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ABSTRACT 

Backgroud: Telomerase activity, mainly regulated by the human telomerase reverse transcriptase (hTERT) gene, plays 
critical roles in tumor growth and progression through the maintenance of telomere length and structure. Telomerase is 
elevated in most malignant tumors as well as in breast cancer, the ubiquitous expression of telomerase makes it a promi- 
sing target for cancer therapy. With the goal of down regulating telomerase activity, RNA interference technology has 
been applied to specifically knockdown the hTERT gene expression in breast cancer cell line MCF-7 and MDA-MB- 
231 and determine whether h TERT-specific RNA interference technology serve as an effective method of telome- 
rase-based cancer therapy. Methods: Interfering p Super-retro-puro-hTERT-RNA and the control were transfected into 
breast cancer cell line MCF-7 and MDA-MB-231. The telomerase activity, cell proliferation, invasive ability and cell 
response to ultraviolet-radiation or adriamycin-chemotherapy in vitro were recorded in transfected, untransfeced and 
empty-transfected cells respectively. Results: Telomerase activity was successfully suppressed in transfected cells (P < 
0.005). Decreased expression of telomerase activity was associated with reduced cell proliferation (P < 0.001), migra- 
tion and invasive ability (P < 0.001) and enhanced sensitivity to ultraviolet-radiation or adriamycin-chemotherapy (P < 
0.001). Conclusions: Telomerase activity down regulation inhibits breast cancer cell growth, impairs cell migration, 
invasion and sensitizes cancer cells to radiotherapy and chemotherapy. The hTERT-specific RNA interference technol- 
ogy combined with radio-therapy and/or chemotherapy may serve as an effective method of telomerase-based therapy 
in breast cancer. 
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1. Introduction 

Breast cancer is the most common diagnosed malignant 
tumor in women and by far the second most frequent 
cancer in the world [1,2]. In the past nearly fifty years, 
the treatment of breast cancer has advanced greatly in 
surgery as well as in chemotherapy, radiotherapy and en- 
docrine therapy. But there are still a substantial number 
of breast cancer patients die of recurrence and metastasis 

despite adequate surgical intervention and adjuvant ther- 
apy [3]. The primary function of telomere, mainly regu- 
lated by telomerase, is to maintain the stabilization of 
chromosome [4,5]. Progressive shortening of telomere 
with cell division causes chromosomal instability and cell 
senescence [6]. Telomerase consists of two functional 
components, the telomerase reverse transcriptase (TERT, 
h TERT in human) and telomerase RNA template. Telo- 
merase activity is activated in most malignant tumors in- 
cluding breast cancer [7]. Telomerase activity correlates 
with tumor aggressiveness and reflects therapy effect in 
breast cancer [8] and is believed as a prognostic marker 
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in breast cancer [9]. The ubiquitous expression of telom- 
erase makes it a promising target for cancer therapy [10]. 

With the goal of investigating the role of telomerase 
activity in breast cancer progression, RNA interference 
technology was applied to specifically inhibit the expres- 
sion of telomerase in breast cancer cell line MCF-7 and 
MDA-MB-231 which express high level of telomerase 
activity. 

2. Methods 

2.1. Cell Lines and Culture 

Breast cancer cell line MCF-7 and MDA-MB-231 were 
kindly provided by Professor Li Meng-feng (Sun Yat-sen 
University, China), and cultured with Dulbecco’s modi- 
fied Eagle’s medium (DMEM, high glucose, Invitrogen, 
USA) supplemented with 10% fetal bovine serum (Hy- 
Clone, USA) and 1% penicillin (100 IU/ml)/streptomycin 
(100 µg/ml) (complete media). Cells were cultured in 
incubator at 37˚C, 5% CO2, and 95% humidity. 

2.2. Plasmids Construction and Transfection 

To establish stable cell lines, we used the pSUPER-retro- 
puro plasmids obtained from Professor Li Mengfeng’s la- 
boratory and the hTERT-targeted shRNA sequence were 
as follows: no.1, sense: 5’-gatcccc TTT CATCAGCA 
AGTTTGGAttcaaggaTCCAAACTTGCTGATGAAAtttt 
ta-3’ and anti-sense:’-agctta aaaaTTTCATCAGCAAGT 
TTGGAtctcttgaa TCAAACTTGCTGATG-AAAggg; no. 
2, sense: 5’-gatccccAACCTTCCTCAGGACCCTGttcaa 
gagaCAGGGTCCTGAGAAGGTT ttttta-3’ and anti- 
sense: 5’-agcttaaaaaAACCTTCCTCAGGACCCTGtctct 
tgaaCAGGGTCCTGAGGAAGGTTggg-3’, the sequ- 
ence were designed as previously described [11,12] and 
synthesized through Invitrogen. The vectors were recon- 
structed according to the protocols of PSU-PER-retro- 
puro RNAi system (Oligo Engine, Seattle, USA) and re- 
combinant retroviral vectors were produced by transient 
cotransfection as described previously [13]. Viral infec- 
tions were done serially, and stable cell lines expression 
hTERT RNAi (s) were selected for 14 days with 0.5 
mg/ml of puromycin 72 hr after transfection to establish 
a stable cell line. The sequence pSuper-retropuro after 
cloning was verified by enzymatic digestion and DNA 
sequencing. 

2.3. Semi-Quantitativereverse-Transcription  
Polymerase Chain Reaction (RT-PCR) 

The expression of hTERT mRNA was semi-quantitati- 
vely evaluated by RT-PCR. Briefly, total RNA from cells 
was isolated using Trizol® reagent (Invitrogen, USA) ac- 
cording to the manufacturer’s instruction. Total RNA (2 
µg) was used as the template in reverse-transcription 
using MMLV reverse transcriptase (Promega, USA) at  

42˚C for 50 min and inactiviated at 95˚C for 10 min, 2 µl 
of RT reaction mixture and 10 µl Mix were mixed and 
amplified with PCR, The primer for hTERT were as fol- 
lows: Forward 5’-ACCAAGCATTCCTGCTCAAGCT 
G-3’ and Reverse 5’-CGGCAGGTGTGCTGGACACT 
C-3’. The condition for PCR amplification of hTERT 
cNDA were denaturation at 94˚C for 10 min, followed by 
35 cycles of denaturation at 94˚C for 30 sec, annealing at 
68˚C for 45 sec and extension at 72˚C for 45 sec, and the 
last extension step was 72˚C for 10 min. 13 Glyceralde- 
hyde-3-phosphate dehydrogenase (GAPDH) was ampli- 
fied as an internal control, the primers for GAPDH were 
as follows: Forward 5’-AATCCCATCACCATCTTCC 
A-3’ and Reverse 5’-CCTGCTTCACCACCTTCTTG-3’. 
Applying 10 min at 94˚C, 35 cycles of 30 sec at 94˚C, 30 
sec at 56˚C and 30 sec at 72˚C for PCR amplication and 
the last extension step was 72˚C for 10 min [14]. The 
amplified products were electrophoresed on a 2% aga- 
rose gel and stained with ethidium bromide. The relative 
band intensities were quantified applying Quality ONE® 
and normalized to GAPDH in the same cDNA sample. 

2.4. Analysis of Telomerase Activity 

The telomeric repeat amplification protocol (TRAP) was 
performed with Telo TAGGG Telomerase PCR ELISA 
Kit (Roche, Germany, Cat No.11854666910). Samples 
were extracted following the standard protocol. Briefly, 
cell samples containing 2 × 105 cells were transferred 
into a fresh Eppendorf tube and centrifuge at 3000 × g 
for 5 min at 4˚C, resuspended the cells in PBS and after 
repeated the centrifugation step, the pelleted cells were 
re-suspended in 200 µl Lysis reagent and centrifuged at 
16000 × g for 20 min at 4˚C, then the supernatant were 
transferred to a fresh tube to perform the following 
TRAP reaction. Quantification of telomerase activity 
was performed as described in the previously published 
protocol [15,16]. All measurements were performed in 
trip-licates applying Synergy Multi-Detection Microplate 
Reader (BioTek, USA). Telomerase activity was norma- 
lized against protein concentrations of each sample. 

2.5. In Vitro Proliferation Assays with MTT  
Assay 

To evaluate cell viability, we used the colorimetric [3-(4, 
5-dimethylthiazol-2-yle) 2, 5-diphenyltetrazolium bromi- 
de] (MTT) assay. To perform MTT assay, the culture 
medium was removed and 20 µl of MTT solution (5 mg/ 
ml; Sigma Chemical Co. USA) were added to each well 
and incubated for 4 hours. Then the plates were centrifu- 
ged at 450 × g for 5 min and the medium containing 
MTT solution was removed, 150 µl of 100% d-i methyl 
sulfoxide (DMSO, Sigma Chemical Co, USA) were ad- 
ded and the plates were shaken at 100 rpm/min for 10  
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min on a plate shaker. The optical density (OD) was de- 
termined at a wavelength of 490 nm. 

2.6. Soft Agar Colony Formation 

Cells trypsined and re-suspended in 0.33% Noble agar 
(BD, France) containing DMEM supplemented with 20% 
FBS were overlaid on the top of 0.66% base agar in 
DMEM supplemented with 10% FBS, at cell concen- 
tration of 1 × 104 per well of a six-well plate, and incu- 
bated for 2 weeks. Colonies containing more than 50 
cells were taken as positive colonies. Numbers of posi- 
tive colonies were photographed and quantified. 

2.7. Wound-Healing and Transwell Migration  
Assays 

For wound-healing migration assay, confluent monolayer 
cells were serum-free starved for 24 hr and washed with 
phosphate-buffered saline, a scrape in the form of a cross 
was made with a P-200 pipette tip, then the medium was 
replaced with DMEM supplemented with 5% FBS, woun- 
ded areas were marked for observation and photogra- 
phed at indicated time after the scratch. Invasion assay 
were performed using 24-well polycarbonate filter (12- 
μm pore size) Transwell (Corning-Costar, USA) coated 
with matrigel (BD Pharmingen, USA), the upper sides of 
the membranes were pre-coated with Matrigel matrix, the 
coated insert was placed in each well filled with 600 µl 
of complete medium, the upper chambers contained a 
200 µl suspension of cells (1 × 105 cell/ml, in DMEM), 
the cells were incubated for 24 hr at 37˚C to allow inva- 
sion of the cells to the underside of the precoated filter. 
Non-invading cells on the upper surface were removed 
with a cotton swab. The filter were fixed, mounted and 
stained. The cells invaded through Matrigel were counted. 
Three invasion chambers were used for each experimen- 
tal condition. 

2.8. Radiosensitivity and Chemosensitivity of  
Cell Lines by MTT Hybrid Assay 

Cells (1 × 104) were seeded in a 96-well micro-titer plate 
(Corning-Costar, USA) in a total volume of 200 µl per 
well and cultured for 18 hr to perform the following ex- 
periments of irradiation or chemotherapy. Irradiations of 
UV were performed at a dose of 40 J/cm2 (UVP UV cross- 
link, USA), Adriamycin were added at a concentration of 
1.0 mmol/L. After irradiation or chemotherapy, the plates 
were subsequently cultured for various periods (24 hr, 48 
hr and 72 hr). Then the MTT assay was per formed as 
previously described, the radiosensitivity or chemosensi- 
tivity curve was drawn according to the OD value of 
each well. 

2.9. Statistical Analysis 

The one-way ANOVA test was used to compare differ- 
ence among hTERT-shRNA transfected groups, empty 
transfected group and the untransfected group (data from 
untransfected groups were designated as “control”). Dif- 
ferences were considered to be statistically significant if 
P-value < 0.05. 

3. Results  

3.1. Characterization of HTERT-ShRNA Stable  
Transfectant 

Stable transfectant cell lines were obtained by transfect- 
ing MCF-7 and MDA-MB-231 cells with pSuper-retro- 
puro-hTERT-RNAi#1 (RNAi#1), pSuper-retro-puro-hT- 
ERT-RNAi#2 (RNAi#2) (transfected group) and pSuper- 
retro-puro (empty-transfected group, Vector). Positive 
clones were confirmed by EcoRII and HindIII bi-enzyme 
digestion, which showed a 280 bp fragment, and DNA 
sequencing showed correct insertion site and sequence. 
After 2 weeks of puromycin selection, the stable trans- 
fected cell lines were established and expanded individu- 
ally. 

3.2. Down Regulation of HTEET Gene Inhibits  
HTERT MRNA Expression and Telomerase  
Activity 

In the present study, the levels of hTERT mRNA expres 
sion and telomerase activity were quantitatively as- 
sessed by employing RT-PCR. As shown in Figure 1, 
there was a considerable reduction of hTERT mRNA in 
both transfected MCF-7 and MDA-MB-231 cell line 
compared with untransfected (MCF-7 or MDA-MB-231 
cell line) or empty-transfected cells (P < 0.001). Reduc- 
tion of hTERT mRNA resulted in a significant decrease 
in telomerase activity assessed by TRAP in both MCF-7 
and MDA-MB-231 cell line (Figures 2(a) and (b), P < 
0.005). 

3.3. Telomerase Activity Suppression Inhibits  
Cell Proliferation and Clone Formation 

To determine the effect of telomerase activity on cellpro- 
liferation and clone formation we measured the growth 
rate of MCF-7 and MDA-MB-231 and their transfected 
stable cell lines by MTT assay and soft agar clone forma- 
tion experiment respectively. In both cell lines, the hTERT- 
RNAi-transfected stable cell lines proliferate slowly (Fig- 
ures 3(a) and (b)) and form small and less clones (Fig- 
ures 3(c) and (d)) compared with untransfected or em- 
pty-transfected cell lines, this indicated that inhibition of 
telomerase activity suppress cell proliferation and clone 
formation. 
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3.4. Telomerase Activity Suppression Inhibit  
Breast Cancer Cell Migration and Invasion 

In this study, we use wound healing experiment and ma- 
trigel Transwell experiment to determine the ability of  
 
MCF-7 cells to migrate and MDA-MB-231 cells to in- 

MCF-7           MDA-MB-231 

Anti-Telomerase 

 Anti-α-tubulin 
1     2    3     4    5     6     7    8 

(a) 

 
M   1   2   3    4     M   5    6   7    8 

LANE 1: RNAi#1 of MCF-7.LANE 2: RNAi#2 of MCF-7. LANE 3: 
MCF-7. LANE 4: Vector of MCF-7. LANE 5: RNAi#1 of MDA-MB-231. 
LANE 6: RNAi#2 of M. DA-MB-231. LANE 7: MDA-MB-231. LANE 8: 
Vector of MDA-MB-231. M: DNA Marker I, TIANGEN, China. 

(b) 

 

(c) 

Figure 1. Expression analysis of Telomerase protein and 
mRNA in different groups by Western blotting (a), reverse 
transcription-PCR (b) and relative band intensity (c). A, 
expression of telomerase protein in breast cancer cell line 
MCF-7 and MDA-MB-231 stably transducted with retrovi- 
rus vectors expressing hTERT RNAi(s) (hTERT RNAi#1 
and hTERT RNAi#2, respectively) or with control vector 
virus (Vector). B, expression of hTERT mRNA in different 
groups of breast cancer cell line MCF-7 and MDA-MB-231. 
C, the relative band intensity read by Quantity One®, nor- 
malized for group of untransfected cell line MCF-7 and 
MDA-MB-231. Columns mean from three parallel experi- 
ments; bars, SD. *P < 0.001 (one-way ANOVA, Bonferroni). 

 
(a) 

 
(b) 

Figure 2. Telomerase activity determined by Telomerase 
Repeat Amplification Protocol (TRAP) in breast cancer cell 
line MCF-7 (A) and MDA-MB-231 (B). Columns mean 
from three parallel experiments; bars, SD. *P < 0.005 (one- 
way ANOVA, Bonferroni). 
 
vade through matrigel respectively. After 24 hr culture, 
the gap between the scrap in the group of htert-RNAi- 
transfected is much larger than the group of untransfect- 
ed (see Figure 4(a)), which indicates that suppression of 
telomerase activity does inhibit breast cancer cell mi- 
gration. As shown in Figures 4(b) and (c), the effective 
suppression of telomerase in MDA-MB-231 cells result- 
ed in a significant reduction in the ability of invasion (P 
< 0.001). This implies that suppression of telomerase can 
inhibit breast cancer cell invasion. 

3.5. Telomerase Activity Suppression Sensitizes  
Cancer Cells to Radiotherapy and  
Chemotherapy 

We supposed that telomerase-based therapy combined 
with other adjuvant therapies such as radiotherapy or che- 
motherapy might enhance the effects of tumor suppres- 
sion. So we treated each cell line with increasing doses of  
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(a) 

 
(b) 

 
(c) 

MCF-7 

MDA-MB-231 
(d) 

Figure 3. Cell proliferations of MCF-7(a) and MDA-MB- 
231(b) determined by MTT method, soft agar colony for- 
mation experiment (c and d). A, Cell proliferation curve of 
MCF-7 among groups of hTERT-RNAi#2, untransfected 
and empty-transfected. B, Cell proliferation curve of MDA- 
MB-231 among groups of hTERT-RNAi#2, untransfected 
and empty-transfected. C, relative number of positive col- 
ony formation among different groups controlled by un- 
transfected group of each cell line. Columns mean from 
three parallel experiments; bars, SD. *P < 0.001 (one-way 
ANOVA, Bonferroni). 

 

  
0 hr          12 hr           24 hr          36 hr 

(a) 

 
(b) 

 
RNAi#1        RNAi#2     MDA-MB-231     Vector 

(c) 

Figure 4. Wound healing of MCF-7 cell line between groups 
of hTERT-RNAi-transfected and untransfected in different 
sessions (4A), and invasion ability of MDA-MB-231 cell line 
among groups of hTERT-RNAi-transfected, untransfected 
and empty-transfected (4(b) and 4(c)). Columns mean from 
three parallel experiments; bars, SD. *P < 0.001 (one-way 
ANOVA, Bonferroni). 
 
ionizing radiation and Adriamycin, and assessed the cell 
viability by MTT assays. As shown in Figure 5, after UV 
radiation or Adriamycin-chemotherapy, the htert-RNAi 
#2 transfected cells tend to be less viable compared with 
untransfected or empty-transfected cells (P < 0.001). 

4. Discussion 

Breast cancer is the most frequently diagnosed malignant 
tumor in women [1,2]. Telomerase activity has shown to 
be strongly increased in almost all human malignancies 
as well as in breast cancer [7,16]. Since the discovery of 
RNA interference technique, it has changed our under 
standing of how cells guard their genomes and led to the 
development of new strategies for blocking gene function 
[8,17-20]. Previous studies targeting telomerase by RNAi 
indicate that telomerase is a promising target for breast  
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5. The cell viability determined by MTT method 
after UV radiation (5(a) and 5(b)) or adriamycin-chemoth- 
rapy (5(c) and 5(d)) in different groups of MCF-7 and 
MDA-MB-231 cell lines respectively. Columns mean from 
three parallel experiments; bars, SD one-way ANOVA, Bon- 
ferroni. 

cancer therapy [10,21-23]. It is reported that more than 
85% malignant tumors expressed hTERT positively 
[11,24]. Though the details of how telomerase is acti- 
vated or regulated in cancer cells is not clear yet, it has 
generally been acknowledged that telomerase inhibition 
may hinder the growth of cancer cells and hTERT 
down-regulation will induce impairment of cell prolifera- 
tion, apoptotic cell death in vitro and tumor growth in 
vivo [25]. The hTERT mRNA expression was found play- 
ing a critical role in the regulation of telomerase activity 
and appeared to be functionally equivalent to telomerase 
activity especially in cases when hTERT was overpress- 
ed [26,27]. 

In our present work, we successfully constructed pSu- 
per-retro-puro-hTERT-shRNA vectors which were trans- 
fected into MCF-7 and MDA-MB-231 breast cancer cell 
lines to induce RNAi. hTERT mRNA was downregulat- 
ed and telomerase activity was inhibited at various de- 
grees, which were verified by Western-Blot, RT-PCR and 
TRAP. This manifest that the methods are feasible by 
constructing vectors targeting on hTERT gene, transfect- 
ed into breast cancer cells and inducing RNAi effects in 
vitro, which are the same with research reported by dif- 
ferent group [10,21]. Expression of hTERT gene may be 
affected by many factors in cells. Telomerase activity de- 
creased corresponded with down-regulation of hTERT 
gene expression confirm that hTERT is the key factor in 
telomerase activity regulation [12,21,22,24]. The effi- 
ciency of RNAi by different templates targeting various 
regions of the same gene was different and was not thor- 
ough. As shown in our data, telomerase activity in trans- 
fected group declined to 45.3 percent of untransfected 
group. Breast cancer cells in transfected groups show re- 
tardation of cell proliferation and impaired ability to 
grow in soft agar, we conclude that suppression of hTERT 
expression can alter the proliferative potential of breast 
cancer cells and lead to decreased tumorigenic potential 
in vitro. In wound-healing and matrigel Transwell expe- 
riments applied to determine the migrate ability of MCF- 
7 and invasive ability of MDA-MB-231 cells respective- 
ly, we observed that cells in transfected groups showed 
less ability of both cell migration and cell invasion, which 
means down-regulation of telomerase activity could in- 
hibit breast cancer cells from migrating and invading in 
vivo. The mechanism is not clear yet, we suppose that 
expression of hTERT was coordinated with SMAD net- 
work (data not shown) which needs further investigation. 
Now most studies indicate suppression of hTERT gene 
expression does inhibit the proliferation of breast cancer 
cells, but these cells failed to exhibit immediate cell death, 
this phenotype may be attributed to the number of cell 
division required to shorten telomerase lengths to critical 
lengths, so the conception of suppression of hTERT ex- 
pression combined with other adjuvant therapy such as 
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irradiation and chemotherapy come into birth. Nakamura 
et al. [27] reported that inhibition of hTERT expression 
by RNA interference sensitizes cancer cells to ionizing 
radiation and chemotherapy. As shown in our study, after 
hTERT gene knock-down, the breast cancer cells are 
more fragile when exposed to certain dosage of UV-ir- 
radiation or chemo agents. 

Taken together, our results revealed that transfected 
with specific shRNA targeting hTERT gene could inhibit 
breast cancer cell proliferation, impair cell migration, in- 
vasion and sensitize cancer cells to UV-radiotherapy and 
chemotherapy. Besides the surgical excision, downregu- 
lation of hTERT gene by RNAi conbimed with radiothe- 
rapy and/or chemotherapy could be a new effective ther- 
apy for breast cancer. 
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