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Low-Dose Rabbit Antithymocyte Globulin Induction Therapy Results
in Prolonged Selective Lymphocyte Depletion Irrespective of
Maintenance Immunosuppression
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ABSTRACT

Rabbit antithymocyte globulin therapy (rATG) is a potent lymphocyte-depleting agent
commonly used following renal transplantation to reduce the risk of acute rejection.
Standard doses (7–10 mg/kg) of rATG result in profound lymphopenia and predispose
patients to infection and malignancy. The effects of lower doses of rATG (LoD-rATG, 3–5
mg/kg) on peripheral blood lymphocytes (PBL) are as yet unknown. In this prospective
clinical trial, PBL subsets were characterized by flow cytometry over 12 months following
LoD-rATG therapy. All patients were initially treated with standard doses of tacrolimus,
mycophenolic acid, and prednisone. At 3 months, patients were randomized to either
lower doses of tacrolimus or sirolimus to examine the effects of maintenance immunosup-
pression on PBL reemergence. LoD-rATG therapy resulted in prolonged suppression of
CD19� B cells, total CD3� T cells, as well as naïve and memory CD4� T cell and
CD4/CD25/Foxp3� T-regulatory subsets irrespective of chronic immunosuppressive ther-
apy. Selective depletion was only noted in the CD4CD45RA� naïve T-cell subset resulting
in an altered memory/naïve CD4� ratio. LoD-rATG failed to deplete CD8� T cells, which
increased their relative contribution to the total CD3� pool. All other lymphocyte subsets
maintained near normal proportions. Thus, LoD-rATG therapy may lessen the adverse

effects of full dose rATG while maintaining overall efficacy.
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AS IMMUNOSUPPRESSIVE THERAPIES for renal
transplantation progressed to include more potent

and specific therapies, short-term graft and patient survival
rates have continuously improved.1,2 These results occurred

espite the increasing use of nonstandard deceased donor
rgans, which are predisposed to early graft dysfunction and
alcineurin toxicity.1,2 To ameliorate these risks, it is be-

coming standard practice to include a lymphocyte-depleting
agent at the time of transplantation. Currently, the vast
majority of renal transplant recipients in the United States
treated with induction therapy receive rabbit antithymocyte
globulin (rATG; Thymoglobulin, Genzyme Transplant,
Cambridge, Mass, USA).3

The immunologic consequences of rATG therapy are
complex and ill defined; however, its most studied charac-
teristic is rATG’s effect on peripheral blood lymphocyte
(PBL) depletion.4,5 After renal transplantation, rATG-
nduced PBL reduction appears dose related.4,6,7 Intensive

therapy lasting 10 days with upward of 60 mg/kg total dose
resulted in profound changes in PBL subsets lasting grater

than 60 months.6 More contemporary rATG dosing goals
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ypically entail somewhat lower total amounts of 6 to 10
g/kg, a dose that still leads to prolonged alterations in
BL phenotypes.8,9 Such long-term effects of rATG may
ontribute to an increased risk for infection or malignancy
ithout added immunologic efficacy in low-risk kidney

ransplant recipients.
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This current trial explores the effects of lower total dose
of rATG induction therapy, 3 to 5 mg/kg, on PBL subsets
over the course of 1 year after transplantation. In addition,
in order to evaluate the effects of maintenance immunosup-
pression on PBL recovery, after 3 months patients either
were randomized to either continued tacrolimus therapy or
were switched to sirolimus.

PATIENTS AND METHODS
Patients

This randomized prospective clinical trial was conducted at Buffalo
General Hospital, Kaleida Health Care System, with informed
consent and approval from the Institutional Review Board of
SUNY, University at Buffalo. Adult patients who received their
first kidney transplant were eligible to participate. Exclusion crite-
ria included a class I panel-reactive antibodies � 30%, simultane-
ous transplant of a second solid organ, history of malignancy, active
pregnancy, total cholesterol � 300 mg/dL, triglycerides � 400

g/dL, absolute neutrophil count �1000 cells/mm3, and active viral
infections with HIV or hepatitis B or C. Patients were recruited
over a period from January 2008 until October 2010.

Study Design

All patients underwent implantation biopsy and received induction
therapy with rATG (3–5 mg/kg total dose) given over 3 to 4 days
along with 250 mg intravenous (IV) solumedrol. On day 2, patients
were given 125 mg IV solumedrol and were started on tacrolimus
(TAC) and sodium mycophenolate 720 mg twice a day. Oral
prednisone was begun on day 3 at 30 mg/d and was tapered by 5
mg/wk until a maintenance dose of 5 mg/d was reached. For the
first 3 months, TAC levels were kept between 10 and 15 ng/mL.

At 3 months, patients underwent surveillance transplant biopsy
and flow cytometric analysis of PBL subsets. In the absence of
subclinical rejection including borderline and higher grades, pa-
tients were randomized to two groups: low-dose TAC (LoTAC)
with levels of 4 to 6 ng/mL or sirolimus (SRL) with levels of 5 to 10
(Abbott IMX Immunoassay). At 12 months, patients underwent a
second surveillance biopsy and flow cytometric analysis.

Flow Cytometry

Phenotypic analysis of PBLs was performed as previously described
using a six-color flow cytometer (FACSCanto II, BD Bioscience,
San Jose, Calif, USA).10,11 Lymphocyte subsets characterized in-
luded: CD3� (total T cells), CD3�CD4�, CD3�CD8�,

CD3�CD4�CD45RA� (naïve), CD3�CD4�CD45RO� (memory),
CD19� (B cells), CD3�CD4�CD25�Foxp3� (regulatory T cells
Tregs]). Antibodies used were: CD3 PECy7 (SK7), CD4 PerCP
SK3), CD19 PECy7 (SJ25C1), CD25 APC (2A3), and CD45RA
PC (HI100) were purchased from BD BioScience; CD45RO PE

UCHL.1) and CD127 PE (R34.34) were purchased from Beckman
oulter (Miami, Fla, USA); CD8 FITC (3B5) was purchased from

nvitrogen (Carlsbad, Calif; USA); FOXP3 Ax488 (206D) and its
sotype control (MOPC-21) were purchased from BioLegend (San

iego, Calif, USA). For comparison, flow results obtained in five
ormal, nontransplanted individuals were used as controls.

Statistics

Statistical analysis was performed by analysis of variance and
Student t test for parametric data. Chi-square analysis was used for

nonparametric data. Significance was considered to be P � .05.
RESULTS

A total of 58 patients were enrolled in the study. Six
patients were noted to have subclinical inflammation on the
3-month protocol biopsy, five had borderline changes, and
one had grade 1A rejection. These patients did not undergo
randomization. Following randomization, one patient expe-
rienced acute rejection in the SRL arm. One patient in the
LoTAC arm had subclinical borderline changes on the
12-month biopsy. The demographics for the remaining two
groups of patients randomized to LoTAC or SRL are
shown in Table 1. The two groups were well matched except
for the presence of more expanded criteria donors in the
LoTAC group.

The results of flow cytometry data obtained at 3 months
for all 58 patients are shown in Table 2. Overall, the total
number of CD3� lymphocytes was reduced by over 50%. A

ore dramatic reduction was noted for total, naïve, and
emory CD4� subsets. CD4� naïve T cells appear espe-

ially vulnerable to low-dose rATG depletion since the
roportion of CD4�RA� cells to total CD3� cells fell from

29% to 12%. Although the absolute number of CD4�

memory cells was also significantly reduced, their relative
contribution to total CD3� numbers was unchanged (36%
vs 32%, respectively). Given the difference in low-dose
rATG effects on RA� and RO�CD4� T cells, the ratio of

emory to naïve CD4� cells increased from 1.2 to 2.6.
Tregs also underwent a 75% reduction in absolute numbers
yet the Treg to CD4� ratio remained unchanged at 0.04.
The number of circulating CD8� T cells was not signifi-
cantly reduced by low-dose rATG resulting in an increase in
the relative proportion of CD8� cells within the entire

D3� set. Similar to CD3� T cells, CD19� B cells were
equally affected by low-dose rATG.

The long-term effects of low-dose rATG comparing the
influence of either LoTAC or SRL maintenance therapy on
PBL reconstitution were evaluated by flow cytometry at 12
months. As shown in Table 3, there were no significant
differences in the absolute numbers for any PBL subset
between the LoTAC and SRL groups. Although total
CD3� lymphocytes recovered to some extent in both
groups, their absolute numbers remained substantially

Table 1. Patient Demographics

LoTAC (n � 29) SRL (n � 23)
Univariate

P value

Age (y) 56.8 � 12.4 51.1 � 13.6 NS
ale (%) 72.4 65.2 NS
frican-American (%) 13.8 13 NS
iving donor (%) 44.8 65.2 NS
iabetes (%) 55.2 30.4 NS
ypertension (%) 20.7 13.0 NS
elayed graft function (%) 17.2 4.3 NS
xpanded criteria donors (%) 24.1 4.3 .05
otal rATG dose (mg/kg) 2.9 � 0.79 3.0 � 0.32 NS
LA mismatch 3.7 � 1.7 3.8 � 1.4 NS
LoTAC, low-dose tacrolimus; SRL, sirolimus; rATG, rabbit antithymocyte
globulin; HLA, human leukocyte antigen; NS, not significant.
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lower than in controls. In both groups, total CD4� T cells as
well as both their memory and naïve subset numbers
remained equally depressed. Memory CD4� cells contin-

ed a slow recovery process irrespective of maintenance
mmunotherapy, while naïve cells remained essentially un-
hanged. This differential recovery of CD4� cell subsets
esulted in a still greater memory to naïve cell ratio of 4.2.
regs also slowly recovered but their absolute numbers in
oth the LoTAC and SRL groups were equally depressed,
emaining approximately half of control values. The ratio of
regs to other CD4� cell populations remained constant
xcept for the ratio of Tregs to naïve CD4� T cells, which

was substantially increased from approximately 12% to
36%.

At 1 year, the absolute number of CD8� PBLs in both
aintenance immunosuppressive groups remained within

he normal range. Thus, CD8� PBLs continue to comprise
greater percentage of total CD3� cells. Over the course of

1 year, the number of circulating CD19� B lymphocytes
howed no tendency to increase. Although not significant,
he number of B cells in the LoTAC group was slightly
reater than in the SRL patients (P � .09).

DISCUSSION

Induction immunosuppressive therapy for renal transplan-
tation with rATG has proven short- and long-term bene-
fits.12,13 The potential deleterious effects of rATG in rela-
ion to the risks of infection and malignancy, in addition to
he significant associated costs, demand the exploration
f the efficacy of this drug at lower exposures. The duration
f therapy and the total amounts of rATG required to
chieve protection from rejection and graft failure remain
ncertain. A variety of successful therapeutic strategies
ave been employed including both short and long courses
onsisting of total doses ranging from 3 to 10.5 mg/kg.7,12–14

To a great extent, the dose requirement for rATG may
depend on the character of the patients to be treated. We
now demonstrate that low-dose rATG (3 mg/kg) is highly
effective in preventing clinically evident as well as subclin-
ical acute rejection when given as induction therapy to a
low-risk recipient population.

In this trial, changes in PBL subset phenotypes were

Table 2. Absolute PBL Numbers at 3 Months (cells/mm3)

Controls LoD-rATG
%

Reduction P value

Total WBC 6454 � 1749 6046 � 2287 .69
CD3� 1388 � 301 557 � 540 60 .001

D3�CD4� 980 � 207 269 � 243 73 �.001
CD3�CD4�CD45RA� 404 � 216 63 � 69 85 �.001

D3�CD4�CD45RO� 497 � 175 170 � 138 66 �.001
CD3�CD8� 334 � 140 226 � 244 33 .33
CD19� 238 � 125 119 � 95 50 .01
CD4�CD25�Foxp3� 48 � 13.9 10 � 8.6 80 �.001

Results are mean � standard deviation. PBL, peripheral blood lymphocytes;
LoD-rATG, low-dose rabbit antithymocyte globulin; WBC, white blood cells.
measured as a surrogate marker of low-dose rATGs in vivo
fficacy. Similar to higher doses of rATG, low-dose rATG
herapy led to severe and long-term depletion of the total
D4� population that was especially notable in the naïve
D4� subset.6–8 The resultant increase in the CD4�

memory/naïve cell ratio was primarily caused by selective
naïve CD4� cell depletion. The modest long-term reduc-
ion in B-cell numbers seen with low-dose rATG also
irrored results observed with higher total doses.6,9,15 The
D8� T-cell population appears resistant to rATG-deplet-

ng effects irrespective of dose.6,7 Thus, in terms of the
forementioned PBL subsets, low-dose rATG therapy led
o similar long-term changes in PBL subsets as was previ-
usly reported with higher doses.
Low-dose rATG therapy also had profound and lasting

epleting effects on Tregs. Moreover, the Treg/CD4� cell
ratios were not altered at 3 and 12 months irrespective of
maintenance immunosuppression. These results are in con-
trast to the Treg-promoting effect observed in transplant
recipients treated with higher doses of rATG.8,9 This dis-
crepancy may be due to a dose effect. In vitro, rATG was
shown to induce Tregs at concentrations of 5 to 100
�cg/mL, which are normally achieved in vivo after 7 to 11

ays of therapy at daily doses of 1.25 to 1.5 mg/kg.16–18

Thus, low-dose rATG therapy may not have achieved the
concentrations required induce Tregs. Since a greater Treg/
CD4� ratio in PBLs correlates with the better graft out-
omes, the use of higher doses of rATG in high-risk patients
ay prove to be more efficacious.19 The effectiveness of

ow-dose rATG induction therapy in high-risk patients
emains to be studied.

Recent studies suggest that SRL maintenance immuno-
uppression promotes the generation of Tregs following
ATG induction therapy.8 Compared to TAC, we failed to
bserve a differential effect of SRL on Treg numbers or
ercentages. This may have been due to the use of TAC in
ll patients for the first 3 months, negating any beneficial
RL effect. Alternatively, Treg numbers may increase in the
RL group given a longer period of observation.
A criticism of this study may be the use of normal

ontrols as a comparator with our transplant patients.
owever, the numbers of PBLs and their subsets in our

Table 3. Absolute PBL Numbers at 12 Months (cells/mm3)

LoTAC (n � 18) SRL (n � 12)

Total WBC 8050 � 2690 6842 � 2331
D3� 657 � 265* 712 � 442*

CD3�CD4� 348 � 167* 347 � 165*
CD3�CD4�CD45RA� 61 � 52* 62 � 98*

D3�CD4�CD45RO� 254 � 150* 263 � 108*
CD3�CD8� 245 � 148† 311 � 327†

CD19� 132 � 89‡ 85 � 32*
CD4�CD25�Foxp3� 19 � 36† 25 � 15‡

Results are mean � standard deviation.
PBL, peripheral blood lymphocytes; LoTAC, low-dose tacrolimus; SRL,

sirolimus; WBC, white blood cells.
*P � .001 versus control.
†
P � not significant versus control.
‡P � .05 versus control.
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controls are well within the normal ranges and closely
mirror those obtained in similar studies of patients prior to
transplantation.6–8 In summary, we demonstrate that low-

ose rATG is an effective induction strategy that protects
rom clinical and subclinical rejection when used in low-risk
atients. The short- and long-term changes in PBL subsets

nduced by low-dose rATG closely mimic those obtained
ith higher doses except for the Treg population. Given the
urrent protocol, we were not able to discern a differential
ffect of maintenance immunosuppression on PBL subset
umbers or proportions. The in vivo consequences of these
ifferences remain to be studied.
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