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I. INTRODUCTION

As the incidence of chronic renal failure (CRF) rises in the Western world, so does the
need for renal replacement therapy (1). Kidney transplantation is the treatment of choice
in patients who develop end-stage CRF, offering greater survival (2), better quality of
life and lower cost than other renal replacement therapies (3).

A great deal has been achieved since the first successful kidney transplant in 1954.
Originally practiced only in highly selected cases, kidney transplantation is now
performed routinely as treatment of choice in patients with CRF. In fact, short-term
results of kidney transplantation have improved significantly in the last fifteen years,
reaching a graft survival rate of almost 95% during the first year after transplantation

(www.unos.org). The significant progress made in the understanding of the mechanisms

of the immune response has allowed the production of increasingly selective
immunosuppressive drugs aimed at specific targets in the activation of the
immunological response (Figure 1). Among them, we find the calcineurin inhibitors
cyclosporin and tacrolimus and the antiproliferative mycophenolate mofetil developed
in the 1980s and 1990s; the m-TOR inhibitors (mammalian target of rapamycin), and
the new formulations of mycophenolic acid as well as the new monoclonal and
polyclonal antibodies which have been used as induction therapy since the year 2000.
These drugs have allowed a significant reduction in the episodes of acute cellular
rejection, which have fallen from a rate of 30-40% to a current rate between 10-15%.
Nonetheless, the inexorable appearance of chronic graft dysfunction, giving rise to non-
specific histological lesions such as interstitial fibrosis and tubular atrophy, and patient
death essentially due to cardiovascular disease and cancer (both paradoxically related to

the chronic use of these powerful immunosuppressive therapies) have meant that,



contrary to expectations, the long-term survival of the renal graft has not increased in
the last 15 years. In fact, approximately 50-60% of renal grafts are lost around 10 years
after transplantation (4), a situation that has enormous clinical, economic and emotional
consequences for the patient and is immensely costly in terms of social and health
resources as well: for instance, the resumption of dialysis, the return to the waiting list
for retransplantation and the increased risk of death. Therefore, in spite of the
introduction of new immunosuppressive treatment strategies in the last twenty years, no
significant improvement in long-term graft survival has been achieved.

In recent years, increasing support has emerged inside the scientific community for
attempts to prepare or program the immunological system to achieve a state of anti-
donor hypo-responsiveness or tolerance, in order to be able to reduce
immunosuppressive treatment safely — or even, in selected cases, to eliminate it totally.
To achieve this aim, it is vital to have biological markers and immune-monitoring tools
which are sensitive and specific enough to allow us to know the functional state of the

alloimmune response at different stages during renal transplantation.

The immune system is programmed epigenetically to defend the organism from external
pathogens (antigens), but to tolerate or recognize its own antigens. From this
perspective, kidney transplant represents an insult to the immunological system which
will inevitably provoke its activation and response throughout the entire lifetime of the
transplant. The effect of this complex and highly specialized process on the graft will
depend on the degree of activation of the immunological response to the alloantigens
involved.

The advent of chronic graft dysfunction is related to the multiple insults which the

organ continually undergoes and which eventually lead, at the histological level, to the



appearance of non-specific, generalized fibrosis. Classically, all these factors are
categorized according to whether they are related or not with the activation of the
immunological response. On the one hand, among those not directly related to the
activation of the alloimmune response are preexisting lesions of the donor, acute tubular
necrosis, damage due to ischaemia-reperfusion, high blood pressure, vesico-ureteral
reflux and repeated urine infections and damage due to the nephrotoxic effect of the
calcineurin inhibitors (CNI) (5). All these etiologies are clincally identifiable, and
therefore potentially modifiable, in daily clinical practice. On the other hand,
histological lesions may also be produced by the activation of the donor-specific
immune response. All these pathogenic factors combine in the non-specific histological
lesion currently known as interstitial fibrosis and tubular atrophy (IF/TA) (6). However,
this condition may or may not be accompanied by lesions which indirectly suggest a
possible immunological origin of the damage. In fact, certain highly specific structural
lesions such as the appearance of double contours at the level of the glomerular basal
membrane or the multilamination of the tubular basal membrane together with diffuse
deposits of the C4d complement fraction in the peritubular capillaries suggest histologic
damage caused by a humoral immunological mechanism. In contrast, lesions caused by
a cell effector mechanism are few in number or highly unspecific, basically associated

with the presence of mononuclear infiltrates (6).

In current clinical practice, the monitoring of the donor-specific alloimmune response
centers exclusively on the humoral effector mechanism, via the detection of circulating
alloantibodies, mainly against the major histocompatibility complex antigens (HLA
antigens). Paradoxically, however, the T-lymphocyte-mediated effector mechanism,

which is indeed the target of the majority of immunosuppressive drugs, is not evaluated



at any stage of the transplant. The diagnostic study of graft dysfunction, both acute and
chronic, is based essentially on the evaluation of clinical parameters such as renal
function (changes in serum creatinine or glomerular filtrate and proteinuria levels),
plasma though levels of the immunosuppressive drugs, and the histological study of the
graft. Noteworthy, none of these parameters allow us to establish reliably the state of
the donor-specific immune response in a functional and dynamic fashion.

So, the search for sensitive and specific immunological biomarkers that can
dynamically represent the state of the donor-specific alloresponse at different stages of
the transplant is vitally important to the establishment of an individualized therapeutic
strategy in which immunosuppressive treatment can be safely increased or reduced as
appropriate. Currently, many efforts are centered on the development of new
approaches which allow the prediction of the post-transplant graft evolution and which
identify the main factors that trigger the dysfunction. Among them are the specific
characterization of circulating antibodies in peripheral blood using various diagnostic
techniques (7) and the use of soluble or cell surface markers (both proteins and genes)
in peripheral blood and urine (8). More recently, several groups have researched certain
genetic profiles and/or patterns of protein expression at different biological levels
(blood, urine and even in the graft tissue) as markers of histological damage of
immunological or non-immunological origin (9, 10). Nonetheless, due to the technical
and methodological complexity of these new approaches and the low number of patients
evaluated, most of them are still at the research stage and are not yet used in daily

clinical practice.

Achieving a state of immunological tolerance or hyporesponsiveness is considered

classically as the preservation of graft function over time without concomitant



immunosuppressive treatment. Unlike the kidney, heart, gut and pancreas, liver
transplant seems to be immunologically privileged, as is suggested by the survival
analysis and the very low incidence of rejection episodes which, in addition, have a very
limited influence on graft evolution (11, 12). This difference in immunological
tolerance seems due, above all, to the different degrees of immunogenicity of the tissues
due to the presence of cells with a high expression of HLA molecules and also, due to
their antigen-presenting capacities (13, 14).

Achieving a state of tolerance of a renal graft is currently possible, as has been shown
by several experimental models in rodents and larger mammals such as pigs, dogs and
non-human primates (15-21). For this reason, it appears that avoiding graft rejection
without maintenance immunosuppressive treatment is not biologicaly impossible.
Nonetheless, in humans the achievement of graft tolerance has been proven in only a
very small number of patients (<1%). Moreover, as well as rare, it is unpredictable,
although recent data suggest that it may be predicted by particular gene profiles (22). In
fact, the achievement of a tolerogenic state has been shown to be driven by a wide
variety of immunological processes acting simultaneously, among them modulations in
the frequency of effector cell precursors, the efficiency of the antigen presentation, the
activation threshold of effector cells, the alteration in the cell traffic and the appearance
of mechanisms that regulate the immunological response. Therefore, precise knowledge
and monitoring of the mechanisms of the alloimmune response would help to identify

patients with immunological profiles that predispose to better or worse graft acceptance.



Mechanisms of the alloimmune response

The alloimmune response is initiated via T lymphocyte antigen recognition through the
HLA molecules of the major histocompatibility complex on professional antigen-
presenting cells (APC). This antigen recognition is performed through two different
pathways: a direct pathway, in which the recipient’s T lymphocytes recognize the
allopeptides on the donor’s professional APC, and through an indirect pathway, in
which the recipient’s T lymphocytes recognize the allopeptides on the recipient’s APC
after they have been processed and presented on the cell surface along with the class II
HLA molecules. The type of antigen presentation that occurs will have a key role in the
subsequent immunological response: the direct pathway is associated with a stronger
and faster immunological response, but the indirect pathway has more long-term
implications due to the absence of the donor’s professional APC, thus producing a
longlasting immunological response that endures over time (23). Nonetheless, recent
studies suggest that both antigen presentation pathways may persist and be involved in
the development of the IF/TA in the graft in the long term. Herrera et al. (24) showed
that the recipient’s dendritic cells, when co-cultured with allogenic dendritic cells or
even endothelial cells, are able to acquire substantial levels of donor class I and II
MHC-peptide complexes and then migrate to lymph nodes and prime T cells by both
allorecognition pathways. This is type of antigen allorecognition is called third or semi-
direct pathway (figure 2).

Once antigen recognition has taken place, the effector mechanisms of the
immunological response are activated. These highly specialized mechanisms vary
according to the local cytokine milieu generated after specific antigen recognition, and
according to the biological origin of the APC and the types of specialized cell

subpopulation present. The classical paradigm of the effector mechanisms of the



alloimmune response is determined by the differentiation of the CD4+ T lymphocyte
into a cellular pathway (Th1) or a humoral pathway (Th2) (25). In the first case, the Thl
effector response activates the T lymphocytes, converting them into the main effector
cells producing proinflammatory cytokines such as interferon-gamma (IFN-y) and
perforins. In the second case, the Th2 effector pathway activates the B lymphocytes
causing a humoral response or a response mediated by antigen-specific antibodies via
B-cell differentiation in plasma cells.

It is well known that in order to achieve full activation of naive CD4+ T lymphocytes
(LTnaive) and subsequently proliferate, expand clonally and exert an effector response,
three stimulatory signals must be generated. The first one is produced after the
alloantigen recognition by the T cell receptor (TCR) through HLA molecules on the
professional APC. The second one is produced by costimulatory molecules between the
T lymphocytes and the APC: the most characterized are the CD28 and CD154 (CD40
Ligand) surface receptors and the B7 (CD80/CD86) and CD40 complexes. This second
signal is produced exclusively by professional APCs. The absence of this second signal
makes the lymphocytes anergic and induces their programmed death, or apoptosis. Once
the signal of antigen recognition has been received via the TCR, it induces the
appearance of cytokine receptors and other growth factors on the cell surface which
allow the clonal expansion of both cytotoxic and helper antigen-specific T
lymphocytes. The cytokine with the best known effect is IL-2, which interacts via its
receptor (IL-2R or CD25). This interaction is known as the third signal of T-cell
activation.

Apart from these classical effector responses that result in graft rejection, the
appearance of a suppressor or tolerogenic response (Th3) mediated by a subpopulation

of lymphocytes known as regulatory T cells (Treg), seems to be taking on an



increasingly important role in the induction and maintenance of antigen-specific
tolerance. Under certain highly specific biologically favorable conditions, this cell
subpopulation is able to suppress or inhibit both cellular and humoral effector responses
and promotes graft acceptance over time (26-30).

Recently (31), another T lymphocyte subset population has been described: CD4+ (Th17),
which appear in a highly specific environment rich in IL-23, TGF-f and IL-6. This T-cell
subset population, which produces proinflammatory cytokines sucha as IL-17, IL-22 and
TNF-a, is responsible for inducing a variety of autoimmune disorders and seems to play an
important role in the development of episodes of acute rejection by inducing
granulopoiesis, and its migration towards inflamatory tissues, above all in situations in
which the Th-1 IFN-y response is inhibited. In addition, this pathway seems to have the

opposite effect to the generation of Tregs in the presence of IL-6 (figure 3).



Memory/effector T-cell immune response

Inside the T lymphocyte population we also find the memory/effector T lymphocytes
(LTm). This T-cell subset population plays a key role in the development of the antigen-
specific alloresponse which leads to both acute and chronic rejection of the renal graft.
After a second exposure to the same antigen, this T-cell subset population produces a
much faster, more vigorous and effective response than that produced by the LTnaive
subpopulation. The highly specific biological characteristics of the LTm provide the
organism with highly beneficial protection against pathogens. However, in the
transplant setting, the presence of these LTm primed specifically against donor antigens
is potentially harmful. Nonetheless, the impact of this lymphocyte subpopulation in the
area of transplantation has been underestimated; it has only recently been recognized
that controlling the response triggered by this T-cell subpopulation is considerably more
difficult than controlling the LTnaive subset.

Oustandingly, the biological profile of this T-cell subpopulation makes them
particularly effective. These cells have a specific localization, either in the lymphatic
tissues (in the case of central LTm) or circulating on the periphery (peripheral or
effector LTm). In addition, this antigen-specific T-cell subpopulation has less need of
the second signal of costimulation for its complete activation. These cells have also
been shown to exhibit a different kinetic action: rapid secretion of cytotoxic cytokines
such as IFN-y, rapid proliferative capacity, greater response to a lower dose of antigen
exposure and a direct cytolytic effect (32, 33). Most importantly, unlike LTnaive cells,
LTm cells have the capacity to lyse cells directly after the new antigen recognition
without the need to differentiate or proliferate clonally (34). Moreover, LTm can be
activated and differentiated into cytotoxic effector cells by non-professional antigen-

presenting cells such as endothelial cells (35), a fact that makes them even more



dangerous (table 1). With the appearance of new immunosuppressive drugs, the clinical
importance of this cell subpopulation has increased significantly given the reports of
their greater resistance to specific immunosuppressants: some studies suggest that
calcineurin-inhibitors, especially tacrolimus, exert a greater inhibitory effect on LTm, in
terms of both proliferation and cytokine secretion, than the mTOR-inhibitors,
mycophenolic acid and azathioprin (36).

It is known that this T-cell subpopulation is generated after a first exposure to
alloantigens. In the case of transplantation, its presence is to be expected in patients
with prior blood polytransfusions (37), a history of pregnancy (38), previous transplants
(39), cross-reaction with viral or bacterial antigens (heterologous immunity) and even
the time on hemodialysis implies a greater risk of cell sensitization. Therfore, its
presence is implicitly associated with a higher risk of acute rejection and poorer renal
graft function, (40).

This specific T-cell compartment has been studied with a range of monitoring
techniques, primarily tests of cytotoxic T cell precursors using limiting dilution analysis
(LDA) (41), detection of secreted cytokines with flow cytometry (42, 43) or the Trans-
vivo analysis of human delayed-type hypersensitivity (44). However, all these
techniques are very laborious and have demonstrated little sensitivity and
reproducibility for immune-monitoring this lymphocyte subpopulation.

One of the most sensitive and precise techniques for functional monitoring of the
antigen-specific effector/memory T-cells is the Elispot IFN-y immunoassay (45). This
technique detects the frequency of IFN-y secretion of each stimulated cell in a short-
term mixed lymphocyte culture (20-22 hours). Using a high resolution image analysis
program, the number of spots (IFN-y) secreted is counted and compared with the

number of stimulated cells specific for the antigens exposed in the mixed cell culture.



In kidney transplantation, the monitoring of this lymphocyte subpopulation using the
Elispot IFN-y technique has been performed mainly in the initial stage of the transplant.
The presence pre-transplantation of high frequences of donor-specific IFN-y producing
T cells circulating in peripheral blood, activated by the direct antigen presentation
pathway, has been associated with a higher risk of acute cellular rejection post-
transplant. In addition, their detection during the first weeks of the transplant has also
been associated with a poorer graft function after six months (46, 47). Interestingly, the
presence of these highly alloreactive LTm does not always correlate with the degree of
humoral sensitization, suggesting a certain independence of action between the cellular
effector mechanisms activated by the direct antigen presentation pathway and the
humoral effector mechanisms (48, 49).

So, it appears that this memory/effector T-cell subset population, evaluated using the
Elispot technique, may be a relatively sensitive biomarker for monitoring the degree of

donor-specific cellular alloreactivity in kidney transplantation.



Regulatory T cell immune response

Challenging the classical effector paradigm of the lymphocyte effector response
Th1/Th2/Th17 described above, the immune system also contains a suppressor T
lymphocyte subpopulation named regulatory T cells (Treg). This lymphocyte
subpopulation (Treg) has a suppressive capacity; it is able to control or inhibit immune
effector responses to specific antigens and is therefore a mechanism of self-regulation,
facilitating the induction of central and peripheral tolerance. In recent years this
lymphocyte subpopulation has acquired growing importance in the field of auto and
alloimmunity. In fact, we know that the immune system in normal conditions produces
this type of regulatory lymphocyte subpopulation endogenously, as a cell constituent of
its own.

Tregs have a highly specialized function in suppressing the immunological response; in
fact, alterations in the number and function of these cells have been shown to trigger
autoimmune or inflammatory diseases in both animals and humans (50). Tregs play a
crucial role in multiple immunological scenarios: in the prevention of processes of an
autoimmune origin such as diabetes type 1 (51, 52) and immunoinflammatory processes
(53), regulating the immune response to viral and parasitary infections (54, 55), in the
maintenance of materno-fetal tolerance (56) and inhibiting anti-tumoral immunity (57).
Specifically in the field of transplantation, the role of this T-cell subpopulation is
attracting interest, since they appear to be able to induce and maintain a state of antigen-
specific hyporesponse (58).

Though a number of cell lineages have been reported for Tregs, the best known are the
ones that express the "master gene" that identifies them: the intranuclear transcription
factor forkhead boxp3 (FoxP3). In fact, in humans and mice all known cells with

regulatory activity contain non-mutated versions of this gene (59). Nonetheless, in



humans some cells without regulatory capacity may be able to express this gene
transitorily after being activated through antigen recognition by the TCR (60).

Tregs can be divided into two main subpopulations; the more numerous, and the better
known, are the ones that are formed naturally in the thymus and enter the peripheral
circulation in the form of mature functional cells ("naturally occurring"
CD4+CD25+FoxP3+ Treg or nTregs) (61, 62) and the CD4+ Tregs induced on the
periphery from lymphocyte precursors CD4+CD25- or expanded from the lymphocyte
subpopulation CD4+CD25+ thanks to the effect of certain soluble factors such as TGF-
B or IL-10 (63, 64). The differentiation of the T lymphocyte into this regulatory
functional phenotype depends on the different factors that are produced after the antigen
recognition by the T cell receptor: the local cytokine milieu, the origin of the APC and
the presence of pre-existing Tregs. Furthermore, this cell subpopulation may express
other molecules such as the GITR (glucocorticoid-induced TNFR family related gene),
CTLA-4 (cytotoxic T lymphocyte antigen) and a low amount of CD127. However, the
essential factor for the maintenance of the regulatory/suppressive effect of this
lymphocyte subpopulation is the expression of the transcription factor FoxP3 which is
maintained due to persistent and constant antigen exposure. One of the most important
characteristics of these cells is their antigen specificity (65). This phenomenon is
essential for inducing a state of antigen-specific tolerance.

These suppressive properties with such selective antigen specificity make this cell
subpopulation particularly attractive, not only as a biomarker of a pro-tolerogenic
immunological state but also for use in the future as a potential immunosuppressive
agent in transplantation. In fact, in murine models of skin and heart transplantation, the

administration of Tregs previously sensitized against donor antigens via direct and



indirect antigen presentation pathways has proved able to prevent both acute and
chronic graft rejection (66).

In kidney transplant, high levels of mRNA-FoxP3 in urine during episodes of acute
rejection have proved to be a favorable marker for the reversibility of the rejection
episode and graft survival, indirectly suggesting that this cell subpopulation exerts a
protective role infiltrating the renal graft and thus promoting immunological acceptance
(67). In fact, various experimental studies of skin, heart and kidney transplantation have
shown the positive role of cellular infiltrates with Tregs in the graft for graft acceptance
(68-70). These findings suggest that not all lymphocyte infiltrates in the graft have the
same biological significance.

The differentiation between pro-inflammatory and pro-tolerogenic cellular infiltrates
acquires special relevance in the histopathological entity known as subclinical acute
rejection. This entity is defined as the presence of exactly the same histological patterns
as those observed during episodes of clinical acute rejection, but in patients with stable
renal function. The prognostic significance of subclinical acute rejection is
controversial, especially with regard to the analysis of the effect of treatment of these
infiltrates (71-73). Therefore, differentiating between these protective or inflammatory
infiltrates would theoretically allow the establishment of different therapeutic strategies
in each case.

Interestingly, some immunosuppressive agents also seem to exert a different effect on
this T-cell subpopulation. CNI drugs, because of calcineurin’s inhibitory effect on the
synthesis of IL-2, inhibit the formation and expansion of these cells. The lack of IL 2
impedes the overexpression of its receptor (CD25), a key factor for the survival of the
Tregs both in vitro (74) and in vivo (75). In contrast, although m-TOR inhibitory drugs

inhibit the transducer signal from the bond of IL-2 to its receptor, have the capacity to



expand and maintain this cell subpopulation in peripheral blood, probably because this
inhibition is restricted exclusively to the activated effector lymphocyte subpopulation
(76). In the same way, polyclonal anti-lymphocyte antibodies such as r-ATG (rabbit anti
thymocyte globulin) have favorable properties as they permit the induction and
expansion in vitro of functional Tregs in the peripheral blood, basically via the

conversion of T lymphocytes CD4+CD25- to CD4+CD25"" in the periphery (77).

Therefore, the functional examination of this lymphocyte subset population in kidney
transplantation may also help to identify patients who are most likely to accept the graft

and in whom immunosuppressive treatment could therefore be safely minimized.



II. HYPOTHESIS

The hypothesis of this doctoral thesis is that the immune-monitoring of the donor-
specific memory/effector T-cell and FoxP3+ regulatory T cell subset populations in
kidney transplantation could be useful biomarkers of the anti-donor alloimmune
response and thus be related to the graft function and to the histological damage of the
graft, both in protolerogenic protocols as well as during the follow up of all kidney

transplanted patients.



I1II. OBJECTIVES

1. The first objective of this thesis is to evaluate whether immune-monitoring of donor-
specific memory/effector t cells circulating in peripheral blood and activated by the two
alloantigen presenting pathways (direct and indirect) using the IFN-y Elispot assay in
longlasting kidney transplant patients (at least for more than 2 years), is a reliable

biomarker to discriminate those patients with immune-mediated graft dysfunction.

2. The second objective of this work is to evaluate if the presence of regulatory T cells
(CD4+CD25+FoxP3+) within cellular graft infiltrates in patients with the diagnoses of
subclinical acute rejection at 6 month after the transplant, is a reliable biomarker to

differenciate harmful from protective cellular graft infiltrates.

3. The third objective is to assess the immune mechanisms by which through an
immunosuppressive strategy with immunomodulatory properties based in T-cell
depletion using low doses of thymoglobulin and maintenance immunosuppression with
sirolimus and mofetil mycophenolate, avoiding steroids and calcineurin-inhibitors, is
able to induce a donor-specific hyporesponsiveness state after transplantation. In order
to achieve this goal, an accurate monitoring of the main effector anti-donor alloimmune
responses at different time-points after the transplant is carried out; the cellular
alloresponse using the IFN-y Elispot assay, the humoral alloresponse assessing the
presence of circulating donor-specific alloantibodies (DSA) and presence of C4d at the
level of the pertubular capilaries in the graft and lastly, the regulatory alloresponse
evaluating the presence and functional behaviour of the FoxP3+Tregs both in peripheral

blood and directly in the graft.



IV. STUDIES




















































































V. RESULTS

Study 1.
Circulating alloreactive T cells correlate with graft function in longstanding renal

transplant recipients.

J Am Soc Nephrol. Jul; 19(7):1419-1429, 2008.

In 34 patients with kidney transplant of more than two year’s evolution, the presence of
donor-specific memory/effector T cells circulating in peripheral blood activated by both
antigen presentation pathways (direct and indirect) was evaluated using IFN-y ELIspot
assay. Their presence or absence was correlated with the respective clinical evolution of
each patient. The presence of circulating donor-specific alloantibodies was also
evaluated in all patients selected.

The direct antigen presentation pathway was performed in vitro using donor antigen-
presenting cells present in peripheral blood. In contrast, the indirect pathway was
mimicked in vitro using allopeptides of the respective donors obtained by mechanical
fragmentation of mononuclear peripheral cells. Compared with other methods, which
use specific peptides of the HLA system, this technique obtains a much more accurate

antigen profile of the donor, as the whole of the alloantigen spectrum is present.

Clinical variables:

- Patients with an episode of acute cellular rejection (n=16) presented a significantly
poorer renal function than those without (n=18; serum creatinine 21.+1 versus 1.5+0.4
mg/dL; p=0.007). Furthermore, patients with episodes of late acute rejection (>3

months, n=12) also had significantly poorer renal function than the rest (serum



creatinine 22.4£2.2 versus 1.5£0.5 mg/dL; p=0.0019). Those with more than one episode
of acute rejection (n = 10) showed a trend towards worse serum creatinine (2.1£1.2
versus 1.6£0.5 p=0.051) than the rest (n = 24), (table 2 in the article).

In the univariate analysis, no clinical variables such as the donor-recipient age, sex, time
since transplant, the number of donor-receptor HLA mismatches and the different type
of immunosuppressive treatment predicted renal function (either serum -creatinine,

glomerular filtration rate (GFR) or proteinuria).

Immunological monitoring:

- First, we checked the validity of the technique for reproducing the indirect antigen
presentation pathway in vitro (figure 7 in the article). After performing a mixed culture
for six days of T lymphocytes from a healthy individual and allopeptides obtained from
the mechanical fragmentation of the membrane proteins of antigen-presenting cells from
another healthy individual with complete HLA class I and II missmatch (A, B and DR)
(checking for the presence of HLA molecules in supernatants using Western-blot), the T
lymphocytes were again extracted from the culture and exposed to the same allopeptides
from the same individual to assess the degree of memory immune response. This
memory lymphocyte line presented large-scale T cell proliferation (basically at the
expense of the CD4+ T-cell subset population) and cytokine secretion of IFN-y after
being restimulated with the same allopeptides with which they had been previously
primed.

- Thirty-four patients were evaluated by the direct antigen presentation pathway, and 33
by the indirect pathway. In 20/34 (58%) patients had detectable direct Elispot
frequencies. Regarding the indirect pathway, 20/33 (60%) of patients had positive

Elispot responses. The degree of response differed considerably between the two



presentation pathways: the direct frequencies were approximately three times higher
than the indirect frequencies (figure 1 in the article). Though 14 patients presented
memory alloreactivity via both pathways and eight presented no alloresponse of any

kind, no relationship was found between the two pathways in the univariate analysis.

1. Direct pathway (DP)

- The direct pathway was correlated positively with serum creatinine and inversely with
the GFR (r=0.551, p=0.001 and r=-0.34, p=0.042, respectively). No correlation was
found between the direct pathway and the presence of proteinuria (estimated
semiquantitatively), (figure 2 in the article).

- The patients with more than one episode of acute rejection and those with episodes of
late acute rejection (>3m) had significantly higher direct frequencies (figure 2 B in the
article).

- Fourteen out of 34 patients (41.2%) were donor-specific hyporesponders by the direct
pathway. They presented a significantly better GFR than donor-specific non-
hyporesponders (59.7 + 17 versus 41.2 £ 16 ml/min; p=0.006), (figure 3 in the article).
In addition, the higher the number of HLA mismatches (A, B and DR) between
recipient and the donor, the higher the number of donor-specific IFN-gamma

frequencies were detected (figure 4 in the article).

2. Indirect pathway (IP)
- This pathway was not correlated with the renal function or with history of acute
rejection, but it was correlated with the presence of proteinuria. In fact, the presence of

proteinuria was significantly associated with a high level of indirect alloreactivity (29.2



+ 24.3 versus 12.3 + 38.1 spots in patients with and without proteinuria respectively;
p=0.022), (figure 5 in the article).

- Unlike the direct pathway, the presence of indirect alloreactivity was correlated
positively with time after transplantation; that is, the longer the time after transplant, the

higher the indirect pathway alloreactivity (r=0.351, p=0.045), (figure 5 B in the article).

3. Global cellular alloreactivity

- Forty-two per cent of the patients studied had positive responses of donor-specific
alloreactive memory/effector T cells in both pathways (DP+/IP+), 24% presented no
sign of alloreactivity in either pathway (DP-/IP-), 15.1% were positive only in the direct
pathway (DP+/IP-) and 18% presented alloreactivity only in the indirect pathway (DP-
/TP+).

- Highly alloreactive patients in both pathways presented significantly worse serum
creatinine than those with alloreactivity undetected in either pathway and those with
only indirect alloreactivity (2.1£1 versus 1.1£0.3 mg/dL; p=0.004 and 2.1+l versus
1.3+0.3 mg/dL; p=0.023). Patients with direct alloreactivity only, presented no
differences in renal function with respect to those with high alloreactivity by both

pathways (figure 6 in the article).

4. Humoral alloreactivity
- Only one patient (with indirect alloreactivity) presented circulating donor-specific

alloantibodies after the transplant.



Multivariate analysis

In the multivariate analysis, all the variables that had been associated with renal
function (serum creatinine) and presence of proteinuria in the univariate analysis were
studied (table 3 in the article). In all of them, only the achievment of a state of
hyporesponse by the direct pathway was independently correlated with renal function (8
coefficient =-0.505, p=0.003). With regard to the presence of proteinuria, indirect

alloreactivity was the only variable that correlated independently (RR=1.047, p=0.04).



Study 2.
Presence of FoxP3+ regulatory T cells predicts outcome of subclinical rejection of

renal allografts.

J Am Soc Nephrol. Oct; 19(10):2020-2026, 2008.

In 37 patients who had received a kidney transplant and diagnosed with subclinical
acute rejection by protocol biopsy six months post-transplantation (stable renal function
defined as variability of <15% of the renal function in the two weeks before and after
the biopsy and histological signs of borderline changes and/or tubular-interstitial acute
rejection Banff grade >1), we determined the presence of Tregs FoxP3+ cells among the
cellular infiltrates, their proportion among the rest of the T-cell subset population
(CD4+, CD8+ and CD25+), and its impact on the clinical evolution of these patients.

- Of the 37 patients, twelve (32.5%) presented no evidence of Tregs among the cellular
infiltrates, whereas 25 (67.5%) did present Tregs. Most of these cells were
CD4+CD25+. The percentage of Tregs in the global lymphocyte T population
(Treg/CD3+) varied from 0.7% to 52%.

- A history of induction therapy with a T-cell depleting agent (thymoglobulin) and
maintenance immunosuppression with sirolimus were the only clinical variables
significantly associated with the presence of Tregs among the tubular-interstitial
infiltrates (table 2 in the article). In addition, only the immunosuppressive combination
of thymoglobulin and sirolimus (rATG+SRL) was significantly associated with the
presence of Tregs in the infiltrates. In contrast, patients who were receiving calcineurin-
inhibitors (CNI) or who had not received induction therapy presented significantly

lower infiltration by this T-cell subset population.



- No clinical or demographic variables were associated with the presence of this Treg
population. Nor were history of acute rejection, renal function/proteinuria, acute or
chronic scores of the Banff classification in the different renal histology compartments
nor the types of lymphocyte aggregates (nodular or diffuse) associated with the presence
of Tregs cells among the infiltrates.

- Patients with Tregs cells among the cellular infiltrates presented a better evolution of
the renal function (serum creatinine and GFR) at two and at three years after the
transplant than those without (figures 2 and 2 B in the article). In addition, the
percentage of Tregs/CD3+ among the infiltrates was correlated positively with the GFR
two years after transplant (r=0.36, p=0.03), (figure 2C in the article). Interestingly,
analysing the proportion of Tregs with regard to the total lymphocyte infiltrate (CD3+),
the patients with lower degrees of chronic lesion (Banff tubular-interstitial scores <2)
were the ones with a highest proportion of Tregs (14.2+16.2 versus 8.3+8.1%, p=0.035).
- Patients receiving SRL presented a significantly better renal function than those
receiving CNI two and three years after transplant (GF 78.3+21 versus 55.1£18.2
ml/min [p=0.003] and 89.7+11 versus 56.1+18.2 ml/min [p=0.003] respectively),
(figure 3 in the article). Nonetheless, analysing the impact of Tregs exclusively among
patients treated with CNI, the patients with presence of Tregs among the infiltrates also
presented a significantly better renal function two and three years after kidney transplant
(GFR 63%17.1 versus 44.5+£5 ml/min [p=0.02] and 62420 versus 52.3£16.6 ml/min
[p=0.04], respectively), (figure 3 B in the article).

- In the Kaplan-Meyer analysis, considering patients with GFR < 40ml/min (obtained
with ROC curve analysis), as event variable, patients with Tregs among the infiltrates
had a significantly lower risk of reaching this GFR level during follow-up than those

without Tregs. Immediately afterwards, both in the univariate and multivariate analysis,



serum creatinine six months post-transplant and the presence of Tregs in the infiltrates
were the only independent variables that predicted maintenance of a GFR > 40ml/min

(figure 4 in the article).



Study 3.
Achieving donor-specific hyporesponsiveness is associated with FoxP3+ regulatory
T cell recruitment in human renal allograft infiltrates.

J Immunol. Oct; 179(7):4901-4909, 2007.

Twenty renal transplant patients with low immunological risk were administered a CNI
and steroid-free immunosuppressive regimen, based on induction therapy with low
doses of thymoglobulin and maintenance treatment with sirolimus (SRL) and
mycophenolate mofetil (MMF). During the first two years post-transplant the cellular
and humoral donor-specific immune responses in peripheral blood were evaluated, as
well as the evolution of the different lymphocyte subset populations and the degree of
cell apoptosis. Histological damage was studied in protocol biopsies performed six
months after the transplant; in all of them, phenotypical characterization of the cellular

infiltrates was also performed.

A. Clinical variables

- The mean follow-up period was 34 months (range: 21-47 months). The survival rates
of patient and graft were 95 and 85% respectively. The incidence of biopsy-proven
acute rejection (BPAR) was 35% (12/20); three (15%) were diagnosed as borderline
changes (table II in the article). All the rejections were sensitive to steroids. At the end
of follow-up, there were no statistically significant differences with regard to renal
function or levels of proteinuria between patients with and without BPAR (figure 1 in
the article).

- After 34 months of follow-up, 70% of the patients remained CNI-free and 35%

steroid-free. Two patients were on SRL monotherapy.



- One patient presented viremia due to cytomegalovirus and was treated with
gancyclovir without further complications. Another developed a testicular seminoma 27
months after transplantation, which was controlled by chemotherapy with excellent
clinical response. One patient on CNI died due to an extrahospital pneumonia 42

months post-transplantation.

B. Immunological monitoring in peripheral blood

1. Lymphocyte subpopulations and cell apoptosis

- After transplantation there was a significant depletion in all the lymphocyte
subpopulations (T, B and Natural Killer) during the first two months, which recovered
slowly but steadily. Two years post-transplantation, the total T lymphocyte count
(CD3+) and the CD4+ subset were still significantly below baseline levels. In contrast,
the total number of CD8+, CD19+ and CD56+ had recovered (figure 2 in the article).

- After the transplant, the only lymphocyte subpopulation which increased significantly

with respect to baseline was the CD4+CD25+"¢"

. After two years, the patients who had
reached a state of cellular donor-specific hypo-response presented a significantly greater
presence of Tregs (CD4+CD25+""FoxP3+) in peripheral blood (55+9% versus
28+13%, p=0.005) than the others. This finding was associated with the maintenance of
immunosuppressive treatment with SRL (48+11% versus 38+13%, p=0.005), (figure 4
in the article).

- After the profound initial lymphocyte depletion, on day 5 post-transplantation a peak

of apoptosis was found, and restricted to the activated subpopulation CD8+ (HLA

DR+), (figure 3 in the article).



2. Cellular alloreactivity monitoring (Elispot IFN-y)

- The presence of high donor-specific alloreactivity pre-transplantation was associated
with a greater incidence of acute rejection (p=0.02) (figure 5 in the article). During the
first six months after transplantation a generalized hypo-response was produced in most
patients. Six months after transplantation, nine patients acquired a state of donor-
specific hypo-response and this immunological state was maintained until two years
after transplantation (figure 6 in the article).

- Patients who were donor-specific hyporesponders six months after transplantation
presented a significantly better renal function than non-hyporesponders; at 24 months a
trend towards statistical significance remained (figure 7 in the article).

- In order to confirm that this immune state of donor-specific hypo-response was
achieved thanks to the donor-specific suppressive effect of the Tregs in these patients,

high cells

the functional tests were repeated in vitro, this time removing the CD4+CD25+
from the mixed culture by means of cell-sorting (figure 8 in the article). The depletion
of the CD4+CD25+"" population in patients with donor-specific hyporesponse caused
a recovery of the cellular alloresponse. In contrast, the depletion of this T cell
subpopulation in responders caused a state of hypo-response, suggesting that in this
patient subgroup, these CD4+CD25+"8" cells were not Tregs but activated T
lymphocytes. The anti-specific nature of the suppressive effect of this Treg
subpopulation was antigen-specific as confirmed by the appearance of immune

suppression only when these cells were added to an allogenic mixed culture with the

presence of donor cells to which these Tregs had been exposed previously.



3. Monitoring of the humoral alloresponse
- None of the 20 patients presented circulating donor-specific antibodies in the year
after the transplant, and none presented C4d deposits at the level of the peritubular

capillaries in the protocol biopsies.

C. Histological analysis in protocol biopsies after 6 months

- Patients who had reached the state of donor-specific hypo-response presented a lower
degree of chronic lesion in the histological study. In contrast, patients with a higher
degree of chronic histological damage (Banff>la) had not achieved this immune
privilege status (table IV in the article).

- Among the cellular infiltrates in the tubules and interstitium, the presence of Tregs
among the global T lymphocyte population (CD3+) was significantly greater in donor-
specific hyporesponders than in non-hyporesponders (figure 9 in the article).

- None of these patients presented C4d deposits in the peritubular capillaries in the

respective protocol biopsies.



VI. DISCUSSION

The donor-specific alloimmune response is present in varying degrees of activation in
each individual in the different periods of the transplant. In fact, the acceptance or
rejection of the renal graft will depend on whether it is the effector or the regulatory
mechanisms of the alloimmune response that predominate. This study has analysed new
biological markers that can identify the dominant immune state in the renal transplant
patient at the different stages of transplant development and has explored the extent to
which certain immunosuppressive strategies are able to modulate this immunological
response to the renal graft.

Here, it is shown how the functional monitoring of two lymphocyte subpopulations, the
highly alloreactive IFN-y-secreting effector/memory T lymphocytes and the regulatory
T lymphocytes expressing the intranuclear transcription factor FoxP3+, both with very
specific immunological functions, seem to be useful immunological biomarkers of
rejection or acceptance of the kidney transplant.

To date, the evaluation in vitro of the degree of donor-specific immunological
alloresponse in the transplant has mainly been performed using techniques of cellular
proliferation and cytotoxic precursors to measure naive and memory lymphocyte
populations at the same time. Here, in contrast, we show that the antigen-specific
effector/memory T cell alloresponse can be accurately measured at different stages in
the development of the transplant using the IFN-y ELIspot assay, which shows an
excellent correlation with the functional evolution of the kidney graft. Recent studies
have explored whether the cellular alloresponse during the different stages of the
transplant should be monitored by studying independently the different T-lymphocyte

subpopulations activated via the two antigen presentation pathways currently known,



the direct and the indirect pathways (78-80). In this study we show that with the IFN-y
ELIspot assay it is possible to accurately mimic in vitro the degree of teh anti-donor
alloreactivity of the effector/memory T-lymphocyte subpopulations activated by the two
antigen presentation pathways. What is more, in contrast to previous studies which
monitored direct and indirect cellular alloreactivity simultaneously in renal transplant
patients (78), here, for the first time, we use allogenic fragments of donor cells instead
of allogenic synthetic peptides in order to cover the whole spectrum of epitopes present
in the respective donors. The advantage of this method is that it provides a more
accurate in vitro reproduction of the real situation, as it includes all the repertoire of

epitopes, including also the minor MHC/HLA complex missmatches.

Interestingly, this study shows that the presence of donor-specific memory/effector T
cells primed by the direct pathway, both before and after transplantation, can be
detected in a large number of patients, and that these cells appear to play a key role in
both acute and chronic graft dysfunction. On the one hand, the detection of this T-cell
subpopulation before the transplant indicates a prior T lymphocyte allosensitization to
donor antigens, which is associated with a higher risk of acute cellular rejection post-
transplantation. Interestingly, this finding is independent of the degree of humoral
sensitization. On the other hand, and in contrast to the evidence reported in the literature
to date (81), here we show that the presence of this T-lymphocyte subpopulation primed
persistently via the direct antigen presentation pathway can still be detected in a
significant number of patients (more than 50%) more than two years post-
transplantation.  This phenomenon persists even in patients receiving
immunosuppressive maintenance treatment and in the case of the theoretical

disappearance of the donor’s professional APCs. The long-term activation of the direct



pathway clearly differentiated between patients with preserved renal function and those
with graft dysfunction. This indirectly suggests that these patients are more susceptible
to exposure to structural damage to the graft mediated by a cellular effector immune
mechanism. This in a way raises doubts about the empirical management of the
immunosuppressive treatment currently applied in clinical practice (in which the
immunosuppressive dose is steadily reduced after transplantation, on the assumption
that the effector immune response decreases with time in all transplanted patients). The
results of this study suggest the need to determine the donor-specific immune response
in order to be able to adjust the immunosuppressive treatment over time.

There are a number of biological explanations for the persistence of T lymphocyte
activation via the direct pathway long after the transplant; for instance, the fact that the
effector/memory T cells have less need for costimulation and a lower antigen
requirement in order to remain permanently activated, or the fact that this direct antigen
presentation can be carried out (24) via the recipient’s own APC which are able to
acquire class I and II HLA molecules on their surface (a process known as the third
pathway or the semi-direct pathway of antigen presentation), or the fact that the
lymphocytes may even be activated by other cell populations in the graft such as
endothelial cells. Classically, the number of HLA mismatches between donor and
recipient has been associated with poorer long-term results, especially among
hypersensitized patients (82). In the present study we found that a poor HLA
compatibility between donor and recipient leads to a greater donor-specific cellular
alloreactivity post-transplant, emphasizing to an extent the long-term impact of the
degree of HLA compatibility in kidney transplantation.

This study also underlines the importance of the indirect alloreactivity. As reported in

the literature, indirect T-lymphocyte activation seems to acquire more functional



relevance as time passes after the transplant. This finding is corroborated in our study,
in which we observed greater indirect alloreactivity in patients of longer duration. This
phenomenon might be due to the constant cell replacement that takes places after the
graft, bringing with it a continuous processing of allogenic molecules by the APCs.

In a similar way to direct T-lymphocyte activation, the presence of indirect cellular
alloreactivity also seems to play a pathogenic role in the development of the structural
damage in the graft (83-87). This hypothesis emerges from the observation of a
significantly greater presence of proteinuria in patients with high indirect alloreactivity.
Several experimental studies have shown how in the donor-specific humoral
immunological response, the change of isotype from IgM to IgG is mediated by the
indirect antigen presentation pathway (88, 89). This fact may lead to speculation that the
development of the specific lesion called transplant glomerulopathy, a histopathological
entity caused by a humoral immunological mechanism, may be originated initially by
the activation of the indirect antigen presentation pathway.

So it seems evident that knowledge of the degree of donor-specific effector/memory
alloreactivity via the two antigen presentation pathways in vifro using a sensitive test
such as the Elispot IFN-y may well help to identify patients at risk of suffering
structural damage in the graft of immunological origin.

Like the monitoring of the effector/memory cell alloreactivity, the study of the
regulatory lymphocyte T subset expressingteh transcription factor FoxP3+
(CD4+CD25"®Foxp3+) has a very important role in the regulation of the
immunological response, and so it may also be relevant as a functional biomarker in
kidney transplantation in some specific clinical situations. Here we show that this
regulatory lymphocyte subpopulation is able to proliferate and appear in significant

quantities after transplantation both in peripheral blood and directly in the renal graft



showing lymphocyte aggregates in the tubules and the interstitium, characteristically in
patients with excellent graft evolution over time.

The infiltration of mononuclear cells in the tubulo-interstitial level of the graft in kidney
transplant patients with strictly stable renal function is classically labeled as subclinical
acute rejection, as it mimics the histological pattern found in patients with clinical acute
rejection. The impact of this histopathological entity on the evolution of the graft is
quite controversial (71-73, 90-93). The interpretation of the functional status of these
asymptomatic cellular infiltrates is made difficult by the lack of functional information
on this cell population infiltrating the graft, with the result that researchers have
attributed the same aggressor effector mechanism to all of them. In this study we show,
for the first time in humans, that the presence of the Treg Foxp3+ subpopulation among
these mononuclear infiltrates in patients diagnosed with subclinical acute rejection in
protocol biopsies six months after the transplant predicts a significantly better functional
evolution of the renal graft over time, and that the absence of Tregs among these
lymphocyte infiltrates reflects a significantly greater risk of progressive graft
dysfunction. In addition, patients with a higher proportion of Tregs among these
mononuclear infiltrates present a better structural preservation of the graft, in
accordance with the recently updated Banff '07 criteria (6).

Various experimental studies have shown that the infiltration of cells with a regulatory
phenotype (FoxP3+) in stable renal grafts (66, 68-70) exerts a protective effect. This
probably reflects a process of specific antigen recognition directly in the graft by these
Tregs, in order to be able to exercise their antigen-specific suppressor function.

This hypothesis is supported by the fact that the patients who present Tregs among the
asymptomatic mononuclear infiltrates in the tubules and interstitium have been able to

achieve donor-specific hypo-responsiveness in the peripheral blood, an immunological



state achieved thanks to the antigen-specific suppressive effect of this same regulatory
T-cell subset population. Interestingly, this immune privilege attained by this group of
patients, far from being a simply static biological phenomenon, has an extremely
dynamic role and exerts a major functional impact: the presence of Tregs in the renal
graft is associated with a significant long-term improvement in renal function.

It is vitally important to distinguish between this phenomenon, identified in patients
with stable renal function, and the presence of the same types of tubulo-interstitial
mononuclear infiltrates in patients undergoing acute or subacute graft dysfunction due
to episodes of acute rejection. In this regard, various studies in the literature have shown
discrepancies regarding the impact of the Tregs among cellular infiltrates in patients
with clinical acute rejection (94, 95). The most plausible explanation of this
phenomenon, which is well documented in the literature, is the fact that under severe
inflammatory conditions the Tregs lose their capacity to suppress the immunological
response (96, 97). It is also important to bear in mind that in humans the transcription
factor FoxP3 may be expressed in a very transitory way in CD4+CD25+ activated T
lymphocytes after the antigen recognition through the TCR, but without presenting this
antigen-specific suppressive activity. This might lead to a false phenotypical
identification of Tregs, fundamentally in situations of high alloreactivity. Therefore, it
appears that during the episodes of acute graft rejection the Tregs are basically
exercising a reactive or compensatory function in response to the destructive effect of
the effector lymphocyte population, rather than exercising a pro-tolerogenic role.

The biological characteristics of this regulatory lymphocyte subpopulation confer on
them a special sensitivity for differentiating and proliferating under the effect of specific
immunosuppressive agents (98, 99). Several studies in vitro show that SRL and

thymoglobulin have a positive effect on the differentiation and proliferation of this



regulatory lymphocyte subpopulation (77, 100). In accordance with these experimental
findings, our study shows that the effect of these two immunosuppressive drugs favors
the appearance of Tregs directly infiltrating the graft, although it should be borne in
mind that some patients receiving immunosuppressive treatment with CNI may also
present Tregs among the cellular infiltrates in the tubules and interstitium, thus
maintaining the beneficial impact on the functional evolution of the graft in the period
after the transplant.

With the availability of these immunological biomarkers, it becomes possible then to
design and evaluate immunosuppressive strategies trying to achieve donor-specific
hypo-responsiveness and thus, improving long-term graft survival. In this study we
show that with an immunosuppressive protocol based on low doses of thymoglobulin
and maintenance with SRL and MMF, without the use of steroids or CNI, donor-
specific hypo-responsiveness can be achieved and maintained over time in a substantial
proportion of patients.

This protocol shows that patients without effector/memory T-cell alloreactivity before
transplantation are the ones most likely to benefit from implementation of this
immunosuppressive strategy from the beginning of the transplant, as they present a
significantly lower risk of acute cellular rejection. Even if acute rejection does occur
under this immunosuppressive strategy, this fact is not an obstacle to reaching this state
of immune privilege either at six months or two years after the transplant. This suggests
that highly T-cell alloreactive patients would probably benefit more from an initial
immunosuppressive regimen under CNI agents or simply adding low doses of steroids
to the maintenance treatment with SRL and MMF.

Under this immunosuppressive protocol, achieving donor-specific hypo-responsiveness

has a dramatic functional effect, as it is associated with a significant improvement in the



structural preservation of the graft and therefore with a better renal function six months
and two years post-transplantation, thus confirming the results obtained in the cross-
sectional study. Significantly, we also show that the donor-specific hypo-responsiveness
achieved by these patients under this immunosuppressive protocol is caused by the
donor-specific suppressive effect of TregsFoxp3+ cells present in peripheral blood oand
also directly forming aggregates in the renal graft. This is shown very clearly in this
study by the removal of the regulatory lymphocyte subpopulation from the donor-
specific hyporesponders in the functional tests by means of cell-sorting, which
converted these patients become donor-specific responders. In contrast, this
phenomenon does not occur in donor-specific responders, who become hyporesponders
with the withdrawal of this lymphocyte subpopulation in the functional tests. This
shows that in this group of responders, this lymphocyte subpopulation comprises,
activated effector T lymphocytes rather than Tregs. Most importantly, this privileged
immune status mediated by the suppressive effect of the Tregs is extremely specific, as

it only suppresses the effector immunological response to the respective donors.

In conclusion, in this study we show that it is the biological homeostasis obtained
between these two lymphocyte populations with opposite immunological functions and
influenced by the various immunosuppressive treatments that allows the achievement of
a better or worse acceptance of the renal graft and maintenance over time. This stresses
the importance of knowing the functional status of the donor-specific alloimmune
response in each patient and at different stages in the transplant, so as to individualize
the immunosuppressive approach and to be able to interpret accurately the functional

evolution of the renal graft.



VII. CONCLUSIONS

1. The presence of high T-cell alloractivity against the donor at different time-points of
renal transplantation, mainly activated by the direct pathway of antigen presentation,
assessed by the presence of highly alloractive donor-specific memory/effector T-cells
circulating in peripheral blood using the IFN-y Elispot assay, is able to discriminate

those patients exposed to an immune-mediated graft injury after renal transplantation.

2. The donor-specific T-cell alloimmune response activated by the indirect pathway of
antigen presentation seems to acquire more functional relevance as time passes after the

transplant and is associated with presence of proteinuria

3. The presence of the FoxP3+ regulatory T-cell subset population, seems to have a
relevant role both for the recognition and for the acceptance of alloantigens, through
their specific capacity to suppress alloimmune responses. Even in controversial
clinicopathological entities such as subclinical acute rejection, the presence of Tregs
seems to be able to differenciate those cases with favourable clinical evolution from

those with a progressive loss of graft function.

4. The functional immune-monitoring of both T-cell subset population;
memory/effector T cells and Tregs, seems to be useful as a biomarker, in order to
accurately stratify the different immunological risk and thus, allow to individualize the

type and immunosuppressive load to give to every kidney transplant patient.



5. The induction and maintenance of a donor-specific hyporesponsive state is feaseble
avoiding calcineurin-inhibitor drugs in some kidney transplant patients and this state

seems to be driven by the antigen-specific suppressive activity of FoxP3+Tregs

6. The use of these immunologic biomarkers at different time-points of renal
transplantation may facilitate the development of new immunosuppressive protocols

with the main goal of inducing donor-specific hyporesponsive states.
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IX. TABLES AND FIGURES

Table 1. Main differences between naive and memory T lymphocytes.

Naive T cell Memory T cell
Central / Effector
CD45RO™" CD45RO™®"
Phenotype . .
CCR7""CD62L"*" / CCR7°“CD62L"™
APC Professional Non Professional
Response to low Ag Weak Strong
exposure
Effector function None Cytokin release (IFN-y, Granzym-B),
(IL 2-> proliferation) Direct citolysis
Kinetics Slow (days) Rapid (hours)
Localization Lymphoid tissue Lymphoid and non-lymphoid tissue

APC: Antigen presenting cell. Ag: Antigen




Figure 1. Therapeutic targets of immunosuppressants.
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Figure 2. Pathways of alloantigen presentation
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Figur3 3. Alloimmune response
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