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Summary

Levamisole is a synthetic phenylimidazolthiazole that was first introduced in
1966 as an anti-helmintic agent. Current studies have been focused upon its
effect on immune response and on cancer treatment. We examined the
molecular mechanisms of levamisole in the activation and maturation of
human monocyte-derived dendritic cells (DC) and human T cells. Treatment
of DC with levamisole increased the presentation of CD80, CD86, CD83 and
human leucocyte antigen D-related (HLA-DR) molecules on the cell mem-
brane, as well as the production of interleukin (IL)-12 p40 and IL-10.
Levamisole-treated human DC also enhanced T cell activation towards type 1
T helper immune response by inducing interferon-g secretion. Neutralization
with antibodies against Toll-like receptor (TLR)-2 inhibited levamisole-
induced production of IL-12 p40 and IL-10, suggesting a vital role for TLR-2
in signalling DC upon incubation with levamisole. The inhibition of nuclear
factor-kB, extracellular signal-regulated kinases 1/2 or c-Jun N-terminal
kinases pathways also prevented the effects of levamisole on DC in producing
IL-12 p40 or IL-10. Taken together, levamisole could enhance immune
response towards T helper 1 development through the activation of dendritic
cells or T cell aspects.
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Introduction

Levamisole, a synthetic phenylimidazolthiazole, is a potent
antihelmintic agent that was first introduced in 1966 [1].
Regarded as an immune-enhancing agent, it is useful in the
treatment of leprosy based on an Indian clinical trial [2];
however, levamisole has also been reported as being ineffec-
tive in human monocyte cytotoxicity or expression of
human leucocyte antigen D-related (HLA-DR), HLA-DQ,
HLA-DP and the Fc receptor [3]. Similarly, levamisole has no
significant effect on the activation of T cells or natural killer
(NK) cells, and cannot enhance the proliferation of lympho-
cytes from normal donors [3].

None the less, current investigations of levamisole are
centred around its effect on the immune response and on the
treatment of cancers [4]. Although its mode of action on the
immune system remains unknown, its clinical application
has been demonstrated in the treatment and prevention of
atopic disease. Recently, it was shown that levamisole can
skew the T helper 2 (Th2) immune response towards the Th1
response via induction of interleukin (IL)-18 on brown

Norway rats [5]. Other studies have demonstrated its influ-
ence on the course of allergic disease by shifting the Th2-
dominant immunity more towards Th1-mediated response
on BALB/c mice [6]. Thus, in some indeterminate way, it can
modulate the immune system.

Dendritic cells (DC) are the most professional antigen-
presenting cells (APCs) whose primary function is to
capture, process and present antigens to unprimed T cells
[7]. After immature DC capture and process antigens, they
lose their antigen-processing activity and become potent
immunostimulatory cells that express a high level of major
histocompatibility complex (MHC) class II, co-stimulatory
molecules (CD80 and CD86) and specific DC maturation
marker (CD83) [8,9]. Two lineages of DC regulate Th1 and
Th2 development, while the monocyte-derived lineage
(DC1) stimulates Th1 cell differentiation and plasmacytoid/
lymphoid DC (DC2) induces Th2 cell differentiation [10].

DC may play a role in Th1/Th2 switching and in modu-
lating regulatory T cells. It can either stimulate immune
responses or induce immune tolerance, depending upon
its mature state [7]. Because of the immunoregulatory
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properties of dendritic cells, their role in asthma and other
atopic disorders has been suggested and can be the basis for
the development of new treatments.

The exact effects of levamisole on human DC are yet to be
defined. In the present study, we examined the molecular
mechanisms of levamisole on the activation and maturation
of human monocyte-derived DC.

Materials and methods

Reagents

Levamisole was purchased from Sigma Chemical Co. (St
Louis, MO, USA). Escherichia coli lipopolysaccharide (LPS)
(L8274, E. coli) was purchased from Sigma Chemical Co.
Isotopes were obtained from Amersham Corp. (Arlington
Heights, IL, USA), while neutralization antibodies (without
sodium azide) against Toll-like receptor (TLR)-2 and TLR-4
were purchased from eBiosciences (San Diego, CA, USA),
and helenalin, SB203580, PD98059 and c-Jun N-terminal
kinase (JNK) inhibitor II were purchased from Calbiochem
(Darmstadt, Germany). These inhibitors were dissolved in
dimethyl sulphoxide (DMSO), where a 0·1% (v/v) concen-
tration of DMSO was used as a negative control whenever
indicated. Treatment of immature DC with these inhibitors
(helenalin, SB203580, PD98059 and JNK inhibitor II) before
stimulation was performed for 60 min.

Generation of human DC

Human DC were generated from peripheral blood mono-
nuclear cells (PBMC), as described previously [11–13], with
some modification. Briefly, PBMC were obtained from
healthy donors by centrifugation with Ficoll-Hypaque
(Pharmacia) and the light–density fraction from 42·5 to 50%
interface was recovered. CD14+ cells were purified by positive
selection using anti-CD14+ microbeads in conjunction with
the mini-magnetic affinity cell sorting (MACS) system fol-
lowing the manufacturer’s instructions (Miltenyi Biotec,
Auburn, CA, USA). The CD14+ cells were cultured at 1 ¥ 106

cells per 1 ml RPMI-1640 medium in 24-well plates (Costar,
Cambridge, MA, USA) with granulocyte macrophage-
colony stimulating factor (GM-CSF; 800 U/ml) and IL-4
(400 U/ml). Fresh medium containing GM-CSF and IL-4
was added every 2–3 days. Human monocyte-derived DC
were used routinely on day 6 of culture.

Medium

Tissue-culture medium consisted of RPMI-1640 supple-
mented with 25 mM HEPES buffer, antibiotics, 1 mM
l-glutamine and 10% fetal calf serum (FCS).

Determination of cytokine levels

Levels of IL-12 p40, IL-12 p70, IL-10, IL-5 and interferon
(IFN)-g in the culture supernatant from DC or T cells were

determined using an enzyme-linked immunosorbent assay
(ELISA) kit (R&D Systems, Minneapolis, MN, USA) follow-
ing the manufacturer’s instructions.

Flow cytometric analysis

DC were harvested and washed with cold fluorescence acti-
vated cell sorter (FACS) buffer [phosphate-buffered saline
(PBS) containing 2% FCS and 0·1% sodium azide]. Cells
were then incubated in cold buffer. Subsequent staining with
monoclonal antibodies (mAb) or isotype-matched controls
were performed for 30 min at 4°C. Stained cells were then
washed twice and resuspended in cold buffer and analysed
with a FACSort cell analyser (Becton Dickinson, San Jose,
CA, USA). More than 1 ¥ 104 cells were analysed for each
sample. CellQuest software (Becton Dickinson) was used to
analyse the results.

Allogenic mixed leucocyte reaction (MLR)

PBMC were obtained as described above and naive CD4+ T
cells were purified from PBMC using magnetic beads (Milte-
nyi Biotec). The allogenic CD4+ T cells obtained were dis-
tributed at 2 ¥ 105 cells per well and incubated for 3 days in
the presence of graded numbers of irradiated DC (3000 rad,
137Cs source). Cell culture supernatants were collected and
were analysed for IL-5 and IFN-g by ELISA. Tritiated thymi-
dine (1 mCi/well; New England Nuclear, Boston, MA, USA)
incorporation for 18 h was determined using a liquid
counter.

Neutralization experiments

Human DC were preincubated for 1 h with 20 mg/ml anti-
body solution of TLR-2 or TLR-4. Levamisole was then
added for 48 h. The cell culture supernatant was collected
and analysed for IL-12 p40 and IL-10 by ELISA.

Statistical analysis

All the assays were performed in duplicate and the experi-
ments were repeated at least twice. Student’s t-test was used
to analyse the results. A P-value < 0·05 was considered
statistically significant.

Results

Levamisole-induced IL-12 p40 and IL-10 production
in human DC

To determine if levamisole affected cytokine production in
human DC, we compared cytokine concentrations in the
supernatants of DC cultured with 1 mM of levamisole, which
enhanced the production of IL-12 p40 and IL-10 secretion
(Fig. 1). We also measured the production of IL-12p70. Only
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low levels were induced and there were no significant differ-
ences between groups (data not shown).

Levamisole-enhanced LPS-induced IL-12 p40 and IL-10
production in human DC

LPS has been described as an inducer of DC activation and
maturation. In this experiment, we wanted to determine if
levamisole could enhance the maturation of LPS-induced
DC. We compared the cytokine concentration of IL-12 p40
and IL-10 in the supernatants of DC co-cultured with
levamisole (1 mM) and LPS (10 ng/ml). The results demon-
strated that, to a limited extent, levamisole could enhance the
LPS-induced DC secretion of IL-12 p40 and IL-10 (Fig. 2).

Levamisole-treated human DC enhanced T cell
activation towards a Th1 immune response

Mature DC have the capacity to induce activation in allo-
genic T cells at a higher level than immature DC. In human
DC, levamisole up-regulated cell-surface markers and
increased IL-12 and IL-10 production. To test whether this
maturation is sufficient to promote activation of naive T
cells, DC were treated with LPS (10 ng/ml) or levamisole
(1 mM) for 48 h. These DC were then used to activate allo-
genic, naive T cells. Results showed that levamisole-treated
DC enhanced T cell activation towards type 1 cytokine
balance, as evidenced by the higher secretion of IFN-g in the
culture supernatant when the DC/T cells ratio was higher
(Fig. 3a). We could not see the down-regulatory ability of
levamisole on Th2 cytokine production (Fig. 3b), as IL-5
levels were not decreased significantly independently of the
DC/T cells ratio. Allogenic T cell proliferation was measured
after 5 days of co-culture with DC. It was interesting
to determine whether levamisole-treated DC could not
enhance T cell proliferation (Fig. 3c).

Levamisole-induced IL-12 p40 and IL-10 synthesis
through TLR-2

TLRs have been demonstrated to be involved in the human
innate immune system against bacteria, virus or fungus.
Neutralization experiments were performed to determine
the involvement of these receptors in the interaction of DC
with levamisole. Cell-surface TLR-2 and TLR-4 receptors
were blocked by neutralizing concentrations of their respec-
tive antibodies before DC treated with levamisole 1 mM.
Anti-TLR-2 mAb blocked levamisole-induced IL-12 p40 and
IL-10 production by almost 80% and 50%, respectively.
However, the anti-TLR-4 mAb failed to inhibit levamisole-
induced IL-12 p40 and IL-10 production (Fig. 4).

Signal pathways involved in the maturation changes of
DC induced by levamisole

Levamisole-treated DC produced IL-12 p40 and IL-10 levels
during maturation (Fig. 1). We investigated if levamisole-
mediated secretions of IL-12 p40 and IL-10 were affected by
inhibitors of NF-kB, p38 mitogen-activated protein kinase
(MAPK), p42/44 extracellular signal-regulated kinases
(ERK)1/2 and p46/54 c-Jun N-terminal kinases (JNK).
Immature human DC were pretreated with helenalin (a spe-
cific blocker of NF-kB), SB203580 (a specific blocker of p38
MAPK), PD98059 (an inhibitor of the ERK pathway) or JNK
inhibitor II (an inhibitor of the JNK pathway) for 1 h at 37°C
and stimulated subsequently with levamisole for 48 h. The
levels of IL-12 p40 and IL-10 were determined by ELISA. The
IL-12 p40 secretions were abrogated by helenalin and JNK
inhibitor II. Thus, NF-kB and JNK pathways were involved
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Fig. 1. Levamisole-induced interleukin (IL)-12 p40 and IL-10

production in human dendritic cells (DC). The data represent the

mean � standard error for two determinations. Statistical analysis

focused on unstimulated versus stimulated DC. *P < 0·05.
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Fig. 2. Levamisole-enhanced lipopolysaccharide (LPS)-induced

interleukin (IL)-12 p40 and IL-10 production in human dendritic

cells (DC). The data represent the mean � standard error of two

independent experiments. Statistical analysis focused on DC with or

without levamisole in the presence of LPS. *P < 0·05.
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in the secretion process of levamisole-induced DC IL-12 p40
(Fig. 5).

Because IL-10 secretion is abrogated when blocked by
helenalin, PD98059 or JNK inhibitor II, the effect of
levamisole-enhanced IL-10 secretion might be modulated
through the NF-kB, ERK1/2 or JNK pathways. These results
show that certain features of human monocyte-derived DC
maturation are regulated by signalling via NF-kB, ERK and
JNK pathways. It implies that different aspects of the matu-
ration process induced by levamisole may be regulated by
distinct signal transduction pathways.

Discussion

Levamisole is an anti-helmintic agent that has also been used
to treat and prevent atopic diseases in several mouse models,
which has implicated its capacity in modulating the immune
system. In this study, we examined the mechanisms and
dynamics between human DC and lymphocytes regarding
several aspects. The results suggest that levamisole can
enhance the immune response towards Th1 development
through the activation of dendritic or T cell aspects.

The process of DC maturation starts by exposure to extra-
cellular stimuli, including inflammatory mediators, bacterial
products or membrane-bound ligands that convert the pri-
marily antigen-capture status of peripheral DC into a status
specialized for T cell activation [14,15]. DC express high
surface levels of MHC molecules, CD80, CD83 and CD86 in
their functionally maturing process [9]. In our study, levami-
sole alone can promote the maturation of DC, although not
intensely. Immature DC treated with levamisole for 48 h
show the characteristic morphology, with an enlarged size
and numerous cytoplasmic processes demonstrating a stel-
late appearance (data not shown).

To determine if levamisole could also modulate the
development of human DC in vitro, we analysed the phe-
notype of human DC treated with levamisole for 48 h to
those without. The results demonstrated that levamisole
increased the presentation of CD80, CD86, CD83 and
HLA-DR molecules on the cell membrane of human DC
compared to those of the control group (data not shown).
Even though the maturation markers on DC treated with
levamisole alone increased, it was not as obvious as those in
DC treated with LPS alone. Taken together, levamisole alone
could induce the maturation of human monocyte-derived
DC, alhough not strongly.
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Cytokines such as IL-12 and IL-10 can be secreted from
mature DC to help T cell activation. IL-12 plays a central role
as a link between the innate and adaptive immune systems.
Active IL-12 is a 70 kDa heterodimer (p70) consisting of two
covalently linked subunits, p35 and p40 [16]. IL-12 can
promote Th1 immune responses, induce the production of
large amounts of IFN-g from resting and activate T and NK
cells [17].

IL-12 is also capable of inducing its own inhibitor, IL-10,
and this negative-feedback mechanism limits ongoing T cell
activation [18]. We detected IL-12 p40 levels instead of IL-12
p70, which was too low to be detected. However, we did not
claim that IL-12 p40 had an independent role in activating a
Th1 immune response.

IL-10 is a homodimeric cytokine that is deeply involved in
the regulation of inflammatory responses and immune
reactions. It can induce regulatory T cells, down-regulate the
stimulatory or co-stimulatory molecules CD54, CD80 and
CD86 on monocytes and significantly affect the T cell-
activating capacity of myeloid dendritic cells [19]. IL-10 also
inhibits the generation of monocyte-derived dendritic cells
cultured with GM-CSF and IL-4 and induces the apoptosis
of plasmacystoid dendritic cells (DC2) [20].

We found that levamisole alone can stimulate DC to secrete
IL-12 and IL-10. Levamisole-induced IL-12 secretion exerts
its effect on the shifting immune balance towards Th1. Our
data show that levamisole can induce IL-10 secretion. Recent
evidence indicates that DC play an important role in activat-
ing regulatory T cells, inducing immune tolerance [21] and
regulating the balance of Th1/Th2 immunity [22]. Conse-
quently, levamisole-induced IL-10 secretion can be explained
as a regulatory effect on managing myeloid dendritic cells.
Levamisole, regarded as a Th1-biased immune-stimulating
reagent, can thus induce IL-12 and IL-10 secretion.

After proving that levamisole alone can stimulate the
maturation and secretion of IL-12 and IL-10, we studied the
effects of levamisole and LPS on functional DC responses.
Work on mouse models has shown that stimulating DC with
LPS results in a Th1 immune response, which may be due to
the induction of IL-12 production, thereby providing an
important signal for the Th1 shift in both mice and humans
[23]. Several studies have demonstrated that DC from adult
donors stimulated with LPS produced IL-12, whereas trig-
gering TLR-2 elicited IL-10 production instead [24,25]. In
addition, levamisole enhances LPS-induced DC secretion of
IL-12 p40 and IL-10, but to a limited extent. The cumulative
effects exist but are not obvious, possibly because levamisole
acts differently from LPS even though both consequently
induced the secretion of IL-12 and IL-10.

In our experiments using allogenic T cells, we proved that
levamisole could induce sufficient DC maturation to
promote the activation of naive T cells towards a Th1
response. However, we did not observe the inhibition of IL-5.
One explanation would be the absence of a Th2 environ-
ment, such that even if there was an inhibitory effect, these

data might not be observed. Several groups have also dem-
onstrated that LPS-treated DC could prime a Th1 response
to secrete IFN-g [13,26].

The discrepancy shown in our results indicate that
levamisole-treated DC cannot enhance the proliferation of
allogenic T cells, which can be carried out by DC treated with
LPS or DC alone. It is arguable that this is due to contami-
nation or unpractised manipulation. An alternative explana-
tion is that levamisole-treated DC secrete higher levels of
IL-10 and possibly activate regulatory T cells, which respond
by inhibiting proliferation. To test whether levamisole alone
has impact on naive T cells, we stimulated naive T cells with
only levamisole and in the absence of DC. The results
showed neither enhancement of proliferation nor cytokine
secretion (data not shown), which is consistent with results
from other groups [3].

Mammalian TLRs have been identified as an important
component of innate immunity against microbial pathogens
through the NF-kB-dependent and IFN-regulatory factor
(IRF)-dependent signalling pathway [27]. Different TLRs
co-operate in DC activation, while synergic TLR stimulation
increases the gene expression and protein secretion of IL-12
and IL-23, leading to DC with enhanced and sustained Th1-
polarizing capacity [28]. The TLR-4 agonist, LPS, can induce
exclusively IL-12p70, IFN-g and IFN-g inducible protein-10
(IP-10) expression in human DC [29]. In contrast, the acti-
vation of TLR-2 using lipopeptides and Porphyromonas gin-
givalis LPS preferentially induces IL-8, IL-10 and IL-23p19,
as well as the rapid release of IL-10 that is responsible for the
inhibition of IP-10 and IL-12p35 induction [30].

Our neutralization experiments with antibodies blocking
TLR-2 and TLR-4 have demonstrated that TLR-2 plays a
critical role in the signal transduction cascade induced by
levamisole. In DC treated with levamisole alone, the inhibi-
tion of TLR-2 function resulted in reducing IL-10 and IL-12
p40 secretion. Levamisole uses a cholinergic receptor to enter
cells in nematodes [31]. We can presume that levamisole
influences DC directly or indirectly with TLR-2, or in
co-operation with other receptors such as cholinergic recep-
tors on the surface of DC.

During the DC maturation process, NF-kB, the major p38
MAPK, ERK and JNK are activated in DC. Many proinflam-
matory cytokines display NF-kB-responsive elements in
their promoters [32], indicating a major role in the immune
response. Promoters of human IL-12 p35 and human IL-12
p40 genes contain kB-binding sites [16], thus illustrating
that NF-kB may affect IL-12 production. The lack of
kB-binding sites in the hIL-10 promoter makes it unlikely
that NF-kB is involved in IL-10 regulation [33].

Recently, it has been suggested that p38 MAPK is involved
in the regulation of IL-10 production [34]. Our study indi-
cates that NF-kB, p38 MAPK, ERK1/2 or JNK pathways may
be involved in the mechanism between levamisole and
human DC. All four pathways affect IL-10 synthesis, but only
the NF-kB and JNK pathways can alter IL-12 production.

Modulatory effects of levamisole on DC
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However, from an integral perspective the NF-kB pathway
has a significant impact on the mechanism of levamisole in
inducing IL-12 p40 and IL-10, because using the NF-kB
blocker helenalin decreases levamisole function significantly
to a level similar to those of control groups. In light of this
evidence, we can state that distinct signal transduction path-
ways can regulate different aspects of the maturation process
induced by levamisole.

Suppressing the Th2 immune response and eliciting the
Th1 immune response is clinically important, especially in
the prevention and treatment of atopic diseases. In
summary, levamisole alone can induce DC maturation and
the secretion of IL-12 and IL-10. Levamisole-treated DC can
activate allogenic T cells in secreting more IFN-g but not
inhibit IL-5 production. Future studies should focus upon
whether levamisole can inhibit Th2 response in vitro or
in vivo.
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