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Introduction

Inflammation is a biological protective response to 
harmful stimulation. Inflammation is also associated 
with diseases such as rheumatic arthritis, diabetes, and 
even cancer (1 – 3). Monocytes and macrophages play  
an important role in induction of several inflammation 
responses (4). Coming from a human monocytic leukemia 
cell line, THP-1 cells can be differentiated by PMA  
into macrophages. Differentiated THP-1 macrophages 
have been used as an in vitro model to study human  
inflammatory diseases (5). PMA activates macrophages 
to produce pro-inflammatory mediators and pro-inflam-

matory cytokines, including cyclooxygenase-2 (COX-2), 
interleukin-1b (IL-1b), and chemokine C-C motif ligand 
5 (CCL-5) (6, 7). Therefore, IL-1b, COX-2, and CCL-5 
play a pivotal role in the regulation of inflammatory 
process. Ampelopsis brevipedunculata (A.bre), commonly 
called porcelain vine and very popular in Northeastern 
Asia, has been used to cure inflammatory and liver dis-
eases in folk medicine. Previous studies demonstrated 
that ethanol extracted A.bre decreases hepatic injury  
(8, 9) as well as exerts anti-hepatitis B virus activity (10). 
However, the anti-inflammation effects of the water  
extracted A.bre have not been investigated. In this study, 
the anti-inflammatory effects of water extracted A.bre in 
PMA-stimulated THP-1 macrophages were investigated 
by detecting the expression of pro-inflammatory media-
tors and pro-inflammatory cytokines such as IL-1b, 
COX-2, and CCL-5. Moreover, we examined whether 
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the inhibition of activated NF-kB and MAPK is critical 
for the anti-inflammatory functions of A.bre.

Materials and Methods

Materials
We obtained the human monocyte cell line THP-1 

from the American Type Culture Collection (ATCC; 
Rockville, MD, USA). The cells were cultured in RPMI 
medium (Welgene Incorporation, Daegu, Korea) supple-
mented with 10% (v/v) heat-inactivated fetal bovine  
serum (FBS; Hyclone Laboratories, Logan, UT, USA). 
The cells were incubated under 5% CO2 and 37°C and 
were subjected to a maximum of 20 cell passages.

Preparation of A.bre
A.bre leaves were collected directly by one of us, Hoe 

Nyoung Noh, in June 2010 in Korea. The water extracted 
A.bre was deposited in Prof. Se Chul Chun’s Laboratory, 
Faculty of Konkuk University (Seoul, Korea). The  
authenticity of the plant was confirmed by Dr. Suk  
Keun Park, a plant botanist in College of Life and  
Environment Science, Konkuk University.

Organic solvent and water extraction of A.bre
Leaves (1 kg) of Ampelopsis brevipedunculata (Korean 

name: Gaemeoru) were ground with a blender and  
mixed with 1 liter of ethanol. The ground leaves in  
ethanol were sonicated for 1.5 h and precipitated for  
1.5 h. The ground leaf suspension of ethanol was filtered 
with a vacuum pump. A 3-ml aliquot of the filtrate in 
ethanol was used to test as “ethanol extract materials” 
and the rest was evaporated, resulting in 1.667 g of the 
extract. The extract was then dissolved in 300 ml of 
miliQ water for further extraction by different organic 
solvents. After being mixed with 300 ml of n-hexane  
and placed into separating funnels with glass stopcock, 
the extract was again collected and evaporated, resulting 
in 0.07 g. With the same methods, the extracts of ethyl 
acetate, chloroform, and butanol were collected, resulting 
in 0.18, 0.15, and 0.19 g, respectively. The remaining 
materials were dissolved in water after all the organic 
solvent extracts were evaporated, and 0.95 g of the water 
extract was harvested.

Analysis of sugars
All organic solvent extracts did not have any anti- 

inflammatory activities except for water extract in  
preliminary tests, leading into analyzing sugars in water 
extract. Water extract was dissolved in 200 ml of  
deionized water. This solution was filtered with 1 m  
syringe filter (Pall Syringe Filters with PVDF Membrane, 
13 mm, 0.45 mm) and analyzed for HPLC. Analysis of 

the sugar was conducted with HPLC that is consisted of 
Waters 515 HPLC pump, Waters 717 Plus Auto-sampler, 
Waters 410 Differential Refractometer Detector, Waters 
Column Heater Module, Waters Pump Control Module, 
and Empower pro software. A solution of 75% acetonitrile 
was passed through a HPLC column, Grace Prevail 
Carbohydrate ES 5 mm (250 × 4.6 mm), with 0.9 ml/min 
in isocratic mode as indicated in the Table 1. Injection 
volume was 10 ml and sugars were detected with  
Waters 410 Differential Refractometer Detector (27°C). 
Reference materials of Monosaccharide kit, Disaccharide 
kit, Oligosaccharide kit, Sugar alcohol kit (Supelco; 
Sigma Aldrich Korea, Seoul, Korea) were used. The 
standards for HPLC were fructose, glucose, glycerol, 
lactose, mannitol, myo-inositol, ribose, sorbitol, trehalose, 
and xylose, which were used at the concentrations of 
0.5%, 1%, 2% in deionized water for HPLC analysis.

MTS assay
Cell viability was quantified using an MTS reagent. 

The MTS assay is a colorimetric assay that measures  
the activity of mitochondrial reductases that reduce tetra-
zoliun to formazan (11). The THP-1 (1 × 104 cells/well) 
cells were seeded in 100 ml medium in 96-well plates and 
then treated with A.bre at the ratio of 1/800 – 1/100 for 
24 h with 10 nM PMA. The effect of A.bre on cell  
proliferation was assessed by CellTiter 96 Aqueous  
One Solution Assay (Promega, Madison, WI, USA) 
containing MTS and phenazine methosulfate (PMS), an 
electron coupling reagent. An aliquot of 20 ml Aqueous 
One Solution reagent was added to each well, and the 
cells were incubated for another 1 h. Absorbance at  
492 nm was measured by a microplate reader (Apollo LB 
9110; Berthold Technologies GmbH, Bad Wildbad, 
Germany). The percentages of viable cells were estimated 
by comparison with untreated controls. The cell prolifera-
tion assay was repeated three times.

Table 1.  Analysis of sugars in the water extract of A.bre

Instrument Waters 515 HPLC pump

Waters 717 plus auto-sampler

Waters pump control module

Column Grace Prevail carbohydrate ES 5 mm 
(250 mm × 4.6 mm)

Mobile phase 75% Acetonitrile

Detection Waters 410 Differential Refractometer 
Detector

Flow rate 0.9 ml/min (isocratic mode)

Injection volume 10 ml

Oven temperature 27°C

Software Empower pro
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RNA extraction and mRNA expression analysis
The THP-1 cells (3 × 106 cells/well) were seeded in 

6-well plates. Cells were treated with water extracted 
A.bre (1/1600 – 1/400), JNK inhibitor SP600125 (10 mM) 
followed by PMA (10 nM) for 24 h. The treated cells 
were collected and lysed using the Easy-BLUE Total 
RNA Extraction kit (iNtRon Biotechnology, South  
Korea) according to the manufacturer’s instructions. The 
Oligo(dT)-primer RNA (5 mg) was reverse transcribed 
using M-MuLV reverse transcriptase (New England  
Biolabs, Beverly, MA, USA). RNA was converted to 
cDNA by RT-PCR using PROSTARTM (Stratagene,  
La Jolla, CA, USA). After cDNA was synthesized using 
Oligo(dT), the cDNA was PCR-amplified with a PCR 
thermal cycler Dice instrument (TaKaRa, Otsu). The  
following sets of primers were used; hIL-1b: 5′-
ATG GCA GAA GTA CCT AAG CTC GC (forward), 
5′-ACA CAA ATT GCA TGG TGA AGT CAG TT-3′ 
(reverse); COX-2: 5′-GAA ACC CAC TCC AAA CAC  
AG (forward), 5′-CCC TCG CTT ATG ATC TGT CT 
(reverse); CCL-5: 5′-GCT GTC ATC CTC ATT GCT AC 
(forward), 5′-CAT TTC TTC TCT GGG TTG GC (re-
verse); and GAPDH: 5′-TGA TGA CAT CAA GAA GGT  
GGT-3′ (forward), 5′-TCC TTG GAG GCC ATG TAG  
GCC-3′ (reverse). GAPDH was used as an internal  
control. The PCR products were separated on a 1.5% 
agarose gel and detected by ethidium bromide (EtBr) 
staining.

IL-1b and CCL-5 secretion assay
IL-1b and CCL-5 levels in culture supernatant were 

measured by sandwich ELISA (R&D System, Minneapolis, 
MN, USA). To detect the concentrations of IL-1b and 
CCL-5 in THP-1 cells, a flat-bottom 96-well plate was 
coated with mouse monoclonal anti-human IL-1b or 
CCL-5 antibody (4.0 mg/ml in PBS R&D Systems). The 
wells were incubated overnight at room temperature, 
washed three times with wash buffer [0.05% Tween-20 
in PBS (PBST)], and blocked with 300 ml 1% bovine 
serum albumin (BSA) in PBS for 1 h at room tempera-
ture. After washing the wells three times with PBST,  
100 ml of sample was added per well and incubated for  
2 h at room temperature. Recombinant human IL-1b and 
CCL-5 were used as standard. The wells were washed 
three times with PBST and incubated for 2 h at room 
temperature with 100 ml biotinylated goat anti-human 
IL-1b or CCL-5 at 200 ng/ml (1% BSA in PBS, R&D 
Systems). The wells were washed again with PBST and 
incubated with Streptavidin HRP in 0.1% BSA / 0.05% 
Tween-20 in PBS for 20 minute at room temperature, 
avoiding direct light. The wells were washed again and 
100 ml tetramethylbenzidine (TMB) was added to each 
well and incubated for 20 min at room temperature, 

avoiding direct light. To stop the reaction, 50 ml 2 NH2SO4 
was added to each well. Developed colors were detected 
on an Apollo LB 9110 microplate plate at 450 nm  
(corrected by absorption at 570 nm). The measurement 
was performed in triplicate.

Western blot analysis
The THP-1 cells (2 × 106 cells/well) were seeded and 

treated with water extracted A.bre (1/400) and/or protein 
kinase C (PKC)-delta inhibitor rottlerlin (10 nM) and/or 
pan PKC inhibitor Go6850 (10 mM) followed by 10 nM 
phorbol 12-myristate 13 acetate (PMA). The treated  
cells were collected by centrifugation at 5,500 rpm for  
5 min at 4°C. The cells were then washed with ice cold 
PBS and re-centrifuged at 5,500 rpm for 5 min at 4°C. 
The cell pellets were re-suspended in a lysis buffer  
[50 mM Tris (pH 7.4), 150 mM NaCl, 1% NP40, 0.1% 
SDS, 0.25% SDC, 1mM EDTA, 1 mM EGTA, 1 mm 
orthovanadate, aprotinin (10 mg/ml) and 0.4 mM PMSF 
(phenylmethylsulfonyl fluride)] at 4°C for 2 h. The  
lysate was centrifuged at 13,000 rpm for 30 min at 4°C 
before the supernatant was collected. We performed  
the Bradford assay (Biorad, Hercules, CA, USA) and a 
UV spectrophotometer (Bio-wave II; Biochrom WPA, 
Cambridge, UK) to equalize loading protein. Equal 
amounts of protein (50 mg) were subjected to 10% SDS-
PAGE and transferred to polyvinylidene difluoride 
membranes (Milipore, Billerica, MA, USA). The mem-
branes were incubated with blocking buffer [5% non-fat 
dry-milk in TBS containing 0.1% Tween-20 (TBST)] for 
1 h at room temperature. Membranes were then incubated 
with primary antibodies to extracellular signal–regulated 
kinase (ERK) 1/2, p-ERK 1/2, JNK1/3, p-JNK1/3, and 
phosphor-(Ser) PKC Substrate (Cell Signaling Technology, 
Danver, MA, USA) overnight at 4°C and washed three 
times for 10 min per wash with TBST. Membranes were 
incubated with HRP-conjugated rabbit or mouse IgG 
secondary antibodies for 1 h at room temperature. After 
washing three times for 10 min per wash by TBST,  
proteins were detected by enhanced chemiluminescence 
(ECL) solution (Amersham Bioscience, Buckinghamshire, 
UK) and x-ray film.

Cell fractionation
The THP-1 cells (2 × 106 cells/well) were seeded and 

pretreated with water extracted A.bre (1/400) and/or 
SP600125 (10 mM) followed by 10 nM PMA for 1 h prior 
to harvesting and fractionation with NE-PER Nuclear 
and Cytoplasmic Extraction Reagents (Thermo Fisher 
Scientific, Inc., Rockford, IL, USA) according to the 
manufacturer’s instructions. Briefly, cells were collected 
by centrifugation at 1,980 × g and 4°C for 5 min, washed 
with PBS, and re-centrifuged. The cell pellet was  
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suspended with buffer I, vortexed, and incubated on  
ice for 10 min. Buffer ІІ was added and the cells were 
incubated for 1 min prior to centrifugation at 16,000 × g 
and 4°C for 5 min, yielding a cytoplasmic extract as the 
supernatant. The insoluble pellet was then suspended  
in buffer III, incubated on ice for 40 min, and centrifuged 
at 16,000 × g for 10 min, yielding the nuclear extract as 
the supernatant. Equal quantities of protein from these 
extracts (50 mg) were separated by SDS-PAGE and then 
transferred to PVDF membranes; the remainder of the  
procedure was as described for the western blots. Primer 
antibodies to NF-kB p65, p50, and c-Jun were utilized 
for both the cytosol and nucleus fractions. PARP and  
b-actin were used as markers for nucleus and cytosolic 
proteins, respectively.

Luciferase assay for IL-1b promoter
The IL-1b promoter region (-126 to +11) was PCR-

amplified from THP-1 genomic DNA. The primer set 
was 5′-CCACCAATACTCTTTTCCCC-3′ (sense) and 
5′-CTGGCAGATACCAAACCTCT-3′ (antisense). The 
PCR product was digested with KpnI and BglII restric-
tion enzymes. The digested fragment (-126 to +11)  
was ligated into the pGL3-Basic vector (12). THP-1 cells 
(2 × 106 cells/well) were transfected overnight with 
pGL3- IL-1b promoter (1 mg) and pRL-null (Renilla,  
0.1 mg) using the NeonTM transfection system (Invitrogen, 
Carlsbad, CA, USA). Cells were treated with A.bre 
(1/400) and/or 10 nM rottlerin and/or 10 mM SP600125 
followed by 10 nM PMA for 24 h prior to lysis. The 
promoter activity was measured by using the Luciferase 
Reporter Assay System (Promega).

Results

The analysis of sugars in the water extract of A.bre
The water extract (10 × dilution of original extract)  

of A.bre contained d-glucose (2.62) and d-fructose (2.14 
g)/L most significantly, followed by d-ribose (1.04 g), 
myo-inositol (0.20 g), d-xylose (0.11 g), a-lactose (0.08 g), 
glycerol (0.08 g), and a sugar alcohol such as mannitol 
(0.03 g) (Table 2 and Fig. 1). These sugars are not  
specific as components of the polysaccharide. The bio-
logical activities may be attributed not to the types of 
sugar components but to the shape and chemical struc-
ture. To the best of our knowledge, the polysaccharides 
of A.bre never have been characterized and tested for 
their biological activities. The water extract of Ampelopsis 
brevipedunculata was designated as A.bre in the following 
experiments.

Effects of water extracted A.bre on cell viability in THP-1 
macrophages

The effects of A.bre on the viability of THP-1 cells 
were determined by MTS assay after incubating the  
cells for 24 h in the absence or presence of PMA. The 
cell viability was not affected by A.bre at a concentration 
up to 1/400 dilution (Fig. 2). Therefore, for all subse-
quent experiments, concentrations of A.bre less than 
1/400 were used.

Effects of water extracted A.bre on expression of IL-1b, 
CCL-5, and COX-2 in THP-1 cells stimulated by PMA

We investigated the effects of A.bre on PMA-induced 
IL-1b, CCL-5, and COX-2 mRNA levels. THP-1 cells 
were treated with 10 nM PMA in the presence or absence 
of A.bre (1/1600 – 1/400); then the mRNA expression 
levels of IL-1b, CCL-5, and COX-2 were measured  

Table 2.  Volatile compounds identified in water extracted A.bre

Component Equation R2 Standard error

Fructose Y = (3.64 × 102 × X) + (8.82 × 104) 0.9993 1.006583 × 104

Glucose Y = (3.04 × 102 × X) - (2.44 × 105) 0.9990 1.026878 × 104

Glycerol Y = (2.18 × 102 × X) + (3.87 × 105) 0.9979 1.077260 × 104

a-Lactose Y = (1.70 × 102 × X) - (3.11 × 104) 0.9969 1.022879 × 104

Mannitol Y = (3.41 × 102 × X) + (1.88 × 104) 0.9991 1.082126 × 104

myo-Inositol Y = (3.71 × 102 × X) - (6.37 × 103) 0.9404 1.009065 × 105

Ribose Y = (5.55 × 101 × X) - (3.96 × 104) 0.9999 1.003363 × 104

Sorbitol Y = (3.12 × 102 × X) + (1.94 × 104) 0.9999 1.091501 × 103

Trehalose Y = (1.56 × 102 × X) - (1.14 × 105) 0.9999 1.008643 × 104

Xylose Y = (9.47 × 10 × X) + (2.40 × 104) 0.9901 1.021213 × 104

Reference materials of the monosaccharide kit, disaccharide kit, oligosaccharide kit, and sugar alcohol kit 
were used. The standards for HPLC were fructose, glucose, glycerol, lactose, mannitol, myo-inositol,  
ribose, sorbitol, trehalose, xylose; and these standards were used at the concentration of 0.5%, 1%, and 
2% in deionized water for HPLC analysis.
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(Fig. 3A). PMA treatment significantly induced IL-1b, 
CCL-5, and COX-2 mRNA levels, while the pre-treatment 
of the THP-1 cell line with A.bre (1/1600 – 1/400)  
resulted in down-regulation of IL-1b, CCL-5, and  

COX-2 mRNA levels in a dose-dependent manner. In 
addition, western blot analysis showed that the expres-
sion of COX-2 was strongly increased by PMA, while 
the application of A.bre (1/1600 – 1/400) for 1 h prior  
to PMA treatment resulted in a marked reduction in  
the level of COX-2 protein in a dose-dependent manner 
in THP-1 cells (Fig. 3B). To determine whether A.bre 
affects the secretion of inflammatory cytokines in PMA-
stimulated THP-1 cells, the secretion levels of IL-1b and 
CCL-5 were detected using ELISA. As shown in Fig. 3C, 
the levels of IL-1b and CCL-5 significantly increased 
after PMA challenge compared with those of the control 
group, while the pretreatment with A.bre (1/1600 – 1/400) 
reduced the production of IL-1b and CCL-5 in a dose-
dependent manner. Altogether, the results showed that 
A.bre attenuated the inflammatory response via suppress-
ing productions of pro-inflammatory cytokine and  
chemokines such as IL-1b, CCL-5, as well as COX-2,  
a mediator of inflammation, in PMA-stimulated THP-1 
cells.

Effects of water extracted A.bre and PKC inhibitors  
on the phosphorylation of MAPKs in PMA-stimulated 
THP-1 macrophages

In order to determine whether the A.bre induced  
suppression of inflammation was mediated through a 

Fig. 1.  The HPLC analysis of sugar composition in the water extract of A.bre. The 10 sugars in the sugar composition of the 
sample were analyzed by comparing the spectrum of the sample and that of each standard, for which a standard curve was  
obtained; the peak area for each component of the sample was used to determine the amount of the component from the  
corresponding standard curve.

Fig. 2.  The cytotoxic effect of water extracted A.bre on PMA- 
treated THP-1 cells. THP-1 cells were pre-treated with water extracted 
A.bre in a dose-dependent manner (1/800 – 1/100) and then activated 
by PMA (10 nM) for 24 h. Cell proliferation was determined by  
MTS assay. The percentage of viable cells was calculated using 100% 
for stimulation in the absence of treatment. All data represents that  
the mean values and are expressed as the mean ± S.D. of 3 experi-
ments conducted in triplicate. The concentration of A.bre (1/400)  
was not cytotoxic compared to non-treated control cells (*P < 0.05).
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Fig. 3.  Effect of water extracted A.bre on IL-1b, CCL-5, and COX-2 expression. THP-1 cells were pre-treated with water  
extracted A.bre (1/1600 – 1/400) for 60 min then induced by PMA (10 nM) for 24 h. A) IL-1b, CCL-5, and COX-2 transcript  
expression was measured by RT-PCR. B) COX-2 protein was expression measured by western blot analysis. C) The concentration 
of IL-1b and CCL-5 in the supernatant was measured by ELISA. Data represent the mean ± S.D. of 3 experiments conducted in 
triplicates (*P < 0.05).

Fig. 4.  Effects of water extracted A.bre and PKC inhibitors on phosphorylation of JNK1/3, ERK1/2 in PMA-treated THP-1 
cells. A) THP-1 cells were treated with water extracted A.bre (1/400) and stimulated by PMA (10 nM) for 60 min. The protein 
levels of JNK1/3, ERK1/2 and their phosphorylated forms were measured by western blot analysis. B) THP-1 cells were treated 
with water extracted A.bre (1/400) and/or the PKC d inhibitor rottlerin (10 mM) and/or pan PKC inhibitor Go6850 (10 mM)  
followed by PMA (10 nM) for 60 min. The protein levels of JNK1/3, ERK1/2, and their phosphorylated forms were measured  
by western blot analyses.
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MAPK pathway, we assessed the effects of A.bre on the 
PMA-induced phosphorylations of ERK, JNK MAPKs 
in THP-1 macrophages. As shown in Fig. 4A, pre-treat-
ment with A.bre for 15, 30, and 60 min, at the concentra-
tion of 1/400 dilution, significantly inhibited the PMA-
induced phosphorylation of JNK in a dose-dependent 
manner, but not those of ERK and p38. In contrast, the 
expression levels of ERK1/2 and JNK1/3 MAPKs were 
unaffected by PMA or A.bre. We next studied the effect 
of PKCs on MAPKs activation in THP-1 cells induced 
by PMA, using the PKC-delta inhibitor rottlerlin and  
pan PKC inhibitor Go6850. The results showed that the 
PKC-delta inhibitor rottlerlin partially suppressed p-JNK 
protein level after 60-min treatment of PMA, while it  
did not inhibit p-ERK and p-p38 protein level. Moreover, 
co-treatment PKC-delta inhibitor rottlerlin and A.bre 
completely inhibited p-JNK. We also assessed pan PKC 
inhibitor to THP-1 treated with PMA. As we can see,  
the pan PKC inhibitor significantly inhibited 3 MAPKs 
(Fig. 4B).These results suggested that A.bre could inhibit 
the inflammatory effects through suppressing the PKC/
JNKs MAPK pathway.

The inhibitory effect of water extracted A.bre on PKC 
activity in PMA-treated THP-1 cells

To investigate whether A.bre suppresses the PKC  
activity, THP-1 cells were treated with 10 nM PMA  
in the presence or absence of A.bre (1/1600 – 1/400).  
We assessed the effects of A.bre on the PMA-induced 
phosphor-(Ser) PKC Substrate in THP-1 macrophages. 
As shown in Fig. 5, phosphor-(Ser) PKC Substrate level 
was enhanced with PMA treatment, whereas it was  
inhibited in a dose dependent manner by A.bre. These 
results suggested that A.bre regulated the JNKs MAPK 
signaling pathway via inhibiting PKC activity.

A.bre suppresses NF-kB translocation from cytosol to 
nucleus in PMA-stimulated THP-1 cells

To investigate whether the anti-inflammatory effects 
of A.bre are mediated via the NF-kB or AP-1 pathways, 
the nuclear translocation of p65, p50, and c-jun was  

detected by western blotting. As shown in Fig. 6A, the 
translocation of p65 into the nucleus was inhibited by 
A.bre, while translocations of p50 and c-jun were not 
affected by A.bre treatment. The data demonstrated that 
A.bre might exert the anti-inflammatory effects through 
the NF-kB pathway. We also elucidated the effect of 
JNK inhibitor on NF-kB p65 translocation. As shown  
in Fig. 6B, the JNK inhibitor SP600125 (10 mM) did  
not inhibit the NF-kB p65 translocation from cytosol to 
nucleus. These results indicated that the modulating  
effect of A.bre on NF-kB p65 translocation could not  
be mediated via the JNK MAPK pathway.

Effect of JNK inhibitor on IL-1b, CCL-5, and COX-2 
expression

In order to investigate whether JNK MAPK regulates 
IL-1b, CCL-5, and COX-2 expression, we used the JNK 
inhibitor SP600125. THP-1 cells were seeded and treated 
with water extracted A.bre (1/400) and/or SP600125  
(10 mM) followed by PMA (10 nM) for 24 h. Then 
mRNA levels of IL-1b and CCL-5 and COX-2 and  

Fig. 6.  Effects of water extracted A.bre and JNK inhibitor SP600125 
on expression of transcription factors NF-kB and AP-1 in PMA-
treated THP-1 cells. A) THP-1 cells were treated with water extracted 
A.bre (1/400) and stimulated by PMA (10 nM) in 60 min. The protein 
levels of p65, p50, and c-jun were measured by western blot analysis 
in the nucleus and cytosol extract. B) THP-1 cells were treated with 
A.bre (1/400) and/or JNK inhibitor SP600125 (10 mM), followed by 
PMA (10 nM) for 60 min. The protein level of p65 was measured by 
western blot analysis in the nucleus and cytosol extract.

Fig. 5.  Effect of water extracted A.bre on PKC activity. THP-1 cells 
were pre-treated with water extracted A.bre (1/1600 – 1/400) for  
60 min then induced by PMA (10 nM) for 60 min. The protein levels 
of phosphor-(Ser) PKC Substrate were measured by western blot 
analysis.
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COX-2 protein level were measured. The results showed 
that the JNK inhibitor SP600125 could partially inhibit 
IL-1b, CCL-5, and COX-2 expression and additionally 
suppressed by co-treatment of the JNK inhibitor 
SP600125 and A.bre. The data demonstrated that A.bre 
inhibited IL-1b, CCL-5, and COX-2 expression through 
JNK MAPK (Fig. 7: A and B).

A.bre inhibits IL-1b promoter activity mediated via PKC 
activation in PMA-treated THP-1 cells

In order to inquire whether A.bre would inhibit IL-1b 
promoter activity and which pattern this follows, the 
PKC delta inhibitor rottlerlin and JNK inhibitor SP600125 
were used as described. Luciferase activity of cells  
pretreated with A.bre or the PKC-delta inhibitor rottlerlin 
was down-regulated compared to cells only treated  
with PMA. Moreover, A.bre and the PKC-delta inhibitor 
rottlerlin have an additional inhibitory effect on IL-1b 
promoter activity (Fig. 8A). However, JNK inhibitor 
could not affect the IL-1b promoter activity (Fig. 8B). 

This result showed that A.bre could regulate IL-1b  
promoter activity via PKC activity in THP-1 stimulated 
by PMA.

Discussion

A.bre, a porcelain vine popular in Northeastern Asia, 
has been used to cure liver and inflammatory diseases in 
folk medicine. In the present study, we evaluated the  
anti-inflammatory effects and elucidated the mechanism 
of action of A.bre in PMA-stimulated THP-1 human 
monocytic leukemia cells. Inflammation is a complex 
process that is mediated by various stimuli, including  
the immune reaction. In the mammals, macrophages  
are the prime candidates for the innate immunity that 
defends against invading bacteria and their products. 
Without inflammation, wounds and infections would 
never heal. However, excessive inflammation can itself 
lead to a host of diseases, such as fever, asthma, rheuma-
toid arthritis, and even cancer. Cells from THP-1, a  

Fig. 8.  The effect of water extracted A.bre, PKC d inhibitor rottlerin, and JNK inhibitor SP600125 on IL-1b promoter activity. 
THP-1 cells were transfected with IL-1b promoter and incubated overnight. A) Cells were pre-treated with A.bre (1/400) or  
PKC d inhibitor rottlerin (10 mM) for 60 min and then induced by PMA for 24 h. IL-1b promoter activity was measured using  
the Luciferase assay. B) Cells were pre-treated with A.bre (1/400) or JNK inhibitor SP600125 (10 mM) for 60 min and then  
induced by PMA for 24 h. IL-1b promoter activity was measured using the Luciferase assay.

Fig. 7.  Effect of water extracted A.bre on IL-1b, 
CCL-5, and COX-2 expression. THP-1 cells were 
pre-treated with A.bre (1/1600 – 1/400) and/or 
JNK inhibitor SP600125 (10 mM) for 60 min and 
then induced by PMA (10 nM) for 24 h. A) IL-1b, 
CCL-5, and COX-2 transcript expression was 
measured by RT-PCR. B) COX-2 protein was  
expression measured by western blot analysis.



� 367Anti-inflammation Effect of A.bre

human monocytic leukemia cell line, can be differentiated 
by PMA into macrophages (13). Macrophages are  
significantly activated during the inflammatory process 
by producing pro-inflammatory cytokines such as TNF-a, 
IL-1b, and IL-6. IL-1b mediates the inflammatory effect 
as a major pro-inflammatory cytokine at the local and 
systemic levels (14 – 16). The CCL-5, also known as the 
regulated upon activation normal T cell–expressed and 
secreted RANTES protein, was first identified as a gene 
expressed during late T cell activation (17). Reportedly, 
CCL-5 plays pivotal roles in many diseases including 
asthma, rheumatoid arthritis, atherosclerosis, and cancer 
(18 – 22). To explore the potential anti-inflammatory 
effects of A.bre, the effects of A.bre on the production  
of pro-inflammatory cytokine IL-1b and chemokine 
CCL-5 were examined. The results indicated that A.bre 
attenuated the mRNA levels as well as the secretion  
of IL-1b and CCL-5 in PMA-stimulated THP-1 cells in a 
dose-dependent manner. COX-2 and iNOS are enzymes 
important to inflammation and injury repair. Over- 
expression of iNOS and COX-2 can induce tissues  
damage (23, 24). Our results showed that PMA-stimulated 
THP-1 macrophages decreased both mRNA level and 
protein expression of COX-2 by A.bre. However, iNOS 
expression was not affected by A.bre (data not shown). 
The activation of MAPK signaling has been confirmed 
in a variety of inflammatory diseases (25). The MAPKs 
are a family of protein serine/threonine kinases, including 
ERK, JNK, and p38 MAPK (26). The inhibition of any 
of these 3 MAPK pathways plays a necessary role in 
suppressing chronic inflammatory disorders (27).  

Accordingly, we investigated the protein levels of phos-
phorylated JNK and ERK MAPKs in PMA-stimulated 
THP-1 cells. In our study, A.bre strongly decreased 
PMA-induced activation of p-JNK1/3, whereas it had  
no effect on ERK1/2 and p38 activation (Fig. 4A). PKC 
has been shown to be involved in the regulation of 
MAPKs by various stimuli in some cell types (28 – 30). 
There is a report demonstrating that depletion of PKC-
delta with inhibitor rottlerin decreased neuropeptide 
substance P (SP)-induced ERK, JNK, NF-kB, and AP-1 
activation in pancreatic acinae cells (31). We addressed 
the effect of PKC-delta on MAPKs in PMA-induced 
THP-1 cells by using the PKC-delta inhibitor rottlerlin 
and pan PKC inhibitor Go6850. Our findings suggested 
that PKC-delta could inhibit the JNK MAPK activity  
but could not inhibit ERK and p38 MAPKs in THP-1 
cells induced by PMA. It also showed that other PKCs 
might regulate the ERK and p38 MAPK activation  
(Fig. 4B). Furthermore, our data indicated that A.bre 
could gradually inhibit PKC activity as phosphor-(Ser) 
PKC Substrate protein level was decreased by A.bre 
treatment in a dose-dependent manner in THP-1–induced 
by PMA (Fig. 5). Collectively, our results suggested that 
A.bre may trigger a vital anti-inflammatory role, possibly 
through inhibiting the PKC/JNK signaling pathway.

NF-kB and AP-1 are the transcription factors that  
regulate the expression of genes involved in inflamma-
tion, differentiation, and proliferation. Therefore, NF-kB 
and AP-1 are considered the major targets and key  
players in inflammatory diseases that regulate the  
inflammatory process (32). The blocking of NF-kB 
translocation from cytosol into the nucleus suppresses 
the expression of IL-1b and COX-2 and other inflamma-
tion cytokines (33 – 35). AP-1 is a ubiquitous protein 
that locates in the cytoplasm as a homo- or heterodimer 
protein with c-jun and c-fos families, while NF-kB is 
composed of p65 and p50. As shown in Fig. 6A, A.bre 
suppressed p65 translocation from the cytosol into the 
nucleus, whereas it did not affect the translocation of  
p50 and c-jun. We also confirmed that the translocation 
of NF-kB p65 was not affected by the JNK inhibitor 
SP600125 (Fig. 6B). The data demonstrated that A.bre 
pretreatment can block NF-kB p65 activation and trans-
location of the NF-kB p65 may not depend on the JNK 
MAPK signaling pathway. Many studies have shown 
that JNK MAPK regulates expression of IL-1b, CCL-5, 
and COX-2 (36 – 38). Our study demonstrated that  
JNK MAPK participates in expression of IL-1b, CCL-5,  
and COX-2; and A.bre inhibited these streams of path-
ways in THP-1 cells induced by PMA. We verified that 
PMA-induced IL-1b, CCL-5, and COX-2 expressions in 
THP-1 cells were partially inhibited by the JNK inhibitor 
SP600125. Furthermore, when we co-treated the cells 

Fig. 9.  Schematic illustration of water extracted A.bre on signaling 
pathways mediated by PMA in THP-1 cells. A.bre can inhibit the  
expression of IL-1b, CCL-5, and COX-2 in PMA-stimulated macro-
phages via inhibition of the PKC-mediated JNK/NF-kB signaling 
pathways.
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with A.bre and the JNK inhibitor SP600125, the  
inhibition of CCL-5 and COX-2 expression was  
increased (Fig. 7). Interestingly, the JNK inhibitor 
SP600125 could not affect IL-1b promoter activity, 
while the PKC inhibitor rottlerin could significantly  
diminish IL-1b promoter activity (Fig. 8). These data 
indicated that A.bre could mediate the IL-1b promoter 
activity via PKC activity. On the other hand, the down-
regulation on IL-1b expression of JNK MAPK may  
undergo post-transcriptional control (39 – 41). In  
summary, these studies demonstrated that A.bre can  
inhibit the expression of IL-1b, CCL-5, and COX-2  
in PMA-stimulated THP-1 cells by suppressing both 
PKC/JNK/NF-kB signaling pathways (Fig. 9). Therefore, 
A.bre can be effective anti-inflammatory components 
that may be a potential agent for preventing inflammatory 
diseases.
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