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Thymoglobulin (ATG) is a polyclonal rabbit antibody against human thymocytes used as a T cell-depleting agent
in organ transplantation. Its polyclonal character suggests that its eﬀect may go far beyond just T cell depletion.
The aim of this study was to further elucidate possible mechanisms underlying the suppressive activity of ATG.
For in vitro studies, human peripheral blood mononuclear cells (PBMC) were incubated with ATG or control Ig
for various time points. Foxp3+ regulatory cells (Tregs) and monocytes were phenotypically analyzed by ﬂow
cytometry and functionally tested by in vitro suppression assays. Cytokine levels were determined by quantitative
RT- PCR, Multiplex or ELISA techniques.
In vitro, the frequencies of Foxp3+ Tregs increased when human PBMC were stimulated with ATG as compared
with stimulation by rabbit Ig or without stimulation. ATG-treated cells suppressed proliferation of autologous
PBMC stimulated with anti-CD3 and anti-CD28 monoclonal antibodies and this suppression could be reversed by
exogenous IL-2. The Foxp3+ expression dropped down on day 10, which suggests that it is transient. Monocytes
and natural killer cells stimulated with ATG down-modulated CD16. Monocytes suppressed the proliferation of
autologous PBMC. However, there were not statistically signiﬁcant diﬀerences in IL-10, TNF-α and TGF-β1
secretion by monocytes stimulated with ATG or control rabbit Ig.
These ﬁndings suggest that ATG has immunomodulatory eﬀects that go beyond T cell depletion and induction
of Foxp3+ Tregs. The induction of immunosuppressive monocytes might have a protective role in delaying
transplant rejection.

1. Introduction
Thymoglobulin (ATG), a rabbit polyclonal anti-thymocytes antibody
preparation, has been used as an immunosuppressant in human organ
transplantation for decades [1]. The numerous mechanisms mediating
the eﬀect of ATG, however, are not fully understood as ATG has
multiple speciﬁcities [2]. Known target antigens of ATG include, among
others, CD2, CD3, CD5, CD7, CD8, CD11a, CD18, CD38 [3]. These are
predominantly T cell-speciﬁc antigens, but can be partly also expressed
on other hematopoietic and non-hematopoietic cell lineages [2].
Intravenously applied ATG leads to the depletion of T cells in the
circulation as well as in secondary lymphoid organs as observed in mice
and non-human primates [4]. The multiplicity of the ATG antibody
speciﬁcities suggests, however, further immunomodulatory eﬀects.

Regulatory T cells (Tregs) are key players in self-tolerance establishment and autoimmunity control [5]. The eﬀect of ATG on Tregs has been
studied, both in vitro, ex vivo and in vivo in animal models. Using antilymphocytic serum or anti-mouse ATG as a surrogate, it was shown that
Tregs are less sensitive to T cell depletion than nonTregs [6,7]. We
observed similar ﬁndings in humanized CD3ε mice using rabbit ATG
[8]. Using human PBMC, it was ﬁrst suggested that, in vitro, ATG
induces and expands FOXP3+ Tregs. It was also shown that these cells
are suppressive in vitro [9–11] and express regulatory markers such as
CTLA-4 and GITR [9]. A peak of Foxp3+ expression was observed after
24 h [9,10]. Feng et al. showed that rabbit ATG induces Tregs while
horse ATG does not. The diﬀerent performance of horse ATG is due to
the fact that it does not bind CD3 and TCRαβ antigens [10]. The
reported concentration of ATG used for in vitro expansion of Tregs
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ranged between 10 μg/ml [9] and 100 μg/ml [11]; these concentrations
are similar to the serum levels of ATG achieved in patients [9,12]. The
in vitro adoptive transfer of anti-mouse ATG-induced Tregs was shown to
inhibit graft-versus-host disease in mice [13]. Treg expansion by ATG is
dependent on STAT3 signaling and requires the presence of monocytes
[14]. The transient expression of Foxp3+ was, however, found to be
associated with activation of human T cells by monoclonal anti-CD3
and anti-CD28 antibodies and not with their regulatory properties. It
was shown that T cells that upregulated Foxp3+ did not inhibit
proliferation of autologous CD4+ cells in 6 out of 9 donors. In 3
donors, however, suppression of proliferation and cytokine production
were observed [15]. Later, similar ﬁndings were described using ATG.
In fact, Broady et al., showed a transient upregulation of Foxp3
expression and lack of suppressive activity by ATG-stimulated puriﬁed
CD4+ cells [16]. The discrepancies between the above-mentioned
ﬁndings have not yet been resolved.
Monocytes represent another cell linage present in the human
circulation that was shown to be aﬀected by ATG [17,18]. Classical
and non-classical type of monocytes are characterized by CD14 expression and are divided into subtypes based on CD16 expression [19].
CD16-expressing monocytes are called non-classical and play a role in
inﬂammation and response to the infection [20]; they produce TNF-α
but not IL-10 [21]. In patients treated with ATG after kidney allograft
transplantation, the number of CD14+ CD16+ cells decreased 7 days
after treatment. Ex vivo and in vitro experiments showed ATG downmodulates CD16 expression in monocytes [18]. Moreover, it has been
shown that, in vitro, ATG (both total ATG and ATG F(ab)2 fragments)
binds CD16 on NK cell leading to degranulation and activation of NK
cells and release of IFN-γ [22]. In addition, intravenous normal
immunoglobulin (IVIG) was shown to decrease NK cell numbers in
the circulation and reduce CD16 expression on NK cells and −similarly
to ATG- it was also shown that in vitro IVIG leads to reduced
cytotoxicity and elevated IFN-γ production [23].
In the present study, we addressed the conﬂicting data regarding
ATG-mediated Treg induction in vitro using human PBMC. We also
investigated the eﬀect of ATG on monocytes and on their potential
suppressive activity. We found that CD4+ T cells and monocytes
stimulated in vitro with ATG suppressed the proliferation of autologous
T cells and that this eﬀect could be reversed by addition of exogenous
IL-2. Foxp3 expression was transiently upregulated in CD4+ cells. We
also observed that ATG-stimulated cells secreted Th1 and Th2 proinﬂammatory cytokines as well as anti-inﬂammatory cytokines such as
latency associated peptide (LAP) and IL-10.
All these ﬁndings suggest that ATG might have additional immunomodulatory eﬀects that go beyond T-cell depletion and induction of
Tregs. The induction of immunosuppressive monocytes might have a
protective role in delaying transplant rejection.

supplemented with 10% fetal bovine serum (FBS) (GE healthcare,
Piscataway, NJ), 2 mM glutamine and 100 U/ml of penicillin and
streptomycin (Lonza) and treated with 100 μg/ml, 10 μg/ml or 1 μg/
ml of ATG (Sanoﬁ Aventis, Genzyme, Paris, France), or rabbit immunoglobulin (Ig) (Dianova, Hamburg, Germany) or left without any
stimulation for 24 h, 4 and 10 days. Autologous PBMC were cryopreserved in cryoprotective medium (Lonza) at −80 °C.
Concentrations of IFN-γ, IL-4, IL-6, TNF-α and IL-5 were measured
in culture supernatants by multiplex assay, according to the manufacturer’s instructions (eBioscience, San Diego, CA). IL-10 and LAP levels
were determined in supernatants by ELISA, according to the manufacturers’ instructions (BioLegend, San Diego, CA and eBioscience, respectively).
2.3. Flow cytometry analysis
Cells were harvested from cultures, washed and stained with
monoclonal antibodies against the following surface markers: CD4FITC and CD25-PE (eBioscience). To discriminate between live and
dead cells, cells were stained with the Fixable Viability Dye eFluor® 520
(eBioscience). For intracellular anti-Foxp3 staining, permeabilized cells
were treated with anti-Foxp3-APC (clone 236A/7) according the
manufacturer's instructions (eBioscience). Monocytes were stained with
anti-CD14-Pecy7, and anti-CD16-APC antibodies and natural killer (NK)
cells were stained with anti-CD16-APC and anti-CD56-PE, respectively.
Finally, cells were acquired on a FACSCalibur ﬂow cytometer using
CellQuest software (BD Biosciences, San Jose, CA) and the results
analyzed with FlowJo software (TreeStar, Ashland, OR).
2.4. Suppression assays
To assess the suppressive activity of ATG-treated cells, cells were
collected after 24 h and 4 days and extensively washed. The cells were
cultured in a 1:1 ratio with autologous PBMC previously labeled with
carboxyﬂuorescein diacetate succinimidyl ester (CFSE) (Molecular
Probes, Eugene, Oregon). Anti-CD3 (1 μg/ml, clone OKT3) and antiCD28 (3 μg/ml, clone CD28.2) (eBioscience) monoclonal antibodies
(mAbs) were used as polyclonal stimuli. Monocytes were cultured in a
similar fashion with autologous CFSE-labeled PBMC in a 1:5 ratio. On
day 3, proliferation of CFSE- labeled cells was assessed by ﬂow
cytometry.
2.5. RNA isolation and qPCR
RNA was isolated from monocytes using TRIzol reagent (MRC Inc.
Cincinnati, OH, USA) and cDNA was synthesized using random
hexamer primers and iScript cDNA-synthesis kit (Biorad, Germany) as
previously described [24]. The PCR reactions were performed using the
SsoAdvanced™ Universal SYBR® Green Supermix kit (Biorad, Germany)
in a CFX96 (Biorad, Germany) using following protocol: 95 °C for
3 min, 40 cycles of 95 °C (15s), 60 °C (15s), and 72 °C (10s). Gene
expression was determined by using the Bio-Rad CFX Manager 3.1
software and CT values were normalized to the mean of the reference
genes glucuronidase beta (GUSB) and ribosomal 18S rRNA. All primers
used in this study (Table 1) were synthesized by Microsynth Austria and
speciﬁcity was tested by the assessment of melting curve.

2. Material and methods
2.1. Blood specimen collection
Peripheral blood was obtained from healthy blood donors in
cooperation
with
the
Central
Institute
for
Blood
Transfusion & Immunological Department, Tirol Kliniken GmbH,
Innsbruck (Austria). This study was approved by the Ethics
Committee of the Innsbruck Medical University; written consent was
obtained from all donors.
2.2. Cell isolation, in vitro culture and cytokine detection

2.6. Data analysis

PBMC were isolated from whole blood using Lymphoprep (AxisShield, Oslo, Norway). Monocytes were puriﬁed using CD14+ −positive selection microbeads, and CD4+CD25− cells were puriﬁed using a
Treg isolation kit (Miltenyi Biotec, Bergisch Gladbach, Germany). Cells
were cultured in RPMI 1640 medium (Lonza, Walkersville, MD)

The data are shown as mean ± SEM. The statistical analyses were
performed with GraphPad Prism (La Jolla, CA) using unpaired Student’s
t-test or one-Way ANOVA test to compare the means between experimental groups; Tukey’s multiple comparison test was used as posthoc
test. Diﬀerences were considered to be signiﬁcant at p < 0.05.
2
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Fig. 1. In vitro induction of Tregs in human PBMC. (A) Representative FACS plots showing Foxp3 staining. (B–C) Cells were stimulated with 1, 10 or 100 μg/ml of ATG or control Ig and
cultured for 1 (n = 11), 4 (n = 12) and 10 days (n = 6). Unstimulated cells (NS) were used as a negative control. Results are expressed as mean ± SEM. ANOVA test was used to
compare the means (Tukey’s Multiple comparison test; * p < 0.05, **p < 0.01 and ***p < 0.001; ♯p < 0.05 refers to ATG100 at day 1 vs ATG100 at days 4 and 10).

3. Results

performed suppression assays. CFSE-labeled autologous PBMC were cocultured with cells stimulated for 24 h and 4 days with diﬀerent doses
of ATG stimulated with monoclonal anti-CD3 and anti-CD28 antibodies
or control Ig or were left without any stimuli. As shown in Fig. 3A, the
cells stimulated with ATG (used at diﬀerent doses) signiﬁcantly
suppressed the proliferation of autologous PBMC as compared to
control Ig. We also found that the suppressive ability of ATG was dose
dependent. However, taking into account that the majority of cells
stimulated with 100 μg/ml ATG is expressing high levels of CD25
(Fig. 1A), we speculated that the observed suppression might be due to
consumption of IL-2 by strongly ATG-activated T eﬀector cells. Broady
at al., for instance, observed only minor suppression of autologous
PBMC proliferation by ATG-stimulated cells [16]. These authors used
medium supplemented with IL-2 throughout their experiments. We
veriﬁed these data and in addition demonstrated that IL-2 supplementation partially restored proliferation of autologous PBMC cocultured
with ATG-treated cells for 24 h and 4 days (Fig. 3B).

3.1. ATG transiently expands FoxP3+ cells in vitro
To address the conﬂicting in vitro data on Foxp3+ cell induction by
ATG, we ﬁrst incubated PBMC with increasing doses of ATG or normal
control rabbit Ig for 24 h, 4 and 10 days. In most of the available data in
the literature, the anti-Foxp3 clone PCH101 was used to detect Foxp3expressing cells. However, it has been suggested that antibodies derived
from this clone may also stain activated cells nonspeciﬁcally compared
to the other available clones (i.e. 259D and 236A/E7) [25]. In our
experiments, therefore, clone 236A/E7 was used throughout.
We found that ATG (used at diﬀerent doses) upregulated CD25 and
increased the Foxp3+ cell proportion (Fig. 1A), being most eﬀective
when used at the highest dose (100 μg/ml). This increase was observed
after 24 h and persisted after 4 days of culture (Figs. 1B), but a
signiﬁcant decrease was observed towards day 10 [Foxp3: 9.14%
(day 1) and 8.45% (day 4) vs 3.98% (day 10)] (Fig. 1C).
In order to investigate if ATG de novo induces Foxp3+ cells, puriﬁed
CD4+ CD25− cells were cultured with the highest dose of ATG or
control rabbit Ig. After 24 h and 4 day, CD25 and induction of Foxp3
expression were found to be upregulated (Fig. 2A-B). After 10 days, we
found a decrease in Foxp3 [Foxp3: 7.2% (day 1) and 9% (day 4) vs
3.45% (day 10) (Fig. 2C).
Similarly to the ﬁndings of Broady et al. [16], the upregulation of
CD25 and transient expression of Foxp3 suggests that ATG induces
Foxp3 expression in activated T cells. Moreover, supplementation of IL2 in the culture medium further expanded Tregs, but did not induce
them de novo (Fig. 2B–C).

3.3. In vitro, ATG promotes both pro- and anti- inﬂammatory cytokine
production
To investigate if the suppressive activity of ATG is due to the
production of regulatory cytokines, supernatants from ATG- or Ig- (both
used at 100 ug/ml) stimulated PBMC were analyzed by multiplex
cytokine assays. We observed a signiﬁcantly increased secretion of Th1
and Th2 cytokines, such as IFN-γ and TNF-α and IL-4, IL-5, IL-6
respectively. In contrast to Broady et al. [16] we found an increase in
the secretion of regulatory cytokines such as, IL-10 and LAP (the latter
is a surrogate marker for TGF-β1) (Fig. 4).
3.4. ATG stimulated monocytes downmodulate CD16 and are suppressive

3.2. In vitro suppressive activity of ATG-stimulated cells is overcome by
addition of exogenous IL-2

In addition to ATG eﬀects on T cells, we also investigated its eﬀect
on monocytes and NK cells. PBMC stimulated with ATG and control Ig

To determine the suppressive activity of ATG-stimulated cells, we
3
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Fig. 2. In vitro induction of Tregs in human CD4+CD25− T cells. (A) Representative FACS plots showing Foxp3 expression after treatment of puriﬁed CD4+CD25− with 100 μg/ml of ATG
and control Ig, cells were gated on live and CD4+ cells staining. (B–C) CD4+CD25− T were stimulated with 1, 10 or 100 μg/ml of ATG or control Ig in presence or absence of 100 U/ml of
IL-2 and cultured for 1 (n = 11), 4 (n = 11) and 10 days (n = 7). Unstimulated cells (NS) were used as a negative control. Results are expressed as mean ± SEM. ANOVA test was used
to compare the means (Tukey’s Multiple comparison test; * p < 0.05, **p < 0.01 and ***p < 0.001).

observed at 24 h using 10 μg/ml whereas higher doses led to cell
activation without an additional increase of the CD4+CD25+ proportion. ATG-stimulated cells increased GITR and CTLA-4 expression and
suppressed autologous PBMC proliferation but not the mixed lymphocyte reaction or memory response [9]. It has previously been reported
that ATG induced Foxp3 in CD4+CD25− cells and that this conversion
was driven by Th2 cytokines [9]. In our experiments, the increase of
functional suppressive CD4+ CD25+Foxp3+ cells was also observed
upon incubation with 100 μg/ml of ATG that corresponds to the
clinically relevant dose that is detected in the blood of patients
receiving ATG [12]. Moreover, it was shown that Treg induction was
consistent between diﬀerent ATG batches [11]. Human nonregulatory
CD4 cells polyclonally activated with anti-CD3 and anti-CD28 Abs were
shown to transiently upregulate Foxp3. The suppressive activity of
these cells varied between donors, since proliferation of autologous
PBMC was not suppressed in 6 out of 9 donors [15]. Similar ﬁndings
were obtained with ATG. Broady et al. showed that ATG transiently
induced Foxp3 in CD4+CD25− cells, and that on day 10 there was a
drop in their frequency. In contrast to previously published data, in
suppression assays, ATG-stimulated cells did not inhibit proliferation of
autologous PBMC [16]. These discrepancies might be due to diﬀerences
in cell culture conditions. Thus, when exogenous IL-2 was supplemented in the medium in the latter experiments, the suppressive activity of
ATG-stimulated cells was only very weak [16].
To address these inconsistencies in the so far published data, we
performed experiments where we investigated Foxp3 induction among
total human PBMC and isolated CD4+CD25− as well as their potential
suppressive activity in the presence or absence of IL-2. We found a
strong upregulation of CD25 in CD4+ cells when PBMC were cultured
with ATG. Moreover, there was a signiﬁcant increase in the frequency
of Foxp3+ cells (dose dependent) on days 1 and 4 that decreased

were stained with monoclonal anti-CD14 and anti-CD16 antibodies
(monocytes) and with anti-CD16 and anti-CD56 mAbs (NK cells). As
shown in Fig. 5A, we observed downmodulation of CD16 on NK cells in
PBMC treated with ATG and this phenomenon seems to be dose
dependent (not shown). We also observed complete downmodulation
of CD16 on puriﬁed monocytes after ATG stimulation. Control Ig also
decreased CD16 expression albeit to a lesser extent as compared to ATG
(Fig. 5A).
Next, we assessed the suppressive capacity of ATG-stimulated
monocytes. Monocytes treated with ATG for 24 h were co-cultured for
3 days with autologous CFSE-labeled PBMC and T cells were polyclonally stimulated with anti-CD3 and anti-CD28 mAbs. We found that
monocytes stimulated with a high dose of ATG suppressed the
proliferation of autologous T cells (Fig. 5B). Similarly to the suppression
assays using total PBMC stimulated with ATG, IL-2 supplementation
partly restored the proliferation of autologous PBMC (Fig. 5B).
Finally, we found no statistical diﬀerences in the secretion of IL-10,
TGF-β1, TNF-α⋅ between ATG- and Ig −stimulated monocytes in the
mRNA levels and no diﬀerences in IL-10 in protein level. However, high
variability between the donors was observed. Interestingly, we found a
trend in the reduction of IL-1β and IL-8 in ATG-stimulated monocytes
compared to Ig treatment (Fig. 5C).

4. Discussion
The present study aimed at resolving the conﬂicting published data
on ATG’s eﬀect on the induction of Tregs and its suppressive activity. In
addition, we investigated the suppressive activity of monocytes stimulated with ATG.
First, it was shown by others that ATG expands
CD4+CD25+Foxp3+ cells ex vivo and the peak of this eﬀect was
4
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Fig. 3. T cell suppression assay. (A-B) ATG- or Ig- treated or untreated PBMC from day 1 and day 4 were cocultured with autologous PBMC and stimulated with anti human CD3/CD28
mAbs, in the presence (A, n = 5) or absence (B, n = 3) of 100 U/ml of IL-2. Untreated PBMC were stimulated with CD3/CD28 mAbs as positive control (POS). FACS dot plots expressing%
proliferation. The suppressive activity of treated or untreated PBMC was assessed after 3 days by CFSE dilution.Results −from technical replicates of pooled samples from 3 to 5 donorsare expressed as mean ± SEM. ANOVA test was used to compare the means (Tuckey’s Multiple comparison test; * p < 0.05, **p < 0.01 and ***p < 0.001).

towards day 10. Puriﬁed CD4+ cells also upregulated CD25 and Foxp3
and exogenous IL-2 further expanded the cells, but did not induce the
expression of Foxp3 by itself in the presence of control Ig.
It was also shown that IL-2 can prolong Foxp3 expression in
stimulated cells [26].
Similarly to ﬁndings by Broady et al., [16], our results suggest that
in vitro ATG induces Foxp3 in activated T cells. However, this Foxp3
expression was not stable and it was shown previously that both CD25
and Foxp3 can be also up-regulated on non-suppressive eﬀector and
activated T cells [27].
We also performed suppression assays with cells cultured with
diﬀerent doses of ATG, observing a signiﬁcant inhibition of proliferation of autologous PBMC with 100 μg/ml both, on day 1 and day 4. The
addition of 100 U/ml of exogenous IL-2 reversed the suppression. IL-2
plays a role in Treg homeostasis through stimulation of the STAT5
pathway [28]. Ehx et al. had shown in vitro that Treg expansion by ATG
is independent of STAT5 signaling and that in vivo, the intraperitoneal

injection of IL-2 increased phosphoSTAT5 levels in Tregs in contrast to
ATG [28]. We speculated that ATG-stimulated cells deplete IL-2
through their highly expressed CD25. IL-2 deprivation has a negative
eﬀect on survival and proliferation of T cells [29]. Moreover, IL-2 may
abrogate CD4+CD25+-mediated suppression as shown by Thornton
et al. [30]. It was, however, shown that IL-2 consumption is not
causative for suppression of proliferation [31].
Next, we characterized the cytokine production of ATG-stimulated
cells. Th1 cytokines such as IFN-γ and TNF-α were elevated in the
supernatants of cells incubated with ATG as compared with control Ig.
Furthermore, ATG-stimulated cells produced Th2 cytokines such as IL-4
and IL-5. Both, ATG and Ig stimulated cells produced IL-6. LAP is a part
of the latent TGF-β1 complex [32], and can be used as a surrogate
marker for this cytokine. We detected LAP in the supernatants of ATGstimulated cells. In addition, we found elevated levels of another
regulatory cytokine, IL-10. These data suggest that ATG-stimulated
cells secrete not only pro-inﬂammatory Th1 and Th2 cytokines, but also
5
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Fig. 4. Eﬀect of ATG on cytokines production. IFN-γ, TNF-α, IL-4, IL-5, IL-6, IL-10, LAP levels were detected in the supernatants collected 1 and 4 days after stimulation with 100 μg/ml of
ATG or control Ig or without stimuli. Results are expressed as mean ± SEM (n = 3). ANOVA test was used to compare the means (Tukey’s Multiple comparison test; * p < 0.05,
**p < 0.01 and ***p < 0.001).

anti-inﬂammatory cytokines such as TGF − β and IL-10.
Finally, we observed a complete downmodulation of CD16 on
monocytes and on NK cells. Moreover, the monocytes stimulated with
ATG suppressed the T cell proliferation after anti-CD3 and CD28
stimulation. Supplementation with the exogenous IL-2 reversed the
suppressive eﬀect of monocytes.
Sekerkova et al. investigated ex vivo the eﬀect of ATG on monocytes
of patients receiving kidney allografts, but performed no functional
studies. They showed that the proportion of CD14+CD16+ monocytes
was downregulated in the ﬁrst week after transplantation, suggesting
that this might play a protective role in the early phase after kidney
transplantation [18]. In line with these data, we also observed downmodulation of CD16 in vitro.
Moreover, we did not observe signiﬁcant diﬀerences between ATG
and Ig in TNF-α, TGF-β1, IL-10 and MCP1 production by monocytes.
Interestingly, we found a trend of a reduction of IL-1β and IL-8 in ATGstimulated monocytes that might suggest that ATG leads to decrease of
their proinﬂammatory properties.
We also found that Ig stimulation induced higher levels of IL-10
than ATG in 3 donors as shown in ELISA assay. This is of special
interest, since IVIG is clinically used as a treatment of many conditions
including inﬂammatory and autoimmune diseases due to its antiinﬂammatory and immunomodulatory properties [33]. In fact, IVIG
inhibited DC maturation and increased IL-10 production [34]. Our
experiments suggest that IVIG may also aﬀect monocytes and induce IL10 production.

These observations may be of relevance with regard to the
immunoregulatory properties of intravenously administered IVIG in
patients.
In our study, the suppressive activity of ATG-stimulated monocytes
was not due to a release either of IL-10 or TGF-β1 regulatory cytokines.
The mechanisms of suppression might therefore be cell-contact dependent [35] or due to the release of other so far unknown soluble factors.
It was shown by others [36] that monocytes can also suppress T-cell
responses in vitro and in vivo through the induction of monocyte
tryptophan catabolism by the enzymatic activity of Indoleamine 2,3dioxygenase (IDO). In line with these observations, Hainz et al. [37]
showed ex vivo that monocytes of patients treated with another
immunosuppressive drug (i.e. Cyclosporine A) inhibited T cell proliferative responses through the release of higher amounts of kynurenine
(i.e. the tryptophan catabolic product), as detected in the supernatant of
suppression assays.
Interestingly, Gillet-Hladky et al. showed that ATG induced tolerogenic dendritic cells (DCs) expressing IDO [38] and a recent study
conﬁrmed these ﬁndings and also showed that ATG-Fresenius induces
IDO mRNA expression in monocytes [39].
In our study, we used ATG-Sanoﬁ. Popow et al. [40] performed
quantitative analyses of both ATGs showing signiﬁcant diﬀerences of
the amount of polyclonal antibodies against diﬀerent antigens targeted
by both preparations. Interestingly, the amount of antibodies reacting
with DCs surface antigens contained in ATG- Sanoﬁ (i.e. CD1a, CD80,
CD86, CD206 and HLA-DR) is signiﬁcantly higher compared to those of
6

Immunology Letters 186 (2017) 1–8

M. Buszko et al.

Fig. 5. Eﬀect of ATG on human monocytes. (A) Representative FACS plots showing CD16 downmodulation on monocytes (CD14+CD16+) and in NK cells (CD56+CD16+). (B)
Suppression assay: monocytes were cultured for 24 h with 100 μg/ml of ATG and control Ig, and stimulated with anti human CD3/CD28 mAbs, in the presence (n = 5) or absence (n = 5)
of 100 U/ml of IL-2. The suppressive activity of treated or untreated monocytes was assessed after 3 days by CFSE dilution. Untreated PBMC were stimulated with anti − CD3/CD28
mAbs as positive control (POS). Unstimulated cells (NS) were used as negative control. Results −from technical replicates of pooled samples from 5 donors- are expressed as
mean ± SEM (C) Left panel shows IL-10 levels detected in the supernatants (n = 12) collected 24 h after stimulation with ATG or control Ig. Right panel shows results of quantitative RTPCR analysis of Il-1β, IL-8, TNF-α,TGFβ1, IL-10 and MCP1 performed after 24 h of culture; data are shown as mean ± SEM (n = 4) normalized to untreated cells (dotted line). ANOVA
test and unpaired Student’s t-test were used to compare the means (Tukey’s Multiple comparison test; * p < 0.05, **p < 0.01 and ***p < 0.001).
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