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Abstract. Orostachys japonicus has been used in traditional 
medicine as an anticancer agent. The present study aimed 
to investigate the mechanism by which O. japonicus extract 
affects the expression of matrix metalloproteinase (MMP)‑2 
and MMP‑9, its association with the expression of the induc-
ible nitric oxide synthase (iNOS) and cyclooxygenase‑2 
(COX‑2) genes in phorbol myristate acetate‑differentiated 
THP‑1 human monocytic leukemia cells and how it mediates 
the nuclear factor (NF)‑κB and mitogen‑activated protein 
kinase (MAPK) pathways. Cell proliferation was analyzed 
by MTT assay, mRNA expression was detected by quantita-
tive polymerase chain reaction and protein expression was 
measured by western blot analysis. It was demonstrated that 
O. japonicus suppressed the mRNA expression of MMP‑2 and 
MMP‑9. In addition, O. japonicus was found to downregulate 
iNOS and COX‑2 transcription and translocation. Furthermore, 
O.  japonicus inhibited NF‑κB p65 activity as well as the 
phosphorylation of p38 MAPK, MAPK kinase (MEK) and 
extracellular signal regulated kinase (ERK). The present 
results suggested that O. japonicus inhibited not only MMP‑2 
and MMP‑9 mRNA expression, but also iNOS and COX‑2 
gene expression, suppressed NF‑κB activation and reduced 
phosphorylation of p38 MAPK, MEK and ERK. The present 
results therefore indicated that O. japonicus was able to inhibit 

the expression of MMP‑2 and MMP‑9 and suppress the tran-
scription and translocation of iNOS and COX‑2 by directly 
inhibiting the activation of NF‑κB and the phosphorylation of 
the MAPK pathway in THP‑1 cells.

Introduction

Orostachys japonicus is a perennial herb that is primarily 
ubiquitous in Korea, China and Japan. Dried whole plants of 
this species have previously been used as a Chinese medicinal 
therapy for the treatment of fever, hemostasis, hepatitis, 
arthritis, eczema and intoxication; in addition, O. japonicus 
has traditionally been used in folk medicine as an anticancer 
agent  (1). However, the extract nature of its physiological 
activity and the signaling pathway involved remain to be 
elucidated.

Matrix metalloproteinases (MMPs) have an important 
involvement in numerous physiological processes, including 
wound healing, angiogenesis and tissue remodeling. An 
alteration in their expression has been associated with the 
development of severe pathological conditions  (2). MMP 
expression is mediated pre‑ and post‑transcription. Numerous 
extracellular factors, including cytokines, growth factors, cell 
contact with the extracellular matrix as well as inducers and 
inhibitors, have been suggested to be involved in regulating 
MMP expression in various types of tumor cells (3,4). The 
gelatinases, MMP‑2 and MMP‑9, digest components of the 
connective tissue matrix and type IV collagen within the base-
ment membrane (5). MMP expression is known to be mediated 
by numerous stimulatory factors, including cytokines, growth 
factors and chemical agents (6). Various types of human tumors 
were reported to be associated with upregulated MMP‑2 and 
MMP‑9 expression (7‑9). In addition, several experimental and 
clinical studies have reported a significant correlation between 
the extent of tumor aggression and increased levels of MMP‑2 
and MMP‑9 (10‑13).

Cyclooxygenase‑2 (COX‑2) is rapidly induced by cyto-
kines and tumor promoters (14). COX‑2 is upregulated in the 
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majority of human tumor cells (15) and may be downregulated 
by the antitumoral effects of nonsteroidal anti‑inflammatory 
drugs. Nitric oxide (NO) was reported to promote cancer 
progression by regulating tumor angiogenesis (16); in vivo 
studies have demonstrated an interaction between NO 
synthase (NOS) and the COX‑2 pathway in inflammation (17). 
The inducible NOS  (iNOS) and COX‑2 genes were found 
to be upregulated in human colorectal cancer  (18,19) and 
tumor‑associated macrophages reportedly express iNOS 
and COX‑2 in certain malignant, borderline and benign 
tumors (20). In addition, nuclear factor‑κB (NF‑κB) is involved 
in the regulation of iNOS and COX‑2 expression at the gene 
transcriptional or translational levels (21). Numerous studies 
have indicated that MMP gene expression was regulated 
specifically by mitogen‑activated protein kinases (MAPKs), a 
family of serine/threonine kinases including ERKs, JNK and 
p38 MAPK (22‑24). The present study aimed to investigate 
the mechanism by which O.  japonicus extract affects the 
expression of MMP‑2 and MMP‑9, its association with the 
expression of iNOS and COX‑2 in phorbol myristate acetate 
(PMA)‑differentiated THP‑1 human monocytic leukemia cells 
and how it mediates the regulation of the NF‑κB and 
MAPK pathways.

Materials and methods

Extraction of O. japonicus. A total of 20 g O. japonicus was 
extracted by overnight incubation at 60˚C in 500 ml 80% meth-
anol. The solution was filtered through Whatman No. 1 filter 
paper (Whatman International Ltd., Maidstone, UK) and 
concentrated using a rotary evaporator (Rotavapor R‑220; 
BÜCHI Labortechnik AG, Flawil, Switzerland). The concen-
trated extract was freeze‑dried (FD‑1; EYELA, Tokyo, Japan) 
and stored at 4˚C in a vacuum container until further use.

Cell culture. THP‑1 human monocytic leukemia cells were 
supplied by the Korean Cell Line Bank (Seoul, Korea). Cells 
were cultured in RPMI 1640 medium containing 10% fetal 
bovine serum and antibiotics (all from Gibco‑BRL, Grand 
Island, NY, USA). Cells were incubated at 37˚C in a humidi-
fied atmosphere of 5% CO2. THP‑1 cells were treated with 
100  nM  PMA (Sigma‑Aldrich, St.  Louis, MO, USA) for 
72 h to induce differentiation of the cells into macrophages. 
Following differentiation, non‑attached cells were removed by 
aspiration. The adherent macrophages were then washed three 
times with RPMI 1640 medium and incubated in cell culture 
medium at 37˚C.

Cell viability. Cell proliferation was measured with Cell 
Titer 96 Aqueous One solution (Promega, Madison, WI, USA). 
Cells were seeded at a density of 1x104 cells/well in 96‑well 
plates and incubated with various concentrations (0, 5, 10 and 
25 µg/ml) of O. japonicus at 37˚C for 24, 48 and 72 h, respec-
tively. Cell viability was determined using a colorimetric assay 
with phenazine methosulfate/MTS solution. Absorbance was 
determined at 490 nm, with background subtraction at 650 nm 
(Emax, Molecular Devices, Sunnyvale, CA, USA).

Treatment with O. japonicus. THP‑1 cells were incubated for 24 h 
in serum‑free medium with O. japonicus (0, 5, 10, and 25 µg/ml). 

At each time point, the cell culture supernatant, total RNA and 
total protein were isolated from the cultured THP‑1 cells.

RNA extraction and reverse transcription quantitative 
polymerase chain reaction (RT‑qPCR) procedures. Total 
RNA was purified from cultured cells using TRIzol reagent 
(Invitrogen Life Technologies, Carlsbad, CA, USA) according 
to the manufacturer's instructions. First‑strand cDNA 
synthesis was performed with 1 µg total RNA and transcribed 
to cDNA using a reverse‑transcription system with random 
hexamers (A3500; Promega) according to the manufac-
turer's instructions. The sequences for gene‑specific primers 
(Bioneer, Daejeon, Korea) were as follows: MMP‑2 forward, 
5'‑CAACTACAACTTCTTCCCTCGCA‑3' and reverse, 
5'‑GGTCACATCGCTCCAGACTTG‑3' (141  bp); MMP‑9 
forward, 5'‑GCATAAGGACGACGTGAATGGC‑3' and 
reverse, 5'‑CGGTGTGGTGGTGGTTGGAG‑3' (83 bp); iNOS 
forward, 5'‑TGGATGCAACCCCATTGTC‑3' and reverse, 
5'‑CCCGCTGCCCCAGTTT‑3' (59  bp); COX‑2 forward, 
5'‑CAAATCCTTGCTGTTCCCACCCAT‑3' and reverse, 
5'‑GTGCACTGTGTTTGGAGTGGGTTT‑3' (173  bp); and 
β‑actin forward, 5'‑GCGAGAAGATGACCCAGATC‑3' and 
reverse, 5'‑GGATAGCACAGCCTGGATAG‑3' (77 bp). qPCR 
was performed on a StepOnePlus real‑time PCR system with 
Power SYBR Green PCR Master Mix (Applied Biosystems, 
Foster City, CA, USA). PCR was performed with 1 µl cDNA 
in 20‑µl  reaction mixtures that were comprised of 
10 µl Power SYBR Green PCR Master Mix, 2 µl primers and 
7 µl PCR‑grade water (in A3500 reverse transcription system). 
The reactions were performed with a denaturation step at 
95˚C for 10 min, 40 cycles of 95˚C for 15 sec and 60˚C for 
1 min. The crossing point of the target genes with β‑actin was 
calculated using the formula 2‑(target gene‑β‑actin) and the relative 
amounts were quantified.

Western blot analysis. The cells were collected and washed 
with cold phosphate‑buffered saline (Welgene, Daegu, 
Korea) and lysed using lysis buffer [20  mM Tris‑HCl 
(pH 7.5), 150 mM NaCl, 1 mM Na2 EDTA, 1 mM ethylene 
glycol tetraacetic acid, 1%  Triton, 2.5  mM  sodium pyro-
phosphate, 1 mM β‑glycerophosphate, 1 mM Na3VO4 and 
1 µg/ml leupeptin] containing 1 mM phenylmethylsulfonyl 
fluoride (Cell Signaling Technology, Boston, MA, USA). 

Figure 1. Orostachys japonicus extract inhibits proliferation of THP‑1 cells. 
Cells were treated with various concentrations of O. japonicus (0‑500 µg/ml) 
for 24, 48 and 72 h. Cell viability was determined using the MTT assay. 
Values are expressed as the mean ± standard deviation of triplicate samples. 
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The protein concentration was determined using a bicincho-
ninic acid protein assay (#23227; Thermo Fisher Scientific, 
Rockford, IL, USA) according to the manufacturer's instruc-
tions. A total of 30 µg protein (per group) was fractionated 
by 12% SDS‑PAGE and transferred by electrophoresis onto 
nitrocellulose membranes. The membranes were blocked 
with 5% nonfat dry milk for 1 h at room temperature then 
incubated overnight at 4˚C with antibodies against iNOS 
(AB5382; Chemicon, Billerica, MA, USA), COX‑2 (SC-19999; 
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), 
NF‑κB p65 (#8242), phospho‑NF‑κB p65 (#3031), p38 MAPK 
(#9228), phospho‑p38 MAPK (#9215), MAPK kinase (MEK; 
#4694), phospho‑MEK (#9154), ERK (#4696), phospho‑ERK 
(#4376) (Cell Signaling Technology) and β‑actin (A5441; 
Sigma‑Aldrich); diluted 1:1,000 with Tris‑buffered saline 
containing 0.05% Tween 20 (TBS‑T). Following washing with 
TBS‑T for 1 h, the membranes were incubated for 1 h at room 
temperature with anti‑rabbit (#7074) and anti‑mouse (#7076) 
horseradish peroxidase‑conjugated secondary antibodies 
diluted 1:2,500 in TBS‑T. The membranes were subsequently 
washed with TBS‑T for 1  h and proteins were detected 
using an enhanced chemiluminescence kit (Santa Cruz 
Biotechnology, Inc.). The protein expression was analyzed 
using a Davinch‑Chemi™ Chemiluminescence Imaging 
System (CAS‑400 Chemi‑DOC Image Analyzer; Davinch‑K 
Co. Ltd., Seoul, Korea).

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation. Student's t‑test was used to evaluate differences 
between the control and O. japonicus‑treated samples. *P<0.05 
and **P<0.01 were considered to indicate a statistically signifi-
cant difference between values.

Results

Inhibition of cell viability by O.  japonicus. The cytotoxic 
effect of O.  japonicus on THP‑1 cells was determined by 
exposing the cells to various concentrations of O. japonicus 
for 24, 48, and 72 h. Cell viability was measured using the 
MTT assay. O. japonicus inhibited cell viability in THP‑1 
cells in a dose‑ and time‑dependent manner (Fig. 1). However, 
O. japonicus had no effect on cell viability at a low concen-
trations; therefore, concentrations of 5, 10 and 25 µg/ml were 
considered to be appropriate for the subsequent experiments.

Inhibition of MMP‑2 and MMP‑9 mRNA expression by 
O. japonicus. In order to investigate the effect of O. japonicus 
on the expression of MMP‑2 and MMP‑9, THP‑1 cells were 
treated with various concentrations of O.  japonicus (0, 
5, 10, and 25 µg/ml) for 24 h. The expression of MMP mRNA 
was then determined using RT‑qPCR. The results showed 
that treatment with O. japonicus led to a significant decrease 
in the MMP‑2 and MMP‑9 mRNA expression at each tested 
concentration compared with that of the control group (P<0.01) 
(Fig. 2).

Inhibition iNOS and COX‑2 expression by O. japonicus. To 
examine the effects of O. japonicus on the expression of iNOS 
and COX‑2 mRNA and protein, THP‑1 cells were treated with 
various concentrations of O. japonicus (5, 10 and 25 µg/ml) for 
24 h. The expression of mRNA and protein were measured using 
RT‑qPCR and western blot analysis. Treatment with O. japonicus 
significantly suppressed iNOS mRNA expression at all tested 
concentrations (P<0.01) and iNOS protein expression at 10 and 
25 µg/ml O. japnicus (P<0.05 and 0.01, respectively) compared 
with that of the control. In addition, COX‑2 transcription and 
translocation were significantly reduced at 25 µg/ml O. japon‑
icus compared with the control (P<0.01) (Fig. 3).

Inhibition of NF‑κB p65 nuclear translocation by O. japon‑
icus. In order to investigate the mechanisms involved in the 
inhibition of the NF‑κB activity, THP‑1 cells were treated with 
various concentrations of O. japonicus (5, 10 and 25 µg/ml) for 
24 h. The expression of NF‑κB p65 protein was determined by 
western blot analysis. The results showed that phosphorylation 
of NF‑κB p65 was significantly inhibited by O. japonicus at 
25 µg/ml compared with the control (Fig. 4).

Inhibition of p38 MAPK, MEK and ERK phosphorylation by 
O. japonicus. The activation of signal transduction by O. japon‑
icus was evaluated in THP‑1 cells. The cells were treated with 
various concentrations of O. japonicus (5, 10, and 25 µg/ml) 
for 24 h. The expression of p38 MAPK, MEK and ERK protein 
was then determined by western blot analysis. O. japonicus 
had no effects on total p38 MAPK and ERK expression 
compared with the control, whereas O. japonicus markedly 
suppressed their phosphorylation at concentrations of 10 and 
25 µg/ml (P<0.01) (Fig. 5). However, O. japonicus showed no 
significant affect on MEK phosphorylation. 

Figure 2. Orostachys japonicus inhibits mRNA expression of MMP‑2 and MMP‑9 in THP‑1 cells. Cells were cultured with different concentrations of 
O. japonicus (0, 5, 10 and 25 µg/ml) for 24 h. mRNA levels were determined using reverse transcription quantitative polymerase chain reaction. The crossing 
points of target genes with β‑actin were applied to the formula 2‑(target gene‑β‑actin) and the relative amounts were quantified. Values are expressed as the mean ± stan-
dard deviation of three independent samples. **P<0.01 vs. 0 µg/ml O. japonicus (control). MMP, matrix metalloproteinase.
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Discussion

In the present study, THP‑1 human monocytic leukemia cells 
were induced to differentiate into macrophages using PMA 
and the cells were then treated with O. japonicus at various 
concentrations. It was identified that O. japonicus was able 
to inhibit cell proliferation in THP‑1 cells in a time‑ and 
dose‑dependent manner at a high concentration, whereas lower 
concentrations had no marked effect. Therefore, concentra-
tions of 5, 10 and 25 µg/ml were considered to be appropriate 
for the subsequent experiments.

In a previous study, the invasion and migration 
abilities of THP‑1 human monocytic leukemia cells were 
significantly inhibited by Sinnomenine in a dose‑dependent 
manner; in addition, the levels of MMP‑2 and MMP‑9 were 

downregulated (25). Another previous study demonstrated 
that the mRNA and protein expression of MMP‑2 and MMP‑9 
in LnCaP prostate carcinoma cells were decreased following 
treatment with flavonoids extracted from O. japonicus (FEOJ) 
in a dose‑dependent manner. These findings supported the 
idea that the suppression of MMPs by FEOJ is associated 
with the anti‑invasive activity of FEOJ (26). It is possible that 
MMPs are not directly produced by cancer or stromal cells, 
but that other sites may be responsible for the increased levels 
of MMP‑9, which were reported to correlate with the existence 
of tumor tissues (27). In the present study, it was demonstrated 
that O. japonicus inhibited MMP‑2 and MMP‑9 gene tran-
scription. The present results suggested that O.  japonicus 
inhibited migration and invasion of cancer cells by inhibiting 
the expression of MMP‑2 and MMP‑9 in THP‑1 cells.

Figure 4. Orostachys japonicus inhibits NF‑κB p65 activity in THP‑1 cells. Cells were cultured with various concentrations of O. japonicus (0, 5, 10 and 
25 µg/ml) for 24 h and the expression of NF‑κB p65 protein was examined by immunoblotting. Densitometric analyses are presented as the relative ratios of 
NF‑κB p65 and p‑NF‑κB p65 with β‑actin. Values are expressed as the mean ± standard deviation of three independent samples. **P<0.01 vs. 0 µg/ml O. japon‑
icus (control). NF, nuclear factor; p-, phosphorylated.

Figure 3. Orostachys japonicus inhibits the expression of iNOS and COX‑2 genes in THP‑1 cells. Cells were cultured with different concentrations of 
O. japonicus (0, 5, 10 and 25 µg/ml) for 24 h. mRNA levels were determined using reverse transcription quantitative polymerase chain reaction. The crossing 
points of target genes with β‑actin were applied to the formula 2‑(target gene‑β‑actin) and relative amounts were quantified. Expression of iNOS and COX‑2 protein 
was examined by immunoblotting. Densitometric analyses are presented as the relative ratios of iNOS and COX‑2 against β‑actin. Values are expressed as 
the mean ± standard deviation of three independent samples. *P<0.05 and **P<0.01 vs. 0 µg/ml O. japonicus (control). iNOS, inducible nitric oxide synthase; 
COX‑2, cyclooxygenase‑2.
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The NOS and COX systems are important in similar 
pathophysiological conditions, such as inflammation and 
cancer (28). In the present study, the effects of O. japonicus 
on NO were investigated and it was identified that NO was 
not detected in the culture supernatants of THP‑1 cells. The 
present results revealed that O. japonicus inhibited iNOS and 
COX‑2 mRNA and protein expression. Therefore, these find-
ings suggested that O. japonicus mediated iNOS and COX‑2 at 
the gene transcription and translocation levels in THP‑1 cells. 
NF‑κB has been reported to mediate the expression of specific 
genes, the products of which were found to be involved in 
tumorigenesis. In addition, NF‑κB is able to induce the acti-
vation of MMP‑9 and COX‑2 (29,30). Activation of NF‑κB 
promotes proinflammatory cytokines and enzymes, including 
TNF‑α, interleukins, NO, prostaglandin E2, iNOS and COX‑2, 
which may ultimately induce neuronal damage (31). In one 
study, treatment with shikonin was demonstrated to down-
regulate levels of MMP‑2 and MMP‑9 through the suppression 
of AKT activation as well as the inhibition of the NF‑κB 
signaling pathway (32).

The MAPK cascade is an important signal transduction 
pathway. Members of the MAPK gene family, including 

JNK, p38 MAPK and ERK1/2, enhance MMP production 
via activation of the transcription factor activation protein 
(AP‑1) (33,34). Silibinin reportedly reduces ERK1/2 phosphor-
ylation, but has no observable effects on the phosphorylation 
of JNK 1/2, p38 MAPK or Akt (23). Expression of iNOS and 
COX‑2 is upregulated by activated MAPKs with induction 
of the transcription factor AP‑1 (35). ERK and p38 MAPK 
pathway suppression was reported to result in MMP‑2 and 
MMP‑9 downregulation in U937 leukemia cells  (36). The 
inhibitory mechanism of andrographolide may proceed via 
the inhibition of NF‑κB activation and subsequent attenuation 
of MMP‑9 expression (37). In the present study, the phos-
phorylation levels of p38 MAPK and ERK1/2 were inhibited 
by O. japonicus. This notable finding suggested that modula-
tion of the expression of the MMPs and inflammatory genes 
(COX‑2 and iNOS) in THP‑1 cells treated with O. japonicus 
was likely to be mediated by MAPKs, including p38 MAPK, 
MEK and ERK1/2.

In conclusion, O. japonicus treatment of PMA‑differentiated 
THP‑1 cells inhibited not only MMP‑2 and MMP‑9, but 
also iNOS and COX‑2 transcription and translocation. The 
activation of NF‑κB and the phosphorylation of p38 MAPK, 

Figure 5. Orostachys japonicus inhibits p38 MAPK, MEK and ERK phosphorylation in THP‑1 cells. Cells were cultured with various concentrations of 
O. japonicus (0, 5, 10 and 25 µg/ml) for 24 h and the expression of p38 MAPK, MEK and ERK protein was examined by immunoblotting. Densitometric 
analyses are presented as the relative ratios of p38 MAPK, p‑p38 MAPK, MEK, p‑MEK, ERK and p‑ERK against β‑actin. Values are expressed as the 
mean ± standard deviation of three independent samples. **P<0.01 vs. 0 µg/ml O. japonicus (control). MAPK, mitogen activated protein kinase; MEK, MAPK 
kinase; ERK, extracellular related kinase; p-, phosphorylated.
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MEK and ERK1/2 were also found to be reduced. However, 
O. japonicus may also inhibit the expression of MMP‑2 and 
MMP‑9 mRNA and the transcription and translation of iNOS 
and COX‑2 by inhibiting the activation of NF‑κB and phos-
phorylation of the MAPK pathway in THP‑1 cells.
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