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Binding of ATGs to Endothelial Cells In Vivo
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 Background: Polyclonal anti-thymocyte globulins (ATGs) are immunosuppressive drugs widely used in induction of immu-
nosuppression and treatment of acute rejection after solid organ transplantation. We have previously demon-
strated that ATGs bind to endothelial cells in vitro, and are able to modulate ECs. The aim of this study was to 
investigate the binding of ATGs to endothelial cells under in vivo conditions.

 Material/Methods: Muscle biopsies from extremities of cynomolgus monkeys were obtained after ischemia/reperfusion at 4°C. 
ATGs (Thymoglobulin, Sanofi-Aventis, France; 1 mg/kg) were added to the blood 30 min prior to the reperfusion. 
Biopsies (n=10) of patients undergoing heart transplantation and preoperatively treated with ATGs (Thymoglobulin, 
Sanofi-Aventis, France; 1.5 mg/kg) as induction therapy were also analyzed 6 hours and 7 days after induction. 
Binding of ATGs to ECs was analyzed with an anti-rabbit IgG antibody by means of immunohistochemistry.

 Results: Binding of ATGs to endothelial cells could be demonstrated in vivo in our animal experiments 4 hours after re-
perfusion, as well as in the clinical biopsies 6 hours after induction of immunosuppression in heart transplant 
patients, showing a preferred localization in post-capillary veins. No expression of ATGs on the endothelial sur-
face could be observed after 7 days, suggesting that ATGs may be washed out from the endothelial surface in 
a time-dependent manner.

 Conclusions: Our results show that ATGs are able to bind to endothelial cells in an experimental model and in clinical prac-
tice, supporting preconditioning strategies with ATGs in solid organ transplantation.
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Background

Polyclonal anti-thymocyte globulins (ATGs) are immunosup-
pressive drugs widely used in induction of immunosuppression 
and treatment of acute rejection after solid organ transplan-
tation [1]. The main mechanism of action has been extensive-
ly reported, and is based on the depletion of activated T-cells 
through complement activation and induction of apoptosis 
through CD95 [2,3]. However, ATGs present other mechanisms 
of action not related to T-cell depletion, allowing different im-
munosuppressive strategies [3,4], including modulation of en-
dothelial cells and regulation of dendritic cells and B-cells [4–6].

Induction of immunosuppression has been historically relat-
ed to low rates occurrence of rejection episodes and better 
graft function [7]. Recently, Djamali et al. [8] demonstrated re-
duction of the incidence of donor-specific antibodies (DSA) in 
patients receiving induction with rabbit anti-thymocyte glob-
ulin (Thymoglobulin, Sanofi-Aventis, Boston, USA). In their re-
port, the reduction of the incidence of DSA was also related 
to better long-term outcome. As possible mechanisms of ac-
tion of ATGs in this context, they proposed a depletion of na-
ïve B-cells, as demonstrated by Popov et al., or a possible re-
duction of antigen presenting cells (APC) through T-regs [9].

We have previously demonstrated that ATGs bind to endothe-
lial cells in vitro, and are able to modulate ECs [5,10]. As DSAs 
also originate from endothelial cells, we propose the hypothe-
sis that the polyclonal antibodies bind to endothelial cells and 
that this “coating” of endothelial cells prevents the expres-
sion of endothelial antigens to circulating recipient cells. The 
aim of our study was to demonstrate, as “proof of concept”, 
that ATGs bind to endothelial cells under in vivo conditions.

Material and Methods

Tissue samples

Animal biopsies

Biopsies of muscle tissue of cynomolgus monkeys (n=10) were 
obtained after ischemia-reperfusion injury and treatment with 
1 mg/kg ATG (n=5; Thymoglobulin, Sanofi-Aventis, Germany), 
or without ATG (Control; n=5). The Bavarian government and 
the local ethics committee (N: AZ-211-2531-33/2000) approved 
this study. A complete description of the methodical setup, in-
cluding surgical procedures, has been described elsewhere [11]. 
Briefly, 10 cynomolgus monkeys (Macaca fasciculata) were an-
aesthetized and provided with central lines. The axillary and 
inguinal vessels were isolated from the main circulation and 
cannulated to allow connection to an extracorporeal perfusion 
system, as described before [12]. After rinsing the animal’s 

blood from the extremity by flushing with Ringer’s lactate so-
lution at 4°C for 60 min, reperfusion with human blood treat-
ed with 1 mg/kg ATG or untreated blood was initiated. ATGs 
were added to the human blood 30 min before the experi-
ments. Reperfusion lasted for 240 min. The animals were eu-
thanized after the experiments. Biopsies of muscle and con-
nective tissue were obtained directly after the experiments, 
stored in formalin for 48 h, and then embedded in paraffin to 
be fixed for immunohistochemical analysis (Figure 1).

Human biopsies

Cardiac biopsies (n=10) were obtained from patients undergoing 
heart transplantation after institutional review board approval 
(AZ 168/12). Induction of immunosuppression with 1.5 mg/kg of 
rATG (Thymoglobulin; Sanofi-Aventis, Germany) was made pre-
operatively in all cases during induction of anaesthesia after in-
sertion of an arterial line to control blood pressure. Preoperative 
induction was performed to delay administration of anticalci-
neurinics. Biopsies were obtained from the diseased heart after 
explantation (right atrium; left/right ventricle). At the end of the 
implantation and after weaning of CPB, 1 tissue sample of the 
right atrium was obtained from the cannulation site of the donor 
heart (Figure 2). Biopsies from patients undergoing ventricular as-
sist device (VAD) implantation were used as controls to demon-
strate the specificity of the technique (Figure 3). Biopsies (n=4) 
taken to rule out acute rejection were made as early as 7 days 
after transplantation, and only per protocol or clinical suspicion. 
The biopsies were stored in 4% formalin for 48–72 h and embed-
ded in paraffin for immunohistochemical and histological studies.

Histology and immunohistochemistry

Tissue sections (5-μm–thick) of animal and human origin were 
mounted on Histobond adhesion microslides, and then were 

Figure 1.  Representative microphotography of positive staining 
of endothelial cells with anti-rabbit IgG, demonstrating 
binding of ATGs to the ECs in our experimental primate 
model (×40).
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dewaxed and rehydrated. Hematoxylin/Eosin (H/E) staining was 
performed in 1 of every 10 slices to check for adequate orienta-
tion of the preparation. H/E and Masson’s trichrome techniques 

were performed to localize the most important types of cells, 
vessels, and muscle fibers, as well as to differentiate muscle fi-
bers, cells nuclei, fibrin, and collagen (data not shown). Binding 

A

C

B

D

Figure 2.  Positive reaction after staining with anti-rabbit IgG upon cardiac biopsies after heart transplantation. (A) Explanted heart 4 
h after induction with ATG (×20); (B) Explanted heart 4 h after induction with ATG (×40); (C) Donor heart 6 h after induction 
with ATG (×40); (D) Donor heart 7 days after induction with ATG (×40).

A B

Figure 3.  Negative reaction after staining with anti-rabbit IgG in animal and human cardiac biopsies. (A) Muscle after no treatment 
with ATG (×20); (B) Heart after no induction with ATG (×20).
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of ATGs to endothelial cells and other cell types was assessed 
with an anti-rabbit IgG antibody (Abcam, Cambridge, UK). 
Sections from animal (after the experiments) and human tis-
sue (6 h and 7 days after induction with ATG) were evaluated.

For immunohistochemistry, antigen retrieval was carried out by 
heating in a microwave oven for 10 min at 750 W or by 20 min 
of pressure-cooking in 10 mM sodium citrate buffer (pH 6.0). 
Sections were consecutively incubated in: (1) anti-Rabbit IgG 
polyclonal antibody (Abcam, Cambridge; UK) at a dilution of 
1:100 for 2 h according to manufacturer`s protocol; (2) 3% hy-
drogen peroxide (Merck, Darmstadt, Germany) to block endog-
enous peroxidase for 10 min; (3) visualization reagent (dextran 
polymer-conjugated with horseradish peroxidase and affinity-
isolated goat anti-rabbit immunoglobulins) (Envision©, Dako, 
Glostrup, Denmark) for 30 min. In each step, sections were 
washed twice for 5 min with TBS (50 mM Tris buffer, pH 7.6, 
containing 150 mM NaCl). All dilutions were made in TBS ex-
cept for the primary antibody (step 1), in which ChemMate© 
antibody diluent (Dako) was used. All sections were counter-
stained with hematoxylin for 1 min. Controls for specificity of 
immunohistochemistry were performed by: (1) omitting any 
essential step of the immunoreaction or (2) substitution of the 
anti-rabbit IgG with appropriate dilution of normal (non-im-
mune) goat serum. Positive controls of the techniques were 
performed in rabbit tissue (data not shown). Analysis of the 
samples was independently performed by 2 experienced ob-
servers (A.B-F. and I.W.). No numerical analysis was performed, 
because the study was purely descriptive.

Results

Binding of ATGs to endothelial cells were demonstrated in vivo 
in our animal experiments at 4 h after reperfusion, as well as 
in the clinical biopsies after induction of immunosuppression 
with ATGs in heart transplant patients.

Animal biopsies

Positive immunohistochemical staining demonstrated binding 
of ATGs to endothelial cells after 4-h reperfusion with human 
blood treated with thymoglobulin. This binding was shown 
in all slides. The polyclonal antibodies were preferentially lo-
cated in venous endothelial cells, especially in post-capillary 
veins. Figure 1 shows a representative image of ATGs binding 
to ECs. Figure 3A shows an absence of positive reaction in an-
imals not treated with ATG.

Human biopsies

Morphological differences were typical within the recipient (dis-
eased) and donor cardiac biopsies. H/E staining of diseased 

muscle presented necrotic muscle fibers, loss of normal mus-
cular tissue architecture, and diffuse interstitial fibrosis in all 
the biopsies studied. Biopsies from donor hearts showed nor-
mal cardiac morphology and no evidence of spontaneous in-
flammation or increased fibrosis.

The expression of anti-rabbit-IgG in myocardium was evalu-
ated by immunohistochemistry. There was positive staining 
after induction with ATGs in endothelial cells, both in the re-
cipient heart (at least 3 h after induction; Figure 2A, 2B) and 
in the donor heart (at least 5 h after induction; Figure 2C). 
Localization was preferentially in venous vessels. Positive re-
action for immune cells, especially lymphocytes and polymor-
phonuclear cells, was observed, especially in arterial vessels. 
Cardiac biopsies obtained 7 days after heart transplantation 
showed positive staining for anti-rabbit-IgG, mostly on intralu-
minal immune cells, showing scarce positive immunostaining 
on endothelial cells. This fact suggests that circulating blood 
is able to wash out ATGs previously bound to ECs (Figure 2D). 
The positive controls of the technique performed in rabbit 
muscle and connective tissue (data not shown) revealed an 
intense positive reaction, confirming the positive reaction in 
human tissue. Absence of staining was demonstrated in pa-
tients with end-stage heart failure undergoing VAD implanta-
tion and not treated with ATG (Figure 3B).

Discussion

Although rabbit ATGs have been used in thousands of solid 
organ transplants for more than 30 years after licensing, the 
immunological properties of these drugs are not fully under-
stood. In fact, growing knowledge of the complex immunologi-
cal activity of rATGs allows new clinical applications in solid or-
gan transplantation and hematological diseases, and requires 
new research in other therapeutic fields [4].

The main mechanism of action of rATGs has been tradition-
ally related to T-cell and NK-cell depletion through comple-
ment activation and induction of apoptosis through CD95 [1]. 
Furthermore, depletion of activated CD3+, CD4+, and CD8+ 
followed by reconstitution of CD4+ from naïve CD4 T-cells 
has been recently described, and is a pivotal role of these an-
tibodies [13,14]. This mechanism of action is responsible for 
the clinical activity of ATGs in induction of immunosuppres-
sion, prevention and treatment of acute rejection, and treat-
ment of graft-versus-host disease (GvHD).

However, there is growing evidence that the immunological ac-
tion of rabbit ATGs is not only dependent on T-cell depletion, but 
is also related to other mechanisms of action, such as modula-
tion of adhesion molecules and chemokine receptors, as well as 
regulation of different immune cells, such as B- and NK-cells, 
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dendritic cells, and regulatory T-lymphocytes [3]. Regulation 
of adhesion molecules, such as ICAM or PECAM, and cell-traf-
ficking molecules, such as CXCR4 or CCR5, through ATGs is of 
special importance, as these molecules expressed on the sur-
face of leukocytes and endothelial cells play a key role in isch-
emia-reperfusion injury (IRI) and acute rejection [15–17]. Our 
research group has provided experimental evidence of a re-
duction of IRI and tissue infiltration and reduction of tissue 
apoptosis after treatment with ATGs in a primate model [3,11]. 
Furthermore, we demonstrated modulation of adhesion and in-
flammatory molecules on the endothelial surface, which could 
be related to decreased leukocyte-endothelial interactions and 
improved microcirculation after ischemia [12,15].

The affinity of rabbit ATGs for endothelial surface molecules 
has been sufficiently demonstrated [15,16,18]. We have dem-
onstrated a dose-dependent binding of ATGs to HUVECs and 
adult endothelial cells by means of flow cytometry in previous 
studies [5,10]. We also showed a decrease of trans-endothe-
lial migration of leukocytes after treatment of ECs with thy-
moglobulin [19]. In the present study we demonstrated the 
binding of ATGs to endothelial cells in an experimental model 
and in clinical practice. Our results provide an explanation for 
the decrease of leukocyte-endothelial interactions, postulat-
ed in previous studies [12,15] as coating of endothelial cells 
may reduce the recognition of antigens presented on the en-
dothelial surface, preventing adhesion of circulating leuko-
cytes and trans-endothelial migration of leukocytes in vivo. 
Interestingly, the expression of ATGs in ECs was reduced after 
7 days. This fact might be explained through a washout phe-
nomenon of the circulating blood, and would provide a ratio-
nale for repeated low-dose administration of ATGs at intervals.

Other advantages can be proposed as hypotheses for a benefi-
cial effect of ATGs in the transplant setting regarding endothe-
lial binding. Brokhof et al. demonstrated a lower incidence of 

de novo DSA and antibody-mediated rejection after induction 
of immunosuppression with rATGs in comparison to Basiliximab 
after kidney transplantation [8]. Binding of ATGs to endotheli-
al cells in the first days after transplantation might reduce the 
function of ECs as “antigen presenting cells”, thus decreasing 
the expression of antigens leading to production of antibod-
ies through B-cells.

Another possible beneficial effect of rATGs binding to ECs is 
the protection against delayed graft function (DGF). It has been 
proposed in experimental studies that ATGs can reduce the 
incidence of DGF through reduction of activated T-cells and 
reduction of the leukocyte endothelial interactions [12,15]. 
Binding of ATGs to ECs could explain the reduction of early 
infiltration of the graft’s parenchyma, thus providing protec-
tion against malfunction. However, clinical data proving this 
hypothesis are lacking. However, a multicenter clinical trial in 
France has been recently initiated to investigate the benefi-
cial effect of ATGs in DGF [20].

The main objective of our study was to demonstrate the bind-
ing of rabbit ATGs to endothelial cells in vivo. We cannot provide 
a mechanistic explanation, although several previous studies 
showed interaction between surface antigens of ECs and ATGs. 
Another disadvantage of our study is that our analysis was 
performed with only 1 application of ATG preoperatively, thus 
possibly reducing the efficacy of the drug due to under-dosage.

Conclusions

Our results show that ATGs are able to bind to endothelial cells 
in an experimental model and in clinical practice, thus explain-
ing different mechanisms of action of these drugs. Our results 
could support the idea of preconditioning strategies with ATGs 
in solid organ transplantation to prevent endothelial damage.
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