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Abstract—Low vitamin C and reduced alpha-carotene intake are associated with increased asthma
risk in children. In addition, mean serum vitamin A concentrations are significantly lower in asthmatic
children than in controls. All-trans retinoic acid (ATRA) is a derivative of vitamin A. Macrophage-
derived chemokine (MDC) is a T helper cell-type 2 (Th2)-related chemokine involved in the recruitment
of Th2 cells toward inflammatory sites. On the other hand, Th1-related chemokine, interferon-inducible
protein 10 (IP-10)/CXCL10 is also important in allergic inflammation. Both Th1- and Th2-related
chemokines play an important role in allergic asthma. To survey whether ATRA and ascorbic acid effect
Th1- and Th2-related chemokine expression in monocytes. To test this, THP-1 cells were pre-treated
with ATRA or ascorbic acid and stimulated by lipopolysaccharide (LPS) or poly I:C. Supernatants were
measured for Th2-related (MDC) and Th1-related (IP-10) chemokine concentrations by ELISA. The
effects of ATRA on mitogen-activated protein kinase (MAPK) and NFkb were evaluated with Western
blotting. After stimulation, ATRA significantly down-regulated MDC and IP-10 in a dose-dependent
manner. Similarly, ascorbic acid reduced the LPS-induced changes in MDC but only with a high dose.
However, asorbic acid had no effect on IP-10 changes either induced by LPS or poly I:C. RT-PCR
showed ATRA inhibited IP-10 expression through decreasing the level of transcription. Furthermore,
ATRA suppressed the expression of LPS-stimulated c-Raf, MKK1/2 and ERK expression of THP-1
cells. In conclusion, ATRA suppressed Th2- and Th1-related chemokines expression in THP-1 cells, at
least in part via the c-Raf-MKK1/2-ERK/MAPK pathway.

KEY WORDS: all-trans retinoic acid; macrophage-derived chemokine; interferon-inducible protein 10; ERK;
monocyte.

INTRODUCTION

Asthma is a chronic inflammatory disorder of the
airway [1]. Infiltrating eosinophils, macrophages, Th2
cells, and monocytes comprise the largest proportion of
cell-types within the airways of patients with allergic
asthma. In addition, these cell-types are associated with
airway hyper-reactivity [2]. T helper cell-type 2 (Th2)
immunoregulatory cytokines play a central role in the
pathogenesis of allergic asthma [2]. In addition, low
vitamin C and alpha-carotene intake are associated with
increased asthma risk in children [3]. Moreover, vitamin
A deficiency remains a persistent problem in the
developing world where environmental air pollution is
increasing. Vitamin A is an essential micronutrient and
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plays important roles in the immunity and maintenance
of normal epithelial cell differentiation [4]. Asthmatic
children possess significantly lower mean serum vitamin
A concentrations compared to age-matched controls.
Thus, vitamin A hypovitaminosis in asthmatic children
may not only be involved in the acute phase response,
but may also contribute to the various degrees of chronic
epithelial damage in asthmatic airways [4]. Furthermore,
there is a correlation between vitamin A deficiency and
the mechanism of asthmatic response [4]. In addition,
retinoic acid can suppress IL-4-induced eotaxin produc-
tion in airway epithelial cells [5]. Macrophage-derived
chemokine (MDC) is a Th2-related chemokine which
can recruit CC chemokine receptor 4-bearing Th2 cells
during allergen-challenged inflammation [6]. The Th1-
related chemokine, interferon-inducible protein 10 (IP-
10) /CXCL10 is also involved in the human allergic
pulmonary reaction [7]. Finally, plasma IP-10 and MDC
levels are increased in asthmatic children [8, 9]. Our
previous data showed that LPS could induce Th1-related
chemokine (IP-10) and Th2-related chemokine (MDC)
production in human monocytes [10]. However, there
are still no data examining the influence of all-trans
retinoic acid (ATRA), a derivative of vitamin A, on Th1-
and Th2-related chemokine expression in monocytes.
Therefore, we investigated whether ATRA could sup-
press the LPS-induced Th2-related chemokine (MDC)
and Th1-related chemokine (IP-10) expression in mono-
cytes. In addition, we explored the detailed mechanisms
underlying the effects of ATRA on LPS-induced chemo-
kine expression in monocytes.

METHODS

Cell Preparation

The human monocytic cell line, THP-1 (American
Type Culture Collection, Rockville, MD), was cultured
in RPMI 1640 medium (Sigma Chemical Co., St. Louis,
MO) supplemented with 10% fetal bovine serum,
100 U/mL of penicillin, and 100 μg/mL of streptomy-
cin at 37°C and 5% CO2 in a humidified incubator.
Cells were centrifuged and resuspended in fresh media
in 24-well plates at a concentration of 106/mL for 24 h
before experimental use. The cells were pre-treated with
ATRA, ascorbic acid (Sigma Chemical Co., St. Louis,
MO) or vehicle alone 2 h before LPS (0.2 μg/ml)
(Escherichia coli derived; Sigma Chemical Co., St.
Louis, MO) stimulation. Cell supernatants were

collected at different time points after LPS or
polyinosinic:polycytidylic acids [poly(I:C)] stimulation.

ELISA Assay

The MDC and IP-10 concentrations of cell super-
natants were determined using a commercially available
ELISA-based assay system (R&D System, Minneapolis,
MN). Assays were performed using the protocols
recommended by the manufacturer.

RNA Extraction and Real-time PCR

THP-1 cells were pre-treated with ATRA or
ascorbic acid (0.1, 1, and 10 μM) 2 h before LPS
(0.2 μg/ml) stimulation. The total RNA of cells was
extracted using RNeasy Mini Kits (Qiagen, Helden,
Germany) according to the manufacturer’s instructions.
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Fig. 1. The THP-1 cells were pre-treated with ATRA or ascorbic acid
2 h before LPS stimulation. Cell supernatants were collected for mea-
surement of MDC concentration after LPS stimulation for 6, 12 and
24 h. ATRA could significantly suppress LPS-induced MDC produc-
tion of THP-1 cells after LPS stimulation for 6, 12 and 24 h (a). Only
higher dose of ascorbic acid reduced LPS-induced MDC expression for
24 h (b).
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3 μg RNA from each sample was subsequently reverse-
transcribed to single-stranded cDNA in a 20 μl reaction
mixture using a SuperScriptTM First-Strand Synthesis
System with a RT-PCR kit (Invitrogen, USA).
Measurements were performed by an ABI PRISM
9700 HT sequence detection system (Applied
Biosystems, Foster City, CA) using a predeveloped
Taqman probe/primer combination for IP-10. Taqman
PCR was performed in a 10 μl volume using AmpliTaq
Gold polymerase and a universal master mix (Applied
Biosystems). Threshold cycle numbers were transformed
using the ΔΔCt (threshold cycle) and relative value
method as described by the manufacturer. These values
were expressed relative to β-actin, which was used as a
housekeeping gene by multiplexing single reactions.

Western Blotting

After 2 h with or without ATRA (0.1, 1, and
10 μM) treatments, the cells were stimulated with LPS
(0.2 μg/ml) for 1 h and then lysed with equal volumes of

ice-cold 150-μl lysis buffer. After centrifugation at
13,000 × g for 15 min, equal amounts of cell lysates
were analyzed by Western blot with anti-MAPK (p38,
ERK, and JNK) and anti-phosphor-p65 and anti-phospho-
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Fig. 3. THP-1 cells were pre-treated with ATRA 2 h before LPS stimula-
tion for 6 h. The total RNA of cells was extracted and the expression pro-
files were measured with real-time PCR. Each condition was expressed
relative to β-actin. The result showed that ATRA reduced IP-10 mRNA
amounts when THP-1 cells were stimulated with LPS.
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Fig. 2. The THP-1 cells were pre-treated (6, 12 or 24 h) with ATRA or ascorbic acid 2 h before LPS stimulation and then the IP-10 concentration was
measured by ELISA. ATRA (1–10 μM) significantly down-regulated LPS-induced IP-10 expression for 6, 12 and 24 h (a). ATRA could also reduce
Poly I:C-induced IP-10 expression for 24 h (b). However, IP-10 induction from LPS and Poly I:C treatments could not be reduced by treatment with
ascorbic acid (c and d).
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MAPK (pp38, p-ERK and p-JNK) antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA). Anti-p-c-Raf, anti-c-Raf,
anti-p-MKK1/2 and anti-MKK1/2 antibodies were also
used for evaluating c-Raf- MKK1/2 pathway (Santa Cruz
Biotechnology, Santa Cruz, CA). Immunoreactive bands
were visualized using a horseradish peroxidase-conjugated
secondary antibody and the enhanced chemiluminescence
(ECL) system (Amersham Pharmacia Biotech).

Statistical Analyses

All data are presented as mean±SD. One-way
analysis of variance was used for all statistical compar-
isons, and the Student-Newman–Keuls test was con-
ducted for multiple comparisons. A P value of <0.05
was considered indicative of significant differences.
SigmaStat software (Jandel Scientific, Erkrath, Ger-
many) was used for all statistical analyses.

RESULTS

ATRA Significantly Down Regulated LPS-Induced
MDC Expression of THP-1

ATRA (0.1–10 μM) significantly down-regulated
LPS-induced MDC production of THP-1 cells after LPS
stimulation for 6, 12 and 24 h (Fig. 1a). Only a high
dose (10 μM) of ascorbic acid could suppress the
production of LPS-induced MDC (Fig. 1b).

ATRA Suppressed LPS or Poly I: C-induced IP-10
Expression of THP-1 Cells

ATRA (0.1–10 μM) significantly down-regulated
LPS-induced IP-10 expression for 6, 12, and 24 h
(Fig. 2a). ATRA cold also suppress Poly I:C-induced IP-
10 expression (Fig. 2b). However, IP-10 increases from
LPS and Poly I:C induction could not be reduced by
treatment with ascorbic acid (Fig. 2c,d). Furthermore,
ATRA significantly reduced the amount of IP-10 mRNA
when THP-1 cells were stimulated with LPS (Fig. 3).
These findings demonstrate that ATRA could regulate IP-
10 expression, at least at the transcriptional level.

Vitamin A Significantly Down-Regulated
LPS-Induced pERK Expression of THP-1 Cells

NFkB-related proteins, p65 and pp65 in THP-1
cells were slightly reduced when pre-treated with 10 μM
ATRA and stimulated with LPS (Fig. 4a). Mitogen-
activated protein kinases (MAPKs) are import for

cytokines expression of monocyte lineage [10, 11]. We
next examined whether the suppressive effect of ATRA
on Th1- and Th2-related chemokines is via inhibition of
MAPK. Pre-treatment with ATRA (0.1–10 μM) for 2 h
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Fig. 4. THP-1 cells were pre-treated with ATRA 2 h before LPS stimula-
tion for 30 min. Cell lysates were used for Western blotting. NFkB-related
proteins, p65 and pp65 were slightly reduced when THP-1 cells
were treated with 10 μM ATRA and then challenged with LPS (a).
Pre-treatment with ATRA (0.1–10 μM) for 2 h dramatically sup-
pressed LPS-induced pERK/MAPK expression in THP-1 cells in a
dose-dependent manner (b). ATRA could decrease LPS-induced pp38
slightly, but not pJNK expression in THP-1 cells (c). C-Raf and MKK1/2
are the upstream signaling of ERK [12]. ATRA could also decrease p-c-
Raf and p-MKK1/2 expression, suggesting ATRA suppressed MDC
and IP-10 expression, at least, in part through c-Raf-MKK 1/2-ERK
pathway (d).
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dramatically suppressed LPS-induced pERK expression
in THP-1 cells (P<0.05) (Fig. 4b). Other MAPKs which
were also induced by LPS, such as pp38 was slightly
decreased, but pJNK was not regulated by ATRA
(Fig. 4c). C-Raf and MKK1/2 are the upstream signaling
of ERK [12]. Therefore, we next evaluated the upstream
pathway of ATRA. The results showed ATRA could also
decrease p-c-Raf and p-MKK1/2 expression, suggesting
ATRA suppressed MDC and IP-10 expression, at least,
in part through c-Raf-MKK 1/2-ERK pathway (Fig. 4d).

DISCUSSION

In recent decades, both the prevalence of autoim-
mune (Th1-related) and allergic (Th2-related) diseases
have increased, yet the causes of these diseases remain
unclear [13]. Asthma is one of the most common chronic
airway diseases and accounts for substantial morbidity
and health costs. House dust mite avoidance during early
childhood did not prevent the onset of allergies [14].
Vitamin supplementation is essential for a properly
functioning immune system. Stimulation of human
PBMCs and purified T cells with all-trans retinoic acid
and 9-cis-retinoid acid increased the mRNA and protein
levels of Th2 cytokines and decreased levels of Th1
cytokines upon activation with anti-CD3 and/or anti-
CD28 mAbs [15]. Therefore, the impact of retinoic acids
on pulmonary allergic reactions remains elusive. The
relationship between the supplementation of vitamins
and the risk of allergic diseases has been controversial
[16]. However, vitamin A is clearly involved in several
mechanisms of asthma. Diminished auto-inhibitory
muscarinic receptor-2 function contributes to the in-
creased airway responsiveness to pulmonary C-fiber
stimulation in vitamin A deficient rats [17]. Retinoic
acid also decreases the chemotactic ability of HMC-1
cells and may regulate the inflammatory effects of mast
cells, which are one of the most import cell-types
involved in asthma [18]. Our result also suggested that
ATRA regulated both Th1- and Th2-related inflammatory
responses which are important in asthmatic reactions.

Exposure to airborne endotoxins (such as LPS) in
infancy may protect against asthma by promoting
tolerance to allergens later in life. However, LPS
adversely affects patients with asthma in later life [19].
LPS can induce the Th1-related chemokine (IP-10) and
the Th2-related chemokine (MDC) production in human
monocytes [10]. In addition, the Th1- and Th2-related
chemokines play an important role in human allergic

asthma [8, 9, 20]. Several anti-allergic or anti-asthmatic
medications, such as mast cell stabilizers and leukotriene
receptor antagonists, have some effects on chemokine
expression or chemokine-induced chemotaxis [10, 21].
In the present study, the suppressive effects of retinoic
acid on LPS-induced Th1- and Th2-related chemokine
expression suggested that the chemotactic abilities of
Th1 and Th2 cells could be suppressed. Thus, vitamin A
may be beneficial for asthma and autoimmune diseases
via inhibition of Th2- and Th1-related chemokines.

Rhinovirus-induced asthma is the most frequent
trigger for asthma exacerbations. Serum IP-10 is often
increased during these infections and is a novel
biomarker of rhinovirus-induced asthma exacerbations
[22]. Increased serum IP-10 levels were strongly
associated with severe airflow obstruction and predictive
of virus-induced asthma [23]. Polyinosinic:polycytidylic
acids [poly(I:C)] is a synthetic mimetic of dsRNA and
functions through an endosomal receptor, such as Toll-
like receptor 3, or cytosolic receptors and can activate
innate immunity [22]. MDCs play a role not only in
asthma but also in allergic rhinitis [8, 24]. MDCs were
increased in the exhaled breath condensate and plasma
in children with asthma [25]. The clear suppression of
LPS- and poly I:C-induced IP-10 and MDC production
in monocytes by ATRA suggested that ATRA may be
good for the treatment of Th1-related inflammation of
rhinovirus-induced asthma, as well as allergic rhinitis. In
our previous study, MAPK played an important role for
Th1- and Th2-related chemokine expression in mono-
cytes [10]. The dose-dependent suppression of LPS-
induced ERK/MAPK expression by ATRA suggested
the effect of ATRA on chemokine production in
monocytes may at least, in part, through inhibition of
the ERK/MAPK pathway.
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