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• Natalija Dedić Plavetić2,5
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Received: 20 December 2015 / Accepted: 18 January 2016 / Published online: 30 January 2016

� Springer Science+Business Media New York 2016

Abstract Telomerase expression is an important mecha-

nism of tumor unlimited replicative potential. The aim of

this study was to evaluate prognostic impact of telomerase

activity in breast cancer patients and to correlate telom-

erase activity with established prognostic factors. We

analyzed tissue of 102 malignant breast lesions and 20

healthy breast tissues. Telomerase activity was determined

by telomeric repeat amplification protocol assay. Telom-

erase activity was present in 77 (75.49 %) of 102 breast

cancers. Telomerase activity in breast cancers was statis-

tically significantly higher in comparison with the activity

in normal breast tissue. The levels of telomerase activity

were significantly positively correlated with tumor size,

axillary nodal status, histological grade, HER-2/neu protein

expression in tumor tissue and expression of the nuclear

antigen Ki-67. A statistically significant negative correla-

tion was found between the presence of ER and telomerase

activity. There was no correlation between telomerase

activity and concentration of PR or the age of patients.

Kaplan–Meier analysis showed that patients with higher

telomerase activity had significantly shorter 10-year dis-

ease-free survival (p\ 0.0001) and 10-year overall

survival (p\ 0.0001) than those with lower telomerase

activity. These results were confirmed by logistic regres-

sion analysis. Our results support the prognostic role of

telomerase activity and its relationship with the more

aggressive phenotype of breast cancer.
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Introduction

Immortality is a striking difference between normal and

cancer cells [1, 2]. Although this phenomenon has been

known for more than 50 years, only after characterization

of telomeres and telomerase by Nobel Prize laureates

Elizabeth H. Blackburn, Carol W. Greider and Jack W.

Szostak, its molecular basis become better understood [3].

Telomerase is a ribonucleoprotein enzyme composed of

catalytic subunit (TERT, telomerase reverse transcriptase)

and RNA component (TERC, telomerase RNA component)

stabilized by dyskerin [3]. Telomerase activity is regulated

at several levels including expression of telomerase sub-

units coding genes, post-translational level and protein

phosphorylation [4, 5]. There are many positively acting

transcription factors and co-regulators of telomerase

expression such as Myc oncogene, HPV E6 oncoprotein,

NF kappaB and beta-catenin [6]. Various tumor suppressor

pathways such as Rb, WT1, TGF beta pathways negatively

regulate telomerase and loss of these pathways leads to

upregulation of telomerase expression [6].

Telomerase maintenance mechanisms are basis for

unlimited replicative potential—a hallmark of cancer.

Many tumors maintain telomere by expression of telom-

erase. A survey of telomerase activity in human cancers
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showed that a great majority of cancers (more than 85 %)

have detectable levels of telomerase [7, 8]. Minority of

tumors overcome Hayflick limit by alternative lengthening

of telomeres [9]. A high percentage of adenocarcinomas

express telomerase activity including breast cancer [10].

Besides telomere maintenance, telomerase has other func-

tions in the cell. It plays a role in stress response, meta-

bolism, mitochondrial function and chromatin regulation

[3, 11]. Thus, telomerase role in malignant growth may

include telomere-related and telomere non-related mecha-

nisms. Additionally, telomerase activity is implicated in the

mechanisms of drug resistance [10].

Telomerase activity has been studied as prognostic

factor in breast cancer patients with divergent results [6].

Some studies suggested that telomerase activity may have

significance in early diagnosis of breast cancer [12].

Telomerase is also considered to be a therapeutic target.

Several therapeutic approaches have been proposed to

inhibit telomerase in cancer: antisense oligonucleotides,

small molecule inhibitors, nucleos(t)ide reverse-transcrip-

tase inhibitors, expression modulators, immunotherapy,

gene therapy, disruption of telomerase assembly,

G-quadruplex stabilizers [13]. Some of these strategies are

included into clinical trials. Experimental results suggest

therapeutic efficacy of combination of telomerase inhibi-

tors and standard chemotherapy [14]. However, anti-

telomerase strategies are not without potential negative

effects on stem cells and some normal cells. Additionally,

cancer cells may develop escape mechanisms by induction

of alternative lengthening of telomeres.

Breast is the most common site of cancer in women

worldwide [15]. Despite advances in diagnosis and thera-

peutic procedures, breast cancer is the leading cause of

cancer death in women [15]. In Croatia, in the year 2012

the number of new breast cancer cases was 2254 and breast

cancer accounted for 24 % of all new cancer cases among

Croatian women [16].

The aim of this study was to analyze prognostic sig-

nificance of telomerase activity in breast cancer patients.

We also studied relationship between telomerase activity

and various clinical, pathological and biochemical

parameters.

Materials and methods

Patients and samples

This study was carried out using tissue of 102 malignant

breast lesions operated between April 1999 and April 2000

at the University Hospital Zagreb. The control group

included 20 normal breast tissues. All samples and clinical

information were obtained under institutional review board

approval. The study was approved by the Ethics Committee

of the Medical faculty at the Universities of Zagreb and the

University Hospital Zagreb. Our patients did not receive

chemotherapy or irradiation before surgery. The treatment

of our patients after surgery was in accordance with

national guidelines (based on St Gallen recommendations).

Parameters tested for all patients and their tumors are given

in Table 1. Postoperative follow-up of patients [overall

survival (OS) and disease-free survival (DFS)] was

10 years (120 months). Steroid receptors [estrogen (ER)

and progesterone (PR)] were determined by using the

ligand-binding method according to Horwitz and McGuire

[17]. A positive receptor status for ER and PR was defined

as the presence of 10 fmol/mg of cytosol proteins and

20 fmol/mg of cytosol proteins, respectively. Tumor size,

nodal status and histological grade (Scarff, Bloom and

Richardson as grade I,II,III) were assayed by standard

procedure at the Department of Pathology. HER-2/neu

expression was determined immunohistochemically using

antibodies against HER-2/neu (Herceptest, Dako,Glostrup,

Denmark). An immunohistochemical score of 3? accord-

ing to Herceptest criteria or fluorescence in situ

hybridization (FISH; Dako, Glostrup, Denmark) with

amplification ratio C2 was accepted as HER-2/neu-positive

result. Ki67 was determined immunohistochemically using

monoclonal antibodies against Ki67 (MiB-1 clone, Dako,

Glostrup, Denmark). The percentage of tumor cells (100

cells) with positive nuclear staining was evaluated and

categorized as negative if nuclear staining was\10 % of

cells and positive if there was nuclear staining C10 % of

cells.

Telomeric repeat amplification protocol (TRAP)

assay

The nitrogen-frozen breast tissue (cancer or healthy) about

0.1 mg was crushed and transferred to the lysis buffer

homogenized and incubated for 30 min on ice. After cen-

trifugation (16,000g, 20 min, 4 �C), the supernatant was

transferred to a test tube, frozen in liquid nitrogen and

stored at -70 �C until use. Total protein concentration was

determined by the Lowry method [18]. The final super-

natant was diluted to a concentration of 50 lg/mL protein

with lysis buffer. Telomerase activity was detected with

telomeric repeat amplification protocol (TRAP) assay as

previously described [19, 20] using Telomerase PCR

ELISA kit (Boehringer Mannheim, Germany). The cut-off

value was defined as absorbance level 0.2 at 450 nm.

Statistical analysis

The results were analyzed using the statistical software

MedCalc. Distribution of telomerase activity for the group
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of breast cancer patients and the control group is shown

using Kruskal–Wallis test. The association of telomerase

activity with clinicopathologic parameters was studied

using Spearman’s correlation coefficient. Multivariate

analysis was performed by logistic regression analysis.

DFS and OS curves were calculated by Kaplan–Meier

method and compared by log-rank tests. A p value\0.05

was considered significant.

Results

Clinical and pathological data of patients and their tumors

are given in Table 1. Telomerase activity was present in 77

(75.49 %) of 102 breast cancers. The absorbance range of

positive breast carcinomas was 0.202–3.459 with the

median 1.032. The range of telomerase activity in the

cytosol of normal breast tissue was 0.0170–0.089 with the

median 0.053. Telomerase activity in breast cancers was

statistically significantly higher in comparison with the

activity in normal breast tissue (p = 0.0001) (Fig. 1). The

levels of telomerase activity were significantly positively

correlated with tumor size (p = 0.004), axillary nodal

status (p\ 0.001), histological grade (p\ 0.001), HER-2

protein expression in tumor tissue (p = 0.003) and

expression of the nuclear antigen Ki-67 (p = 0.0038)

(Table 2). A statistically significant negative correlation

was found between the presence of ER and telomerase

activity (p\ 0.001) (Table 2). There was no correlation

between telomerase activity and concentration of PR or the

age of patients (Table 2). After logistic regression analysis,

telomerase activity was significantly associated with DFS

and OS along with some clinicopathological factors (for

DFS: tumor size, axillary lymph nodes status and ER; for

OS: ER and HER-2 status) (Table 3).

Kaplan–Meier analysis showed that patients with higher

telomerase activity had shorter 10-year DFS (p\ 0.0001)

and shorter 10-year OS (p\ 0.0001) than those with lower

telomerase activity (Figs. 2, 3, respectively).

Discussion

In our study, we analyzed relationship between telomerase

activity in breast cancer patients and various clinical,

pathological and biochemical factors. We also analyzed

correlation of telomerase activity with disease-free survival

and overall survival. Telomerase activity was determined

by TRAP assay.

Several authors studied telomerase activity in breast

cancer. In the study of Hiyama et al. [21], telomerase

activity was present in 130 (93 %) out of 140 breast can-

cers, while Roos et al. [22] found telomerase activity in

85 % of 106 breast cancers. Comparatively small studies

Fig. 1 Telomerase activity in normal breast tissue (control) and

breast carcinomas (cancer patients) (p\ 0.0001; Kruskal–Wallis test)

Table 1 Clinical and pathological data of 102 patients with breast

carcinoma

Patients with breast carcinoma N = 102

Number of

patients

Frequency

(%)

Age (years)

\50 44 43

C50 58 57

Tumor size (cm)

\2 41 40

C2 61 60

Axillary lymph nodes

Negative 60 59

Positive 42 41

Histological grade

Well differentiated (I) 27 27

Moderately differentiated (II) 38 37

Poorly differentiated (III) 37 36

Estrogen receptor (ER)

\10 fmol/mg proteins 64 63

C10 fmol/mg proteins 38 37

Progesterone receptor (PR)

\20 fmol/mg proteins 58 57

C20 fmol/mg proteins 44 43

HER-2/neu

Negative 76 75

Positive 26 25

Ki-67

\10 % 46 45

C10 % 56 55
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conducted by Mokbel et al. [23, 24] showed telomerase

activity in 67 and 72 % of breast tumors respectively. In

the literature analysis by Baykal et al. [25], telomerase

activity was present in 13–100 % of breast cancers. These

results confirm that telomerase maintenance by expression

of telomerase is a frequent event in breast cancer.

We found correlation between telomerase activity and

tumor size and axillary lymph nodes involvement. These

results are in accordance with those of Hoos et al. [26].

Hiyama et al. [21] and Umbricht et al. [21, 27] found

correlation between telomerase activity and tumor size,

while some authors found no correlation [28–30]. Sugino

et al. [29] did not find correlation between telomerase

activity and lymph node metastasis.

In our study, telomerase activity was correlated with

histological grade of tumors. Roos et al. [22] and

Kalogeraki et al. [31] also found this correlation, while

some other authors reported different results [28].

We found positive correlation between telomerase

activity and some factors that influence telomerase

expression. ER is important prognostic and predictive

factor in breast cancer. We found a statistically significant

negative correlation between telomerase activity and ER in

our samples while there was no correlation with PR. In the

study of Kalogeraki et al. [31], there was also a negative

correlation between telomerase activity and ER, while

Roos et al. [22] showed negative correlation between

telomerase activity and both ER and PR. Estrogen plays a

role in regulation of telomerase transcription catalytic

subunit TERT [32]. However, in malignant cells many

changes in gene expression occur and this regulation may

be lost. We speculate that in breast cancer cells regulation

of telomerase activity may be altered and that tumors with

high levels of telomerase activity and negative ER belong

to a group of tumors with more aggressive phenotype.

There are not many studies that related telomerase

activity to HER-2/neu status. HER-2/neu is a negative

prognostic factor although biological therapy dramatically

improved outcome of HER-2/neu-positive patients.

Kalogeraki et al. [31] found association between telom-

erase activity and HER-2/neu expression. This association

was also shown in breast cancer cell lines [33]. Goueli and

Fig. 2 Disease-free survival curves according to the telomerase

activity in breast cancer (p\ 0.0001)

Table 2 Correlation between telomerase activity and clinicopatho-

logical parameters

Variable r p

Age -0.105 0.295

Tumor size 0.288 0.004

Axillary lymph nodes 0.355 <0.001

Histological grade 0.454 <0.001

Estrogen receptor (ER) -0.319 <0.001

Progesterone receptor (PR) 0.006 0.951

HER-2 0.292 0.003

Ki-67 0.205 0.038

Statistically significant values are given in bold

Table 3 Prognostic

significance of

clinicopathological parameters

for disease-free survival and

overall survival determined by

logistic regression model

Disease-free survival Overall survival

OR (95 % CI) p OR (95 % CI) p

Age 0.549 (0.121–2.489) 0.437 0.974 (0.372–1.010) 0.166

Tumor size 6.280 (1.016–38.82) 0.048 1.027 (0.743–1.412) 0.873

Axillary lymph node 0.124 (0.025–0.619) 0.011 0.942 (0.750–1.182) 0.604

Histological grade 2.054 (0.743–5.678) 0.165 1.240 (0.612–2.513) 0.551

Estrogen receptor 26.28 (2.377–290.6) 0.008 1.003 (0.996–1.102) 0.036

Progesterone receptor 0.404 (0.101–1.618) 0.200 0.999 (0.992–1.006) 0.739

HER-2 0.107 (0.0058–2.407) 0.160 0.624 (0.394–0.989) 0.044

Ki-67 0.277 (0.058–1.313) 0.106 1.006 (0.978–1.037) 0.695

Telomerase 51.32 (5.891–447.2) <0.001 3.648 (1.596–8.34) 0.002

Statistically significant values are given in bold
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Janknecht [33] showed significant correlation between

HER-2/neu expression and human telomerase reverse-

transcriptase (hTERT) levels in human breast tumor spec-

imens. In our analysis, there was a significant correlation

between telomerase activity and HER-2/neu positivity.

HER-2/neu upregulates catalytic telomerase subunit

through ERK MAP kinase pathway [33]. Tumors with high

telomerase activity and high HER-2 expression belong to

more aggressive group and may be related to poor prog-

nosis [33].

We also found correlation between telomerase activity

and another negative prognostic factor- proliferation

activity measured by Ki-67 index. Tumors with higher

telomerase activity had higher values of Ki-67 index. These

results were confirmed by other authors [22, 30]. We found

no relationship between telomerase activity and the age of

patients.

Studies that analyzed prognostic significance of telom-

erase activity yielded divergent results. Factors that may

influence these results include: differences in methodology

of telomerase analysis, amount of tissue analyzed and

differences in study design. In a study with median follow-

up of 74 months (range 26–98), Clark et al. [34] analyzed

400 breast cancer patients with lymph node metastasis. In

the multivariate analysis, telomerase activity was strong

predictor of OS but marginally predictive for DFS. Sim-

ickova et al. [35] found significant correlation between

telomerase activity and DFS. In a study with follow-up of

5 years, Kimura et al. [36] demonstrated significant asso-

ciation between telomerase activity in breast cancer

patients and recurrence of the disease. Poremba et al. [37]

analyzed hTERT and the internal RNA component (hTR)

expression from 611 breast carcinomas using tissue

microarray. In this study with median follow-up of

63 months (range 1–151) an association was found

between telomerase components and lower OS. Some

studies did not find correlation between telomerase activity

and patients’ outcome. Carey et al. [30] analyzed 203

breast cancer patients with no metastasis in lymph nodes

and found no correlation between telomerase activity and

relapse-free and OS. The median follow-up of this study

was 5.5 years (range 0.1–10.4 years). In the study of Lu

et al. [38] with median follow-up of 86 months (range

8–108), telomerase expression was not significantly asso-

ciated with DFS and OS although an association may have

been masked by the type of therapy.

In our study, we correlated telomerase activity with

10-year DFS and 10-year OS. Patients with higher levels of

telomerase activity had shorter 10-year DFS and shorter

10-year OS than patients with lover levels of telomerase

activity. These differences were statistically significant in

the Kaplan–Meier analysis. Difference between low and

high level of telomerase activity was significant in the

logistic regression analysis as well.

In conclusion, our results suggest a relationship between

telomerase activity and more aggressive phenotype. Our

data also show association between telomerase activity and

poor clinical outcome of breast cancer patients. According

to our results, telomerase activity may be considered as a

negative prognostic factor in breast cancer.

Taking into account the role of telomerase in tumor

biology and permanent need for identification of additional

prognostic factors, further studies on a larger number of

patients are warranted in order to establish prognostic

significance of telomerase activity.
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