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hTERT GENE EXPRESSION LEVELS AND TELOMERASE ACTIVITY
IN DRUG RESISTANT MCF-7 CELLS
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Aim: Cancer cells and some highly proliferative normal cells can stabilize telomere lengths by telomerase, which adds hexameric repeats
to the ends of linear chromosomes. In this study, the activity of telomerase reverse transcriptase (®TERT) and its gene expression levels
were investigated in paclitaxel, docetaxel, vincristine and doxorubicin resistant human MCF-7 breast adenocarcinoma cells. Materials
and Methods: Resistant cell lines were developed by stepwise selection of cells (MCF-7/S) in increasing doses of paclitaxel (MCF-7/Pac),
docetaxel (MCF-7/Doc), vincristine (MCF-7/Vinc) and doxorubicin (MCF-7/Dox). Antiproliferative effects of anticancer drugs were
evaluated by XTT assay and IC, values for different drugs were determined from cell proliferation curves. Expression levels of iTERT gene
in sensitive and resistant cells were analyzed by RT-PCR. TRAP-Silver Staining assay was used to evaluate telomerase activities in these
cells. Results: When drug resistant and sensitive MCF-7 cells were compared no significant differences were observed in Z7ERT expression
levels and telomerase enzyme activities. Conclusion: This report demonstrates that drug resistance developed against paclitaxel, docetaxel,

vincristine and doxorubicin in MCF-7 cells is independent of the expression of A”TERT gene and telomerase activity.
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Eukaryotic chromosome ends have highly speciali-
zed structures called telomeres, which shorten with
each cell division and reach to a critical size resulting
in senescence and eventually cell death [1]. In cancer
cells, this shortening of telomeres is prevented by a spe-
cial reverse transcriptase enzyme, telomerase. Human
telomerase is a ribonucleoprotein complex consisting of
a catalytic subunit (hTERT) and RNA component (hTR),
and adds telomeric repeats (TTAGGG) to the 3’ ends of
chromosomes [2, 3]. Telomerase activity is upregulated
in most carcinomasbut notin adjacent normal tissues [4]
and these cells overcome the limitation of small telomere
length and entering senescence or apoptosis due to
genomic instability [5]. In addition hTERT is upregulated
in 95% of breast carcinomas [6]. Chemotherapeutic
treatment of breast carcinomas results in acquirement
of drug resistance by tumor cells. Resistance of tumor
cells to various cytotoxic drugs is defined as multidrug
resistance (MDR). Increased drug efflux that results from
up-regulation of ATP binding cassette (ABC) transporters
[7, 8], mutations in genes encoding drug target proteins
[9], differential expressions of drug target proteins and
anti/proapoptotic proteins [ 10] are some mechanisms of
MDR. Although there have been many studies concern-
ing the role of telomerase in cancer, its involvement in
multidrug resistance remains unclear. Krunaga etal. [11]
suggested that high telomerase activity and elongation
of telomeres both appear to help maintain and/or in-
crease drug resistance in colorectal cancer cells. Cancer
cells with long telomeres and a high proliferative activity
may thus be able to survive upon exposure to anti-cancer
drugs. Cereno et al. [6] showed that telomerase inhibi-
tion enhances response to anticancer drug treatmentin
breast cancer however they have also concluded that
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presence of shorter telomeres may impair the ability of
cells to recover from drug treatment.

The aim of the present study is to investigate a pos-
sible correlation between MDR and telomerase in
paclitaxel (MCF-7/Pac), docetaxel (MCF-7/Doc), vin-
cristine (MCF-7/Vinc) and doxorubicin (MCF-7/Dox)
resistant MCF-7 cells. For this purpose, the expres-
sion levels of the catalytic component of telomerase
(hTERT) and telomerase activity in sensitive MCF-7 and
drug resistant sublines were determined.

MATERIALS AND METHODS

Cell lines. Drug resistant MCF-7 cell lines, which
were models for drug resistant human mammary carci-
noma, were developed inthe laboratory. The features and
growth conditions of the parental and resistant sublines
were described previously by Kars etal[12]. The sublines
resistant to 400 nM paclitaxel (MCF-7/Pac), 120 nM do-
cetaxel (MCF-7/Doc), 120 nM vincristine (MCF-7/Vinc)
and 1000 nM doxorubicin (MCF-7/Dox) were used to test
the antiproliferative effects of anticancer agents.

Assay for cell proliferation. Antiproliferative
effects of anticancer drugs (paclitaxel, docetaxel,
vincristine and doxorubicin) on sensitive and resistant
cell lines were determined by means of a XTT based
Cell Proliferation Kit (Biological Industries, Israel). IC,,
values were found from percent cell proliferation versus
log (anticancer drug concentration) curves and resis-
tance indices of developed cell lines were evaluated as
previously described [13].

RNA isolation and reverse transcription-poly-
merase chain reaction (RT-PCR). RNA isolation was
performed according to guanidium thiocyanide/phenol-
chloroform single-step RNA isolation method [14].
cDNA synthesis reaction was performed with 5 ug of
total RNA and cDNA was used as template for PCR reac-
tions. PCR conditions for hTERT and internal standard
beta2- microglobulin (2-m) was previously described
[2, 12]. PCR products were examined by native agarose
(2% w/v) gel electrophoresis and visualized by ethidium
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bromide staining. Densitometric measurements of band
intensities were performed using Scion Image Software
(Scion Corporation, Maryland, USA).

Assay fortelomerase activity. TRAPeze®telomerase
detection kit (Chemicon, MA, USA) was used according
to manufacturer’s instructions with modifications to as-
sess telomerase activity of sensitive and resistant MCF-7
cells. In brief, 1 x 10° cells were resuspended in 200 pL of
ice-cold CHAPS lysis buffer and incubated for 30 min on
ice. After centrifugation of lysate at 12,000 x g for 30 min
at 4°C, the resulting supernatant was stored at —80 °C.
The protein concentration of each extract was determined
with Bradford assay [15]. Two microliters of diluted ex-
tract (200 ng/uL) was added to 48 L of reaction mixture
containing 10X TRAP buffer (5 pL), 50X deoxynucleotide
triphosphates mix (1 uL), TS primer (1 pL), TRAP primer
mix (1 pL), 5 units/uL Tag polymerase (0.4 uL), and distilled
H,0 (39.6 uL). Each analysis included a positive control
obtained from telomerase positive cell extract (provided
with the kit) and a negative control containg CHAPS lysis
buffer. The tubes were incubated in thermocyclerat 30 °C
for 30 min for the elongation of TS primer by telomerase
and followed by 33 cycles of PCR amplification (94 °C
for 30 s, 59 °C for 30 s and 72 °C for 60 s). The products
were examined on non-denaturing polyacrylamide gel
(10% w/v) and visualized by a silver staining. A sample
was considered as positive for telomerase activity when
characteristic ladder of TRAP products (TP) with 6 bp in-
crements and a 36-bp internal control (IC) were observed
and negative when only internal control was present.
Densitometric analysis of the gels was carried out by Im-
age J Software and relative telomerase activity (RTA) was
calculated by the following formula:

RTA = (XTP/XIC) :
(Tel,./Tel,)

where densitometric band intensities were designated
by X and Tel for the samples and telomerase positive
control, respectively.

Statistical analysis. The results of RT-PCR and
RTA were subjected to two-tailed t-test by using SPSS
Software (SPSSInc., lllinois, USA) to determine signifi-
cant difference between means of groups (a = 0.05).

RESULTS

Determination of drug resistance. According to
results of cell proliferation assays (Fig. 1), developed
sublines were acquired resistance to their selective
drugs. Calculated IC, values of sensitive and resistant
cells were significantly different and the resistance
indices showed that MCF-7/Pac, MCF-7/Doc, MCF-7/
Vinc and MCF-7/Dox cells were 150-, 47-, 30- and
160-folds resistant to these drugs, respectively com-
pared to the original sensitive MCF-7 cells.

RT-PCR. RT-PCR results demonstrated that sensi-
tive and all resistant cells had intrinsic expression of
hTERT (Fig. 2, a). According to band intensity ratios
(hTERT/B2-m), difference in hTERT expression levels
of sensitive and resistant cell lines was not found sta-
tistically significant (Fig. 2, b).
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Fig. 1. Effects of anticancer drugs on sensitive and resistant MCF-7
cell lines. Mean IC,, and standard error of the means (SEM) were
derived from three independent experiments

xR e marks on bars represent significant differences be-
tween MCF-7,Doc(+)-MCF-7/Doc,Doc(+); MCF-7,Pac(+)-MCF-7/
Pac,Pac(+); MCF-7,Vinc(+)-MCF-7/Vinc,Vinc(+) ; MCF-7,Dox(+)-
MCF-7/Dox,Dox(+) pairs, respegtively (pu< 0.05).
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Fig. 2. RT-PCRresults:a—hTERTand 122 bp f microglobulin RT-PCR
products on 2% agarose gel, b — Relative hTERT expression levels.
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Telomerase activity. As it was determined by
TRAP — Silver Staining assay it was clear that all of
the celllines showed telomerase activity regardless of
their resistance (Fig. 3, a). There was no statistically
significant difference in telomerase activity levels of
sensitive and drug resistant cell lines (Fig. 3, b).

DISCUSSION

Human tumors develop resistance to chemothera-
peutic drugs with an approximate outcome of 40% [16]
and overcoming this phenomenon requires the under-
standing of the resistance mechanisms. Even though
some molecular mechanism of multidrug resistance is
well known, the idea that telomerase might be involved in
this process is under investigation. Hoos et al. [17] previ-
ously showed that telomerase activity was decreased in
allchemotherapy-treated tumors compared to untreated
tumorsin breast cancer patients. In concordance, telom-
erase activity was shown to decline in tumor cell cultures
after treatment with antineoplastic agents [18]. In this
study, the expression levels of the catalytic component
of telomerase enzyme, hTERT, and telomerase activity
were investigated in paclitaxel, docetaxel, vincristine and
doxorubicin resistant MCF-7 sublines and their sensitive
parental line. Proliferation assays confirmed develop-
ment of resistance to these drugs in selected cells. These
sublines also overexpressed resistance related MDR1
gene (data not shown). According to RT-PCR results,
there were no significant differences in mRNA levels of
hTERT in sensitive and resistant MCF-7 cells. Similarly,
study of telomerase activities did not demonstrate sig-
nificant differences in relative levels of resistant MCF-7
sublines when compared to sensitive MCF-7 cells. In
conclusion, the data provided here suggest that drug
resistance developed against paclitaxel, docetaxel, vin-
cristine and doxorubicinin MCF-7 cells does not seemto
have direct association with expression levels of hTERT
and telomerase activity levels.
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IKCMNMPECCUA FrEHA hTERT U TEJIOMEPA3HAAA AKTUBHOCTb
B KJIETKAX MCF-7, OBJIAQAIOLLNX JIEKAPCTBEHHOM
PESUCTEHTHOCTbIO

B omyxoJ1eBbIX KJIETKAX, 2 TAKIKE HEKOTOPHIX HOPMAIBHBIX KJIETKAX C BHICOKHM MPOJIH()epATHBHLIM MOTEHIHAJIOM J/THHA TEJIOMEPOB
MOZKeT CTAOWIM3HPOBATHCS 32 cYeT (hepMEeHTA TeIoMepasbl, JOOABIISIONIEr0 reKcaMepHble OBTOPBI K KOHIIAM JIMHEHHBIX XPOMO-
coM. I]eas: MPOAHATU3NPOBATH AKTUBHOCTH 0OPATHO! TPAHCKPUNTA3I TEJIOMEPA3HOT0 KOMILTIEKCA M SKCHPECCHIO TeHa TeJIOMepa3bl
B Kjetkax MCF-7 aneHoKapuuHOMBI MOJIOYHO¥H JKeJie3bl YeJI0BeKa, YCTOHIMBBIX K MAKINTAKCEIY, T0UeTAKCey, BAHKPUCTUHY
nokcopyoumny. Mamepuaavt u memoost: cyoamnun kiaetok MCF-7, 001azaronmx ieKapCTBEHHOM PE3NCTEHTHOCTHIO, OBLIN MOJTY-
YeHbI IyTeM CeJIEKIUA MCXOTHBIX KJIETOK NMPH KYJIbTHBUPOBAHUM MX B IPUCYTCTBIM Bo3pacTarommx 103 nakmrakcena (MCF-7/Pac),
nonerakcena (MCF-7/Doc), Bunkpuctuna (MCF-7/Vinc) u nokcopyommmna (MCF-7/Dox). AurunpomdeparuBhbiii 3¢dexr
TPOTHBOONYXO0JIEBBIX MpenapaTos onpenensi B XTT-tecre. Bemraunbt IC_; 1151 pasimuHbIX NPenapaTos onpeeisiv 0 KPUBbIM
nposmdepamun KieToK. YpoBeHb 3kcnpeccun reHa ATERT B 4yBCTBUTEIBHBIX W PE3UCTEHTHBIX KJIETKAX AHAJIM3NPOBAIH METOIOM
OT-IILIP. Teromepa3Hyro AKTHBHOCTD ONPeIeJIsLI ¢ oMouIbio Haoopa TRAPeze. Pesy.abrmambi: IpoaHATM3UPOBAHHBIE PE3UCTEHTHBIE
Jmnand Kietok MCF-7 He oTIMYaMch 0T MCXOTHOI JJMHUM HH 10 YPOBHIO 3Kcnpeccuu reHa ATERT, Hy 0 YPOBHIO TeJIOMepa3HOit
AKTHBHOCTH. Bb1600bi: pa3BUTHE JIEKAPCTBEHHO! PE3MCTEHTHOCTH K MAKIMTAKCETY, H0NEeTAKCeNy, BHHKPUCTHHY W IOKCOPYOHIMHY
B Kiietkax MCF-7 He cBsi3aHo ¢ m3MeHeHUusiMA dKnpeccun rena AT ERT v ypoBHs TeIoMepa3HOil AKTHBHOCTH B HHX.

Karouesote crosa: hTERT, Teomepa3Hasi aKTUBHOCTb, JIeKapCTBeHHAs pe3ucTeHTHOCTH, MCF-7.
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