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Areca nut extracts suppress
the differentiation and
functionality of human
monocyte-derived dendritic
cells

Wang C-C, Chen T-Y, Wu H-Y, Liu T-Y, Jan T-R. Areca nut extracts suppress
the differentiation and functionality of human monocyte-derived dendritic cells.
J Periodont Res 2012; 47: 198-203. © 2011 John Wiley & Sons A/S

Background and Objective: Areca quid chewing, a major risk factor contributing to
the occurrence of oral cancer and precancer, has been reported to be associated
with the severity and high prevalence of periodontal diseases in areca quid
chewers. As dendritic cells are critically involved in the regulation of innate and
adaptive immunity in oral mucosa, the objective of the present study was to
investigate the effect of areca nut extracts (ANE) on the differentiation and
reactivity of dendritic cells derived from monocytes.

Material and Methods: Human peripheral blood monocytes were cultured in the
presence of granulocyte—monocyte colony-stimulating factor and interleukin-4 for
7 d to generate dendritic cells. To examine the effect of ANE on the generation of
dendritic cells, the monocytes were exposed to ANE throughout the 7 d culture
period. In addition, the effect of ANE on the maturation of monocyte-derived
dendritic cells induced by lipopolysaccharide (LPS) was examined.

Results: Monocytes cultured in granulocyte—monocyte colony-stimulating factor
and interleukin-4 exhibited a typical phenotype of dendritic cells, as evidenced by the
heightened expression of human leukocyte antigen (HLA)-DR, CD11c and the
co-stimulatory molecules CD40, CD80 and CD86. Exposure of the monocytes to ANE
did not influence the expression of HLA-DR and CD11c, but markedly attenuated
the proportion of CD40-positive cells and the mean fluorescence intensity of CD86.
The expression of co-stimulatory molecules in LPS-activated dendritic cells was not
affected, whereas the mRNA expression of interleukin-12 induced by LPS was
markedly suppressed by ANE treatment in a concentration-dependent manner.

Conclusion: These results suggest that ANE exposure interfered with the differ-
entiation of dendritic cells from monocytes. Moreover, the functionality of mature
monocyte-derived dendritic cells was attenuated in the presence of ANE.
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of the primary risk factors for oral
cancer and precancer, such as submu-
cous fibrosis (OSF) (2,3). In addition,
clinical studies demonstrated a high

Areca nut (Areca catechu) chewing is a
common habit in several southeastern
Asian countries (1,2). It has been well
documented that areca chewing is one

prevalence of periodontal infection in
areca chewers (4). Although the etiol-
ogy for areca-related oral diseases is
not fully understood, several



mechanisms associated with areca nut
chewing have been proposed, including
oxidative damage to the oral cells,
chronic inflammation in the oral cavity
caused by areca nut constituents (5-8)
and immune deterioration of the areca
chewers (9-11).

The major immunocompetent cells
found in the subepithelial connective
tissue and epithelium of OSF specimens
were lymphocytes, monocytes, macro-
phages, human leukocyte antigen
(HLA)-DR positive cells and Langer-
hans cells, which are the dominant den-
dritic cell subset within epidermis; in
addition, the number of Langerhans
cells is increased in the regions of OSF
and oral cancer (10-12). Changes in
cellular immunity and cytokine expres-
sion profile in patients with squamous
cell carcinoma or OSF have been
reported. For example, the frequencies
of proliferating T cells in tumor tissues
and peripheral blood of oral cancer
patients were significantly lower than
those in healthy individuals (13). In
addition, mitogen-stimulated prolifera-
tion and the expression of interferon-y
andinterleukin (IL)-2by T lymphocytes
were diminished in patients with head
and neck squamous cell carcinoma (14).
It has been further demonstrated that
peripheral mononuclear cells from OSF
patients secreted increased levels of
proinflammatory cytokines, including
IL-1, IL-6 and tumor necrosis factor-a,
and a decreased level of interferon-y in
comparison with normal control indi-
viduals (15). Taken together, these find-
ings indicate that alterations in cellular
immunity and the cytokine network may
play a role in the pathophysiology of
areca-related oral cancer and OSF.

Dendritic cells are highly efficient
and specialized antigen-presenting cells
that participate in the initiation and
regulation of both innate and adaptive
immunity. Interstitial dendritic cells
and Langerhans cells function as sen-
tinels at the front line of defense in the
oral mucosa (16). Upon the capture of
antigens, the immature dendritic cells
undergo maturation and migrate to
lymphoid organs to induce antigen-
specific T-cell responses against micro-
organism infection and tumor formation
(17,18). The important function of
dendritic cells in promoting anti-tumor
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immunity has led to intensive investi-
gation of the application of dendritic
cell-based immunotherapy for malig-
nancies (19-21). The phenotype of
dendritic cells changes during the
maturation process. Mature dendritic
cells are characterized by a decreased
capability of antigen uptake, but
increased expression of major histo-
compatibility complex and several
co-stimulatory molecules, such as
CD40, CD80 and CD86. The upregu-
lation of the co-stimulatory molecules
enhances the ability of dendritic cells to
stimulate  lymphocytes. Moreover,
mature dendritic cells can produce
IL-12, which promotes the develop-
ment of type 1 T helper cells and sub-
sequently  enhances  cell-mediated
immune responses (22).

Although alterations in cell-medi-
ated immunity in patients with OSF
and oral cancer have been docu-
mented, it is currently unclear whether
dendritic cells are influenced by areca
nut constituents. Notably, areca nut
extracts (ANE) have been shown to
interfere with the phagocytic and bac-
tericidal activity of neutrophils (23,24),
suggesting an inhibition by ANE of the
host defense mechanism against
pathogens. We also demonstrated that
ANE induced apoptosis of mouse
splenocytes in culture and modulated
T-cell-mediated immune responses
in vitro and in vivo (25,26). These results
suggest that some immune cells are
sensitive targets for areca constituents.
On the basis of these findings, we
hypothesized that ANE may affect the
differentiation and maturation of den-
dritic cells. To test the hypothesis, we
investigated the direct effect of ANE
on the differentiation and functionality
of human monocyte-derived dendritic
cells. We report here that exposure to
ANE interferes with the differentiation
of dendritic cells from monocytes and
suppresses the expression of IL-12 by
dendritic cells stimulated with lipo-
polysaccharide (LPS).

Material and methods

Reagents and ANE

All reagents were purchased from
Sigma-Aldrich (St Louis, MO, USA)
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unless otherwise stated. Areca nut
extracts were prepared as previously
described (27). The level of endotoxin in
the ANE was below the detection limit
(0.05 endotoxin unit/mL) measured by
an assay Kit (Kinetic-QCL®; Lonza
Walkersville Inc., Walkersville, MD,
USA). Reagents and antibodies used for
flow cytometry were purchased from
BD Biosciences (San Diego, CA, USA).
Reagents and enzymes used for RT-
PCR were purchased from Promega
(Madison, WI, USA).

Generation of dendritic cells and
ANE treatment

Dendritic cells were prepared from
peripheral blood monocytes as previ-
ously described (28). Briefly, peripheral

blood was collected from healthy
donors upon informed consent.
Mononuclear cells were separated

from the peripheral blood by standard
gradient centrifugation with Ficoll-
Hypaque (Amersham  Bioscience,
Uppsala, Sweden). The cells were see-
ded into six-well culture plates in
RPMI 1640 medium (GIBCO BRL,
Gaithersburg, MD, USA) supple-
mented with 10% fetal bovine serum,
100 U/mL penicillin and 100 mg/mL
streptomycin (referred as complete
RPMI), and cultured at 37°C in air
supplemented with 5% CO, for 2 h.
The adherent cells were collected and
further cultured in complete RPMI
containing granulocyte-monocyte col-
ony-stimulating  factor and IL-4
(1000 U/mL of each) for 7 d to gener-
ate dendritic cells. For some experi-
ments, the dendritic cells obtained were
left untreated (naive) or treated with
LPS (10 ng/mL) for 24 h to further
stimulate the maturation of dendritic
cells. To examine the effect of ANE on
the differentiation of monocytes to
dendritic  cells, peripheral blood
monocytes were left untreated (control
group) or exposed to ANE (10 and
20 pg/mL) throughout the entire 7 d
culture period. To investigate the
influence of ANE on the functionality
of dendritic cells, monocyte-derived
dendritic cells were pretreated with
ANE (1-20 pg/mL) for 30 min, fol-
lowed by LPS stimulation for 24 h.
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Flow cytometry

The expression of surface markers by
dendritic cells was analyzed using flow
cytometry. Cells were washed with an
ice-cold washing buffer (phosphate-
buffered saline containing 1% fetal
bovine serum and 0.02% sodium
azide), and then stained with fluores-
cein isothiocyanate-conjugated mouse
monoclonal antibodies against CD11b,
CDllc, CDI4, CD80, CD86 and
HLA-DR for 30 min on ice. For
staining of CD40, cells were incubated
with mouse anti-CD40 monoclonal
antibodies for 60 min on ice. After
washing, a fluorescein isothiocyanate-
conjuated goat anti-mouse IgG
secondary antibody was added. After
another washing, the stained cells were
analyzed using a flow cytometer (BD
Biosciences, San Jose, CA, USA). The
fluorescein  isothiocyanate emission
was detected in the FL1 channel using
an emission filter of 525 nm. The data
were analyzed using wiNmDI 2.7 soft-
ware (Scripps Research Institute,
La Jolla, CA, USA). Data are expressed
as the percentage of positive cells and
the mean fluorescence intensity (MFI)
of the stained cells.

Isolation of RNA and RT-PCR

Total RNA was isolated from cells
using TRI reagent (Sigma-Aldrich, St.
Louis, MO, USA) following the sup-
plier’s instructions. All RNA samples
were confirmed to be free of DNA
contamination, as determined by the
absence of product after PCR amplifi-
cation in the absence of RT. Comple-
mentary DNA was reverse transcribed
using oligo(dT);s as primers. The PCR
for IL-12 p40 and the housekeeping
gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was per-
formed as previously described (29).
The PCR products were electropho-
resed and visualized by ethidium bro-
mide staining. Quantification was
performed by assessing the optical
density of DNA bands using an imag-
ing system (BioDoc-It™; UVP, Upland,
CA, USA). The expression of GAPDH
was used as control for semi-quan-
tification. The primers used in this
study are as follows: 5- CCAAGAA-

CTTGCAGCTGAAG-3’" and 5- GA-
CACAACGGAATAGACCCA-3’ for
IL-12B; and 5-TGAAGGTCGGAG-
TCAACGGATTTGGT-3" and 5-CA-
TGTGGGCCATGAGGTCCACCAC-
3’ for GAPDH.

Cytotoxicity assay

The cytotoxicity of ANE to monocyte-
derived dendritic cells was determined
by the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT)
assay previously described (30). Briefly,
the cells (2 x 10° cells/mL) were cul-
tured in quadruplicate (100 pL per
well) in 96-well culture plates. The cells
were either left untreated (naive) or
pretreated with ANE (10-40 pg/mL)
for 30 min followed by stimulation
with LPS (10 ng/mL) for 24 h. An
MTT stock solution (5 mg/mL in
phosphate-buffered saline) was then
added to each well (10 puL per well) and
incubated for 4 h. The formazan
formed was dissolved with lysis buffer
(10% sodium dodecyl sulfate in
N,N-demethylformamine) overnight in
the dark, and then the plates were read
at 570 nm using 630 nm as back-
ground reference.

Statistical analysis

The data are expressed as mean-
s = SEM for each treatment group in
the individual experiments. Normality
and homoscedasticity of data were
tested by the Shapiro—Wilk test and
Bartlett’s test, respectively. Analysis of
variance was performed by one-way
ANOVA. Dunnett’s two-tailed ¢-test
was employed to compare treatment
groups with the control group. A value
of p < 0.05 was defined as statistical
significance.

Results

Phenotypic analysis of monocyte-
derived dendritic cells

Peripheral blood monocytes were cul-
tured in complete RPMI supplemented
with granulocyte-monocyte colony-
stimulating factor and IL-4 (1000 U/
mL) for 7 d to generate dendritic cells.
The nonadherent cells were harvested

and the cell surface markers analyzed
using flow cytometry. It is known that
dendritic cells generated under the
employed protocol express high levels
of CD11c and HLA-DR, but lose the
expression of the monocyte marker
CD14 (19,28). As expected, the cells
obtained exhibited a typical phenotype
of immature dendritic cells, including
the upregulation of HLA-DR, CDllc
and several co-stimulatory molecules,
including CD40, CD80 and CDS86
(Table 1). In addition, the cells were
negative for CD11b and CDI14, con-
firming that they were not moncytes/
macrophages.

Areca nut extracts interfered with the
phenotypic differentiation of
dendritic cells

To investigate the effect of ANE on the
dendritic cell differentiation, ANE (10
or 20 pg/mL) were added into the
monocytes cultured in complete RPMI
containing granulocyte-monocyte col-
ony-stimulating factor and IL-4
(1000 U/mL) for the generation of
dendritic cells for 7d as described
above. The nonadherent cells were
collected and their expression of sur-
face markers was examined. As shown
in Table 1, the presence of ANE
(20 pg/mL) for 7 d markedly attenu-
ated the percentage of CD40-positive
cells compared with the untreated
control cells. A slight decrease in the
percentage of HLA-DR-positive and
CD11c-positive cells was also noticed,
but not statistically significant. In
addition, the MFI of CD86 was also
significantly attenuated in cells treated
with ANE (20 pg/mL). The expression
of the other surface markers measured,
including CD11b, CD14 and CD80,
was unaffected by ANE treatment.

The effect of ANE on the maturation
and functionality of dendritic cells

It has been reported that the matura-
tion of dendritic cells can be driven by
LPS or proinflammatory cytokines
(17). We therefore cultured monocyte-
derived dendritic cells in the presence
of LPS (10 ng/mL) for 24 h to fur-
ther stimulate their maturation. As
shown in Table 2, the percentage of
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Table 1. Areca nut extracts (ANE) attenuated the expression of CD40 and CD86 during the differentiation of monocytes to dendritic cells®

Percentage of positive cells (MFI®)

Surface markers Control ANE (10 pg/mL) ANE (20 pg/mL)
HLA-DR 90.0 + 5.2 (266.1 + 61.3) 87.6 = 6.2 (428.6 + 78.3) 67.7 £ 20.3 (276.3 + 44.4)
CDI11b 34 + 0.7 (26.3 = 6.5) 33 + 1.2(25.2 = 10.4) 6.6 £ 5.0 (38.2 + 18.9)
CDllc 77.6 £ 17.7 (60.3 + 16.1) 67.0 £ 27.4 (62.9 + 17.6) 39.9 £ 36.9 (39.2 £ 14.2)
CD14 19.5 £ 103 (27.5 = 4.1) 7.5 + 3.8 (359 = 8.8) 14.1 £ 1.5(23.1 £ 3.8)
CD40 86.0 = 6.4 (92.8 = 8.5) 78.7 + 13.4 (127.9 £+ 30.3) 36.0 £ 10.8% (53.9 + 11.4)
CD80 57.3 £ 14.4 (309 £ 5.9) 30.6 £ 16.6 (43.5 £ 3.0) 49.7 £ 18.6 (38.2 £ 12.3)
CD86 69.3 + 8.4 (89.4 + 8.7) 749 + 7.3 (117.1 £ 7.8) 57.7 £ 13.9 (48.9 £+ 10.2%)

“Monocyte-derived dendritic cells were generated as described in the Materials and methods section. Peripheral monocytes were exposed to
ANE (10-20 pg/mL) for 7 d. Flow cytometry was used to measure the expression of surface markers.

°MFI, mean fluorescence intensity. Data are expressed as means + SEM of four independent experiments.

*p < 0.05 compared with the matched control group.

Table 2. No effect of ANE on the expression of surface markers by monocyte-derived
dendritic cells stimulated with lipopolysaccharide (LPS)*

Percentage of positive cells

LPS + ANE (pg/mL)

Surface marker Naive LPS 10 20

HLA-DR 89.6 + 8.4 87.8 + 10.3 912 £ 74 88.4 £ 9.7
CD40 96.5 + 1.3 97.9 + 0.3 97.7 +£ 0.9 95.5 + 4.7
CD80 76.3 £ 2.6 87.8 + 2.9" 854 + 64 78.7 + 0.5
CD83 144 + 44 18.6 £ 6.3 222 + 10.2 257 + 84
CD86 87.8 + 3.4 94.6 £ 1.5 87.3 + 8.0 90.5 + 5.6

“Monocyte-derived dendritic cells were pretreated with ANE (10-20 pg/mL), followed by
stimulation with LPS (10 mg/mL) for 24 h. The expression of co-stimulatory molecules was

determined using flow cytometry.

*p < 0.05 compared with the matched naive group.

CD80-positive cells was significantly
increased following LPS stimulation.
However, exposure of LPS-stimulated
dendritic cells to ANE (10 and 20 pg/
mL) did not affect the expression of
HLA-DR, CD40, CD80, CD83 and
CDg86 (Table 2). We next investigated
whether ANE affected the functional-
ity of dendritic cells. As IL-12 is a
critical cytokine expressed by dendritic
cells, the mRNA expression of IL-12
was studied. The results from RT-PCR
experiments demonstrated that LPS
treatment strongly induced IL-12
mRNA expression by the monocyte-
derived dendritic cells stimulated with
LPS (10 ng/mL; Fig. 1). Moreover, the
presence of ANE (5-20 pg/mL) signif-
icantly attenuated the IL-12 mRNA
expression (Fig. 1). Finally, we inves-
tigated whether ANE had a cytotoxic
effect on monocyte-derived dendritic
cells using an MTT assay. Our results

showed that exposure of dendritic cells
to ANE at concentrations up to 40 pg/
mL for 24 h did not affect the cell
metabolic activity (Fig. 2).

Discussion

Although it has been well documented
that altered cell-mediated immunity is
closely associated with the pathophys-
iology of areca-mediated oral diseases
(9-11), little is known pertaining to the
underlying mechanisms of the altered
immunity. Areca ingredients have been
reported to produce cytotoxicity and
genotoxicity to a variety of cells,
including lymphocytes, bone marrow
cells and oral cells (5,6,8,31). The
suppressive effects of ANE on the
functionality of neutrophils and
splenocytes have also been demon-
strated (24,25). We therefore investi-
gated whether ANE could interfere
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Fig. 1. Areca nut extracts (ANE) attenu-
ated the steady-state mRINA expression of
interleukin-12 (IL-12) by lipopolysaccharide
(LPS)-stimulated dendritic cells. Monocyte-
derived dendritic cells (5x 10° cells/mL)
were left untreated (naive; NA), or pre-
treated with ANE (1-20 pg/mL) for 30 min
followed by stimulation with LPS (10 ng/
mL) for 24 h. The total RNA was extracted
and the expression of IL-12 mRNA mea-
sured by RT-PCR. The level of mRNA of
housekeeping gene GAPDH was used to
normalize the expression of IL-12 mRNA
for semi-quantification. Data are expressed
as the means & SEM of triplicate sam-
ples.*p < 0.05 compared with the LPS
group. Results are representative of three
independent experiments.

with the differentiation and function-
ality of dendritic cells. Our data dem-
onstrated, for the first time, that ANE
markedly affected the differentiation of
dendritic cells, as evidenced by sup-
pression of the expression of co-stim-
ulatory molecules, including CD40 and



202 Wang et al.

_ 046

E o4 )

g 0.2 |

S o040 |

| ]

> 0.08

2 0.8

2 p04

=]

B p02 |

Y R E——  — -
NA LPS 10 20 40

ANE (ug/mL)

Fig. 2. The metabolic activity of LPS-stim-
ulated dendritic cells was not affected by
ANE treatment. Monocyte-derived den-
dritic cells (2 x 10° cells/mL) were left
untreated (naive; NA), or pretreated with
ANE (1040 pg/mL) for 30 min followed by
stimulation with LPS (10 ng/mL) for 24 h.
The metabolic activity of viable cells was
determined using an 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-tetrazolium bromide assay.
Data are expressed as the means + SEM of
quadruplicate cultures. Results are repre-
sentative of three independent experiments.

CD86, in monocyte-derived dendritic
cells (Table 1). Exposure to ANE did
not, however, influence the expression
of CDllc, a marker for dendritic cells
derived from the myeloid lineage (32).
Moreover, the ANE-exposed cells
remained CD14 negative. These data
suggest that the presence of ANE did
not affect the development of dendritic
cells under the experimental conditions
employed; however, the functional
differentiation of dendritic cells was
influenced.

In periodontal tissues, the Langer-
hans cells and interstitial dendritic cells
serve as a bridge to connect innate and
adaptive immunity against bacterial
challenges (16,33). In addition, an
increased number of Langerhans cells
in periodontitis and areca-mediated
oral diseases has been reported, impli-
cating a role for Langerhans cells in the
pathophysiology of the diseases (10—
12,33,34). At present, the identity of
the precursors of Langerhans cells in
the oral cavity is unclear. It has been
suggested that local monocytes might
be the precursor of oral mucosal Lan-
gerhans cells that become mobilized
and mature in response to inflamma-
tory cytokines and pathogen-associ-
ated molecules (33). It is well
established that dendritic cells are key

professional antigen-presenting cells
participating in cell-mediated immu-
nity against pathogens and tumor cells.
One of the primary mechanisms by
which dendritic cells upregulate the
host cell-mediated immunity is the
activation of antigen-specific T cells.
During the process of antigen presen-
tation to T cells, co-stimulatory mole-
cules expressed on dendritic cells
provide crucial activation signals that
supplement the primary signal deliv-
ered via the engagement of the T-cell
receptors by presented antigens (17).
Notably, we revealed that exposure of
monocytes to ANE for 7 d attenuated
the subsequent expression of CD40
and CD86 by dendritic cells derived
from the monocytes. On the basis of
these results, we speculate that the
co-stimulatory signals delivered by
dendritic cells to activate T cells may
be attenuated following ANE expo-
sure. As dendritic cells play a pivotal
role in the initiation of both innate and
adaptive immunity, the present results
suggest a potential mechanism that
may account for the deregulated cell-
mediated immunity in patients with
areca-associated oral diseases, which
has been previously reported in many
clinical studies (9,11,15,35).

We also investigated the influence of
ANE on the maturation and func-
tionality of monocyte-derived dendritic
cells. Our results showed an increased
percentage of CD80 expression in
dendritic cells stimulated with LPS for
24 h (Table 2), confirming the well-
known effect of LPS to enhance den-
dritic cell maturation (19). However,
the expression of surface antigens,
including CD40, CD80, CDS83 and
CD86, was not affected by ANE
treatment. These data are somewhat
surprising, as they are inconsistent with
the attenuation of CD40 and CDS86
expression in monocyte-derived den-
dritic cells exposed to ANE for 7 d.
Although the underlying mechanisms
for these contrasting effects are cur-
rently unclear, it is apparent that a
longer time of exposure (i.e. 7 d) to
ANE may be required to cause effects
on the differentiation of dendritic cells.
In addition, because ANE disrupted
the differentiation of dendritic cells
from monocytes, but not the further

maturation of dendritic cells stimu-
lated with LPS, it is possible that the
effect of ANE is influenced by the stage
of differentiation of dendritic cells.

While ANE did not affect the
expression of surface markers by
monocyte-derived dendritic cells stim-
ulated with LPS, the mRNA expres-
sion of IL-12 by the dendritic cells was
remarkably suppressed. To rule out the
possibility that ANE-induced suppres-
sion of IL-12 mRNA is mediated by
nonspecific cytotoxicity, we employed
an MTT assay to determine the influ-
ence of ANE on dendritic cell meta-
bolic activity. The results showed that
ANE at concentrations up to 40 pg/
mL were not cytotoxic to dendritic
cells (Fig. 2). Interleukin-12 is one of
the major cytokines expressed by acti-
vated dendritic cells (19). Interleukin-
12 induces a broad range of biological
effects, including the upregulation of
the development of type 1 T helper
cells (36), thereby enhancing cell-med-
iated immunity. Hence, in addition to
the inhibition of dendritic cell differ-
entiation, ANE-mediated attenuation
of IL-12 expression by dendritic cells
could be another critical feature of
areca-mediated immunotoxicity.

In summary, the present study
demonstrated, for the first time, the
suppressive effect of ANE on the dif-
ferentiation and functionality of den-
dritic cells. Given the critical role of
dendritic cells in cell-mediated immu-
nity, our data suggest that ANE-med-
iated downregulation of dendritic cell
differentiation and IL-12 expression
may be a critical mechanism contrib-
uting to the immune deterioration
reported in patients with areca-associ-
ated oral diseases.
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