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Abstract. Leishmania sp. is an intracellular protozoan parasite that causes significant
morbidity and mortality in many parts of the world. The parasite can escape from host
immune system by several mechanisms. Understanding biological behavior of the parasite
can help us to control and treatment leishmaniasis. Therefore  current  study was conducted
to determine suppresive effect of Leishmania major on IL-2Rα expression in the human
peripheral T Lymphocytes. Human peripheral T Lymphocyte were co-cultured with standard
strain of Leishmania major (MRHO/IR/75/EK) in RPMI1640 medium. Infected cells were
stained with FITC-labelled anti-CD25 (IL-2Rα chain MAb) and Picoerithrin-labelled anti-CD4

(CD4 MAb) and analyzed by flow cytometry. The results showed that L. major suppressed IL-
2Rα expression in activated T cells as well as inhibited lymphocyte proliferation 6h after
infection and was increased up to 36 hour later. This finding also indicated that suppressed IL-
2R expression was increased when the number of promastigote was added up to 7.5×106

cells/ml. Inhibition of IL-2R expression by the parasite might play a critical role for escaping
from host immune system. Understanding biological characterization of the Leishmania can
be useful for vaccine development and also cytokine therapy.

INTRODUCTION

Leishmaniasis is one of the most important
zoonotic diseases which is caused by an
obligate intracellular protozoan parasite. The
parasite replicates in parasitophorous
vacuoles within mononuclear phagocyte
cells such as macrophage, langerhans cells
and monocytes (Abdullah et al., 1998;
Antoine et al., 1998). The disease has
worldwide distribution specially  existing in
tropical and subtropical regions. The clinical
signs of leishmaniasis were included
cutaneous, mococutaneous and visceral
disorder (Giorgio et al., 2000). The parasite
approximately infects 12 million people with

1.5-2 million new cases in a year. About 350
million people live in risk zone. The disease
is endemic in 88 countries of 5 continents.
More than 90% of cutaneous leishmaniasis
patients live in Iran, Afghanestan, Syria, Saudi
Arabia, Brazil and Peru (Umakant & Sarman,
1998). Twenty one Leishmania species have
been identified as pathogens for human.
Cutaneous leishmaniasis is a self-limiting
disease but visceral leishmaniasis is  lethal
if left untreated (Umakant & Sarman, 1998).

Leishmania parasites live in  hostile
environment such as mononuclear
phagocyte cells and they have  great potential
for escaping from the  host immune system.
Glycoprotein 63 kd (metalloproteinase), LPG
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(lipophosphoglycan) and cystein protease
are major tools of Leishmania sp.  to survive
in mononuclear cells (Descoteaux et al.,
1999;  Poot et al., 2005; Laurence & Buxbaum,
2006).

The interaction between immune
responses of host and parasite   defines
resistance or sensitivity outcome. The
activity of Th1 responses cause control of
infection but Th2 responses are associated
with progressive disease (Awasthi et al.,

2004). One effective  evade  mechanism  of
Leishmania sp. is suppression of IL2
production and reduction of  IL2 receptors
expression on stimulated T cells.

The role of IL2 and its receptors are
essential for proliferation of T cells by
promoting G1 to S cell growth  cycle.
Stimulation of NK (Natural killer cells), IFN γ
production, and T and B lymphocytes for
killing intracellular parasites are the other
immune role of IL2 (Murray et al.,1987). The
biological role of IL2 is performed via its
receptors IL2-R (Cillari et al.,1986; Murray
et al., 1993). IL2-R is constituted of three
hetrodimer protein domains called α (TAC
Antigen or CD 25), β (CD122) and γ (CD132)
chain. Each chain alone has low affinity for
attachment to IL2 cytokine and βγ dimer have
intermediate affinity for it but a complex of
IL2R αβγ attaches with high affinity to
cytokine and is essential for induction of
initiation  signal to stimulate proliferation of
T cells (Cillari et al.,1986; Murray et al.,

1993). Many investigations indicated that
human immune system was suppressed by
Leishmania sp. in the first week after
infection because of suppressed IL2
production (Carvalho et al.,1985; Cillari et

al.,1988, 1991). Patients with visceral
leishmaniasis have shown a decrease on IL2
production (Smith 1980; Harel-Bellan et al.,
1983) but controversy in some study the
production of IL2 was not reduced (Leichuk
et al., 1984). The production of IL2 is reduced
by other infectious diseases such as
trypanosomiasis (Watson et al., 1985),
malaria (Mohagheghpour et al., 1985),
histoplasmosis (Reiner & Finke, 1983) and
lepromatosus leprosy (Smith 1988).
Experimental infection in mice with
Leishmania donovani indicated that spleen

cells produce lower levels of IL2 than normal
group (Abbas et al., 2007).

Treatment of the disease is taken place
by classes of anti Leishmania drugs such as
Glucantim, Amphotricne B, Stibogluconate
with major side effects and drug resistant
problems. In the other hand, the prevention
of disease by control of vectors and reservoir
host is very difficult because of variety in
geographical distribution of vector and
reservoir host. There have been attempts to
produce an effective conventional vaccine
for human immunization but unfortunately it
is not achievable yet. Thus understanding
parasite escaping ways from host immune
system is needed for designing a perfect
treatment against leishmaniasis. Therefore,
we decided to investigate the suppressive
effect of Leishmania major  promastigotes
on IL2-R α (CD25) expression in T
lymphocytes and their inhibitory action on T
cells proliferation. The findings of this study
shall increase our knowledge about parasite
biological behavior and thus help in
controlling the disease.

MATERIAL AND METHODs

Leishmania parasites

The standard strain of L. major (MRHO/IR/
75/EK) was kindly provided by Parasitology
Department of Shiraz University of Medical
Sciences, Shiraz, Iran. Promastigotes were
cultured in conventional medium (NNN) at
25ºC and PH 7.2 for five days. After this time,
the promastigotes were collected and
cultured in RPMI 1640 medium containing
penicillin 100 IU/ml , streptomycine 100 IU/
ml, FCS (fetal calf serum) 10% inactivated
by heating (56ºC for 20 min). The number
of promastigotes were counted micro-
scopically with hematocytometer and
viability of organisms were tested by trypan
blue staining. Samples viability more than
99% were accepted for examination.

Isolation of peripheral blood mono-

nuclear cells (PBMC):

PBMC was separated from heparinated blood
of healthy volunteers by  density gradient
– centrifuging using Ficoll-Hypaque with a
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density of 1.077. The PBMC were washed
three times  with RPMI 1640  and viability of
cells was determined by trypan blue staining
and cells with more than 90% viability were
used for examination. The cells were
suspended at a concentration of 1×106 cells/
ml and transferred to a 75 ml flask. After
culturing ,  the cells (1.25 × 106 cells ) were
seeded in 96 well plates and incubated at
37ºC, 5% CO2 for various times with PHA
(Phytohaemagglutinin 30-50µg/ml) for
lymphocyte stimulation with or without the
various dilutions of  L. major promastigotes.

Reagents

Purified monoclonal antibody (mAb) and
mouse anti-human antibody conjugated with
FITC for CD25 (Anti-TAC (FITC conjugated)
were obtained from Dako/Denmark. Purified
monoclonal antibody (mAB) and mouse anti-
human antibody conjugated with Phycoeritrin
for CD4 (Anti-TAC (FITC conjugated) were
purchased from Dako Denmark for flow
cytometry test.

Flow cytometry

After incubation of  PBMC at 37ºC and 5%
CO2 with parasites and PHA, non adherent
cells were recovered and washed three times
with phosphate buffered saline solution
containing 1% bovine serum albumin and
spun at 1500 rpm for 3 min. The cells were
stained with appropriated MAb (Anti-TAC)
and MAb (Anti-CD4) conjugated with
FITC (Fluorescein isothiocyanate) and
phycoerythrine respectively for 30 min at
4ºC in dark place and followed by one washing
with phosphate buffered saline solution. The
cells were fixed by 1% formaldehyde and
were prepared for flow cytometry (Partec
Germany class 1 laser producer) technique.
The obtained results from flow cytometry

were analyzed statistically by Flomax® and
WIN MDI soft ware version 2.8. A minimum
of 10,000 cells were gated. Percentages of
decrease in the proportion of cells
expression were calculated by using the
following equation:

Percentage of suppression = (lymphocyte +
PHA) % – (lymphocyte+PHA+Parasite)*100/
(lymphocyte + PHA) %

RESULTS

Suppressive  effect of  Leishmania major

on IL-2Rααααα expression of stimulated T

lymphocyte by PHA (phytohemaglotinin)

in various incubation times.

The finding of flow cytometry showed a
reduction of IL2-Rα expression  in infected
T lymphocyte. The most suppressive effects
were seen at 24-36 hours after incubation.
The results of suppressive effects of
Leishmania promastigotes on expression
of IL2  receptor  are shown in Table 1. The
most suppressive effects of Leishmania

promastigote  were obtained in  logarithmic
phase of promastigote culture. The
suppression percentages at 12, 24, 36 and 48
hours after infection were 27.22%, 47.95%,
44.22% and 16.65% respectively (Table 2).
ANOVA test indicated  significant  difference
between test and control groups in reducing
IL2-Rα expression on T lymphocytes. The
tests were repeated three times.

The suppression potential of L. major on

expression of IL2-Rααααα on T lymphocyte

according to various dilutions of

promastigotes

The flow cytometry finding indicated that the
increase in number of promastigotes has a

Table 1. The percentage of IL2-α receptor on T cells in various incubation time infected by L. major

(Tcells= 2/5×106 /ml, L. major=5×106 /ml)

Time (hour) Lymph+PHA Lymph+PHA+L. major Percentage of suppression

A 12 76.23 55.48 27.22
B 24 49.26 25.64 47.95
C 36 67.62 37.72 44.22
D 48 51.81 35.16 16.65



529

Figure 1. The suppression effect of Leishmania promastigotes on expression of IL2 receptor on
T lymphocytes in various time incubation in flow cytometry test
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direct effect on suppression potential of L.

major and the maximal effect was obtained
in 7.5×106 cells/ml concentration. The
suppression rate was 26.47%, 42.08% and
50.65% for 2.5×106 cells/ml, 5×106 cells/ml
and 7.5×106 cells/ml dilution respectively in
triple examination (p<0.05). The detail data
was shown in Table 2 and Figure 2.

The reduction in proliferation of infected

T lymphocyte by L.major promastigotes

The proliferation assay was performed in
various dilutions of promastigotes numbers.
The suppression of lymphocyte proliferation
increased according to concentration of
promastigotes when compared to control
group (P<0.05). The maximal effect was

Table 2. The suppression effect of various concentration of L. major promastigotes on expression of
IL2-Rα on T lymphocyte

Promastigotes
(Lymph+PHA) (Lymph+PHA+L. major) Percentage of suppression

concentration

A 2.5×106 55.40 40.00 26.47
B 5×106 55.40 32.02 42.08
C 7.5×106 55.40 27.34 50.65

Figure 2. The suppression effect of various concentration of L. major promastigotes on expression
IL2-Rα T lymphocytes in contrast to control group in flow cytometry test
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Table 3. The suppression potential effect of various concentration of L. major promastigotes
on T lymphocytes (1.25×106 /ml ) proliferation

Incubation Promastigotes (lymph+PHA) (lymph+PHA+L. major) Percentage of
Time (hour) concentration suppression

24 2/5×106 39/59 26/53 32/99
24 5×106 39/59 20/94 48/88
24 7/5×106 39/59 15/41 61/07

Figure 3. The suppression potential effect of various concentration of L. major promastigotes on T
lymphocytes proliferation in flow cytometry test

obtained in 7.5×106concentration of  L.major

promastigote (Table 3 and Figure 3) .

DISCUSSION

Like other intracellular parasites,
Leishmania sp. has several mechanisms for
escaping from immune system of vertebrate
host. One of these effective mechanisms is
suppression of IL2 production and reduction

in expression of IL2-Rα ( CD25) on stimulated
T lymphocyte. The parasite also blocks
the physiologic role of IL2. Many studies
indicated that BALB/c mice are more
sensitive to Leishmania infection than
C57/BALB mice due to suppressed IL2
production and IL2-R reduction (Frederick
et al., 1998). IL2 cytokine stimulates
proliferation and differentiation of T
lymphocytes and triggers cell growth cycle
of T cells. It also increases IL4 and INF γ
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production for promoting intracellular killing
action (Majumder & Kierszenbaum, 1995).

This study investigated the ability of
promastigotes to suppress in vitro IL2-Rα
(CD25) expression in infected human T cells.
The results of current study  indicates that
the  suppressive  effect of L. major started
at six hour after infection. At this time the
number of IL2-R+ T cells and density of IL2-R
were markedly reduced by the parasite. The
maximum suppression was seen at 24 hours
after infection and decreased in 48 hours
because of consumption of antigen and
nutrition components by T cells and parasite
as well as  accumulation of waste products
in cell culture (P <0.05).

The results of current study indicates  that
L. major promastigotes specially in
logarithmic phase, can suppresses IL2-Rα
expression in T cells in early stage of
infection. There is a direct correlation
between the number of L. major

promstigotes and their potential suppressive
effect (P <0.05). It is an effective mechanism
for promastigotes to evade from cell
mediated immune system of their host.

These finding are in agreement with
previous  investigations. Cillari et al., 1991
showed that infected spleen cells with
promastigotes of L. major in BALB/c mice
produced significantly lower level of IL2 in
response to concanavalin A stimulation in
comparison with control group. They
postulated that the increased level of IL2
production closely associated  with healing
of lesion (Cillari et al., 1991). The same
results were obtained in infected spleen cells
of mice by L. donovoni due to impairment
of IL2 production when the cells were
stimulated by phytohemagglutinin (Abbas
et al., 2007).

Other infective agents including
Plasmodium berghei (Mohagheghpour et al.,
1985), and Histoplasma capsulatum in
mice (Reiner & Finke, 1983) as well as
Mycobacterium leprae in humans (Smith
1980) can also suppress IL2 production.
There are many studies  to investigate effect
of Trypanosoma cruzi on immune system
specially on IL2 production by T cells.
Majumder and Kierszenbaum showed a
marked inhibition of IL2 production by adding

a T. cruzi filtered suspension to human
PBMC. They also showed a decline of mRNA
expression level in stimulated T cells
(Majumder and Kierszenbaum, 1995; Lisa et

al., 1990). In other study co-culture of T. cruzi

with human PBMC inhibited the production
of IL2 and its receptor on T cells (Lisa et al.,
1989; Kierszenbaum et al., 2002). Some
studies indicated that the suppressive effect
of T. cruzi depends on a glycoprotein
membrane called AGC10 which can inhibit
the production of IL2 and CD25, CD122 and
CD132 (the components of IL2 receptor). This
component of T. cruzi membrane can also
diminish the production IFNγ and TNFα
IL2-dependent in immunosuppressive role
(Kierszenbaum et al., 1990).

Our study confirms that there are
significant differences between infected
cells and non infected cell (control group) in
lymphocytes  proliferation test  and L. major

promastigotes cause reduction of T cells
proliferation in infected group (P <0.05). This
finding is in agreement with other studies.
The inhibition of T. cells (human PBMC)
proliferation have been reported in T. cruzi

infection (Lisa et al., 1989; Sileghem et al.,
1989; Kierszenbaum et al., 1990, 2002),
Trypanosoma brucei (Kierszenbaum et al.,
1990) and L. major (Isakov & Tamir, 1994).

Why  the parasite can suppress IL2-Rα
expression on T cells while it lives in
macrophages  and other antigen presenting
cells is unknown but it seems that the
parasite can act so by soluble excretory
factors which are secreted to lymphocyte
cell culture. It is confirmed  that excretory
factor (EF) of L. major also causes a
decrease in proliferation of T cells and
reduces production of IL2 at both early
and late stages of infection in a dose
dependent manner (Isakov & Tamir, 1994).
Khodadadi et al. (2010) showed that L. major

promastigotes cause down regulation of
MHC I expression on infected dendritic cells
(as antigen presenting cell). Dendritic cells
have an important role in initiating immune
responses for killing interacellular parasite,
and interaction between denderic cells and
T cells is essential for stimulation of cell
mediated immunity (Khodadadi et al., 2010).
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In conclusion, the major finding of the
present study is that L. major can escape
from host immune system via suppression of
IL2 and its receptors production on T
lymphocytes in early stage of infection.
Understanding the interactions between
parasite and immune system help us to find
effective tools for treatment and control of
leishmaniasis via producing drugs and
vaccines.
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