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1

The interleukin (IL)-2R alpha chain (CD25) is expressed on regulatory T cells (Treg), which constitute more than
85% of the CD25+ T cell population in a naïve mouse. CD25 is also expressed on effector T cells in mice suffering
from an acute infection by the obligate intracellular protozoan parasite, Toxoplasma gondii. Lethal toxoplasmosis
is accompanied by a significant loss of Treg in mice naturally susceptible to toxoplasmosis. The present study was
done to explore the role of Treg cells using an anti-CD25 antibody-mediated depletion in mice naturally resistant
to toxoplasmosis. Although a significant decrease in the percentage of Treg cells was observed following anti-CD25
monoclonal antibody injections, the depletion of CD25+ cells during acute toxoplasmosis did not significantly increase the mortality of Swiss OF1 mice and no significant difference was observed in the brain parasitic load between the mice in the depleted-infected and isotype-infected groups. We found no significant difference between the
titres of total IgG in the sera of the mice from the two groups in the chronic phase. However, CD25+ cells depletion
was followed by significantly higher levels of IL-12 in the serum of depleted mice than in that of mice injected with
the isotype control antibody.
Key words: treg - depletion - toxoplasmosis

Toxoplasma gondii is an obligate intracellular pro‑
tozoan parasite of worldwide significance, responsible
for one of the main zoonotic diseases occurring also in
developed countries. Cellular responses play an impor‑
tant role in protecting the host against T. gondii infec‑
tion (Suzuki et al. 1988, Dubey 2008). In mice infected
with acute toxoplasmosis, the production of interleukin
(IL)-12 and of interferon (IFN)-γ by the dendritic cells
(DC) and CD4+ T cells respectively, triggers a T helper
(Th)1‑type protective immune response (Gazzinelli et al.
1996, Aliberti et al. 2000). The protection provided by a
Th1-type response needs to be properly regulated, oth‑
erwise an excessive immune response could be deleteri‑
ous for the host, as happens in case of C57BL/6 mice
with acute toxoplasmosis. These mice die of an uncon‑
trolled Th1-type immune response that causes a lethal
necrotic inflammation of the intestine during the acute
phase of the infection (Liesenfeld et al. 1996). Recently
it has been found (Oldenhove et al. 2009) that these mice
exhibit a sharp decline in the percentage of regulatory
T cells (Treg) just before death, supporting the idea of a
defective immuno-regulation. Treg cells are a subpopu‑
lation of CD4+ T cells and their main function is to main‑
tain immune homeostasis and tolerance (Sakaguchi et al.
2009). They express constitutively IL-2 receptor chain
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alpha, also known as CD25, a surface receptor, and the
intracellular marker forkhead box-p3 transcription factor
(Foxp3) (Sakaguchi et al. 2009). The CD25 expression
in Treg is maintained by IL-2 (Curotto de Lafaille et al.
2004). Depending on the origin and generation, different types of Foxp3+ Treg cells have been described with
two main subsets defined as natural Treg (nTreg) cells
(developing in the thymus) and inducible Treg (iTreg)
cells (developing in the periphery from conventional
CD4+ T cells) (Belkaid 2007). Both nTreg and iTreg ex‑
press CD25 and until now no specific phenotypic marker
has been described to identify one from the other popu‑
lation. Treg cells play different roles in parasitic infec‑
tions, such as in leishmaniasis and malaria (Belkaid et
al. 2002, Hisaeda et al. 2004). In malaria, Treg cells have
been reported either to have beneficial effects or to exac‑
erbate disease and death (Finney et al. 2009).
A collapse of CD4+Foxp3+ Treg cells has been ob‑
served in an acute and lethal model of toxoplasmosis,
demonstrating the importance of Treg cells in regulating
immune responses (Oldenhove et al. 2009). The regulation
of the immune response in resistant strains of mice dur‑
ing acute toxoplasmosis remains to be explored, as only a
few contradictory reports, in terms of mortality, exist so
far (Oldenhove et al. 2009, Tenorio et al. 2010, Moram‑
pudi et al. 2011). The level of CD4+Foxp3+ Treg cells ap‑
pears to be correlated with the resistance of mice to acute
toxoplasmosis (Oldenhove et al. 2009, Couper et al. 2009,
Tenorio et al. 2010, 2011). CD4+Foxp3+ Treg cells do not
decrease significantly in a toxoplasmosis-resistant mouse
model (BALB/c) (Oldenhove et al. 2009, Tenorio et al.
2011) whereas a very marked reduction in the percentage
of these cells does occur in an acute toxoplasmosis-suscep‑
tible mouse model (C57/BL6) (Oldenhove et al. 2009).
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Different approaches have been used to analyse Treg
cell functions. These have included the depletion of
CD25+ Treg cells using anti-CD25 monoclonal antibody
(mAb) (Hisaeda et al. 2004, Couper et al. 2009, Tenorio
et al. 2010). The depletion mechanism is not fully under‑
stood, but anti-CD25 treatment caused the downregula‑
tion or shedding of CD25 marker on Treg cells and re‑
duced the percentage of Foxp3+ cells (Kohm et al. 2006,
McNeill et al. 2007). One study describes the role of Fcγ
RIII+ phagocytes in anti-CD25 mAb mediated depletion
of Treg cells (Setiady et al. 2010).
In the work reported here, we studied the effects of an‑
ti-CD25 mAb‑mediated depletion of CD25+ cells in Swiss
OF1 mice (which are naturally resistant to toxoplasmosis)
during acute infection with strain 76K, a type-II strain of
T. gondii. Although a significant reduction of CD25+ Treg
cells was observed in both spleen and mesenteric lymph
nodes (MLN) on day 6 post-infection (p.i.) with significant
production of serum IL-12, no significant difference was
observed in mortality or brain parasitic load in the mice re‑
ceiving anti-CD25 mAb compared to those receiving iso‑
type control mAb. At the same time, we did find a signifi‑
cant increase in CD25+ effector T cells (Teff) cells in mice
receiving isotype control mAb. On the other hand, no sig‑
nificant difference was found for the CD4+Foxp3+CD25+
Treg/CD4+Foxp3-CD25+ Teff ratio between mice from
the infected groups injected with either anti-CD25 mAb
or isotype control mAb. Hence anti-CD25 mAb mediated
depletion of CD25+ cells did not significantly increase the
mortality of a naturally resistant strain (Swiss OF1) of
mouse during acute infection with T. gondii.
Materials and Methods

Mice - Six-eight week old Swiss OF1 female mice
were purchased from Janvier (France) and were kept in
the animal house of the University of Tours. The mice
were given food and water ad libitum. The infected
animals were observed for the onset of clinical signs or
symptoms daily (e.g. coat, response to external stimuli
and physical activity in the cage) until euthanized.
Parasites and infections - T. gondii strain 76K was
used to infect the mice. The 76K strain is being main‑
tained in female CBA/J mice. Every month, the naïve
CBA/J mice are infected orally with 50 cysts of this
strain collected from the brain of a CBA/J mouse in
chronic phase of the infection.
Brains containing the cysts were homogenised in
RMPI-1640 medium (Dutscher, Brumath, France) and
the cysts were counted under microscope. Swiss OF1
mice were orally infected with 50 cysts.
Antibody treatments - The mAb used against the
CD25 was a rat IgG1 (PC61 clone, ATCC). The isotype
control rat IgG1 was obtained from the CRL1912 hybri‑
doma (a kind gift of Dr Laleh Majlessi, Institut Pasteur,
Paris, France). Both antibodies were purified by ammo‑
nium sulphate (40%) precipitation from the supernatants
of the hybridoma culture. After precipitation, the su‑
pernatant was extensively dialysed against a phosphate
buffered saline (PBS) solution. The concentrated and di‑
alysed supernatants of hybridomas were purified using

HiTrap Protein-G HP columns (GE Healthcare) follow‑
ing the manufacturer’s recommendations. The purified
antibodies were assayed for protein concentration by the
micro-BCA technique using a commercial kit (SigmaAldrich from Servilab, Le Mans, France) containing pu‑
rified bovine serum albumin (BSA) as standard protein.
The mice were depleted of CD25+ cells by the intraperitoneal injection of anti-CD25 antibody (500 µg per
mouse per administration) on days -1, 0, 3 and 6 of in‑
fection. The isotype-control group was also injected at
the same time and same dose as the anti-CD25 mAb
treated group.
Blood leucocytes, spleen cells and MLN cells - Blood
was collected from the medial canthus of the mouse
eyes in anti-coagulant [ethylenediamine tetraacetic acid
(EDTA) or heparin]-coated blood collection tubes and
mixed thoroughly. The red blood cells were lysed twice
with 5 mL of lysis buffer (0.15M NH4Cl, 1.0M KHCO3,
0.1mM Na2EDTA, pH 7.3) for 2 min at room tempera‑
ture. The lysis reaction was stopped by adding 20 mL
of RPMI-1640 supplemented with 5% foetal calf serum
(FCS) (Dutscher, Brumath, France).
Mice were euthanized by cervical dislocation on day
6 p.i. Spleens and MLN were collected and cell suspen‑
sions were prepared as previously described (Ismael et
al. 2003). The cells were stained with specific antibodies
in 96-well plates with 5 x 105 cells/well.
Flow cytometry - The CD4+CD25+ cells and
CD4+CD25+Foxp3+ cells were analysed by flow cytom‑
etry using FACScalibur (BD Biosciences, Le Pont de
Claix, France). Anti-mouse CD4-(H129-19) FITC, antimouse CD25-PE (7D4) monoclonal labelled antibodies
and their corresponding isotype controls were obtained
from BD Biosciences (Le Pont de Claix, France). Cells
were incubated for 15 min at 4ºC for saturation in 200
µL of 4% BSA (Sigma) prepared in PBS and then stained
in the same medium. For Foxp3 staining, the cells were
labelled using the Foxp3 staining set (clone FJK 16s) pur‑
chased from eBiosciences (Clinisciences, Montrouge,
France) according to the recommended protocols. For
each sample, at least 50,000 events were acquired.
ELISA and brains cyst load - Cytokine and
chemokine levels [IFN-γ, IL-10, IL-12 p70, monocyte
chemoattractant protein (MCP-1)] were quantified from
mouse serum by ELISA using OptEIA kits (BD Biosci‑
ences, ������������������������������������������������
Le Pont de Claix, France) following the manufac‑
turer’s recommendations.
Serum samples were collected six weeks p.i. before
the mice were euthanized for the detection of toxoplas‑
ma specific IgG. The titres were calculated as described
previously (Ismael et al. 2003).
The brains were collected in 5 mL of RPMI-1640
and homogenised with a potter. The number of parasite
cysts in the homogenate was calculated under micro‑
scope by 10 counts per mouse using 10 µL of homoge‑
nate for each count.
Statistics - The two-tailed Mann-Whitney test, Stu‑
dent’s t test and Kruskall Wallis test were used to com‑
pare the values. p < 0.05 was considered significant.

Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(2), March 2012

Ethics - All experiments were performed in accor‑
dance with the guidelines on animal experimentation of
the Université François Rabelais de Tours, France.
Results

Clinical signs and survival of mice acutely infected
with T. gondii after CD25+ cell depletion - Mice were
divided into two groups: one treated with the anti-CD25
mAb (anti-CD25 group) and the other treated with the
isotype control mAb (control mAb group) before and
during infection with T. gondii. Clinical signs and sur‑
vival of the mice were monitored to find out whether the
anti-CD25 mAb administration increased the suscepti‑
bility of the mice to acute toxoplasmosis. We confirmed
that the anti-CD25 mAb injection induced significant
depletion (by about 60%) of CD25+ cells in the blood
of the naïve mice (data not shown). All the mice in both
infected groups became sick at day 6 p.i. and developed
a ruffled coat that lost its sheen and became dull in ap‑
pearance. This continued till 11 days p.i. On day 13 p.i,
all the mice in the control mAb group started to recover,
whereas those in the anti-CD25 group still displayed
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clinical signs. The survival of the mice was followed up
to six weeks p.i. Twenty-seven percent mortality was ob‑
served in the anti-CD25 group from day 19-28 p.i. (Fig.
1A). The difference in mortality between the groups was
not significant (p = 0.2463).
The parasite load was estimated in mice brains dur‑
ing the chronic phase of infection at six week p.i. The
depletion of CD25+ cells did not cause any significant
difference in the number of tissue cysts in the brains of
the anti-CD25 mice compared to those in the control
mAb group (926 ± 733 cysts in the control mAb group
vs. 1,026 ± 592 cysts in the anti-CD25 group) (Fig. 1B).
Serum was collected from the mice in the sixth week
p.i. and used to determine the total IgG titre. In both ex‑
periments, all groups had a high IgG titre, but no signifi‑
cant difference was observed between the titres of total
IgG antibodies in the sera of mice injected with either the
anti-CD25 antibody or the isotype control mAb (Table I).
Increase in the percentage of CD4+CD25+ T cells
among the CD4+ blood cells during acute toxoplasmosis
- To find out whether acute infection caused an increase
in the percentage of CD25+ cells, we performed a kinetic
study to determine the percentage of CD4+CD25+ cells
among the circulating CD4+ cells in the blood of the mice
(Fig. 2A) after infection. A significantly higher percent‑
age of CD4+CD25+ cells (5.23 ± 1.92 before infection vs.
12.07 ± 2.59 after infection) was found at day 3 p.i. (p
< 0.05). At day 6 p.i., the percentage of CD4+CD25+ cells
in the blood of the infected mice was not significantly
different from that before infection.
Effect of infection and depletion on the CD4+ and
CD4+CD25+ T cell population - We further identified the
depleted population after the anti-CD25 mAb injections.
For this purpose, the mice were euthanized at day 6 p.i.
Hypertrophy of the spleens and MLNs was observed in
both infected groups of mice. The total number of sple‑
nocytes was significantly higher in both infected groups
than in the naïve mice (Fig. 2B). The total number of MLN
cells was increased in both infected groups; in the control
mAb group this difference was statistically significant,
whereas in the anti-CD25 group it was not (Fig. 2C).

Table I
Total serum IgG titres during the chronic phase of infection
a

Experiment
Fig. 1A: survival of mice injected with anti-CD25 or with isotype
control antibody and infected 24 h after the first antibody injection.
N = 11 for the anti-CD25 group and n = 10 for the control monoclonal
antibody (mAb) group. The χ² test with the Yates correction was used
to compare the mortality between the two groups. The difference be‑
tween the two groups was non-significant (p = 0.2463). The experi‑
ment was repeated twice with similar results; B: the brain cyst load
on day 38 post-infection (p.i.) in mice injected with anti-CD25 or with
isotype control antibody. N = 8 for the anti-CD25 group and n = 10
for the control mAb group. A two-tailed Mann-Whitney test was used
to compare the groups. The difference was not significant (p > 0.05).
The graph is representative of two similar experiments.

I
II

control mAbb
(mean ± SD)

anti-CD25c
(mean ± SD)

17.64 ± 0.57d (ne = 10)
16.74 ± 1.60d(ne = 10)

18.08 ± 0.53d (ne = 9)
16.39 ± 1.04d (ne = 8)

a: the antigen specific antibody titre expressed as log2 of the
reciprocal of the highest dilution producing an optical density
that was 2.5 fold greater than that of the serum of the control
mice; b, c: Toxoplasma gondii infected groups injected with
isotype control and anti-CD25 monoclonal antibody (mAb),
respectively; d: differences were found non-significant by
non-parametric Mann-Whitney test with p > 0.05; e: number
of mice; SD: standard deviation.
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At day 6 p.i, the number of CD4+ spleen cells was
also higher in both infected groups (Table II). This dif‑
ference in number was significant in the control mAb
group, but not in the anti-CD25 group for spleen and not
significant in either group for MLN compared to the na‑
ïve group (Table II).
Despite the increased number of CD4+ cells in
spleens and MLNs of infected groups, their percentage
was significantly lower in both organs compared to that
in naïve mice (Table II).

We next examined CD4+CD25+ T cells after the antiCD25 mAb treatment. A significantly greater number of
CD4+CD25+ T cells was found in both spleen and MLN
of the control mAb group compared to the naïve mice
(Fig. 2D, F). The number was not significantly greater
in the anti-CD25 group than that in either the naïve or
the control mAb group. Similarly, the percentage of
CD4+CD25+ T cells was significantly lower in both the
spleen and MLN of the anti-CD25 group than in the
control mAb group (Fig. 2E, G). As CD4+CD25+T cells

Fig. 2A: data from only infected mice, without pre-treatment. Swiss OF1 mice were infected orally with 50 cysts of Toxoplasma gondii. The
blood of mice was collected during acute infection at days 3, 6, 10, 13 and 17 post-infection (p.i.). The percentage of CD4+CD25+ cells was cal‑
culated in the CD4+ cells of the lymphocyte population. The graph represents the average values found on each test day, along with the standard
deviations (SD). N = 11 for naïve mice and n = 5 for each day p.i. The Kruskall Wallis test was used to compare the results. Asterisk means a
significant difference (p < 0.05); B-G: data from pre-treated and infected mice. The graphs represent the average values along with the SD of
the total number of cells in spleen (B) and in mesenteric lymph nodes (MLN) (C). The Kruskall-Wallis test was used to determine the difference
between three groups. Asterisk means a significant difference (p < 0.05). N = 5 for each group. The graphs represent the average values along
with the SD of the total number (in spleen/MLN) and percentages (among CD4+) of CD4+CD25+ cells, CD4+ forkhead box-p3 transcription
factor (Foxp3+) CD25+ regulatory T cells (Treg) and CD4+Foxp3-CD25+ effector T cells (Teff) cells in spleen (D, E) and in MLN (F, G). The
Kruskall-Wallis test was used to determine the differences between the three groups. The experiment was done once. Asterisk means a signifi‑
cant difference (p < 0.05). N = 5 for each group; mAb: monoclonal antibody.
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include both CD25+ Treg and CD25+ Teff cells, we used
Foxp3, to differentiate between CD4+Foxp3+CD25+ Treg
and CD4+Foxp3-CD25+ Teff cells.
Effect of infection and CD25+-cell depletion on
CD4+Foxp3+CD25+ Treg, CD4+Foxp3-CD25+ Teff cells and
on CD4+Foxp3+CD25+ Treg/CD4+ Foxp3-CD25+ Teff ratio
- A significantly greater number of CD4+Foxp3+CD25+
Treg cells was observed in the spleens of the control mAb
group compared to the naïve group (Fig. 2D). No signifi‑
cant difference was observed for the anti-CD25 group
compared to either of the other groups (Fig. 2D). Simi‑
larly, more Treg cells, although the difference was not
significant, were observed in MLN in the control mAb
group than in the naïve group. The number of Treg was
not significantly different in the anti-CD25 group com‑
pared to either the naïve or control mAb group (Fig. 2F).
A significantly lower percentage of Treg cells was
observed in the anti-CD25 group than in either the naïve
group or the control mAb group in both spleen and MLN
at day 6 p.i. (Fig. 2E, G). No significant difference was
observed between the percentages of Treg in the control
mAb group and the naïve group. This was the case for
both spleen and MLN (Fig. 2E, G).
A significantly greater number and percentage of
CD4+Foxp3-CD25+ Teff cells was observed at day 6 p.i.
in the control mAb group than in the naïve mice. This
was observed in both spleen and MLN (Fig. 2D-G). No
significant difference in either the number or percentage
was observed in the anti-CD25 group for either spleen or
MLN compared to the naïve or control groups.
The CD4+Foxp3+CD25+ Treg/CD4+ Foxp3-CD25+
Teff ratio was lower in the anti-CD25 and control mAb
groups than in the naïve group and this was observed
for both spleen and MLN. The value in the anti-CD25
group was significantly lower than in the naïve group.
There was no significant difference between the naïve
and control mAb groups or between the control mAb
and anti-CD25 groups (Fig. 3A).
CD25+ cell depletion did not significantly reduce the
production of the cytokines, IFN-γ, IL-10 and chemokine

Table II
Total number and percentage of CD4+ cells in spleen
and mesenteric lymph nodes (MLN) at day 6 post-infection
Organ

Naïve mice Control mAba anti-CD25b
(mean ± SD) (mean ± SD) (mean ± SD)

Spleen Number (106) 9.9 ± 2.6
%
26.2 ± 4.4
MLN Number (106) 6.4 ± 1.6
%
62.3 ± 2

24.3 ± 8.3c
14.4 ± 2.8c
11 ± 3.6
40 ± 4.2c

20.5 ± 8.1
13.4 ±1.5c
9.6 ± 4.4
41.3 ± 4.9c

a, b: Toxoplasma gondii infected mice injected with isotype
control and anti-CD25 monoclonal antibody (mAb), respec‑
tively; c: differences were found significant against naïve
group by non-parametric Kruskall Wallis test with p < 0.05;
SD: standard deviation.
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MCP-1, but did cause a significant increase in IL-12
production - Although a significant reduction in the per‑
centage of Treg cells was observed at day 6 p.i. in the an‑
ti-CD25 group, no difference in the parasitic load of the
brains was observed. We therefore determined the levels
of the chemokine MCP-1 and cytokines IL-12, IFN-γ and
IL-10 in the sera of the mice at day 6 p.i. There was a sig‑
nificant production of both MCP-1 (Fig. 3B) and IFN-γ
(Fig. 3D) in both the control mAb and anti-CD25 groups
compared to the naïve group. The production of IL-10
was significantly greater in the control mAb group, but
not in the anti-CD25 group, than in the naïve mice (Fig.
3E). No significant difference was noted in the level of
IL-12 production between the naïve mice and those in
the control mAb group (Fig. 3C).
Similarly no significant differences were found be‑
tween the control mAb and anti-CD25 groups for the lev‑
els of MCP-1, IFN-γ and IL-10 (Fig. 3B, D, E). The only
difference was found for IL-12 production, which was
significantly greater in the anti-CD25 group than in ei‑
ther the naïve group or the control mAb group (Fig. 3C).
Discussion

One of the main objectives of this work was to study
the role of Treg cells during acute toxoplasmosis in a re‑
sistant out-bred mouse strain. The parasite multiplies in
the intestine after an oral infection (the most common
natural route of infection) and then it spreads to differ‑
ent organs during the acute phase of the infection. It has
been shown that tachyzoites appeared in the brain be‑
tween six-eight days after infection, however, the cysts
are only detectable from four weeks after the infection.
The present study was done in a naturally-resistant
mouse model, Swiss OF1 mice, using a type-II strain
(76K) of T. gondii administered by oral route. The oral
route is a natural route of infection for most of animal
and human infections. Swiss OF1 mice are an out-bred
mouse strain displaying individual variability of infec‑
tion resistance. The results observed with this strain can
readily be extrapolated to farm animals and possibly
also to human (Rai et al. 2009).
Treg cells were depleted using anti-CD25 mAb, a
classical technique used in several other models of in‑
fection (Hisaeda et al. 2004, Couper et al. 2007, Kotner
& Tarleton 2007). In the current study, anti-CD25 mAb
efficiently depleted CD25+ cells (by about 60% in blood,
spleen and MLN cells) in the naïve mice (unpublished
observations) in a manner comparable to that reported
earlier (Couper et al. 2007, Kotner & Tarleton 2007, Mo‑
rampudi et al. 2011). We observed that about 84% of the
CD4+CD25+ cells comprise CD4+CD25+Foxp3+ Treg cells
in naïve mice (data not shown) and hence are the main
target of anti-CD25 mAb mediated depletion in naïve
mice (Supplementary data). Anti-CD25 mAb caused also
a significant reduction (about 40%) in the percentage
and number of CD4+CD25+ cells in the spleen and MLN
of the infected mice. In infected mice, anti-CD25 mAb
administration preferentially targets Foxp3+ Treg cells
with 40-57% depletion in spleen and MLN respectively,
as described in the work of Morampudi et al. (2011) and
Tenorio et al. (2011). However, no significant difference
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was found in the Treg/Teff ratios between both infected
groups injected during acute infection and consistent
with this, no significant differences were observed be‑
tween the same two groups for mortality, brain parasit‑
ic load or total serum IgG levels. The depletion during
acute phase using anti-CD25 is not sustained for a long
time after the last antibody injection. No significant dif‑
ferences were observed in the percentage of CD4+CD25+
and CD4+Foxp3+ splenocytes and MLN cells at day 34
p.i. (unpublished observations) in the mice depleted dur‑
ing acute phase. Similarly, injection of anti-CD25 dur‑
ing chronic phase of the infection (from day 29 p.i.) also

showed no effect on the mortality, as well as on the brain
parasitic load (unpublished observations) like also de‑
scribed by Couper et al. (2009).
In one experiment, one out of 11 mice died and two
mice were euthanized due to loss of more than 20% of
their bodyweight. These two mice were found to be im‑
munosuppressed as they displayed spleen atrophy (data
not shown). This was probably due to the immunosup‑
pressive effects of anti-CD25 mAb (Waldmann 2007).
However, no significant difference in mortality was ob‑
served in OF1 mice following injections of anti-CD25
mAb. This is consistent with data reported by Oldenhove

Fig. 3A: the graphs represent the regulatory T cells (Treg)/effector T cells (Teff) ratio in spleen and mesenteric lymph nodes (MLN). The
Kruskall-Wallis test was used to determine the difference between the three groups. Asterisk means a significant difference (p < 0.05). N = 5 for
each group. Serum monocyte chemoattractant protein (MCP-1) (b), interleukin (IL)-12 (c), interferon (IFN)γ (d) and IL-10 (e) levels in mice
before infection or on day 6 post-infection in mice injected with anti-CD25 or isotype control antibody determined by ELISA. N = 10 for naïve
mice, n = 11 for the anti-CD25 group and n = 10 for the control monoclonal antibody (mAb) group. The Kruskall-Wallis test was used to compare
the groups. Asterisk means a significant difference (p < 0.05). Similar results were obtained in two experiments.
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et al. (2009) and Morampudi et al. (2011) using BALB/c
resistant mice, but not with the findings of Couper et al.
(2009) in susceptible C57BL/6 mice.
No significant difference was found in the brain para‑
sitic load between infected OF1 mice receiving anti-CD25
mAb or the isotype control antibody, which conflicts with
the findings of Couper et al. (2009) and Morampudi et al.
(2011), who observed a rise in number of cysts in brain af‑
ter the depletion of CD25+ cells. The significant difference
in brain parasitic load observed by Couper et al. (2009)
might be due to the facts that Couper et al. (2009) used a
naturally susceptible mouse strain (C57BL/6) and showed
a more pronounced effect of anti-CD25 mAb on effec‑
tor T cells during acute toxoplasmosis. Similarly, Tenorio
et al. (2011) reported that anti-CD25 mAb has more pro‑
nounced effect on effector T cells in acute toxoplasmosissusceptible mouse model (C57BL/6).
Morampudi et al. (2011) observed a higher parasitic
load in the brain of BALB/c mice after depletion with
PC61. The discrepancy between the study of Morampudi
et al. (2011) and the present work, in term of parasitic
load, could be due of the kinetic of injections of PC61
and the difference in mouse strain.
Consistent with the lack of effect on parasitic load,
anti-CD25 administration had no effect on circulating
IFN-γ level in our experimental condition. Whereas
Couper et al. (2009) observed that anti-CD25 mAb treat‑
ment leads to reduced circulating IFN-γ level, consist‑
ent with the preferential depletion of Teff cells in the
C57BL/6 mice. On the contrary, Morampudi et al. (2011)
observed increased IFN-γ level and high parasite bur‑
den after antibody treatment of BALB/c mice consistent
with the preferential depletion of Treg cells in these mice
(Tenorio et al. 2011). In our experiments, although antiCD25 mAb administration preferentially targets Treg no
significant difference, in the Treg/Teff ratio was found
between the two infected groups given anti-CD25 mAb
or the control mAb, respectively. This may account for
the similar IFN-γ level in both groups.
IFN-γ is produced by CD4+Foxp3-CD25+ Teff cells
(Couper et al. 2009) and natural killer cells (Gazzinelli
et al. 1993) during acute toxoplasmosis and is responsible
for the control of parasite replication. �����������������
The IFN-γ��������
�������������
produc‑
tion is largely IL-12-dependent (Gazzinelli et al. 1993,
1994a, b, Khan et al. 1994). CD25+ cell depletion induced
the significant production of IL-12 that is not followed
in our experiment by increased serum IFN-γ level in de‑
pleted infected mice. IL-12 is produced by DC (Aliberti
et al. 2000) and macrophages (Robben et al. 2004). Treg
cells exert their regulatory function on effector T cells
and also on antigen presenting cells (APC) (Mahnke et
al. 2007). Cytotoxic T lymphocyte associated antigen-4
of Treg cells can prevent the maturation (by down-reg‑
ulation of CD80/86) of DC by engaging with the B7 of
these cells (Mahnke et al. 2007, Grainger et al. 2010). De‑
creased regulatory activity due to the depletion of Treg
cells can result in the production of more IL-12 by DC.
IL‑10 is also produced by Treg cells and regulates
the production of IL-12 by DC (Gazzinelli et al. 1996,
Yanagawa et al. 2008). The drop in IL-10 level after antiCD25 mAb injections might be responsible for the sig‑
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nificant higher production of IL-12 in depleted infected
mice. However, it has also previously been described that
CD4+Foxp3- cells that co-produce IFN-γ are the primary
source of IL-10 during acute toxoplasmosis (Jankovic et
al. 2007). Further experiments are required to determine
the source of IL-12 and IL-10 in this context.
A significantly greater number of CD4+CD25+ cells
was observed in the infected mice than in the naïve
mice, as previously reported (Couper et al. 2009). This
expansion in CD4+CD25+ cells concerned both Foxp3+
Treg and Foxp3- Teff since the absolute numbers of both
populations were found to expand in parallel. The infec‑
tion also resulted in a significantly greater percentage of
Teff cells in spleen and MLN than in naïve mice. Similar
findings of an increased expression of CD25+CD4+ Teff
cells have already been reported (Couper et al. 2009).
No significant difference was found in the percentage
of Treg cells in spleen or MLN at day 6 p.i. compared to
naïve mice, similar to the findings of Tenorio et al. (2011)
in resistant mice and contrary to previous reports of a drop
in the percentage of Treg cells during acute toxoplasmosis
in both susceptible mice (Ge et al. 2008, Oldenhove et al.
2009) and resistant mice (Tenorio et al. 2010).
Changes in Treg/Teff level could be a more informa‑
tive measure of immune status than absolute Treg num‑
bers as already described (Scholzen et al. 2009). In naïve
mice the ratio is greater than in infected mice suggesting
an imbalance towards immune inhibition to maintain
homeostasis. In infected mice, the ratio is slightly lower
consistent with expansion of Teff cells necessary to con‑
trol the parasite. No significant difference in the Treg/
Teff ratio was found between the two infected groups
given anti-CD25 mAb or the control mAb, respectively.
This finding is correlated with a comparable susceptibil‑
ity to the acute infection.
Finally, we conclude that resistance to acute toxoplas‑
mosis in Swiss OF1 mice is accompanied by the mainte‑
nance of the percentage of CD4+Foxp3+CD25+ Treg cells.
It is probable that the mortality observed in C57BL/6
(susceptible mice), whether after depletion during a sub‑
lethal infection (Couper et al. 2009) or from the lethal in‑
fection (Oldenhove et al. 2009), might be due to a signifi‑
cant decrease in the Treg/Teff ratio. We hypothesize that
a depletion mechanism bringing about a change in the
percentage of Treg or Teff cells that significantly alters
the Treg/Teff balance in depleted infected mice during
acute toxoplasmosis, might cause a significant change in
the outcome of the infection.
In addition, we show that the inflammatory phase in
Swiss OF1 mice suffering from acute toxoplasmosis is
also accompanied by a significant rise in the number and
percentage of CD4+Foxp3-CD25+ Teff cells that become
another potential target for anti-CD25 mAb, as already
reported in C57BL/6 mice (Couper et al. 2009). Hence
the potential effects of anti-CD25 mAb on CD25+ nonTreg must be taken into account while using anti-CD25
mAb as a depletion tool of Treg.
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1

The number and percentage of different cell populations among CD4+ cells of spleen and mesenteric lymph nodes (MLN) three days after last injection of anti-CD25 monoclonal antibody (mAb) or isotype control to non-infected OF1 mice. The graphs represent the average values along with the
standard deviations of the total number and percentages of CD4+CD25+ cells, CD4+ forkhead box-p3 transcription factor (Foxp3+)CD25+ regulatory
T cells (Treg) and CD4+Foxp3-CD25- effector T cells (Teff) cells in spleen (A, C) and in MLN (B, D). Student t test was used to determine the differences between the two groups. The experience was done once. Asterisk means a significant difference (p < 0.05). N = 5 for each group.

