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Abstract

The current immunosuppressive protocols for renal allograft
management, targets mainly the resident and host lymphocytes
that come into play to reject the grafted tissue. This is
analogous to use of antibiotics against invading
microorganisms. This strategy is incomplete as the allograft
under goes acute rejection episodes, and long term chronic
rejection along with many of the adverse events associated
with immunosuppressive medicines.

On the other hand, transplant tolerance is defined as a state of
donor-specific unresponsiveness to the allograft without a need
for ongoing pharmacologic immunosuppression or with a
minimal use of single or dual agents. This is a paradigm shift in
the allograft management.

Even though impossible to achieve currently, anecdotal reports
showing complete or partial tolerance do appear in the
literature. In summary, that happens through lymphocyte
depletion to a degree that provides tolerance.

In theory and practice, there are three strategies of achieving
tolerance: (a) achieving a state of hematological chimera,
which can induce complete tolerance, (b) more recent, prope or
near tolerance where immune-reactive T-cells are eliminated or
inhibited using monoclonal antibodies, and (c) most recent,
research-based Chimeric Antigen Receptor for T-regulatory
(CAR-T) cell therapy using genetically engineered T-reg cells,
targeting specific T-Cell Receptors (TCR) for attenuation of T-
cell immune-reactivity, which induces energy.

Safe and reliable strategies for the induction of full tolerance
have not yet been achieved. However, in the light of currently
available anecdotal and prospective randomized studies, a
plausible paradigm shift to tolerance could be anticipated in
near future.

This review article would address the possible strategies,
indications and applicability of inducing tolerance by
lymphocyte depletion.
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Introduction
Immunologic tolerance is a state of immune unresponsiveness

specific to a particular antigen or set of antigens induced by previous
exposure to that antigen or set of antigens.

Tolerance is generally accepted to be an active process and, in
essence, learning experience for T-lymphocytes (T-cells). Induction of
immunologic tolerance has been achieved, and studied in many
laboratory animal models, but it remains an elusive goal in clinical
organ transplantation [1].

Transplant tolerance is defined as a state of donor-specific
unresponsiveness without a need for ongoing pharmacologic
immunosuppression. This could eliminate the adverse events
associated with consumption of immunosuppressive medicines. Even
though, safe and reliable strategies for complete tolerance have not yet
been developed, various prospective studies showed reduced need of
conventional immunosuppressive agents after tolerance induction.
Furthermore, this reduction of medications is also observed in
anecdotal case-reports and major studies targeting T and B
lymphocyte ablation [2].

In this review, we will propose a paradigm shift from conventional
immunosuppressive protocols to a protocol of reduced
immunosuppression by pre-emptive lymphocyte depletion in living
related renal allograft recipients with low immunologic risks.

Prologue

Illustration of clinical tolerance
At the prologue of clinical tolerance in renal transplant, a form of

acquired complete tolerance was achieved anecdotally in cases of
Multiple Myeloma (MM) patients where total bone marrow and
lymphocyte ablation were done by whole body irradiation and
chemotherapy; followed by donor specific bone marrow transfusion to
repopulate the recipient ’ s marrow and lymphoid tissue. The same
patients under went renal transplantation from the same donors, later.
The renal allografts were maintained without any immunosuppression
subsequently [3]. This tolerance was achieved due to hematological
chimera that developed during the course of treatment of MM through
allogenic bone marrow transplant after bone marrow and lymphoid
tissue ablation.

Real world experience (RWE)
A similar kind of hematological chimera with a specific renal donor

to a specific renal recipient is not practicable during the pre-transplant
period. This is neither medically safe, nor ethically amenable to be
practiced. However, we observed a precedence of near tolerance in a
renal transplant, done few years ago with a living renal donor. The graft
was maintained on conventional three immunosuppressive drugs.
Initial two acute cellular rejection (AR, BANFF-1A) episodes were

Suhail and Woo, J Nephrol Ren Dis 2020, 4:1 Journal of Nephrology &
Renal Diseases.

Review Article A SCITECHNOL JOURNAL

All articles published in Journal of Nephrology & Renal Diseases. are the property of SciTechnol and is protected by
copyright laws. Copyright © 2020, SciTechnol, All Rights Reserved.



treated by conventional antirejection therapy with pulse
Methylprednisolone each time. Following the episodes of AR, the triple
immunosuppressive therapy was escalated to Cyclosporine-A (CyA),
Mycophelolatemofetil (MMF) and Prednisolone in standard dosage,
with a stable target CyA trough level of 150 µG/l and a peak level of
800 µG/l.

The serum creatinine was stable at 130 µmol/l on average. After
some years of transplant, non-Hodgkin lymphoma (Post-transplant
lymphoproliferative Disorder, PTLD) developed, and anti-lymphoma
chemotherapies were given in cycles at 3 weeks interval for subsequent
five cycles. Each cycle of chemotherapy included IV Rituximab
followed by Cyclophosphamide, Doxorubicin, Vincristine, and
Prednisolone (R-CHOP). With this large amount of lymphocyte
depletion therapy, the graft immunosuppression was curtailed to half
dose CyA with a peak level of 300 µG/L and a trough of 50 µG/l, his
Prednisolone dosage was reduced to 5 mg daily, and MMF was
discontinued. Renal graft function had been stable at 90 µmol/l since
then with low dose of dual immunosuppressive medicines.

This management provided the prologue of prope tolerance in this
review; that was achieved, enabling minimal immunosuppression for
maintaining stable graft life.

Key point
In this review, the keypoint to be discussed for achieving tolerance

in renal allograft, is the way to getting maximally attainable
lymphocyte (B and T-cell) depletion in contrast to ablation, in a
medically safe and ethically approved strategy in living related renal
transplantation.

Current Concepts and Practices in Achieving Tolerance
in Renal Allograft

Mechanisms of rejection and tolerance
An outline of mechanism of immunologic reaction that takes place

in physiology in fetal life, and life after birth is presented in the Figure
1, first column. The second column shows immunologic reactions that
take place through the interaction of immune-reactive cells with their
receptors in the presence of allograft. As a result, inflammation and
cellular proliferation with cytotoxicity culminate in rejection process.
Anti-rejection therapy by immunosuppressive medications, and
monoclonal or polyclonal antibodies against lymphocytes, constitutes
the intervention protocols in the cascade of these events. The last
column of the Figure 1 shows the plausible strategies that can be
adopted based on current research to induce energy or tolerance.

In embryogenesis, as shown in the first column of Figure 1,
mechanism of T-cell response is the clonal deletion of auto reactive T-
cells in the thymus to the fetal antigens so that the organism is
rendered self-tolerant to self-antigens. In fetal life, there is also clonal
expansion of T-cells, not exposed to exogenous antigen, and not
reactive to endogenous fetal antigens [4]. In ex-utero life, the process of
deletion is reversed to the state of proliferation on exposure to
exogenous antigens whether organ or organism. Against
microorganisms, survival of the individual depends on antimicrobial
agents, and protection depends on vaccination. For allograft, we need
immunosuppression unless a state of tolerance is achieved. As shown
in the second column of Figure 1, the whole process of immune
identification and rejection is carried out by hematological immune

cells; the principle guide being the immune reactive T-cells, the
suppression of this mechanism is the hall mark of graft maintenance
and possible tolerance [5].

Figure 1: The first column of this figure gives an outline of
mechanism of immunologic reaction that takes place in physiology
and in fetal life (In-utero), and life after birth (Ex-utero). In the
presence of allograft, as shown in the second column, immunologic
reactions take place through the interaction of immune-reactive
cells with their receptors. As a result, inflammation and cellular
proliferation with cytotoxicity culminate in rejection process
against the transplanted allograft. Anti-rejection therapy, not shown
here, consists of interventions in the cascade of events by
immunosuppressive medications, and mono or polyclonal
antibodies against lymphocytes. The last column of the figure shows
the plausible strategies that can be adopted based on current
research to induce energy or tolerance.

In theory and practice
There are three strategies of achieving tolerance: a) achieving a state

of hematological chimeras, which can be termed as complete tolerance,
b) more recent, prope or near tolerance where immune-reactive T-cells
are eliminated or inhibited, and c) most recent, research -based
Chimeric Antigen Receptor for regulatory T-cells (CAR-T) therapy
using genetically engineered T-regulatory (T-reg) cells, expressing
receptors for T-cell co-stimulation, signal-2, for blocking orablating T-
cell immune-reactivity, inducing anergy.

Complete tolerance
Transplant between monozygotic twins is an example of complete

tolerance as there is no immune-reactivity between the twins because
of genetic similarities [6]. Acquired complete tolerance was achieved
anecdotally in multiple myeloma cases where, total bone marrow and
lymphoid ablation was obtained by whole body irradiation and
chemotherapy, followed by donor specific bone marrow transfusion to
repopulate the recipients marrow and lymphoid tissue before renal
transplantation-a form of hematological chimera [3]. As the
immunogenic T-cells belong to the renal donor, complete tolerance
was achieved, even though, not in reality yet.
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Prope tolerance
• Pioneered initially by Dr. Calne with use of Campath-1H (Cam

University Path) in clinical organ transplantation, it showed
achieving a partial tolerance where allograft could be maintained
with minimal immunosuppression. Campath-1H is a humanized
Chimeric rabbit Monoclonal Antibody (MAb) against CD52
lymphocyte receptor that is present in all lymphocytes. Two
administrations of 20 mg at 3 months interval, achieve depletion of
lymphocytes for long time, allowing the recipients lymphoid tissue to
repopulate with lymphocytes, naïve to the allograft. Thus achieving
immune tolerance [7]. INTAC, 3C and similar studies showed
promising results for minimizing long-term immunosuppression [8]

• More recently, with newer unique monoclonal antibodies against
receptors for T-cell co-stimulation (CTLA-4, CD28, B7, CD137),
signal-2 co-stimulation is blocked, inducing T-cell anergy. BENEFIT
study used Belatacept, a selective co-stimulation blocker which is a
human fusion protein combining extracellular portion of cytotoxic
T-lymphocyte associated antigen 4 (CTLA-4) with Fc of human
IgG1, to show this prope tolerance in phase 3 trial [9]. Unfortunately
it did not show positive result

Chimeric antigen receptor for T-regulatory (CAR-T) cell
therapy

Most recently research on CAR-T therapy targeting T-reg cells has
been pioneered, aiming to block T-effector cell up-regulation. CAR-T
cell are genetically engineered T-reg cells expressing antigenic
component for CTLA-4 as described above, has shown to block co-
stimulation by blocking CTLA-4 co-stimulatory receptor on the CD-3
T-cells; thus induces T-cell anergy for CD-3, CD-4 and CD-8 T-
lymphocytes. This is an example of induction of tolerance in organ
transplantation. This has been shown to be effective in Skin and islet
cell graft, and has been speculated to be effective in inducing tolerance
in renal and liver allograft [10,11].

Host Factors and Graft Factors that Increases
Alloreactivity Compromising Tolerance

Highly sensitized recipients
Recipients with preformed antibodies against donor antigens

require pre-transplant desensitization to reduce the load of preformed
antibodies in order to have a rejection free or reduced rejection
incident, post-transplant survival [12]. They usually need a higher
immunosuppressive protocol for graft survival. These recipients
sometimes include cases of repeat transplant, multiple blood
transfusion recipients, multigravida, ABO incompatible recipient and
recipient with donor specific antibodies. These recipients show higher
amount of Panel Reactive antibodies (PRA), positive B-cell and T-cell
cross-match [13]. Obviously, they are not the appropriate candidates
for achieving tolerance.

Donor factors
Donor factors that increase the incidences of rejection, and reduced

graft survival with the need for increased immunosuppression, may
not be considered for protocols of tolerance. Because of higher
immunogenic potentials of the donor organ, there would be an
increased and continuous requirement for highly potent
immunosuppressive protocol. This is in addition to the desensitization
protocol, if any, that could be required pre-transplant or immediate

post-transplant. These desensitization protocols include various
combinations of monoclonal or polyclonal anti-lymphocyte antibodies,
IV immunoglobulin, immuno-adsorption technique and
plasmapheresis. Highly immunogenic allograft could include diseased
donor kidney with prolonged cold ischemia time, HLA mismatch, and
ABO incompatible donor kidney [14,15].

Current practice for highly sensitized and highly
immunogenic donor kidney

Protocols for highly sensitized recipients and highly immunogenic
allograft, are available, and practiced in targeted situations. These
protocols aim at reducing the humoral and cellular response to the
grafted organ with an aim to prevent acute rejection episodes, and to
prolong graft half-life with minimal subsequent acute and chronic
rejection process. In most situations they need continued consumption
of maximized highly potent and toxic triple immunosuppressive
therapy. Evidently, the scope of achieving tolerance in this situationis
limited [16].

Paradigm shift to tolerance
Hence paradigm shift from conventional immunosuppression to

tolerance needs to be considered preferably in minimally to normally
sensitized recipients who would be receiving a low risk donor kidney.
The aim of this shift is to achieve a rejection free stable normal
allograft survival with minimal immunosuppression by use of one or
two immunosuppressive medicine at lower dose. This would ensure
minimum drug related toxicity including PTDM, PTLD, chronic
infections, metabolic syndrome and malignancies.

Donor and recipient relationship and selection
Selection for tolerance achievement protocol would require

prioritization to living donation with ABO compatible, better HLA
matching recipients, preferably with closer family relationship.
Matching physiognomic parameters might also be a consideration.
Exclusion of highly sensitized recipients as described above is an
important requirement for this paradigm shift protocol.

Current trials in the prope tolerance
As described above, the protocols of current trials for prope

tolerance, begins with lymphocyte depletion prior to or immediately
with transplantation. INTAC, 3C and similar studies on Campath-1H
showed promising results for minimizing long-term
immunosuppression [7,8]. However, the protocols have not been
generalized for common use in transplantation. Limiting factors are
higher incidences of sepsis and malignancy. This could be anticipated
by the profound B and T lymphocyte depletion induced by
CAMPATH-1H. In addition, newer unique monoclonal antibodies
against TCR CTLA-4, CD28, B7, CD137 (the receptors for T-cell co-
stimulation) that block signal-2, as shown in BENEFIT study with
Belatacept, could produce tolerance by inducing T-cell anergy. As these
studies had limitations, a concrete protocol for this T-cell anergy is also
lacking [9]. Most recent, prope tolerance induction by CAR-T therapy
against TCR is also in infancy for renal transplantation [10,11].

The paradigm shift protocol
The significant point to note at the prologue was the profound

lymphocyte depletion during the six cycles of R-CHOP therapies
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during the course of PTLD treatment. These resulted in neutropenia
and lymphopenia with counts dropping to less than 0.9 × 10(9)/l and
0.5 × 10(9)/l, respectively, necessitating withdrawal of MMF, and
maintaining the graft with a low dose of CyA, and small dose of
Prednisolone, mimicking prope tolerance in Figure 2.

Figure 2: The steps for Paradigm shift protocol for renal allograft.
Pre-transplant: Bone marrow depletion by R-CHOP. Following
transplant surgery: Induction with protocol for low risk
transplanttill stable graft function is achieved. Subsequently:
transition is done to half dose CNI, minimum Prednisolone, and
withdrawal of MMF over 12 weeks, monitoring graft function.

The donor and recipient need to be of low immunologic risk
category as described above. Figure 2 shows the steps as follows:

• Step-1: Pre-transplant R-CHOP Cycles for Bone marrow depletion.
Target neutrophil and lymphocyte counts are 1 × 10(9)/l and 0.5 ×
10(9)/l, respectively. This is to be achieved by use of IV Rituximab
375 mg/m 7 days prior to CHOP regimen, that includes IV
Cyclophosphamide 750 mg/m (day 1), IV Doxorubicin 50 mg/m IV
(day 1), IV Vincristine 1.4 mg/m (day 1) and Prednisolone 50 mg for
5 days from day 3. This cycle to be repeated 3 to 6 times till the
desired lymphocyte depletion is achieved

• Step-2: Induction with protocol of low risk transplant after renal
transplant surgery with Anti CD25 monoclonal antibody along with
CNI, MMF and Prednisolone at standard dose till stable graft
function is achieved

• Step-3: Half dose CNI, minimum Prednisolone and withdrawal of
MMF. This transition is done subsequently over 12 weeks,
monitoring the graft function

The rational of this paradigm shift protocol
The rationale of R-CHOP therapy prior to transplantation is to

achieve predominant B-lymphocyte depletion. Subsequently, the new
B-lymphocytes that are released from bone marrow and lymphoid
tissues are naïve to the renal allograft. As such they would fail to
display humoral rejection to the graft.

The rational of using CNI and MMF during the induction period, is
to target the host and resident T-lymphocytes at the engraftment
period in order to avoid acute cell mediated rejection episodes [17]. As
the host and resident T-lymphocytes get depleted through the use of
CNI and MMF, newer T-lymphocytes are released from bone marrow
and lymphoid tissues that are relatively naïve to the allograft; thus they
take it as self, and also do not mount rejection response.

With this sequential B- and T-lymphocyte depletion during the peri-
transplant period, the host acquires a state of prope tolerance to the
renal allograft as shown at the prologue. This helps to maintain the
renal allograft with low dose dual immunosuppression avoiding

complications of conventional immunosuppressive drugs, both short-
term and long-term.

Epilogue
The short-term and long-term side effects of current

immunosuppressive regimens with more toxic agents, newer
monoclonal antibodies, and desensitization procedures in high risk
recipients and donors, could draw a disastrous epilogue for any
transplant programme. Nonetheless, considering renal transplantation
as the best modality of treatment for dead kidneys, the current
guideline-based immunosuppressive regimens needs to continue for a
sustainable transplant programme. Similarly, need for high-risk
transplant in diseased donor, highly sensitized recipients, HLA
mismatch and ABO incompatible recipients cannot be ignored either,
considering the increased waiting list for transplantation.

However, in low risk donor-recipient relationship, a paradigm shift
protocol as described above can prove applicable as shown in the real
world experience scenario at the prologue. Induction with T-cell
depletion with monoclonal antibodies in low risk group is not yet
protocol, and is associated with increased incidences of sepsis and
malignancies. In addition, B-cells are not ablated with these protocols;
as such, risk of acute and chronic humoral rejection continues with
early culmination of graft life. Rituximab is used in current transplant
patients, but for antibody mediated rejection episodes only.

Conclusion
We present the real world experience scenario as a unique model of

achieving prope tolerance in low risk transplant group requiring a low
dose dual immunosuppression to avoid long term metabolic, septic
and malignant complications. We agree that a prospective large
cohort-based observational study is required for validation of this
RWE paradigm shift protocol for achieving tolerance in low risk renal
allograft.
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