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ABSTRACT

Background and Objectives: The outcome of Leishmania infection mainly depends upon the Leishmania species which
causes the disease and the generation of the type of host immune response, the healing process and protection in leishman-
iasis depends upon induction of Th1 response. In this study, the Th1/Th2 cytokine profile in cutaneous leishmaniasis (CL)
is evaluated.

Materials and Methods: This study was carried out in leishmaniasis clinic of CRTSDL, TUMS, during March 2018 to
March 2019. Peripheral blood mononuclear cells (PBMC) of volunteers with active healing and non-healing lesion (s) of
cutaneous leishmaniasis (CL), volunteers with and without history of CL were cultured and stimulated with Soluble Leish-
mania antigen (SLA). The supernatants were collected and the levels of IFN-y, IL-5 and IL-10 were titrated using ELISA
method.

Results: The results showed a significantly higher levels of IFN-y in volunteers with active CL healing form (p<0.005),
history of CL (p<0.005) than healthy volunteers. A significantly (p<0.005) higher level of IFN-y was seen in volunteers with
active healing form of lesion than non-healing form. There was a significantly (p<0.005) higher level of IL-10 in volunteers
with a history of non-healing form and active non-healing form of CL. There was no significant difference in IL-5 production
in PBMC of different groups.

Conclusion: IFN-y production starts at early stage of cutaneous leishmaniasis and enhance during course of lesion healing,
IFN-y level is significantly higher in all patients compared to healthy volunteers, IFN-y is significantly higher in patients with
healing form than non-healing form of lesion.

Keywords: Cutaneous leishmaniasis; Soluble Leishmania antigen (SLA); Immune response; Interferon gamma (IFNy);
Interleukin 10 (IL-10); Interleukin 5 (IL-5)
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Leishmaniasis is endemic in 102 countries and is
the main health problem in some of the endemic re-
gions which are the poorest areas of the world. Leish-
maniasis is endemic in 14 of 22 WHO/EMRO region
countries. Annually, 200,000-400,000 people devel-
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op visceral leishmaniasis, and 700,000-1,200,000
with cutaneous leishmaniasis (CL). Recently the dis-
ease spread to some non-endemic areas. The burden
of the disease (DAILYs) is reported to be 3.3 million,
clinical manifestations include CL, mucocutaneous
(MCL), visceral (VL), and post-kala-azar dermal
leishmaniasis (PKDL) (1-3). The host immune re-
sponse and the parasite species determine the out-
come of Leishmania infection. CL is a self-healing
lesion, healing process takes place in less than a year
if the causative agent is L. major and about 2 years if
the causative agent is L. tropica (4).

In mouse model of L. major infection, the type
of T-cell response determines the outcome of the in-
fection; in resistant mice, a Thl response is induced
with production of IFN-y, the lesion cure and the
animals are protected against challenge, which is
somehow similar to human CL, while in susceptible
BALB/c mice, Th2 response is generated and a high
level of IL-4 is produced, IFN-y production is down
regulated, and every infected mouse is succumbed
to the disease. Although, the generation of Thl type
of response is related to cure and protection and in-
duction of Th2 type of response is accompanied with
progress of the disease and death in murine model
but susceptibility and resistant in human leishman-
iasis is not yet well defined (10-5). Generally, pres-
ence of cells that produce IFN-y occurs in healing
form of CL, whereas in non-healing form of CL
and mucosal lesions there is a mixture of Th1/Th2
cytokines with an abundance of IL-4 and IL-10 (11-
15).

In this study, PBMC were collected from pa-
tients with active lesion (s), healing and non-heal-
ing forms of CL; healing form of lesion refers to
the patient whose lesion heals with or without treat-
ment, non-healing form of lesion refers to the lesion
which does not respond to at least two full courses
of systemic injections of antimonite derivatives, also
PBMC were collected from volunteers with histo-
ry of CL, and healthy volunteers with no history of
leishmaniasis. The collected PBMC were stimulated
with SLA and the levels of IFN-y, IL-10 and IL-5
production were compared.

MATERIALS AND METHODS

Ethical consideration and study groups. This
study was approved by the Ethical Committee of
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Tehran University of Medical Sciences (TUMS) and
completed at the Center for Research and Training
in Skin Diseases and Leprosy (CRTSDL), during
March 2018 to March 2019. The potential candidates
were interviewed and informed about the objectives
and the procedure of the study and the one who was
willing to participate, donate blood sample and sign
an informed consent was recruited. Management of
CL lesion including diagnosis, treatment of the pa-
tients were done free of charge.

The following volunteers were recruited, the first
group consisted of 10 healthy volunteers with no his-
tory of leishmaniasis, leishmanization or vaccination
against leishmaniasis, (control group), the second
group consisted of 10 volunteers with non-healing
active CL lesions (the onset of the lesion more than 2
years with history of at least 2 courses of Glucantime
treatment), the third group consisted of 10 volunteers
with healing form of active CL lesion (s), the onset
of lesion in this group was less than one year, the
fourth group consisted of 10 volunteers with histo-
ry of non-healing CL lesion (completely cured), and
the last group consisted of 10 volunteers with his-
tory of healing form of CL (completely cured). The
volunteers were healthy other than CL according to
physical examination by a physician, male/female,
age 12-70 years old.

Diagnosis was based on observation of amastig-
ote form of Leishmania using Giemsa stained smear
and/or growth of promastigotes in NNN culture (16).
Identification of Leishmania causative agent was
done using PCR method (16, 17).

PCR method. PCR was carried out using the
primers for Leishmania-specific pair fragment of ki-
netoplast DNA. The sequences of the two synthetic
oligonucleotide primers of KDNA pattern are F: (5’
TCGCAGAACGCCCCTACC 3’) and R: (5 AGG-
GGTTGGTGTAAAATAGG 3’°). Amplification was
performed in a thermal cycler (ASTEC-PC818) 38
cycles of denaturation at 94°C for one minute, an-
nealing at 60°C for 45 second, extension at 72°C for
one minute and final extension at 72°C for 7 minutes.
Two standard samples of parasites of L. major and L.
tropica and a negative control sample were used to
monitor the reaction. PCR products were run in 1.5%
agarose gel electrophoresis and observed by UVdoc
system (Doc-008.XD). DNA replication pattern of
Leishmania produced bands for L. major/600 bp and
for L. tropica/800 bp (17).
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Soluble Leishmania antigen (SLA) prepara-
tion. L. major (MRHO/IR/75/ER), which was used
for leishmanization and preparation of experimental
Leishmania vaccine and leishmanin was used in this
study. Parasites were grown in NNN medium and sub
passaged in RPMI 1640 media supplemented with
10% FCS and penicillin/streptomycin (Complete
RPMI). Promastigotes were harvested at stationary
phase, washed 3 times and adjusted to 1.2 x 10° par-
asite/ml in buffer solution. Soluble Leishmania Anti-
gen (SLA) was prepared using the protocol developed
by Scott et al. (18) with minor modifications, briefly,
the parasites were harvested at stationary phase and
washed 4 times using HEPES-sucrose buffer (10 mM,
10% w/v, pH = 7.4). Then, the number of promas-
tigotes was adjusted to 1.2 x 10°ml in buffer solu-
tion containing enzyme inhibitor cocktail, 50 pl/ml
(Sigma, St. Louis, USA). The parasites were lysed
using freeze-thaw method followed by probe soni-
cation in an ice bath. The supernatant of the centri-
fuged lysate parasites was collected, dialyzed against
buffer solution, sterilized using a 0.22 pm membrane
and stored at -70°C until use. The protein concentra-
tion of the preparation was determined using BCA
protein assay method (Thermo Scientific, USA).

Blood sampling collection. Heparinized blood
samples (10 mL) were collected from every volun-
teer. Blood samples were diluted 1:1 with RPMI. The
diluted blood sample was overlaid gradually with
Ficoll-hypaque (30-40% of blood volume) in 50 ml
disposable centrifuge tubes. The peripheral mono-
nuclear cells (PBMCs) were then separated by cen-
trifugation gradient at 800 g for 30 minutes at room
temperature. After centrifugation, the interface
containing mononuclear cells was collected with a
Pasteur-pipette and transferred into a 15 ml dispos-
able conical centrifuge tube. Cells were washed two
times with RPMI + 3% FCS using 490 g centrifuga-
tion for 10 minutes at 5°C and resuspended in Com-
plete RPMI (10, 11).

Cell culture of PBMC. Fresh PBMCs were cul-
tured in CRPMI in U-bottom 96 well culture plates
(Nunc, Denmark). Each well was contained 2 x 10°
cells in 200 pl volume per well in triplicate. The cells
were stimulated with either Phytohaemagglutinin
(PHA) (5 pg/ml) or SLA (10 pg/ml), or no stimula-
tion only with culture media alone as a negative con-
trol. Then, the cells were incubated for 72 h at 37°C
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in 5% CO,. After 72 hours incubation, 150 pl of the
supernatants were carefully collected from each well
and the triplicates were pooled and kept at -80°C un-
til used (10, 11).

Cytokine measurements. Cytokines (IL-5, IL-10
and IFN-y) in supernatants were measured using an
enzyme-linked immunosorbent assay and the bio-
tin-avidin system according to the manufacturer's
guidelines (Bioscience Kit). Results are expressed in
pg/ml (median + IQR) of triplicates.

Statistical analysis. The normality of numerical
variables was assessed with Shapiro-Wilk test. Data
was expressed as the mean = SD or median + IQR,
and percentage. Chi-square test and Fisher’s exact
test was used to examine the relation between qual-
itative variables. The paired t-test/ Wilcoxon signed-
rank test was used to measure changes inter-groups.
One-way ANOVA with followed post-hoc test (Bon-
ferroni) was used to multiple comparisons between
groups. P value of <0.05 was considered as signifi-
cant. The SPSS Version 16 (SPSS Inc., Chicago, IL,
USA) software was used for all statistical analyses.

RESULTS

Demographic and lesions characteristics of the re-
cruited volunteers are presented in Table 1.

Level of IFN-7y in volunteers’ PBMC stimulated
with SLA. The volunteers’ PBMC were collected
and stimulated with SLA and the supernatants were
used to titrate the level of IFN-y, the level of IFN-y
in healthy volunteers with SLA stimulation and
without stimulation was 172.3.7 + 96.4 and 142.3 +
46.3, respectively, the difference was not significant.
The level of IFN-y in volunteers with active lesion
(non-healing form) with SLA stimulation and with-
out stimulation was 310.1 + 241.3 and 160.6 £+ 59.1,
respectively, the difference was significant (p<0.01).
The level of IFN-y in volunteers with active lesion
(healing form) with SLA stimulation and without
stimulation was 719.5 + 137.0 and 188.1 + 46.3, re-
spectively, the different was significant (p<0.005).
The level of IFN-y in supernatants of PBMC collect-
ed from volunteers with history of CL (non-healing
form) with SLA stimulation and without stimulation
was 1,021.3 + 613.3 and 201.3 + 70.0, respectively,
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Table 1. Demographic and lesion characteristics of volunteers.

Healthy Active lesion Active lesion History of CL History of CL
(non-healing form) (healing form) (non-healing form) (healing form)
Number of volunteers 10 10 10 10 10
Mean of Age (Year) 45 443 35.6 253 332
Gender (M/F) 8/2 4/6 2/8 2/8 5/5
Number of lesion - 14 38 12 22
Location of lesion
Upper limb - 4 2 6 6
Lower limb - - 8 - 2
Trunk - - 2 - -
Face - 4 - 3
Duration of thelesion - 22.1 2.3 17 43
(mean in months)
Species L.m/L.t - 6/4 8/2 5/5 7/5

the difference was significant (p<0.01). The level of
IFN-v in supernatants of PBMC collected from vol-
unteers with history of CL (healing form) with SLA
stimulation and without stimulation was 1,459.0 +
818.8 and 331.7 + 154.4, respectively, the different
was significant (p<0.01). There was no significant
difference between the level of IFN-y of healthy vol-
unteers and active lesion (non-healing form) after
stimulation. There was a significant (P<0.005) dif-
ference between the level of IFN-y in active lesion
(healing form) and healthy volunteers after stimu-
lation. There was a significant (P<0.005) difference
between the level of IFN-y in volunteers with histo-
ry of CL (non-healing form) and healthy volunteers
after stimulation. There was a significant difference
(P<0.005) between the level of IFN-y in superna-
tants of PBMC of healthy volunteers compared with
volunteers with history of CL (healing form) after
stimulation. There was a significant (P<0.005) dif-
ference between the level of IFN-y in volunteers
with active lesion (healing form) and active lesion
(non-healing form) after stimulation. There was a
significant (P<0.01) difference between the level of
IFN-y in volunteers with active lesion (non-healing
form) and volunteers with history of CL (non-heal-
ing form) after stimulation. There was a significant
(P<0.05) difference between the level of IFN-y in
volunteers with active lesion (healing form) and vol-
unteers with history of CL (healing form) after stim-
ulation. There was a significant (P<0.005) difference
between the level of IFN-y volunteers with history of
CL (healing form) and volunteers with active lesion
(non-healing form) after stimulation but there was no
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significant difference between the level of IFN-y in
volunteers with history of CL (non-healing form) and
volunteers with history of CL (healing form) after
stimulation (Fig. 1A).

Level of IL-10 in volunteers’ PBMC, stimulated
with SLA. The volunteers’ PBMC were collected
and stimulated with SLA and the supernatants were
used to titrate the level of IL-10. The level of IL-10 in
healthy volunteers with SLA stimulation and without
stimulation was 351.9 + 291.8 and 228.8 + 175.2, re-
spectively, the different was not significant. The lev-
el of IL-10 in active lesion (non-healing form) with
SLA stimulation and without stimulation was 269.0
+241.2 and 91.1 + 99.8 respectively, the different was
no significant. The level of IL-10 in volunteers with
history of CL (non-healing form) with SLA stimula-
tion and without stimulation was 479.4 + 158.2 and
289.5 + 155.3, respectively, the difference was signif-
icant (P<0.05). The level of IL-10 in volunteers with
history of CL (healing form) with SLA stimulation
and without stimulation was 419.9 + 303.2 and 184.8
+ 221.4, respectively, the different was significant
(P<0.05). The level of IL-10 in volunteers with ac-
tive lesion (healing form) with SLA stimulation and
without stimulation was 261.3 + 123.6 and 176.7 +
142.9, respectively, and the difference was not signif-
icant. There was no significant difference between
the level of IL-10 in healthy volunteers and active le-
sion (non-healing form) after stimulation, also there
was no significant difference between the level of IL-
10 in volunteers with history of CL (healing form)
and healthy volunteers after stimulation. There was
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no significant difference between the level of IL-10
in volunteers with history of CL (healing form) and
volunteers with active lesion (non-healing form) af-
ter stimulation but there was a significant (p<0.05)
difference between the level of IL-10 in volunteers
with history of CL and volunteers with active lesion
after stimulation. There was a significant (p<0.005)
difference between the level of IL-10 in volunteers
with history of CL (non-healing form) and volunteers
with active lesion (healing form) after stimulation
(Fig. 1B).

Level of IL-5 in volunteers’ PBMC, stimulated
with SLA. The volunteers’ PBMC were collect-
ed and stimulated with SLA and then the superna-
tants were used to titrate the level of IL-5, the level
of IL-5 in healthy volunteers with SLA stimulation
and without stimulation with SLA was 256.1 + 170.2
and 158.7 + 41.9 and respectively, the difference was
not significant. The level of IL-5 in volunteers with
active lesion (non-healing form) with SLA stimula-
tion and without stimulation was 297.4 + 164.8 and
191.0 £ 71.3 and respectively, the different was not
significant. The level of IL-5 in volunteers with ac-
tive lesion (healing form) with SLA stimulation and
without stimulation was 218.5 + 89.0 and 181.5 + 68.5
and, respectively, the different was not significant.
The level of IL-5 in volunteers with history of CL
(non-healing form) with SLA stimulation and with-
out stimulation was 167.3 + 44.8 and 128.6 + 25.7 re-
spectively, and the different was not significant. The
level of IL-5 in volunteers with history of CL healing
form with SLA stimulation and without stimulation
was 243.0 £ 138.4 and 170.6 + 101.3, respectively, the
different was not significant. There was no signifi-
cant difference between the levels of IL-5 in different
groups after stimulation (Fig. 1C).

DISCUSSION

Leishmaniasis cure and protection depend upon
development of Thl type of immune response. Usu-
ally CL heals spontaneously even without any treat-
ment but in rare cases CL lesion does not heal on
expected time and a non-healing lesion (s) develops
which is refractory to all types of available modali-
ties. Non-healing form of CL is more often caused
by L. tropica, but there are reports of non-healing le-
sion due to L. major (11, 12). There are many studies
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Fig. 1. Cytokine levels in culture supernatants of PBMC of
volunteers with active lesion (non-healing form) and active
lesion (healing form), history of CL (non-healing form),
history of CL (healing form), and healthy volunteers stim-
ulated with either PHA, SLA (soluble Leishmania antigen),
or no stimulation as control.

(A) IFN-y level in culture (B) IL-10 level in culture (C) IL-5
level in culture
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on immune response evaluation in leishmaniasis but
yet there is no information available about the sur-
rogate marker(s) of healing and protection in human
leishmaniasis (10, 11). An induction of protection in
intracellular parasitic infection such as mycobacte-
rial infection, trypanosomiasis, toxoplasmosis and
leishmaniasis depends upon development of Thl
type of immune response (19). The immune response
development in leishmaniasis is complicated; there
are many studies on the immune response evaluation
of CL patients (9-12).

The results of the current study showed that the
level of IFN-vy in volunteers with history of CL was
significantly higher than the volunteers with active
lesion which is different to another study (11), which
showed that the level of IFN-y in the culture super-
natants of PBMC in CL patients with active lesion
was similar to the IFN-y level in volunteers with his-
tory of CL. In the current study, the level of IFN-y
production was significantly higher in patients with
active lesion, history of CL than healthy volunteers
which is similar to the previous studies (10, 12). In
some studies the levels of IFN-y and CD26 in plasma
and PBMC were evaluated as marker of Thl response
and CD30 as a marker of Th2 response; one study us-
ing the mentioned markers showed a Th2 response in
volunteers with non-healing form of lesion and Thl
response in volunteers with healing form of lesion
and in another study there was no significant differ-
ence between the level of CD30 and CD26 in plasma
of patients with active lesion (non —healing form) and
healthy volunteers or volunteers with history of CL
(20-23). The level of IFN-y, before stimulation with
SLA was not significantly different between healthy
volunteers and other groups of CL active lesion and
history of CL, in another word the level of IFN-y be-
fore stimulation with SLA was similar in all groups
which is an indication that production of IFN-y in
PBMC culture needs pre-exposure of the volunteer
to Leishmania antigens; it means that in fact mem-
ory cells are responsible for IFN-y production. The
results showed that the level of IFN-y increased
during lesion development and healing process and
stays significantly higher than the time of initiation
of infection. Although the level of IFN-y was sig-
nificantly higher in patients with non-healing form
of CL than healthy volunteers but significantly lower
than CL patients with healing form of lesion, which
might be an indication of development of Thl type
of response in non-healing form of lesion but the re-
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sponse was not as intense as in healing form of CL
lesion.

The IL-5 level was higher in PBMC collected from
patients with non-healing form of lesion but was not
significant, one of the reason is that the sample size
was not big enough to show the significant p-value.

IL-10 was originally defined as a Th2 cytokine and
a potent inhibitor of Thl development but nowadays
it is clear that IL-10 plays several roles in immune
response including induction of protection (24). The
level of IL-10 from PBMC of healthy and active le-
sion (healing/non-healing form) stimulated with
SLA was detectable and in most cases higher than
no stimulation. IL-10 production in PBMC culture
supernatants of volunteers with history of CL stim-
ulated with SLA was significantly higher (P<0.05)
than unstimulated. IL-10 is associated with chronic-
ity of the lesion in C57BL/6 mice and in L. major
infected IL-10 knock out group of C57BL/6 mice,
sterile cure occurs with no protection against chal-
lenge (25-26), so present of 1L-10 is necessary for
induction of protection in leishmaniasis. IL-5 levels
in supernatants of PBMC collected from healthy vol-
unteers and CL patients with non-healing form of CL
was higher than volunteers with history of CL but the
difference was not significant which might be due to
somehow a mixed Th1/Th2 response. There was no
significant production of IL-5 in any group before or
after SLA stimulation.

CONCLUSION

Development of immune response against cutane-
ous leishmaniasis initiates after exposure to Leish-
mania and the intense of the response increases till
cure of the lesion, there is a significant difference be-
tween IFN-y of leishmaniasis patients (all types) and
healthy volunteers, also there is a significant differ-
ence in IFN-y of CL patients with healing form and
non-healing form.
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