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Abstract

Objective: Cancer is a disease that gets serious attentidheirmedical world. This is due to the ever incirgs
number of patients and there has been no effeatyeto treat. Cancer cells have telomerase actisitglatively high
compared to normal cells, so the cancer cells hheeability to continue to proliferate. Cancer selindergo
uncontrolled mitosis and have high telomerase #gtbompared to cells normal. Telomerase is an e@zyesponsible
for telomere length, a segment of DNA that is fpeof chromosomes in eukaryotic cells. Telomeresamsociated with
the process of aging and carcinogenesis. The perpbthis study was to determine the expressioteloimerase in
some cells such as breast cancer, cervical caandrjung cancemM ethods. The research method is experimental
studies in several cancer cell cultures in the fofrgell line. Cancer cells used were: HelLa (cealvitancer), MCF7
and T47D (breast cancer), WiDr (lung cancer), aafi ymphoma) with culture medium RPMI, DMEM, ai199.
Vero cells is used (fibroblast cells) as a confnarmal cells). Expression of telomerase enzyme maasured by the
Immunohystochemistry (IHC) methodResults: The results showed that the cancer cells havevitydtigher
telomerase expression were highly significap 0.01) compared to normal cells (Vero cells). Samhjl, the
expression of telomerase in HelLa versus WiDr, WiBrsus T47D, T47D versus Raji, and Raji versus M@so
showed highly significant differencep € 0.01). Telomerase expression between cancer tbalisshowed significant
difference (HelLa cells versus Raji cells; HeLa £&érsus MCF7 cell; T47D cells versus MCF7 celts¥ 0.05). No
significant difference was found in the group oflidecells versus T47D, WiDr versus Raji cells, aniDYWersus
MCF7. Conclusions: It was concluded, that the cancer cells have tetase expression of specific and different from
each other, depending on the type of cell. T47@adtreancer cells have telomerase expression dfiginest, followed
by cervical cancer cells (HeLa). Lung cancer c@NsDr) with cell lymphoma (Raji) has almost the saexpression
and both have lower expression.
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| ntroduction occurrence of cancer. Telomeres consist of highly
specific nucleotide sequence, the human sequence is

Cancer is a process that occurs gradually incloitiation TTAGGG is repeated hundreds or even thousands of

(irreversible genetic changes) and promotion (et times, so the formula is the nucleotide structufe o

of cells which extends initiation) and eventuallglignancy. telomeres (TTAGGG) n. T, A, and G show the nuctimti
It is known that the enzyme telomerase plays a irole (DNA-forming compound collection) which contains
every cell replication that is able to maintain don  thymin, adenine, and guanine bases. In humans #nere
telomeres to offspring, so that when the cancds cid 2.000 repetitions on the base unit. In one orgariism
not have sufficient telomerase enzyme, then thevigro different cell types, any number of repetitions of
of cancer cells is stalled by itséft.Of the several types different nucleotide$? The length of telomeres play an
of cancer, cervical cancer remains the most common important role in maintaining genome stability and
cancer among women. It is the second major cause of regulate replication and cell death. In length bors
women’s death in Asia as well as in Indonésia. telomere is maintained by the enzyme telomerase,
which serves to lengthen telomeres and DNA damage
On the other side are known, genes contained in the repair. The exact shape of this enzyme may difteren
DNA molecule of a chromosome in the cell nucleus. from one species to another species, but eachowversi
Segments of DNA on the ends of chromosomes known has a specific template RNA subunit to form a new
as telomeres and is one of the factors relatechéo t telomere>® Telomerase activity in normal cells is mainly
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found in the reproductive cells because these bal®
unlimited proliferative power. Telomerase consistsvo
functional components, namely the telomerase revers
transcriptase (TERT, hTERT in humans) and telongeras
RNA template’® Telomerase activity is mainly regulated
by hTERT gene that plays an important role in tavh

and development of tumors through the maintenafmce o
telomere length.

The presence of the enzyme telomerase in a vaofety
cancer cells each may give different expressiopentting

on the type or location of the cancer cell andrtelmase

is not found on normal cells. It can be used adb#sis of
treatment of cancer cells if there are materiatstances
that can inhibit the activity of the enzyme teloass.
Cancer cells have a high mitotic activity becausecer
cells undergo uncontrolled mitosis and have higher
telomerase activity compared to normal cells. Treeee

no reports or data more thoroughly on the enzyme
telomerase expression in several different types of
cancer cells. The purpose of this study was tordete

the expression of telomerase in several types nfara
cells such as breast cancer, cervical cancer, amgl |
cancer by in vitro.

Methods

In this research, the enzyme telomerase expresgan
measured in cultured cancer cells (cell line) flomast
cancer, cervical cancer, lung cancer, and lymphoma.
The study consisted of six groups consisting of one
group of normal cells (Vero) as control and fivdet
groups are cancer cells (T47D, HelLa, WiDr, Rajid an
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Preparation of Culture Media and Growing of Célls.
Preparation of culture medium RPMI (Rosewell Park
Memorial Institute) is to dissolve the powder teediter

of RPMI 1640 into akubides approximately 800 mL,
plus 2 grams of sodium bicarbonate and HEPES 2
grams, was added to one liter of distilled watene T
solution was stirred with a magnetic stirrer abaot
minutes until homogeneous, then neutralized witR 1
HCI to pH 7.2 to 7.4Media of cells growing made by
mixing FBS as much as 19 mL, 2 mL Streptomycin
penicillin, Fungizone 0.5 mL, then diluted using NRP
1640 culture medium to 100 mL. Furthermore, the
solution was filtered with a filter polyethylenelfgme

in aseptic sterile 0.2 um. Stored in the refrigardiy
using a sealed bottle.

Telomerase expression examination by Immunohysto-
chemisgtry (IHC). Cell culture T47D, MCF7, HelLa, WiDr,
Raji and Vero with density fOorwell already attached
to the coverslip performed immunohistochemicalrétey
(IHC) in the laboratory of Parasitology, FacultyMédicine,
Universitas Gadjah Mada, Yogyakarta. Measurement
procedure telomerase expression with IHC method, as
follows: the cell culture coverslip that had beesated
were incubated at 5% GQncubator, temperature of
37 °C for 24 hours, taken and placed on a glasscbbje
(poly-I-lysine slides), fixation with acetone or thanol

for 10 minutes at -20C. Then washed with PBS 3 x 5
min, then dropped 0.3%.8, for 20 minutes. After that
spilled with normal mouse serum (1:50) for 15 masjt
the liquid discharged (without washing), then skied
with primary antibody (telomerase) for 60 minuté&sh

in PBS 3 times each for 5 minutes, then incubated i

MCF7). Telomerase expression was measured by using secondary antibody biotin (biotinylated secondatipady)

a techniqgue Immunohystochemistry (IHC) and caledlat
the percentage of cells which showed positive esgioa.

Materials. Materials used in this study were breast
cancer cell line (T47D and MCF7), cervical cancelf ¢
line (HelLa), lung cancer cell line (WiDr), and
lymphoma cancer cell line (Raji). Also used a ndroadl

line (Vero) as a comparison. Whole cell line was
obtained from the collection of the Laboratory of
Parasitology, Faculty of Medicine, Universitas Gad]
Mada, Yogyakarta. The medium used is the medium
Roswell Park Memorial Institute (RPMI) 1640 (Sigma)
for cell Raji, T47D, HelLa, and WiDr; media Dulbetzo
Minimum Essential Medium (DMEM) (Gibco) for cells
MCF7 and medium M-199 (Sigma) for Vero cells. The
materials for IHC are Fetal Bovine Serum (FBS) (sib
BRL), Phosphate Buffer Saline (PBS), Sterptomisin
penicillin (Merck), telomerase antibody (Sigma) kba
Corporation), HEPES, SDS (Sodium Dodecyl Sulphate)
(Dako Corporation). The tools used in the studyude
CGO, incubator (Inc 2 Memmert), autoclave (Cryolab

35), laminair cabinet irflow (LAF) (Lab Konko),
microscope (Olympus), and tissue culture flasks
(Nunclone).
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for 5-10 minutes, washed with PBS 3 times eachbfor
minutes. Incubation in streptavidin-peroxidase emzy
for 5-10 minutes, washed with PBS 3 times eachbfor
minutes. Tetrahidrochloride deamino-benzidine iratian

in chromogen (DAB) for 5-10 minutes with chromogen
substrate ratio of 1:20, washed with distilled wate
Preparations immersed in hematoxylin for 3-5 misute
counterstain, washed with distilled water and dedugdi
performed using 95% ethanol, then with xylene dach
10 minutes. Further preparations spilled mountireglian
(Canada balsam) and covered with a glass coveo- Tel
merase expression was observed using a light rompes
Cells that express telomerase will give a browrocol
whereas cells that did not express the will giyaigplish
blue color.

Results

Calculation of telomerase expression by IHC metisod
done by counting the number of cells that showesitige
expression (brown nucleus and cytoplasm) of 106 cel
were examined. Calculations performed with 3 sample
The results are expressed in percent. Percentage of
positive expression values are presented in Table 1
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The percentage of positive telomerase expression in
cancer cells showed high expression. ANOVA tesiltes
showed the highly significant differencep<0.01)
between groups of cancer cells with normal cellsher
control group (Vero cells), with a value of F= 1784
(Table 2).

The expression of telomerase in cancer cells sghidy,
including breast cancer cells, cervical cancer lcancer,
and lymphoma showed higher expression than normal
fibroblast cells (Vero). Besides the magnitude loé t
expression of telomerase in cancer cells, respsygtiv
differ from each other. The results of the multiple
comparison test LSD (Least Significant Difference)
between each group is presented in Table 3. Tebsrer
expression in all groups of cancer cells (HeLa, WiD
T47D, MCF7, and Raji) results showed highly sigifit
difference p<0.01) than the control group (Vero). In
addition it is also showed highly significant difface
(p<0.01) among the group of cancer cells as between
HelLa versus WiDr, WiDr versus T47D, Rajiv versus
T47D, and MCF7 versus Raji. Telomerase expression
was significant differencep 0.05) was found between
Hela versus Raji, HeLa versus MCF7, T47D versus
MCF7, while between Hela versus T47D, WDR versus
Raji, and WiDr versus MCF7 showed no significant
difference p> 0.05).

Discussion

Telomerase is an ribonucleoprotein enzyme that taias
protective structure at the ends of eucaryoticriaspmes,
called telomeres. Telomerase is a structure that is
responsible for the maintenance of telomeres, lecagipn

of nucleotides (TTAGGG) n. In most human somatic
cells, for example fibroblasts, suppressed theeasgion

of telomerase and telomeres shorten progressiviely a
each cell division. In contrast, most of the turcells or
human cancer cells expressing telomerase, restting
telomere length is stable. These observations stidjyet
telomere maintenance is essential for the prolif@meof
tumor cells or cancer® Telomerase activity determine
cell proliferation, both cancer cells and normallsce
under conditions in vitro and in vivd:?

Although telomerase activity in cancer cells ineegh
their activity, but De Lange reported that cancelisc
telomeres are shorter than the surrounding noristald.
The researchers speculate that telomerase becctinasaal
after cells lose their ability to proliferate. Telerase
activity in the cancer cells will increase aftecertain
phase is when the cell loses some substance témer
Finally, the enzyme telomerase is activated toilstab
telomere, the cancer cells will be immortal cetidahere
was a continuous cell proliferatidlelomerase plays a

Table 1. The Average Value of the Percentage of Positive Telomerase Expression from Each Group

Control Group

No (Vero) HelLa Group WiDr Group Raji Group T47D Group MCF7 Grou
1 5 77 74 67 86 74
2 5 78 64 67 90 74
3 3 90 64 67 90 73
Mean 4.33 81.67 67.33 67.00 88.67 73.67
SD 1.15 7.23 5.77 0.00 2.31 0.58
Table 2. Anova Results of the Expression of Telomerasein between Groups
Sum of square Df Mean of square F Sig
Between groups 13781.778 5 2756.356 178.469 0.000
Within groups 185.333 12 15.444
Total 13967.111 17

Table 3. Test of Multiple Comparisons (L SD) Percentage of

Positive Telomer ase Expression between Each Group

Control group

(Vero) HelLa

Group WiDr

Raji T47D MCF7

Control
(Vero)
HelLa

WiDr
Raji
T47D
MCF7

*% *%k

*%

*% *% *%

*
*%

*%

*significant different ap < 0.05
**there are very significant difference p 0.01
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key in cell immortality and tumorogenesis. Telonsera
is activated in 80-90% of human cancer cells and it
not found in normal somatic cells so it can be usg6
marker in the diagnosis of cancer. Clinical triéds
telomerase can be useful as a non-invasive mettiod f
the early detection and monitoring of cantef:

Most normal cells or somatic cells such as fibretda
(Vero cells) have a limited ability to replicate is
generally 40 to 50 generations, then will stop diiv,
because the normal cell undergo aging and apoptosis
This is determined by the presence of erosions or
telomere shortening, since most normal human cells
lacking telomerase activity in the presence ofcstri
repression of transcription of human telomerasenssy
transcriptase (hTERT In normal somatic cells telomere
shortening, including stem cells, which are intehéa

cell renewal. So a somatic cell has the aging

program> /1212

The above results indicate that, despite the esfme®f
telomerase in cancer cells is much higher than the
normal cells, but in each of the cancer cells aretine
same expression. Telomerase expression is diffénent
each species and each type of cell will show difiier
telomerase expression, as did the level of develop-

ment!21617

Breast cancer cells showed the highest expresbam t
other cancer cells. Previous research on breastecan
reported that telomerase activity is regulated bsnén
telomerase reverse transcriptase gene (hTERT),hwhic
plays an important role in the growth and developime
of breast cancer cells (MCF-7 and MDA-MB-231)
through the maintenance of telomere lerfgithereas
telomerase expression in normal cells have beendfou
in the germ cells in the ovaries and testes, amth st
cells. Whereas in adult somatic cells telomerase
expression is very low or does not show any expyass
of telomerasé®

The enzyme telomerase plays a role in every cell
replication that is able to maintain telomere lént
cell derivatives, so that if cancer cells do nowveha
sufficient telomerase enzyme, then the growth otea
cells by itself is discontinued when the enzymends
longer able to sustain long continuous telomere tdue
abnormal proliferation control. The absence ofgheyme
telomerase can inhibit the growth of cancer callsitin

by transmitting so that shorter telomeres and éfere
making any further damage. However, if the cancer
cells are able to synthesize telomerase that caradisr
will continue to proliferate and become immortat?

From the description and the results above showad t
telomerase is active or high prevalence in canedis,c
so that telomerase can be an attractive therap@nget.
In recent years, many standard therapeutic agesets u
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to treat cancer that acts as an anti-telomerasgh &sin
breast cancer has been to development tamoxifegy, tr
litazone as anticancer agents that are anti-telase@f’

On the other hand is known, that cyclooksigenase
enzyme-2 (COX-2) may play a role as well as a $jpeci
marker that could help determine the diagnosis of
cancer. Over-expression of COX-2 plays an important
role in the carcinogenesis process. It has beeortexp
that the expression of COX-2 increased in someearanc
cells, such as lung cancer and breast cancer. COX-2
enzyme may increase cancer cell proliferation and
resistance to apoptosis and suppression of COXH2 wi
cause apoptosfs.

Suppression of hTERT expression in cancer cells wil
also improve the process of telomere shortenings th
triggering cell senescence and apoptosis. The ttarge
telomerase or hTERT as a strategy in anticanceapke

is relatively new. Inhibition of telomerase or hTERIone

has minimal clinical efficacy. Has conducted resbar
for the targeting of treatment through a combinaitid
telomerase or hTERT and COX-2 to work
synergistically in killing cancer cells.

In addition to the target in therapy, telomeras&ds used
as an attractive target for the diagnosis and meigrof
breast cancer. The results of the examinationafierase
may be a marker of breast cancer diagnostics apibira
diagnostic accuracy. Estimates of telomerase &gfini
various variants of breast cancer may predict tingcal
course of the disease and provide prognostic rtgins
for different variants of breast canéér.

Conclusions

Cancer cells have telomerase expression of spexific
different from each other, depending on the typeedf
T47D breast cancer cells have telomerase expres$ion
the highest, followed by cervical cancer cells (HgeL
Lung cancer cells (WiDr) with cell lymphoma (Rdjids
almost the same expression and both have lower
expression.

Conflicts of Interest Statement

The authors declare that there is no conflict oénest
regarding the publication of this paper.

Acknowledgements

The authors wish to thank the Directorate Genefal o
Higher Education (DIKTI) through research funding
Decentralization of Higher Education Competitive
Research for the assistance costs for the implextient

of this study.

April 2016 | Vol. 20 | No. 1



10 Purwaningsih, et al.

References

10.

11.

Satyanarayana A, Manns MP, Rudolph KL. Telomeres,
Telomerase and Canc@ell Cycle. 2004;3:1138-50.
Klingelhutz AJ. Telomerase activation and candeviol
Med. 1997,75:45-9.

Afiyanti Y, Azwar A, Setyowati, Andrijono. Women'’s
experiences of sexual problems after cervical aance
treatment: Lessons from Indonesian wombtakara J
Health Res. 2014;18:51-7.

Artandi SE and DePinho RA. Telomeres and telomerase
in cancerCarcinogenesis. 2010;31:9-18.

Shay JW, Zou Y, Hiyama E, Wright WE. Telomerase and
CancerHum Mol Gen. 2001;10:677-85.

Lu L, Zhang C, Zhu G, Irwin M, Risch H, Menato G, et
al. Telomere expression and telomere length in dbrea
cancer and their associations with adjuvant treatraad
disease outcom®@reast Cancer Res. 2011;13:1-8.

Liu T, Liang X, Li B, Bjorkholm M, Jia J, Xu D.
Telomerase reverse transcriptase inhibition stitesla
cyclooxygenase 2 expression in cancer cells and
synergizes with celecoxib to exert anti-cancer affe
BJC. 2013a;108:2272-80.

Liu X, Yao C, Lin Y, Wang S, Zhang H, Wang S. Down
regulation of telomerase activity in breast cariograirs
cells proliferation, invasive ability and sensitizeells to
ultraviolet-radiation and adriamycin-chemotherapg i
vitro. ABCR. 2013b;2:78-85.

Hahn WC, Stewart SA, Brooks MW, York SG, Eaton E,
Kurachi A, et al. Inhibition of telomerase limitset growth

of human cancer cellblature Medicine. 1999;5:1164-70.
Quellette MM, Wright WE, Shay JW. Targeting
telomerase-expressing cancer cells.Cell Mol Med.
2011;15:1433-42.

Greider CW. Telomerase activity, cell proliferatjcand
cancer. Commentarroc Natl Acad Sci. 1998;95:90-2.

Makara J. Health Res.

12.

Meyerson M. Role of telomerase in normal and cancer
cells.J Clin Oncol. 2000;18:2626-34.

.Kyo S, Inoue M. Complex regulatory mechanisms of

telomerase activity in normal and cancer cells: Hmam
we apply them for cancer therapydncogene. 2002;
21:688-97.

. Chen CH, Chen RJ. Prevalence of telomerase activity in

human canced Formos Med Assoc. 2011;110:275-89.

. Goodman EC, DiMaio D. Induced senescence in HelLa

cervical carcinoma cells containing elevated tel@se
activity and extended telomere€el Growth Deff.
2001;12:525-34.

. Nowak J, Januszkiewecz D, Lewandowski K, Nowicka-

Kujawska K, Pernak M, Rembowska J, et al. Activityla
expression of human telomerase in normal and nealign
cells in gastric and colon cancer patienBur J
Gastroenterol Hepatol. 2003;15:75-80.

. Shay JW, Wright WE. Role of telomere and telomemse

cancer. Review. Seminar in Cancer Biology. 2011;21:349
53

. Blackburn EH. Telomerase and canddol Cancer Res.

2005;3:477-82.

. Ratnawati H. Enzim telomerase dan karsinogend<ig.

2002;2:39-50.

. Rashid-Kolvear F, Taboski MAS, Nguyen J, Wanyg, D

Harrington LA, Done SJ. Troglitazone suppresses
telomerase activity independently of PPAR estrogen-
receptor negative breast cancer celBMC Cancer.
2010;10:390-403.

. Divvela AKC, Challa SR, Tagaram IK. Pathogenie rof

cyclooxygenase-2 in cancerH Sci. 2010;56:502-16.

. Makki J, Myint O, Wynn AA, Samsudin AT, John DV

Expression distribution of cancer stem cells, epith to
mesenchymal transition, and telomerase activitgrazast
cancer and their association with clinicopathologic
characteristicClin Med Insight Pathol. 2015;8:1-16.

April 2016 | Vol. 20 | No. 1



