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Summary

Malnutrition compromises immune function, resulting in reduced resistance
to infection. Recent animal and human studies have suggested that leptin is
capable of modulating the immune response and that its levels, which are
regulated by nutritional status, fall rapidly during starvation. Leptin defi-
ciency is associated with impaired cell-mediated immunity, an increased inci-
dence of infectious disease and an associated increase in mortality. The
purpose of this study was to examine the effect of leptin on activation and
cytokine production in peripheral blood T cells from malnourished children.
The data obtained in the present study demonstrate that leptin produced an
increase in the percentage of CD4+ and CD8+ cells producing interleukin
(IL)-2 and interferon (IFN)-g in 24-h cultures. Moreover, leptin decreased the
percentage of CD4+ and CD8+ cells producing IL-4 and IL-10, and enhanced
activation of circulating T cells when co-stimulated by phorbol 12-myristate
13 acetate (PMA)–ionomycin. Leptin enhanced the expression of activation
markers CD69 and CD25 in both CD4+ and CD8+ cells after 5 h of
stimulation. In conclusion, the results obtained show that leptin modulates
CD4+ and CD8+ cell activation towards a T helper 1 (Th1) phenotype by
stimulating the synthesis of IL-2 and IFN-g. In contrast, leptin decreases IL-4
and IL-10 production. Moreover, leptin enhanced the expression of CD69 and
CD25 on CD4+ and CD8+ cells after stimulation with PMA–ionomycin.
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Introduction

Protein-calorie malnutrition represents a significant world-
wide health problem. Malnutrition is an important cause of
immune suppression and increases host susceptibility to
infectious diseases [1]. Recent evidence indicates that leptin
is capable of modulating the immune response, and that its
levels are regulated by nutritional status. Leptin deficiency
is associated with impaired cell-mediated immunity, an
increased incidence of infectious disease and an associated
increase in mortality [2,3].

Leptin, the product of the ob gene, is a 16-kDa non-
glycosylated peptide hormone synthesized mainly by adipo-
cytes [4,5]. Leptin has structural homology with members of
the long chain helical cytokine family, which includes inter-
leukin (IL)-6 and IL-11 [6], and the long isoform of the
leptin receptor (OB-Rb) shares structural and functional
similarities with the gp130 cytokine-receptor family [7,8].
Furthermore, the OB-Rb is distributed widely and expre-
ssed in both human and murine haemopoietic stem cell

populations [5] and is also expressed in lymphoid tissues,
where leptin has been demonstrated to play an important
role during T cell-mediated immune responses [9].

Cells from ob/ob mice (leptin-deficient) show defective
mixed lymphocyte reactions, with poor generation of inter-
feron (IFN)-g and increased IL-4. Leptin treatment of cells
from the ob/ob mice in vitro reverses mixed lymphocyte reac-
tion defects, leading to vigorous secretion of IFN-g and
blunting of IL-4 secretion [10]. It has been shown that exog-
enous administration of leptin during fasting protects mice
from the lymphoid atrophy associated with starvation, indi-
cating a role for leptin in the immune dysfunction associated
with starvation [11]. In addition, leptin enhances the secre-
tion of tumour necrosis factor (TNF)-a, IL-6 and IL-12 by
peritoneal macrophages, as well as IFN-g by T cells [12,13].

The observation that leptin deficiency may be partially
responsible for the immune impairment that accompanies
malnutrition [11,14], which is associated with an increased
frequency of infection [3], has stimulated interest in the
effects of leptin on immunity [2,9].
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Previously, we have demonstrated that malnutrition
causes severe impairment of IL-2 and IFN-g production. In
contrast, our data show increased IL-4 and IL-10 production
by CD4+ and CD8+ cells of malnourished children. These
data reveal that malnutrition alters the balance of type 1/type
2 immune responses. In addition, the activation capability of
CD4+ and CD8+ cells is considerably decreased. These alter-
ations may contribute to reduced immunological capacity
and resultant increased sensitivity to infection associated
with malnutrition [15]. The aim of the present study was to
assess the effects of human leptin on cytokine synthesis and
activation in peripheral CD4+ and CD8+ cells from malnour-
ished infected children.

Materials and methods

Peripheral blood was collected in sterile tubes containing
heparin from malnourished infected children aged 6–60
months. Samples were obtained from the Hospital General
Gustavo Baz Prada and Hospital Infantil Iztapalapa. The
study was approved by the Medical Ethics Committee of The
General Direction of Medical Services. Informed consent
was obtained from all parents of the participating children.

Subjects

Group 1 (WNI): well-nourished infected children

This group included 12 well-nourished children (six girls
and six boys) hospitalized as a result of respiratory or gas-
trointestinal bacterial infections. Their ages ranged from 6 to
48 months, and all had adequate weight/height ratios
according to their age (Table 1).

Group 2 (MNI): malnourished, infected children

This group consisted of 12 malnourished-infected children
(MNI) of both sexes (five girls and seven boys), suffering
from severe bacterial infection: respiratory (seven children)
and gastrointestinal (five children) infections. Bacterial
infections were diagnosed rigorously on the basis of clinical
data and routine laboratory testing. The group included five
children with second-degree malnutrition (weight/height
deficit > 25% and < 40% according to age) and seven

children with severe (third-degree) malnutrition marasmus
showing severe weight/height deficit (> 40% for age).

Severity of malnutrition was assessed in all cases, based
upon clinical signs and symptoms of malnutrition, as well as
weight/height deficit according to the established values for
Mexican children [16].

Reagents and antibodies

Antibodies utilized were peridinin chlorophyll (PerCP)-anti-
CD4, PerCP-anti-CD8, fluorescein isothiocyanate (FITC)-
anti-IL-2, FITC-anti-IFN-g, phycoerythrin (PE)-anti-IL-4,
allophycocyanin (APC)-anti-IL-10, PE-anti-CD25 and APC-
anti-CD69 (Becton Dickinson Immunocytometry Systems,
San José, CA, USA). Human recombinant leptin was
from R&D Systems (Minneapolis, MN, USA). Phor-
bol 12-myristate 13 acetate (PMA), ionomycin (I), and
brefeldin-A were from Sigma Chemical Company (St Louis,
MO, USA). Fluorescence activated cell sorter (FACS) lysing
solution and FACS permeabilizing solution were from
Becton Dickinson.

Cell preparation and in vitro culture

In order to study the effects of leptin on cytokine production
and capability of activation, whole blood from malnour-
ished children was incubated for 19 h with or without leptin
(10 ng/ml). Subsequently, whole blood from MNI and
WNI children was either stimulated for 5 h at 37°C with
PMA (25 ng/ml) and ionomycin (1 mg/ml) in the presence
of brefeldin-A (10 mg/ml) and RPMI-1640 without l-
glutamine (induces, or stimulates, cytokine production), or
retained in identical medium without PMA and iono-
mycin but with brefeldin A (spontaneous, or unstimulated,
cytokine production). No serum was added to the cultures.
Stimulated and unstimulated (resting cells) cultures were
aliquoted for staining.

Stain of cell surface antigens

Specific staining of respective cell-surface molecules was per-
formed by anti-human CD4-PerCP or anti-human CD8-
PerCP. One hundred ml of cell suspension were incubated
with 10 ml of a fluorescence-conjugated antibody for 30 min
at room temperature. As controls, FITC and PE-labelled

Table 1. Clinical characteristics and nutritional status of well-nourished infected (WNI) and malnourished infected (MNI) children.

Study group (n) Age (months) Weight (g) Height (cm) Weight deficit (%) Infection type

WNI (12) 21·5 (6–48) 11·7 (7·3–18·5) 85·4 (67–109) < 10% Respiratory (11)

Sepsis (1)

MNI children with severe

malnutrition (7)

19·71 (6–36) 6·35 (4·1–7·7) 73 (62–90) 40·0–55·0 Respiratory (4)

Gastrointestinal (3)

MNI children with second-degree

malnutrition (5)

31·6 (10–60) 9·0 (5·9–13·6) 89·75 (72–111) 29·19–38·5 Gastrointestinal (2)

Respiratory (3)
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non-specific mouse IgG1 antibodies were used to establish
background fluorescence. After incubation, cells were
washed with 1% bovine serum albumin (BSA) prepared in
phosphate-buffered saline (PBS).

Detection of intracellular cytokines

After cell surface antigen stain, FACS lysing solution was
added to each tube. After further incubation, samples were
centrifuged and treated with FACS permeabilizing solution
for 10 min at room temperature. Samples were washed with
1% BSA in PBS and incubated with fluorescently labelled
anti-cytokine antibodies for 30 min. After incubation, cells
were washed and finally fixed in 1% paraformaldehyde prior
to analysis.

Flow cytometry analysis

Four-colour flow cytometry was performed using a FACS-
Calibur flow cytometer. A minimum of 10 000 cells-gated
events were acquired and analysed with cellquest™
(Becton Dickinson) software. Figure 1 shows how gates were
set on the forward scatter (FSC)–side scatter (SSC) to acquire
all lymphocytes, PerCP-SSC distribution for gate on the basis
of anti-CD4 and anti-CD8 labelling (gate on CD4+ or CD8+

cells). In all cases, these gates were used to establish FITC-,
PE- and APC-positive cells.

Statistical analysis

Results are expressed as arithmetic means � standard error.
Differences between groups were analysed using the Mann–
Whitney U-test for unpaired samples. Differences with
P-values < 0·05 were considered significant.

Results

The percentage of CD4+ IL-2+ unstimulated cells in MNI
children (2·21 � 0·21%) was diminished significantly com-
pared to WNI (6·95 � 0·57%) children (P < 0·01). Also, the
percentages of CD4+ IFN-g+ cells were significantly higher in
the WNI (7·04 � 0·91%) group than in MNI children
(2·18 � 0·91%; P < 0·01). The WNI children showed a
decreased percentage (3·18 � 0·74%) of CD4+ IL-4+ cells
compared to MNI (4·22 � 0·46%) children. The percentages
of CD4+ IL-4+ cells showed no statistically significant differ-
ences among groups. In contrast, the percentage of CD4+

IL-10+ cells was significantly higher in the MNI group
(6·84 � 1·45%) than in the WNI (3·78 � 0·13%) group
(P < 0·005) (Fig. 2a).

Figure 2b shows a decreased production of cytokines in
CD8+ unstimulated cells from MNI children (IL-2+ cells,
1·73 � 0·26% and IFN-g+ cells, 2·36 � 0·63%; P < 0·05)
compared to cells from WNI (5·96 � 0·89% and 5·63 �

1·18%, respectively). Even though the percentage of CD8+

IL-4+ cells tended to be greater in MNI children than in WNI
children (4·69 � 1·95% and 2·45 � 0·34%, respectively), the
difference was not statistically significant. In contrast, the
percentage of CD8+ IL-10+ cells was significantly higher in
MNI children (12·60 � 4·99%) than in WNI (4·92 � 2·24%;
P < 0·005) children.

The percentage of CD4+ IL-2+ and CD4+ IFN-g+ stimu-
lated cells was diminished significantly in malnourished
children (7·14 � 0·74 and 7·18 � 1·32, respectively) com-
pared to WNI (29·07 � 4·55 and 30·99 � 5·62) children
(P < 0·01 and P < 0·001, respectively). The percentages of
CD4+ IL-4+ cells showed no statistically significant differ-
ences between MNI and WNI groups (15·44 � 2·05 and
18·85 � 3·60, respectively). In contrast, the percentage of
IL-10+ cells was significantly higher in the MNI group
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Fig. 1. (a) The lymphocyte gate set in the forward scatter–side scatter

distribution. (b) The peridinin chlorophyll-SSC distribution; this gate

was set on to restrict the analysis to CD4+ or CD8+ cells. For the

analysis of cytokine production and activation markers the cells were

passed by windows (a) and (b).
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(21·12 � 5·59) compared to the WNI (5·09 � 1·53) group
(Fig. 2c, P < 0·005).

Decreased production of type 1 cytokines was observed
in CD8+ stimulated cells from MNI children (IL-2: 5·38 �

0·81%, P < 0·05 and IFN-g: 6·78 � 2·32%, P < 0·001)
compared to WNI (14·78 � 2·02% and 23·10 � 2·92%,
respectively). Even though the percentage of CD8+ IL-4-
producing cells tended to be greater in malnourished
children than in WNI (11·85 � 3·61% and 9·17 � 2·21%,
respectively), the difference was not statistically significant.
In contrast, the percentage of CD8+ IL-10+ cells was signifi-
cantly higher in MNI children (8·97 � 1·95%) in comp-
arison to WNI (5·14 � 1·15%, P < 0·05), as shown in
Fig. 2d.

Furthermore, the percentage of positive cells exhibiting
the activation markers CD69 and CD25 was analysed. Per-
centages of CD4+CD25+- and CD8+CD25+-stimulated cells
were significantly higher in the WNI group in comparison to
MNI children (Fig. 3a, P < 0·01). In addition, the percent-
ages of CD4+CD25+- and CD8+CD25+-unstimulated cells
were significantly higher in the WNI group in comparison to
MNI children (Fig. 3a, P < 0·001).

In relation to CD69+ cells, the percentage of CD4+ and
CD8+-unstimulated cells was significantly lower for the
MNI group (Fig. 3b, P < 0·01 and P < 0·001, respectively).
When cells were stimulated with PMA–I, the percentage
of CD69+ CD4+ cells was significantly higher in comparison

to cells from the MNI group (P < 0·01, Fig. 3b). Also,
the expression of the CD69 activation marker in stimu-
lated CD8+ cells was minimal in cells from the MNI
group in comparison to the WNI group (P < 0·001,
Fig. 3b).

Effect of leptin on spontaneous cytokine production

Percentages of IL-2+ CD4+ and IFN-g + CD4+ in the resting
cell population were increased when cells were incubated
with leptin (3·31 � 0·46% and 3·45 � 0·9%, respectively) in
comparison to cells without leptin (2·21 � 0·21% and
2·18 � 0·41%, respectively) (P < 0·05 for IL-2+ cells). In con-
trast, leptin induced a decrease in the percentage of CD4+

cells producing IL-4: 4·22 � 1·03% to as low as 1·92 �

0·33%. The percentage of IL-10+ CD4+ cells (7·42 � 1·93%)
was higher in untreated cells in relation to cells treated with
leptin, which also demonstrated a significant decrease in
IL-10+ CD4+ cells (4·73 � 1·26%; Fig. 4a).

In CD8+ cells, the production of T helper 1 (Th1) cytokines
was increased by leptin treatment (IL-2: 1·64 � 0·26% to
4·00 � 0·64% and IFN-g: 2·23 � 0·40% to 4·64 � 0·87%,
P < 0·01) (Fig. 4c). In contrast, the percentages of type 2
cytokines was higher in untreated cells (IL-4: 5·82 � 1·95%
and IL-10: 13·10 � 4·89%) in comparison to leptin-
treated cells (2·27 � 0·59% and 8·44 � 3·25%, respectively;
P < 0·05).

Fig. 2. Effect of malnutrition on the

percentages of cytokine-positive cells from

well-nourished infected (WNI, n = 12) and

malnourished (MN, n = 12) children. The

percentage of interleukin (IL)-2-, interferon

(IFN)-g-, IL-4- and IL-10-producing resting

cells in CD4+ and CD8+ cells is shown in the

upper panel. The percentage of IL-2-, IFN-g-,

IL-4- and IL-10-producing activated cells

in CD4+ and CD8+ cells is shown in the

lower panel. Data are based upon flow

cytometric analysis of 10 000 events

and are means � standard error.

*P < 0·01; + +P < 0·05; +P < 0·005 and

**P < 0·001; in all cases the difference was

between WNI versus MNI group.
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Effect of leptin on induced cytokine production

Figure 4b shows that leptin produced an increase in the
percentage of CD4+ cells producing IL-2 (15·15 � 2·35%)
in comparison to untreated controls (6·33 � 0·74%,
P < 0·001). Also, the percentage of IFN-g+ cells was

significantly higher in cells incubated with leptin (15·60 �

2·79%) compared to without leptin treatment (6·27 �

0·91%, P < 0·01). Cells incubated with leptin exhibited a
lower percentage of type 2 cytokine-positive cells (IL-4
and IL-10) than cells without leptin treatment. Even though
the percentage of CD4+ IL-10-producing cells tended to
be greater in cell populations without leptin treatment com-
pared to leptin-treated cells (22·12 � 6·08% and 14·88 �

4·75%, respectively), the difference was not statistically sig-
nificant. In contrast, the percentage of CD4+ IL-4+ cells was
significantly higher in cells without leptin (14·55 � 2·24%) in
comparison to leptin-treated cells (7·84 � 1·33%, P < 0·01).

As shown in Fig. 4d, percentages of CD8+ IL-2+ and
CD8+ IFN-g + cells were significantly lower in the absence of
leptin treatment (5·38 � 0·81% and 6·65 � 2·70, respec-
tively) compared to leptin-treated cells (13·12 � 2·57% and
18·55 � 3·87%, P < 0·01 and P < 0·005, respectively). The
percentage of CD8+ IL-4+ cells was significantly higher in
untreated cell populations (12·31 � 3·48%) compared to
leptin treatment (5·71 � 1·22, P < 0·05). In addition, the
percentage of IL-10+ CD8+ cells was significantly higher in
untreated (13·10 � 1·95%) compared to leptin-treated cells
(5·61 � 1·21%, P < 0·05).

Effect of leptin on expression of activation markers

In order to study the effect of leptin on activation, whole
blood was cultured in the presence of PMA–I with or
without leptin and the expression of CD69 and CD25 in
both CD4+ and CD8+ T cells was examined. As shown in
Fig. 5, leptin potentiates the activation effect of PMA–I on
CD4+ and CD8+ cells increasing the percentage of cells
expressing both activation markers.

These data show that there was no significant effect of
leptin on the activation (CD69+ cells) of CD4+ and CD8+ T
resting cells. When cells were stimulated with PMA–I, the
percentages of CD69+ CD4+ cells was significantly higher
(42·24 � 7·58%) in comparison to untreated cells (23·36 �

4·74%, P < 0·01, Fig. 5a). Also, the expression of this activa-
tion marker in stimulated CD8+ cells was minor in cells
without leptin treatment (28·58 � 3·03% to 38·97 � 5·23%,
P < 0·01, Fig. 5b).

The percentage of CD4+ CD25+ and CD8+ CD25+ resting
cells showed no statistically significant differences between
cells treated and not treated with leptin. The percentage of
CD25+ cells in the CD4+-and CD8+-activated cell popula-
tion was lower in leptin-treated cells (3·17 � 0·54% and
2·17 � 0·40%, respectively) in comparison to untreated cells
(5·66 � 1·94% and 3·58 � 1·3%, Fig. 3b). Further, the pro-
portion of CD25+ CD4+-stimulated cells was significantly
higher with leptin incubation (16·91 � 2·48%) compared to
without leptin (8·87 � 1·61%, P < 0·05). Also, when CD8+

cells were incubated with leptin, the percentage was signifi-
cantly greater (13·27 � 3·49%) in comparison to cells stimu-
lated without leptin treatment (4·25 � 0·80%, P < 0·05).
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CD4+ and CD8+ cells from unstimulated and stimulated peripheral

blood cells. Cells were activated with phorbol 12-myristate 13 acetate

(PMA)–ionomycin for 5 h at 37°C. Cells were stained and analysed as

described in the Methods section. Data are based upon flow
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Percentages of CD69+ and CD25+ cells were clearly higher
in cultures treated with leptin. Additionally, it was clear that
leptin alone had no effect on cell activation (CD69+ and
CD25+ cells) in unstimulated whole blood CD4+ and CD8+

cells.

Discussion

In the present work we have studied the effect of leptin on
cytokine production and activation of peripheral blood
CD4+ and CD8+ cells from malnourished children. Cytok-
ines play an important role in the nutrition–infection
complex [17]. The generation of protective T cell responses
against infectious agents is a complex process in which
cytokines act as signals that direct the development of adap-
tive immunity [18].

Malnutrition is a pathological condition associated with
decreased leptin levels [19]; therefore, diminished leptin
concentrations in malnourished children may contribute to
decreased cytokine production and increased susceptibility
to infections. Mancuso et al. [20] reported that leptin-
deficient mice exhibit increased susceptibility to Gram-
negative bacterial pneumonia; this susceptibility to bacterial
pneumonia could be restored by treating with exogenous
leptin. Previously, alterations in the capacity to produce
some cytokines have been reported in malnourished
children. González et al. [21] observed that lymphocytes are
unable to secrete normal quantities of cytokines. In addition,

we recently demonstrated that malnutrition results in severe
impairment of IL-2 and IFN-g production. In contrast, our
data show increases in IL-4 and IL-10 production by CD4+

and CD8+ cells of malnourished children [15].
Indeed, the results of this study demonstrated that incu-

bation of resting peripheral blood CD4+ and CD8+ cells with
leptin induced an increase in the production of IL-2 and
IFN-g and a decrease in the production of IL-4 and IL-10. We
found no differences between resting cells treated with and
without leptin in CD4+ cell cytokine production except for
IL-2, which increased when cells were incubated with leptin.
In contrast, we found significant differences between resting
cells with and without leptin treatment in IL-2, IFN-g and
IL-4 production in CD8+ cells; however, leptin showed no
effect on IL-10 synthesis in unstimulated CD8+ cells.

Our study reveals an imbalance between type 1/type 2
responses in cells from malnourished infected children,
demonstrated by a trend toward a decrease in IFN-g and an
increase in IL-4 and IL-10 production. However, when cells
were incubated with leptin, a significant enhancement of
IFN-g production associated with the suppression of IL-4
and IL-10 was shown. Thus, leptin could play an important
role in the regulation of cytokine synthesis as well as in
modulation of the immune response.

The data shown in the present study are in agreement
with the observation that leptin plays an important role in
T cell-mediated immune responses [9]. Specifically, it has
been reported that leptin enhances cognate T cell

Fig. 4. Effect of leptin on the cytokines

production in peripheral blood lymphocytes of

malnourished infected children. The percentage

of interleukin (IL)-2-, interferon (IFN)-g-, IL-4-

and IL-10-producing cells in CD4+ cells is

shown in the upper panel (a, b). The percentage

of IL-2-, IFN-g-, IL-4- and IL-10-producing

cells in CD8+ cells is shown in the low panel

(c, d). Cells were activated with phorbol

12-myristate 13 acetate (PMA)–inomycin for

5 h at 37°C. Data are based upon flow

cytometric analysis of 10 000 events and are

means � standard error. *P < 0·05, **P < 0·001,

+P < 0·01, + +P < 0·005 versus cells without

leptin treatment.
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responses, skewing cytokine responses towards a Th1 phe-
notype in mice [10]. In addition, leptin up-regulates the
production of proinflammatory cytokines by murine
macrophages [22].

Previously, Soliman et al. [23] demonstrated decreased
leptin levels in severely malnourished infants. In this context,
the low leptin levels were associated with suppression of the
lymphoproliferative response [24]. Presumably, in infected
children, spontaneous ex vivo cytokine production reflects
in vivo stimulation and, thus, represents cell-specific activity
in the context of a current infection (s) [25]. However, this
response is very low in malnourished infected children in
comparison to the immune response (cytokine production

and activation capability) observed in well-nourished
infected children [15].

Additionally, we were able to demonstrate that exogenous
leptin restored in vitro activation capability of PMA–I-
stimulated cells. However, leptin is not able to increase the
expression of activation markers in resting (unstimulated)
CD4+ and CD8+ cells from malnourished children. We have
demonstrated previously that the activation capability of
CD4+ and CD8+ cells from malnourished infected children is
considerably decreased [15,26].

Previously, it has been reported that human leptin induces
the expression of the activation marker CD69 in human
monocytes [27,28]. Furthermore, human leptin alone is not
able to activate human peripheral blood lymphocytes
in vitro. However, when T lymphocytes are co-stimulated
with PHA or concanavalin A, leptin enhances the prolifera-
tion and activation of cultured T lymphocytes [29]. Also,
other data have shown that leptin modulates the prolifera-
tion of T cells stimulated with anti-CD3 [30]. These results
agree with data observed here. Here we show that leptin is a
potentiator of CD4+ and CD8+ cell activation when
co-stimulated with a non-specific stimulus such as PMA–I.

No differences were observed regarding the degree of mal-
nutrition and the type of infection. Further studies including
a greater number of patients will be necessary to address the
relationship between these factors.

The results of this study demonstrate that human leptin
not only enhances cytokine production induced by PMA–I,
but also modulates the activation of CD4+ and CD8+ cells
from children. This may be due to the presence of the leptin
receptor (Ob-R) on human circulating leucocytes [12] and
on lymphocytes, as demonstrated previously in mice [10,22].
Also, the presence of both the short and long isoforms of the
leptin receptor has been confirmed in human peripheral
blood T lymphocytes (both CD4 and CD8) [29].

In conclusion, we have demonstrated in the present study
that leptin modified the synthesis of cytokines from periph-
eral blood CD4+ and CD8+ cells. Specifically, leptin enhances
the secretion of IL-2 and IFN-g and inhibits the production
of IL-4 and IL-10. The results of this study demonstrate that
human leptin can also modulate the activation of CD4+ and
CD8+ cells from malnourished infected children. Finally, it
should be recognized that leptin did not fully restore cytok-
ine synthesis and capability of activation; however, leptin
may help in restoring immune responses in malnourished
children.
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Fig. 5. Leptin effects on activation antigens expression CD69 and

CD25 by CD4+ (a) and CD8+ (b) cells from resting and activated

peripheral blood cells from malnourished-infected children.

Cells were activated with phorbol 12-myristate 13 acetate

(PMA)–ionomycin for 5 h at 37°C. Cells were stained and analysed as

described in the Methods section. Data are based upon flow

cytometric analysis of 10 000 events and are means � standard error.

*P < 0·05 and +P < 0·01 versus cells without leptin treatment.
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