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Abstract. Oridonin (ORI), a diterpenoid purified from 
Rabdosia rubescens, has been reported as a promising 
chemotherapy drug for colon cancer treatment; yet, the precise 
mechanisms underlying this anticancer activity remain 
unclear. In the present study, we investigated the anticancer 
effect of ORI in HCT116 cells, and dissected the possible 
molecular mechanisms underlying this activity. With crystal 
violet staining, flow cytometry and western blot assay, we 
found that ORI effectively inhibited the proliferation and 
induced the apoptosis of HCT116 cells. Further analysis of the 
results indicated that BMP7 was greatly upregulated by ORI 
in the HCT116 cells, but its endogenous expression in FHC 
cells was apparently lower than that in the colon cancer cell 
lines. Exogenous expression of BMP7 inhibited the prolif-
eration of the HCT116 cells, and substantially potentiated the 
anticancer effect of ORI. However, the specific antibody of 
BMP7 nearly abolished this anticancer activity of ORI in the 
HCT116 cells. Meanwhile, ORI exerted no significant effect 
on the level of phosphorylated Smad1/5/8 or total p38 MAPK, 
but greatly increased the level of phosphorylated p38 MAPK 
in the HCT116 cells. A p38 MAPK-specific inhibitor partly 
reversed the antiproliferative effect of BMP7 in the HCT116 
cells, but prominently promoted the effect of the BMP7 
antibody on proliferation. Exogenous expression of BMP7 
increased the ORI-induced phosphorylation of p38 MAPK, 
while the BMP7 antibody almost abolished the ORI-elevated 
p38 MAPK phosphorylation. Our findings suggest that ORI 
may be an efficacious drug for colon cancer treatment. This 
anticancer activity of ORI may be mediated by upregulating 
BMP7 at least to increase the activation of p38 MAPK.

Introduction

Colon cancer is one of the most common malignancies of the 
digestive system and is the leading cause of mortality from 
cancer worldwide (1). Treatment of colon cancer includes 
surgery resection, chemotherapy, radiotherapy and targeted 
therapy, alone or in combination. To date, chemotherapy is still 
the major treatment for colon cancer, yet the serious side-effects 
associated with chemotherapy drugs greatly reduce the life 
quality of the patients (2). Hence, there is a great clinical need 
to explore new chemotherapy drugs for colon cancer treatment 
with low toxicity. Natural products or their derivates are one of 
the major sources of chemotherapy drugs, and some have been 
used for cancer treatment for decades, such as vincristine, taxol 
and camptothecin (3,4). Oridonin (ORI) is extracted from the 
Chinese herb Rabdosia rubescens and/or related species (5). 
Increasing evidence suggests that ORI is capable of inhibiting 
growth and inducing apoptosis in several types of cancer 
cells, such as breast and colon cancer, leukemia, lymphoma, 
pancreatic cancer and osteosarcoma (5,6). Our previous study 
also confirmed the anticancer activity of ORI in colon cancer 
cells. However, the exact mechanisms underlying this effect 
remain unclear.

Bone morphogenetic proteins (BMPs), belonging to the 
TGF-β superfamily, consist of one of the important pathways 
to regulate development, and aberrant signaling transduction 
is one of the main causes for colon cancer (7-9). It has been 
reported that BMP2 can inhibit the proliferation of colorectal 
cancer cells (10), and BMP4 can induce differentiation in 
colorectal cancer stem cells, as well as increase their response 
to chemotherapy drugs (11). BMP7, another important member 
of the BMP family, has been approved for the treatment of 
bone fracture healing and spine surgery due to its excellent 
osteogenic activity (12). Apart from the osteogenic differentia-
tion activity, BMP7 is involved in brown fat cell development 
and thermogenesis (13). Other studies indicated that BMP7 is 
also implicated in cancer (14), although its role in cancer needs 
to be further investigated. Mitogen-activated protein kinases 
(MAPKs) are critical mediators for signaling transduction, 
and respond to a wide range of extracellular stresses such as 
UV radiation, hypoxia, and oxidative stress (15). p38 MAPK, 
one class of MAPKs, is involved in regulating cell prolifera-

Oridonin inhibits the proliferation of human colon cancer cells  
by upregulating BMP7 to activate p38 MAPK

CHUN-MEI REN1,2,  YANG LI1,2,  QIAN-ZHAO CHEN1,2,  YU-HUA ZENG1,2,  YING SHAO1,2,  QIU-XIANG WU1,2,  
SHUANG-XUE YUAN1,2,  JUN-QIN YANG1,2,  YU YU1,3,  KE WU1,2,  BAI-CHENG HE1,2  and  WEN-JUAN SUN1,2

1Chongqing Municipal Key Laboratory of Higher Education Institutions for Biochemistry and Molecular Pharmacology;  
Departments of 2Pharmacology and 3Chemistry, School of Pharmacy, Chongqing Medical University, 

Yuzhong, Chongqing 400016, P.R. China

Received November 21, 2015;  Accepted December 17, 2015

DOI: 10.3892/or.2016.4654

Correspondence to: Professor Bai-Cheng He or Professor 
Wen-Juan Sun, Department of Pharmacology, School of Pharmacy, 
Chongqing Medical University, 1 Yixueyuan Road, Yuzhong, 
Chongqing 400016, P.R. China
E-mail: hebaicheng99@yahoo.com; 894704897@qq.com
E-mail: 1115494605@qq.com

Key words: oridonin, colon cancer, proliferation inhibition, BMP7, 
p38 MAPK



REN et al:  ORIDONIN AND BMP7 IN COLON CANCER2692

tion, apoptosis, and autophagy (15). Studies have indicated that 
p38 MAPK activation is involved in the anticancer effect of 
ORI in pancreatic cancer (16,17). Various functions of BMP7 
are also mediated by p38 MAPK, upregulation or suppres-
sion (18,19). To date, it remains unknown whether BMP7 is 
associated with the anticancer activity of ORI in colon cancer 
cells.

In the present study, we investigated the anticancer effect 
of ORI in colon cancer, and dissected the possible mechanisms 
underlying this anticancer activity of ORI in human colon 
cancer cells.

Materials and methods

Chemicals and drug preparations. ORI was obtained from 
Hao-Xuan Bio-Tech Co., Ltd. (Xi'an, China). The HCT116 
cell line was obtained from the American Type Culture 
Collection (ATCC; Manassas, VA, USA). ORI was prepared 
with dimethyl sulfoxide (DMSO) or 0.4% carboxymethylcel-
lulose sodium (CMC-Na) as a suspension for the in vitro or 
in vivo experiments, respectively. The p38 MAPK inhibitor 
SB203580 (#S1076) was obtained from Selleckchem (Houston, 
TX, USA). All antibodies were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). Cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM) with 10% fetal 
bovine serum (FBS), 100 U/ml of penicillin and 100 µg/ml of 
streptomycin at 37˚C in 5% CO2.

Cell proliferation and viability assays. Cell proliferation and 
viability were assessed with the crystal violet staining assay. 
HCT116 cells were plated in a 24-well plate and then treated 
with different concentrations of ORI; DMSO was used as a 
solvent control. The cells were washed carefully with cold 
(4˚C) phosphate-buffered saline (PBS) and stained with 0.5% 
crystal violet formalin solution at room temperature. For 
quantification, the crystal violet was dissolved with 1 ml 20% 
acetic acid at room temperature for 20 min with shaking. The 
absorbance at 570 nm was then measured. Each assay was 
carried out in triplicate.

Construction of the BMP7 recombinant adenovirus. 
Recombinant adenoviruses expressing BMP7 were constru- 
cted with the AdEasy system (20), tagged with green fluores- 
cence protein (GFP) and designated as AdBMP7. The  
recombinant adenovirus expressing GFP only was used as a 
vector control.

Flow cytometric analysis of apoptosis and cell cycle distri-
bution. HCT116 cells were plated in a 6-well plate. The cells 
were treated with different concentrations of ORI or DMSO. 
Then, the cells were harvested and washed with cold PBS, 
followed by incubating with Annexin V-EGFP and propidium 
iodide (PI) following the instructions in the kits (KeyGen 
Biotech, Nanjing, China). Then, the cells were analyzed by 
fluorescence-activated cell sorting (FACS) for apoptosis. For 
the cell cycle assay, HCT116 cells were treated with different 
concentrations of ORI or DMSO. At 48 h after treatment, the 
cells were collected and washed with PBS, fixed with cold 
(4˚C) 70% ethanol, and washed with 50%, 30% ethanol and 
PBS, successively. Then, the cells were stained with 1 ml of PI 

(20 mg/ml) containing RNase (1 mg/ml) in PBS for 30 min, 
and subjected to FACS analysis. Each assay was carried out 
in triplicate.

Reverse transcription and polymerase chain reaction 
analysis (RT-PCR). Subconfluent HCT116 cells were plated in 
T25 flasks and treated with different concentrations of ORI 
or DMSO. Total RNA was extracted with TRIzol reagent 
(Invitrogen, USA) and subjected to RT reaction to generate 
cDNA. Then, the cDNA was used as a template for detecting 
the expression level of target genes with PCR. The primer 
sequences are available upon request. Each assay was carried 
out in triplicate.

Western blot assay. HCT116 cells were plated in a 6-well plate 
and treated with different concentrations of ORI or DMSO. 
The medium was discarded, and the cells were washed with 
cold PBS. The cells were lysed with 300 µl lysis buffer in each 
well, and the lysate was boiled for 10 min. Then, the samples 
were subjected to SDS-PAGE separation and transferred to 
polyvinylidene fluoride (PVDF) membranes, which were 
immunoblotted with primary antibodies and HRP-conjugated 
secondary antibodies sequentially. The target proteins were 
developed with SuperSignal West Pico Substrate (Pierce, 
Rockford, IL, USA). Each assay was carried out in triplicate.

Statistical analysis. All quantitative data are expressed as 
mean ± SD. Statistical significance between vehicle vs. drug 
treatment was determined by the Student's t-test. A value of 
p<0.05 was considered to indicate a statistically significant 
result.

Results

ORI inhibits the proliferation of HCT116 cells. Evidence indi-
cates that ORI shows an antiproliferative effect in various types 
of cancer cells. Thus, we tested this effect of ORI on HCT116 
cells to validate whether ORI could be used as a chemo-
therapeutic drug for human colon cancer. The crystal violet 
staining assay results showed that ORI effectively inhibited 
the proliferation of the HCT116 cells in a time- and concen-
tration-dependent manner (Fig. 1A). Cell cycle analysis results 
showed that ORI induced cell cycle arrest at the G2 phase in 
the HCT116 cells (Fig. 1B). Western blot assay results showed 
that ORI also decreased the level of proliferating cell nuclear 
antigen (PCNA) in the HCT116 cells (Fig. 1C). These data 
indicate that ORI can inhibit the proliferation of HCT116 
cells, and may be a potential chemotherapeutic agent for colon 
cancer.

ORI induces HCT116 cells to undergo apoptosis. Next, we 
analyzed whether ORI induces apoptosis in HCT116 cells. 
HCT116 cells were seeded in a 6-well plate and were treated 
with different concentrations of ORI or DMSO. Then, the 
cells were harvested for flow cytometric analysis or lysed for 
western blot assay. The results showed that ORI increased the 
percentage of apoptotic cells in a concentration-dependent 
manner (Fig. 2A). Western blot assay results showed that ORI 
notably increased the level of Bad and reduced the level of 
Bcl-2 in the HCT116 cells (Fig. 2B). These findings demon-
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Figure 1. Effect of oridonin (ORI) on the proliferation of HCT116 cells. (A) Crystal violet staining results of the antiproliferative effect of ORI on HCT116 cells 
(*p<0.05 and **p<0.01, compared with the control). (B) Flow cytometric analysis of the effect of ORI on cell cycle arrest in HCT116 cells. (C) Western blot assay 
of the effect of ORI on the level of PCNA in HCT116 cells. GAPDH was used as a loading control. All assay were performed in triplicate.

Figure 2. Effect of oridonin (ORI) on the apoptosis of HCT116 cells. (A) Flow cytometric analysis of the apoptosis induced by ORI in the HCT116 cells. 
(B) Western blot assay of the protein levels of Bad and Bcl-2 affected by ORI in the HCT116 cells. GAPDH was used as a loading control. All assay were 
performed in triplicate.
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strate that ORI may be an effective inducer of apoptosis in 
colon cancer cells.

ORI upregulates BMP7 in HCT116 cells. The TGF-β 
signaling pathway is important for the development of the 
digestive system, and aberrant TGF-β signaling is one of the 
main etiologies of colon cancer (21). The PCR assay results 
showed that ORI increased the mRNA level of BMP7 substan-
tially (Fig. 3A). Western blot assay results confirmed that ORI 
increased the level of BMP7 in a concentration- and time-
dependent manner (Fig. 3B). Furthermore, PCR (Fig. 3C) and 
western blot assay results (Fig. 3D) showed that endogenous 
expression of BMP7 in colon cancer cell lines was higher 
than that in the FHC cells. These data demonstrate that ORI 
can upregulate BMP7, and it may play an essential role in the 
antiproliferative effect of ORI in colon cancer cells.

BMP7 partly mediates the antiproliferative effect of ORI 
in HCT116 cells. We next investigated the influence of 
BMP7 on the antiproliferative effect of ORI in colon cancer 
cells. We introduced recombinant adenoviruses of BMP7 
(AdBMP7) for exogenous expression of BMP7 and the 
BMP7-specific antibody for BMP7 immunodepletion. The 
results showed that exogenous expression of BMP7 inhibited 
the proliferation of the HCT116 cells (Fig. 4A). Crystal violet 
staining analysis results indicated that ORI combined with 
exogenous expression of BMP7 substantially enhanced the 
antiproliferative effect of ORI, while the BMP7 antibody 

(4 ng/ml) antibody almost reversed the antiproliferative effect 
of ORI (10 µM) in the HCT116 cells (Fig. 4B). Further results 
showed that exogenous expression of BMP7 increased the 
protein level of Bad upregulated by ORI, but potentiated the 
effect of ORI on decreasing the level of Bcl-2; on the contrary, 
the BMP7 antibody attenuated the effects of ORI on Bad 
and Bcl-2, respectively (Fig. 4C). These results indicate that 
upregulation of BMP7 may mediate the antiproliferative effect 
of ORI in colon cancer cells.

p38 MAPK mediates the antiproliferative effect of BMP7 
in HCT116 cells. Although exogenous expression of BMP7 
enhanced the antiproliferative effect of ORI in HCT116 cells, 
the mechanisms which mediated this effect remain unknown. 
Western blot analysis showed that ORI exerted no substantial 
effect on the phosphorylation of Smad1/5/8 (p-Smad1/5/8), 
but increased the phosphorylation of p38 MAPK (p-p38) in 
a concentration-dependent manner (Fig. 5A). These results 
indicate that the antiproliferative effect of ORI may not be 
mediated by BMP7 through canonical BMP/Smad signaling 
at least. Further crystal violet staining assay results showed 
that the p38 MAPK inhibitor (SB203580, SB) promoted the 
proliferation of HCT116 cells, attenuated the antiproliferative 
effect of BMP7, and synergistically enhanced the prolif-
eration of HCT116 cells when combined with the BMP7 
antibody (Fig. 5B). These data imply that p38 MAPK may 
be critical for BMP7 to mediate the antiproliferative effect 
of ORI in HCT116 cells. The subsequent western blot assay 

Figure 3. Effect of oridonin (ORI) on the expression of BMP7 in HCT116 cells. (A) RT-PCR assay results of the effect of ORI on the expression of BMP7 in 
the HCT116 cells. GAPDH was used as a loading control. (B) Western blot assay of the effect of ORI on BMP7 in the HCT116 cells. GAPDH was used as a 
loading control. (C) RT-PCR assay of the endogenous expression of BMP7 in commercially available colon cancer cell lines and FHC cells. GAPDH was used 
as a loading control. (D) Western blot assay of the endogenous level of BMP7 in commercially available colon cancer cell lines and FHC cells. GAPDH was 
used as a loading control.
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results showed that BMP7 increased p38 MAPK phosphoryla-
tion, and the BMP7 antibody apparently inhibited p38 MAPK 
phosphorylation. The combination of BMP7 and ORI mark-
edly increased the level of p38 MAPK phosphorylation, 

while the BMP7 antibody combined with ORI decreased it 
apparently (Fig. 5C). These results indicated that BMP7 may 
mediate the antiproliferative effect of ORI in part by activating 
p38 MAPK signaling.

Figure 4. Effects of BMP7 on the anticancer activity of ORI in HCT116 cells. (A) Crystal violet staining results of the effect of BMP7 on the proliferation of the 
HCT116 cells. The upper panel shows the phase images of the HCT116 cells, the middle panel shows the infection results of the BMP7 recombinant adenovirus, 
and the lower panel shows the crystal violet staining results. (B) Quantification of the crystal violet staining results of the effect of BMP7 or the BMP7 antibody 
on the antiproliferative effect of ORI in the HCT116 cells (*p<0.05 and **p<0.01, compared with the control; ##p<0.01, compared with the ORI-treated group). 
(C) Western blot assay of the effect of BMP7 or the BMP7 antibody on the levels of Bcl-2 and Bad affected by ORI in the HCT116 cells. GAPDH was used as 
a loading control. All assays were performed in triplicate.
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Discussion

In the present study, we demonstrated that ORI may be an 
excellent candidate chemotherapeutic agent for colon cancer 
treatment. Mechanistically, we found that the anticancer 
activity of ORI may be mediated though the upregulation of 
BMP7 to activate p38 MAPK signaling.

ORI is extracted from the Chinese traditional medicinal 
herb Rabdosia rubescens. As a diterpenoid compound, ORI 

exhibits various pharmacological functions and has been 
used for many years as an antitumor, anti-microbial, anti-
inflammatory and antioxidant agent (5). Studies indicate 
that ORI exhibits antiproliferation and apoptosis-inducing 
effects in many types of cancer cells, such as lymphoma, 
breast cancer, leukemia, colon and lung cancer (22-26). The 
present study also demonstrated this anticancer effect of ORI 
in colon cancer cells. Several molecular mechanisms have 
been reported to be involved in this effect, such as blockage 

Figure 5. Effects of the BMP7-mediated antiproliferative effect of ORI on p38 MAPK in colon cancer. (A) Western blot assay of the effect of ORI on the 
levels of Smad1/5/8, p-Smad1/5/8, p38 MAPK or p-p38 MAPK in the HCT116 cells. GAPDH was used as a loading control. (B) Quantification of crystal violet 
staining results of the effect of the p38 MAPK-specific inhibitor (SB) on the proliferative affected by exogenous BMP7 or the BMP7 antibody in the HCT116 
cells (*p<0.05 and **p<0.01, compared with the control; #p<0.05 and ##p<0.01, compared with the BMP7 recombinant adenovirus or the BMP7 antibody group). 
SB, p38 MAPK inhibitor, SB203580. (C) Western blot assay of the effect of exogenous BMP7 or the BMP7 antibody on the level of p38 MAPK or p-p38 MAPK 
affected by ORI in HCT116 cells. GAPDH was used as a loading control. All assays were performed in triplicate.
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of extracellular signal-regulated kinase (ERK) and PI3K/
Akt, activation of p53 and p38 MAPK, increase in hydrogen 
peroxide and suppression of Wnt/β-catenin signaling (6,16, 
26-28). However, to date, the precise mechanisms mediating 
the anticancer activity of ORI remain unclear.

The pathogenesis of colon cancer includes the aberrant 
transduction of various signaling pathways, such as TGF-β, 
Wnt/β-catenin, PI3K/Akt (21,29). BMP7 belongs to the TGF-β 
superfamily and is also known as osteogenic protein-1 (OP-1). 
It was discovered by Marshal Urist in 1965. As one of the 
members of the BMPs, BMP7 can effectively commit the 
precursor cells to osteoblastic lineage. The FDA has approved 
the clinical usage of BMP7 for the treatment of bone-related 
disease, such as bone fracture healing and spine surgery (12). 
Besides osteogenic differentiation, BMP7 has many other 
physiological functions, such as the regulation of brown fat 
cells (13) and appetite (30). In fact, it has been reported that the 
expression of BMP7 is associated with cancer development, 
metastasis and invasion (31-35). BMP7 inhibits TGFβ1-related 
epithelial-mesenchymal transition (EMT) in breast cancer 
cells (36), but induces EMT in prostate cancer cells (37). 
Expression of BMP7 was found to be higher in cancerous tissues 
than that in normal tissues, and a high level of BMP7 is related 
with the recurrence of bladder cancer (31), poor prognosis in 
hepatocellular carcinoma (32,38), secondary drug-resistance 
in mantle cell lymphoma (39), and bone metastasis of lung 
cancer (34). BMP7 may also be a target for MYC to promote 
cell survival in childhood medulloblastoma (40). BMP7 was 
detectable in about 50% of gastric cancer, and may be used 
as a strong marker for tumor recurrence (33). Hence, BMP7 
may be a potential target for cancer treatment. However, it was 
also reported that BMP7 exerts a protective effect in intestinal 
epithelial cells from lesions of precancerous and inflammatory 
bowel diseases (14), and suppresses the growth of colon cancer 
cells in a Smad4-dependent-manner (9). Therefore, the role of 
BMP7 in colon cancer is controversial, and may be different in 
specific cell types and the microenvironment. Our data showed 
that the expression of BMP7 in colon cancer cells was higher 
than that in FHC cells (Fig. 3C and D). ORI increased the level 
of BMP7, and exogenous expression of BMP7 enhanced the 
antiproliferative effect of ORI in HCT116 cells. The BMP7 
antibody partly reversed the inhibitory effect of ORI on cell 
proliferation (Fig. 4B). Thus, our findings suggest that elevated 
BMP7 may mediate the antiproliferative effect of ORI in colon 
cancer cells.

BMP7 exerts its physiological function through the 
BMP/Smad pathway (41), namely canonical BMP/Smad 
signaling pathway, or non-canonical BMP/Smad signaling 
pathway, such as PI3K/Akt and MAPKs (18,37,42). We 
found that ORI did not increase the phosphorylation of 
Smad1/5/8 (Fig. 5A), although BMP7 was upregulated. This 
finding implied that the proliferation inhibitory effect of ORI 
may not be mediated through the BMP/Smad signaling pathway, 
which is consistent with the report that BMP7 exerts the 
antiproliferative effect in a Smad4-independent pathway (14). 
It has been reported that BMP7 can activate or suppress 
p38 MAPK signaling (18,19), and the anticancer activity of 
ORI may contribute to the activation of p38 MAPK (16). Thus, 
we speculated that the effect of BMP7 on the antiprolifera-
tive activity of ORI in colon cancer cells may be associated 

with p38 MAPK activation. Western blot assay showed that 
ORI activated p38 MAPK in the HCT116 cells (Fig. 5A). The 
p38 MAPK inhibitor partly reversed the growth inhibitory 
effect of ORI, but synergistically promoted the proliferation-
enhancing effect of the BMP7 antibody in the HCT116 
cells (Fig. 5B). Therefore, activation of p38 MAPK may be 
essential for BMP7 to mediate the anticancer effect of ORI 
in colon cancer cells. Our further investigation demonstrated 
that BMP7 increased the level of p-p38 MAPK, and syner-
gistically elevated the ORI-induced p-p38 MAPK, while the 
BMP7 antibody markedly decreased the level of p-p38 MAPK 
affected by ORI in HCT116 cells. All these data suggest that 
BMP7 may partly mediate the antiproliferative effect of ORI 
by activating p38 MAPK in colon cancer cells.

In summary, our findings demonstrated that ORI may be 
an excellent candidate chemotherapy drug for colon cancer. 
The anticancer activity of ORI may be mediated by upregu-
lating BMP7 to activate p38 MAPK in colon cancer cells. 
However, the molecular mechanisms of how ORI upregulate 
BMP7 need to be further investigated.
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