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Abstract: For treating Leishmania major infection in BALB/c mice, we used thalidomide in conjunction with glucan-
time. Groups of mice were challenged with 5 x 10° metacyclic promastigotes of L. major subcutaneously. A week
after the challenge, drug treatment was started and continued for 12 days. Thalidomide was orally administrated 30
mg/kg/day and glucantime was administrated intraperitoneally (200 mg/kg/day). It was shown that the combined ther-
apy is more effective than single therapies with each one of the drugs since the foot pad swelling in the group of mice
received thalidomide and glucantime was significantly decreased (0.9 + 0.2 mm) compared to mice treated with either
glucantime, thalidomide, or carrier alone (1.2 + 0.25, 1.4 £ 0.3, and 1.7 = 0.27 mm, respectively). Cytokine study
showed that the effect of thalidomide was not dependent on IL-12; however, it up-regulated IFN-yand down-regulated
IL-10 production. Conclusively, thalidomide seems promising as a conjunctive therapy with antimony in murine model
of visceral leishmaniasis.
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INTRODUCTION

In recent years, thalidomide has drawn consider-
able amount of attention from the scientific communi-
ty because of its immunomodulatory effects (Marriott
et al., 1999). Thalidomide administration reduced the
number of spread cells among resident macrophages
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in experimental murine tuberculosis (Arruda et al.,
2004). In addition, thalidomide is now being consid-
ered as an adjuvant treatment for tuberculosis since it
affects cytokine production and T lymphocyte prolif-
eration. Thalidomide elevates the IFN-y level and
modulates several other cytokines as well, noteworthy
IL-2 and IL-12. Thalidomide co-stimulates T lympho-
cytes, with greater effect on CD8+ than on CD4+ T
cells. This finding is important, since CD8+ T cells
have been shown to be contributory to the protective
immune response to Mycobacterium tuberculosis infec-
tion (Fu et al., 2002).

The effects of combination therapy with thalido-
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mide and leishmaniacidal drug, glucantime, on the
course of disease induced by Leishmania major infec-
tion in BALB/c mice are unknown. It has been pro-
posed that visceral leishmaniasis induced in BALB/c
mice by the otherwise “dermatotropic” L. major may
be a better model of human visceral leishmaniasis
(Handman et al., 2001). We chose this model to inves-
tigate the effect of thalidomide on the course of viscer-
al leishmaniasis induced by L. major in BALB/c mice.
Patients suffering from visceral leishmaniasis come to
clinic centers when the disease completely develops.
Therefore, in the present study, the infected mice were
treated 2 weeks after challenge to see whether thalido-
mide would affect the course of already established
disease. The treatments were performed for 12 days,
and the progression of disease was monitored based
on measuring foot pad swellings.

MATERIALS AND METHODS

Parasites

Leishmania major promastigotes, MHROM/IR/75/
ER, were grown in Schneider’s medium supplement-
ed with 10% heat-inactivated FBS, 292 ug/ml L-gluta-
mine, 4.5 mg/ml glucose, 100 pg/ml streptomycin
and 100 IU/ml penicilin at 23-25°C as previously
described (Alimohammadian et al., 2002). The para-
sites were kept in a virulent state by regular passage
in susceptible BALB/c mice. Stationary phase pro-
mastigotes were harvested and centrifuged at 3,000
rpm for 10 min at 4°C. The pellet was washed 3 times
in PBS (8 mM Na,HPO,, 1.75 mM KH,PO,. 0.25 mM
KCl, 0.137 mM NaCl).

Mice

Female BALB/c mice (4-6 weeks old) were obtained
from the Animal Breeding Stock Facility of Pasteur
Institute of Iran, Karaj, Iran. The mice were divided
into six groups (8 mice per group). The groups includ-
ed Group C; control mice non-infected and non-treat-
ed, Group P; infected but non-treated, Goup OP;
infected treated with sessami oil (carrier of thalido-
mide), Group TP; infected treated with thalidomide in
sessami o0il, Group GP; infected treated with glucan-
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time, Group TGP; infected treated with thalidomide
and glucantime.

Infection and disease development

The infected groups of mice received 5 x 10% infec-
tive stationary phase promastigotes in the hind foot
pad subcutaneously (s.c). Every week after challenge
the foot pad swelling was measured using a caliper.
The data are expressed in units (1 unit = 10? cm of the
net increase in foot pad thickness).

Drugs administration

Mice treated with glucantime (Marial, France) were
received 100 mg/kg/day i.p. Mice treated with thal-
idomide (a kind gift from Laphal Laboratories,
France) were received 30 mg/kg/day orally formulat-
ed in sessami oil. The drug administration was started
2 weeks after challenge. This period of time is enough
for establishment of the infection. Consequently,
administration of drugs was continued for 12 days.

Cell culture condition for cytokine assay

The draining lymph nodes (popliteal lymph nodes)
were removed 4 and 7 weeks after challenge and total
draining lymph node cells were isolated and washed
3 times with sterile PBS. The cells were resuspended
in RPMI supplemented with 2 mM/L-glutamine, 100
U/ml penicillin, 1 mg/ml streptomycin (all from
Sigma) and 10% human heat-inactivated fetal calf
serum. Cells, 2 x 10° in number in 1 ml of culture
medium were plated on flat-bottomed 24-well plates
with or without Phorbol Myristate Acetate (PMA, 50
ng/ml tissue culture medium)/Ionomycin (1 uM).
The supernatants were removed after 24 hr of incuba-
tion and stored at -20°C. We analyzed cytokine pro-
duction by specific IL-10, IL-12 and IFN-y enzyme-
linked immunosorbent assay (ELISA) (Bender Med
Systems, Austria) with a sensitivity of 10 pg/ml.

Statistical analysis

Statistical significance between groups was ana-
lyzed by student’s t-test using SPSS version 10. Values
of P < 0.05 were considered statistically significant.
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Fig. 1. Progression of foot pad swelling of different groups
of BALB/c mice. The infected groups of mice received 5 x
10° infective stationary phase promastigotes in the hind
foot pad (s.c). Every week after challenge the foot pad
swelling was measured using a caliper. The data are
expressed in units (1 unit = 102 cm of the net increase in
foot pad thickness). The groups included Group P; infect-
ed but non-treated, Goup OP; infected treated with sessa-
mi oil (carrier of thalidomide), Group TP; infected treated
with thalidomide in sessami oil, Group GP; infected treat-
ed with glucantime, Group TGP; infected treated with
thalidomide and glucantime.

RESULTS

Progression of disease

Fig. 1 shows the disease progression in different
groups of mice. At the end of drug administration (4
week), there was no difference between groups of
infected mice P and OP in terms of foot pad swelling
(0.47 = 0.1 mm and 0.43 = 0.12 mm, respectively).
Thickness of infected mice treated with glucantime
was 0.2 = 0.099 mm, thalidomide treated mice was 0.3
+ 0.1 mm, and mice treated with thalidomide and glu-
cantime was 0.29 = 0.11. At 5" week after challenge
(one week after stopping drug administration) foot
pad swelling in P and OP started to significantly
increase (0.6 = 0.1 mm and 0.92 + 0.15 mm, respective-
ly). However, no significant change in foot pad thick-
ness of TP, GP and TGP groups was detected (0.34 +
0.11 mm, 0.22 + 0.099 mm and 0.31 + 0.1 mm, respec-
tively). From 5% week after challenge to the end of 7't
week, the progression of foot pad swelling was
observed in all groups of mice but TGP group showed
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mild progression compared to the other groups. The
foot pad swelling of the groups of mice was 0.9 + 0.2
mm for TGP (thalidomide + glucantime), 1.4 + 0.3 mm
for TP (thalidomide) and 1.2 + 0.25 mm for GP (glu-
cantime). The foot pad swelling of infected mice
received only the drug carriers including P and OP
groups was 1.7 + 0.27 mm and 1.8 + 0.25 mm, respec-
tively.

IFN-y production

Fig. 2a shows the amount of IFN-yproduction in the
supernatants of draining lymph nodes cells stimulat-
ed with PMA/I at 4 (at the end of drug therapy) and
7 week after challenge (when the infection complete-
ly established). It was observed that infected mice
without any treatment (Group P) produced signifi-
cantly higher IFN-y in response to PMA /I compared
to non-infected control mice (7,800 + 500 and 800 +
100 pg/ml, respectively). Thalidomide treated mice
without infection (Group T) showed slight decrease in
IFN-y production (550 + 120 pg/ml). In Group P and
TP no significant difference was observed in terms of
IFN-y production at 4™ and 7™ week after challenge.
Infected mice received Tld, Glt or Tld + Glt produced
much lower IFN-y at 4™ week after infection (at the
end of drug administration). However, along with
progression of disease, production of IFN-y remark-
ably increased. Interestingly, infected mice treated
with glucantime (Group GP) showed complete down-
regulation of IFN-y production (158 + 30 pg/ml) com-
pared to groups TP and TGP (940 + 50 and 1,240 + 120
pg/ml, respectively).

IL-12 production

Fig. 2B shows the results of IL-12 production of the
groups of mice. Similar to the IFN-yresults, IL-12 pro-
duction significantly increased in infected mice
(Groups P and OP) at 4" week after challenge (2,230 +
530 and 3,830 + 660 pg/ml, respectively) compared to
non-infected mice (T = 150 + 30 pg/ml and control =
145 + 29 pg/ml). Infected mice with thalidomide
treatment TP (1,010 + 320 pg/ml) produced higher IL-
12 than GP (600 + 110 pg/ml) and TGP (740 + 55
pg/ml) although no statistical significant difference
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was found. However along progression of disease (7
week after challenge), IL-12 production tended to
decline. IL-12 results at week 7 are as follows: control
= 140 + 25, non-infected received thalidomide = 150 +
45, parasite = 680 + 78, GP = 380 + 60, TP = 250 + 50,
TPG =380 + 35 pg/ml.

IL-10 production

Fig. 2C shows the results of IL-10 production. As
expected, Thd induced IL-10 production in non-infect-
ed mice (Group T) at the end of drug administration
(165 = 39 pg/ml) compared to the control (40 = 15
pg/ml). However, 3 weeks after the end of drug ther-
apy, production of IL-10 significantly reduced in
Group T (30 + 9 pg/ml).

The presence of infection promoted IL-10 produc-
tion by draining lymph node cells of infected mice
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Fig. 2. Cytokine production in different groups of mice:
cytokine production by draining lymph node cells of mice
stimulated with PMA/I at the end of therapy (4 weeks
after challenge) and three weeks later (7 weeks after chal-
lenge) were measured. Figures A-C shows the production
of IFN-y, IL-12 and IL-10, respectively. The groups includ-
ed control mice; not-infected and non-treated, Group T;
non-infected but treated with thalidomide, Group P;
infected but non-treated, Goup OP; infected treated with
sessami oil (carrier of thalidomide), Group TP; infected
treated with thalidomide in sessami o0il, Group GP; infect-
ed treated with glucantime, Group TGP; infected treated
with thalidomide and glucantime.

without treatment (Group P = 330 + 30 and group OP
=400 = 55 pg/ml). IL-10 production by Groups TP and
TGP mice at 4™ week after challenge did not show sta-
tistical difference with untreated mice (300 + 45 and
205 + 30 pg/ml, respectively) but group of infected
mice treated with glucantime showed significant
reduction in IL-10 production (54 + 15 pg/ml) com-
pared to P (332 + 40 pg/ml), OP (397 + 55 pg/ml), TP
(295 + 35 pg/ml) and TGP (205 + 35 pg/ml) groups at
4™ week after challenge. Noteworthy, TP and TGP
groups showed remarkable down-regulation in IL-10
production compared to P and OP groups At 7" week
after challenge all groups showed up-regulation in IL-
10 production except control group yet the glucantime
treated group had the lowest IL-10 production.
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DISCUSSION

Translating the host T-cell-mediated immune
response into a feasible form of treatment has been a
sought-after therapeutic objective in leishmaniasis, an
intracellular protozoal infection which targets tissue
macrophages. In disseminated (visceral) leishmania-
sis, this aim has been pursued experimentally and
clinically using 3 interrelated approaches: (i) identify-
ing specific components of macrophage-activating, T-
cell dependent pathways which can act alone as
immunotherapy, (ii) understanding how this same
Th1 cell-associated mechanism regulates in vivo
responsiveness to chemotherapy, and (iii) blending
immuno- and chemotherapy to optimize intracellular
Leishmania killing in the tissues (Murray, 2000, 2001).
Effective defense towards visceralizing strains, includ-
ing Leishmania donovani, depends strictly upon T (Th1)
cells, and acquired resistance is governed by T cell-
and macrophage activating cytokines (Murray, 2000,
2001). Among the latter, IL-12 and IFN-y play particu-
larly prominent experimental roles. These cytokines
initiate and/or drive the basic anti-leishmanial Thl
cell response and direct the assembly of tissue granu-
lomas, structures within which intracellular parasites
are killed by IFN-yactivated mononuclear phagocytes
(Murray, 2000, 2001). In addition, along with host T
cells, endogenous IL-12 and IFN-y are also required
for expression of the leishmanicidal effect of conven-
tional chemotherapy, pentavalent antimony (Murrary
and Delph-Etienne 2000; Murray et al., 2000). Not sur-
prisingly, then, employing pro-host defense cytokines
in an exogenous form, either alone or with antimony,
represents the primary immunotherapeutic approach
thus far tested experimentally and clinically in viscer-
al infections (Sundar et al., 1995, 1997).

In the present study, it was shown that thalidomide
and glucantime combined therapy significantly
reduced the course of the disease compared to single
therapy with each one of the drugs and this effect was
dependent on IL-10 and IFN-y production. As shown
in Fig. 1, thalidomide + glucantime significantly
reduced the course of disease up to 7" week after
challenge (3 weeks after stopping the treatment) com-
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pared to mice treated with either glucantime or thal-
idomide. It is noteworthy that at 5th weeks after chal-
lenge (one week after stopping the treatment) the foot
pad swelling of thalidomide treated mice was compa-
rable to the glucantime treated mice which was
remarkably lower than untreated groups. It has been
reported that thalidomide could alter resistance of
mice to Listeria monocytogenes (Karrow et al., 2003).
Similarly, we showed that thalidomide is able to
down-regulate progression of leishmaniasis although
it did not completely inhibit the disease. In present
report, glucantime therapy did not eradicate the infec-
tion which might be due to the short period of treat-
ment. It might also be due to re-activation of infection
since BALB/c mice is the most sensitive strain of mice
to L. major infection. In addition, as is the case in sev-
eral other infections, the clinically cured host organ-
ism still harbors small amounts of live L. major para-
sites (Strenger et al., 1996).

In order to see how the treatments affect cytokine
production, draining lymph nodes of mice were
excised and the isolated cells were cultured and stim-
ulated with PMA/I. IL-10, IL-12 and IFN-y secretion
was measured in the supernatants harvested 24 hr
after stimulation. Interestingly, infected mice without
any treatment (Group P) produced significantly high-
er IFN-y compared to non-infected control mice. This
finding is in consonance with the previous reports
demonstrating that IFN-yproduction in BALB/c is not
impaired even when the disease completely devel-
oped (Lang et al., 2003; Sommer et al., 1998). In addi-
tion, the disease severity would be affected by a mech-
anism independent of conventional helper T-cell
responses since B6.C (Imr1/2) mice had similar
cytokine levels to the parental C57BL/6 mice despite
increased susceptibility and C.B6 (Imrl, Imr2) were
similar to BALB/c despite increased resistance (Elso
et al., 2004). In human visceral leishmaniasis it has
also been found that plasma level of IFN-y and IL-12
p40 is elevated (Hailu et al., 2004). In this study,
infected mice received glucantime treatment failed to
produce IFN-yat the end of therapy but infected mice
received thalidomide or combined T + G treatment
(Groups TP and TGP) produced significantly higher
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IFN-y than Group GP. This would explain why glu-
cantime treatment of patients suffering from cuta-
neous leishmaniasis having negative skin test
encounter relapse (Passos et al., 2000). Along progres-
sion of disease, however, IFN-y production was up-
regulated again in GP, TP, and TGP groups.

Similar to the results of IFN-y, IL-12 production was
induced in infected-untreated mice at the end of ther-
apy but along disease progression the draining lymph
node cells showed comprehensive reduced IL-12 pro-
duction. IL-12 production was very low at the end of
therapy in GP, TP and TGP mice. No significant
change was observed at 7" week after challenge.

At the end of the therapy, thalidomide induced
much higher level of IL-10 production in uninfected
mice compared to the control mice which is
expectable. This finding is in agreement with previous
report showing that thalidomide exerts its anti-inflam-
matory effect through IL-10 (Franks et al., 2004). Three
weeks after stopping drug administration, IL-10 secre-
tion was declined to the IL-10 level of control mice.
Infection of L. major also induced IL-10 and along the
progression of disease its level was unchanged.
Nonetheless, thalidomide did not up-regulate IL-10
production in infected mice. The role of IL-10 in dis-
ease aggravation has been demonstrated (Noben-
Trauth et al., 2003; Chatelain et al., 1999) which are in
consistence with our results. Similar to IL-12 and IFN-
¥, IL-10 production was decreased in infected mice
received glucantime.

Up-regulation of IFN-y and down-regulation of IL-
10 in the group received glucantime and thalidomide
is in agreement with the report studying cytokine pro-
duction in patients suffering from cuaneous leishma-
niasis received immuno-chemotherapy treated with
glucantime and a vaccine against American cutaneous
leishmaniasis (Toledo et al., 2001).

Conclusively, the results of cytokine assay showed
that the effect of thalidomide on controlling the dis-
ease progression could be exerted through modula-
tion of IFN-y and IL-10 production. In addition, com-
bined therapy with glucantime and thalidomide
would be promising in visceral leishmaniasis, yet
needs further investigations.
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