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ABSTRACT

Cyclooxygenase-2 (COX-2) plays an important role in the carcinogenesis and progression of gastric cancer. 
Z-guggulsterone has been used as an antibacterial and anticancer agent; however, effects and action mechanism 
of Z-guggulsterone on the human gastric cancer cells remain unclear. This study evaluated the antitumor effects 

as increased Bax and PTEN expression in gastric cancer cells. The PTEN inhibitor reversed Z-guggulsterone -induced 
down regulation of p-Akt and COX-2 expression. The Akt inhibitor combined with Z-guggulsterone can down-
regulate the expression levels of p-Akt and COX-2, and the combined effect was better than that of Z-guggulsterone 
alone. These results collectively indicate that Z-guggulsterone inhibits proliferation and induces apoptosis of gastric 
cancer cells may be mediated by down-regulation of COX-2 expression through PTEN/Akt signaling pathway.
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ABBREVIATIONS

BMI: Body Mass Index; ESI-MS: Electron Spray Ionization Mass 
Spectroscopy; Fet A: Fetuin A; pFet A: phosphorylated Fetuin A; 
MALDI-TOF-MS: Matrix Assisted Laser Desorption Ionization; 
OGTT: Oral Glucose Tolerance Test; rh: Human Recombinant; Ser: 
Serine; SFA: Saturated Free Fatty Acids; MUFA: Monounsaturated 
Free Fatty Acids; PUFA: Polyunsaturated Free Fatty Acids; Thr: 
Threonine; uSFA: Sum of Unsaturated Free Fatty Acids.

INTRODUCTION

Gastric cancer is the fourth most prevalent cancer and the second 
most common cause of cancer-related deaths worldwide [1-3]. 
Although overall survival in patients with gastric cancer has greatly 
improved in recent years due to increase detection of early cancers 
and wider implementation of radical surgery [4,5], the prognosis 
of advanced cancer remains poor as safe and effective adjuvant 
therapy options are limited [1]. Chemotherapy is the standard of 
care for incurable advanced gastric cancer. Our previous studies 
have shown that traditional natural drugs possessed significant 
anti-tumor potential for gastric cancer therapy [6-9].

Cyclooxygenase-2 (COX-2), the mitogen-inducible isoform, is 

constitutively expressed in gastric cancer and is related to cell 
proliferation and apoptosis, tumor invasiveness and metastasis [10-
12]. Previous studies have shown that COX-2 inhibition by selective 
COX-2 inhibitors or small interfering RNA (siRNA) suppresses cell 
proliferation and induces apoptosis in human gastric cancer cells 
[9,13-15]. PTEN (gene of phosphate and tension homology deleted 
on chromosome ten) is a tumor suppressor gene with phosphatase 
activity that can regulate cell survival, proliferation, and energy 
metabolism processes [16,17]. Recent studies have demonstrated 
that the PTEN/Akt pathway can regulate COX-2 expression in 
human cervical cancer, gall bladder cancer and colorectal cancer 
[18-20]. 

Guggulsterone [4,17,20-pregnadiene 3,16-dione], a plant polyphenol 
obtained from the gum resin of the Commiphora mukul tree, has 
been used as an effective herbal medicine in the treatment of various 
diseases including cancers [21-23]. Guggulsterone exists as two 
isoforms: E- and Z-guggulsterone, shown in Figure 1 [24]. Recent 
studies have shown that Z-guggulsterone can induce apoptosis in 
liver, breast, and prostate cancer cells [25-27]. However, effects 
and exact molecular mechanism of Z-guggulsterone on human 
gastric cancer remain unclear. In the present study, human poorly 
differentiated MGC803, BGC823 and moderately differentiated 

Tumor Growth in vivo through PTEN/Akt/COX-2 Signaling Pathway

of Z-guggulsterone on human gastric cancer both in vitro  and in vivo . Our results showed that Z-guggulsterone 
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growth in vivo . In addition, Z-guggulsterone significantly inhibited the expression of Bcl-2, p-Akt and COX-2 as well 
significantly inhibited cellular proliferation, migration and induced apoptosis in vitro , as well as inhibited tumor 
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SGC7901 gastric cancer cell, in which COX-2 was found to be 
expressed [8,9,11,28,29], were applied to investigate the antitumor 

expression of COX-2, PTEN, Akt and apoptosis-related proteins 
were detected to further elucidate the possible mechanism 
underlying the anti-tumor effects of Z-guggulsterone against gastric 
cancer.

MATERIALS AND METHODS

Reagents

Z-guggulsterone (MF: C21H28O2, MW: 312.45, CAS: 
39025-23-5, purity: >98%), Dimethylsulfoxide (DMSO) and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylformazan (MTT) 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). 
Z-guggulsterone was dissolved in DMSO as a 10 mg/ml stock solution 
and stored at -20°C. PTEN inhibitor bpv (HOpic) and Akt inhibitor 
MK2206 were purchased from Selleck Chemicals (Houston, TX, 
USA). Hoechst 33342 were purchased from Beyotime Institute 
of Biotechnology (Nantong, China). RPMI-1640 medium, Fetal 
Bovine Serum (FBS) and penicillin/streptomycin were purchased 
from Gibco BRL (Grand Island, NY, USA). Other reagents were of 
analytic grade and obtained from Nanjing Chemical Reagent Co. 
(Nanjing, China), unless otherwise described.

Cell lines and culture conditions

Human poorly differentiated MGC803, BGC823 and moderately 
differentiated SGC7901 gastric cancer cell lines were obtained 
from Shanghai Institute of Cell Biology (Shanghai, China). The 
cells were cultured in RPMI-1640 medium supplemented with 10% 
FBS, 100 units/ml penicillin G, and 100 μg/ml streptomycin at 

Methyl Thiazolyl Tetrazolium (MTT) cell viability assay

MGC803, SGC7901 and BGC823 cells were seeded onto 96-well 
microplate at a density of 2 × 104 cells per well and incubated 
overnight in 10% FBS medium. The cells were then treated with 
different concentrations of Z-guggulsterone (0,4,8,12,16,20 and 
24 μg/ml) in serum-free conditions. Untreated cells in serum-free 
medium were used as controls. After incubation for 12, 24 and 48 
h at 37°C, the cell proliferation was determined by the MTT assay 
as described in the previous studies.

Hoechst 33342 staining

MGC803, SGC7901 and BGC823 cells were treated with 
Z-guggulsterone at the final concentrations of 0,8,12, and 16 μg/
ml for 24 h. The cells were then washed twice in PBS followed 
by fixation with 4% paraformaldehyde for approximately 20 min. 
After washing three times with PBS, these cells were stained with 
10 μg/ml Hoechst 33342 for 10 minutes at room temperature 

in the dark. Morphological changes in nuclear chromatin were 
observed under a fluorescence microscope (Eclipse E-800; Nikon, 

Tokyo, Japan).

Flow cytometry analysis

To further quantitative analysis of apoptosis, the cells were washed 
with PBS, stained with annexinV-FITC and propidium iodide 
using the AnnexinV-FITC kit (Dojindo, Japan). The cells were 
then subjected to flow cytometry according to manufacturer's 
instructions and the stained cells were analyzed by FACS can flow 
cytometer.

Western blot analysis

MGC803, SGC7901 and BGC823 cells were grown to 
subconfluence in 60 mm dishes and thereafter cultured in 
serum-free medium for 24 h. The cells were then treated with 
Z-guggulsterone in serum-free conditions for 24 h; untreated 
cells in serum-free medium were used as controls. In another 
experiment, the cells were pre-treated with PTEN inhibitor bpv 
(HOpic, 17.4 ng/ml) or Akt inhibitor MK2206 (38.4 ng/ml) for 
30 min and then treated with Z-guggulsterone (16 μg/ml) for 24 
h. The extraction of proteins from cells and western blot analyses 
were performed as described in our previous reports [13,28]. 
Antibodies used include rabbit anti-Bcl-2, anti-Bax, anti-PTEN, 
anti-COX-2, and anti-GAPDH (Abcam Inc., Cambridge, MA, 
USA); anti-phospho-Akt (Ser 473) and anti-Akt (Sigma-Aldrich, 
St. Louis, MO, USA). Goat anti-rabbit IgG horseradish peroxidase 
(HRP)-conjugated secondary antibodies were purchased from the 
Abcam Inc. (Cambridge, MA, USA). Bands were quantified using 
densitometric image analysis software (Quantity One, Bio-Rad, 
Hercules, CA, USA). The relative expressions of COX-2, PTEN, 
Bcl-2 and Bax were normalized to that of GAPDH. The phospho-
Akt was normalized to the total Akt levels.

Wound-healing assay

Gastric cancer cells were plated into the 6-well plates and cultured in 
incubator until confluent monolayers were formed. The cells were 
serum starved for 12 h and then a 'wound' (clear space) was made 
using a sterile pipette tip. At this time point (t=0 h) wound margins 
were observed using phase contrast microscopy and photographed. 
Then, serum-free medium containing 0 or 4 μg/ml Z-guggulsterone 
was added to the plates and the cells were incubated for up to 48 h 
at 37°C. The same fields of the wound margin were photographed 
at 24 and 48 h. Pictures were superposed using Photoshop (Adobe) 
and areas were measured using Scion Image Analysis Software 
(Scion Corporation, Frederick, MD, USA). The wound healing 

rate was calculated according to the following formula: (the average 
area of wound in 0 h-the average area of wound in 24 or 48 h)/the 
average area of wound in 0 h. Experiments were repeated at least 
three times.

In vivo antitumor efficacy

Athymic nude mice (4-5 weeks old and weighing 18-20 g, n=30) 
were purchased from the Department of Laboratory Animal 
Center of Nanjing Medical University (Nanjing, China). The mice 
were housed in a specific pathogen-free room with controlled 
temperature (25 ± 2°C), humidity (60%-80%), and lighting (12 h 

Figure 1: The molecular structure of E-guggulsterone and Z-guggulsterone.

effects of Z-guggulsterone in vitro  and in vivo . In addition, the 

37°C in a humidified incubator with 5% CO 2.

Cell migration was assayed using in vitro  wound healing assay. 
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light/dark cycle), with autonomous access to water and food. The 
mice were subcutaneously injected at the left axillary space with 0.1 
ml of cell suspension containing 4-6 × 106 MGC803, SGC7901 or 
BGC823 cells. Seven days after implantation of tumor cells (when 
the tumor size was approximately 0.1-0.2 cm3), mice were randomly 
divided into two groups (n=5) to receive different treatments. The 
experimental mice were administered oral Z-guggulsterone at a 
dose of 40 mg/kg once a day for 2 weeks. The control mice were 
administered with an equal volume of normal saline. Tumors were 
measured with calipers at 2-day intervals and the volumes were 
calculated using the following formula: (the shortest diameter) 
2 × (the longest diameter) × 0.5. The mice were sacrificed at the 
completion of the experiment and the implanted tumors were 
removed. All animal experimental procedures were done in 
accordance with the Guide for the Care and Use of Laboratory 
Animals (NIH publication no. 80-23, revised 1996) and the 
institutional ethical guidelines for animal experiments.

Statistical analysis

Statistical analyses were performed using the GraphPad Prism 6.0 
software (GraphPad Software, Inc., USA). The data were shown 
as mean ± standard deviation, and were analyzed using two-tailed 
Student’s t-test or one-way analysis of variance (ANOVA) with 
Dunnett’s multiple comparison tests. P-value<0.05 was considered 
statistically significant.

untreated control cells were large and round without condensation 
or fragmentation, whereas the nucleus from the Z-guggulsterone 
treated cells were condensed and fragmented, emitted bright 
fluorescence, which were early phenomena of apoptosis. Annexin 
V-FITC and PI staining were used to evaluate the apoptosis rate, 
which was reported as the percentage of early apoptotic cells 
stained with Annexin V (Annexin V+/PI-, Q3) and late apoptotic 
cells stained with Annexin V and PI (Annexin V+/PI+, Q2). 
Z-guggulsterone dose-dependently induced apoptosis in MGC803, 
SGC7901 and BGC823 cells shown in, Figures 3B and 3C. 
In addition, Z-guggulsterone dose-dependently suppressed the 
expression of Bcl-2 and increased the expression of Bax in gastric 
cancer cells shown in Figures 3D and 3E. All these data indicated 

RESULTS

Effects of  Z-guggulsterone on gastric cancer cell 
proliferation

MTT assay was used to analyze metabolic activity in proliferating 
cells. As shown in Figure 2, Z-guggulsterone significantly inhibited 
the cell proliferation of MGC803, SGC7901 and BGC823 in a 
dose and time-dependent manner. The IC50 of Z-guggulsterone at 
different time points was shown in Table 1.

Table 1: IC50 values of Z-Guggulsterone at 12, 24, and 48 h against 
MGC803, SGC7901, and BGC823 cells.

IC50 (µg/ml)

12 h 24 h 48 h

MGC803 17.42 ± 1.22 13.09 ± 0.62 9.94 ± 0.13

SGC7901 29.74 ± 2.88 14.79 ± 0.62 10.27 ± 0.38

BGC823 22.87 ± 2.14 16.52 ± 1.61 11.68 ± 0.33

Data are represented as mean ± SD from three independent experiments.

Effects of  Z-guggulsterone on the apoptosis of gastric 
cancer cells

The morphological changes in apoptotic cells were observed by 
Hochest 33342 staining. As shown in Figure 3A, the nucleus of 

Figure 2: Z-Guggulsterone dose and time-dependently inhibits gastric 
cancer cell proliferation. The results are expressed as the percentages of the 
control (0 μg/ml). Data are shown as mean ± SD from three independent 
experiments. *P<0.05, **P<0.01 vs. control (0 μg/ml).

Figure 3B: Flow cytometry-based annexin V-FITC/PI labeling of apoptotic cells. 

Figure 3C: The histogram represents apoptosis rates.

Figure 3A: ZZ-Guggulsterone induces apoptosis in gastric cancer cells. (A) 
Morphological changes in apoptotic cells were examined by fluorescence 
microscopy after Hoechst 33342 staining (original magnification, × 100). 
Morphologic changes were seen only in Z-Guggulsterone treated gastric 
cancer cells. Magnified images of 16 μg/ml Z-Guggulsterone treated gastric 
cancer cells clearly showed condensed and fragmented nucleus and emitted 
bright fluorescence (right panels). 

that Z-guggulsterone induced apoptosis in gastric cancer cell lines. 
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Effects of Z-guggulsterone on the expressions of 
PTEN, COX-2 and p-Akt in gastric cancer cells

FTo examine the effects of Z-guggulsterone on PTEN, COX-
2 and p-Akt expression, gastric cancer cell lines were treated 
with Z-guggulsterone and western blot analysis showed that 
Z-guggulsterone dose-dependently increased PTEN expression, 
whereas inhibited COX-2 and p-Akt expressions in MGC803, 
SGC7901 and BGC823 cells shown in Figure 4.

Effects of PTEN/Akt inhibitor on Z-guggulsterone 
-induced downregulation of COX-2 expression in gastric 
cancer cells

To elucidate the signaling pathway mediating Z-guggulsterone 
-induced downregulation of COX-2 expression, further studies 
were designed to determine the effects of PTEN and Akt inhibitor 
on COX-2 expression in gastric cancer cells. As shown in Figure 
5, the PTEN inhibitor, bpv (Hopic), blocked Z-guggulsterone 
induced PTEN expression, reversed Z-guggulsterone induced 
downregulation of p-Akt and COX-2 expression. The Akt inhibitor, 
MK2206, combined with Z-guggulsterone can down-regulate the 

expression levels of p-Akt and COX-2, and the combined effect 
was better than that of Z-guggulsterone alone shown in Figure 5C 
and 5D. These results collectively indicate that Z-guggulsterone 
inhibits proliferation and induces apoptosis of gastric cancer cells 
may be mediated by down-regulation of COX-2 expression through 
PTEN/Akt signaling pathway. 

Z-guggulsterone inhibits the migration of gastric 
cancer cells

After 24 h and 48 h of Z-guggulsterone treatment, fewer cells 
migrated to the exposed area of the wound, healing was evidently 
inhibited. The results indicated that Z-guggulsterone significantly 
inhibited the migration of gastric cancer cells. As administration 
time is prolonged, the effect of migration inhibition becomes more 

Figure 3 (D and E): The expressions of Bcl-2 and Bax in gastric cancer cells 
were measured by western blot analysis after Z-Guggulsterone treatment. 
The histogram represents the relative expressions of Bcl-2 and Bax 
compared with GAPDH. Each data point represents the mean ± SD from 
three independent experiments. *P<0.05, **P<0.01 vs. control (0 µg/ml).

Figure 5: TEffects of PTEN/Akt inhibitor on Z-Guggulsterone-induced 
downregulation of COX-2 expression in gastric cancer cells. Gastric cells 
were pre-treated with PTEN inhibitor bpv (HOpic, 17.4 ng/ml, A and B) 
or Akt inhibitor MK2206 (38.4 ng/ml, C and D) for 30 min and then 
treated with Z-Guggulsterone (16 µg/ml) for 24 h. (A and C) PTEN, COX-
2, total and phosphorylated forms of Akt expressions in gastric cancer cells 
were detected by western blot analysis. (B and D) The histogram represents 
the relative expressions of PTEN and COX-2 compared with GAPDH or 
phospho-Akt (p-Akt) compared with total Akt, respectively. Each data point 
represents the mean ± SD from three independent experiments. *P<0.05, 
**P<0.01 vs. Control; +P<0.05, ++P<0.01 vs. ZG (ZG=Z-Guggulsterone ).

Figure 4: Effects of Z-Guggulsterone on the PTEN and COX-2 expressions 
as well as Akt phosphorylation in gastric cancer cells. Gastric cancer cells 
were treated with increasing concentrations of Z-Guggulsterone for 24 h. 
(A) PTEN, COX-2, total and phosphorylated forms of Akt expressions in 
gastric cancer cells were detected by western blot analysis. (B) The histogram 
represents the relative expressions of PTEN and COX-2 compared with 
GAPDH or phospho-Akt (p-Akt) compared with total Akt, respectively. 
Each data point represents the mean ± SD from three independent 
experiments. *P<0.05, **P<0.01 vs. control (0 µg/ml).

Figure 6: Z-Guggulsterone inhibits monolayer wound healing of gastric 
cancer cells. (A) Phase micrographs of gastric cancer cells at 24 h and 
48 h after monolayer wounding (original magnification, × 100). (B) 
Quantification of cell migration using the monolayer wound healing 
assay. Gastric cancer cells were treated without (control) or with 4 µg/ml 
Z-Guggulsterone. Each data point represents the mean ± SD from three 
independent experiments. *P<0.05, **P<0.01 vs. control (0 µg/ml).

evident shown in Figure 6.
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We selected 4 μg/ml Z-guggulsterone to investigate the effects 
of Z-guggulsterone on the migration of gastric cancer cells. 
Z-guggulsterone at this concentration had no obvious influence on 
cell proliferation according to the data from MTT assay. As shown 
in Figure 6B, Z-guggulsterone significantly inhibited the migration 
of MGC803, SGC7901 and BGC823 cells at 24 h and 48 h after 
treatment.

Z-guggulsterone inhibits gastric xenograft tumor 
 

To further explore the effects of Z-guggulsterone on tumor growth, a 
gastric xenograft tumor model was established. As shown in Figures 
7A and 7C, Z-guggulsterone inhibited tumor growth compared 
to control mice at later time points. There was no significant 
difference in body weight between experimental and control mice 
shown in Figure 7B. Furthermore, western blot analysis showed 
that Z-guggulsterone inhibits COX-2 expression in nude mice 
xenografts shown in Figures 7D and 7E. These data collectively 
indicate that Z-guggulsterone can effectively reduce tumor growth 

Figure 7:
nude mice were subcutaneously injected with gastric cancer cells. When 
the tumor size was approximately 0.1-0.2 cm3, mice were randomly divided 
into two groups (n=5) to receive different treatments. The experimental 
mice were administered oral Z-Guggulsterone at a dose of 40 mg/kg once a 
day for 2 weeks. The control mice were administered with an equal volume 
of normal saline. (A) Tumor volume was measured and the tumor growth 
curves were drafted. (B) Body weight change of mice treated with saline 
or Z-Guggulsterone. (C) The mice were sacrificed at the completion of 
the experiment and each tumor lump was removed from the body. (D) 
Western blot analysis of COX-2 expression in the xenografts obtained from 
four randomly selected mice. (C=control; ZG=Z-Guggulsterone). (E) The 
histogram represents the relative expression of COX-2 proteins compared 
with GAPDH. Data were shown as mean ± SD from five (A and B) or four 
mice (E). *P<0.05, **P<0.01 vs. control (saline).

DISCUSSION

Gastric cancer remains as the primary cause of cancer-related 
deaths worldwide, despite the fact that the incidence has gradually 
declined in developed countries [3]. Over-expression of COX-2 
plays an important role in the carcinogenesis, development, and 
progression of gastric cancer [8,10-12,30]. Specific COX-2 inhibitors 
can effectively inhibit the proliferation and induce the apoptosis of 
gastric cancer cells [13,31]. In this study, we demonstrated for the 
first time that Z-guggulsterone can down-regulate the expression 
of COX-2 via the PTEN/Akt signaling in gastric cancer cells, and 
consequently induces apoptosis and inhibits the proliferation of 
gastric cancer cells.

Z-guggulsterone is a resinous substance obtained from 
Commiphora trees, which is believed to act as an antitumor agent 
[22,32,33]. Previous studies have confirmed that guggulsterone 
can reduce COX-2 expression level in head and neck cancer cells 
[34] and digestive tract tumor cells [35,36]; prevented cytokines-
induced COX-2 expression and protects pancreatic beta cells from 
cytokine toxicity [37]. The results of these studies are consistent 
with our findings that Z-guggulsterone can significantly inhibit 
COX-2 expression in gastric cancer cells. However, the molecular 
mechanism by which Z-guggulsterone down-regulates the expression 
of COX-2 in gastric cancer cells remains unknown.

It is well known that tumorigenesis is due to an imbalance 
between cell proliferation and apoptosis, which is maintained by 
different signal transduction pathways. In the current study, we 
have observed that Z-guggulsterone significantly inhibited cellular 
proliferation and migration, induced apoptosis in vitro, as well 

significantly inhibited the expression of Bcl-2, p-Akt and COX-2 as 
well as increased Bax and PTEN expression in gastric cancer cells.

The PTEN inhibitor, bpv (Hopic), blocked Z-guggulsterone 
-induced PTEN expression, reversed Z-guggulsterone -induced 
downregulation of p-Akt and COX-2 expression. The Akt inhibitor, 
MK2206, combined with Z-guggulsterone can down-regulate the 
expression levels of p-Akt and COX-2, and the combined effect was 
better than that of Z-guggulsterone alone. These results collectively 
indicate that Z-guggulsterone inhibits proliferation and induces 
apoptosis of gastric cancer cells may be mediated by down-regulation 
of COX-2 expression through PTEN/Akt signaling pathway. 
Antitumor effect of a selective COX-2 inhibitor may be attributed 
to angiogenesis inhibition through modulating the PTEN/PI3K/
Akt/HIF-1 pathway in murine hepatocarcinoma model [38].

A large number of studies have confirmed that the apoptosis of 
cancer cells can be induced by the PI3K/Akt pathway [39-42]. The 
antitumor effect of the traditional Chinese medicine ginsenoside 
is related to its inhibition of the PI3K/Akt signaling pathway 
and COX-2 expression [43]. It has been previously shown that 
PTEN/Akt pathway may reduce tumor growth and metastasis 
in breast cancer [44,45]. Cadmium selectively induces COX-2 
expression through PTEN-mediated PI3K/Akt activation In RAW 
264.7 cells, a mouse leukaemic monocyte cell line [46]. PTEN is 
known to negatively regulate PI3K signaling pathway due to its 
lipid phosphatase activity, thereby inhibiting the activation of 
downstream components such as AKT [47-49]. Previous studies 
have shown that PTEN-mediated tumor inhibition is related to the 
suppression of PI3K/AKT pathway, which is abnormally activated 
in human cancer [16,50,51] (Figure 8).

growth in vivo

by suppressing COX-2 protein expression in vivo. 

 EZ-Guggulsterone inhibits gastric tumor growth in vivo . The 

as inhibited tumor growth in vivo . In addition, Z-guggulsterone 
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CONCLUSION

In conclusion, we have demonstrated that Z-guggulsterone 
significantly inhibited cellular proliferation, migration and 

as inhibited the expression of Bcl-2, p-Akt and COX-2 in gastric 
cancer cells. In addition, PTEN inhibitor significantly reversed 
Z-guggulsterone -induced down regulation of p-Akt and COX-
2 expression. These results suggest that Z-guggulsterone inhibits 
proliferation and induces apoptosis of gastric cancer cells may be 
mediated by down-regulation of COX-2 expression through PTEN/
Akt signaling pathway.

AUTHOR’S CONTRIBUTION

J.W. and J.H. assisted with the cell based assays. P. H. and S.W. 
performed the data analysis. Y.L. helped perform the analysis 
with constructive discussions. W.S. and X.H. supervised the 
overall experimental design, provided the idea, and prepared the 
manuscript.

ACKNOWLEDGMENTS

The present study was supported by Grants from the Nature 
Science Foundation of China (No. 81072030), The Natural Science 

Foundation of Jiangsu (No. BK20171508, DA17).

DECLARATION OF COMPETING INTEREST

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to 
influence the work reported in this paper.

REFERENCES
1. Torre LA, Bray F, Siegel RL, Ferlay J, Tieulent Jl, Jemal A. Global 

cancer statistics, 2012. CA Cancer J Clin.2015;65:87-108.

2. Van Cutsem E, Sagaert X, Topal B, Haustermans K, Prenen H. Gastric 
cancer. Lancet.2016;388:2654-2664.

3. Fock KM. Review article: The epidemiology and prevention of gastric 
cancer. Aliment Pharmacol Ther.2014;40:250-260.

Figure 8: A hypothetical model illustrating that Z-Guggulsterone inhibits 
the proliferation and migration and induces apoptosis through the PTEN/
Akt/COX-2 signaling pathway in gastric cancer cells.

4. Mocellin S, McCulloch P, Kazi H, Gama-Rodrigues JJ, Yuan Y, Nitti D. 
Extent of lymph node dissection for adenocarcinoma of the stomach. 
Cochrane Database Syst Rev.2015.

5. Sawaki K, Kanda M, Kodera Y. Review of recent efforts to discover 
biomarkers for early detection, monitoring, prognosis, and prediction 
of treatment responses of patients with gastric cancer. Expert Rev 
Gastroenterol Hepatol.2018;12:657-670.

6. Li J, Deng Z, Wang Z, Wang D, Zhang L, Su Q, et al. Guan, 
Zipper-interacting protein kinase promotes epithelial-mesenchymal 
transition, invasion and metastasis through AKT and NF-kB signaling 
and is associated with metastasis and poor prognosis in gastric cancer 
patients. Oncotarget.2015;6:8323-8338.

7. Liu JJ, Liu JY, Chen J, Wu YX, P Yan, Ji CD, et al. Qian, Scinderin 
promotes the invasion and metastasis of gastric cancer cells and 
predicts the outcome of patients. Cancer Lett.2016;376:110-117.

8. Xu X, Zhu GQ, Zhang K, Zhou YC, Li XL, Xu W, et al. Sun, 
Cyclooxygenase-2 mediated synergistic effect of ursolic acid in 
combination with paclitaxel against human gastric carcinoma. 
Oncotarget.2017;8:92770-92777.

9. Zhang H, Li X, Ding J, Xu H, Dai X, Hou Z, et al. Sun, Delivery 
of ursolic acid (UA) in polymeric nanoparticles effectively promotes 
the apoptosis of gastric cancer cells through enhanced inhibition of 
cyclooxygenase 2 (COX-2). Int J Pharm.2013;441:261-268.

10. Ren J, Liu J, Sui X. Correlation of COX-2 and MMP-13 expressions 
with gastric cancer and their effects on prognosis. J Buon.2018;23:665-
671.

11. van Rees BP, Saukkonen K, Ristimaki A, Polkowski W, Tytgat GN, 
Drillenburg P, et al. Offerhaus, Cyclooxygenase-2 expression during 
carcinogenesis in the human stomach. J Pathol.2002;196:171-179.

12. Sun WH, Sun YL, Fang RN, Shao Y, Xu HC, Xue QP, et al. 
Expression of cyclooxygenase-2 and matrix metalloproteinase-9 in 
gastric carcinoma and its correlation with angiogenesis. Jpn J Clin 
Oncol.2005;35: 707-713.

13. Sun WH, Zhu F, Chen GS. Blockade of cholecystokinin2 receptor 
and cyclooxygenase2 synergistically induces cell  apoptosis and inhibits 
the proliferation of human gastric cancer cells in vitro. Cancer 
Letter.2008;263:302-311.

14. Yao L, Liu F, Hong L, Sun L, Liang S, Wu K, et al. The function and 
mechanism of COX-2 in angiogenesis of gastric cancer cells. J Exp Clin 
Cancer Res.2011;30:13.

15. He XP, Shao Y, Li XL, Xu W, Chen GS, Sun HH, et al. Down 
regulation of miR-101 in gastric cancer correlates with cyclooxygenase-2 
overexpression and tumor growth. FEBS J.2012;279:4201-4212.

16. Song MS, Salmena L, Pandolfi PP. The functions and regulation of the 
PTEN tumour suppressor. Nat Rev Mol Cell Biol.2012;13:283-296.

17. Salmena L, Carracedo A, Pandolfi PP. Tenets of PTEN tumor 
suppression. Cell.2008;133:403-414.

18. Xia S, Zhao Y, Yu S, Zhang M. Activated PI3K/Akt/COX-2 pathway 
induces resistance to radiation in human cervical cancer HeLa cells. 
Cancer Biother Radiopharm.2010;25:317-323.

19. de Araujo WM, Robbs BK, Bastos LG, de Souza WF, Vidal FC, 
Viola JP. PTEN Overexpression cooperates with Lithium to reduce 
the malignancy and to increase cell death by apoptosis via PI3K/Akt 
suppression in colorectal cancer cells. J Cell Biochem.2016;117:458-469.

20. Ali A, Mishra PK, Sharma S, Arora A, Saluja SS. Effects of PTEN 
gene alteration in patients with gallbladder cancer. Cancer 
Genet.2015;208:587-594.

21. Shishodia S, Harikumar KB, Dass S, KG Ramawat, Aggarwal BB. 
The guggul for chronic diseases: Ancient medicine, modern targets. 

induced apoptosis in vitro, as well as inhibited tumor growth in 

M.S. and G.L. performed the in vitro experiments.  and in vivo 

vivo . Z-guggulsterone increased Bax and PTEN expression as well 



7

He X, et al. OPEN ACCESS Freely available online

J Cliin Chem Lab Med, Vol.4 Iss.S1 No:154

Anticancer Res.2008;28:3647-3664.

22.	An MJ, Cheon JH, Kim SW, Kim ES, Kim TI, Kim WH. Guggulsterone 
induces apoptosis in colon cancer cells and inhibits tumor growth in 
murine colorectal cancer xenografts. Cancer Lett.2009;279:93-100.

23.	Liu T, Liu M, Zhang T, Liu W, Xu H, Mu F, et al. Z-Guggulsterone 
attenuates astrocytes-mediated neuroinflammation after ischemia by 
inhibiting toll-like receptor 4 pathway. J Neurochem.2018;147:803-815.

24.	Urizar NL, Liverman AB, Dodds DT, Silva FV, Ordentlich P, Yan Y, et 
al. A natural product that lowers cholesterol as an antagonist ligand for 
FXR. Science.2002;296:1703-1706.

25.	Jiang G, Xiao X, Zeng Y, Nagabhushanam K, Majeed M, Xiao D. 
Targeting beta-catenin signaling to induce apoptosis in human breast 
cancer cells by z-guggulsterone and gugulipid extract of Ayurvedic 
medicine plant Commiphora mukul. BMC Complement Altern 
Med.2013;13:203.

26.	Kim BH, Yoon JH, Yang JI, Myung SJ, Lee JH, Jung EU, et al. 
Guggulsterone attenuates activation and survival of hepatic stellate 
cell by inhibiting nuclear factor kappa B activation and inducing 
apoptosis. J Gastroenterol Hepatol.2013;28:1859-1868. 

27.	Xiao D, Singh SV. z-Guggulsterone, a constituent of Ayurvedic 
medicinal plant Commiphora mukul, inhibits angiogenesis in vitro 
and in vivo. Mol Cancer Ther.2008;7:171-180.

28.	Xu W, Chen GS, Shao Y, Li XL, Xu HC, Zhang H, et al. Gastrin acting 
on the cholecystokinin2 receptor induces cyclooxygenase-2 expression 
through JAK2/STAT3/PI3K/Akt pathway in human gastric cancer 
cells, Cancer Lett.2013;332:11-18.

29.	Ye Y, Liu M, Yuan H, Ning S, Wang Y, Chen Z, et al. COX-2 regulates 
Snail expression in gastric cancer via the Notch1 signaling pathway. Int 
J Mol Med.2017;40:512-522.

30.	Hao Q, Zhang C, Gao Y, Wang S, Li J, Li M, et al. FOXP3 inhibits 
NF-kappaB activity and hence COX2 expression in gastric cancer cells. 
Cell Signal.2014;26:564-569.

31.	Xu HB, Shen FM, Lv QZ. Celecoxib enhanced the cytotoxic effect of 
cisplatin in drug-resistant human gastric cancer cells by inhibition of 
cyclooxygenase-2. Eur J Pharmacol.2015;769:1-7.

32.	Xu HB, Shen ZL, Fu J, Xu LZ. Reversal of doxorubicin 
resistance by guggulsterone of Commiphora mukul in vivo, 
Phytomedicine.2014;21:1221-1229.

33.	Shishodia S, Aggarwal BB. Guggulsterone inhibits NF-kappaB and 
IkappaBalpha kinase activation, suppresses expression of anti-apoptotic 
gene products, and enhances apoptosis. J Biol Chem.2004;279:47148-
47158.

34.	Macha MA, Matta A, Chauhan SS, Siu KW, Ralhan R. Guggulsterone 
(GS) inhibits smokeless tobacco and nicotine-induced NF-kappaB and 
STAT3 pathways in head and neck cancer cells. Carcinogenesis.2011;32: 
368-380.

35.	Guan B, Li H, Yang Z, Hoque A, Xu X. Inhibition of farnesoid X 
receptor controls esophageal cancer cell growth in vitro and in nude 
mouse xenografts. Cancer.2013;119:1321-1329.

36.	Yamada T, Osawa S, Ikuma M, Kajimura M, Sugimoto M, Furuta 
Tet al. Guggulsterone, a plant-derived inhibitor of NF-TB, suppresses 
CDX2 and COX-2 expression and reduces the viability of esophageal 
adenocarcinoma cells. Digestion.2014;90:208-217.

37.	Lv N, Song MY, Kim EK, Park JW, Kwon KB, Park BH. Guggulsterone, 
a plant sterol, inhibits NF-kappaB activation and protects pancreatic 
beta cells from cytokine toxicity. Mol Cell Endocrinol.2008;289:49-59.

38.	Sui W, Zhang Y, Wang Z, Jia Q, Wu L, Zhang W. Antitumor effect 
of a selective COX-2 inhibitor, celecoxib, may be attributed to 
angiogenesis inhibition through modulating the PTEN/PI3K/Akt/
HIF-1 pathway in an H(2)(2) murine hepatocarcinoma model. Oncol 
Rep.2014;31:2252-2260.

39.	Kuo HP, Chuang TC, Tsai SC, Tseng HH, Hsu SC, Chen YC, et al. 
Berberine, an isoquinoline alkaloid, inhibits the metastatic potential 
of breast cancer cells via Akt pathway modulation. J Agric Food 
Chem.2012;60:9649-9658.

40.	Dung TD, Day CH, Binh TV, Lin CH, Hsu HH, Su CC, et al. PP2A 
mediates diosmin p53 activation to block HA22T cell proliferation 
and tumor growth in xenografted nude mice through PI3K-Akt-MDM2 
signaling suppression. Food Chem Toxicol.2012;50:1802-1810.

41.	Lazrek Y, Dubreuil O, Garambois V, Gaborit N, Larbouret C, 
Clorennec CL, et al. Anti-HER3 Domain 1 and 3 antibodies reduce 
tumor growth by hindering her2/her3 dimerization and akt-induced 
MDM2, XIAP, and FoxO1 Phosphorylation. Neoplasia.2013;15:335.

42.	Liu H, Han D, Liu Y, Hou X, Wu J, Li H, et al. Harmine hydrochloride 
inhibits Akt phosphorylation and depletes the pool of cancer stem-like 
cells of glioblastoma. J Neurooncol.2013;112:39-48.

43.	Nag SA, Qin JJ, Wang W, Wang MH, Wang H, Zhang R. Ginsenosides 
as Anticancer Agents: In vitro and in vivo Activities, Structure-
Activity Relationships, and Molecular Mechanisms of Action. Front 
Pharmacol.2012;3:25.

44.	Korkaya H, Paulson A, Charafe-Jauffret E, Ginestier C, Brown M, 
Dutcher J, et al. Wicha, Regulation of mammary stem/progenitor cells 
by PTEN/Akt/beta-catenin signaling. PLoS Biol.2009;7:e1000121.

45.	Perez-Tenorio G, Stal O. Activation of AKT/PKB in breast cancer 
predicts a worse outcome among endocrine treated patients. Br J 
Cancer.2002;86:540-545.

46.	Huang YY, Xia MZ, Wang H, Liu XJ, Hu YF, Chen YH, et al. Cadmium 
selectively induces MIP-2 and COX-2 through PTEN-mediated Akt 
activation in RAW264.7 cells. Toxicol Sci.2014;138;310-321.

47.	Wang X, Jiang X. PTEN: A default gate-keeping tumor suppressor with 
a versatile tail. Cell Res.2008:18;807-816.

48.	Kim S, Domon-Dell C, Wang Q, Chung DH, Cristofano AD, Pandolfi 
PP, et al. PTEN and TNF-alpha regulation of the intestinal-specific 
Cdx-2 homeobox gene through a PI3K, PKB/Akt, and NF-kappaB-
dependent pathway. Gastroenterology.2002;123:1163-1178.

49.	Davidson L, Maccario H, Perera NM, Yang X, Spinelli L, Tibarewal 
P, et al. Leslie, Suppression of cellular proliferation and invasion 
by the concerted lipid and protein phosphatase activities of PTEN. 
Oncogene.2010;29:687-697.

50.	Zhu B, Wei Y. Antitumor activity of celastrol by inhibition of 
proliferation, invasion, and migration in cholangiocarcinoma via 
PTEN/PI3K/Akt pathway. Cancer Med.2020;9:783-796.

51.	Liu Y, Lin F, Chen Y, Wang R, Liu J, Jin Y, et al. Cryptotanshinone 
inhibites bladder cancer cell proliferation and promotes apoptosis via 
the PTEN/PI3K/AKT pathway. J Cancer.2020;11;488-499.


