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LIMI, LIP, Gonçalo Moniz Research Center, Oswaldo Cruz Foundation (FIOCRUZ), Salvador-Bahia, Brazil;
and Institute for Immunological Investigation, São Paulo-SP, Brazil

Abstract: Peripheral blood CD16 (Fc receptor
for immunoglobulin G III)-positive monocytes have
been shown to expand in different pathological
conditions, such as cancer, asthma, sepsis, human
immunodeficiency virus infection, and AIDS pro-
gression, but data in leishmaniasis are lacking. We
found that cutaneous leishmaniasis patients (n�15)
displayed a significant increase in the percentage
(3.5 vs. 10.1) as well as mean fluorescent intensity
(13.5 vs. 29.2) of ex vivo CD16 expression in
monocytes as compared with healthy controls. We
observed a significant positive correlation between
the percentage of ex vivo CD16� monocytes
and lesion size (P�0.0052, r�0.75) or active
transforming growth factor-� plasma levels
(P�0.0017, r�0.78). In addition, two patients
with nonhealing lesions during a 3-year follow-up
had high (9.1–19.4%) CD16 levels at diagnosis.
Our data suggest a deleterious role for CD16 in
human leishmaniasis, as well as its possible use as a
marker for disease severity and/or adverse disease
outcome. J. Leukoc. Biol. 79: 36–39; 2006.
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Peripheral blood CD16-expressing monocytes have gained
considerable attention as a subclass of phenotypically distinct,
inflammatory monocytes (reviewed in ref. [1]). Their unique
migratory capacity has been defined recently by the frac-
talkine/CX3C chemokine receptor 1 chemokine ligand-recep-
tor pair [2, 3]. They have been shown to expand in different
pathological conditions, such as cancer, asthma, sepsis, human
immunodeficiency virus (HIV) infection, and AIDS progression
[1, 4], but data about their possible role in leishmaniasis are
lacking. Leishmaniasis is endemic in several parts of the world,
with a global prevalence of over 12 million cases and 1.5
million new cases emerging every year [5]. The infection is
caused by protozoan parasites of the genus Leishmania, trans-
mitted trough the bite of the sand fly vector. Several Leishma-
nia species are able to cause a wide spectrum of clinical
manifestations, ranging from the mild cutaneous form, the
disfiguring mucosal form, and the life-threatening visceral
form, also known as kala-azar. The course of Leishmania
infection presents several clinical features, depending on par-

asite virulence and tissue tropism, besides host immune re-
sponse (reviewed in ref. [6]). Fc receptors (FcRs) compose an
interface between humoral and cellular immune response [7],
which are, respectively, detrimental and protective in human
as well as murine leishmaniasis. Kima et al. [8] have shown
that Leishmania mexicana infection in the murine host does not
establish in the absence of circulating antibody and FcRs. In
addition, human CD16� monocytes have been demonstrated to
differentiate preferentially into dendritic cells in vitro [9], thus
classifying them as potential targets for immunotherapy. There-
fore, we quantified the FcR for immunoglobulin G III (CD16)
surface expression in peripheral blood monocytes from patients
with localized cutaneous leishmaniasis as compared with
healthy controls and correlated CD16 expression to clinical
data.

The Ethics Committee of the University Hospital Professor
Edgard Santos (Salvador, Bahia, Brazil) approved this study,
and informed consent was obtained from the patients and
healthy controls. Peripheral blood (10 mL) was obtained from
15 patients (11 male, age 32.3�6.2 years) and 15 healthy
controls (5 male, age 31.2�2.3 years) by venipuncture using
heparin as an anticoagulant. Patients were attended and
treated in two outpatient clinics (Jequié and Jiquiriçá, Bahia
state, Northeast of Brazil), a rural area with a low socioeco-
nomic status and a high incidence of infection with Leishmania
braziliensis [10]. One or more of the following confirmed diag-
nosis of cutaneous leishmaniasis: characteristic lesion mor-
phology, positive skin test [11], seropositivity toward Leishma-
nia antigen [12], and the presence of parasites in the lesion.
Clinical data of the patients are listed in Table 1. Whole blood
(50 �l) was diluted with an equal volume of phosphate-buff-
ered saline–1% bovine serum albumin–0.1% sodium azide,
followed by staining for 30 min on ice with fluoresceinated
anti-CD16 and lineage markers [CD14, CD64 (monocytes),
CD3 (T cells), CD19 (B cells), CD16b (neutrophils), CD49d
(eosinophils), and CD56 (natural killer cells)] or isotype-
matched control antibodies (all from Immunotech-Coulter,
Marseille, France), followed by fixation and erythrocyte lysis
(whole blood lysing solution, Becton Dickinson, San Jose, CA).
For each sample, 10,000 events were acquired in a cytoflu-
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orometer (FACSort, Becton Dickinson) and analyzed using
CellQuest software. Monocytes were gated according to their
characteristic forward- and side-scatter (Fig. 1A) and were
confirmed to be CD14�, CD64� and CD3–, CD19–, CD16b–,
CD56– (Fig. 1B and not shown). Transforming growth factor-�1
(TGF-�1; active form) in plasma was quantified using a com-
mercial enzyme-linked immunosorbent assay (ELISA) kit
(DuoSet, R&D Systems, Minneapolis, MN); total TGF-�1 lev-
els (active�latent form) were measured following acidification
in siliconized tubes. All results are expressed as mean � SEM.
Statistical analysis of data was performed using GraphPad
Prism 3.0. As all data had a normal distribution, as assessed by
the Kolmogorov-Smirnov test, parametric analysis (Student’s
t-test with Welch correction and Pearson’s correlation) was
used; a P value �0.05 was considered significant.

As shown in Figure 2, A and B, we found a significant
increase in the percentage (3.2�1.2 vs. 10.1�2.2, P�0.016)
as well as mean fluorescent intensity (MFI; 13.5�4.6 vs.
29.2�4.1, P�0.017) of ex vivo CD16 expression in monocytes
from patients with localized cutaneous leishmaniasis, as com-
pared with healthy controls. To test the hypothesis that these
elevated levels of CD16� monocytes might be clinically rele-

vant, we analyzed possible correlation with disease duration,
lesion size, or healing time or possible association with lymph-
adenopathy, anti-Leishmania DTH, or anti-Leishmania serol-
ogy. As shown in Figure 3A, we observed a highly significant,
positive correlation between the percentage of ex vivo mono-
cytes expressing CD16 and lesion size (P�0.0052, r�0.75),
but not other clinical data (not shown), in patients with local-
ized cutaneous leishmaniasis. As CD16 expression can be
induced by TGF-� in monocytes and macrophages [13], we
quantified active as well as total (active�latent) TGF-� levels
in plasma from controls and patients. Active but not total
TGF-� plasma levels strongly correlated to the percentage of
CD16� monocytes (r�0.78, P�0.0017), as shown in Figure
3B. Active TGF-� levels also correlated significantly, but less
strongly, to lesion size (r�0.70, P�0,011, not shown), sug-
gesting an indirect effect of the cytokine on lesion formation,
which might be CD16-mediated. In human leishmaniasis, in
situ demonstration of TGF-� in lymphoblastoid cell lines or
mucosal leishmaniasis patients is restricted to early lesions
[14]. In addition, the percentage of CD16� monocytes
(3.6�1.1% vs. 13.5�2.7%, P�0.005) but not TGF-� (53�31
pg/ml vs. 137�47 pg/ml, P�0.29) was significantly lower in

TABLE 1. Clinical Data of Cutaneous Leishmaniasis Patients

Patient
number Lymphadenopathy

Disease
duration
(days)

Lesion size
(cm)

Anti-Leishmania
DTH

Anti-Leishmania
serology

Healing time
(days)

Parasites in
lesion

% CD16�

monocytes

1 � 45 4 � – 60 ND 15.8
2 – 30 ND – – 60 ND 1.0
3 � 20 ND � � ND ND 2.6
4 � 40 ND – – 45 ND 13.2
5 � 60 2.0 � � ND � 13.2
6 – 90 6.0 � – 60 ND 32.1
7 – 150 1.5 � – 150 ND 12.6
8 � 30 1.0 � � 60 – 5.9
9 � 60 1.0 � � �1200 – 9.1

10 – 60 1.5 � � 120 ND 13.2
11 – 45 5.0 � – �1200 – 19.4
12 � 21 2.5 � � 180 � 4.8
13 – 90 2.0 � – 150 � 0.0
14 � 90 1.0 � – 30 ND 6.6
15 – 75 2.5 ND – 120 � 1.2

DTH, Delayed-type hypersensitivity; ND, not determined.

Fig. 1. Representative flow cytometry dot plots of (A) mono-
cytes (arrow), gated by characteristic forward- and side-scatter
in whole blood following erythrocyte lysis, and (B) CD16 ex-
pression in gated monocytes from a patient with cutaneous
leishmaniasis. Total CD16� levels were measured, including
CD14high and CD14low (upper- and lower-right quadrants,
respectively).
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patients with initial disease (�30 days of disease duration).
Direct activation of latent TGF-� by cysteine proteases from
live Leishmania chagasi promastigotes has been demonstrated
[15] and might supposedly take place during the first few hours
of infection. Taken together, these data suggest TGF-� pro-
duction, systemic or in situ, might precede temporally and
actually induce monocyte CD16 expression in the course of
Leishmania infection.

Besides its strong correlation to lesion size, CD16 expres-
sion might have a predictive value for clinical evolution. Dur-
ing a 3-year follow-up, two out of 15 patients (Numbers 9 and
11 in Table 1) did not heal and had elevated (9.1–19.4%)
CD16

�

monocytes at the time of diagnosis. Patient 9 actually
progressed to mucosal leishmaniasis and further increased
CD16 levels to 30.2% at 6 months of treatment. One additional
patient (for which no blood sample was available at diagnosis

and thus, was not included in Table 1) relapsed 1 year after
treatment and also displayed increased (11.2%) CD16� mono-
cytes at the time of relapse. Whether CD16 plays a direct role
in lesion formation, e.g., by provoking immune complex-medi-
ated vasculitis [16], remains to be determined. Data from a
murine model of cutaneous leishmaniasis [8] demonstrate the
necessity of FcRs, including CD16 for lesion development.
CD14�16� monocytes have been shown to be high tumor
necrosis factor (TNF) producers [17] and thus might be in-
volved in tissue destruction in cutaneous and mucosal leish-
maniasis [16], suggesting that increased CD16 expression at
diagnosis or during follow-up might be a cause, rather than
consequence, of increased disease severity. TNF inhibitors,
such as pentoxyphillin, have been used successfully in cuta-
neous and mucosal leishmaniasis patients refractory to stan-
dard antimonial therapy [18, 19]. This apparently contradictory

Fig. 2. CD16 expression in peripheral blood monocytes of healthy controls and patients with cutaneous leishmaniasis. (A) Percentage of positive cells; (B) MFI,
quantified by flow cytometry (*, P�0.05).

Fig. 3. Correlation between CD16-positive peripheral blood monocytes and (A) lesion size and (B) active TGF-� plasma levels in cutaneous leishmaniasis
patients.
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TGF-�–TNF-� loop points at a complex interplay and a deli-
cate balance between both autocrine macrophage products with
antagonistic activity on its own leishmanicidal capacity [14],
which hampers the possible use of either cytokine as a biolog-
ical marker. However, peripheral monocyte CD16 expression
might be considered as a candidate biological marker in cuta-
neous leishmaniasis, which should be tested in larger studies
in other endemic areas and possibly in other forms of the
disease.

In light of HIV–Leishmania coinfection, which is of increas-
ing epidemiological concern in Brazil as well as in Southern
Europe, easy-to-use biological markers should be valuable to
monitor high-risk populations, in addition to viral load and
parasite burden. CD16 has already been proposed as a sensi-
tive marker for AIDS progression [20], probably through its
induction by TGF-�, which our group and others [21, 22] have
shown to increase viral load in HIV-1-infected human macro-
phages in vitro. As shown in this study, CD16 can be useful as
an easy-to-quantify possible biological marker of disease se-
verity in human leishmaniasis in endemic areas. To this aim,
one drop (100 �l) of whole blood can be stained under field
conditions and processed for flow cytometry 24–48 h later with
similar results (G. Soares and J. Van Weyenbergh, unpub-
lished results).

In conclusion, this study is the first demonstration of a
possible deleterious role for FcRs in human leishmaniasis,
considering increased CD16 expression in peripheral blood
monocytes, strong correlation to lesion size and active TGF-�
plasma levels, and its possible use as a predictor of adverse
clinical outcome.
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