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Introduction

Thymoglobulin induction therapy reduces acute rejections

in kidney transplantation and improves patient’s quality-

adjusted life years in long-term follow-ups, particularly in

patients with higher immunological risk patients, such as

retransplants and recipients with high panel reactive anti-

bodies [1]. Short-term prophylaxic use of thymoglobulin

at the time of transplant allows delayed introduction and

reduction in maintenance dose of cyclosporine and the

associated nephrotoxicity [2]. Thymoglobulin induction

was also reported to allow early steroid withdraw in and

steroid-free maintenance immunosuppression in kidney

transplant patients [3,4]. Among high immunological risk

patients, thymoglobulin is superior to daclizumab in pre-

venting acute rejections [5]. In addition to being an effi-

cacious induction agent, thymoglobulin can reverse acute

renal graft rejection and is routinely used for controlling
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Summary

This study examined the effect of thymoglobulin induction therapy on leuko-

cyte population dynamics in kidney transplant patients. Patients receiving stan-

dard immunosuppression were compared with those who received additional

thymoglobulin at the time of kidney transplantation. Thymoglobulin induction

led to an immediate and significant decrease of all T cells and NK cells, but

not B cells or monocytes. CD8+ T cells recovered to near pretransplant level by

4 weeks post-transplant. CD4+ T cells remained at less than 30% of pretrans-

plant level for the entire study period of 78 weeks. Both CD4+ and CD8+

T cells showed reduced cytokine production after recovery. Deletion of

CD4+FOXP3+HELIOS+ regulatory T cells (Tregs) was less profound than that

of CD4+FOXP3) cells, thus the relative percentage of Tregs elevated signifi-

cantly when compared with pretransplant levels in thymoglobulin-treated

patients. In contrast, the percentages of Tregs and their expression of FOXP3

in the standard immunosuppression group decreased steadily and by 12 weeks

after transplant the average percentage of Tregs was 56% of the pretransplant

level. Thus, thymoglobulin-induced deletion of T cells led to significant and

long-lasting alterations of the T-cell compartment characterized by a preserva-

tion of Tregs and long-lasting reduction in CD4+, and potentially pathogenic,

T cells.
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acute rejection [6]. The efficacy of thymoglobulin in con-

trolling graft rejection is thought to be as a result of its

ability to delete various immune cells, especially T cells

[6–12]. Emerging data suggest that thymoglobulin induc-

tion may preferentially kill conventional T (Tconv) cells

resulting in an increased proportion of regulatory T cells

(Tregs) [10,12]. The alteration of balance between Tconv

and Treg cells may explain the long-term protection

afforded by short-term thymoglobulin treatment. On the

other hand, massive deletion of T cells and long-term

alteration of the balance between effector T cells and Tregs

may increase risks of infections and malignancy, such as

post-transplant lymphoproliferative disease [13,14].

Repopulation of T cells after severe deletion is medi-

ated by homeostatic proliferation of residue T cells and

increase in thymic output [15]. As T cells expand in the

lymphopenic environment, the cells may acquire an acti-

vated phenotype and manifest effector functions such as

secreting IFN-c [16–20]. Indeed, it has been reported that

T cells recovered after thymoglobulin treatments have

increased proportion of memory cells [10]. Yet, a recent

study showed that patients’ peripheral blood mononu-

clear cells (PBMCs) were broadly hyporesponsive to

donor and third party antigen presenting cells [21].

In this study, we analyzed the population dynamics of

various leukocyte subsets, including Tregs, memory and

effector T cells in seven kidney transplant patients who

received thymoglobulin induction because of delayed graft

function (DGF). We found that thymoglobulin induction

led to transient depletion of NK and CD8+ T cells and

prolonged reduction in total CD4+ T cell counts. Effector

CD4+ T cells were significantly reduced when compared

with the pretransplant levels. Lastly, Treg percentages and

their expression of FOXP3 were sustained in the thymo-

globulin-treated patients, but steadily decreased in

patients on conventional maintenance therapy without

induction. Our results demonstrate that thymoglobulin

induction can effectively change the balance between

effector T cells and Tregs.

Patients and methods

Kidney transplant patients

All patients in this study received primary renal trans-

plant from either living or deceased donors at University

of California, San Francisco Medical Center, or at Califor-

nia Pacific Medical Center. Patients who had DGF that

necessitated thymoglobulin induction were enrolled in the

thymoglobulin arm of the study. Patients without any

induction therapy were enrolled in the control arm.

Patients in both groups received standard maintenance

immunosuppressive therapy consisted of mycophenolate

mofetil, Tacrolimus, and prednisone. All procedures are

approved by the Committee on Human Research at

UCSF and are in accordance with the ethical guidelines

by the Transplant Society.

Peripheral blood mononuclear cell collection and storage

Heparinized blood was collected just before transplant

and at 1, 4, 13, 26, and 78 weeks after transplant. PBMC

were isolated from recipient blood samples using ficoll

density gradient centrifugation. The cells were frozen in

human AB serum containing 10% DMSO and stored in

aliquots in liquid nitrogen until use.

Flow cytometric analysis of PBMC

Flow cytometry panels were used to profile the patient’s

PBMC. The ‘‘leukocyte panel’’ contained fluorochrome-

conjugated antibodies to CD3, CD4, CD8, CD14, CD19,

CD45, and CD56. The ‘‘Treg panel’’ contained fluorescent

antibodies to CD4, CD25, CD127, and FOXP3 as previ-

ously described [22]. Some samples were analyzed using a

modified Treg panel with an additional antibody to

HELIOS, a marker co-expressed with FOXP3 in Tregs

[23]. The ‘‘CD4 effector/memory panel’’ consisted of

fluorescent antibodies to CD3, CD4, CD25, CD27, CD28,

CD45RA, and FOXP3. The ‘‘CD8 effector/memory panel’’

consisted of fluorescent antibodies to CD8, CD27, CD28,

CD45RA, and perforin. All antibodies were purchased

from BD Biosciences (Mountainview, CA, USA), except

pacific blue conjugated anti-CD45 (clone H30) and eFlu-

or450 conjugated anti-FOXP3 (clone 236/E7) were pur-

chased from eBiosciences (San Diego, CA, USA), and

phycoerythrin conjugated anti-HELIOS and PerCP-Cy5/5

conjugated Perforin (clone dG9) were purchased from

Biolegend (San Diego, CA, USA). Stained PBMC were

analyzed on FACSCalibur (BD) or LSRII (BD). FlowJo

(Tree Star, Inc., Ashland, OR, USA) and FACS Diva soft-

ware (BD) were used to analyze the acquired data.

Activation of PBMC and Tconv cells with CD40L-stimu-

lated allogeneic B cells

PBMCs were labeled with anti-CD4-PerCP, anti-CD25

allophycoerythrin and anti-CD127 phycoerythrin (all from

BD) and CD4+CD25+CD127low Tconv cells were sorted

on a BD FACS Aria II to greater than 99% purity. To gen-

erate CD40L-stimulated allogeneic B cells, a previously

published protocol was followed [24]. In brief, B cells were

isolated using a no-touch B-cell isolation kit (Invitrogen,

Grand Island, NY) and stimulated with irradiated 3T3

cells stably expressing human CD40L with additional IL-4.

The B cells were initially allowed to expand for 7 days and

then were restimulated with 3T3-CD40L every 3–4 days
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and used between 10 and 30 days after the culture initia-

tion. To stimulate PBMCs or Tconv cells, the stimulated B

cells were irradiated (1000 rads) and mixed with PBMCs

or Tconv cells at a ratio of 2 B cells per PBMC or Tconv

cell. Expression of HELIOS and FOXP3 in stimulated T

cells was analyzed on day 4 postallogeneic B cell stimula-

tion using flow cytometry as described above.

Intracellular IFN-c analysis

Stored PBMC were thawed and plated in complete med-

ium (RPMI1640 with 10% human AB serum, 1% penicil-

lin and streptomycin) containing 2.5 lg/ml phorbol

myristate ester (PMA), 250 lg/ml ionomycin, and 0.5 mg/

ml brefeldin A (leukocyte activation cocktail with Golgi-

Plug, BD Biosciences). The cells were stimulated for 4 h

and then stained with fluorochrome-conjugated antibodies

to CD3, CD4, and CD8 (all from BD Biosciences) before

washing and fixation using fixation/permeabilization

buffer (BD Biosciences), and labeling with fluorochrome-

conjugated antibody to IFN-c (BD Biosciences).

Data analysis

Total number of each leukocyte subset was calculated by

multiplying the lymphocyte counts provided by the clini-

cal lab with the percentage of a particular leukocyte pop-

ulation derived from flow cytometric analysis. Statistical

analyses of the data were performed with the aid of Prism

Graphpad software (La Jolla, CA, USA).

Results

Patient information: demographics, medication, and clin-

ical outcome

A total of seven patients in the thymoglobulin arm and

four patients in the control arm completed the study and

their demographic and clinical data are summarized in

Table 1. All patients received three-drug immunosuppres-

sive regimen consisted of Tacrolimus (Prograf, Astellas

Pharma US, Northbrook, IL), mycophenolate morfetil

(Cellcept, Genentech, South San Francisco, CA), and Pred-

nisone. Trough levels of Tacrolimus at 1, 3, and 6 months

post-transplant are shown in Table 1. Mycophenolate mor-

fetil was given at 1000 mg BID, and in some patients,

Myfortic 720 mg BID was given as an alternative. Predni-

sone taper consisted of decreasing doses from 500 mg on

Day 1 to 30 mg/day by Day 10 post-transplant, and further

reduction to a final dose of 5 mg/day by Day 30. Six

patients in the thymoglobulin arm received 6 mg/kg body

weight thymoglobulin in the first week of postoperative

period. One patient in the thymoglobulin arm received

3 mg/kg body weight thymoglobulin, and results from this

patient were consistent with those from other patients;

therefore are presented together with the group. All

patients in the thymoglobulin arm developed DGF as indi-

cated by low urine output during the 24-h postoperative

period. Five patients required one dialysis during the first

week, one required three dialyses, and one did not require

dialysis. None in the control arm developed DGF. The dif-

ference in DGF risk between patient populations should

have no impact on circulating lymphocyte phenotypes

beyond the first week when graft function (serum creati-

nine) between the two patient populations were become

indistinguishable (Table 1). None of the patients in either

arm experienced rejection based on clinical assessment; all

showed comparable low creatinine levels post-transplant

(Table 1). Both patient populations were screened for

CMV, EBV, and BKV. In the thymoglobulin arm, no CMV

or EBV reactivation was observed; one patient developed

transient BKV viremia 27 months after transplant and

biopsy ruled out BK infection in the transplanted kidney.

The BK viremia resolved 6 weeks later with reduction in ta-

crolimus and MMF without other interventions. In the

control arm, no BKV or EBV reactivation was detected;

one patient developed CMV viremia 4 months post-

transplant, which cleared 1 month later.

Alternation of leukocyte populations after thymoglobulin

induction

To assess the effect of thymoglobulin induction on the

numbers of various leukocytes, we performed flow cyto-

metric analyses on the PBMC collected just before trans-

plant and at 1, 4, 13, 26, 39, and 78 weeks after transplant

(Fig. 1a). We calculated the total numbers of circulating

CD4, CD8 T cells, NK cells, B cells, and monocytes per

milliliter of blood (Fig. 1b–f). Consistent with previous

Table 1. Study patient demographics.

Thymoglobulin n = 7 Control n = 4

Age (years, average ± SD) 48 ± 13 56 ± 13

Male sex (%) 71 75

Deceased donor 7 2

Living-unrelated donor 0 1

Living-related donor 0 1

% PRA 15 ± 32.3 0

Months of pre-Tx dialysis 80.7 ± 19.0 25.3 ± 35.0

Creatinine

Pre-Tx 9.3 ± 3 7.6 ± 3

3-month post-Tx 1.4 ± 0.3 1.4 ± 0.3

Tacrolimus trough

1-month post-Tx 6.8 ± 2.3 12.7 ± 4.7

3-month post-Tx 7.8 ± 2.5 8.5 ± 3.3

6-month post-Tx 8.6 ± 2.6 8.4 ± 1.7

Graft loss 0 0
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reports, thymoglobulin induction led to a rapid loss of

CD4+ and CD8+ T cells in the peripheral blood. The num-

bers of CD4+ and CD8+ T cells were lowest at 1-week

post-transplant, with a clear trend of recovery at 4-week

post-transplant. The recovery of CD8+ T cells was more

complete, and, on average, the CD8+ T cell counts were

not statistically significantly different from the pretrans-

plant levels by 3 months (13 weeks) after transplantation

(Fig. 1b). In comparison, the recovery of CD4+ T cells was

incomplete and remained, on average, 50% below the pre-

transplant level at one and a half years (78 weeks) after

transplant. We also observed a significant reduction in NK

cells immediately after thymoglobulin induction, with

slow and incomplete recovery (Fig. 1d). No change in B

cells and monocytes was observed after thymoglobulin

induction when compared with patients’ own pretrans-

plant baseline levels (Fig. 1e and f).

Sustained decrease in effector CD4+ T cells after thymo-

globulin induction

To determine if the T cells recovered after thymoglobulin

induction express an activated phenotype in our patients,

we analyzed cells in the lymphocyte gate surface expres-

sion of CD45RA, CD28, and CD27 on CD4+ Tconv and

CD8+ T cells before and after transplant with or without

thymoglobulin induction. Naı̈ve CD4+ T cells are defined

as CD45RA+CD27+, memory CD4+ T cells are defined as

CD45RA)CD27+, and the remaining cells in the CD4+

gate are grouped together as effector CD4+ T [25] (Fig. 2a).

Prior to transplant, effector T-cell populations were simi-

lar between the patients in thymoglobulin and control

arms, but the control patients had significantly higher

naı̈ve cells and lower memory cells when compared with

patients in the thymoglobulin arm (Fig. 2b). This differ-

ence is not as a result of thymoglobulin treatment because

the pretransplant samples were collected before thymo-

globulin administration.

After transplantation, we observed a trend of steady

decline of the proportion of naı̈ve CD4+ T cells in control

and thymoglobulin-treated patients, while the proportion

of memory CD4+ T cells did not change significantly

(Fig. 2c and d). We also observed a trend of increase in

effector CD4+ T cells after transplant in control patients,

but not in patients who received thymoglobulin induction

(Fig. 2e). The CD45RA)CD27) effector population con-

tained two major cell subsets with cell surface phenotype

of CD28) and CD28+ (Fig. 2a, right panel). The CD28)

subset was shown previously to have a IFN-c expression

Th1 bias, whereas the CD28+ subset had a Th2 bias [25].

We observed a sharp drop of proportion of the

CD45RA)CD27)CD28) subset in thymoglobulin-treated
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leukocyte subset at various time points after

transplant were normalized to the patient’s

own pretransplant numbers. The average cell

numbers of CD8 (b), CD4 (c), NK (d), B cells

(e), and monocytes (f) are then compared

between patients in the control arm (open

symbols, n = 4)) and those received thymo-

globulin induction (filled symbols, n = 7). Error
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ences between the data point and the pre-
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patients in the first month post-transplant period (Fig. 2f).

The percentage of these cells recovered partially at

3 months after transplant and remained at a level lower

than pretransplant for the entire duration of the study

(one and a half years). In contrast, the percentages of

CD45RA)CD27)CD28) cells were at or even exceeding

the pretransplant levels in control patients. The

CD45RA)CD27)CD28+ population did not change signif-

icantly after transplant and thymoglobulin induction

(Fig. 2g). In contrast, their percentages significantly and

progressively increased in control patients who did not

receive thymoglobulin induction (Fig. 2g). To directly

determine the effect of thymoglobulin induction on effec-

tor cytokine production, we activated the PBMCs using

PMA and ionomycin for 4 h and analyzed IFN-c expres-

sion by CD4+ T cells. Consistent with our observation of

decrease in Th1-biased CD45RA)CD27)CD28) effector

cells, IFN-c production by CD4+ T cells in all patients

who received thymoglobulin remained at or below pre-

transplant levels. Our results demonstrate that the CD4+

T cells recover incompletely following thymoglobulin

treatment. The limited recovery of CD4+ T cells may

explain the lack of increase in effector or memory CD4+

T cells secondary to homeostatic proliferation. When

compared with patients who did not receive thymo-

globulin induction, patients in the thymoglobulin arm

showed a trend of reduced effector cell frequency in the

peripheral blood.
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Increase of CD8+ effector T cells in thymoglobulin-

treated patients is not associated with homeostatic

proliferation

To assess the proportions of naı̈ve, memory, and effector

CD8+ T cells, we stained patients’ PBMC with antibodies

to CD8, CD27, CD28, CD45RA, and perforin. Naı̈ve

CD8+ T cells are defined as CD45RA+CD27+Perforin),

memory cells are defined as CD45RA)CD27+Perforin),

and effector cells are CD27) that be further divided into

RA+ and RA) subsets [25,26] (Fig. 3a). Among these sub-

populations, naı̈ve and memory cells express the lowest
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level of perforin, which is followed by RA) effectors, and

RA+ effectors expressed significantly higher amount of

perforin than any other subpopulations (Fig. 3b). The

percentages of the naı̈ve, memory, and RA) effector sub-

sets before transplant were comparable in patients in the

two study groups, whereas the RA+ effectors were present

at markedly higher level in patients in control arm than

in patients in the thymoglobulin arm (Fig. 3c). During

the first 12 weeks after transplantation, no dramatic

change in the percentages of CD8+ T-cell subsets was

observed (Fig. 3d–g). We observed a dramatic rise of per-

centages of effector CD8+ cells, both CD45RA+ and

CD45RA) more than 26 weeks after transplant in patients

received thymoglobulin induction (Fig. 3f and g). This

was associated with a drop of the naı̈ve subset (Fig. 3d).

The rise of effector CD8+ T cells in the thymoglobulin

patient was not statistically significant because of large

variations that ranged between 50% and 455% of pre-

transplant levels. Interestingly, despite the marked

increase in perforin+ effector cells, percentage of IFNc
expressing CD8+ T cells decreased or remained

unchanged in thymoglobulin-treated patients (Fig. 3h).

Overall, we found rapid recovery CD8+ T cells with

delayed rise of effector CD8+ cells after thymoglobulin

treatment.

Thymoglobulin induction increases relative Treg

frequency and maintains their FOXP3 expression

To assess the effect of thymoglobulin induction on Tregs,

we stained PBMC with antibodies to CD4, CD25, CD127,

and FOXP3 and determined the percentages of Tregs

using flow cytometry. The percentages of CD4+FOXP3+

Tregs prior to transplant were similar between the two

patient groups (Fig. 4a). After thymoglobulin induction,

the percentages of Tregs increased above the pretransplant

level for at least 26 weeks (Fig. 4a and b). In contrast, a

trend of progressive decline in Treg percentages was

observed in control patients (Fig. 4a and b).

As FOXP3 expression can be induced in Tconv cells

after activation, we reanalyzed some of the samples for

the expression of the transcription factor, HELIOS.

HELIOS is initially reported as a marker of natural Tregs

[23], but later reported to be also expressed in some

adaptive Tregs [27] and even recently activated Tconv

cells [28]. We found that the combination use of FOXP3

and HELIOS identified a distinct population of cells

among CD4+ cells that co-expressed the two transcription

factors (Fig. 5a, top left panel). CD4+CD25)CD127hi

Tconv did not contain this FOXP3+HELIOS+ population

(Fig. 5a, top right panel), consistent with the notion that

the FOXP3+HELIOS+ cells identified Tregs. When we

activated PBMCs with CD40L-activated allogeneic B cells,

the FOXP3+HELIOS+ population remained distinct in

spite of clear increases in FOXP3+HELIOSlow and

FOXP3lowHELIOS+ cells (Fig. 5a lower left panel). Fur-

thermore, we isolated CD4+CD25)CD127hi Tconv cells

using fluorescence activated cell sorting and activated

them using a similar protocol. The CD40L-activated allo-

geneic B cells induced robust proliferation of Tconv cells

(data not shown), and upregulation of FOXP3 and

HELIOS on separate cells, but did not induce the emer-

gence of FOXP3+HELIOS+ cells (Fig. 5a lower right

panel). These results demonstrate that co-expression of

FOXP3 and HELIOS together is more reliable at distin-

guishing Tregs from recently activated Tconv cells than

using FOXP3 alone. We, therefore, reanalyzed samples

from four patients from each group using these markers.

Consistent with results in Fig. 4b, we found persistence of

CD4+FOXP3+HELIOS+ Treg cells in thymoglobulin-trea-

ted patients and decreased of these cells in control

patients (Fig. 5b).

In addition to decreases in the percentages of Tregs, we

observed a slow and steady decline of FOXP3 expression

levels in the Tregs of control patients, whereas FOXP3

expression in Tregs was preserved in patients who
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Figure 4 Tregs persist in patients who received thymoglobulin induc-

tion. (a) Average percentages of CD4+FOXP3+ Tregs in CD4+ at vari-

ous time points after transplant were compared between patients in

the control arm and thymoglobulin arm. (b) Percentages of Tregs after

transplantation were normalized to patients’ own pretransplant levels.

Error bars represent standard error of the mean. Asterisks indicate sta-

tistically significant differences between the data point and the pre-

transplant values of the same treatment group (*P < 0.05; **P <

0.01). Arrow indicates statistically significant differences between con-

trol and thymoglobulin groups at a particular time point (P < 0.05).
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received thymoglobulin induction (Fig. 5b and 6a).

Expression of CD25, a component of high affinity IL-2

receptor complex critical for Treg survival [29,30], was

significantly reduced in control patients as early as 1 week

after transplant (Fig. 6b). In contrast, Tregs in thymo-

globulin-treated patients showed a trend of slight increase

in CD25 expression. The drop in the CD25 expression

preceded that of FOXP3, which was followed by an over-

all decline of Treg percentages. These sequential changes

are consistent with the interpretation that loss of CD25

expression is the primary trigger of Treg decline in con-

trol patients. Together, our results demonstrate that thy-

moglobulin induction selectively preserved the Tregs in

transplant patients.

Discussion

In this study, we examined the effects thymoglobulin

induction on leukocyte populations after kidney trans-

plantation. We observed a significant deletion of T cells

and NK cells and no effect on B cells and monocytes after

thymoglobulin treatment. Among the T cells that recov-

ered after depletion, effector CD4+ T cells remained low

through the entire study period of 18 months, whereas

effector CD8+ T cells increased 6 months after transplant

and thymoglobulin induction. We observed a significant

and prolonged increase in the percentages of Tregs, asso-

ciated with a preservation of CD25 and FOXP3 expres-

sion. Taken together, our results suggest that
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cells in freshly isolated PBMCs (a, top panels) and the same CD4+ T

cells and Tconv cells 4 days after activation with CD40L-stimulated
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independent experiments. Examples of flow cytometric plots of FOXP3

and HELIOS expression in CD4+ T cells from study patients before and

after transplant (b, top) and a summary graph of all analyzed samples

are shown (b, bottom, n = 4 in each group).

FO
X

P
3 

M
FI

 in
 T

re
gs

(%
 o

f p
re

-T
x 

le
ve

l)

Time after transplant (week)

* * 

C
D

25
 M

FI
 in

 T
re

gs
(%

 o
f p

re
-T

x 
le

ve
l)

* 
** ** ** 

Time after transplant (week)

(a)

(b)

Figure 6 Thymoglobulin induction preserved FOXP3 and CD25

expression on Tregs. Normalized mean fluorescence intensities of

FOXP3 are compared between control and thymoglobulin-treated

patients (a). Mean fluorescence intensities of CD25 on Tregs are nor-

malized against patient’s own pretransplant levels and normalized val-

ues between control and thymoglobulin-treated patients were

compared (b). Error bars represent standard error of the mean. Aster-

isks indicate statistically significant differences between the data point

and the pretransplant values of the same treatment group (*P < 0.05;

**P < 0.01). Arrow indicates statistically significant differences

between control and thymoglobulin groups at a particular time point

(P < 0.05).
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thymoglobulin induction alters balance between effector

cells and Tregs. The patient numbers in both arms of this

study are low, and future studies with more patients are

needed to verify the conclusions.

Effects of thymoglobulin therapy on T-cell subset

dynamics in kidney transplant recipients have been

reported previously [7,9,10,12,13,21]. Results from our

study are consistent with these previous reports in dem-

onstrating that thymoglobulin induction leads to long-

term changes in the T-cell compartment. Our study also

makes several new observations. First, NK cells sharply

decreased after thymoglobulin induction and did not fully

recover in the 18-month study period. Second, we found

no evidence of effector T cells increase during T-cell

reconstitution after thymoglobulin induction. Third, we

have improved the method for flow cytometric analysis of

human Tregs using HELIOS as an additional marker.

This protocol allowed more definitive identification of

Tregs than using FOXP3 alone or in combination with

CD25. Our results showed that some Tconv cells upregu-

lated FOXP3 after activation, but they did not co-upregu-

late HELIOS. In addition, we found that de novo

induction of HELIOS expression in Tconv cells were

restricted to the FOXP3low cells, thus, co-expression of

FOXP3 and HELIOS unequivocally identified Tregs even

after T-cell activation. Lastly, we report that the relative

preservation of Tregs in thymoglobulin-treated patients

was associated with persistent high expression of CD25

on Tregs, which was in sharp contrast to the sequential

loss of CD25 and FOXP3 in Tregs of the control patients.

One concern with severe lymphodepletion is the non-

specific generation of memory and effector T cells as a

result of homeostatic proliferation during reconstitution

of the lymphoid compartment [17,18]. Patients who

received thymoglobulin had significantly reduced percent-

age of effector CD4+ T cells when compared with control

patients. This effect is a combined result of an increase in

control patients and a reduction in thymoglobulin-treated

patients. The lack of increase in memory and effector

CD4+ T cells after thymoglobulin-induced depletion is

likely due to the incomplete reconstitution, and therefore

the reduced homeostatic proliferation, of the CD4 com-

partment. The partial CD4 reconstitution is likely a result

of inhibition of CD4+ T-cell activation by the maintenance

immunosuppression. A previous report noted that differ-

ent immunosuppressive regimens affected the rate and the

magnitude of CD4+ T-cell reconstitution [10]. In contrast

to that for CD4+ T cells, reconstitution of CD8+ T cell

was more rapid and complete, followed by a delayed rise

of effector CD8+ T cells. This delayed change in CD8 com-

partment was unexpected and our study did not include

control patient samples at late time points; therefore, we

could not determine whether the increase in percentage of

effector CD8+ T cells was specific to thymoglobulin-trea-

ted patients. As most of the CD8 recovery occurred in the

first 3 months after thymoglobulin induction, and the rise

of effector cells was seen after 6 months, it is likely that

the appearance of effector CD8 T cells is a result of the

immunological experience after the transplant, not a direct

consequence of homeostatic proliferation.

Our analysis of Tregs confirmed previous reports that

Tregs are more resistant to depletion by thymoglobulin

leading to their increased percentages after thymoglobulin

treatment. Previous studies reported the decline of Tregs

in patients receiving calcineurin inhibitors [30–33]. The

loss of Treg may be secondary to the inhibition of TCR

signaling and/or the reduction in steady-state IL-2 pro-

duction resulted from maintenance immunosuppression.

It is noteworthy that patients in the thymoglobulin arm

have similar dose of the standard three-drug maintenance

immunosuppression, yet the progressive decline of Tregs

was only observed in control patients. The reason for the

sustained Treg homeostasis in thymoglobulin-treated

patients is not clear. It is possible that the incomplete

reconstitution of T cells and NK-cell compartments may

indirectly contribute to the persistence of Tregs by reduc-

ing competition for common gamma chain cytokines

such as IL-7 and IL-15 that can partially substitute IL-2

in maintaining Tregs [34–36].

In conclusion, our study demonstrates that thymoglob-

ulin induction together with standard immunosuppres-

sion induces prolonged reduction in effector CD4+ T cells

and persistent elevation of Tregs. This alteration of

immune profile to favor immune suppression may under-

lie the efficacy of thymoglobulin induction in controlling

transplant rejection, but raises concerns of increased

infection and neoplasm with this therapy [37]. More

studies are needed to determine if lower dose thymoglob-

ulin induction, reported to be equally effective in control-

ling rejection without increasing risks of infection [8],

would induce similar immunological changes.
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