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Physcion 8-O-β-glucopyranoside prevents hypoxia-induced  
epithelial-mesenchymal transition in colorectal cancer HCT116 cells  
by modulating EMMPRIN 
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Epithelial-mesenchymal transition (EMT) is considered as the most important mechanism that underlies the initiation of 
cancer metastasis. Here we report that Physicon 8-O-β-glucopyranoside (PG), a major active ingredient from a traditional 
Chinese herbal medicine Rumex japonicus Houtt, is capable of preventing human colorectal cancer cells from hypoxia-
induced EMT. The treatment of the cells with PG reversed the EMT-related phenotype that has the morphological changes, 
down-regulation of E-cadherin, and hypoxia-induced cell migration and invasion. The effect was mediated at least in part 
by inhibiting the mRNA and protein expressions of EMMPRIN via modulation of PTEN/Akt/HIF-1α pathway. In addition, 
we found that PG-mediated prevention of EMT involved blockade of the hypoxia-induced up-regulation of Snail, Slug and 
Twist. In summary, this study showed that PG can prevent EMT induced by hypoxia, the environment that commonly exists 
in the center of a solid tumor. Given the low toxicity of PG to the healthy tissues, our study suggests that PG can serve as 
a safe therapeutic agent for suppressing cancer metastasis.
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Mounting evidences have suggested that the hypoxic 
environment of the tumor tissue is responsible for the poor 
response to treatment in most solid tumors including colorec-
tal cancer [1]. The hypoxic environment in most of the rapidly 
growing solid tumors is resulted from the development of 
angiogenic vessels which is usually not enough to overcome 
the necessary oxygen supply [2]. Tumor hypoxia can drive 
the tumor toward a  more aggressive malignant phenotype 
through clonal selection and genomic and proteomic changes 
[3]. Moreover, the tumor related hypoxia has been recognized 
to play a crucial role in rendering the tumor cells insensitive 
to drugs and radiations due to the poor vascularization of 
the hypoxic tissue that hinders the transport of drugs to the 
tumor cells. In the context of colorectal cancer, hypoxia has 
been reported to play an important role in carcinogenesis and 
metastasis [4]. 

As a normal process of embryonic development, epithelial-
mesenchymal transition (EMT) involves transformation of the 
epithelial cells to mesenchymal cells which are highly mobile. 

Cancer cells have been found to utilize this mechanism of 
converting immobile epithelial cells into movable mesenchy-
mal cells for their spread [5]. Thus, as a consequence of EMT, 
specific morphological changes leading to loss of cell-cell 
tight contact occur in the epithelial cells. The transformed 
cells acquire characteristics of mesenchymal cells which fa-
cilitates their mobility and hence promotes invasiveness into 
the surrounding tissue and/or distant organs [6]. The epithe-
lial protein E-cadherin is down regulated and mesenchymal 
proteins, such as vimentin and N-cadherin are up-regulated. 
Moreover, the cells that have undergone EMT are found to 
express matrix metalloproteases (MMPs), the major enzymes 
that participate in the migration, spreading, tissue invasion 
and metastasis of the tumor cell. Moreover, accumulating 
data suggest that hypoxia, through inducible factors (HIFs), 
promotes EMT by regulating the expression and activity of 
major transcription factors including TWIST, Snail, Slug, 
SIP1 and ZEB1 [7, 8]. Given the fact that hypoxia-induced 
EMT plays a key role in metastasis, it appears that EMT can 



352 Z. DING, F. XU, J. TANG, G. LI, P. JIANG, Z. TANG, H. WU

be used as a promising target for developing new and effective 
anti-cancer therapy.

Rumex japonicus Houtt, a perennial herb plant belonging to 
the family Polygonaceae widely distributed in China (known as 
Yang-Ti, in Chinese), has been as antimicroorganic, purgative, 
anti-inflammatory and anti-tumor agents in folk medicine for 
many years [9-11]. R. japonicus contains a large number of 
anthraquinones, oxanthrones, and flavones [9, 10]. Interest-
ingly, a recent research showed that one of the main active 
ingredient, physicon 8-O-β-glucopyranoside(PG), induced 
apoptosis and caused cycle arrest in human lung cancer cell 
line A549 [12]. However, little is known on the effect of PG 
on the EMT of tumor cells. In this study, we used colorectal 
cancer cell line HCT116 as model to address the suppressing 
effect of PG in EMT and the underlying mechanisms. Besides 
showing suppressing effect of PG on EMT, data from this study 
has identified EMMPRIN as the target of its action, through 
inhibiting PTEN/Akt/HIF-1α signaling.

Materials and methods

Cell line and cultures conditions. HCT116 cells were ob-
tained from the American Type Culture Collection (ATCC, 
Rockville, MD, USA). Cells were grown in RPMI 1640 medium 
(HyClone, Waltham, MA, USA) containing 10% fetal bovine 
serum (HyClone, Waltham, MA, USA) and 1% antibiotics 
(100 mg/L streptomycin, 100 U/ml penicillin) at 37°C in a 5% 
CO2 atmosphere. Cells were suspended by Trypsin-EDTA 
(HyClone, Waltham, MA, USA) and separated 1.5×105/ml at 
each plate, every 48 hours.

For treatments, cells were seeded in 6-well plate at a den-
sity of 5×104 cells/cm2 and cultured in normoxic conditions 
for 24 hours to allow them to adhere to the substratum. In 
experiments designed to evaluate the role of hypoxia, cells 
were first seeded in normoxic conditions to obtain the desired 
subconfluence level (65-70%) and then were incubated in 
strictly controlled hypoxic conditions(1% O2) for indicated 
period of time.

Viability assay. For cell viability assay, HCT116 cells (1.2 × 
105 cells/ml) were cultured in 96-well plates and treated with 
the PG (purchased from Chroma Biotechnology Co. Ltd, 
Chengdu, China, dissolved in DMSO) at indicated concen-
tration after 24 hours of plating. Anti-neoplastic effects of the 
drugs were examined after treatment for indicated time by 
the nonradioactive cell proliferation assay using a commercial 
kit (Promega Corporation, Madison, WI). The MTT-based 
method was conducted following the manufacturer’s instruc-
tions and metabolic conversion of tetrazolium salt to formazan 
was measured by reading the absorbance at 570 nm.

Wound scratch assay. Each well of 24-well tissue culture 
plate was seeded with cells to a final density of 100,000 cells 
per well and these cells were maintained at 37°C and 5% CO2 
for 24 hours to permit cell adhesion and the formation of 
a confluent monolayer. These confluent monolayers then were 
scored with asterile pipette tip to leave a scratch of approxi-

mately 0.4-0.5 mm in width. Cell surface was then washed 
with serum-free culture medium for three times to remove 
dislodged cells. Wound closure was monitored by collecting 
digitized images at 0, 12 and 24 hours after the scratch was 
performed. Digitized images were captured with an inverted 
microscope (MOTIC CHINA GROUP CO., Xiamen, China) 
and digital camera (Nikon, Tokyo, Japan). The digitized images 
were then analyzed using Image-J software.

Invasion assay. 24-wellTranswells coated with Matrigel 
(8-μm pore size; BD Biosciences, San Jose, California) were 
used for cell invasion assays [13]. Equal numbers (1 × 105) 
cells were plated onto separate well. Cells were starved over-
night in serum-free medium, trypsinized and washed three 
times in DMEM containing 1% FBS. A total of 1×105 cells 
were then resuspended in 500 μl DMEM containing 1% FBS 
and added to the upper chamber, while MEM with 10% FBS 
was added to the lower chamber as chemoattractant. For the 
control, medium containing 1% FBS was added to the lower 
chamber. After 24 hours of incubation, the Matrigel and the 
cells remaining in the upper chamber were removed by cotton 
swabs. The cells on the lower surface of the membrane were 
fixed in formaldehyde and stained with hematoxylin staining 
solution. The cells in at least five random microscopic fields 
(magnification, ×200) were counted and photographed. 

Immunoflorescence staining and confocal image. Cells 
were grown on glass coverslip until 80% confluent, and then 
fixed with 4% formaldehyde solution. Transfected and un-
transfected cells were then incubated with rabbit monoclonal 
anti-β-catenin antibody (Cell Signaling Technology, Inc., 
Beverly, MA, USA, 1:100) for detection of specific protein, 
respectively. Next, the cells were incubated with Cy3-labeled 
goat anti-rabbit antibody (Beyotime Institute of Biotechnology, 
Shanghai, China, 1:100) at room temperature for 1 hour in the 
dark, followed by incubation with DAPI (Biosharp Biotech., 
Hefei, China, 1:1000) for 5 minutes before washed three times 
with PBS to remove excessive staining solution. The cells were 
then subjected to laser scanning confocal microscope (Olym-
pus FV1000S-SIM/IX81, Tokyo, Japan).

Quantitative RT-PCR (qRT-PCR). Total RNA was ex-
tract from cells using RNA simple Total RNA Kit (TIANGEN 
Co., Beijing, China) and 3 µg of RNA was converted into 
cDNA using the High Capacity cDNA Archive Kit (Ap-
plied Biosystems, Foster City, CA, USA). The primers for 
EMMPRIN, HIF-1α, Slug, Snail and Twist were synthesized 
based on published sequence [14, 15]. For each PCR reaction, 
a master mix that including SYBR GREEN mastermix (So-
larbio Co., Beijing, China), forward primer, reverse primer, 
and 10 ng template cDNA was prepared. The PCR conditions 
were 5 min at 95°C followed by 40 cycles of 95°C for 30 s, 
60°C for 30 s, and 72°C for 30 s. Data were analyzed using 
the comparative ΔCt method (ABPrism software, Applied 
Biosystems, Foster City, CA) using GAPDH as an internal 
normalization control.

Western blot. Western blot analysis was performed using 
a standard protocol. The cell lysate (30-50 μg) samples were 
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mixed with 6×sample buffer, boiled for 5 minutes, electro-
phoresed in 10% sodium dodecyl sulfate polyacrylamide 
gel and there after transferred to PVDF membranes. The 
membrane was then blocked in PBS containing 5% bovine 
serum albumin (BSA) for 1 hour at room temperature. The 
membranes were incubated with specific primary antibodies 
in Tris-buffered saline at 4°C overnight. After washing, the 
membranes were incubated with HRP-conjugated secondary 
antibodies (Beyotime Institute of Biotechnology, Shanghai, 
China). ECL detection reagent (7Sea Biotech., Shanghai, 
China) was used for blot detection according to the manufac-
turer’s instructions. The primary antibodies used were mouse 
polyclonal antibody to EMMPRIN (Sigma, St. Louis, MO), 
rabbit polyclonal antibody to antibodies against, N-cadherin, 
E-cadherin, vimentin, fibronectin, α-SMA, Snail, Slug, Twist, 
and PTEN, phospho-Akt (Thr172), Akt (Cell Signaling 
Technology, Beverly, MA) and a rabbit polyclonal antibody 
to β-actin used as a gel loading control. 

Luciferase reporter assay. Luciferase reporter assay was 
performed as described previously [16]. Briefly, the HCT116 
cells were seeded into 96-well plates and cultured to 80% con-
fluence. Cells were then transfected with plasmid containing 
HIF-responsive elements (HRE) and renilla luciferase-pGL3 as 
internal control for transfection efficiency using Lipofectamine 
2000 reagent (Invitrogen, CA) following manufacturer’s 
instructions. After transfection, the luciferase activity was 
measured using a commercial kit (Promega Corp., Madison, 
MI) according to manufacturer’s manual.

Silencing HIF-1α and EMMPRIN with shRNA. For 
silencing HIF-1α, shRNA targeted HIF-1α was obtained 
from Origene (Rockville, MD). For silencing EMMPRIN, 
the shRNA oligos for EMMPRIN gene knockdown were 
designed and synthesized as previously described [17]. 
Scramble shRNA was used as a  negative control. shRNA 
transfection of cells was performed following standard pro-
tocol. Briefly, cells were plated at 5×103 cells/well in 6-well 
culture plate and allowed to reach 70-80% confluence after 
24 h of incubation. The cells were then starved in serum-
free culture for 1 hour. The transfection mixture containing 
EMMPRIN or HIF-1αtargeted shRNA and Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) was incubated for 20 
minutes at room temperature. The cells were then incubated 
with the above mixture for 5 hours at 37°C in a humidified 
atmosphere containing 5% CO2. Subsequently, cells were 
washed with PBS and maintained in DMEM containing 10% 
FBS for 48 hours. Success of transfection was confirmed by 
determining the protein target levels (EMMPRIN or HIF-1α) 
through Western blotting).

Generation of plasmid constructs and establishment of 
EMMPRIN or HIF-1α-ovexpressing cell lines. To investigate 
the effects of EMMPRIN or HIF-1α on PG-induced suppres-
sion on metastatic potential in HCT116 cells, EMMPRIN or 
HIF-1α was overexpressed as previously described [18, 19]. 
The resulting plasmid was named pCMV-EMMPRIN (HIF-
1α). HCT116 cells were transfected with pCMV-EMMPRIN 

(HIF-1α) vector to induce enforced EMMPRIN expression or 
pCMV vector to generate stable clones expressing EMMPRIN 
(HIF-1α) constitutively as control. The resulting cell lines 
were named HCT116/pCMV-EMMPRIN (HIF-1α) and 
HCT116/pCMV, respectively. Two days after transfection, 
G418 solution was added to cells for selection of stable clones 
(HCT116/pCMV-EMMPRIN (HIF-1α) and HCT116/pCMV 
cells). Stable clones were selected and maintained in medium 
containing G418. Success of transfection was confirmed by 
determining the protein expression of EMMPRIN or HIF-1α 
through Western blotting).

Statistical analysis. Data are expressed as means ± SD. 
Analysis of variance (ANOVA) followed by Dunnett’s t  test 
were performed to determine if the difference between groups 
was significant. Values of P <0.05 were considered statistically 
significant.

Results

PG prevented the hypoxia-induced migration and inva-
sion of HCT116 cells. First, we examined the effect of PG 
on hypoxia-induced cell migration and invasion. As shown 
in Figure 1A, PG suppressed hypoxia-induced cell migration 
in a dose-dependent manner. PG at 10μg/ml was not able to 
showed inhibitory effect on cell migration at both tested time 
points. In contrast, PG at 20 and 50μg/ml was able to inhibit 
cell migration at 12 and 24 hours. Then, the effect of PG on 
cell invasion was determined by Transwell assay. As shown in 
Figure 1B, PG also exhibited inhibitory effect on cell invasion 
in a dose-dependent manner.

PG affected the early changes in EMT markers in hypoxic 
environment in HCT116 cells. Next we sought to determine if 
PG mediated the aforementioned effects through modulation 
of hypoxia-induced EMT. EMT is marked by nuclear translo-
cation of β-catenin [20]. Thus, we stained cells with β-catenin 
antibody and found that there was a dose-dependent accumu-
lation of β-catenin in the cell membrane relative to cytoplasm 
and nucleus in the HCT116 cells treated with PG compared 
to cells treated with vehicle (Figure 2A), which suggested the 
inhibition on EMT by PG. In addition, the levels of epithelial 
marker E-cadherin and mesenchymal markers N-cadherin, 
vimentin, fibronectin and α-SMA were examined to support 
the role of PG in regulating EMT process. As shown in Figure 
2B and 2C, western blot and qRT-PCR analyses demonstrated 
that suppression of E-cadherin expression caused by hypoxia 
was restored with PG treatment. Meanwhile, hypoxia led to 
a marked up-regulation of N-cadherin, vimentin, fibronectin 
and α-SMA and the effect was suppressed with PG. Taken 
together, these results clearly indicated that PG inhibited the 
hypoxia-induced cellular transition from epithelial to mesen-
chymal phenotype.

PG blocked the hypoxia-induced up-regulation of Snail, 
Slug and Twist. Transcriptional repressors Snail, Slug and 
Twist are known to regulate the expression of mesenchymal 
and epithelial markers and hence play a crucial role in EMT 
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[21]. Therefore, in order to completely understand the mecha-
nism of PG’s action, we investigated the effect of PG on these 
regulatory molecules. As shown in Figure 2D and 2E, exposure 
to hypoxia caused a  significant increase in the protein and 
mRNA expressions of Snail, Slug and Twist. Upon treatment 
with PG, the hypoxia-caused up-regulation of these transcrip-
tion repressors was inhibited at both protein and mRNA levels. 
The results indicate that PG exerted its inhibitory effect on 
mesenchymal markers by modulating the expression of these 
transcriptional repressors. 

Inhibition of EMMPRIN is involved in the prevention 
of hypoxia-induced EMT by PG. Accumulating evidence 
suggests the involvement of EMMPRIN, as a crucial regula-
tor, in the EMT process [22]. Hence, we attempted to explore 
whether the preventing effect of PG against hypoxia-induced 
EMT involves modulation of the EMMPRIN expression. As 
shown in Figure 3A and 3B, PG treatment attenuated the 
hypoxia-triggered upregulation of EMMPRIN in HCT116 
cells. To further verify the role of EMMPRIN in hypoxia-
mediated EMT, we silenced EMMPRIN with shRNA. As it 
was expected, knockdown of EMMPRIN mimicked the action 
of PG and inhibited hypoxia-caused EMT, as demonstrated 

by the change of EMT markers and the levels of Snail, Slug 
and Twist (Figure 5C-5F). Furthermore, the inhibitory effect 
of PG on EMT was significantly ettenuated in the cells over-
expressing EMMPRIN (Figure 5C-5F). Taken together, our 
results suggest that PG prevented the hypoxia-induced EMT 
by inhibiting HIF-1α.

PG suppresses EMMPRIN expression via PTEN/Akt/
HIF-1α signaling. HIF-1α activation can cause a  series of 
changes in gene transcription and protein linked to a variety 
of tumor cell behaviors including apoptosis, invasion and 
metastasis [23]. It has also been found that HIF-1α played 
a role in EMMPRIN regulation [24]. Therefore, we explored 
whether HIF-1α signaling was involved in the PG-mediated 
suppression of EMMPRIN expression. Then HIF-1α expres-
sion was artificially manipulated to demonstrate the role of 
HIF-1α in EMMPRIN regulation. Under hypoxic condi-
tion, HIF-1α knockdown led to significantly suppression in 
EMMPRIN level while overexpressing HIF-1α resulted in 
significant attenuation on EMMPRIN levels suppressed by 
PG (Figure 4A and 4B). All these above findings confirmed 
our postulation that HIF-1α was involved in the modula-
tory effect of PG on EMMPRIN. We then examined the 

Figure 1. PG suppresses hypoxia-induced migration (A) and invasion (B) in HCT116 cells. HCT116 cells are treated for PG for indicated period of 
time in hypoxia. Cell migration and invasion are assessed by wound scratch and Transwell assay, respectively. Representative graphs of wound scratch 
and Transwell assay from three independent experiments are displayed. Data are presented as mean± SD. *P<0.05 vs. control, ^P<0.05 vs. hypoxia, 
^^P<0.01 vs. hypoxia. 
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mechanism by which PG modulated HIF-1α in HCT116 
cells as HIF-1α expression can be modulated at a different 
phase including transcription, translation and degradation. 
The expression of HIF-1α at mRNA and protein level was 

assessed by qRT-PCR and western blots respectively. As 
shown in Figure 4C, dose-dependent decrease in HIF-1α 
activity was observed. As shown in Figure 5D and 5E, the 
expression of HIF-1α mRNA remained unchanged even with 

Figure 2. PG prevents hypoxia-induced EMT. HCT116 cells are treated for PGat indicated concentration for 24 hours in hypoxia before assays are per-
formed. (A) The representative graphs of the β-catenin translocation determined by immno fluorescent staining were displayed. (B) and (C) The effect of 
PG on expression of epithelial phenotype marker E-cadherin and mesenchymal phenotype marker N-cadherin, vimentin, fibronectin and α-SMA were 
examined by qRT-PCR and western blot. The representative graphs of immunoblots from three independent experiments are displayed. (D) and (E) 
PG suppressed the expression of Snail, Slug and Twist. The representative graphs of immunoblots from three independent experiments are displayed. 
Data are presented as mean± SD. *P<0.05 vs. control, ^P<0.05 vs. hypoxia, ^^P<0.01 vs. hypoxia. 
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the highest concentration of PG while the protein level was 
suppressed in a  dose-dependent manner by PG. Next, we 
examined the involvement of the proteasomal degradation 
of HIF-1α in HCT116 cells treated by using cycloheximide 
(CHX, a  translational inhibitor). HCT116 cells were chal-
lenged with CHX alone or in combination with PG for 0, 1, 
2, 3 hours. As shown in Figure 4F, our results revealed that 
HIF-1α protein degradation rate was significantly higher in 
HCT116 cells treated by both PG and CHX than CHX alone, 

which indicated that PG also interfered with the stabilization 
of HIF-1α in HCT116 cells. Collectively, our results showed 
that PG modulated HIF-1α expression by suppressing de novo 
synthesis and promoting degradation.

Next step in our study was to investigate the upstream 
signaling responsible for the regulatory effect of PG on HIF-
1α expression. The crucial role of PTEN/Akt signaling in 
modulating HIF-1α in hypoxia has been evidenced [15]. On 
the other hand, a  recent study also reported the inhibitory 

Figure 3. EMMPRIN inhibition is involved in the prevention of hypoxia-induced EMT by PG. HCT116 cells are placed under hypoxic conditions in 
the presence or absence of PG at indicated concentration (or 50 μg/ml if not marked). (A) and (B) PG suppresses the hypoxia-induced expression of 
EMMPRIN, as determined by qRT-PCR and western blots. (C) and (D) Silencing EMMPRIN using EMMPRIN -targeting shRNA prevents hypoxia-
induced EMT, as demonstrated by restoration of EMT markers level. Overexpression of EMMPRIN partially abrogated the inhibitory effect of PG on 
hypoxia-induced EMT, as demonstrated by modulation on EMT markers level. (E) and (F) Silencing EMMPRIN using EMMPRIN -targeting shRNA 
prevents hypoxia-induced EMT, as demonstrated by restoration of Snail, Slug and Twist level. Overexpression of EMMPRIN partially abrogated the 
inhibitory effect of PG on hypoxia-induced EMT, as demonstrated by modulation on Snail, Slug and Twist level. The representative graphs of immuno-
blots from three independent experiments are displayed. ^P<0.05 vs. hypoxia, ^^P<0.01 vs. hypoxia, #P<0.05 vs. hypoxia+PG.
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of effect of PG on Akt signaling in tumor cells [25]. In this 
case, we postulated that PG might be able to regulate HIF-1α 
via PTEN/Akt here. As shown in Figure 5A, PG produced 
a dramatic elevation of PTEN in a dose-dependent manner 
as well as inhibition on Akt activation, confirming the effect 
of PG on PTEN/Akt signaling. Then the involvement of Akt 
signaling in HIF-1α and EMMPRIN was examined with Akt 
inhibitor and Akt activator. In the cells treated with IGF-I (Akt 
activator) for 4 hours, the level of HIF-1α was significantly 
elevated, which was reversed by PG at a concentration of 50 
μg/ml (Figure 5F). Meanwhile, treatment of the cells with 
Akt inhibitor LY294002 was found to significantly reduce the 
HIF-1α protein expression (Figure 5F). Corresponding to these 
observations, the expression of EMMPRIN was significantly 
reduced with LY294002 and the downregualtion of EMMPRIN 
by PG was significantly attenuated by IGF-I. Collectively, these 
findings suggest that PG mediated the inhibtion of PTEN/Akt 
which in turn caused the repression of HIF-1α protein level 
and subsequent suppression on EMMPRIN levels.

To further support our beforementioned findings, we exam-
ined the role of PTEN/Akt signaling in PG-induced inhibition 

on EMT of HCT116 cells. As shown in Figure 5B, Akt inhibitor 
LY294002 exhibited significantly inhibitory effect on EMT, 
as demonstrated by the changes in levels of two important 
EMT markers and transcriptional repressors, suggesting the 
regulating role of PTEN/Akt signaling in EMT. In contrast, 
Akt activator IGF-I significantly abolished the suppressing 
effect of PG on EMT, confirming that the inhibitory effect 
of PG on EMT was mediated, at least partly, through PTEN/
Akt signaling. 

Discussion

Cancer cells are characterized by rapid proliferation and 
require adaptive metabolic responses to allow continued 
biosynthesis and cell growth in the setting of decreased 
oxygen (O2) and nutrient availability [26, 27]. The hypoxic 
microenvironment in the central region of solid tumors is 
known to induce EMT and promote invasiveness of cancer 
cells [28]. One of the characteristics of EMT is that instead 
of epithelial cell marker, E-cadherin, the cells express mes-
enchymal markers (Vimentin and N-cadherin) [14]. In the 

Figure 4. Involvement of HIF-1α inhibition in the modulating effect of PG on EMMPRIN. (A) and (B) PG regulated the expression of EMMPRIN by 
suppressing HIF-1α. (C) PG suppressed HIF-1α activity in dose-dependent manner. (D). PG suppressed HIF-1α protein expression in dose-dependent 
manner. (E) PG did not affect the mRNA expression of HIF-1α. (F). PG promoted the degradation of HIF-1α. ̂ P<0.05 vs. hypoxia, ̂ ^P<0.01 vs. hypoxia, 
#P<0.05 vs. hypoxia+PG, &P<0.05 vs. CHX.
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context of colorectal cancer, hypoxia has also been known to 
affect the stromal cells, a factor associated with poor prog-
nosis [29]. PG, a major active ingredient from a traditional 
Chinese herbal medicine R. japonicus, has also been reported 
to display anti-cancer effect in vitro [12]. However, the effect 
of PG on EMT, a phenomenon that plays a vital role in cancer 
progression and metastasis, has not been studied before. The 
main finding of the present study is that PG can effectively 
block the hypoxia-promoted EMT in colorectal cancer cells 
by inhibiting the PTEN/PI3k/Akt/HIF-1α signaling pathway, 
at least in part.

EMMPRIN is a  transmembrane glycosylated member of 
the immunoglobulin superfamily molecules that is expressed 
on the cell surface of most tumor cells [30-32]. Moreover, 
a number of studies have showed that elevated EMMPRIN 
expression is associated with clinically aggressive behavior 
and poor prognosis in a  variety of solid tumors, including 

colorectal cancer [33-37]. EMMPRIN has been shown to 
promote tumor invasion and metastasis via stimulating ma-
trix metalloproteinase synthesis in neighboring fibroblasts 
[38, 39], to enhance angiogenesis via vascular endothelial 
growth factor [40], to induce chemoresistant tumor cells via 
the production of hyaluronan [41], and to confer resistance 
of cancer cells to anoikis through inhibition of Bim [42]. 
EMMPRIN has also been shown to interact with cyclophilin 
A (CypA) and to facilitate the malignant cell proliferation via 
the activation of ERK1/2 and p38 mitogen-activated protein 
kinases [43].In the context of colorectal cancer, clinical data 
showed that EMMPRIN expression is associated with disease-
free survival of patients with colorectal cancer [44] and serves 
as an independent biomarker associated with poor prognosis 
in colorectal cancer [45]. Li et al have also reported that 
downregulating EMMPRIN expression by RNA interference 
inhibits HT29 cell proliferation, invasion and tumorigenicity 

Figure 5. Modulating effect of PTEN/Akt signaling on hypoxia-induced EMT in HCT116 cells. (A) PG suppressed PTEN/Akt signaling in dose-dependent 
manner. (B)PG suppressed HIF-1α and EMMPRIN level via PTEN/Akt signaling. (C) and (D) Akt inhibitor or mimicked the suppressing effect of PG on 
hypoxia-induced EMT while Akt activator abolished the suppressing effect of PG on hypoxia-induced EMT, as demonstrated by changes in EMT mark-
ers. (E) and (F) Akt inhibitor or mimicked the suppressing effect of PG on hypoxia-induced EMT while Akt activator abolished the suppressing effect 
of PG on hypoxia-induced EMT, as demonstrated by changes in Snail, Slug and Twist levels. The PG concentration was 50μg/ml when no concentration 
was marked. The concentration of LY294002 and IGF-I was 20 μM and 10 ng/ml, respectively. LY294002 or IGF-I was added to the culture medium the 
same time as PG. ^P<0.05 vs. hypoxia, ^^P<0.01 vs. hypoxia, #P<0.05 vs. hypoxia+PG.
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in vitro and in vivo [46]. In consistent with these studies, our 
results in this study showed that EMMPRIN was a  crucial 
mediator involved in hypoxia-induced EMT and suppressing 
EMMPRIN expression could prevent hypoxia-induced EMT, 
further supporting the key role of EMMPRIN in colorectal 
cancer progression and highlighting that EMMPRIN might 
serve as a idea target for colorectal cancer therapy.

HIF-1 is the critical regulator in regulating the cellular 
response to hypoxia, and it has recently been demonstrated 
to be involved in tumorigensis [47, 48]. It is well established 
that hypoxia contribute to cancer progression though adaptive 
mechanisms involving recruitment/stabilization of HIF-1α 
[49]. HIF-1α in turn, dimerizes with HIF-1β, translocates 
into the nuclei and binds to a specific sequence defined hy-
poxia-responsive element present in the promoter on several 
hypoxia-dependent target genes, which then activates a com-
plex genetic programme designed to sustain several changes 
necessary to efficiently counteract the decrease in oxygen 
tension [49]. In addition to the induction by intratumoral hy-
poxia, the expression of HIF-1α is induced by the loss of tumor 
suppressors such as VHL and PTEN, activation of oncogenes, 
as well as by the increased activity of PI3K and/or MAPK sig-
naling pathways [50, 51]. In nude mouse xenograft assays, loss 
of HIF-1α activity results in decreased tumor growth, vascu-
larization, and energy metabolism, whereas overexpression of 
HIF-1α results in decreased tumor latency, increased vascular 
density, volume, permeability and promotes tumor growth 
[52]. Moreover, expression of HIF-1α was unregulated in many 
solid tumors and has been proposed to elevate the expression of 
genes involved in cell invasiveness and angiogenesis, leading to 
an overall observation that HIF-1α expression correlated with 
highly metastatic behavior and eventually a poor prognosis[49]. 
Recently, hypoxia environment has been identified as a trigger-
ing factor leading to EMMPRIN overexpression, highlighting 
the possibility that EMMPRIN might be regulated by HIF-
1α, one of the most important responsive factors to hypoxic 
stimuli [53]. A later study by Ke et al provided evidence for the 
direct regulatory effect of HIF-1α on EMMPRIN in hypoxia 
conditions by demonstrating that HIF-1α directly binds to 
a specific hypoxia-responsive element (HRE) located at −133 
to −130 in the EMMPRIN promoter region and upregualtes 
EMMPRIN [24]. On the other hand, transcriptional regulation 
of EMMPRIN by Slug, which is a known downstream gene 
of HIF-1α, has also been reported [22]. It seems that HIF-1α 
can regulate the expression of EMMPRIN both directly and 
indirectly. Herein, our results showed that PG regulated the 
expression of EMMPRIN through modulating the level of HIF-
1α, by artificially manipulating the expression level of HIF-1α 
in HCT116 cells, backing up the previous findings about the 
regulatory role of HIF-1α in EMMPRIN expression.

The role of tumor suppressor gene PTEN in regulating 
HIF-1α through PTEN-PI3K axis has recently been empha-
sized in cancer models [54]. Therefore, we examined whether 
PG might regulate HIF-1α level via inhibiting PTEN/Akt 
signaling pathway in HCT116 cells. In fact, our results did 

show that PG did exert negative effect on PTEN/Akt signal-
ing. Furthermore, both Akt signaling activator and inhibitor 
were utilized to confirm the regulatory PTEN/Akt signaling 
on the inhibitory effect of PG on HIF-1α and EMMPRIN 
levels. Taken together, our results showed that PG suppressed 
hypoxia-induced EMT in colorectal cancer HCT116 cells, at 
least partly, by downregulating EMMPRIN via PTEN/Akt/
HIF-1α signaling pathway (Figure 6).

In conclusion, the results from this study identified a major 
role of EMMPRIN downregulation by PG in the prevention of 
the hypoxia-induced EMT of colorectal cancer cells through 
inhibiting PTEN/Akt/HIF-1α signaling. This finding provides 
with a novel insight into the mechanism of PG-mediated in-
hibition of EMT and cancer metastasis.

Supplementary information is available in the online version 
of the paper.
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Supplementary Figure 1. A:  Overexpression of EMMPRIN in HCT116 cells. B: 

Knockdown of EMMPRIN in HCT116 cells. Blots were representative of three 

independent experiments. **P<0.01.  


