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Abstract

The major issue in kidney transplantation remains the suppression of allograft rejection. Immunosuppressant decrease both donor-specific
responsiveness and the risk of rejection in the months after transplantation and are maintained. The currentimmunosuppressant medications,
although potent against short-time graft complications including acute renal rejection but are still less effective to ensure long-term graft
survival. Also, immunosuppressive medications are associated with cumulative side effects, including increased risks of heart disease,
infection, cancer, and diabetes. The important element is that the response of the host T cells becomes less to donor antigens when antigen
persists, and immunosuppression is maintained. The antigen persistence with inadequate co-stimulation triggers adaptations that limit T-cell
responsiveness. Therefore, the key to successful allograft function is the development of an immunosuppressive medication that suppresses
the target cells, which in turn suppresses the cumulative side effects associated with currently available immunosuppressants.

Regulatory T cells may also be able to control allo immune responses, by analogy with their ability to suppress autoimmunity. The main
goal of immunosuppression is to induce tolerance by preventing allograft loss without the consequences of infection or toxicity and, most
importantly, to achieve a long-term graft result. There are several studies explaining the role of regulatory cells in the prognosis, diagnosis,
and treatment of kidney transplant recipients. While several types of regulatory lymphocyte populations have been described, CD4 T cells
expressing the Foxp3 transcription factor (Foxp3+ Tregs) are the best understood. Foxp3+ Tregs constitute 5 to 10% of peripheral CD4+ T cells
in both mice and humans and are critical for maintaining immune homeostasis. Evidence exists that Tregs expand after peri transplantation
lymphopenia, inhibit graft rejection, and induce and maintain tolerance. Reducing the dosage of currentimmunosuppressants or combination
therapy with the Tregs may eliminate the long term side effects of immunosupressants.
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Introduction post-transplantation have improved dramatically over recent

times, this has not been seen by similarly improved 10-year
The central issue in Kidney transplantation is the suppression  and long-term outcomes [2]. These drugs are nonspecific,
of alloimmune response. Thus, development of immune require lifelong use, favor the development of opportunistic
suppression drug is the key to successful allograft function infections and tumors, directly damage transplanted organs,
[1]. Although short-term graft and patient survival rates and significantly increase cardiovascular morbidity and
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mortality [3,4]. All these complications may necessitate
reduction or even withdrawal of immune suppression that
leads to graft rejection and graft loss. Therefore, the key to
improving immunosuppression after transplantation is to
selectively block the immune responses against the graft
without impeding other protective immune functions or
causing non-specific toxicities [5]. The CD4* CD25"sh FoxP3* T
regulatory cells (Tregs) are immunodominant suppressors in
the immune system. To control immune responses, Tregs act
by various mechanisms. Preclinical data from animal models
have confirmed the huge therapeutic potential of Tregs in
many immune-mediated diseases [6].

Biology and Mechanism of Action of Tregs

Regulatory T cells [CD4 (+) CD25 (+) Foxp3 (+)] are the subset
of T cells, are essential to the balance between pro and anti-
inflammatory responses at mucosal surfaces. There are two
subsets of Treg cells, “natural” Treg (nTreg) cells and “induced”
Treg (iTreg) cells. A distinct lineage of nTreg cells develops in

the thymus, whereas iTreg cells are derived from peripheral
naive conventional T (Tconv) cells (Figure 1). Developing Tregs
are subject to both positive and negative selection processes
during thymic ontogeny, which together creates a repertoire
that is self-major histocompatibility complex (MHC) restricted
(positive selection) but eliminates many auto-reactive T cells
(negative selection) [7]. According to current data, developing
thymocyte with modest affinity for self-peptide plus MHC
are induced to express Foxp3 and differentiate into Tregs
[8]. It is believed that these thymically derived Tregs, called
tTregs (formerly nTregs), and are important for suppressing
the response of auto reactive T cells that escape negative
selection. They may suppress antigen-independently once
activated. Peripheral T cells (nave non-Tregs) can be induced
to become pTregs, another population of Tregs. The inducible
Tregs population is created by stimulating T cells with high
levels of TGF- 3 in vitro [9]. There are other factors that support
Tregs induction, such as vitamin D, retinoic acid, vitamin C, and
inhibition of Phosphatidylinositol-4, 5-bisphosphate 3-kinase
(PI-3 kinase) [10,11].

different cytokines and each separate CD4*T cell subset can be ident
appear to have terminal differentiation, they cannot be considered
development of iTregs.
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Figure 1. Regulatory T cell populations. In the thymus, CD4* T cells and natural Tregs are selected. In the periphery, naive CD4* T cells
can differentiate into several distinct T cell subsets, Th1, Th2, Th17,

regulation and maintenance of their individual functions. Each subset has its own immunological role in vivo. Even though all of these cells

is depicted by the arrows between the cells. In vitro generation of Tregs in the presence of IL-2 and TGF-3 polarizing conditions leads to the

Abbreviations: APC: Antigen Presenting Cells; CD: Cluster of Differentiation; CTLA-4: Cytotoxic T-Lymphocyte-Associated protein 4; FOXP3:

Th: T helper cell; Treg: regulatory T cell: Tconv: naive conventional T cells

and induced Tregs. These differentiation programs are controlled by
ified from their lineage-specific transcription factors responsible for the

committed to one cell fate. Lineage plasticity following differentiation

latory Factor; iTreg: induced Treg; nTreg: natural Treg; pTreg: peripheral
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Tregs mainly act through four major mechanisms to induce
immune suppression. Inhibition of Tregs activation requires
cytokine production, including TGF-B, Interleukin-35 and
interleukin-10. Another mechanism is found in lineages
Type 1 Tregs that secrete Granzyme B (GZB) and perforin
(PRF) which act specifically in myeloid precursors. As a result
of GZB's cytolytic activity, target cells undergo apoptosis
through the caspase pathway [12]. Through gap junctions,
adenosine monophosphate (AMP) inhibits the proliferation
and differentiation of target cells. The Bcl-2 pathway induces
apoptosis in target cells by competing for growth factors,
in particular IL-2 and CD25 expressed by Tregs. Another
mechanism is the contact dependent, mediated by the surface
markers cytotoxic T lymphocyte associated protein 4 (CTLA 4),
and lymphocyte activation gene 3 (LAG 3) which interact with
molecules CD80/86 and MHC Il on the target cells respectively
to regulate the cell function (Figure 2).

Reduced function of pTregs correlated with decreased
expression of CTLA-4, interleukin-10, and transforming
growth factor-, and mediates the loss of immune tolerance
and promotes allograft rejection [32]. The expressions of co-
inhibitory receptors (CTLA-4, PD-1, Tim-3, LAG-3 and TIGIT) on
Tregs and the levels of the relative cytokines (TGF-f and IL-10)
were significantly higher in tacrolimus+MMF therapy patients
than that in tacrolimus monotherapy and control group [33].

Prognostic and Diagnostic Role of Tregs in Renal
Transplantation

Expressed transcription factor by regulatory T (Treg) cells
FoxP3, also known as forkhead box protein P3, is crucial for
regulating host-commensal flora interaction, promoting
tissue healing, and establishing immune tolerance to self-
tissues. Several studies have shown the reduction in the
frequency of Tregs in peripheral blood samples in patients
during the early post-transplantation period [13-15]. The use
of immunosuppressive drugs could be the possible cause of
depletion of Tregs in the early period of post-transplantation
[16]. According to Vondran et al, following Basiliximab
administration, a distinct loss of Tregs cells was observed,
lasting for at least six weeks [17]. Other studies have shown that
the decrease of Tregs during chronic graft failure as compared
to those with stable graft function when monitored up to 12
months post-transplantation [18,19]. Inomata et al. reported
that renal transplant recipients with low Tregs have a higher
risk of acute graft rejection [20]. However few studies have
shown either no change or increase in Tregs in patients with
graft failure [21,22]. In addition, some studies have observed
thatthe measurement of Tregs can predict the clinical outcome
of the patients, whereas the other studies showed contrary
results as measured by multivariate analysis [23]. The size of
the Treg population and regulatory FOXP3 gene expression
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Figure 2. Mechanism of action of regulatory T cells: Tregs cells can utilize four major mechanisms to induce immunosuppression. 1. The
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in the early period after transplantation are associated with
kidney transplant outcome [31]. A recent study by Katyayani
et al. showed that peripheral Tregs% was decreased in early
post-transplant period and during active graft rejection.
Tregs% was stabilizing at 6 months of post-transplant with
normal graft function. The ROC analysis of Tregs% with the risk
of graft rejection showed that AUC was 0.80 [24].

Cell Based Therapies Involving Tregs in Renal
Transplantation

Natural immune regulatory mechanisms using cell based
therapies is the goal in solid organ transplantation. Various
types of T cells have been shown to contribute to transplant
tolerance (Tregs, IL-10 producing Tr1, CD8* 28 T cells, and
anergic T cells) [5]. With the rapidly growing knowledge on
regulatory T cells as mediators of immune homeostasis, there
is now increasing confidence that Tregs can serve as a rational
target for a new generation of immune - modulatory therapy.
The generation of autologous, highly pure nTregs products
is feasible and qualifies patients awaiting or having received
allogenic kidney transplantation for nTregs therapy [25].

Ongoing Clinical Trials Involving Tregs Adoptive
Immunotherapy in Kidney Transplantation

Several clinical trials were published utilizing Tregs
immunoadoptive therapy in solid organ transplantation. Out
of them, few were involved with liver transplantation, and
others involved differing approaches to Tregs therapy in renal
transplantation [26]. Chandran et al. tested the safety and
feasibility of autologous polyclonal Tregs therapy in patients
with sub-clinical inflammation on 6-month surveillance
biopsies. Three renal transplant recipients with 6-month
biopsies demonstrating 5-25% inflammation and no evidence
of rejection received 320 x 10° autologous CD4*CD127"°CD25*
polyclonal Tregs isolated and expanded. Infusion was well-
tolerated and infused Tregs were detectable in the peripheral
blood for 3 months post-infusion [27]. Mathew et al. reported a
phase | trial in which nine alemtuzumab-induced living-donor
renal transplant recipients received 0.5, 1, or 5 X 10° autologous
polyclonal Tregs at day 60 post-transplant and expanded [28].
Tregs infusion was safe. Sirolimus and mycophenolate were
maintained as conventional immunosuppressants. In 2 years
of follow-up, one patient developed sub-clinical rejection,
and two patients developed de novo donor specific antibodies
(DSA), which describe the presence of antibodies specific to
donor’s HLA-Molecules. The ONE study demonstrated that
regulatory cell therapy is achievable and safe in living-donor
kidney transplant recipients, and is associated with fewer
infectious complications, but similar rejection rates in the first
year. Therefore, immune cell therapy is a potentially useful
therapeutic approach in recipients of kidney transplant to
minimize the burden of general immunosuppression [29].
Tang et al. reported that the primary efficacy endpoint was

calcineurin inhibitor dose reduction by 75% with stable liver
function tests for at least 12 weeks. Among 10 individuals
who initiated immunosuppression withdrawal, 1 experienced
rejection before planned donor alloantigen-reactive T
(darTreg) infusion, 5 received darTregS, and 4 were not infused
because of failure to manufacture the minimal infusible dose
of 100 x 10° cells. darT__ infusion was not associated with
adverse events. Two darTreg-infused participants reached the
primary endpoint, but an insufficient number of recipients
were treated for assessing the efficacy of darTregs [301.

Future Perspectives

Despite the better understanding and exponential growth in
the number of studies on Tregs, the biology of these cells is still
complex. The characterization of these cells provide a good
benefit for future studies such as phenotypic modifications
from CD4*CD25* T cells to the CD4* T cells with the highest
expression of CD25* receptors, the discovery of the plasticity
of T cells with possible links between Tregs and Th17 cells,
and the findings around the expression of foxp3 gene and its
epigenetic changes in Tregs must be taken into account when
manufacturing medicinal Tregs. The transfer of Tregs therapy
from a scientific model to the clinic requires cooperation
between scientists, clinicians, and regulatory authorities for
efficacious and safe therapy. Funding support to the scientific
studies including the registration process must be increased.
Academia should also change the attitude towards more
flexible thinking around the studies with cellular therapies [6].

Conclusion

The focus of this commentary are recent studies that advance
ourunderstanding of therole of Tregsin kidney transplantation.
Cells characterized by the CD4* CD25"sh FoxP3* T regulatory
cells (Tregs) phenotype are responsible for maintaining
immune tolerance and suppression of immune responses.
And, during graft rejection in kidney transplantation due to
imbalanced immune homeostasis, Tregs% decreases. Tregs
can selectively block the immune responses against graft
without impeding other protective immune functions or
causing non-specific toxicities. Hence, Tregs can be used to
predict the graft outcome and to diagnose graft rejection.
As a part of cell based therapy, Tregs can be used as adjuvant
therapy with the standard immune suppressants to reduce
the toxic effects of long term use of immune suppressants.
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