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Abstract. Skin ulcer development in cutaneous leishmaniasis due to Leishmania braziliensis infection is associated
with a mononuclear cell infiltrate and high levels of tumor necrosis factor (TNF). Herein, we show that despite the
absence of Leishmania-driven TNF, a cutaneous leishmaniasis patient with acquired immunodeficiency syndrome devel-
oped a skin ulcer. The presence of mononuclear phagocytes and high levels of TNF, chemokine (C-C motif) ligand 2
(CCL2), and metalloproteinase-9 in tissue are identified as potential contributors to immunopathology observed in
L. braziliensis-infected patients.

INTRODUCTION

Ulcer development in cutaneous leishmaniasis (CL) due
to Leishmania braziliensis infection is associated with an
exaggerated inflammatory response characterized by acti-
vated CD4+ T cells and high levels of tumor necrosis factor
(TNF).1,2 Moreover, there is an association between the inflam-
matory infiltrate and an increased frequency of CD8+ T cells
expressing granzyme B.3–6

Human immunodeficiency virus (HIV) infection leads to
a decrease in CD4+ T cell count, increasing the risk for
opportunistic disease progression.7 Coinfection with HIV and
L. braziliensis has been reported, and the clinical aspects
include large and multiple ulcers as well as mucosal involve-
ment.8,9 Ulcer development in L. braziliensis infection is asso-
ciated with exaggerated immune response.1,10 Because HIV
patients have decreased numbers of CD4+ T cells, we hypothe-
size here that the presence of mononuclear phagocyte–derived
immunological factors is associated with skin tissue damage in
a patient with HIV and L. braziliensis coinfection.11

Monocytes are circulating cells, precursor of macrophages
and dendritic cells, which participate in the immune response
to Leishmania by several mechanisms, such as secreting
soluble factors that recruit or activate leukocytes, present-
ing antigen, and killing parasites. Circulating monocytes are
heterogeneous, and based on the expression of CD14 and
CD16, they can be divided into classical (CD14+CD16−), inter-
mediate (CD14+CD16+), and nonclassical (CD14dimCD16+)
subsets.12 These subsets differ in their production of inflam-
matory and regulatory mediators, and the frequency of
CD16+ monocytes is often increased in inflammatory condi-
tions.12 Products secreted by monocytes during CL include
TNF, chemokines (CXCL9, CXCL10, and CCL2), and
metalloproteinase-9 (MMP-9), and some reports indicate the
participation of TNF and monocyte-derived MMP-9 in tissue
damage during leishmaniasis.2,13,14 Herein, we evaluated the
immune response from a patient with HIV and L. braziliensis
coinfection and found mononuclear phagocytes infiltrating

the lesion and production of TNF, CCL2, and MMP-9 at
lesion site.

MATERIALS AND METHODS

Patients. We evaluated immunological and pathological
parameters of an HIV/CL patient and compared it with four
CL patients from the same endemic area. All patients had
an active cutaneous lesion with no mucosal involvement at
the time specimens were collected. Patients with CL without
HIV had no past history of leishmaniasis. The immunological
evaluation of CL patients without HIV was performed prior
to treatment with pentavalent antimony, and the immuno-
logical evaluation of the HIV/CL patient was performed at
the time of HIV diagnosis prior to antiretroviral therapy
(tenofovir, lamivudine, and efavirenz). All participants agreed
to participate in the study and signed informed consent. This
work was approved by the Ethics Committee Board of the
University Hospital of Federal University of Bahia.
Antigen. Soluble Leishmania antigen (SLA) was prepared

from L. braziliensis isolated from a patient with CL by soni-
cation, tested for endotoxin using the Limulus amebocyte
lysate test and used at a concentration of 5 μg/mL.
Peripheral blood assay. Peripheral blood mononuclear cells

(PBMCs) were obtained from heparinized venous blood
layered over a Ficoll-Hypaque gradient (GE Healthcare,
Piscataway, NJ), then washed and resuspended in RPMI 1640
media, supplemented with 10% heat inactivated AB serum
(Sigma-Aldrich, St. Louis, MO). Cells were cultured at 37°C,
5% CO2 in presence of SLA (5 μg/mL), and after 72 hours,
cytokines (interferon gamma [IFN-γ] and TNF), chemokines
(CXCL9, CXCL10), and MMP-9 levels were determined by
enzyme-linked immune sorbent assay (ELISA) (R and D Sys-
tems) on culture supernatants. For flow cytometry, cells were
stained as described in the section Immunohistochemistry.
Immunohistochemistry. Tissues obtained from lesion biop-

sies of HIV/CL and CL patients were fixed in buffered formal-
dehyde and embedded in paraffin. Deparaffinization (5-μm
thick sections), antigen retrieval, and dehydration were per-
formed using Trilogy™ 1:100 (Cell Marque, Rocklin, CA) at
96°C. Immunohistochemistry reactions were performed after
blockage of peroxidase activity with 3% hydrogen peroxide
for 5 minutes and proteins with Protein Block Serum-Free
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(DAKO, Carpinteria, CA) for 15 minutes. The slides were
incubated at 25°C with the respective antibodies and dilutions:
anti-TNF alpha, 1:70 (MCA1385; AbD Serotec, Raleigh, NC);
anti-MMP-9, 1:25 (MA12894; Thermo Scientific, Marietta,
OH); anti-CXCL9 1:100 (AHP1864; AbD Serotec); anti-
CCL2 1:25 (MCA5981GA; AbD Serotec, Raleigh, NC); and
anti-CXCL10 1:10 (AHP782; AbD Serotec). A Mouse and
Rabbit Peroxidase Kit/HRP (DBS KP500) was used to per-
form the reaction according to the manufacturer’s recommen-
dations. All of the slides were counterstained with Harris
hematoxylin, dehydrated and mounted with Canada balsam
and glass coverslips.
For image capture, an optical microscope (Olympus BX51,

Waltham, MA) attached to a digital camera system (Olym-
pus Q5) was used, and Image-Pro Plus (Media Cybernetics,
Rockville, MD) was used for image analysis. Slides were
photographed (five randomized fields from each section) at
40× and then stained with respective antibodies. In each
field, the number of positive cells was quantified using the
selection feature and semiautomatic counter of 1.48v ImageJ
software (National Institutes of Health, Bethesda, MD). The
positive cells were defined by the identification of the ampli-
fied molecules that reacted with the chromogenic substrate,
DAB (eBioscience, San Diego, CA). In all reactions, a pre-
selected pattern section was used as positive control and a
section that had not been incubated with the primary anti-
body, for the negative control.
Flow cytometry. For flow cytometry, PBMC were obtained,

stained with fluorochrome-conjugated antibodies for surface
markers (CD4, CD8, CD14, and CD16 [BD-Bioscience, San
Jose, CA]), and fixed using 2% formaldehyde. Samples were
acquired (200,000 events) on a FACScanto II flow cytometer
(BD Pharmingen, San Jose, CA), and analysis was performed
using FlowJo software (Tree Star, Ashland, OR). The cells
were gated based on the live cell gate and then gated on
monocyte population based on size and complexity.
HIV diagnosis. HIV diagnosis was performed using the

ELISA kit HIV-1.2.O (DiaSorin, Saluggia, Italy).

RESULTS

Case report. In October 2011, a 31-year-old woman living
in a L. braziliensis transmission area was admitted at the
health post of Corte de Pedra, a reference center for American
tegumentary leishmaniasis management, in Bahia state, north-
eastern Brazil. The patient had a 12 × 35-mm ulcer at the
lower back region with 30 days of evolution. Montenegro’s
skin test (delayed type hypersensitivity test for Leishmania)
was positive with induration of 10 × 12 mm. The patient
was started on intravenous pentavalent antimony (20 mg/kg
of body weight, daily for 20 days). In January 2012, the
patient was readmitted to the heath post with reactivation
(20 × 50 mm) of the original lesion, and a new series of penta-
valent antimony was administered for 30 days. In May 2012,
the patient presented partial healing of the lesion, and a third
series of pentavalent antimony was administered for 20 days.
In August 2012, the patient returned to the health post
presenting with an active lower back lesion with secondary
infection and new oral mucosal lesions. During this visit, skin
biopsy from the primary lesion was performed, which showed
Leishmania amastigote forms characterized as L. braziliensis
species, detected by polymerase chain reaction.15 The patient

was referred to the Federal University Hospital at Salvador,
Bahia, and treated with amphotericin B starting on Sep-
tember 2012 through January 2013. After she had accu-
mulated a dose of 975 mg of amphotericin B, the ulcer was
partially healed, and in March 2013, she was discharged from
the hospital with complete cicatrization of the lesion after
reaching a total dose of 1,500 mg of amphotericin B. In
August 2013, the patient returned to the health post of
Corte de Pedra with a history of treatment of indeterminate
meningitis, presenting oral lesions and reactivation of the pre-
vious lower back ulcer. The patient was referred again to
the Federal University Hospital at Salvador where HIV
infection was diagnosed. Blood was collected and a biopsy
was performed for immunological studies. The patient had a
viral load of 89,296 copies/mL, CD4+ cell counts of 105 cells/
mm3, and CD8+ cell counts of 422 cells/mm3. Antiretroviral
therapy with tenofovir, lamivudine, and efavirenz was started.
Also, the reactivation of cutaneous leishmaniasis was treated
with liposomal amphotericin B (200 mg/day) associated with
pentoxifylline (400 mg/12 hours) that was administered for
13 days. In November 2013, the patient returned for follow-up,
and total scar formation was observed in the lesion. At this
time the patient presented with undetected viral load, CD4 and
CD8 cell counts of 171 and 409 cells/mm3, respectively.
Immunological results. We evaluated immunological param-

eters from the HIV/CL and four CL patients from the same
L. braziliensis transmission area. The frequency of mono-
cyte subsets, CD4+ and CD8+ T cells was assessed by flow
cytometry and is represented in Supplemental Table 1. The
frequency of monocyte subsets was comparable between
CL and HIV/CL individuals, and the HIV/CL patient had
lower CD4/CD8 T cells ratio when compared with CL indi-
viduals (Supplemental Table 1).
To define the factors involved in parasite killing, tissue

damage, and mononuclear phagocyte cell recruitment, we
stimulated PBMCs from HIV/CL and CL patients with SLA
for 72 hours and determined the levels of IFN-γ, TNF, IL-10,
CXCL-9 and CXCL-10, and MMP-9 in culture supernatants
by ELISA (Table 1). As expected, CL patients produced high
levels of IFN-γ and TNF, and no IFN-γ was observed in the
HIV/CL patient (Table 1). Unexpectedly, PBMC from the
HIV/CL patient did not produce TNF in response to SLA
(Table 1). Because the histopathology showed mononuclear
phagocytes infiltrating the lesion obtained from the HIV/CL
patient, and soluble factors derived from these cells can be
associated with tissue damage, we decided to determine the
production of chemokines (CXCL-9 and CXCL-10) involved

TABLE 1
Immune response from participants

CL (N = 4) HIV/CL

Media
(pg/mL)

SLA
(pg/mL)

Media
(pg/mL)

SLA
(pg/mL)

IFN-γ 0 4,750 ± 2,848 2 12
TNF 0 1,359 ± 1,616 0 0
IL-10 1 ± 2 118 ± 100 4 0
CXCL-9 0 2,879 ± 1,642 0 3,000
CXCL-10 0 5,216 ± 4,623 0 5,500
MMP-9 912 ± 961 6,118 ± 3,240 1,503 6,555
CL = cutaneous leishmaniasis; CXCL = chemokine ligand; ELISA = enzyme-linked immune

sorbent assay; HIV = human immunodeficiency virus; IFN = interferon; IL = interleukin;
MMP = metalloproteinase; SLA = soluble Leishmania antigen; TNF = tumor necrosis factor.
Peripheral blood mononuclear cells were cultured for 72 hours in absence (media) or pres-

ence of SLA (5 μg/mL) and proteins measured by ELISA.
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in mononuclear cells recruitment, and MMP-9, which has
been shown to contribute to tissue damage in tegumentary
leishmaniasis.13 The levels of CXCL-9, CXCL-10 and MMP-9
were as high in the HIV/CL patient as those observed in CL
individuals (Table 1). Dissociation between peripheral blood
and skin immune response has been demonstrated.16 There-
fore, we decided to investigate whether inflammatory soluble
factors secreted by mononuclear phagocytes would be present
at lesion site (Figure 1). We found high amounts of CCL2,
MMP-9, and TNF in the lesion from HIV/CL patient (Figure 1).
Altogether, these results suggest that L. braziliensis parasite
products may activate mononuclear phagocytes to produce
inflammatory mediators in the absence of cell-mediated
immune response. Future functional studies must be per-
formed to test this hypothesis.

DISCUSSION

HIV and CL due to L. braziliensis infection are diseases
with contrasting immune responses. Although HIV causes
immunosuppression with a decrease in CD4+ T cell numbers,
CL patients develop strong CD4+ T cell response with high
levels of IFN-γ and TNF. HIV and L. braziliensis coinfection
is unusual, mainly due to the low prevalence of HIV-infected

individuals living in L. braziliensis transmission regions.17 A
previous immunology study in HIV/CL patients has revealed
lower levels of IFN-γ and IL-13 and low ratios of IFN-γ to
IL-10 in response to stimulation with SLA when compared
with CL-monoinfected patients.18 In this report, we evaluated
the immune response of a HIV/CL patient with low CD4+

T cell counts, which, not surprisingly, did not produce IFN-γ
in response to SLA.
Several studies indicate that the inflammatory response is

the main factor driving skin ulcer development in CL, and a
major role has been attributed to high levels of TNF observed
in these individuals.19,20 TNF can be detected in very early
phases of L. braziliensis infection, and the levels increase as
mononuclear cells infiltrate the lesion.21 Interestingly, although
in this study, we could not detect TNF in PBMC culture of
the HIV/CL patient, staining for TNF was observed in the
ulcer from this individual. These data suggest that T cells may
not be the source for TNF production in peripheral blood
and lesions during CL. We have previously shown that TNF
is produced by CD4+, CD8+, and mononuclear phagocytes
during CL.10 Thus, since cell-mediated immune responses
were decreased in the HIV/CL patient, we suggest here that
mononuclear phagocytes are the main source of TNF in this
individual. However, the contribution of lymphocytes to TNF

FIGURE 1. Immunohistochemistry for chemokines (CCL2, CXCL9, and CXCL10), metalloproteinase (MMP-9), and tumor necrosis factor
(TNF). Immunohistochemistry was performed on lesion biopsies.
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production and tissue damage cannot be ruled out because
these cells, while in low amounts, were also present in lesion
of the HIV/CL patient.
Monocytes may contribute to tissue damage by secreting

inflammatory cytokines, chemokines, and MMPs. CXCL-9
and CXCL-10 are monocyte-derived chemokines that recruit
lymphocytes. Although the levels of these chemokines were
increased in cultures from CL and HIV/CL patients, low
staining of CXCL-9 and CXCL-10 was found at the lesion
site from the HIV/CL patient. Both CXCL-9 and CXCL-10
can be induced by IFN-γ, however, the HIV/CL patient did
not produce IFN-γ, indicating other pathway involved in
the induction of these chemokines. In fact, L. braziliensis-
infected macrophages produce high levels of CXCL-9 and
CXCL-10 in the absence of IFN-γ, indicating that factors
from parasite that is also present in SLA may activate mono-
cytes to produce these chemokines.22 Our data show discor-
dance between the peripheral blood and lesion site immune
response. Dissociation between peripheral blood and periph-
eral tissue has also been observed in the immune response to
purified protein derivative in healthy individuals.16

Degradation of extracellular matrix by MMPs contributes
to cellular infiltration and tissue damage. MMP-9 degrades
collagen type IV, the main component of basal membrane,
present in skin, and participates in tissue destruction in inflam-
matory skin diseases such as psoriasis and dermatitis.23,24 It
has been reported that MMP-9 is produced by L. braziliensis-
infected macrophages and is present in lesions of the
inflammatory clinical form of Leishmania infection, mucosal
leishmaniasis.13 Here we showed that MMP-9 is present in
lesions from the HIV/CL patient and CL individuals,
suggesting that the elevated production of this enzyme may be
contributing to tissue damage in both cases. Our results sup-
port the hypothesis of a major role for mononuclear phago-
cyte in induction of tissue damage in CL patients.

Received July 30, 2014. Accepted for publication September 22, 2015.

Published online October 19, 2015.

Note: Supplemental table appears at www.ajtmh.org.

Acknowledgments: We thank Cristiano Franco for secretarial assistance.

Financial support: This work was supported by National Institute of
Health (AI088650) and the Brazilian Council for research (CNPq).

Authors’ addresses: Luiz H. Guimarães, TaísMenezes, Rúbia Costa, Sara
Passos, and Lucas P. Carvalho, Serviço de Imunologia, Complexo
Hospitalar Universitário Professor Edgard Santos, Universidade Federal
da Bahia, Bahia, Brazil, E-mails: luizhenriquesg@ig.com.br, menezes
.tais@gmail.com, rsuelycosta@gmail.com, saratpassos@hotmail.com, and
carvalholp@ig.com.br. Lucas P. Carvalho, Maíra Saldanha, and Sérgio
Arruda, Laboratório Avançado de Saúde Pública, Centro de Pesquisa
Gonçalo Moniz, Salvador, Brazil, E-mails: mairagsaldanha@gmail
.com and arrudasm@gmail.com. Lis Moreno and Roberto Badaró,
Laboratório de Doenças Tropicais, Universidade Federal da Bahia,
Salvador, Brazil, E-mails: badaro@ufba.br and lis.moreno@gmail.com.
Alex Torres, Laboratório de Pesquisa em Infectologia, Universidade
Federal daBahia, Salvador, Brazil, E-mail: ajltorres@gmail.com.

REFERENCES

1. Carvalho LP, Passos S, Bacellar O, Lessa M, Almeida RP,
Magalhaes A, Dutra WO, Gollob KJ, Machado P, de Jesus
AR, 2007. Differential immune regulation of activated T cells
between cutaneous and mucosal leishmaniasis as a model for
pathogenesis. Parasite Immunol 29: 251–258.

2. Passos S, Carvalho LP, Costa RS, Campos TM, Novais FO,
Magalhaes A, Machado PR, Beiting D, Mosser D, Carvalho
EM, Scott P, 2015. Intermediate monocytes contribute to patho-
logic immune response in Leishmania braziliensis infections.
J Infect Dis 211: 274–282.

3. Cardoso TM, Machado A, Costa DL, Carvalho LP, Queiroz A,
Machado P, Scott P, Carvalho EM, Bacellar O, 2015. Protec-
tive and pathological functions of CD8+ T cells in Leishmania
braziliensis infection. Infect Immun 83: 898–906.

4. Novais FO, Carvalho LP, Graff JW, Beiting DP, Ruthel G, Roos
DS, Betts MR, Goldschmidt MH, Wilson ME, de Oliveira CI,
Scott P, 2013. Cytotoxic T cells mediate pathology and metastasis
in cutaneous leishmaniasis. PLoS Pathog 9: e1003504.

5. Santos Cda S, Boaventura V, Ribeiro Cardoso C, Tavares N,
Lordelo MJ, Noronha A, Costa J, Borges VM, de Oliveira
CI, Van Weyenbergh J, Barral A, Barral-Netto M, Brodskyn
CI, 2013. CD8+ granzyme B+–mediated tissue injury vs. CD4+

IFNγ+–mediated parasite killing in human cutaneous leishmani-
asis. J Invest Dermatol 133: 1533–1540.

6. Faria DR, Souza PE, Duraes FV, Carvalho EM, Gollob KJ,
Machado PR, Dutra WO, 2009. Recruitment of CD8+ T cells
expressing granzyme A is associated with lesion progression in
human cutaneous leishmaniasis. Parasite Immunol 31: 432–439.

7. Ezra N, Ochoa MT, Craft N, 2010. Human immunodeficiency
virus and leishmaniasis. J Glob Infect Dis 2: 248–257.

8. Ngouateu OB, Kollo P, Ravel C, Dereure J, Kamtchouing P,
Same-Ekobo A, von Stebut E, Maurer M, Dondji B, 2012.
Clinical features and epidemiology of cutaneous leishmaniasis
and Leishmania major/HIV co-infection in Cameroon: results
of a large cross-sectional study. Trans R Soc Trop Med Hyg
106: 137–142.

9. Alvar J, Aparicio P, Aseffa A, Den Boer M, Canavate C, Dedet
JP, Gradoni L, Ter Horst R, Lopez-Velez R, Moreno J, 2008.
The relationship between leishmaniasis and AIDS: the second
10 years. Clin Microbiol Rev 21: 334–359; table of contents.

10. Bacellar O, Lessa H, Schriefer A, Machado P, Ribeiro de Jesus
A, Dutra WO, Gollob KJ, Carvalho EM, 2002. Up-regulation
of Th1-type responses in mucosal leishmaniasis patients. Infect
Immun 70: 6734–6740.

11. Erikstrup C, Kallestrup P, Zinyama R, Gomo E, Mudenge B,
Gerstoft J, Ullum H, 2007. Predictors of mortality in a cohort
of HIV-1-infected adults in rural Africa. J Acquir Immune
Defic Syndr 44: 478–483.

12. Zawada AM, Rogacev KS, Rotter B, Winter P, Marell RR,
Fliser D, Heine GH, 2011. SuperSAGE evidence for CD14++

CD16+ monocytes as a third monocyte subset. Blood 118:
e50–e61.

13. Maretti-Mira AC, de Pinho Rodrigues KM, de Oliveira-Neto
MP, Pirmez C, Craft N, 2011. MMP-9 activity is induced by
Leishmania braziliensis infection and correlates with mucosal
leishmaniasis. Acta Trop 119: 160–164.

14. Campos TM, Passos ST, Novais FO, Beiting DP, Costa RS,
Queiroz A, Mosser D, Scott P, Carvalho EM, Carvalho LP,
2014. Matrix metalloproteinase 9 production by monocytes is
enhanced by TNF and participates in the pathology of human
cutaneous leishmaniasis. PLoS Negl Trop Dis 8: e3282.

15. Weirather JL, Jeronimo SM, Gautam S, Sundar S, Kang M, Kurtz
MA, Haque R, Schriefer A, Talhari S, Carvalho EM, Donelson
JE, Wilson ME, 2011. Serial quantitative PCR assay for detec-
tion, species discrimination, and quantification of Leishmania
spp. in human samples. J Clin Microbiol 49: 3892–3904.

16. Barbosa T, Arruda S, Fernandes BD, Carvalho LP, Cardoso S,
Cunha S, Barreto ML, Pereira SM, Rodrigues LC, Barral-
Netto M, 2003. BCG (Bacille of Calmette-Guerin) revaccination
leads to improved in vitro IFN-gamma response to mycobacte-
rial antigen independent of tuberculin sensitization in Brazilian
school-age children. Vaccine 21: 2152–2160.

17. Guimaraes LH, Machado PR, Lago EL, Morgan DJ, Schriefer
A, Bacellar O, Carvalho EM, 2009. Atypical manifestations of
tegumentary leishmaniasis in a transmission area of Leishmania
braziliensis in the state of Bahia, Brazil. Trans R Soc Trop Med
Hyg 103: 712–715.

18. Rodrigues MZ, Grassi MF, Mehta S, Zhang XQ, Gois LL,
Schooley RT, Badaro R, 2011. Th1/Th2 cytokine profile in
patients coinfected with HIV and Leishmania in Brazil. Clin
Vaccine Immunol 18: 1765–1769.

1222 GUIMARÃES AND OTHERS



19. Antonelli LR, Dutra WO, Almeida RP, Bacellar O, Carvalho
EM, Gollob KJ, 2005. Activated inflammatory T cells corre-
late with lesion size in human cutaneous leishmaniasis. Immunol
Lett 101: 226–230.

20. Brito G, Dourado M, Polari L, Celestino D, Carvalho LP, Queiroz
A, Carvalho EM, Machado PR, Passos S, 2014. Clinical and
immunological outcome in cutaneous leishmaniasis patients
treated with pentoxifylline. Am J Trop Med Hyg 90: 617–620.

21. Unger A, O’Neal S, Machado PR, Guimaraes LH, Morgan DJ,
Schriefer A, Bacellar O, Glesby MJ, Carvalho EM, 2009.
Association of treatment of American cutaneous leishmaniasis
prior to ulcer development with high rate of failure in north-
eastern Brazil. Am J Trop Med Hyg 80: 574–579.

22. Giudice A, Vendrame C, Bezerra C, Carvalho LP, Delavechia T,
Carvalho EM, Bacellar O, 2012. Macrophages participate in
host protection and the disease pathology associated with
Leishmania braziliensis infection. BMC Infect Dis 12: 75.

23. Cordiali-Fei P, Trento E, D’Agosto G, Bordignon V, Mussi A,
Ardigo M, Mastroianni A, Vento A, Solivetti F, Berardesca E,
Ensoli F, 2006. Decreased levels of metalloproteinase-9 and
angiogenic factors in skin lesions of patients with psoriatic arthri-
tis after therapy with anti-TNF-alpha. J Autoimmune Dis 3: 5.

24. Devillers AC, van Toorenenbergen AW, Klein Heerenbrink GJ,
Muldert PG, Oranje AP, 2007. Elevated levels of plasma
matrix metalloproteinase-9 in patients with atopic dermatitis:
a pilot study. Clin Exp Dermatol 32: 311–313.

1223HIVAND LEISHMANIA BRAZILIENSIS




