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Abstract 

Telomerase activity and expression of the catalytic protein hTERT are associated with cell pro-
liferation and advanced stage in endometrial cancer. Our objective was to evaluate the effect of 
inhibition of hTERT by siRNA and BIBR1532 on cell growth, apoptosis and invasion in endometrial 
cancer cells. Knockdown of hTERT or treatment of the cells with BIBR1532 decreased telomerase 
activity, inhibited cell proliferation, induced apoptosis, and reduced cell invasion in Ishikawa and 
ECC-1 cells. Either hTERT siRNA or BIBR1532 in combination with paclitaxel promoted a syn-
ergistic inhibitory effect on cell growth through induction of Annexin V expression and a re-
markable reduction in cell invasion through reduction of protein expression of MMP9, MMP2, and 
MMP3. Increased telomerase activity and hTERT protein expression by transfections enhanced the 
protein expression of MMPs and increased the cell invasion ability. BIBR1532 significantly antag-
onized cell invasion induced by increased hTERT expression. These findings suggest that te-
lomerase and hTERT facilitate cell invasion via MMP family in human endometrial cancer cells. 
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Introduction 
Telomerase is a ribonucleoprotein reverse tran-

scriptase that adds DNA sequence repeats to the 3' 
end of DNA strands in the telomere regions, which is 
composed of two main subunits: the catalytic protein 
hTERT and an RNA template hTR [1]. The activity of 
telomerase and expression of hTERT are observed in 
85-90% of most cancers and contribute to the in-
creased cell proliferation, cellular immortality, car-
cinogenesis and cancer progression, while activity of 
telomerase and hTERT expression are usually re-
pressed in most normal tissues[2, 3]. This difference in 
telomerase activity and hTERT expression in normal 
and cancer cells makes telomerase an ideal approach 

for reducing cancer growth [4, 5]. Furthermore, 
hTERT may serve as an attractive target in inhibition 
of telomerase as the reduction of hTERT has been 
shown to inhibit telomerase activity and block cancer 
cell growth effectively using RNA interference and 
pharmacological agents [5, 6]. In fact, several te-
lomerase inhibitors such as imetelstat (GRN163L) 
have demonstrated a favorable pharmacokinetic pro-
file with minimal side effects in phase 1 and 2 clinical 
trials [7, 8]. 

Endometrial cancer is the most common gyne-
cologic malignancy in women in the Western world, 
and it is the fourth most common cancer among 
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women in the United States [9]. It has been confirmed 
that more than 85% of human endometrial carcinomas 
express telomerase activity, and the level of telomer-
ase activity has been correlated with advanced stage 
disease and with pelvic lymph node metastasis [9]. 
Higher telomerase activity has also been shown to 
represent a deregulation of the cell cycle related to S 
phase and a higher degree of malignancy in endome-
trial cancer [10]. The level of hTERT mRNA expres-
sion and telomerase activity showed a linear associa-
tion. Furthermore, expression of hTERT was closely 
associated with proliferation, apoptosis, high grade 
disease and worse prognosis in endometrial cancer 
[11-13]. The activity of radiation-induced telomerase 
might be associated with radiosensitivity in endome-
trial cancer cells [14]. Antisense hTERT has been pre-
viously found to decrease the activity of telomerase, 
inhibit cell proliferation and reduce tumor growth in 
vitro and in vivo in endometrial cancer [15].  

BIBR1532 (BIBR) is a noncompetitive, 
non-nucleoside pharmacological small molecule in-
hibitor that inhibits telomerase activity by binding to 
the active site of hTERT, with a strong ability to in-
hibit cell viability effectively across several cancer cell 
types including breast, lung, leukemia, ovarian, germ 
cell tumors and chondrosarcoma [1, 16-18]. Recent 
studies have demonstrated synergistic effects in vitro 
with combinations of arsenic and chemotherapeutic 
agents, such as paclitaxel and cisplatin [1, 8, 16, 19]. 
We have recently shown that inhibition of cell prolif-
eration by PTEN, arsenic, metformin and rapamycin 
is associated with a decrease in telomerase activity 
and expression of hTERT mRNA, suggesting that te-
lomerase and hTERT are cell proliferative markers in 
endometrial cancer cells [20-24]. In the present study, 
we investigated the effect of knockdown of hTERT by 
siRNA and treatment with BIBR1532 in combination 
with paclitaxel on cell proliferation, apoptosis and 
invasion in endometrial cancer cell lines. The results 
indicate that downregulation of hTERT expression 
results in reduction of cell proliferation and invasion 
and promotes the anti-cancer effects of paclitaxel on 
endometrial cancer cells.  

Material and Methods 
Cell culture and reagents 

The endometrial cancer cell lines, ECC-1 and 
Ishikawa, were used. The ECC-1 cell line was main-
tained in RPMI 1640 supplemented with 5% FBS, 
300mM L-glutamine, 5 μg/ml bovine insulin, 10,000 
U/ml penicillin and 10,000 μg/ml streptomycin. 
Ishikawa cells were grown in MEM supplemented 5% 
FBS, 300 mM L-glutamine, 10,000 U/ml penicillin and 
10,000 μg /ml streptomycin. Both the cell lines were 

cultured at 37°C in a humidified atmosphere with 5% 
CO2. MTT (3-(,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide) and RNase A were purchased 
from Sigma (St. Louis, MO). The anti-MMPs and an-
ti-α-tubulin antibodies were purchased from Cell 
Signaling (Beverly, MA). The anti-hTERT antibody 
and Annexin V FITC kit were purchased from Abcam 
(Cambridge, MA). The Enhanced chemiluminescence 
Western blotting detection reagents were purchased 
from GE Health care (GE Healthcare Life Sciences, 
Piscataway, NJ). BIBR1532 was purchased from 
Cayman (Ann Arbor, MI) and dissolved in DMSO. All 
other chemicals were purchased from Sigma (St Louis, 
MO). 

MTT proliferation assay 
The ECC-1 and Ishikawa cells were plated and 

grown in 96-well plates at a concentration of 4000 
cells/well for 24 hours. These cells were subsequently 
treated with BIBR or hTERT siRNA for 48 hours. Via-
ble cell densities were determined by metabolic con-
version of the dye MTT. MTT (5 mg/ml) was added to 
the 96-well plates at 5 μl/well, followed by an addi-
tional hour of incubation. The MTT reaction was ter-
minated through the addition of 100μl of DMSO. The 
results were read by measuring absorption at 570 nm. 
The effect of BIBR or hTERT siRNA was calculated as 
a percentage of control cell growth obtained from 
DMSO treated cells grown in the same 96-well plates. 
Each experiment was performed in triplicate and re-
peated three times to assess for consistency of results. 

Invasion assay 
Cell invasion assays were performed using 

96-well HTS transwells (Corning Life Sciences 
,Tewksbury ,MA) coated with 0.5-1X BME (Trevigen 
Inc., Gaithersburg, MD). Endometrial cancer cells or 
the cells transfected with siRNA hTERT (50,000/well) 
were starved for 12 hours and then seeded in the up-
per chambers of the wells in 50 μl FBS-free medium. 
The lower chambers were filled with 150 μl regular 
medium or with BIBR. The plate was incubated for 24 
hours at 37°C to allow cell invasion into the lower 
chamber. After washing the upper and lower cham-
bers with PBS once, 100 ul Calcein AM solution was 
added into lower chamber and incubated at 37°C for 
30-60 minutes. The lower chamber plate was meas-
ured using a plate reader for reading fluorescence at 
EX/EM 485/520 nm. The experiments were repeated 
three times 

Annexin V assay 
Annexin V/PI double staining was performed to 

evaluate the induction of apoptosis. ECC-1 and Ishi-
kawa cells (2 × 105/well) were seeded in 6-well plates. 
The cells were treated with various concentrations of 
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paclitaxel or transfected with siRNA hTERT or com-
bination for 24 hours. Then cells were harvested using 
trypsin, washed with PBS, and suspended in 100μL 
binding buffer. 1ul of annexin V-FITC (100ug/ml) and 
0.5uL of propidium iodide (2mg/ml) were added in 
the binding buffer in the dark for 15 minutes. Cell 
apoptosis was detected by Cellometer (Nexelom, 
Lawrence, MA) and subsequently analyzed by FCS4 
express software. The experiments were repeated 
three times 

Telomerase activity assay 
Telomerase activity in culture cells was assessed 

with a PCR-based telomeric repeats amplification 
protocol (TRAP) as previously reported [25, 26]. 
Briefly, 1 × 105 cell pellets were stored at − 80°C until 
lysis was performed. Samples were homogenized 
with 1× CHAPS lysis buffer 
(3-[(3-cholamidopropyl)dimethyl-ammonio]-1-propa
ne-sulfonate) at 1 × 105 cells/100 μl, incubated on ice 
for 30 min and centrifuged at 13,000g for 21 min at 
4°C. The supernatant was transferred into a fresh 
tube, and the protein concentration was measured by 
ABC kit (Bio-Rad, Hercules, CA). Between 0.25 and 
0.5 μg of protein from the cell extract was mixed with 
32P-labeled TS primer in a 50 μl reaction mixture. 
After 30 min of incubation at 30°C, PCR amplification 
was then performed with 27 cycles at 94°C for 30 s 
and 59°C for 30 s. The PCR products were separated 
by electrophoresis on 10% polyacrylamide 
non-denaturing gels. Phosphor-Imager and Im-
agequant software from Molecular Dynamics 
(Sunnyvale, CA) were used to quantify the band in-
tensities. The experiments were repeated three times. 

Real-time RT-PCR for hTERT 
Total RNA was isolated using the QiAGEN kit 

(Valencia, CA). The reverse transcription and PCR 
reactions were performed using the TaqMan Gold 
one-step RT-PCR kit in the ABI Prism 7700 Sequence 
Detection System (Applied Biosystems, Foster City, 
CA). Reverse transcription was carried out at 48°C for 
30 min. The PCR condition consisted of a 10-min step 
at 95°C and 40 cycles at 95°C for 15 s and 65°C for 1 
min. A housekeeping control gene acidic ribosomal 
phosphoprotein P0 (RPLP0, also known as 36B4) was 
used as an internal control to correct for differences in 
the amount of RNA in each sample. Primers and flu-
orogenic probes for hTERT and RPLP0 have been de-
scribed previously [27]. The standard curve for 
hTERT was generated by using dilutions of a known 
amount of cRNA synthesized by in vitro transcription 
of a cloned fragment. The normalized level of hTERT 
in each sample was estimated by a ratio of the hTERT 
level to the RPLP0 level, as described previously[27] 

hTERT siRNA transfection 
Transfection of siRNA was performed using 

ABM hTERT siRNA (Applied Biological Materials Inc, 
Canada) and QIAGEN HiperFect Transfection Rea-
gent. In brief, the cells were plated at a density of 2 × 
105 cells/well in 6-well plates or 5 × 103 cells/well in 
96-well plates. The transfection complexes containing 
150 ng of hTERT siRNA and 6 ul HiperFect Transfec-
tion Reagent for 12-well plate cells or 25 ng of hTERT 
siRNA and 1 ul of HiperFect Transfection Reagent for 
96-well plate cells were added into the media. A 
scramble siRNA was used as the negative control. The 
impact of siRNA transfection on cell proliferation was 
evaluated by MTT assay. The experiments were re-
peated three times. 

hTERT retroviruses infection 
Lenti-hTERT and Lenti-empty vector were pur-

chased from ABM. The viral infection was performed 
following ABM’s instructions. Briefly, Ishikawa cells 
were exposed to the concentrated virions in the 
presence of the polybrene to infect cells on 6 well 
plates. After 6-8 hours, the virions mix was removed 
and fresh medium was added. Cells were selected 
continuously in puromycin (2 ug/ml).  

Western blotting analysis 
Cells were washed twice with PBS and then col-

lected and lysed with RIPA buffer after treatment. The 
protein concentrations in the cell lysates were meas-
ured using a BCA Protein Assay Kit (Pierce, Rockford, 
IL). Protein samples were separated with 12% 
SDS–PAGE gel and transferred onto PVDF mem-
branes (GE Healthcare Life Sciences, Piscataway, New 
Jersey). The membranes were blocked with 5% nonfat 
dry milk and probed with primary antibodies over-
night at 4°C. The membranes then were washed and 
incubated with a secondary peroxidase conjugated 
antibody for 1h. Antibody binding was detected using 
Amersham ECL detection reagents (GE Healthcare 
Life Sciences, Piscataway, New Jersey) via X films. All 
blots were stripped and reprobed with polyclonal 
anti-β-actin antibody or anti-α-tubulin antibody to 
ascertain equal loading of proteins. Each experiment 
was repeated three times to assess for consistency of 
results 

Statistics 
The Student’s t-test was used for comparisons 

where indicated. Statistical significance was given at p 
< 0.05. Analysis of synergy was calculated using 
CalcuSyn software (Biosoft, Cambridge, UK). Com-
bination index (CI) < 1 indicates synergism, CI=1 in-
dicates additive effects and CI> 1 indicates antago-
nism.  
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Results 
Downregulation of telomerase activity by 
hTERT siRNA and BIBR 1532 

We first examined whether hTERT siRNA could 
effectively knock down hTERT protein expression in 
ECC-1 and Ishikawa cells. As shown in Fig 1A, trans-
fection of the cells with hTERT siRNA and treatment 
of the cells with BIBR (50 uM) for 48 hours resulted in 
a marked decrease in hTERT protein expression by 
65-70% in both cell lines. Real time PCR results 
showed both hTERT siRNA and BIBR resulted in 
65-80% inhibition of hTERT mRNA expression in 
ECC-1 cells and 59-64% inhibition in Ishikawa cells as 
compared with control cells (Fig 1B). Furthermore, 
our results from PCR-TRAP assays showed that 
knockdown of hTERT significantly reduced telomer-
ase activity in both cell lines (Fig 1C). These results 
suggested that either hTERT siRNA or BIBR treatment 
effectively decreased telomerase activity in our en-
dometrial cancer cells.  
Effect of hTERT siRNA and BIBR1532 on cell 
growth and apoptosis 

We previously showed inhibition of cell prolif-
eration was associated with a decrease in telomerase 
activity in endometrial cancer [20-24]. Thus, we next 
assessed the effects of knockdown hTERT and BIBR 
treatment on cell viability and apoptosis in ECC-1 and 
Ishikawa cells. As we expected, hTERT siRNA or 
BIBR (50 uM) decreased cell proliferation in both cell 
lines after 48 hours of treatment. hTERT siRNA seems 
to have much more inhibitory effect than treatment 
with BIBR (Fig 2A). To further analyze the role of 
hTERT siRNA and BIBR on the apoptosis pathways, 
we used flow cytometry and western blotting to de-
termine the expression of Annexin V and 

cleaved-caspase 3 in both cell lines, respectively. 
hTERT siRNA or BIBR (50 uM) significantly resulted 
in an increase in the expression of Annexin V and 
cleaved caspase 3 compared with control groups after 
24 hours treatment (Fig 2B and C). hTERT siRNA 
seemed to induce more apoptosis than treatment with 
BIBR 50 uM in both cell lines, although the difference 
did not reach statistical significance. These results 
suggested that inhibition of cell growth by siRNA or 
BIBR involved the mitochondrial apoptosis pathway 
in ECC-1 and Ishikawa cells. 

hTERT siRNA and BIBR1532 enhanced the 
sensitivity to paclitaxel  

The inhibition of telomerase activity by telome-
lysin and BIBR has been shown to increase sensitivity 
to paclitaxel in head and neck squamous cell carci-
noma and breast cancer [8, 28]. To determine whether 
hTERT siRNA or BIBR increases sensitivity to 
paclitaxel in endometrial cancer cells, we treated the 
cells with paclitaxel for 48 hours after transfection of 
hTERT siRNA for 24 hours. Cell proliferation was 
assessed by MTT assay. Both cell lines were sensitive 
to paclitaxel treatment. The results showed that the 
combination of hTERT siRNA with different concen-
trations of paclitaxel exhibited synergistic inhibitory 
effects in ECC-1 and Ishikawa cells compared with 
paclitaxel alone (Fig 3A and 3B, CI<1). We next ex-
amined whether BIBR displayed the same synergy in 
paclitaxel treated cells. Both cell lines were treated 
with 50 uM BIBR and various concentrations of 
paclitaxel for 48 hours. MTT results also demonstrat-
ed that the combination of BIBR with paclitaxel 
showed synergistic inhibitory effects (Fig 3C and 3D, 
CI<1).  

 
Figure 1. hTERT siRNA and BIBR1532 decrease telomerase activity and hTERT mRNA expression. Endometrial cancer cells lines, ECC-1 and Ishikawa, were 
transfected with hTERT siRNA and treated with BIBR1532 for 48 hours. hTERT siRNA and BIBR1532 reduced hTERT protein expression (A), hTERT mRNA expression (B) and 
telomerase activity (C). Data shown are representative of 3 independent experiments (*p < 0.05, **P<0.01). 
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Figure 2. hTERT siRNA and BIBR1532 inhibit cells growth and induce apoptosis. ECC-1 and Ishikawa cells were transfected with hTERT siRNA and treated with 
BIBR1532 for 48 hours. Cell proliferation was assessed by MTT assay. Inhibition of hTERT decreased cell proliferation (A). ECC-1 and Ishikawa cells were transfected with siRNA 
for hTERT or treated by BIBR1532 for 24 hours. The apoptosis were detected using Annexin V assay (B) and Western blotting (C). hTERT siRNA or BIBR1532 induced 
expression of Annexin V and cleaved caspase 3 in both cell lines. Data is shown as mean + SEM of triplicates (*p < 0.05). 

 
To further address the underlying mechanism of 

synergistic inhibition by hTERT siRNA or BIBR in 
combination with paclitaxel, we measured Annexin V 
expression and cleaved caspase 3 activity by flow cy-
tometry and ELISA assay following treatment of 
ECC-1 and Ishikawa cells for 24 hours. Both cell lines 
behaved similarly towards the hTERT siRNA, BIBR or 
combination with paclitaxel treatments. Treating cells 
with paclitaxel (5 nM) alone or in combination with 
hTERT siRNA or BIBR for 24 hours resulted in a sig-
nificant increase in the expression of Annexin V in 
both cell lines. Paclitaxel in combination with hTERT 
siRNA was more effective than paclitaxel in combi-
nation with BIBR1532 in inducing Annexin V expres-
sion, with a three- to four-fold increase in Annexin V 
expression in both cells compared with respective 

control cells (Fig 3E and 3F). Similar results were also 
obtained using cleaved caspase 3 activity to measure 
the treatments in both cell lines (data not shown). 
These results suggested that combination treatments 
resulted in an increase in apoptotic cells.  

hTERT siRNA and BIBR1532 inhibited cell in-
vasion 

The effect of hTERT siRNA and BIBR on the in-
vasion of endometrial cancer cells was analyzed by a 
transwell invasion assay. After 24 hours of hTERT 
siRNA or BIBR (50uM) treatment, the migratory ca-
pacity of ECC-1 and Ishikawa cells was reduced by 
23-33% in hTERT siRNA groups and 13-16 % in BIBR 
groups compared with control groups (Fig 4A and 
4B). Western blotting revealed that hTERT siRNA and 
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BIBR decreased protein expression of matrix metal-
lopeptidases (MMP2, MMP3 and MMP9), hallmarks 
of cell invasion (Fig 4C). To further address the role of 
hTERT knockdown in cell invasion, we hypothesized 
that the overexpression of hTERT protein could in-
crease cell invasion and decreased MMP expression 
induced by hTERT siRNA and BIBR. A Lenti-hTERT 
expression vector was expressed in Ishikawa cells 
after puromycin selection. As shown in Figure 4D, a 
significant increase of hTERT protein expression and 
telomerase activity was observed in this transfected 
cell line. In support of our hypothesis, overexpression 
of hTERT significantly increased protein expression of 

MMP2, MMP3 and MMP9 in transfected Ishikawa 
cells (Fig 4E). We also found that overexpression of 
hTERT enhanced the invasiveness, and treatment 
with BIBR eliminated approximately 25% of the inva-
sion ability in the cells (Fig 4F), thus, suggesting that 
hTERT was involved in cell invasion in endometrial 
cancer cells. Furthermore, we examined the effects of 
paclitaxel in combination with hTERT siRNA and 
BIBR treatments on cell invasion. Treatment of cells 
with paclitaxel plus hTERT siRNA or BIBR signifi-
cantly reduced cell invasion compared with single 
agent alone groups (hTERT siRNA, BIBR and 
paclitaxel) in both cell lines (Fig 4G and H).  

 
 

 
Figure 3. hTERT siRNA and BIBR1532 increase the sensitivity to paclitaxel. The cells were treated with hTERT siRNA and BIBR1532 for 48 hours. The cell prolif-
eration was assessed by MTT assay. hTERT siRNA and BIBR1532 synergistically increased cell sensitivity to paclitaxel in the both cells (A-D, CI<1). ECC-1 and Ishikawa cells were 
treated with BIBR1532 or transfected with hTERT siRNA for 24 hours. Annexin V expression was assessed by flow cytometry (E and F). The combination therapy with paclitaxel 
effectively induced annexin V expression in both cells. Data are representative of triplicate determinants ± SE. (*p < 0.05). 
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Figure 4. hTERT siRNA and BIBR1532 inhibit cell invasion. ECC-1 and Ishikawa cells were treated with hTERT siRNA and BIBR1532 for 48 hours. Cell invasion was 
assessed by transwell assay (A and B). Western blotting showed hTERT siRNA and BIBR1532 decreased MMP2, MMP3 and MMP9 expression (C). Transfection Ishikawa cells 
with hTERT expression vector significantly increased telomerase activity (D), MMP protein expression (E) and cell invasion (F). Either hTERT siRNA or BIBR1532 in combination 
with paclitaxel significantly decreased the ability of cell invasion in both cells (G and H). Bar graphs show averages of 3 independent experiments ± SE (*p < 0.05, **P<0.01). 

 

Discussion 
In the current study, we used two telomerase 

positive endometrial cancer cell lines, ECC-1 and 
Ishikawa, to address the role of knockdown hTERT by 
siRNA and inhibition of telomerase by BIBR1532 in 
cell growth and invasion. We showed that inhibition 
of telomerase activity by hTERT siRNA and BIBR1532 
resulted in a decrease in cell growth alone with in-
creased expression of cleaved caspase 3 and Annexin 
V. Knockdown of hTERT by siRNA and treatment of 
BIBR1532 decreased cell invasion in both cell lines, 
which led to downregulation of MMP2, MMP3 and 
MMP9 expression. The combination of hTERT siRNA 
or BIBR1532 with paclitaxel showed a synergistic ef-
fect in inhibition of cell proliferation, a significant 
increase in Annexin V positive cells and a remarkable 
decrease in cell invasion. In addition, overexpression 
of hTERT increased telomerase activity, enhanced the 
ability of invasion and blocked the inhibition of cell 

invasion induced by BIBR1532 in transfected Ishikawa 
cells. These results support the notion that hTERT 
regulates cell proliferation and invasiveness, and that 
targeting hTERT with molecular interventions may be 
a viable strategy for endometrial cancer therapy.  

Accumulating evidence suggests that hTERT 
expression is specifically related to cancer cells and 
tightly coupled with telomerase activity. hTERT is the 
rate-limiting component for telomerase activation and 
expression of hTERT increases the proliferation rate 
and survival capacity of human cancer cells in vitro 
and in vivo [29-32]. Ectopic expression of hTERT 
promotes cell proliferation though multiple signaling 
pathways including EGFR, Wnt /β-catenin, c-Myc, 
NF-κB and PI3K/Akt signaling [31, 33]. Increased 
telomerase activity and hTERT expression in cancer 
cells have exhibited resistance to radiation and 
chemotherapeutic agents [34, 35]. Inhibition of hTERT 
expression by siRNAs or the small molecule inhibitor, 
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BIBR1532, leads to a decrease in cell viability and an 
increase in chemosensitivity to doxorubicin, paclitaxel 
and adriamycin in tumor cells via induction of apop-
tosis [8, 29, 36, 37]. Depletion of hTERT by siRNA 
sensitized cancer cells to chemotherapeutic agents 
which activated the mictochondrial apoptosis path-
way [38]. These findings suggest that knockdown of 
hTERT was not only involved in the reduction of te-
lomerase activity but also in augmentation of killing 
mechanisms of the chemotherapeutic agents. In 
agreement with previous studies on cell proliferation, 
inhibition of hTERT expression by siRNA or BIBR1532 
led to an acute telomerase depletion and cell growth 
arrest, which was accompanied by increased annexin 
V and cleaved caspase 3 expression, ultimately lead-
ing to cell death in the endometrial cancer cells. 
hTERT siRNA or BIBR1532 mediated chemosensitiz-
ing effect was observed in paclitaxel treated cells. 
Thus, we believe that hTERT may be a potential target 
for a double-hit anticancer strategy [38]. 

The invasion and metastasis of cancer cells ap-
pear to be the consequence of a series of unique bio-
logical events within the tumor microenvironment, in 
part due to the degradation of basement membranes 
and extracellular matrix (ECM). The Matrix Metallo-
proteinases (MMP) family is responsible for degrada-
tion of the components of basement membranes and 
ECM [39, 40]. MMP expression has been reported to 
be strongly related to advanced stage in endometrial 
cancer [41, 42]. The levels of telomerase activity have a 
parallel association with migration and invasion in 
pancreatic cancer cells [43]. A recent study found that 
hTERT activates MMP9 transcription dependent on 
the NF-KB pathway, independently of status of te-
lomerase activity in osteosarcoma U2OS cell line [44]. 
Overexpression of hTERT significantly promotes the 
invasive and metastatic potential of telomerase ‑

positive HepG2 cells via upregulation of mRNA and 
protein expression of MMP9 [39]. The knockdown of 
hTERT was correlated with reduction in expression of 
MMP9 and MMP2 and cell invasion in glioblastoma 
and neuroblastoma cells [34, 45]. In the present study, 
we noticed significant downregulation of MMP9, 
MMP2, and MMP3 expression, and reduction in in-
vasion, after treatment with hTERT siRNA and 
BIBR1532. The combination treatment with paclitaxel 
led to a remarkable decrease in cell invasion and the 
expression of MMP proteins compared with mono-
therapy in both cell lines. Moreover, increased hTERT 
expression by transfection meaningfully enhanced the 
expression of MMP9, MMP2 and MMP3 and in-
creased cell invasion. In addition, we also first con-
firmed that BIBR1532 effectively antagonized cell in-
vasion induced by ectopic hTERT. These results sug-

gest that hTERT mediated cell migration and invasion 
via the MMP family in endometrial cancer cells.  

In conclusion, our study demonstrated that tar-
geting hTERT by siRNA and BIBR1532 effectively 
inhibited cell proliferation and invasion of human 
endometrial cancer cells through induction of apop-
tosis and reduction of MMP protein expression. Inhi-
bition of hTERT in combination with paclitaxel can 
produce a synergistic inhibitory effect in cell growth 
and a remarkable reduction in cell invasion. We be-
lieve our study establishes a causal relationship be-
tween inhibition of hTERT by siRNA and BIBR1532 
and cell proliferation, apoptosis, and invasion in en-
dometrial cancer cells, offering a potential therapeutic 
strategy for treatment of endometrial cancer.  
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