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Objectives: Polyclonal anti-thymocyte globulins
(ATGs) are drugs used in the induction of immuno-
suppression, in the treatment of acute rejection,
and in the therapy of hematologic disorders.
Treatment with ATGs can produce adverse effects
due to cross-reacting antibodies directed against
nonmyeloid cells. This study sought to evaluate
the interaction of ATGs and some adhesion mole-
cules expressed on the surface of neutrophils and
lymphocytes.

Materials and Methods: We determined the effects
of different doses of 3 polyclonal ATGs on the
activation and expression of lymphocyte and
neutrophil adhesion molecules in whole blood by
means of flow cytometry.

Results: ATG treatment reduced the percentage of
lymphocytes gated for CD18 and CD62L, as well as
the expression of CD11b, CD18, and CD62L in a
dose-dependent manner. ATGs modulated the
percentage of gated neutrophils for CD18. Although
ATG treatment did not affect CD11b or CD62L
gating in neutrophils, it did regulate expression of
these adhesion markers.

Conclusions: Our results show that ATGs can modify
the expression levels of some of the main leukocyte
adhesion molecules that are responsible for the
characteristic cellular adhesion after ischemia/
reperfusion. These properties of ATGs may contribute
to reduced leukocyte infiltration after solid-organ
transplantation.
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Polyclonal anti-thymocyte globulins (ATGs) are a
group of immunosuppressive drugs currently used to
prevent and treat acute rejection after organ trans-
plantation (including steroid-resistant rejection) [1],
as conditioning regimens for bone marrow transplan-
tation, and to treat hematologic disorders such as
aplastic anemia or graft-versus-host disease [2]. ATGs
have a wide range of effects including depletion and
induction of apoptosis of peripheral T lymphocytes.
To a lesser extent, depletion of T lymphocytes is also
found in the spleen and lymph nodes [3]. ATGs also
are able to modulate B lymphocytes [4] as well as the
expression of various leukocyte adhesion molecules,
including L-selectin [5]. These properties of ATGs
may modify the characteristic cellular adhesion
following ischemia/reperfusion. Differences in the
production of commercially available ATGs (both
rabbit- and equine-derived) have led to differences in
the dosages administered and the effects observed in
clinical practice [6]. Essentially, the immunization of
rabbits with human thymocytes or cultured cell lines
is unlikely to be specific for a single human cell type
[7]. Because thymocytes express antigens common to
many human cell types, polyclonal ATGs could
potentially recognize other circulating antigens,
making the modulation of adhesion molecules upon
neutrophils and monocytes possible. Standardization
of production as well as development of quality
control procedures has improved the consistency of
ATGs, providing a satisfactory clinical tolerance and
an increased specificity for T lymphocytes. However,
phenomena such as dose-dependent neutropenia or
thrombocytopenia are still occasionally reported,
indicating the presence of antibodies directed against
nonmyeloid cells in these preparations (7). Those anti-
bodies could limit the adhesion properties of
nonmyeloid cells in cases of ischemia/reperfusion
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injury or delayed graft function. The aim of our study
was to investigate the effects of 3 different ATGs on
neutrophil and leukocyte adhesion molecules
(CD11b, CD18, and CD62L) by means of flow cytom-
etry.

Materials and Methods

Reagents

Three different ATG preparations were used in this
study: ATG-Fresenius-S (ATG-1; batch 010 H-2,
Fresenius Biotech, Munich, Germany), Thymog-
lobulin (ATG-2; Ch-B.: TH013-7, IMTIX-SangStat,
Lyon, France), and Tecelac (ATG-3; Batch 5-190012,
Biotest AG, Dreieich, Germany). Human thymocytes
were used as immunogens to produce both ATG-2
and ATG-3, whereas a cultured line of Jurkat T cells
was used to generate ATG-1. These preparations were
ready-to-use liquid (H,O) solutions containing 5.5
mg/mL (ATG-2) and 20 mg/mL (ATG-1 and ATG-3)
of purified rabbit immunoglobulin IgG. A lymphocy-
totoxicity test, according to the method of Terasaki [8],
was performed to determine the lowest concentration
of ATG at which more than 50% of the lymphocytes
were depleted after a 10-minute incubation with a
complement. This concentration was noted as a titer
(ATG-1, 1:50; ATG-2, 1:200; and ATG-3, 1:1600). A 5-
fold concentration of these titers was employed as a
cytotoxic dosage (ATG-1/x5; ATG-2/x5; and ATG-
3/x5). Phosphate buffered saline (PBS) (without
calcium/magnesium; 0.18%), Trypan blue (0.4%),
and sodium citrate (3.1%) were obtained from the
pharmacy office of the hospital.

Antibodies

The fluorescein isothiocyanate (FITC)-conjugated
monoclonal antibodies against CD11b and CD1S8,
and the R-phycoerythrin (R-PE)-conjugated anti-
body against CD62L, were purchased from BD
Biosciences (San José, Calif, USA). CD11b modulates
the adherence of polymorphonuclear neutrophils
and monocytes to fibrinogen and positive ICAM-1
endothelia. CD18 is directed against the beta chain of
the lymphocyte function-associated antigen-1. CD18
is expressed on mature immunocompetent lympho-
cytes and their neoplastic counterparts, granulo-
cytes, and monocytes, and is involved with cell/ cell
and cell/extracellular adhesion in immune and
inflammatory responses. CD62L is a vascular adhesion
molecule constitutively expressed on granulocytes,
monocytes, and a vast array of circulating lympho-

cytes. CD62L (L-selectin) is important for lymphocyte
homing and adhesion to endothelial cells of
postcapillary venules of peripheral lymph nodes,
especially during the early phases of the adhesion
cascade.

Blood collection

The protocol conformed with the ethical guidelines
of the 1975 Helsinki Declaration. After informed
consent had been obtained, whole blood (15 mL)
was collected by venipuncture with minimal stasis
from 12 healthy volunteers (6 men and 6 women).
Blood was drawn into plastic syringes, and the first
5 mL was discarded to prevent contamination. The
blood was anticoagulated with 3.1% sodium citrate
and distributed into sterile 14-mL polypropylene
tubes (Greiner Bio-One, Solingen-Wald, Germany).

Preparation for flow-cytometry analyses

ATG 1, 2, or 3 (0.1 mL) diluted in PBS was added to
0.9 mL blood and incubated for 10 minutes at room
temperature. Samples (5 uL) were then mixed with
100 uL PBS in polystyrene round-bottom tubes (5 mL
Falcon, BD-Pharmingen, Heidelberg, Germany) and
incubated with 5 yL undiluted FITC- and PE-conju-
gated antibodies for 10 minutes at room tempera-
ture in the dark. The reaction was stopped with 900
uL of PBS.

Flow cytometry analyses

Flow cytometry was performed with a FACSort
flow cytometer (BD Biosciences) equipped with a
15-mW argon laser emitting at 488 nm. The fluores-
cence signals of FITC and PE were detected with
530/30 nm (channel 1) and 585/42 nm band pass
filters (channel 2) with correction of the spectral
overlap by color compensation. Calibration of the
flow cytometer was performed using standard fluo-
rescent microbeads (CaliBRITE, BD Biosciences).
Analysis of the fluorescence properties of 50,000
events was performed using CellQuest software
(BD Biosciences). Both the intensity of labeling and
the gating of electronic windows for lymphocytes
and neutrophils were analyzed. The results are
expressed as the percentage of gated cells for each
particular antibody, defining the percentage of cells
expressing the adhesion molecule studied, and the
mean fluorescence intensity (MFI), which explains
the intensity of expression of the analyzed molecule
on the cell surface.
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Group design and statistical analyses

Samples were distributed according to the ATG and
the dosage employed, and 6 groups were generated,
3 of them with a standard dosage (ATGI, -2, -3) and 3
of them with a toxic dosage (ATG1, -2 -3 /x5) (n =
6/group). A control group was included, in which
whole blood was incubated with PBS instead of ATG
(n = 6). Results are expressed as means + standard
deviation. Statistical analyses were performed with a
one-way ANOVA. A posteriori comparisons between
the ATG-treated and control groups were performed
using the Dunnett test. Post hoc comparisons within
the ATG-treated groups were done with the Tukey test.
A P value less than .05 was accepted as statistically

significant.

Results

Effect of polyclonal ATGs upon expression of
leukocyte adhesion molecules

The percentage of gated lymphocytes for CD11b after
incubation with ATGs ranged between 20%-30%, but
this difference was not statistically significant (Figure
1A). The mean MFI for this antibody was significantly
reduced in the ATG-1/x5 and ATG-3/x5 groups
(Figure 1B). The percentage of gated lymphocytes for
CD18 was significantly higher in the control group in
comparison with the ATG groups (Figure 1A).
Although the MFI for CD18 was lower in the ATG
groups, no statistically significant differences between
the groups were found (Figure 1B). ATG treatment
significantly reduced the percentage of gated lympho-
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cytes for CD62L in the high-dose ATG groups, while
there was no significant difference between low-dose
ATG groups and controls (P <.05) (Figure 1A). MFI for
L-selectin was significantly reduced in all the ATG
groups, with the exception of ATG-2 (P < .05) (Figure
1B).

ATG treatment did not affect the percentages of
gated neutrophils for CD62L and CD11b but did
significantly lower the percentage for CD18 (Figure
2A). ATG-1/x5 significantly increased MFI for CD11b,
whereas ATG treatment did not change the MFI for
CD18 (Figure 2B). According to the MFL, no differ-
ences between the ATG groups and controls were
found for CD18, although ATG-1/x5 demonstrated
significantly higher values for CD11b. All ATG treat-
ments (except the ATG-2 and ATG-3 groups) signifi-
cantly reduced the MFI for CD62L (Figure 2B).

Differences between the 3 ATGs in standard and 5-
fold dosages

Increased doses of ATG did not significantly change
expression of CD11b on lymphocytes at both dosages
studied (Figure 1A). However, there was a significant
reduction of MFI in the ATG-1/x5 and ATG-3/x5
groups compared with the low-dose ATG groups
(Figure 1B). All high-dose groups showed lower
percentages of gated lymphocytes for CD18, although
the MFI for this molecule was not affected (P < .05).
Furthermore, there were differences within the stan-
dard-dose ATG groups, with ATG-1 and ATG-3
demonstrating significantly lower percentages of
gated lymphocytes for CD18 than for the ATG-2 group
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Figure 1. Comparison of the percentage of gated lymphocytes (A) and mean intensity of fluorescence (B) between the different dosages of ATG and control

groups. *ATG vs control; # ATG vs ATG/x5. P < .05.
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(Figures 1A and B). For CD62L, the 5-fold dosage
ATG groups demonstrated lower values than did the
low-dose ATG groups in terms of both the percentage
of gated lymphocytes and MFIL. The ATG-1 and ATG-3
groups showed a reduced MFI compared with ATG-2
in the standard-dose groups, and ATG-1/x5 showed
significantly lower values for CD62L than did ATG-
2/x5 and ATG-3/x5 (P < .05) (Figures 1A and 1B).

There were no differences within the ATG groups
regarding percentages of gated neutrophils for CD11b
(Figure 2A). ATG-1 and ATG-3 in the 5-fold dosage
showed higher values of MFI than did the other ATG
groups (Figure 2B). Furthermore, the ATG-1/x5 group
showed a significant increase of MFI when compared
with the standard-dose groups (Figure 2B). The CD18
percentage of gated neutrophils within the ATG
groups was significantly higher in the ATG-1/x5, ATG-
2, and ATG-3 standard-dosage groups compared with
the ATG-1, ATG-2/x5, and ATG-3/x5 groups (P < .05)
(Figure 2A). However, the ATG-2 group demonstrated
higher values than all the other groups. There were no
differences in the percentage of gated neutrophils for
CD62L within the ATG groups. However, all ATGs
showed significantly lower intragroup MFI levels in
the 5-fold dosage (Figure 2B). Furthermore, ATG-1 and
ATG1/x5 showed lower intensity of expression than
did the other ATG groups at both dosages.

Discussion

Polyclonal ATGs are a group of commonly used
immunosuppressive agents used in transplantation

and hematology. ATGs deplete peripheral blood T
cells through active cell death by both complement-
dependent lysis and activation-associated apoptosis
[9]. However, ATGs are not specific for T lympho-
cytes; they contain antibodies that bind to other circu-
lating cells including granulocytes, B lymphocytes,
and thrombocytes [7]. Preville and coworkers have
shown that nonhaemadsorbed ATGs produce anti-
bodies directed against circulating erythrocytes,
neutrophils, and platelets [6]. We have previously
demonstrated that ATGs can influence the expression
of adhesion molecules on unstimulated thrombocytes
[10], and we hypothesized that ATGs containing anti-
bodies against leukocyte adhesion molecules could
reduce tissue infiltration and inflammation in cases of
ischemia/reperfusion injury [11].

The data presented in this study show that poly-
clonal ATGs modulate the in vitro expression of
leukocyte adhesion molecules. ATG treatment did not
change the percentage of gated lymphocytes for
CD11b, but did dose-dependently decrease MEFI.
Because this 32 integrin plays a crucial role in the firm
attachment of leukocytes to the endothelium during
the inflammatory response, down-modulation of
CD11b may reduce lymphocyte infiltration after
reperfusion. CD11b expression on neutrophils was not
modulated by exposure to ATGs, which is consistent
with the data presented by Michallet and coworkers
[5]. Since the CD11b antigen is present on approxi-
mately 30% of peripheral blood lymphocytes (includ-
ing most natural killer lymphocytes, mature
neutrophils, and monocytes [12]), down-modulation
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Figure 2. Comparison of the percentage of gated polymorphonuclear leukocytes (PMN) (A) and mean intensity of fluorescence (B) between the different
dosages of ATG and control groups. *ATG vs control; # ATG vs ATG/x5. P < .05.
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of its adhesion properties might reduce leukocyte-
endothelium interactions and thus limit the role of
these cells in cases of ischemia/reperfusion injury
and delayed graft function.

ATG treatment dose-dependently reduced the
percentage of gated lymphocytes for CD18. The mini-
mal changes in MFI even in the control group are
possibly related to the lack of lymphocyte activation
in our study. CD18 analysis in neutrophils showed
similar results. Although the intensity of expression
remained low both in the control and in the ATG
groups, CD18 levels were regulated differently by
ATGs from different sources. Although ATGs from
thymocytes (ATG-2 and ATG-3) induced a decrease in
the percentage of CD18-positive neutrophils in a
dose-dependent manner, ATG-1 increased CD18-
positive neutrophils in the 5x group. ATG-1 is derived
from a Jurkat T-cell line, being possible that it contains
fewer antibodies against nonmyeloid cells than
thymocyte-derived polyclonal antibodies. In fact,
ATGs immunized against human thymocytes lead to
a broad T-cell depletion, and ATGs immunized
against the Jurkat T-cell line lead mainly to depletion
of activated T cells (13).

Our data, in contrast with those of Michallet and
coworkers [5], also suggest a dose-dependent specific
reduction of the CD62L-gated lymphocytes and MFI
after increased doses of ATGs, although no significant
differences between the control and standard-dose
ATG groups were found. This may explain the
decrease in leukocyte adhesion after administration
of ATGs [11]. CD62L percentages of gated neutrophils
were not affected by incubation with ATGs either in
standard or in high dosages. However, the intensity
of expression followed the same pattern as lympho-
cytes, showing a dose-dependent decrease of expres-
sion after ATGs.

In conclusion, ATGs can regulate the expression of
adhesion molecules (CD11b, CD18, and CD62L) on
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lymphocytes and neutrophils. These properties of
ATGs may be helpful in reducing leukocyte-endothe-
lial interactions, adherence, and posterior infiltration
characteristic of ischemia/reperfusion injury or rejec-
tion episodes after organ transplantation.
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