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The number of circulating recent thymic emigrants is
severely reduced 1 year after a single dose of alemtuzumab
in renal transplant recipients
Mirko Scarsi, Nicola Bossini, Fabio Malacarne, Francesca Valerio, Silvio Sandrini and Paolo Airò

Rheumatology and Clinical Immunology, and Nephrology, Spedali Civili, Brescia, Italy

Introduction

Alemtuzumab (Campath-1H; AL) is a humanized mono-

clonal antibody (mAb) binding CD52, a cell surface gly-

coprotein expressed by T and B lymphocytes, natural

killer (NK) cells, monocytes, and dendritic cells. It has

been used in the therapy of immune-mediated diseases

including autoimmune disorders, chronic lymphocytic

leukemia, graft-versus-host disease after bone marrow

transplantation, and transplants of solid organs, including

kidney [1–7].

In vivo infusion of AL causes a profound cytopenia by

antibody-dependent cellular cytotoxicity, as well as

through complement fixation and activation. It has been

reported that B cells and monocytes numbers recover to

baseline values by 5 and 2 months, respectively [8].

Peripheral T-cell depletion is profound (almost complete

at the outset), but also long-lasting. In fact, CD4 and

CD8 T lymphocytes maximal recovery were seen to be

17.5% and 50% respectively of normal values at 2 months

and these levels did not increase further during the study

period of 18 months [8]. In another study, 36 months

after infusion of AL, T cells recovered only to approxi-

mately 50% of baseline value, and a persistently decreased

CD4/CD8 ratio was observed [9]. Interestingly, the domi-

nant T-lymphocyte population in the first few months

following cell depletion with AL was represented by mem-

ory cells [10,11].

Memory CD4+ and CD8+ T cells are generally

CD45RA-negative and comprise at least two functionally
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Summary

To better understand the kinetics of the delayed reconstitution of peripheral

CD4+ T-cells after depletion with a single administration of alemtuzumab (AL)

for renal transplantation, we evaluated in these patients the percentage and

absolute number of recent thymic emigrants (RTEs) CD4+ T cells, together

with naive and memory subsets, defined by the analysis of CD31, CD45RA and

CCR7 expression, and compared with patients treated with a nondepleting pro-

tocol based on basiliximab, and with healthy controls. In AL-treated patients,

the number of circulating CD4+ T cells was greatly reduced 1 year after the

infusion (P < 0.01), but the proportions of central memory, effector memory

and terminally differentiated effector memory subsets among CD4+ cells were

significantly increased. On the contrary, the proportion and the absolute num-

ber of naı̈ve CD4+ T cells, although progressively increasing with time, were

severely reduced. In particular, the absolute number of RTEs had only very

slight increase with time (P = 0.049) and was dramatically low 1 year after the

therapy (P < 0.01 vs. healthy controls; P < 0.05 vs. basiliximab-treated trans-

plant recipients). These data suggest that a prolonged defective thymic output

after AL therapy in renal transplant recipients is one of the main causes of the

persistent CD4+ T-cell lymphopenia observed in these patients.
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distinct subsets: (i) nonpolarized ‘central memory’ T cells

(TCMs), which express the chemokine receptor CCR7

that allows them to home to the T-cell areas of secondary

lymphoid organs; and (ii) polarized ‘effector memory’ T

cells (TEMs), which have lost the expression of CCR7

and have acquired the capacity to migrate to nonlym-

phoid tissues [12–14]. Therefore, the evaluation of CCR7

together with CD45RA protein expression is now consid-

ered the best available way to characterize TCMs and

TEMs. A third subset of memory T cells expresses

CD45RA as do naive cells, but not CCR7. Variously

termed, these are highly differentiated cells with persisting

effectors functions [‘terminally differentiated effector

memory’ (TTDEM)]. In healthy state, these cells accumu-

late with age in the CD8+ T-cell compartment but repre-

sent also a minor CD4+ T-cell subset [15] and are mainly

found in nonlymphoid tissues and to some degree in the

spleen [12,16].

The aim of this study was to better understand the

kinetics of the delayed T-cell reconstitution after depleting

therapy in patients treated with AL for renal transplanta-

tion. For this purpose, we have evaluated not only the

number of circulating memory and naı̈ve T lymphocytes

with different phenotypes, but we also studied the expres-

sion of the adhesion molecule CD31 (PECAM-1), which

has been proposed as a marker of T cells that have

recently emigrated from thymus (recent thymic emi-

grants; RTEs) [17,18].

Patients and methods

Patients and immunosuppressive protocol

All patients gave their informed consent prior to their

inclusion in the study, which was reviewed by the local

ethics committee, and performed in accordance with Dec-

laration of Helsinki.

Between May 2006 and October 2007, 48 consecutive

patients (median age 54 years; 10th-90th percentile: 34–64;

11 female, 37 male subjects) undergoing kidney transplan-

tation from deceased donors were enrolled into a study to

investigate the effectiveness and safety of AL induction

therapy for renal transplantation, in a steroid-free mainte-

nance regimen. Recipients with previous renal transplants

or panel reactive antibody >50% were excluded. Taking

into account the recipient weight (<60 kg or >60 kg), the

dosage of 20 or 30 mg AL was administered intraopera-

tively before kidney reperfusion. The premedication was

with 500 mg of methylprednisolone, paracetamol 1 g and

clorfenamine 1 mg. Immunosuppression maintenance

consisted of tacrolimus and sirolimus. Tacrolimus was

started 12–24 h post-transplant and the dose adjusted to

achieve a trough level of 8–10 ng/ml during the first

month and 5–7 ng/ml thereafter. Sirolimus was started

36–48 h post-transplant and the dose adjusted to achieve a

trough level of 5–10 ng/ml. Steroid therapy was intro-

duced and maintained in the event of rejection being

observed based on the histological finding. No patients

received cytomegalovirus prophylaxis, yet a pre-emptive

strategy was performed.

As a control group, we evaluated 15 patients (Table 1)

who received induction therapy with the anti-CD25 mAb

basiliximab 20 mg at day 0 and day 4 and methylprednis-

olone 500 mg, 200 mg, 100 mg, 50 mg, 20 mg at day 0,

1, 2, 3, and 4, respectively post-transplantation. Subse-

quently, these patients received maintenance scheme with

tacrolimus (trough level of 5–10 ng/ml), or, in few cases,

cyclosporine (2-h postdose levels (C2) of 400–600 ng/ml),

plus mycophenolate mofetil (500 mg twice daily) and

methylprednisolone gradually tapered to 4 mg/day after

3 months and stopped after 6–8 months. In two patients,

the steroid was stopped at day 5 post-transplantation.

Fifteen healthy volunteers of comparable age (median:

48 years; 10–90th percentile: 34–51; 10 female, 5 male

subjects) were recruited among laboratory personnel and

served as healthy controls.

Leukocyte phenotype analysis

Whole peripheral blood was taken in K-EDTA-test tube at

the moment of transplantation (t = 0), and at days +1, +5,

+10, +30, then monthly till day +180, and, later, every

3 months till day +360. Leukocyte surface membrane

expression was analysed by flow cytometry (Cytomics FC-

500, Beckman Coulter Inc., Fullerton, CA, USA). Absolute

cell count was determined by single-platform analysis

using Flow-Count beads (Beckman Coulter). T-cell

lymphocyte populations were numbered using mAbs

conjugated with fluorescein isothiocyanate (FITC), phyco-

erythrin (PE), PE-TxRed (ECD), PE-Cyanin 5.1 (PC5)

Tetrachrome CD45/CD4/CD8/CD3 from Beckman

Coulter. B cells were determined using CD19 (Beckman

Coulter). NK lymphocytes and monocytes were recognized

using CD45/CD14/CD16 and side-scatter analysis.

In 21 consecutive patients, an in-depth monitoring of

lymphocyte subsets was performed at days +90, +180,

+270, +360, to identify naı̈ve (N), TCMs, TEMs,

TTDEMs, lymphocytes subpopulations using PE-anti-

CCR7 (R&D Systems Inc., Minneapolis, MN, USA),

FITC-CD45RA, ECD-CD4 and PC5-CD3 mAb (Beckman

Coulter). At the same time, RTEs were evaluated using

FITC-CD31, PE-CD45RA, ECD-CD4, and PC5-CD3

(Beckman Coulter). Main clinical and laboratory data of

these 21 patients are summarized in the Table 1. Their

characteristics did not differ from the entire cohort of 48

patients treated with AL. These lymphocyte populations

were evaluated also in the healthy individuals and in the
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control group of patients treated with basiliximab-based

protocol. It should be considered, however, that in this

latter group, the evaluation of CD4+ subsets was not lon-

gitudinal, but only cross-sectional, and that it was per-

formed at a mean time of 2.2 years after transplantation,

significantly longer than the last evaluation done in the

AL-treated patients.

Statistical analysis

If not otherwise indicated, data are expressed as the med-

ian (10–90th percentile). The comparisons between vari-

ous groups were assessed by the nonparametric Dunn’s

multiple comparison test. The variations of cell popula-

tions over time were evaluated by standard one-way anal-

ysis of variance.

Results

The absolute numbers of leukocytes and main lympho-

cytes subsets in 48 patients treated with AL at t = 0 were

not significantly different from those observed in healthy

controls and in 15 patients treated with a basiliximab-

based protocol. The reconstitution of these populations is

shown in Tables 2 and 3. After AL infusion, a transient

neutrophilia appeared at day +1 and normalized at day

+5. The depletion of monocytes was not complete, and

absolute number recovered at data not significantly differ-

ent from baseline value at day +60. A profound depletion

of circulating lymphocytes was observed, but while NK

and B cells returned to baseline value at day +60 and day

+120 respectively, total T-cell number was still markedly

decreased at day +360 (22% of its baseline value). At this

date, the absolute number of CD8+ T cells was only 40%

of its baseline value and it was also significantly lower

than that in healthy controls (Table 2; P < 0.01). The

absolute number of CD4+ T cells was even more severely

reduced (12% of its baseline value; P < 0.01).

On the contrary, basiliximab-treated patients showed a

much less profound and more transient lymphopenia

(likely attributable to glucocorticoids boluses), which nor-

malized already at day +10 (Tables 2 and 3). Accordingly,

at day +360, T-cell number was still markedly lower in

patients treated with AL than in patients treated with

basiliximab (P < 0.01).

As depletion of CD4+ was the most significant alter-

ation after AL therapy, we evaluated in depth the pheno-

type of CD4+ T cells in 21 consecutive patients treated

with AL, and compared them with 15 healthy controls of

comparable age and 15 patients treated with basiliximab-

based protocol. As shown in Fig. 1, the proportion of

naı̈ve (CD45RA+CCR7+) T cells progressively increased

with time within the CD4+ subsets (F = 2.92, P = 0.045).

However, at day +360, this proportion was still severely

reduced as compared with normal controls (median:

12.1% vs. 43%; P < 0.05). Moreover, resulting from the

persistence of CD4+ T-cell cytopenia, the absolute num-

ber of naı̈ve T cells also was dramatically reduced (med-

ian: 26 per ll vs. 319 per ll in normal controls; P < 0.01)

at day +360. Accordingly, the proportion of RTEs within

the CD4+ T cells had a very marginal, not statistically sig-

nificant increase with time (F = 2.08; P = 0.12), and it

was still below normal values at day +360 (median: 8.3%

vs. 25.0%; P < 0.05). Therefore, their absolute number,

although increasing with time (F = 2.58; P = 0.049), was

still dramatically low at day +360 (median: 13 per ll vs.

182 in normal controls; P < 0.01). The absolute number

of circulating RTEs at day +360 was inversely correlated

with the age of transplant recipient (r = )0.53;

P = 0.003).

The reconstitution of memory CD4+ T lymphocytes is

shown in Fig. 2. We found a marked and persisting pre-

dominance of TEM (CD45RA)CCR7)) cells. At day +90

this, subset reached a maximal proportional value (80%

of all CD4+ cells), after which period, it progressively

declined (F = 3.94, P = 0.015), but at day +360, it still

represented 50% of total CD4+ cells, a significantly higher

proportion than in healthy controls (P < 0.01). Similarly,

the proportion of TTDEM cells (CD45RA+CCR7)),

another effector CD4+ population, was significantly

higher than in healthy controls at day +360 (median:

3.5% vs. 0.7%; P < 0.01). Conversely, the relative percent-

age of TCM+ (CD45RA)CCR7)) cells was still lower

than in healthy people at this date (median: 21.8%

Table 1. Main demographic and clinical features of 21 patients trea-

ted with alemtuzumab.

Alemtuzumab Basiliximab

No. patients 21 15

Mean donor age (year) 47 ± 16 48 ± 15

Mean recipient age (year) 51 ± 14 54 ± 7

Recipient gender 6 F/15 M 5 F/10 M

Panel reactive antibody >20% 0 1 (7%)

HLA mismatch AB 1.8 ± 1.0 1.5 ± 0.8

HLA mismatch DR 1.1 ± 0.7 0.9 ± 0.6

Delayed graft function 19% 20%

Mean follow-up (year) 1.7 ± 0.4 2.2 ± 0.4

Mean creatininemia (mg/dl) 1.5 ± 0.6 1.3 ± 0.5

Patient survival 100% 93%

Graft survival 95% 100%

Rejection 1 (5%) 2 (13%)

Incidence of CMV infection 1 (5%) 3 (20%)

Incidence of BK nephritis 2 (10%) 1 (7%)

Sepsis 1 (5%) 0

Diabetes 2 (10%) 2 (13%)

Antibody-related adverse events 0 0
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vs. 38.7%; P < 0.01). As a result of the persisting CD4+

cytopenia, at day +360, the absolute cell numbers of all

the memory subsets but TTDEM cells were significantly

lower than that in healthy individuals.

Patients treated with basiliximab-based protocols had

only minor differences from healthy controls: the percent-

ages and absolute numbers of naı̈ve CD4+ T cells were

lower (Fig. 1; medians: 23.4% vs. 41.3%, P < 0.01, and

162 cells/ll vs. 319, P < 0.05, respectively) and the per-

centages of TEM were higher (32.9% vs. 20.3% P < 0.01).

The absolute numbers of RTEs and all other CD4+ lym-

phocyte subsets were significantly higher (P < 0.05) in

patients treated with basiliximab based-protocols than

those observed in AL-based protocol at day +360 (Figs 1

and 2).

It should be acknowledged, however, that at the

moment of the phenotypic analysis of CD4+ lymphocyte

subsets, the time since transplantation was significantly

longer in the basiliximab group (2.2 years) than in the

AL group.

Figure 2 Evolution of percentages and

absolute numbers of central memory,

effector memory and terminally differen-

tiated effector memory CD3+CD4+

T cells in 21 patients treated with ale-

mtuzumab (median and 10–90th per-

centile). Boxes indicate the median and

10–90th percentile in 15 healthy con-

trols (CTRL; gray box) and 15 patients

treated with basiliximab (BAS; white

box).

Figure 1 Evolution of percentages and

absolute numbers of naive CD3+CD4+ T

cells and recent thymic emigrants in 21

patients treated with alemtuzumab

(median and 10–90th percentile). Boxes

indicate the median and 10–90th

percentile in 15 healthy controls (CTRL;

gray box) and 15 patients treated with

basiliximab (BAS; white box).
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The CD3+CD4) subset is accounted for almost exclu-

sively by CD8+ T cells, even if the occasional possible

presence of minor CD4)CD8) T-cell populations cannot

be excluded. In normal individuals, the TTDEM subset is

much more represented within the CD3+CD4) than

CD4+ T cells. In AL-treated patients, this cell population

was predominant at all time points evaluated after deple-

tion therapy and was still higher than that in healthy con-

trols at day +360 (median: 54.3% vs. 29.2%; P < 0.05).

The proportion of TEM and TCM did not change signifi-

cantly with time after treatment with AL, but that of

TCM was significantly lower than in healthy controls at

most time points evaluated. The proportion of naı̈ve

(CD45RA+CCR7+) cells, that was very low at day +90

(1.3%) tended to rise with time, but not significantly, and

was still slightly lower than in healthy controls at day

+360, although this difference was not statistically signifi-

cant (12.0% vs. 20.4%). Absolute count showed a pro-

gressive rise of all the CD3+CD4) subsets, but only the

TTDEM population was comparable with normal individ-

uals at day +360, while the other subsets were still signifi-

cantly reduced.

Discussion

Alemtuzumab is a powerful lytic agent for T and B lym-

phocytes, but not bone marrow stem cells that was origi-

nally used in the treatment of rejection in renal

transplant recipients. Subsequent studies have evaluated

its application in the prophylaxis of rejection. In fact, AL

has been used without any other immunosuppression as

an induction therapy in renal transplant recipients [2]. In

this setting, however, a monocyte-mediated rejection was

detected in all the seven patients evaluated, showing that

lymphocyte depletion alone does not induce full tolerance

in humans [2]. This condition was therefore described as

‘almost’ (or prope) tolerance [19]. Nowadays, the concept

of AL as a ‘magic bullet’ to achieve tolerance has been

abandoned [20]. However, maintenance immunosuppres-

sion after AL, with reduced intensity therapies, such as

low-dose cyclosporine [1,6], tacrolimus [21], or sirolimus

[4], has allowed acceptable rates of rejections, with rela-

tively low incidence of viral infection and lymphoprolifer-

ative disorders.

Although used since many years in clinical practice, the

influence of AL on immune system remains to be deter-

mined more in depth. To understand the characteristics

of repopulating lymphocytes in AL-treated renal trans-

plant recipients might better clarify this issue.

The degree of AL-mediated killing of leukocytes and

the dynamics of their repopulation seems to be inversely

related to the degree of CD52 surface expression [22].

This is higher in lymphocytes than monocytes and granu-

locytes. The brighter CD52 expression by CD4+ T lym-

phocytes in peripheral blood, as compared with CD8+ T

cells, might explain the prolonged CD4/CD8 ratio inver-

sion and the selective advantage of CD8+ lymphocytes, as

carrying more CD52 implies more antibody-binding, and

hence more efficient killing by complement-mediated lysis

and slower reconstitution [22].

We have therefore focused our study mainly on the

CD4+ populations. Previous data deriving from observa-

tions in a limited number of patients (n = 5) indicated

that in the first 3 weeks after treatment with AL the large

majority of circulating lymphocytes was represented by

memory (CD45RA)CD62L)) CD4+ T cells with an acti-

vated (DR+) phenotype [10]. In three cases, these cells

were evaluated for the expression of CCR7 and were

found to be uniformly negative, consistent with a TEM

phenotype [10]. Interestingly, these cells were relatively

resistant to in vitro AL-mediated cell depletion and could

preferentially survive because of the reduced intensity of

CD52 surface expression [11]. Other studies showed that

they produce high levels of IL-2 and IFN-gamma when

stimulated in vitro [10]. In vivo, their number may

increase in the periphery before rejection episodes and

they can be detected within the allograft [10,11], indicat-

ing their role in the recipient immune response against

graft antigens. However, these cells can be inhibited

in vitro by calcineurin inhibitors [10]. This latter observa-

tion may explain the need of maintenance immunosup-

pression after depleting treatment with AL in the

prevention of allograft rejection, which is generally

planned for long-term. In fact, a study with longer fol-

low-up showed persistently high proportions of TEM and

TCM within the CD4+ population, and low naı̈ve cell

proportion up to 6 months after therapy with AL [11].

Our data confirm and extend these findings, demon-

strating that even 1 year after a single infusion of AL, the

proportion of the TEM CD4+ population is higher than

the same in normal individuals. Moreover, the other

effector population, previously poorly evaluated in this

context [10], and herein called TTDEM [15], is increased

during the first year after treatment. This subset, variously

termed (TEMRA, CD45RA+ memory, terminally differen-

tiated, or persisting effectors), includes highly differenti-

ated cells which have generally lost CCR7, CD62L, CD27,

and CD28 expression, and represents a major component

of the CD8+ T-cell compartment with increasing age

[23], but also a minor CD4+ T-cell subset [24] in the

healthy individuals.

The relative sparing of the effector T-cell subsets (par-

ticularly among CD8+ cells), after depleting therapy

might explain the relatively low infective risk in patients

treated in this way (see Table 1 and [21]). In this respect,

we have observed few cases of BK polyomavirus infection,
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not dissimilar from the rate reported by others who used

anti-thymocyte globulin as depleting agents, or dac-

lizumab in transplant induction [25]. The low incidence

of CMV infection in our group of AL-treated patients

might be influenced also by the use of sirolimus in the

maintenance regimen, as it appears that this drug is asso-

ciated with lower rates of CMV infection or reactivation

[26].

The most relevant result of our study is the observation

that a profound defect of T cells with naı̈ve phenotype

persists up to at least 1 year after a single infusion with

AL. A similar depleting effect on T cells, particularly on

naı̈ve CD4+ lymphocytes, can be observed also after

induction therapy with anti-thymocyte globulin [27], but

this appeared to be less profound and of shorter duration,

as at 26 weeks the number of CD4+ T cells recovered was

at 30% of baseline values.

Poor T-cell reconstitution after depleting therapy could

result either from reduced de novo T-cell production by

the thymus or from poor peripheral expansion of residual

T cells (which is the result of the balance between cell

death, and proliferation with activation resulting from the

encounter with cognate antigen or bystander stimulation).

To better understand this kinetics, we have evaluated the

thymic output, using the combination of CD45RA and

CD31 as markers of RTEs. CD31 is a surface protein

expressed preferentially by naive T cells that have under-

gone a low number of cell divisions and is well correlated

with the presence of T-cell receptor excision circles

(TRECs), which, despite some limitations [28] are gener-

ally considered the best markers for RTEs [17]. In vitro,

CD31 is lost upon T-cell receptor engagement, and is

therefore not expressed after peripheral post-thymic

expansion [17]. In fact, a progressive decrease of percent-

ages and absolute numbers of naive CD31+

CD45RA+CD4+ T cells has been found associated with

aging, while absolute numbers of naive CD31)
CD45RA+CD4+ T cells remain fairly stable throughout

life [18].

Our data herein suggest therefore that the prolonged

defective thymic output after AL therapy in renal trans-

plant recipients is one of the main causes of the persistent

T-lymphopenia observed in these patients. The depleting

action of AL on thymic output is well accounted for by

the intense CD52 expression by virtually all the thymo-

cytes [29], whereas CD52 is not expressed by human thy-

mic epithelial cells [30]. Indeed, the thymus is essential

for the restoration of the T-cell repertoire, but during

aging, thymic function declines and is unable to meet the

demand for peripheral T cells. Therefore, the recovery

after a single thymus depleting insult performed by AL in

aged renal recipients might be very difficult. It is of note

that the number of circulating RTEs was not reduced in

the control group of patients who received the nondeplet-

ing mAb basiliximab as induction therapy. Although we

acknowledge that time from transplantation to RTE eval-

uation in this group was longer than that in the AL

group, the recovery of total CD4+ T-cell number in basil-

iximab-treated patients was very prompt, being not differ-

ent from baseline already at day +10 (see Table 3). On

the other hand, the rate of RTE recovery during the first

year after AL was so slow that it is difficult to hypothesize

that the difference of circulating RTE numbers between

basiliximab- and AL-treated patients was solely attribut-

able to the different time interval at which the study was

performed. As basiliximab-treated patients received a

maintenance immunosuppressive protocol that was simi-

lar to or even more intense than AL-treated patients, we

suggest that depletion of RTEs was not an aspecific effect

of immunosuppression but rather that it was attributable

to the action of AL. It is likely that other depleting agents

such as anti-thymocyte globulin might exert a similar

effect on T-cell production by the thymus [27].

An important consequence of the reduced T-cell pro-

duction by the thymus after AL depletion might be a

restriction of the T-cell repertoire. Interestingly, a highly

restricted T-cell repertoire was in fact observed, especially

in CD4+ cells, following treatment with AL in patients

with B-cell chronic lymphocytic leukemia [31]. This may

contribute to trigger T-cell-mediated autoimmunity.

Many cases have indeed been observed, months to years

after exposure to AL [32–34], mostly targeting the thyroid

or blood components. However, the pattern of lympho-

cyte recovery in patients who received AL without further

immunosuppressive co-medication might be different

from that observed in kidney graft recipients. Indeed, in

these patients autoimmune diseases are described but are

rather rare, probably because the immunosuppressive

co-medication received after transplantation modulates

the recovery and the function of T cells. In this light, it

should be considered also that the immunologic actions

of AL might not be limited to their depleting role, as

CD52 provides a costimulatory signal which can contrib-

ute to induce CD4+ T regulatory (Treg) cells. It has been

shown that in vitro CD52-stimulated CD4+ T cells can

suppress allogeneic responses of CD4+ and CD8+ T cells

stimulated with mature dendritic cells [35]. In fact, the

proportion of Treg (CD4+CD25+FoxP3+) was reported

to be higher among patients treated with AL than among

recipients not treated with AL or healthy controls [36,37].

The increase of this population is not explained by a

selective sparing of Treg by AL [38] and is independent

of maintenance immunosuppression [38], but can be

observed after treatment with other depleting agents like

anti-thymocyte globulin [27]. It has therefore been sug-

gested that it is the result of de novo generation of Treg
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from TEM [38]. These Treg may govern allogeneic

immune responses by effector T cells. It is therefore inter-

esting that the rise in Treg percentages in the peripheral

blood of AL-treated patients gradually decrease if patients

are maintained with calcineurin inhibitors, but not with

sirolimus [38,39]. These observations have led to pilot

uncontrolled studies aimed at minimizing the immuno-

suppressive maintenance after AL therapy [38,39]. The

final goal would be to design individualized immunosup-

pression minimization and withdrawal programs, possibly

based on monitoring of the immune system. Our demon-

stration of a long-term reduced thymic output, particu-

larly in elderly patients, provides another

pathophysiological piece in the complex framework of

immune reconstitution after AL therapy for renal trans-

plantation.

In conclusion, we have observed a very severe and pro-

longed reduction of the number of circulating RTEs after

a single infusion of AL. The prolonged defective thymic

output is likely to be one of the main causes of the per-

sistent CD4+ T-lymphopenia observed in renal transplant

recipients treated in this way and it might have important

clinical consequences. This should be considered in the

design of future studies aimed at better tailoring immu-

nosuppressive therapies.
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