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Pterostilbene, a natural phenolic 
compound, synergizes the 
antineoplastic effects of megestrol 
acetate in endometrial cancer
Wei Wen1, Gina Lowe2, Cai M. Roberts3, James Finlay4, Ernest S. Han1, Carlotta A. Glackin2 & 
Thanh H. Dellinger1

Endometrial cancer is the most common gynecologic cancer in the United States and its incidence 
and mortality has been rising over the past decade. Few treatment options are available for patients 
with advanced and recurring endometrial cancers. Novel therapies, which are frequently toxic, are 
difficult to establish in this patient population which tends to be older and plagued by comorbidities 
such as diabetes mellitus and hypertension. Therefore, novel, non-toxic therapies are urgently needed. 
Megestrol acetate is a frequently used drug in endometrial cancer patients. However, its response rate is 
only 20–30%. To enhance the activity of megestrol acetate in endometrial cancer patients, we explored 
the potential of combining natural supplements with megestrol acetate and found that the addition of 
the natural phenolic compound, pterostilbene, to megestrol acetate resulted in a synergistic inhibition 
of cancer cell growth in vitro and an enhanced reduction of tumor growth in a xenograft mouse model. 
In addition, dual treatment led to attenuation of signaling pathways, as well as cell cycle and survival 
pathways. Our results demonstrated for the first time that the anti-tumor activity of megestrol acetate 
can be enhanced by combining with pterostilbene, providing an insight into the potential application of 
pterostilbene and megestrol acetate combination for the treatment of endometrial cancer.

Endometrial cancer is the most common gynecologic cancer in the United States, and unlike most other can-
cers, its incidence and mortality has been rising over the past decade1–3. While frequently curable in the early 
stage of this disease, a substantial portion of patients are diagnosed with incurable, advanced stage and recurrent 
disease. Additionally, endometrial cancer patients are often plagued by comorbidities such as obesity, diabe-
tes mellitus, and hypertension, making novel therapies, which are frequently toxic, challenging to study. Only 
few treatment options are available for patients with advanced and recurrent endometrial cancer, and few novel 
drugs have been recently tested in clinical trial, with modest response rates4–12. One frequently used drug in 
endometrial cancer patients, especially those with metastatic lung lesions or who are deemed medically unfit 
for surgical management, is the progestin, megestrol acetate, which is associated with a 20-30% response rate in 
patients with advanced and recurring endometrial cancer13–16. To potentially enhance the activity of megestrol 
acetate in endometrial cancer patients, we have explored non-toxic natural supplements. Recently, the resveratrol 
analog, pterostilbene, a naturally occurring phenolic compound primarily found in blueberries, has been shown 
to possess antitumor activity17–30. Pterostilbene (PTE) has superior bioavailability as compared to resveratrol, 
with a favorable safety profile, and appears to act via apoptotic and anti-proliferative mechanisms in multiple 
solid cancer cells17,18,31. Specifically, its effects on cell death and cell cycle alterations have been documented in 
bladder, lung, and gastric cancer32–34. Recent reports suggest that its antioxidant and anticancer effects are medi-
ated by estrogen receptors, as reported in breast cancer and colon cancer32,35. To date, the antitumor effects of 
pterostilbene have not been studied in endometrial cancer, a common estrogen-responsive cancer. We therefore 
hypothesized that pterostilbene would effectively reduce endometrial cancer growth both in vitro and in vivo, and 
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enhance the antitumor activity of megestrol acetate in endometrial cancer. We tested the antiproliferative effect of 
pterostilbene with and without megestrol acetate in multiple endometrial cancer cells, and their anti-tumor effect 
in an endometrial cancer xenograft mouse model, while elucidating their effect on multiple growth and survival 
pathways, including JAK/STAT3, MAPK/ERK and PI3K/AKT pathways. Our results introduce pterostilbene as a 
potential therapeutic adjunct which effectively synergizes the antineoplastic effects of megestrol acetate in endo-
metrial cancer, likely by reducing estrogen receptor expression, inhibiting STAT3 and MAPK/ERK signaling and 
subsequently suppressing cancer cell growth and survival.

Results
Pterostilbene inhibits endometrial cancer cell growth. To study the anti-tumor activity of pteros-
tilbene in endometrial cancer, we tested its effect on cell growth in two endometrial cancer cell lines, ECC-1, an 
ER/PR responsive cell line derived from a patient with a well-differentiated endometrial cancer, and HEC-1A, a 
cell line derived from an endometrial cancer patient with adenosquamous histology with moderate ER-α expres-
sion36–38. Exponentially growing cells were treated with increasing concentrations of pterostilbene (37.5–300 μm) 
for 48 h. As shown in Fig. 1, pterostilbene significantly reduced cell viability in a dose-dependent manner, with 
IC50 (concentration for 50% growth inhibition) between 72 and 78 μM. These results indicate that pterostilbene 
can potently inhibit endometrial cancer cell growth.

Synergistic effects of pterostilbene in combination with megestrol acetate. To study the effect 
of adding pterostilbene to megestrol acetate (Megace), we tested its effect on cell growth in the two endometrial 
cancer cell lines, ECC-1 and HEC-1A, either alone or in combination at various concentrations in a fixed molar 
ratio 1:1. Cell viability was determined 72 hours later (Fig. 2a,b). The combination index (CI) was determined 
using the Chou-Talalay method (CI = 1, additive effect; CI < 1, synergism; CI > 1, antagonism)39. Evaluation of 
the synergistic interaction revealed a positive synergistic effect for the combination of pterostilbene and megestrol 
acetate in both ECC-1 and HEC-1A cells, as shown in Table 1. The synergistic interaction between pterostilbene 
and megestrol acetate in HEC-1A is additionally depicted in a variety of molar ratios in Fig. 2c and Table 2. The 
combination treatment produced a strong synergism at each molar ratio. But it appears the combination at 1:1 
molar ratio produced stronger synergy and a lower IC50 for both agents in the HEC-1A cells.

Combination treatment of pterostilbene and megestrol acetate suppresses cell survival and 
cell cycle pathways in endometrial cancer cells. We next investigated the effect of combined treat-
ment on the expression of proteins involved in cell survival. The administration of pterostilbene by itself caused 
increased cleavage of caspase 3, a molecular marker for apoptosis, and a decrease in BCL-2 and BCL-xl, two 
proteins for cell survival, in a dose dependent manner (Fig. 3a). megestrol acetate alone had little effect on the 
expression of these proteins (Fig. 3a). Combination of pterostilbene and megestrol acetate caused an increase in 
cleavage of caspase 3 and poly-ADP ribose polymerase (PARP), indicating that more cells underwent apoptosis 
when pterostilbene was combined with megestrol acetate. Consistent with this result, an enhanced reduction of 
BCL-2 and BCL-xl were also found in cells treated with both pterostilbene and megestrol acetate (Fig. 3b).

In addition, we examined the effect of pterostilbene and megestrol acetate on cell cycle regulators, such as 
cyclin D1, cyclin B1 and CDK4. While pterostilbene alone inhibited the expression of these proteins in a dose 
dependent manner, megestrol acetate had little impact on these proteins (Fig. 3a). The combination treatment 
led to an increased inhibition of cyclin D1, cyclin B1 and CDK4 (Fig. 3b). Our results demonstrated that addition 
of pterostilbene to megestrol acetate led to an enhanced inhibition of cell survival and cell cycle progression in 
endometrial cancer.

Combination treatment of pterostilbene and megestrol acetate suppresses ERK and STAT3 sig-
naling pathways and estrogen receptor expression in endometrial cancer cells. To understand 

Figure 1. Pterostilbene (PTE) inhibits endometrial cancer cell viability. Cells were treated with vehicle 
(DMSO), pterostilbene (37.5–300 μM) for 48 hrs. Cell viability was determined using MTS assay. The IC50 
was determined by the Chou-Talalay method. Data are expressed as the ratio to control treated with vehicle 
(DMSO).
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the molecular mechanism underlying this synergistic effect, we investigated the molecular changes in the 
HEC-1A endometrial cancer cells in response to combination treatment of pterostilbene and megestrol acetate. A 
number of signaling pathways, including MAPK/ERK, PI3K/AKT and JAK/STAT3 pathways, are constitutively 

Figure 2. Synergistic effects of pterostilbene (PTE) in combination with megestrol acetate in human 
endometrial cancer cells. HEC-1A (a) and ECC-1 (b) cells were treated with pterostilbene or megestrol acetate 
either alone or in combination at various concentrations in a fixed molar ratio 1:1. Cell viability was determined 
72 h later. (c) HEC-1A cells were treated with pterostilbene or megestrol acetate alone or in combination 
at various molar ratios. Cell viability was determined 72 h later. Results are representative of 3 or more 
preparations.

Cells
PTE: 
Megestrol

Combination index (CI) Fold reduction (IC50)

ED50 ED75 ED90 PTE Megestrol

HEC-1A 1:1 0.36 0.47 0.61 2.75 >1000

ECC-1 1:1 0.34 0.47 0.64 2.91 >1000

Table 1. Evaluation of synergistic interaction between pterotilbene (PTE) and megestrol acetate (Megestrol) in 
HEC-1A and ECC-1 cells.

PTE: 
Megestrol

Combination Index (CI) IC50 (μM)

ED50 ED75 ED90 PTE Megestrol

12:1 0.86 0.89 0.93 51.66 4.30

3:1 0.71 0.72 0.74 36.57 12.19

1:1 0.36 0.47 0.61 23.30 23.30

1:2 0.17 0.50 1.43 11.17 22.34

1:4 0.08 1.16 16.8 5.10 20.40

Table 2. Evaluation of synergistic interaction between pterotilbene (PTE) and megestrol acetate (Megestrol) in 
variety of molar ratios on the viability of HEC-1A cells.
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activated and play important roles in the growth and progression of endometrial cancer. To study the effect of 
pterostilbene and megestrol acetate on these signaling pathways, HEC-1A cells were treated with pterostilbene 
and megestrol acetate either alone or in combination for 24 hours, and tested for the expression of p-STAT3, 
p-AKT, p-ERK and ER-α by Western blot. As shown in Fig. 4a, treatment with pterostilbene or megestrol acetate 
alone had no effective inhibition on these pathways. However, the combined treatment with both pterostilbene 
and megestrol acetate led to the inhibition of p-STAT3, p-ERK and expression of ER-α (Fig. 4b,c). The inhibi-
tion of these signaling molecules by the combined treatment were considerably greater compared to any single 

Figure 3. Effect of pterostilbene (PTE) and megestrol acetate (megestrol) on the expression of cell cycle 
molecules and cell survival molecules. (a) HEC-1A cells were treated with pterostilbene or megestrol acetate at 
various concentrations for 24 h. Whole cells were collected and determined for the expression of cell survival 
molecules and cell cycle molecules by Western blot. (b) HEC-1A cells were treated with pterostilbene (75 μM), 
megestrol acetate (75 μM) or the combination for 24 h. Whole cell lysates were collected and measured for 
the change of cell cycle and apoptosis pathways by Western blot. Results are representative of 3 or more 
preparations.
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treatment (Fig. 4b,c). Our results, therefore, demonstrated that dual treatment with pterostilbene and megestrol 
acetate can effectively inhibit multiple signaling pathways and led to an enhanced inhibition of cancer cell growth.

Pterostilbene in combination with megestrol acetate reduces tumor growth in an endometrial 
cancer xenograft mouse model. Anti-tumor activity of pterostilbene and/or megestrol acetate was eval-
uated in a HEC-1A xenograft mouse model (Fig. 5). HEC-1A cells were implanted subcutaneously in the right 
flank of nude mice. When the tumors are palpable, mice were randomized into four groups and treated with 

Figure 4. Effect of pterostilbene (PTE) and megestrol acetate (megestrol) on the expression of cell signaling 
molecules. (a) HEC-1A cells were treated with pterostilbene or megestrol acetate at various concentrations 
for 24 h. Whole cells were collected and determined for the change of STAT3, AKT and ERK pathways and ER 
expression by Western blot. (b) HEC-1A cells were treated with pterostilbene (75 μM), megestrol acetate (75 
μM) or the combination for 24 h. Whole cell lysates were collected and measured for the change of cell signaling 
pathways by Western blot. Results are representative of 3 or more preparations. (c) Relative levels of p-JAK2, 
p-STAT3, p-AKT, p-ERK and ER were determined by measuring the density of each band and normalized to 
that of GAPDH. Densitometry data were relative changes in protein expression and were mean ± SD of more 
than 3 preparations. *P < 0.05; **P < 0.005, ***P < 0.005.
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vehicle control, pterostilbene, megestrol acetate and pterostilbene plus megestrol acetate via oral gavage. Tumor 
volume (Fig. 5a) and body weight (Fig. 5b) were monitored twice weekly, and tumor weight measured at the end 
of the treatment (5 weeks) (Fig. 5c). The combination of pterostilbene and megestrol acetate showed significant 
tumor growth reduction (both tumor volume and tumor weight), while the tumor growth reduction for pteros-
tilbene or megestrol acetate alone were non-significant (Fig. 5a,c).

Discussion
Few treatment options are available for patients with advanced stage and recurrent endometrial carcinoma. Novel 
therapies are difficult to establish in this patient population which tends to be older and plagued by comorbidities 
such as diabetes mellitus, morbid obesity, and hypertension. Therefore, novel, non-toxic therapies are urgently 
needed. In the current investigation, the therapeutic effect of the addition of the orally available, natural antioxi-
dant, pterostilbene, to a well established endometrial cancer therapy, megestrol acetate, was tested in endometrial 
cancer cells and a mouse model. Our results demonstrate for the first time that dual treatment with pterostilbene 
and megestrol acetate results in a synergistic anti-proliferative effect in endometrial cancer cells, and significantly 
reduces tumor growth in a xenograft endometrial cancer mouse model, as demonstrated by reduction in tumor 
weight and volume. Investigation into molecular mechanisms leading to this synergy reveals that the combination 
more effectively suppresses activation of STAT3 and ERK1/2 pathway, as well as ER expression, but did not impact 
AKT activation.

Figure 5. Anti-tumor activity of pterotilbene (PTE) plus megestrol acetate (megestrol) in HEC-1A xenograft 
model. HEC-1A cells were implanted subcutaneously into the right flank of nude mice. Tumors were treated 
daily by oral gavage with vehicle, Pterostilbene (30 mg/kg), megestrol acetate (10 mg/kg) or combination of 
both. (a) Tumor volume and (b) body weight were measured once or twice a week. (c) Tumor weight was 
measured at end of the treatment. Data represent means ± SD (n = 8–10). **P < 0.005, combination versus 
vehicle.
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The role of pterostilbene in induction of apoptosis and cell cycle arrest has been demonstrated in other can-
cers, including bladder, lung and gastric cancer32–34. These pro-apoptotic effects have been observed in numerous 
in vitro tumor cell lines, and include up-regulation of proapoptotic mitochondrial derived proteins (BAX, BAK 
etc), while down-regulating anti-apoptotic proteins BCL-2 and BCL-xl, and inducing the expression of caspase 
340. For example, in breast cancer, pterostilbene induces apoptosis and anti-proliferation in ER-α rich breast can-
cer cells, with additive effect by administration of tamoxifen41,42. In endometrial cancer cell lines, pterostilbene 
was recently demonstrated to induce cytotoxicity via caspase-dependent apoptosis, via down-regulation of miR-
663b, and up-regulation of BCL-G43. Our investigation demonstrated that pterostilbene as a single treatment led 
to an increased cleavage of an apoptotic marker, caspase 3, and a decreased expression of cell survival proteins, 
BCL-2 and BCL-xl, in endometrial cells, similar to the pro-apoptotic effects by pterostilbene reported for other 
cancer cell lines. In addition, pterostilbene alone inhibited the expression of the cell cycle regulators, such as 
cyclin D1, cyclin B1 and CDK4. These activities were further enhanced when pterostilbene was combined with 
megestrol acetate, while megestrol acetate alone had little effect on apoptosis and cell cycle progression in endo-
metrial cells.

The effect of pterostilbene on estrogen receptors (ER) in endometrial cancer has not yet been studied else-
where. Its structural analogue, resveratrol, has been shown to bind to both estrogen receptor alpha and beta44–46. 
Recently, both resveratrol and pterostilbene have been shown to act as ER beta agonists in prostate cancer cells, 
through which they inhibit cell proliferation via induction of mitochondrial antioxidant enzymes47. Combination 
of resveratrol and pterostilbene was also shown to restore ERalpha expression in triple negative breast cancer48. In 
colon cancer, pterostilbene suppressed AKT and ERK phosphorylation more effectively in ER-β rich colon cancer 
cells, as opposed to ER-β poor cells35. While the majority of ERs are located in the nucleus and act as transcription 
factors, estrogen binding to membranous ERs leads to non-genomic processes which activate signal transduction 
pathways such as PI3K/AKT and MAPK/ERK pathways49. This non-genomic effect has previously been described 
in the endometrial cancer cell line, HEC-1A, where estradiol binding to ER induces ERK1/2 activation, but not 
AKT activation38. Similarly, our results show that in HEC-1A cells, the combination of pterostilbene and mege-
strol acetate suppresses ERK1/2 phosphorylation, but not AKT phosphorylation. Whether binding of pterostil-
bene to membrane-bound ERs reduces estrogen binding and therefore results in attenuation of the MAPK/ERK 
pathway is unknown, but may be hypothesized from the above studies. Our study revealed a mild reduction of 
ER expression by pterostilbene or megestrol acetate alone, however the combination of megestrol acetate and 
pterostilbene significantly reduced ER expression in endometrial cancer cells. Conventionally speaking, pro-
gestins are not anti-estrogens, and only indirectly reduce ER expression via negative feedback. Despite decades 
of use, the exact mechanism of progestin therapy has not been elucidated in endometrial cancer, and has been 
attributed largely to the atrophy-inducing effect on the endometrium16,50–52. Nonetheless, lung metastases from 
endometrial cancer can occasionally be treated effectively with progestins. In our study, neither pterostilbene nor 
megestrol acetate alone substantially attenuated ERK signaling, though their combined effect on the attenuation 
of the ERK pathway points to an additive effect in enhanced antineoplastic activity. One could hypothesize that 
the combination of megestrol acetate and pterostilbene is synergistic in inhibiting important signaling pathways 
such as MAPK/ERK, by way of reduced ER expression via megestrol acetate, and ER binding by pterostilbene, but 
further studies are needed to confirm this.

Our in vivo study demonstrates that dual treatment with pterostilbene and megestrol acetate results in sig-
nificant tumor growth inhibition. The pterostilbene dose used for oral gavage of mice was 30 mg/kg, which is 
reported to be the equivalent of 5 times the mean human intake of pterostilbene (25 mg/day), or 125 mg/day for 
humans53. A recent clinical trial investigating the safety of pterostilbene concluded that pterostilbene is generally 
safe for use in humans up to 250 mg/day54. Similarly, the megestrol acetate dose used in our animal study (10 mg/
kg), would favorably compare to human doses of up to 800 mg/day used for endometrial cancer patients13. Both 
pterostilbene and megestrol acetate are well tolerated in comparison to most cytotoxic treatments for endome-
trial cancer, and its synergistic in vivo activity to inhibit tumor growth is thus promising for endometrial cancer 
patients who frequently have a poor performance status.

Our study shows that the dual treatment with pterostilbene and megestrol acetate can inhibit multiple cell 
growth and survival pathways and results in an enhanced inhibition of cancer cell growth. The above results show 
promising anti-tumor activity of the combination of pterostilbene and megestrol acetate in endometrial cancer, 
and deserve further study.

Materials and Methods
Reagents. Pterostilbene was kindly provided by Chromadex, Inc, Irvine, CA. Megestrol acetate was 
from Selleck Chemicals (Houston, TX), megestrol acetate suspension was obtained from Morton Grove 
Pharmaceuticals (Morton Grove, IL). Antibodies against p-ERK (T202/Y204), ERK, p-STAT3, STAT3, p-JAK2, 
JAK2, p-AKT (S473), BCL-2, BCL-XL, caspase 3, PARP, ER-66 and GAPDH were obtained from Cell Signaling 
Technology (Danvers, MA). The antibody against cyclin B1 was from BD Bioscience (San Jose, CA). The antibody 
against cyclin D1 and CDK4 were from Thermo Scientific (Carlsbad, CA). The antibody against AKT was from 
Santa Cruz Biotechnology (Dallas, TX).

Cell Culture. Human endometrial cancer cell lines HEC-1A and ECC-1 cells were from American Type 
Culture Collection (Rockville, MD). Both cell lines were cultured in RPMI-1640 medium, containing 10% FBS 
and 1% penicillin/streptomycin (P/S). All cells were grown in 5% (v/v) CO2 at 37 °C.

Cell viability assays. Cells (4000 per well) were plated in 96-well plate format in 100 μl growth medium. 
Cells were treated with DMSO or drugs the next day at the indicated concentrations and incubated for an addi-
tional 2–3 days. Viable cells were determined either by the MTS assay (Promega, Madison, WI, USA) or the acid 
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phosphatase assay55,56. For the MTS assay, 25 μl MTS solution was added directly into each well according to the 
manufacturer’s instructions. For the acid phophatase assay, all the media was removed and p-nitrophenyl phos-
phate substrate (10 mM 100μl) was added into each well and incubated at 37 °C for 45 mins. NaOH was added to 
stop the reaction and the absorbance was read at 415 nM. The IC50 was determined using the Calcusyn software 
(Biosoft, Ferguson, MO).

Determination of combination index (CI). The combination index (CI) was determined using the 
Chou-Talalay method39 using the Calcusyn software (Biosoft, MO).

Western blot analysis. Western blots were performed as described previously57,58. Cells were grown in 
complete medium overnight and treated with DMSO or drugs at various concentrations for 24 hrs. Cells were 
washed in cold PBS and lysed in RIPA lysis buffer (Thermo Scientific) containing Halt protease and phosphatase 
inhibitors (Thermo Scientific). Proteins were quantified using BCA protein assay reagent (Thermo Scientific). 
Equal amounts of protein were separated by SDS-polyacrylamide gel electrophoresis, transferred to polyvi-
nylidene fluoride membranes and incubated with total and phosphorylated protein-specific antibodies. Binding 
of the primary antibody was detected using a horseradish peroxidase (HRP)-conjugated secondary antibody and 
chemiluminescent substrates (Thermo Scientific).

Animal models. All animal studies were carried out under protocols approved by the Institutional Animal 
Care and Use Committee (IACUC) at City of Hope in accordance with all applicable federal, state, and local 
requirements and institutional guidelines. HEC-1A cells (2 × 106 in 100 μl) were inoculated subcutaneously 
into the right flank of 6- to 8- week-old female nude mice. Once the tumors were palpable, animals were ran-
domized into groups of 10 to achieve an equal distribution of tumor sizes in all treatment groups. Mice were 
then treated by oral gavage daily with vehicle, pterostilbene (30 mg/kg), megestrol acetate (10 mg/kg), or a 
combination of both agents. The doses for these two drugs were chosen based on previously published studies. 
Tumor volumes were assessed using calipers twice a week. Tumor volumes were determined using the formula 
(Width)2 × Length × 0.52. Body weight was monitored weekly as an indicator of drug-induced toxicity and over-
all health of the mice.

Statistical analysis. Data are presented as mean ± S.D. Student’s t-test was used to compare the means 
of two groups. All the experiments were carried out in triplicate or more. P < 0.05 was considered statistically 
significant.
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