
Introduction

Endometrial carcinoma is the most common malignant

tumor of the female genital tract, and its incidence has in-

creased in recent years [1, 2], Furthermore, the search for

agents effective in the treatment of either advanced or re-

current endometrial cancer has proved to be disappointing

[2, 3]. Therefore, innovative approaches are required for

the treatment for endometrial cancer.

A positive association between the exposure to estrogens

and the proliferation and invasion of endometrial carci-

noma cells has been described in several reports [4-7].

Moreover, recent studies have indicated that aromatase in-

hibitors, such as exemestane, induced the apoptosis and in-

hibited the invasion of endometrial carcinoma cells by

inactivating the aromatase and reducing the biosynthesis

estrogens [8]. Exemestane, a non-steroidal aromase in-

hibitor that shuts down estrogen synthesis and paclitaxel, an

antineoplastic drug, inhibiting microtubule formation, and

interfering with the cells potential to proliferate, are well

established treatments for metastatic breast cancer [9, 10].

Exemestane is a treatment for hormone-sensitive tumors in

post-menopausal women with more favorable prognosis.

In the current study, the authors investigated the anti-tumor

activity of exemestane in endometrial carcinoma cell line

HHUA cell on cell proliferation and apoptosis. In addition,

they examined the effect of exemestane on endometrial car-

cinoma cell line HHUA cell. The present data will provide

the theoretical basis for the clinical application of exemes-

tane in the treatment of endometrial carcinoma. 

Materials and Methods

Cell culture and groups
Endometrial carcinoma cell line HHUA cell were offered by

Dr. Qiushi Zhang’s Lab at the Women and Children Medical Cen-

ter Hospital, Guangzhou. The HHUA cells were maintained in

Dulbecco’s Modified Eagle’s medium (DMEM), supplemented

with 10% fetal bovine serum, 100 U/ml penicillin, and 100 mg/L

streptomycin. The cells were incubated in an atmosphere of 5%

CO

2

at 37°C. 

For detecting the exemestane significantly inhibited HHUA

cells proliferation in a dose-dependent manner, exemestane were

divided in four groups: group A: control group (no exemestane

treated); group B: exemestane at a concentration 6×10

-9

mol/L;

group C: exemestane at a concentration 6×10

-8

mol/L - the con-

centration was the highest blood drug concentration in the body;

group D: exemestane at a concentration 6×10

-7

mol/L.

Apoptosis assay
HHUA cells were seeded at a density of 5x10

5

cells in 50-ml

culture bottle. The medium was replaced in second day with five-

ml new culture medium and then treated with exemestane for 72

hours. After 72 hours, 1×10

7

cells were collected by centrifuga-

tion and then resuspended cells in PBS twice, added five ul of An-

nexin V-FITC into the cells, and were incubated at room

temperature for 15 minutes in the dark, and then added five ul

propidium iodide (PI), and incubated at room temperature for five

minutes in the dark. The cells were analysised by FACS. Cells

that stained positive for PE and negative for PI were undergoing

apoptosis. Cells that stained positive for both PE and PI were ei-

ther in the end of apoptosis, were undergoing necrosis, or were

already dead.

RNA extraction and reverse transcription-PCR (RT-PCR)
Total RNA was extracted from the cell lines and tissue samples

using TRIzol reagent. RNA was synthesized into cDNA using M-
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MLV reverse transcriptase. Real-time PCR was conducted on an

instrument, using the following protocol: 94°C for five minutes and

then 30 cycles of 94°C for one minute, 58°C for one minute, and

72°C for one minute. The PCR product was separated in 2%

agarose gel and analysised using gel image analysis system. The

expression of was normalized by the absorbance ratio of CD44s

and β-actin. Primers used for quantification were as follows: CD44s

forward primer, 5’- GTAATGGGTTCTGCATA TTTA-3’, CD44s

reverse primer, 5’- CTGTGATGATGGTTAAATACACCCTGT-

GCTG -3’, b-actin forward primer, 5’- GTGGGGCGCC-

CCAGGCACCA-3’ b-actin reverse primer,

5’-CTCCTTAATGTCACCGCACGATTTC -3’.

Cell invasion assay
The cells which were treated with different concentrations of

exemestane were harvested and resuspended in culture medium,

Then the cells (2 × 10

5

/well) were suspended in 100 µl of serum-

free medium and placed into the upper chamber of the insert with

an eight-µm micro-porous membrane coated with Matrigel.

Medium containing 20% fetal bovine serum was added into the

lower chamber. Following 24 hours of incubation at 37°C, the

cells remaining on the upper surface of the membrane were re-

moved with a cotton swab, and the migrated cells on the lower

surface were fixed with 95% methanol for ten minutes and stained

with 0.1% crystal violet. The stained cells were counted in five

randomly selected fields per membrane under an inverted phase-

contrast microscope (×100 magnification). Each experiment was

performed in triplicate wells and repeated three times.

Statistical analysis
All data were assayed in three independent experiments and

were performed with Statistical Package for the Social Sciences

(SPSS) 13.0 software. The results were displayed as the mean ±

standard deviation (SD). One-way ANOVA test and SNK-q test

were used to determine the difference between control and treat-

ment groups. A p-value less than 0.05 was considered statistically

significant.

Results

Apoptotic changes in human endometrial cancer HHUA
cells treated with exemestane 

To assess the ability of the HHUA cells to undergo apop-

tosis in response to exemestane and to distinguish between

the different types of cell death, the authors double-stained

the exemestane-treated cells with Annexin V and PI and an-

alyzed the results using flow cytometry. Annexin V binding

combined with PI labeling was preformed for the distinc-

tion of early apoptotic (AnnexinV+/PI-) and necrotic (An-

nexinV+/PI+) cells. At increasing doses of exemestane, a

simultaneous increase in apoptotic subpopulations was de-

tected when compared with group A (Table 1).

Growth inhibition of human HHUA cells by exemestane
The effects of exemestane on the proliferation of human

HHUA cells were determined using a transwell chamber

model. HHUA cells were treated with different doses of ex-

emesane for 72 hours. A dose-dependent decrease in the

cell invasive was observed (Table 2). Hence the 6×10

-8

mol/L of exemestane was an optimal dose.

Effect of exemestane on CD44s expression in human en-
dometrial cancer HHUA cells

CD44s, has been causally linked to cancer cell prolifera-

tion, motility, and invasiveness. Therefore, in this study, the

authors analyzed the mRNA expression level of CD44s in

HHUA cells using RT-PCR (Figure 1). The CD44s expres-

sion was found to be suppressed after the exemestane treat-

ment. The decrease is a dose-dependent with exemestane

treatment.

Table 1. — Cell apoptosis changes in human endometrial
cancer HHUA cells.
Groups Apoptosis (%) q value p value

Group A (control) 4.22 ± 0.58

Group B (6×10

-9

mol/L) 3.98 ± 0.63 3.51 > 3.51

Group C (6×10

-8

mol/L) 23.12 ± 4.66 9.13 < 0.05

Group D (6×10

-7

mol/L) 29.85 ± 4.35 16.25 < 0.05

Table 2. — HHUA cell proliferation inhibitory effect of dif-
ferent concentrations of exemestane. 
Groups The number of q value p value

invasive cell (%) 

Group A (control) 59.65 ± 2.87

Group B (6×10

-9

mol/L) 52.0 ± 6.64 3.54 > 0.05

Group C (6×10

-8

mol/L) 29.87 ± 5.12 8.54 < 0.05

Group D (6×10

-7

mol/L) 23.14 ± 3.45 6.98 < 0.05

Figure 1. — Effects of exemestane

on expression of CD44s in HHUA

cells. HHUA cells were treated with

different doses of exemestane. After,

treatment cells were harvested and

lysed, and the mRNA were analyzed

for CD44s expression using RT-

PCR. *p < 0.05 as compared with

control treatment.
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Discussion

Endometrial carcinoma is one of the most cancer world-

wide. At present in many countries, the incidence of en-

dometrial carcinoma has exceeded cervical cancer and is

the first of the female genital tract malignant tumor. How-

ever, the etiology of endometrial carcinoma is not com-

pletely clear. Many studies have demonstrated that a

majority of endometrial carcinoma cases are estrogen-de-

pendent while estrogens can stimulate the growth of the en-

dometrium. All these estrogen associated factors are

relevant to endometrial carcinogenesis. Many clinical and

experimental researches are actively exploring the hormone

treatment of endometrial carcinoma; aromatase regulation

is gaining more attention. Moreover, recent studies have in-

dicated that aromatase inhibitors, such as exemestane, in-

duced the apoptosis and inhibited the invasive of

endometrial carcinoma cells by inactivating the aromatase

and reducing the biosynthesis estrogens.

Aromatase, a member of the cytochrome-P450 super-

family, plays an important role in the conversion of an-

drostenedione and testosterone to estrone and estradiol.

Aromatase is a key enzyme that catalyzes the biosynthesis

of estrogens from androgens. In humans, aromatase is en-

coded by the gene CYP19. Interfering with the activity of

this gene or inhibiting its products can block aromatase

biosynthesis. A polypeptide chain of 503 amino acid

residues and a heme group constitute the basic structure of

aromatase. Exemestane is irreversible non-steroidal aro-

matase inhibitors, chemical name is 6 - methylene male

steroid - 1, 4-2-3 in 2 - diketone, relative molecular mass is

296 KD, and the largest blood drug concentration is 6 x 10

8

mol/L. Exemestane are analogs of the natural aromatase

substrate androstenedione. It binds covalently to the sub-

strate-binding site of aromatase and hereby irreversibly in-

activates the enzyme [11]. The exemestane can induce cell

apoptosis. Clinical data have indicated that the activity of

aromatase could reduce 97.7% after four to six weeks with

oral exemestane 25 mg per day [12].

The growth and metastasis of the malignant tumor is a

complex process in which multiple genes are involved.

Several evidences indicate that deregulation of CD44s con-

tributes to human carcinogenesis [13]. CD44s is located on

chromosome 11 and contains 20 highly conservative exons.

and the introns split the gene into different areas. The pro-

tein which composes 341 amino acid residues standard pep-

tides encoded by this gene is a cell-surface glycoprotein

involved in cell-cell interactions, cell adhesion, and migra-

tion. The molecular weight is 85-130KD. There are two

types of molecules: standard CD44 (CD44s) and variant

CD44 (CD44v) [14]. The protein CD44s is a receptor for

hyaluronic acid (HA) and can also interact with other lig-

ands, such as osteopontin, collagens, and matrix metallo-

proteinases (MMPs). This protein participates in a wide

variety of cellular functions including lymphocyte activa-

tion, recirculation and homing, hematopoiesis, and tumor

metastasis: (1) involved in HA, chondroitin sulfate, and col-

lagen fiber adhesion protein, extracellular matrix adhesion

effect. The combination of CD44s and hyaluronic acid can

promote cell anchor to the extracellular matrix; (2) partic-

ipate the activation of T lymphocytes, strengthen the im-

mune surveillance function, regulation cell proliferation,

and aggressive growth; (3) participating the cell signaling

pathways, CD44s protein which has a molecular structure

similar to the GTP protein, can be combined with integrin

to activate intracellular signal transduction system by phos-

phorylating tyrosine. Therefore, the abnormal expression

of CD44s has been suggested to play a critical role in reg-

ulating both cell proliferation and invasion growth [15, 16].

The present results showed that the apoptosis rate was in-

creased in the endometrial carcinoma HHUA cells after

treatment with a 6×10

-8

mol/L and 6×10

-7 

mol/L of exemes-

tane, at which the mRNA level of CD44s is reduced. The

results demonstrated that the exemestane inhibited the cell

proliferation and invasion in the endometrial carcinoma

HHUA cells. The present results also demonstrated that the

exemestane suppressed HHUA cells invasion growth in a

dose-dependent manner. At a dose of 6×10

-9 

mol/L treatment

with exemestane, the expression of CD44s and the cell

growth were not decreased in HHUA cells in comparison

with control group. When HHUA cells were treated with

6×10

-8 

mol/L of exemestane, which is the highest blood drug

concentration, the expression of CD44s was significantly

decreased and the cell proliferation was completely arrested.

However, no obvious changes in the expression level of

CD44s and the invasion growth of HHUA cells were ob-

served after treatment with 6×10

-8 

mol/L of exemestane. The

results suggested that exemestane has a saturation dose. At

the dose of 6×10

-8 

mol/L, treatment with exemestane sig-

nificantly inhibited the expression level of CD44s. The dose

of 6×10

-8 

mol/L was the best inhibition concentration to in-

hibit the invasion growth of HHUA cells. Further increases

in drug concentration did not strengthen its effects on can-

cer cell invasion. The present data will provide the theoret-

ical basis for the clinical application of exemestane on

treatment of endometrial carcinoma.
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