, since the outcome
of such elaborate and complex technique depends heavily on the
motivation, the experiences and communication of all involved
parties. Regularly training, meetings and consultations are
critical and should be obligatory for the participating medical
staff members. The clinicians need to inform the HLA laboratory
about the patient’s history, including underlying diseases and
all possible sensitizing events, like previous transplants, blood
transfusions, gravidities or miscarriages, recent viral infections,
vaccinations, immunoglobulin applications or any other drugs
might interfere with the results of HLA testing, e.g. Rituximab
or Immunoglobulins. The transplant coordinators need to
keep the communication between all involved parties and serve
patients, lab and the clinical side accurate and timely with all
transplant relevant logistics and information. The lab itself needs
to perform adequate and appropriate screening and crossmatch
tests of current sera and it should always take in consideration
the previous HLA results and possible sensitization events as well,
e.g. previous grafts. Furthermore, it is obligatory for the HLA-
lab to be able to provide exact determination, differentiation
and characterization of detected HLA-antibodies along with the
antibody strength and titer as well as risk assessment and clinical
relevance of all identified antibodies.

Experience of king faisal specialist hospital and research

centre Jeddah

At our transplant center in King Faisal Specialist Hospital &
Research Centre-Jeddah, we use the sensitive LMX platform for
the detection of HLA-antibodies, which we described above and
we use the same technology for the HLA typing as well. The HLA
typing is performed by using Sequence Specific Oligonucleotide
revers (SSOr) as low and intermediate resolution for A, B, C,
DRB1, DRB345, DQA1/DQB1 and DP. For performing
the HLA-crossmatch between patient’s serum and donor’s
lymphocytes, we used the flow cytometry crossmatch method.
Both T and B cell [gG FCXM are performed by Becton Dickinson
(BD) FACSCanto II flow cytometer, where our cut-offs for
positive MFI and for positive crossmatch are determined based
on normal human studies. In addition to these highly sensitive
methods, CDC test is used as a supporting tool for complicated
and questionable results. Furthermore, we perform Clq test
despite the ongoing debated discussion about the relevance of
this assay, anticipating a better differentiation between clinical
relevant HLA-antibodies binding to the complement from those
with less clinical significance. Indeed, Clq test supports us in
selected and specific cases and we found in one case no any
signs of rejections with HLA-antibodies with high MFI score and
positive flow cross match but negative Clq test [79]. In this case,
we observed an immediately function of transplanted kidney,
despite high DSA titer of 10,360 MFI for the allelic mismatched
antigen HLA-B*51 and positive flow crossmatch for both T
(+209 MCS) and B (+224 MCS) cell IgG flow crossmatch. We
defined a cutoff off 1000 MFI as positive result for DSA and 30
MSC and 21 MSC for B and T cell cross match respectively. The
transplanted organ was functioned promptly and the patient is
without any signs of AMR, the donated kidney is still continues
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to function well long months after transplantation. It is to be
stated, that no any modifications have been made in the standard
immunosuppressive protocol used at our transplant Centre
(Induction: Basiliximab and Methylprednisolone; Maintenance:
Mycophenolate mofetil, Prednisone and Tacrolimus).

DISCUSSION

This remarkable finding highlights the need to a better
understanding the role of detected strong HLA antibodies
illustrated as MFI by LMX assay. It confirms also the
aforementioned appeal for further more detailed studies and
additional data in the controversial role of Clq in the detection
of clinical relevance in patients with moderate and high DSA
titers in the setting of renal transplantation. Furthermore, our
report and similar other studies suggest that the standardization
of cutoffs using only the LMX assay, which now used somewhat
everywhere, are potentially misdirected and may not be suitable to
achieve the desired degree of harmonization and standardization
in the HLA-antibody tests [80-84]. A satisfactory answering all
these inquiries in the coming years, we will be able to predict
the risk of DSA more accurately and most likely we will be
more effective in reducing the waiting time for HLA-sensitized
HD patients by transplanting them despite high titer antibodies
detected by LMX technology in early stage of dialysis. The other
strategy which we followed at our hospital to shorten the waiting
time and reduce the HD related mortality is the establishing of
apparatuses-based preoperative desensitization, for the reduction
of high titer patient’s DSA. At our facility, we use Therapeutic
Plasma Exchange (TPE) for desensitization in recipients with
DSA titer >4000 MFI. The plasma to be removed is 1.5 of
patient’s Total Plasma Volume (TPV) and the procedure is
performed every other day. The TPV of the patient is calculated
based on the dry weight of the patient before transplantation.
IVIG or Anti-Thymocyte Globulin (ATG) is infused immediately
or maximum within 2 h after each TPE. Our experience showed
that using this extensive procedure is worthy, as we observed that
adequate, results of desensitization can be achieved by sufficient
removal of recipient’'s DSA. Using this methodology, fifteen
kidney transplantations were carried out successfully in multi-
sensitized high-risk patients, who are previously considered as
“non-transplantable” cases.

These results encouraged us to start the transplantation with
ABO incompatible (ABOi) kidney organs in order to achieve
further shorting of the waiting time of our HD patients. In
addition, here, we use TPE for the reduction of preformed ABO
blood group antibodies and keep the ABO antibodies at the
time of transplantation under a certain threshold titer of 1:8
using coombs gel centrifugation card test. Our first experience
is very encouraging and the first 21 transplanted ABOi organs,
functioned immediately and all the patients were discharged on
time with normal renal parameters [79]. Using this extensive
therapeutic concept, organ rejection can be avoided, even if blood
group antibodies rise to titer above 1:8 after transplantation.
This phenomenon is referred to accommodation process, which
is currently incompletely understood [85,86]. However, the
situation of ABO antibodies is pathologically different from
the presence of HLA-antibodies, which have no or less ability to
accommodate. Thus, the (re)-development and boosting of anti-
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HLA DSA bear often risk for donated organ after transplantation
and is potentially associated with transplant acute or chronic
rejection.

Furthermore, to encounter the obstacles associated with highly
sensitized patient, we established a paired exchange program
at our center to increase donor pools and accessibility to our
transplant service. In total, we transplanted 23 patients using
this program, among them 3-way paired exchange. All above
listed technologies and clinically relevant results demonstrate
the important role of these extensive procedures in overcoming
immunological barriers and reducing the number of HD patients
in the waiting list significantly.

Outlook and future perspective

Besides the above described apparatus-based overcoming of
immunological barriers, future efforts are needed in kidney
transplantation. Especially, the development of longterm
immune tolerance between recipient immune system and
transplanted kidney remains one of the most unsatisfied
aspects in kidney transplantation. It would not be impossible
such thoughts to be implemented and turned from “myth” to
reality, as immunological tolerance can be definitively achieved
in allogeneic Human Stem Cell transplantation (HSC) [87-89].
We know that successful HSC transplanted patients do not need
long term immunosuppressive therapies, like it is the case in
RTX. All systemic immunosuppressive drugs can be completely
discontinued in most successful HSC transplanted patients
within a year after HSC. In contrast, patients with RTX require
lifelong immune suppressive medication with serious side effects
and the disappointing and frustrating longterm outcome of
RTX remains until now an unresolved problem. These serious
immunological obstacles could not be satisfactorily improved
despite all efforts over the last decade. Consequently, it is not
surprising and entirely logical that numerous clinical attempts
have been made using the HSC-model to optimize the outcome,
achieve immune tolerance in RTX and thus avoid lifelong
immunosuppressant [90-95]. However, the most of published
therapeutic trials to achieve immune tolerance are extensive
and may be too toxic to perform in solid organ transplantation,
because the most of them depends on inducing hematopoietic
chimerism in recipient’s circulation to achieve immune tolerance
using risky ablative conditioning program. Furthermore, very
close donor-recipient HLA-matching or even HLA-identical
donorrecipient combinations are needed to have successful and
complication free mixed chimerism, which is a challenge that is
not trivial to be matched. Also other clinical experiments, e.g.
with mesenchymal stem cells, remain correspondingly to HSC
associated with unsatisfied outcome [96-98]. It might be therefore
more favorable to think more about other therapeutic strategies
to facilitate comparable immunological tolerance in RTX without

allogeneic HSC.

The developmentally learnt systemic immune tolerance of
human in both HSC and RTX depends strongly on the balance
between regulatory T cells (Tregs) and allospecific effector T cells
(Teffs). Despite, the substantial differences in the underlying
immunological pathological mechanisms between RTX and
HSC, the inspiring development of tolerance in HSC should
be sufficient grounds for us to develop similar novel therapeutic
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alternatives in RTX. Thus, HSC might represent a suitable
model system in humans to better understand immune tolerance
in solid organ transplantation. Indeed, other methods for
promoting tolerance have been clinically validated in the settings
of liver, lung and heart transplantation and some published
reports showed encouraging and significant developments
in these fields [99-103]. However, trials in the field of RTX
remain without achieving the eagerly awaited breakthrough.
High hope is now placed in tolerance inducing by Tregs, which
have aroused clearly increasing interest among immunology
scientists and transplantation experts in the last few years [103-
105]. Polyclonal Tregs are initially discovered and identified in
chimeric patients transplanted with HLA-mismatched HSC and
their presence strongly correlates to induction and maintenance
of immune tolerance, making the therapy with Tregs as a real
alternative treatment. In contrast to chimeric induction by HSC,
the therapy with Tregs is less invasive and does not aggressively
manipulate blood and the immune system. Beside the isolation
of polyclonal Tregs by the transplant laboratories, the focus might
be the isolation of purified antigen-specific Tregs which are in
generally more effective than polyclonal Tregs, as yet there are
no standardized protocols for efficient, Good Manufacturing
Practice (GMP)-compliant generation of large numbers of
antigen-specific Tregs [106]. Nevertheless, in a previous clinical
trial, we have demonstrated that the isolation of Tregs (CD4+
CD25+ FOXP3) can be performed safe in agreement with GMP-
regulations for application in HSC regimens [107,108]. Other
groups were able to implement protocols for GMP-compliant
expansion of polyclonal regulatory T cells and this approach
could make even banking of HLA-typed polyclonal regulatory T
cells for off-the-shelf use in RTX inducing immune tolerance a
reality in the near or middle future [109]. Those principles are
currently put into practice and interestingly a new published study
has shown that regulatory T cells are able to decrease the anti-
HLA DSA levels significantly in the allografts of murine [110].
Furthermore, a recent clinical report found a strong association
between the outcome of graft and regulatory T cells [108]. More
interestingly, we are looking with large portion of optimism for
the outcome of the clinical trial “The ONE Study”, which uses
Tregs in living kidney transplantation. This ONE Study, which
includes multi kidney transplant centers in different countries
in the world, has newly published encouraging and important
results [111]. The data demonstrated for the first time, that the
therapy with Tregs is achievable and safe in the kidney transplant
setting. Furthermore, the study showed that the recipients with
Tregs, had less infectious complications, but similar rejection
rates in the first year of observation, compared with recipients
without Tregs. This and other ongoing studies might give us a
justified hope in achieving breakthrough in inducing immune
tolerance in kidney transplantation.

CONCLUSION

Major developments were made in the field of HLA diagnostics
to ensure accurate laboratory results prior and post kidney
transplantation and different technologies were successfully
established to allow the transplantation of donated kidney organ
across immunological barriers at an early stage of dialysis avoiding
its related complications. These achievements turned out to
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influence positively and significantly the outcome of transplanted
patients. However, the era of modern laboratory diagnostic and
new invasive and extensive therapeutic approaches could not
completely prevent serious immunological complications and
HLA incompatibility remains until now the major immunological
risk of graft rejection. Innovative strategies using cell-based
therapies, like regulatory T cells, might minimize the risk of
HLA-antibodies by inducing immune tolerance and preventing
a pathogenic immune response against the graft. This makes
the realization of immune tolerance and maintaining short and
long-term immunological homeostasis in kidney transplantation
achievable and no longer rule out in the future.
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