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Background: Adaptive immune response is an important factor in the healing process and development of protection in cutaneous
leishmaniasis (CL). Little information is available in human CL about the importance of the balance between eﬀector and regulatory
immune responses. Therefore, the aim of this study was to asses messenger ribonucleic acid (mRNA) expression of interleukin-10
(IL-10), IL-4, transforming growth factor-β1 (TGF-β1), interferon-γ (IFN-γ), and forkhead box P3 (Foxp3) (as a marker of regulatory
T cells) in acute and chronic CL lesions caused by Leishmania major compared with normal skin samples. Materials and Methods:
Thirty biopsies were obtained from CL patients with acute lesions (AL, n = 13), chronic lesions (CH, n = 11) and healthy volunteers
(n = 6). Relative expressions of target genes were determined by means of reverse transcription real time polymerase chain reaction
and were compared with the controls. Results: Expression of Foxp3, IL-4, and IFN-γ were signiﬁcantly more in CH than AL group
of patients (Foxp3: Median 0.48, inter-quartile range 0.32-0.76 [arbitrary units] for AL, and 0.97 (0.75-1.30) for CH, P = 0.006; IFN-γ:
45.98 (33.39-173.48) for AL, and 200.53 (97.49-361.76) for CH, P = 0.023; IL-4: 0.49 (0.34-2.16) for AL, and 2.14 (1.30-7.11) for CH,
P = 0.021). Expression of TGF-β was not signiﬁcantly diﬀerent between groups. Conclusion: The results indicate that IL-4 secretion
at the site of L. major infection rather than low IFN-γ production might have a role in prolongation of disease. Despite a moderate
increase of Foxp3 expression in chronic lesions, function of Tregs in persistent infection is not clear.
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INTRODUCTION
Cutaneous leishmaniasis (CL) is a vector born protozoan
infection caused by diﬀerent species of Leishmania, which
upon healing leaves unpleasant permanent scar(s). CL is
a common skin disease in some tropical countries, and
also is an emerging infection in developed countries due
to population movements, wars, and travels.[1] Current
available chemotherapy used for CL is not fully eﬀective,
especially in case of chronic form of the disease.[2]
Surrogate marker(s) of healing and protection in CL
is not yet clearly defined, and evaluation of immune
response during lesion development and healing might
provide useful information for vaccine development
and treatment.
T cell subsets such as T helper (Th) Th1, Th2, regulatory
T cells (Tregs), and secreted cytokines are known
important factors in leishmaniasis.[3] In the murine

model of leishmaniasis induction of Th1 type of
response accompanies with secretion of high level of
interferon-γ (IFN-γ) and leads to control of infection,
but development of Th2 response in BALB/c mice is
associated with disease progression and dissemination
of the parasite.[4] Several studies in old world CL have
shown dominant peripheral Th1 response in healing
form and Th2 response in the non-healing form of the
disease,[5,6] however in situ measurement showed that in
old world CL high expression of interleukin-10 (IL-10)
and IFN-γ is associated with unfavorable evolution of
the lesions.[7] Furthermore, a mixture of Th1/Th2 cells
and cytokines are reported from both acute and chronic
lesions of the new world CL.[8]
Recent studies in murine models of CL indicate that
the balance between eﬀector and regulatory immune
responses is a crucial factor for the disease development
and control.[9,10] Immune regulatory factors such as
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IL-10, transforming growth factor-β1 (TGF-β1), and Tregs,
as well as Th2 activation at the site of infection suppress or
counter-balance Th1 response and cause chronic Leishmania
infection.[9,10] Several studies on human CL have been carried
out, but the exact role of Th2 and immune regulatory
factors in chronic CL is not clarified yet; particularly for
Leishmania major infection li le information is available. This
partly might be due to the fact that in most of the studies,
peripheral responses are evaluated which might not be a
true reflection of the site of infection. In this study, gene
expression of IL-10, TGF-β1, IL-4, IFN-γ, and forkhead box
P3 (Foxp3) (as a marker of Tregs) was evaluated in patients
with acute or chronic lesions of CL caused by L. major, and
were compared with healthy skin.

MATERIALS AND METHODS
The protocol was approved by the Ethical Commi ee of
Isfahan University of Medical Sciences, Isfahan, Iran (project
number: 187096). The procedure was described to every
potential candidate, and those who were willing to donate
samples were included. All of the participants signed an
informed consent.
Biopsies
A total of 30 skin punch biopsies of 3.5 mm were taken
and used in this study: normal skin samples from six
female volunteers who underwent cosmetic surgeries
(mammoplasty or abdominoplasty) and 24 biopsy
specimens from volunteer patients with CL lesions caused
by L. major referred to Centre for Research in Skin Diseases
and Leishmaniasis, Isfahan University of Medical Sciences.
Diagnosis of CL was based on visualization of amastigotes
in direct smear of the lesions or positive polymerase
chain reaction (PCR) using amplification of 18s ribosomal
ribonucleic acid (RNA) of the parasite. Parasite species
were identified to be L. major by means of high-resolution
melting analysis of 7SL RNA as described elsewhere.[11] Skin
samples were obtained as explained earlier.[12] Samples were
collected from two groups of CL patients: patients with
lesion onset of <6 months (n = 13) which is defined as acute
lesions (AL) and patients with lesion duration of more than
6 months (n = 11) defined as chronic lesions (CH).[13] Subjects
with a history of chronic cutaneous diseases or internal
diseases were excluded from the study. Samples were
immediately transferred into RNAlater RNA Stabilization
Reagent (Qiagen) and stored at −20°C until use.
RNA extraction and real time PCR
RNA extraction was done as previously described. [12]
Skin biopsies were disrupted and homogenized using
bead beating method. Briefly, Lysing Matrix D tubes
(MP-biomedical, Irvine, CA) containing 1.4 mm ceramic
beads were loaded with skin biopsies and buffer RLT
S37

(Qiagen). A Ribolyser reciprocal shaker (Hybaid, United
Kingdom) was used to process the samples. Total RNA
was extracted and reverse transcribed into complementary
deoxyribonucleic acid (cDNA) using RNeasy Mini
Kit (Qiagen) and QuantiTect Reverse Transcription
Kit (Qiagen) respectively according to manufacturer’s
instructions. Quantity and quality of extracted RNA were
examined by means of spectrophotometer and agarose gel
electrophoresis. Real time PCR was performed on cDNA
templates using QuantiFast SYBR Green PCR Kit (Qiagen)
on a Rotor-Gene 6000 system (Corbett). As a positive
control, tonsil specimens obtained from tonsillectomy were
used parallel with the skin biopsies. PCR reactions were
done in triplicate, and the glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene was used as housekeeping
gene. Published primers for GAPDH, Foxp3, IL-10, IL-4,
IFN-γ, [14] and TGF-β1 [15] were used in this study. The
messenger RNA expression was quantified by means of 2−ΔCT
equation. Relative expression of target genes to GAPDH
were calculated and expressed as arbitrary units.
Statistical analysis
Data were analyzed using SPSS-PC version 16.0 (SPSS
Inc., Chicago, IL, USA). Non-parametric tests were used
to compare the data. Kruskal–Wallis test detected the
significance of differences between the study groups
(healthy skin, AL, and CH). Mann-Whitney U-test was used
for pair-wise comparison of levels of target gene expression
between groups. P < 0.05 was considered as significant.

RESULTS
Expression of Foxp3 was significantly higher in CH
(median 0.97, inter-quartile range [IQR] 0.75-1.30 [arbitrary
units]) than in AL (median 0.48, IQR: 0.32-0.76, P = 0.006).
However, Foxp3 expressions in CL lesions were significantly
(P value of 0.003 and 0.048 for AL and CH respectively)
lower than in healthy skin (median 1.99, IQR: 1.47-3.19).
Levels of IL-10 and TGF-β1 gene expression were not
significantly different in AL and CH. TGF-β1 was
highly expressed in healthy skin (median 113.59, IQR:
84.46-167.44), but no significant diﬀerence was seen with the
CL lesions (AL: Median 73.16, IQR: 57.44-87.16; CH: Median
42.12, IQR: 33.39-171.36). IL-10 was higher significantly in
diseased skin (AL: Median 11.61, IQR: 8.09-18.22, P = 0.012;
CH: Median 7.45, IQR: 5.26-10.68, P = 0.037) than in healthy
skin (median 3.25, IQR 1.15-6.01).
IFN-γ and IL-4 were also more expressed in CH than in AL
(IFN-γ: Median 45.98, IQR: 33.39-173.48 for AL, and median
200.53, IQR: 97.49-361.76 for CH, P = 0.023; IL-4: Median 0.49,
IQR: 0.34-2.16 for AL, and median 2.14, IQR: 1.30-7.11 for
CH, P = 0.021). IFN-γ was significantly more expressed in
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CL lesions than in healthy skin (healthy skin: Median 0.58,
IQR: 0.18-2.34, P < 0.001 for both AL and CH). IL-4 was more
expressed in CH than in healthy skin (healthy skin: Median
0.41, IQR: 0.34-0.73, P = 0.001), and its expression was the
same in AL compared with healthy skin.
Age and gender of volunteers and characteristics of the
lesions are summarized in Table 1, and the results are
summarized in Figure 1.

DISCUSSION
The results of the current study showed that Foxp3
expression level in lesions of patients with CL is significantly
lower than in healthy skin. This is in agreement with the
fact that epidermal Langerhan cells limit activation of Tregs,
but induce proliferation and activation of eﬀector T cells
during skin infections.[16] In a model of L. major infection in
C57BL/6 mice, Belkaid et al. showed that CD4+ CD25+ Tregs
accumulate rapidly at the site of parasite inoculation and
then massive parasite expansion occurs,[10] but at the acute
phase of infection the number of Tregs sharply decreases
with the concurrence of eﬀecter responses.[17]
In this study, Foxp3 gene expression was also higher in
CH than in AL group, yet lower than in healthy skin.
Previously, it was shown by the same group that Tregs are
more frequent in AL than in chronic ones due to L. major
infection.[12] Bourreau et al. also showed that CD4+ CD25+
cells isolated from lesions due to L. guyanensis infection

Figure 1: Cytokine gene expression in six normal skin biopsies, 13 acute lesions
and 11 chronic lesions of cutaneous leishmaniasis patients. Expressions of target
genes are normalized to glyceraldehyde-3-phosphate dehydrogenase gene and
are expressed in arbitrary units. Box plots show median value and inter quartile
range of relative gene expressions and bars display min and max values. Outliers
are displayed by small circles (*P < 0.05)

were functionally Tregs and the level of Foxp3 expression
was higher in chronic CL than in acute CL.[18] However,
recently, it has been shown that despite increased Tregs in
PBMCs as well as higher in situ Foxp3 expression in chronic
American leishmaniasis, these cells are functionally unable
to inhibit specific Th1 cells.[19] Thus, without functional assay
of cutaneous Tregs in L. major infection, it is not possible to
identify their role in chronic infections.
In our study, there was no significant diﬀerence in the levels of
IL-10 and TGF-β1 expression between the AL and CH groups.
Numerous studies on the new world CL indicated that the
level of IL-10 and TGF-β expression in CL lesions depends
greatly on the parasite species and clinical forms of the disease.
As an example in L. mexicana or L. braziliensis infection both IL10 and TGF-β were more expressed in chronic lesions,[20,21] but
in L. guyanensis infection IL-10 expression was not diﬀerent
between acute and chronic lesions.[18]
It was previously reported that cells positive for IL-10 and
TGF-β were more frequent in chronic CL than in acute CL due
to L. major infection.[22] Although, quantification of cytokines
is more precise than their gene expression measurements,
but in the mentioned study only intracellular fractions
of IL-10 and TGF-β1 were measured. A study which was
performed on human L. major infection showed that IL-10
gene expression was positively associated with unfavorable
evolution of the lesion after 2 weeks,[7] but in another
study IL-10 expression level was the same in CL lesions
at the diagnosis time and during the healing phase of the
lesions.[23] More studies with larger sample sizes are needed
to understand the role of IL-10 and TGF-β1 in human CL. A
variety of inflammatory cells can secret IL-10 and TGF-β, but
the source of these cytokines could not be identified in this
study, which is a limitation for data interpretation.
IFN-γ was highly expressed in CL lesions, and its expression
was considerably higher in CH than in AL. In situ Th1 hyper
activation might be the cause of high inflammation and tissue
damage seen in chronic L. major infection. Interestingly, IL-4
expression was only higher in CH, comparable with several
in situ cytokine measurements in diﬀerent CL types, which
revealed low IL-4 gene expressions in acute and localized
CL.[21,24] So far IL-4 has not been evaluated in CL lesions
due to L. major with durations of more than 6 months. It is

Table 1: Basic information of the patients referring to the Centre for Research in Skin Diseases and Leishmaniasis
and healthy volunteers who donated biopsy samples
Groups

Patients with acute lesions
Patients with chronic lesions
Healthy volunteers
| Supplement 1 March 2014 |

Sex
(male/female)
13/0
10/1
0/6

Median (minimum-maximum)
Age (years)
Duration of the
Number of
disease (months)
lesions
25 (17-43)
2 (0.5-4)
4 (1-7)
25 (16-58)
9 (6-39)
2 (1-7)
35 (25-45)
Journal of Research in Medical Sciences

Location of the lesion(s)
Upper
Lower
Trunk
limb
limb
8
4
1
7
3
1
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shown that stimulated PBMCs from patients with nonhealing form of lesions due to L. major (lesion duration of
more than 1 year) produce a higher level of IL-4, but lower
level of IFN-γ compared with patients with healing form
of the disease.[6] This indicate that IL-4 secretion occurs in
localized as well as systemic immune responses to chronic
L. major infection, however IFN-γ secreting cells possibly
accumulate in the lesions at the late phase of the disease,
and they are few in PBMCs of these patients.
Level of diﬀerent cytokines and Foxp3 gene expression
varied greatly between individual patients as well as healthy
volunteers. The same variation was also seen in other in situ
expression studies,[7,18,25] which might be due to diﬀerences
in contacts with environmental stimuli and specialized
cutaneous immune responses.
According to results of the current study, IL-4, IFN-γ, and
Foxp3 were more expressed in CH than in AL lesions of L.
major infection, but the role of these factors in chronicity of
the disease is not clear. As previously stated by Louzir et
al., high IFN-γ expression in chronic lesions indicates that
insuﬃcient Th1 response is not the cause of long lasting
form, and possibly immune inhibitory mechanisms such
as IL-4 secretion induce this condition. Although the gene
expression of IL-10 and TGF-β1 was not significantly
diﬀerent between AL and CH groups, but the role of IL-10
and TGF-β1 in chronic CL cannot be ruled out. Further
investigations on mechanism(s) of Treg suppression
and Th2 activation may provide new targets for vaccine
development, therapy, and management of non-healing CL
which is refractory to available treatments.
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