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Introduction

American cutaneous leishmaniasis (ACL) is an important
parasitic disease caused by dermatotrophic species of Leish-
mania spp. Leishmania (Viannia) braziliensis is the most
common and widespread species in Brazil [1]. Typical CL
skin lesions are inflamed ulcers at the site of the sandfly bite.
These wounds tend to be chronic, but usually evolve slowly
to healing, even without treatment [2]. Resolution of CL
lesions is dependent on a specific cell-mediated immune
response [3,4]. ACL lesions are characterized by a robust
inflammatory infiltrate of cells including macrophages,
Langerhans cells and plasma cells. There is a clear predomi-
that includes ¥ T
lymphocytes. This lymphocyte predominant inflammation

nance of T lymphocytes [5,6]

is associated with an intense necrotic process [7]. The phe-
notypic analysis of these T cells demonstrates a mixture of
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Summary

Cutaneous lesions caused by Leishmania braziliensis infection occasionally
heal spontaneously, but with antimonials therapy heal rapidly in approxi-
mately 3 weeks. However, about 15% of the cases require several courses of
therapy. Matrix metalloproteinase-2 (MMP-2) and MMP-9 are gelatinases
that have been implicated in other chronic cutaneous diseases and skin
re-epithelialization. These enzymes are controlled by their natural inhibitors
[tissue inhibitors of metalloproteinase (TIMPs)] and by some cytokines.
Uncontrolled gelatinase activity may result in intense tissue degradation and,
consequently, poorly healing wounds. The present study correlates gelatinase
activity to therapeutic failure of cutaneous leishmaniasis (CL) lesions. Our
results demonstrate an association between gelatinase activity and increased
numbers of cells making interferon (IFN)-y, interleukin (IL)-10 and trans-
forming growth factor (TGF)-B in lesions from poor responders. Conversely,
high levels of MMP-2 mRNA and enhanced MMP-2 : TIMP-2 ratios were
associated with a satisfactory response to antimonials treatment. Addition-
ally, high gelatinolytic activity was found in the wound beds, necrotic areas in
the dermis and within some granulomatous infiltrates. These results indicate
the importance of gelatinase activity in the skin lesions caused by CL. Thus,
we hypothesize that the immune response profile may be responsible for the
gelatinase activity pattern and may ultimately influence the persistence or
cure of CL lesions.

Keywords: American tegumentary leishmaniasis, cytokines, leishmaniasis
immunology, matrix metalloproteinases, therapeutic failure

helper-inducer (CD4*CD29%), memory (CD4*CD45RO"), T
naive (CD4'CD45RAY), cytotoxic (CD8") and regulatory
(CD4*CD25") profiles [5,8—-10]. Consequently, in situ cytok-
ine expression patterns may vary significantly depending on
the time-point of analysis and according to clinical disease
evolution. Both types 1 and 2 cytokines are expressed within
CL lesions [11]. Despite this, the healing of CL is associated
preferentially with a type 1 response, whereas the non-
healing lesions or diffuse cutaneous leishmaniasis show a
clear predominance of type 2 cytokines [11-13].

Matrix metalloproteinases (MMPs) are a family of
endopeptidases involved in the skin regenerative process
[14]. These zinc-dependent enzymes are essential to both the
synthesis and degradation of matrix compounds involved in
proliferative and migratory cellular events. MMP-2 and
MMP-9 are members of the gelatinase subfamily and have
been implicated in these events [15,16]. Several studies
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indicate the importance of these two enzymes in cutaneous
wound re-epithelization and closure, as they make kerati-
nocyte migration possible through the extracellular matrix
(ECM) of injured dermis [17,18]. Positive tissue remodelling
resulting in complete skin regeneration occurs only if MMP
activity is regulated strongly by tissue inhibitors of metallo-
proteinase (TIMPs) [19]. In addition, various cytokines
present in sites of inflammation have been described previ-
ously to influence MMP activity [20]. Both transforming
growth factor (TGF)-f and tumour necrosis factor (TNF)-o
can stimulate the expression and activation of MMPs
[21,22]. Conversely, interleukin (IL)-10 decreases MMPs
expression and activation [23], and interferon (IFN)-v has
variable effects on MMP synthesis and activity [24,25]. Loss
of MMP activity control might result in pathological tissue
degradation. Similarly, excessive MMP activity has been
associated with chronic cutaneous wounds and poor wound
healing [26,27].

Besides the essential need for an efficient immunological
response, little is known about other mechanisms involved in
the successful healing of ACL lesions. MMP-9 secreted by
macrophages infected with L. chagasi may contribute to the
liver injury observed in visceral leishmaniasis [28]. However,
to our knowledge, the involvement of MMPs in cutaneous
lesions caused by L. (V.) braziliensis has not been investigated
previously. In this study, we aim to investigate the participa-
tion of gelatinases in the resolution of human CL lesions. In
addition, we aim to determine some of the factors that influ-
ence gelatinase activity in these lesions and therefore inter-
fere in the resolution process.

Materials and methods

Patient selection

Skin tissue fragments were obtained from cutaneous lesions
of 39 subjects before starting the therapy. All the patients
were diagnosed positively with ACL. After treatment and
cure, the samples were grouped according to therapeutic
response in (i) good (24 individuals) and (ii) poor respond-
ers (15 individuals). Response to treatment was considered
good when lesions showed complete re-epithelialization and
absence of erythema, induration or papules 3 months after
the end of treatment with Glucantime® (Rhodia Laborato-
ries, Antony, France). Poor responses were defined when
healing was incomplete or when scars still showed the pres-
ence of erythema 3 months after the end of therapy.
Response was also considered poor if reactivation or second-
ary metastatic lesions appeared. Normal human skin
samples were obtained from five healthy individuals submit-
ted to plastic surgery and used as controls. Both groups were
similar regarding other clinical parameters and had similar
medians of gender, age (37 years), number (one lesion) and
size (good: 7-:81 cm?, poor: 8:14 cm?) of lesions and duration
of disease (3 months). Informed consent was obtained
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before all biopsies. This study was performed with the
approval of the Ethical Committees of the Fundacdo
Oswaldo Cruz and Instituto de Pesquisa Clinica Evandro
Chagas.

Analysis of mRNA encoding MMPs and TIMPs

RNA isolation and cDNA synthesis. Total RNA was isolated
from frozen tissue specimens using Trizol (Gisco BRL, New
York, NY, USA), following the manufacturer’s instructions,
and cDNA synthesis was performed as described previously
[11]. After isolation, first-strand cDNA was synthesized and
stored at —20°C until use.

Real-time PCR. Each reaction was performed in duplicate.
PCR reactions were performed in a final volume of 25 ul
consisting of SYBR Green PCR Master Mix (Applied Biosys-
tems, Foster City, CA, USA), 10 pmoles of combined sense
and anti-sense primers and water. Real-time PCR amplifica-
tions were carried out in ABI Prism 7000 Sequence Detector
(Applied Biosystems) with temperature profiles as follows:
initial denaturation at 95°C for 10 min, 40 cycles of denatur-
ation at 95°C for 30 s, annealing at 59°C for 1 min and exten-
sion at 72°C for 1 min. A melt curve (95°C for 15 s, 60°C for
20's, 95°C for 15 s) was generated at the end of each run to
verify specificity of amplified products. Standard curves for
all targets were performed. For the individual samples, the
final value of each target gene is given as a coefficient nor-
malized to constitutive gene values (B-actin). The sequences
of 5" and 3’ primer pairs are as follows: 3-actin: TAATGTCA
CGCACGATTTCCC and TCACCGAGCGCGGCT; MMP-2:
TGCTGGAGACAAATTCTGGAGATA and ACTTCACGCT
CTTCAGACTTTGG; MMP-9: ACGATGCCTGCAACGTGA
and ATACAGCTGGTTCCCAATCTCC; TIMP-1: CCCAG
AGAGACACCAGAGAAC and CACGAACTTGGCCCTGA
TGAGC; and TIMP-2: GCACATCACCCTCTGTGACTT and
AGCGCGTGATCTTGCACT.

In situ zymography

In situ zymography was performed as described previously
[29]. Briefly, microscopic slides were covered with a film of
50 um thickness of 10% polyacrylamide gel containing
gelatin at a final concentration of 15 mg/ml. Frozen tissue
sections of 8 wm thickness were cut on a cryostat, placed
onto the gels and incubated in a moist chamber for 24 h at
37°C. After incubation, sections were stained with methylene
blue and photographed using a Coolpix camera (Media
Cybernetics, Bethesda, MD, USA) coupled to a Nikon E600
microscope (Nikon Corporation, Tokyo, Japan) using
ImagePro software (Media Cybernetics). Slides were then
immersed in 5% sodium dodecyl sulphate (SDS) in
phosphate-buffered saline (PBS, pH 7-4) for 30 min at 37°C
and the tissue section was removed carefully. Finally, the
remaining polyacrylamide gel was stained with Coomassie
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blue solution (45% methanol and 10% acetic acid). Stained
gels were re-photographed using the same magnification and
fields and evaluated using ImagePro software. As negative
control, an additional polyacrylamide gel without gelatin
was used with each section and submitted to the same
conditions. The results represented percentage of positive
area to gelatinase activity.

Analysis of cells producing cytokines and MMPs
in tissue

Evaluation of cells producing cytokines and MMPs was per-
formed as described. Cryosections were fixed in formol-
acetone—methanol (FMA; 2:19:19) for 2 min and hydrated in
Tris-buffered solution (TBS). Slides were incubated with
primary anti-human antibodies for 12 h at 4°C (17 pg/ml for
IFN-v, 10 pug/ml for IL-10 and 25 pg/ml for TGF-; BD Bio-
sciences Pharmingen, San Diego, CA, USA; 10 ug/ml for
MMP-2, and 5 pg/ml for MMP-9; R&D Systems, Minneapo-
lis, MN, USA), followed by incubation for 30 min with Envi-
sion anti-mouse antibody kit (Dako, Carpinteria, CA, USA).
Every reaction included negative controls, which excluded
the specific primary antibodies. The measurement was based
on counting the percentage of positive cells into 500 cells per
section by two independent observers.

Statistical analysis

To determine group differences we used the Mann—Whitney
t-test. Linear regression and/or non-parametric (Spear-
man’s) correlation was used to evaluate the relationship
between two groups. Differences were considered significant
when P-value was <0-05. All data were expressed as
mean + standard error of the mean (s.e.m.). Prism version 5
for Windows was used throughout (GraphPad Software, San
Diego, CA, USA; http://www.graphpad.com).

Results

Compared to healthy skin, all ACL lesions showed statisti-
cally significant differences in cytokine production, MMP
expression and gelatinase activity (not shown).

Lesions from patients with poor response to therapy
showed decreased ratios of MMP-2 : TIMP-2 mRNA
expression and higher gelatinase activity

To determine if gelatinase activity corresponded to treat-
ment response in human CL, we analysed gelatinases and
TIMP gene expression in CL lesions using real-time PCR.
According to the group classification, there were significantly
higher levels of MMP-2 mRNA in lesions from good
responders (n =24) compared to poor responders (1 =15)
(P =0-04, Fig. 1a). In contrast, MMP-9, TIMP-1 and TIMP-2
mRNA levels were similar in lesions from both groups. An
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Fig. 1. Detection of gelatinases and tissue inhibitors of
metalloproteinase (TIMP) in cutaneous leishmaniasis lesions (CL).
Matrix metalloproteinase (MMP) and TIMP mRNA levels in 39 CL
lesions fragments were evaluated by real-time polymerase chain
reaction (PCR). (a) MMP-2 mRNA levels were highly expressed in
lesions from patients with good response to therapy (n =24)
compared to poor responders (1 = 15). Conversely, MMP-9, TIMP-1
and TIMP-2 mRNA levels showed similar expression between groups.
Gelatinase and TIMP mRNA levels were normalized using [3-actin
expression data. (b) The assay of MMP : TIMP ratios showed that
high MMP-2 : TIMP-2 ratios correlate to a satisfactory response to
antimonials, suggesting that high ratios values of MMP-2 : TIMP-2
may contribute to an efficient healing process. In contrast,

MMP-9 : TIMP-1 ratios were similar between groups.

(¢) Cells producing MMP-2 and MMP-9 were detected by
immunohistochemistry. In lesions from good responders (n =10) a
tendency was observed for more cells to produce MMP-2 than those
producing MMP-9 (P =0-06). The same could not be observed in
poor responders (1 =5; P =0-2). *P < 0-05. Bars represent standard
error of the mean.

evaluation of the relative amounts of MMPs and TIMPs
mRNA was performed. We observed that ratios between the
levels of mRNA encoding MMP-2 and TIMP-2 correlated to
response to therapy (Fig. 1b). In lesions from good respond-
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ers, the ratio of MMP-2 : TIMP-2 mRNA levels was higher
(median=9-7) than in the poor responder group
(median = 0-6). The ratios of mRNAs for MMP-9 and
TIMP-1 were comparable in both groups, with ratio values
above 1 in all samples (Fig. 1b). These data suggest that the
high ratios of MMP-2 : TIMP-2 are associated with success-
ful healing.

MMP-2 and MMP-9 proteins were detected in situ
(Fig. 1¢). In good responders, there was a tendency for more
cells to produce MMP-2 than those producing MMP-9
(n =10). However, in the small number of samples exam-
ined, this same tendency was not observed in poor respond-
ers (n=5). Nevertheless, because MMPs are released as
zymogens and need to be cleaved to have activity, the detec-
tion of protein production cannot predict the activity levels
of these enzymes. Therefore, to determine the functional
activity of these MMPs and localize it within the lesions, we
measured gelatinase activity directly in tissues. In situ
zymography analysis demonstrated that gelatinase activity
was stronger within lesions from poor responders (n =15)
than in lesions from good responders (n =24) (Fig. 2a).
Additionally, within the same group, gelatinolytic activity
intensity is similar regardless of the duration of the disease.
This indicates that ulcer age does not influence the magni-
tude of gelatinase activity obtained (not shown).

The localization of gelatinase activity in the lesion was
possible by comparing the results acquired by in situ zymog-
raphy and haematoxylin and eosin (H&E) staining using
sequential sections. There was notable gelatinolytic activity
at the epidermis associated with the ulcer (Fig. 2b—d). More-
over, gelatinase activity was present in most necrotic areas at
the level of the dermis (Fig. 2e—g). In some cases, gelatinase
activity also was detected within granuloma infiltrates
(Fig. 2h—j).

Lesions from patients with poor therapeutic response
showed higher numbers of cells expressing IFN-y,
TGF-B and IL-10

Cytokines present at inflammatory sites may direct the
response to therapy and contribute to resolution of CL
lesions. In situ analysis of cytokine expression showed that
lesions from poor responders had higher numbers of cells
producing IFN-y (P =0-003), IL-10 (P=0-02) and TGE-B
(P=0-01) (Fig. 3a). In addition, we observed that the areas
of lesions from poor responders with high rates of cells pro-
ducing TGF-p also had increased numbers of cells produc-
ing IL-10 or IEN-Y. The correlation percentages were 71%
for TGF-f and IL-10 and 87% for TGF-B and IFN-y
(Table 1).

Besides the response to therapy, the duration of disease
also correlated with cytokine response. Recent lesions (<3
months) in poor responders had greater numbers of cells
producing the three cytokines compared to recent lesions
from good responders (IFN-y: P=0-006; IL-10: P =0-03;
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Table 1. Evaluation of presence of cells making the different cytokines
in the same tissue section.

Therapeutic response (r%)

Cytokines Good Poor

IFN-y X TGE-B 0-2053 0-8774
IFN-y x IL-10 0-2395 0-5591
IL-10 x TGF-B 0-5836 0-7111

Using linear regression analysis, we found a linear relationship
between the numbers of cells expressing two cytokines in the same tissue
section. Considering response to therapy, we could observe a strong
correlation (high r*) of cells expressing transforming growth factor
(TGF)-B and interleukin (IL)-10 or interferon (IFN)-y in lesions from
poor responder patients. The values are expressed in 7.

TGE-B: P =0-006). Conversely, the old lesions (>3 months)
did not show this difference (Fig. 3b—d).

Finally, we determined that poor responders showed
higher ratios of cells making inflammatory cytokines, with
IFN-y: TGF-B ratio equal to 2-0. Interestingly, in lesions
from good responders there was a preponderance of anti-
inflammatory cytokines, where the ratio of IFN-y: IL-10 was
0-5 (Fig. 3e).

MMP activity has been correlated with the immune phe-
notype of inflammatory cells in other systems. Correlating
the results obtained by in situ zymography and immunohis-
tochemistry with cytokines, we noticed a strong and positive
relationship between gelatinolytic activity and the three
cytokines analysed (IFN-y: P=0-0002; TGF-B: P < 0-0001;
IL-10: P=0-01) (Fig. 3f).

Discussion

Although cutaneous leishmaniasis (CL) lesions may require
more than 6 months for complete cure to occur, treatment
with antimonials can reduce the healing time significantly.
Most patients are cured clinically approximately 3 weeks
after the completion of treatment, but about 15% of the
cases require several courses of therapy [30].

Even though the importance of the immunological
response (innate and acquired) has been well established in
the elimination of Leishmania infection and healing of
resulting lesions, the mechanisms involved in skin damage
and ulcer resolution are poorly understood. The results of
this work demonstrate that low MMP-2 mRNA and high
gelatinolytic activity levels were detected, together with an
increased number of cells producing IFN-y, TGF-B and
IL-10 in lesions from patients with poor response to antimo-
nial treatment. Additionally, we found that increased
MMP?2 : TIMP2 mRNA ratios were associated with success-
ful healing during therapy.

Loss of gelatinase synthesis and activity control has been
implicated in many destructive diseases, including rheuma-
toid arthritis, multiple sclerosis, cancer and poor wound
healing [31-34]. Furthermore, gelatinase activity also may
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Fig. 2. In situ assay of gelatinase activity in cutaneous leishmaniasis lesions. Gelatinolytic activity was measured direct in the tissue by in situ

zymography. (a) The measurements demonstrated higher levels of gelatinase activity in lesions from poor responder individuals (n = 15) compared
to good responders (1 = 24). Data in the graph represent the percentage of the area in the tissue section exhibiting gelatinase activity (corresponding
to the clear areas on the gel). The values were obtained by densitometric analysis of the gel. (b—d) Ulcerated areas of sections demonstrated intense
gelatinolytic activity. (e-g) Areas of increased gelatinase activity are also associated with necrosis at dermis. (h—j). Granuloma and inflammatory
infiltrated cells also show gelatinolytic activity (red arrows). (b,e,h) Haematoxylin and eosin (H&E) staining. (c,f,i) In situ zymography reaction.
(d,g,j) Superposition of H&E staining and zymography pictures. Original magnification (b—j): 40x. *P < 0-05. Bars represent standard error of the

mean.
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cytokines analysed, there was a predominance
of proinflammatory cytokines in lesions from
poor responders and a predominance of the
anti-inflammatory cytokine IL-10 in lesions
from good responders. *P < 0-05. Bars represent
standard error of the mean. (f) The
non-parametric (Spearman’s) correlation test
showed a strong and positive association of
areas showing gelatinolytic activity and rates of
cells making the three cytokines analysed
(IFN-y: P=0-0002; TGF-B: P < 0-0001; IL-10:
P=001).

contribute to pathological events triggered by infectious
agents. Infection caused by L. chagasi stimulates murine
macrophages to produce MMP-9 [28]. Our group also dem-
onstrated that L. braziliensis infection acutely induces the
activation of MMP-9 in primary human macrophages in
vitro (submitted for publication elsewhere). In addition,
other infectious processes show an intimate relationship
between gelatinase activity control and the immunological
status of the individual affected. In leprosy, tuberculoid
lesions are associated with high levels of TNF-a, IFN-y,
MMP-2 and MMP-9 mRNA and intense gelatinolytic
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activity. Conversely, lesions from the opposite immunologi-
cal pole (lepromatous form) do not exhibit this profile
[35].

In cutaneous leishmaniasis caused by L. braziliensis, a mix
of cytokine profiles can be found in the lesions. At the tissue
level, this parasite induces an inflammatory response medi-
ated by T helper type 1 (Th1) cytokines to control the infec-
tion [11]. However, TGF- and IL-10 have been correlated
with persistent infection and chronic lesions [36,37].
Although IFN-y is reported as crucial for CL clinical resolu-
tion [38,39], other authors have reported that IFN-y can
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have a ‘pro-proteolytic’ impact [40]. These findings corrobo-
rate our results, as lesions from poor responders had both
higher numbers of cells producing IFN-y and higher levels of
gelatinase activity. Moreover, the observation that there were
more cells making these cytokines in recent lesions from
poor responders suggests that the first months are the most
important to establish an effective immune response that
may result in the success or failure of wound healing.

The high ratios of proinflammatory cytokines found in
lesions from poor responders (IFN-y:TGF-f =2-0) also
suggests that the excess of [FN-v can have the opposite effect
and impair wound healing [41]. In contrast, the preponder-
ance of anti-inflammatory cytokines in lesions from good
responders (IFN-y:IL-10 = 0-5) may be responsible for the
low gelatinase activity observed in these lesions. IL-10 seems
to be unique among the lymphokines in its ability to sup-
press the production and activation of MMPs, thus having
an important matrix-protective role during inflammation
[23]. In addition, the high levels of MMP-2 mRNA in lesions
from good responders are consistent with other reports,
where increased MMP-2 levels were required for cutaneous
wound re-epithelialization [42].

Opverall, the participation of MMP-2 and MMP-9 in CL
skin damage was suggested by detection of gelatinase activity
in necrotic areas, wound bed and inflammatory infiltrate.
Furthermore, the contribution of gelatinases to therapeutic
failure of CL lesions was indicated by (i) the wide gelatinase
activity associated with increased numbers of cells produc-
ing IFN-vy, TGF-f and IL-10 in lesions from poor responders;
(ii) the increased MMP-2 mRNA levels and MMP-
2 : TIMP-2 ratios observed in lesions from good responders;
(iii) the preponderance of pro-proteolytic cytokine IFN-y in
lesions from poor responders; and (iv) the prevalence of the
anti-inflammatory cytokine IL-10 associated with the low
intensity of gelatinase activity in lesions from good
responders.

In conclusion, we suggest that the immunological profile
in response to cutaneous leishmaniasis is established at the
beginning of the infection and may directly influence the
gelatinase activity patterns in CL lesions. Regulation of
MMP and TIMP production resulting from the cytokine
repertoire presented at an inflammatory site may ultimately
determine the success or failure of wound healing during
antimonial therapy for leishmaniasis.
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