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Abstract

Serum IgE levels and the expression of low affinity receptor for IgERA6CD23) are increased in cutaneous leishmaniasis.
The ligation of CD23 receptor by IgE—anti-IgE immune complexes results in nitric oxide (NO) production, which is a critical
leishmanicidal factor. Human monocytes/macrophages expreB3IFED23 after activation with [FNy and IL-4. In the present
study, we assessed the relationship between NO, totdleiskimaniaspecific IgE and soluble CD23 across the clinical spectrum
of American cutaneous leishmaniasis (ACL). Sixty-nine ACL patients and 22 endemic controls were studied. NO concentration
was estimated using the Greiss method. Soluble CD23, total IgE andasiimaniadgE levels were measured using ELISA.
Soluble CD23 was increased in the four patient group80D< P < 0.05) compared by the Mann—Whitney test to healthy
subjects, particularly in mucocutaneous leishmaniasis (MCL) and diffuse cutaneous leishmaniasis (DCL) patients. Total IgE
levels were higher in ACL patient®(< 0.0001). AntiLeishmanidgE showed a similar tendency, where MCL and DCL patients
had greater levels. All patients groups, except intermediate or chronic cutaneous leishmaniasis (ICL) patients, showed elevated
levels of NGQ~/NO3;~ compared to healthy individuals.@@1 < P < 0.01). Interestingly, ICL patients did not produce significant
levels of NQ~/NO;~. ACL patients showed a significant positive correlation between soluble CD23 andegstimanidgE.
DCL patients showed a positive correlation between both parameters.

Overall results suggest that sCD23, IgE and NO may play different roles across the ACL spectrum.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction shows a spectrum of clinical, histopathological and
immunological manifestationgCpnvit, 1974; Convit
American cutaneous leishmaniasis (ACL) is a dis- et al., 1972, 1998 These are: localised cutaneous
ease caused by infection witbeishmaniaparasites leishmaniasis (LCL), which presents limited skin le-
that invade and grow within macrophages and affect sions that usually self-heal; diffuse cutaneous leish-
millions of people in the New World. The infection maniasis (DCL), a rare manifestation characterised
by extensive cutaneous involvement by non-ulcerated
"+ Corresponding author. Tel+58-212-860-7095: nO(_que_s rich in parasites; and th_e interr_nediate forms,
fax: +58-212-861-1258. which include mucocutaneous leishmaniasis (MCL) as
E-mail addresscabgon@telcel.net.ve (M. Cabrera). well as the extensive lesions and verrucous cutaneous
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forms (intermediate or chronic cutaneous leishmania- were studied in the Instituto de Biomedicina. They
sis, ICL). MCL patients are characterised by destruc- were diagnosed by established clinical, epidemiologi-
tive lesions of the oral and nasopharyngeal cavities cal and histopathological criteri€obnvit, 1973. Par-
that usually appear long after the healing of the pri- asitological confirmation of the clinical diagnosis was
mary skin lesions@onvit, 1974; Convit et al., 1932 based on Giemsa staining of smears from biopsies,
Evidence from experimental models demonstrates culture of minced biopsy material on blood agar base
that cellular immune mechanisms play a central role slants containing 15% defibrinated rabbit blood and
in resistance td.eishmaniainfection. Moreover, pro- 200U of penicillin/ml, inoculation of hamsters with
tection and cure are associated with the generationbiopsy macerate, and histopathological examination
of CD4"t Thl cells, and disease progression with of Giemsa and hematoxylin—eosin stained sections.
CD4* Th2 lymphocytes $cott et al., 1988; Heinzel LCL patients had less than 4 months of evolution.
et al.,, 1989. Similar CD4" T lymphocytes sub-  The patients were not under treatment at the time of
sets are associated with pathogenesis and resistancstudy.
in human leishmaniasisP{rmez et al., 1990, 1993;
Céceres-Dittmar et al., 1993; Melby et al., 1994,
1996; Castés et al., 19p@Nevertheless, the role of the
immune cells and their different mediators in healing
or progression of leishmaniasis remains unclear.
Serum IgE levels and the expression of low affin-
ity receptor for IgE (FeRII/CD23) are increased in
cutaneous leishmaniasisyfich et al., 1982; O’'Neil
et al., 1993; Vouldoukis et al., 1994; Castés et al., 2.3. Measurement of NO/NO,~ concentration
1996; Sousa-Atta et al., 20D2 in serum
Vouldoukis et al. (1995)iemonstrated that the liga-
tion of CD23 on human macrophages was a strong in-  The serum concentration of nitrite (NO) as deter-
ducer of NO, which restricts the growth lbéishmania mined by the Griess reaction was used as an indicator
major. Moreover, the protective role of the CD23/NO of NO production Green et al., 1982 Nitrate was
pathway has been supported by previous studies inreduced to nitrite by an enzymatic process described
malaria and inPlasmodium falciparunand Ascaris in Moshage et al. (1995Briefly, serum samples were
lumbricoidescoinfection (Nacher et al., 2000, 2092 diluted 1:5 with dHO> and incubated for 20 min at
Human monocytes/macrophages expressRRE 37°C with 5uM flavin adenine dinucleotide (FAD),
CD23 after activation with interferof-or interleukin-4 ~ 50M nicotinamide adenine dinucleotide phosphate
(Delespesse et al., 19p1During the activation of  reduced form (NADPH) and 200U/l of reductase
macrophages, CD23 is cleaved by proteolysis and nitrate (all purchased from Sigma). Samples were
released as a soluble form (sCD23). CD23 receptor is mixed with 0.001g/ml lactate dehydrogenase plus
also related with antigen capture and antigen presenta-10 mM of sodium piruvate. After incubation for
tion. In order to understand the role of IgE, CD23 and 5 min at 37°C the samples were diluted 1:5 with dis-
proinflammatory factors in the protection or patho- tilled water and deproteinized by 1:20 dilution with
genesis of ACL, we analysed the relation between 0.3 g/ml ZnSQ. Finally, samples were centrifuged at
sCD23, NO, total and specific IgE in ACL patients.  10,000x g for 5 min at room temperature. The amount
of NO,~ was assayed by mixing 90 of supernatant
with 150l Griess reagent (1% sulfanylamide, 0.1%

2.2. Healthy controls

A total of 22 healthy volunteers were studied (aged
33.72 + 1813). All were from Venezuelan endemic
areas, but had no clinical history of leishmaniasis.

2. Materials and methods naphtylethylene-diamide-dihydrochloride and 2.5%
H3POy) and incubation for 10 min at room tempera-
2.1. Patients ture. The absorbance of the reaction product at 540 nm

was determined in an ELISA reader. The NOcon-
Patients aged 383 4+ 18.64 with LCL (n = 22), centration was determined by using sodium nitrite as
ICL (n = 9), MCL (n = 21) and DCL ¢ = 17) standard. Data are expressed in nM.
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2.4. Total serum IgE levels

These were measured by a capture ELISA devel-
oped at the Immunochemistry Laboratory (Instituto

147

overnight at £4C with 6u.g per well murine mon-

oclonal antibody anti-human CD23 (Biodesign In-
ternational, NY, USA) in coating buffer (carbonated
buffer, pH 9.6) and then blocked with 5% BSA in

de Biomedicina). These were standardized against pBS-T for 2h at 37C. Serum samples (undiluted)
the commercial Phadebas IgE PRIST (Pharmacia were added and incubated for 1h at°87 After

Sweden) test. Briefly, flat bottom 96-well microplates
(Immunolon IV Dynatech Laboratories Inc., Virginia,
USA) were coated overnight at°€ with 1pg per
well of murine monoclonal antibody anti-human IgE
(produced in the Institute for Child Research, Perth,
Australia) in carbonated buffer (pH 9.6) and blocked
with 1% bovine serum albumin (BSA). The plates
were washed with phosphate saline buffer containing
0.1% Tween 20 (PBS-T, pH 7.4), then incubated with
serum samples (diluted 1:400) for 2 h at°87 After

another wash, detection of the captured IgE was per-

formed by addition of biotinylated murine anti-human
IgE at 1:500 (Vector Laboratories, California, USA)
for 1h at 37C. The plates were washed thoroughly
and allowed to react with avidin—biotin—peroxidase
complex (Vectastain kit, Vector Laboratories) for
30 min at 37C. o-Phenylenediamine dihydrochloride
(OPD; Sigma) plus KO, were added and the opti-
cal density (OD) at 490 nm was read with an ELISA
reader. A standard titration curved using a pool of sera
with high IgE levels was run with each assay. Results
were expressed as international units/ml (1U/ml).

2.5. Anti-Leishmania IgE levels

The leishmanial antigen (& 10’ml~! fixed
Leishmania mexicanaMHOM/BZ/82/BEL21 pro-
mastigotes) was coated onto 96-well microplates
(Immunolon IV Dynatech Laboratories Inc., Virginia,
USA) and incubated overnight af€. Excess antigen
was washed off with PBS-T and blocked for 2h at
37°C with 1% bovine serum albumin. The undiluted
test sera were plated and incubated for 1 h &3 Af-
ter further washes with PBS-T, peroxidase-conjugated
murine anti-human IgE (Sigma) was added at 1:1000
dilution and incubated for 1 h at 3. The washing
process was repeated and OPD ply®biwere added.
The OD at 490 nm was read with an ELISA reader.

2.6. Soluble CD23 levels

A capture ELISA was used to detect soluble CD23.
Briefly, Dynatech Immunolon IV plates were coated

washing, peroxidase-conjugated murine anti-human
CD23 (1:1000; Biodesign International, NY, USA)
was added and incubated for 1 h at°& OPD and
H>0, were added as substrate to develop the reaction.
The OD at 490 nm was read with an ELISA reader.
Results were expressed as OD.

2.7. Statistical analysis

The Mann—Whitney test was used to test for statis-
tical significance between patient groups. A value of
P < 0.05 was considered statistically significant. The
Spearman’s rank correlation coefficient was used to
determine the significance of the different correlations
calculated.

Cut-offs were set to define responder status in IgE
antiLeishmania(>0.134 OD) and for N@ /NO>~
production £&312.2), based on endemic control
responses. Mean OD of IgE art&ishmania or
NO3~/NO2~ levels plus 2 standard deviations were
considered as cut-off values. Fisher's exact test was
used to determine whether differences in the propor-
tion of responders:non-responders observed between
groups were statistically significant.

3. Results

In general, the different groups showed a high vari-
ability in the responses evaluated (IgE, sCD23 and
NO). Similar heterogeneous responses have been ob-
served in ACL patients in lymphocyte proliferation
and cytokine production assaySdbrera, 1994 Dif-
ferent host genetic make up could account for this ob-
servation.

3.1. Nitrate/nitrite in serum from ACL patients and
endemic volunteers

Fig. 1 shows the in vivo production of NO in ACL
patients and healthy controls. The proportion of re-
sponders and the concentration of N@NO3™ in
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Fig. 2. Serum IgE anti-eishmanialevels in American cutaneous

cutaneous leishmaniasis patients. Points represent individual sub- Iishmaniasis patients. Points represent individual subjects. The
jects. The horizontal line represents the cut-off value. Crossbars horizontal line represents the cut-off valued@01 < P < 0.01 for
indicate means N /NO,~ levels. 0001 < P < 0.01 for differ- differences in mean and in the proportion of responders between
ences between ICL patients and healthy individuals versus LCL, controls and LCL, ICL, MCL and DCL patients.

MCL and DCL patients.

Fig. 1. Concentration of N& /NO>~ in serum from American

icantly increased levels and a higher proportion of re-
sponders among patient groups (LCL, ICL, MCL and

f LCL, MCL and DCL patient ignif- S
serum from an patients were Signi DCL) versus healthy individuals (@01 < P < 0.01).

icantly higher (005 < P < 0.001) compared to ICL
patients and endemic controls. Interestingly, we ob-
served an increased proportion of responders in LCL 3.3. Soluble CD23 levels

compared to DCL patientsP(< 0.05).
Serum soluble CD23 levels from all patient groups

were higher when compared with endemic controls
(0.001 < P < 0.05) (Fig. 3. Interestingly, MCL and
DCL patients showed higher levels of sCD23 than
LCL patients f < 0.01).

3.2. Total and anti-Leishmania serum IgE

Total serum IgE Table 1) was higher in the four
patient groups compared to healthy volunted?Ps<
0.0001). Similar resultsTable 1, Fig. 2) were found
for anti-LeishmanidgE. This antibody showed signif-

0.2 .
Table 1 = . . .
Total and antikeishmanialgE levels in American cutaneous leish- g : R ‘
maniasis patients and endemic volunteers = R e o
o 2t MM . —_—
K - a 0.14 . S
Subjects Total IgE Specific IgE 8 . _:._ o
Controls 300 (1088) 0.059+ 0.02% (0.0) 2 ‘222‘ . . e
LCL 1595 (5656) 0.207% 0.083 (73) E] 14, .
ICL 3339 (9539) 0.206+ 0.118 (67) R . .
MCL 1603 (7267) 0.260t 0.126 (81) o FH
DCL 2065 (7166) 0.282t 0.184 (88)

Control LCL ICL MCL DCL

Geometric mean (GM) (GM- SD) IU/ml for total IgE or meas-
SD OD for specific IgE are shown with percent responders in Fig. 3. Soluble CD23 levels in endemic volunteers and American

parentheses. cutaneous leishmaniasis patients. Points represent individual sub-
a8 P < 0.0001 for differences between controls and LCL, MCL jects. Crossbars indicate mean sCD23 level8001 < P < 0.001
and DCL patients. for differences between controls versus LCL, ICL, MCL and DCL

b 0.0001 < P < 0.01 for differences between controls and patients.P < 0.01 for differences in between LCL patients versus
LCL, ICL, MCL and DCL patients. MCL and DCL patients.
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0.3 an activation antigen expressed by human, monkey
= and rat macrophages. IFN-IL-4 and IL-13 induce
3 r=0.6347 P<0.01 the expression of CD23b by human macrophages
5 0.2 . (Mossalayi et al., 1997 During activation, CD23 is
8 cleaved by proteolysis into soluble fragments with
@ cytokine-like activity. Moreover, sCD23 is a potent
E 0.1 e T macrophage stimulatoA¢(mant et al., 1994, 1995
@ S ’ - As mentioned before, it has been shown that liga-
tion of membrane associated CD23 or stimulation
0.0 . : : , with recombinant sCD23 elicits monocytes to release
0.00 0.25 050 075 1.00 nitrite and L-citruline (Paul-Eugene et al., 1995

IgE anti-Leishmania (0.D.) Therefore, both transmembrane and soluble CD23
regulate NO generation by human macrophages. In
Fig. 4. Corr_elation analysis between specific IgE and soluble CD23 cytaneous leishmaniasis lesions (the mild form of
in DCL patients. the disease), relatively high CD23 gene expression
has been detected compared to normal human skin
3.4. Correlation between NO, sCD23 and total and (Vouldoukis et al., 1994 The crosslinking of CD23
specific IgE by IgE and anti-IgE immune complexes (IgE—IC) or
by specific monoclonal antibodies has been shown
In order to determine whether the in vivo produc- to induce proinflammatory responses in human and
tion of NO, sCD23 and total and specific IgE show a rat macrophagesMossalayi et al., 1997 In addi-
different relationship among the three clinical mani- tion, IgE-IC, via CD23 binding, induces intracellu-
festations of ACL, we analysed the correlation among lar killing of L. major in human monocyte-derived
these parameters by Spearman’s rank correlation co-macrophages through NO productiovo(ldoukis
efficient. Interestingly, ACL patients (LCL, ICL, MCL et al., 1995.
and DCL patients pooled) had a very significant pos-  The present study shows for the first time the rela-
itive correlation between sCD23 and ah#ishmania tionship between sCD23, IgE and NO with the more
IgE (- = 0.459, P < 0.001). Among this group, severe forms of ACL: MCL, DCL and ICL, which in-
DCL patients showed a positive correlation between clude atypical forms of the disease.
both parametersHg. 4). Regarding the specific IgE Previous studies on IgE antibodies in ACL patients
responses, we found that 22 out of 45 ACL patients are limited to cutaneous localised and mucocutaneous
were responders by NO production and specific IgE. forms of disease or in a pooled group of ACL pa-
In contrast, 2 out of 14 non-responders by specific IgE, tients Cynch et al., 1982; Afchain et al., 1983; O’Neil
showed positive NO levelsA(< 0.01). In addition, a et al., 1993; Sousa-Atta et al., 2002 hese studies
higher percentage of responders by specific IgE were had shown contrasting results, which could be due to
also responders by NO production in LCL (40%) and variation in test antigens. In our study, total serum IgE
DCL (62%) patients, compared to non-responder pa- levels were higher in ACL patients. Specific IgE was
tients by specific IgE P < 0.0001). The total and increased among ACL patients, particularly in MCL
anti-LeishmanidgE did not show any significant cor- and DCL patients, which may reflect a stimulation of
relation. the CD4" Th2 response. Non-healing disease in cu-
taneous leishmaniasis is associated with a CD#2
response, which is characterised by the production of
4. Discussion IL-4, IL-5, IL-10 and others. These cytokines regu-
late eosinophilopoiesis and isotype switching to IgE
FceRII/CD23, the low affinity IgE receptor, plays (Scott et al., 1988; Coffman and Corty, 1986; Heinzel
a key signaling role in several immunologic proc- et al., 1989. Th2 cytokines had been identify in DCL
cesses. Human CD23 has two isoforms: a and b. patients and a mixture of Thl and Th2 cytokines in
The latter belongs to the c-type lectin family and is MCL and ICL patients Caceres-Dittmar et al., 1993;
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Pirmez et al., 1993; Castés et al., 1996aDet al., toxic peroxynitrite *ONOO. Under pathological sit-
2002. uations the CD23/NO transduction cascade could be

The increased serum NO/NO>~ concentration enhanced to provide a non-specific defence mecha-
observed in LCL, MCL and DCL patients indicates nism. Although MCL and ICL patients belong to the
that NO may play a different role across the spec- middle portion of the ACL spectrum, characterized by
trum of the disease. Interestingly, the chronic forms a similar cytokine profile, both groups had different
of ACL: DCL and MCL patients characterised by sCD23, NO and anti-:eishmanialgE responses. ICL
opposite responsiveness lteishmaniaspp., showed  patients do not show mucosal lesions. Interestingly,
a similar high NO response. MCL patients may ge- ICL patients did not produce significant levels of NO.
netically be more susceptible to the detrimental effect In addition, similar specific IgE and sCD23 responses
mediated by NO. On the other hand, the infecting were observed between ICL and LCL patients.
Leishmaniastrains are different in both groups of Finally, LCL patients had significant levels of
patients. Diffuse and mucocutaneous leishmaniasis sCD23, specific IgE and NO. Moreover, 40% of
have been associated with infection with members of them were responders by specific IgE and NO, which
L. mexicanaand Leishmania braziliensisomplexes, may contribute to parasite killing. Nevertheless, other
respectively Convit et al., 1998 Probably,L. mex- leishmanicidal mechanisms such as those mediated
icana is more tolerant to the leishmanicidal mecha- via IFN-y receptor should be considered.
nisms dependent on NO. Then, the parasite persists Overall results suggest that CD23/NO/IgE could
and disseminates in DCL patients. result inLeishmaniakilling or disease chronicity de-

MCL patients showed the highest levels of sCD23, pending on predominant local cytokines and other
followed by DCL patients. This could be related to undefined factors.
local cytokine production. Upon stimulation with
various cytokines, notably IL-4 and IFN- human
monocytes/macrophages express CD23 and releaseAcknowledgements
sCD23 fragments. Both cytokines are secreted dur-
ing the early phases of the immune response and as We are grateful to Dr. M. Ulrich for critical review
part of Thl and Th2 responses, as mentioned before.of our manuscript. This study was made possible by
Alternatively, some parasite enzymes such as the funding from the CEE MSAS-World Bank (grants:
metallo-proteinase GP63, which is the major para- VEN 96/002/017 and VEN96/002/014).
site glycoprotein, could be implicated in cleavage of
CD23.

DCL patients had high levels of sCD23, total and References
specific IgE; specific IgE and sCD23 were positively
associated. In addition, we detected high nitrite lev- Afchain, D., Desjeux, P., La Fuente, C., Le Ray, D., Cesbron,
els. Nevertheless, these factors were not associated J-Y- Neyink, J.L., Capron, A., 1983. Specific IgE antibodies
with cure in these patients. In contrast, MCL patients to_ Lelshr_narjla braziliensign patlents with mucocutaneous

. ; . leishmaniasis. Ann. Immunol. (Paris) 134C, 311-319.

showed a higher production of sCD23 and NO with  armant, M., Ishihara, H., Rubio, M., Delespesse, G., Serfati, M.,
significant levels of specific IgE. Crosslinking of 1994. Regulation of cytokine production by soluble CD23:
CD23 leads to induction of INOS in human mono- coestimulation of interferon gamma secretion and triggering of
cytes. Since IgE binds CD23, IgE may account for the tumor necrosis factor alpha release. J. Exp. Med. 180, 1005—

. . : 1011.
production of NO. CD23-mediated generation of NO Armant, M., Rubio, M., Delespesse, G. Sarfati, M., 1995.

?5 !‘nown to be involved _in TNFe production, which Soluble CD23 directly activates monocytes to contribute to the
is increased in MCL patient£Castés et al., 1993In antigen-independent stimulation of resting T cells. J. Immunol.
addition, CD23-induced iNOS activation could ulti- 155, 4868-4875.

mately result in NO-mediated toxic effects through CaPrera. M., 1994. T cell responses associated with
the inactivation of enzvmes with haeme groups or an immunotherapy of American cutaneous leishmaniasis. Ph.D.
. y . o 9 p Thesis, University of London.

iron—sulphur cluster, the nitrosilation of proteins, or caceres-Dittmar, G., Tapia, F.J., Sanchez, M., Yamamura, M.,

the interaction with superoxide to yield the highly Uyemura, K., Modlin, B.L., Bloom, B.R., Convit, J., 1993.



M. Cabrera et al. / Acta Tropica 88 (2003) 145-151

Determination of the cytokine profile in American cutaneous
leishmaniasis using the polymerase chain reaction. Clin.
Exp. Immunol. 91, 500-505.

Castés, M., Trujillo, D., Rojas, M.E., Fernandez, C.T., Araya,
L., Cabrera, M., Blackwell, J., Convit, J., 1993. Serum levels
of tumor necrosis factor in patients with American cutaneous
leishmaniasis. Biol. Res. 26, 233-238.

Castés, M., Cabrera, M., Trujillo, D., Rodas, A., Scott, D.,
Blackwell, J.M., Convit, J., 1996. Cytokine profile in
human American cutaneous leishmaniasis. New dimensions in
parasitology. Acta Parasitol. Turc. Suppl. 1, 45-57.

Coffman, R.L.,, Corty, J., 1986. A T cell actiity
enhances polyclonal IgE production and its inhibition by
interferon-gamma. J. Immunol. 136, 949.

Convit, J., 1974. Leprosy and leishmaniasis. Similar clinical-
immunological-pathological models. Ethiop. Med. J. 12, 187—
195.

Convit, J., Pinardi, M.E., Rondon, A., 1972. Diffuse cutaneous

leishmaniasis: a disease due to an immunological defect of the

host. Trans. R. Soc. Trop. Med. Hyg. 66, 603-610.

Convit, J., Ulrich, M., Fernandez, C.T., Tapia, F.J., Caceres-
Dittmar, G., Castes, M., Rondon, A.J., 1993. The
clinical and immunological spectrum of American cutaneous
leishmaniasis. Trans. R. Soc. Trop. Med. Hyg. 87, 444—
448.

Delespesse, G., Suter, U., Mossalayi, D., Bettler, B., Sarfati,
M., Hoftetter, H., Kilcheir, E., Debre, P., Dallaul, A., 1991.
Expression, structure, and function of the CD23 antigen. Adv.
Immunol. 49, 149-191.

Diaz, N.L., Zerpa, O., Ponce, L.V., Convit, J., Rondon, A.J., Tapia,
F.J., 2002. Intermediate or chronic cutaneous leishmaniasis:
leukocyte immunophenotypes and cytokines characterization
of the lesion. Exp. Dermatol. 11, 34-41.

Green, L.C., Wagner, J.G., Skipper, P.L., Wishnok, J.S.,
Tannenbaum, S.R., 1982. Analysis of nitrate, nitrite at¥]
nitrate in biological fluids. Anal. Biochem. 126, 131-138.

Heinzel, F.P., Sadick, M.D., Holaday, B.J., Coffman, R.L.,
Locksley, R.M., 1989. Reciprocal expression of interfefon-
or interleukin-4 during the resolution or progression of murine
leishmaniasis. Evidence of distinct helper T cell subsets. J.
Exp. Med. 169, 59-72.

Lynch, N.R., Yarzabal, L., Verde, O., Avila, J.L., Monzon,
H., Convit, J., 1982. Delayed-type hypersensitivity and
immunoglobulin E in American cutaneous leishmaniasis.
Infect. Immun. 38, 877-881.

Melby, P.C., Andrade-Narvaez, F., Darnell, B.J., Valencia-Pacheco,
G., Tryon, V.V,, Palomo-Cetina, A., 1994. Increased expression
of proinflammatory cytokines in chronic lesions of human
cutaneous leishmaniasis. Infect. Immun. 62, 837-842.

Melby, P.C., Andrade-Narvaez, F., Darnell, B.J., Valencia-Pacheco,
G., 1996. In situ expression of interleukin-10 and interleukin-12
in active human cutaneous leishmaniasis. FEMS Immunol.
Med. Microbiol. 15, 101-107.

151

Moshage, H., Kock, B., Huizenga, J.R., Jansen, R.L., 1995. Nitrite
and nitrate determinations in plasma: a critical evaluation. Clin.
Chem. 41, 1025-1028.

Mossalayi, M.D., Arock, M., Debré, P., 1997. CD23¢Rdl:
signaling and clinical implication. Int. Rev. Immunol. 16, 129—
146.

Nacher, M., Gay, F., Singhasivanon, P., Krudsood, S.,
Treeprasertsuk, S., Mazier, D., Vouldoukis, I., Looareesuwan,
S., 2000.Ascaris lumbricoidesinfection is associated with
protection from cerebral malaria. Parasite Immunol. 22, 107—
113.

Nacher, M., Gay, F., Singhasivanon, P., Kaewkungwal, J.,
Silachamroon, U., Treeprasertsuk, S., Tosukhowong, T.,
Vannaphan, S., Looareesuwan, S., 2002. Relationship between
reactive nitrogen intermediates and total immunoglobulin E,
soluble CD21 and soluble CD23: comparison between cerebral
malaria and nonsevere malaria. Parasite Immunol. 24, 395-399.

O'Neil, C.E., Labrada, M., Saravia, N.G., 1998eishmania
(Viannig) panamensispecific IgE and IgA antibodies in
relation to expression of human tegumentary leishmaniasis.
Am. J. Trop. Med. Hyg. 49, 181-188.

Paul-Eugene, N., Mossayi, D., Sarfati, M., Yamaoka, K., Aubry,
J.P., Bonnefoy, J.Y., Dugas, B., Kolb, J.P., 1995. Evidence for
a role of Fc epsilon RII/CD23 in the IL-4 induce nitric oxide
production by normal human mononuclear phagocytes. Cell.
Immunol. 163, 314-318.

Pirmez, C., Cooper, C., Paes-Oliveira, M., Schubach, A., Torigian,
V.K., Modlin, R.L., 1990. Immunogenic responsiveness in
American cutaneous leishmaniasis lesions. J. Immunol. 145,
3100-3104.

Pirmez, C., Yamamura, M., Uyemura, K., Paes-Oliveira, M.,
Modlin, R.L., 1993. Cytokine patterns in the pathogenesis of
human leishmaniasis. J. Clin. Invest. 91, 1390-1395.

Scott, P., Natovitz, P., Coffman, R.L., Pearce, E., Sher, A., 1988.
Immunoregulation of cutaneous leishmaniasis. T cell lines that
transfer immunity or exacerbation belong to different T helper
subsets and respond to distinct parasite antigens. J. Exp. Med.
168, 675-679.

Sousa-Atta, M.L.B., Salamé, G.S., D'Olivera, A., Almeida,
R.P., Atta, A.M., Carvalho, E.M., 2002. Immunoglobulin E
anti-leishmanial antibody response in cutaneous leishmaniasis.
Clin. Diagn. Lab. Immunol. 9, 101-104.

Vouldoukis, 1., Issaly, F., Fourcade, C., Paul-Eugene, N., Arock,
M., Kolb, J.P., Alves da Silva, O., Monjour, L., Poinsot, H.,
Tselentis, Y., Dugas, B., Debré, P., Mossalayi, M.D., 1994.
CD23 and IgE expression during human immune response to
cutaneous leishmaniasis: possible role in monocyte activation.
Res. Immunol. 145, 17-27.

Vouldoukis, I., Riveros-Moreno, V., Dugas, B., Ouaaz, F., Bécherel,
P., Debré, P., Moncada, S., Mossalayi, D., 1995. The killing
of Leishmania majotby human macrophages is mediated by
nitric oxide induced after ligation of the ERII/CD23 surface
antigen. Proc. Nat. Acad. Sci. U.S.A. 92, 7804-7808.



	Variations in the serum levels of soluble CD23, nitric oxide and IgE across the spectrum of American cutaneous leishmaniasis
	Introduction
	Materials and methods
	Patients
	Healthy controls
	Measurement of NO3-/NO2- concentration in serum
	Total serum IgE levels
	Anti-Leishmania IgE levels
	Soluble CD23 levels
	Statistical analysis

	Results
	Nitrate/nitrite in serum from ACL patients and endemic volunteers
	Total and anti-Leishmania serum IgE
	Soluble CD23 levels
	Correlation between NO, sCD23 and total and specific IgE

	Discussion
	Acknowledgements
	References


