
Abstract. Background: The purpose of this study was to
evaluate the significance of human telomerase reverse
transcriptase (hTERT) mRNA expression and telomerase
activity as prognostic markers in non-small cell lung cancer
(NSCLC). Patients and Methods: In a series of 69 curatively
resected NSCLC specimens, telomerase activity was analyzed
with the telomeric repeat amplification protocol (TRAP)
assay and expression of hTERT mRNA by quantitative real-
time reverse transcriptase-polymerase chain reaction (RT-
PCR). Partitioning of gene expression levels and protein
activities to construct prognostic groups was attempted.
Results: Human hTERT mRNA transcripts were detected in
62 (89.9% ) cases of NSCLC. Seven (10.1% ) tumors were
completely negative for hTERT expression. Dichotomized
hTERT levels (<0.42 versus ≥0.42) were associated with
prognosis and Kaplan-Meier survival curves demonstrated a
significant difference (log rank: p<0.01) with 5-year survival
rates of 44.3%  (±7.1% ) for low as compared to 80%
(±8.9% ) for high hTERT mRNA expression. Low hTERT
expression was also significantly associated with squamous
cell histology (p<0.03). Telomerase activity was not
associated with survival, stage, pT and pN categories,
histological type or grading. Comparison of hTERT mRNA

expression and telomerase activity was possible in 66
patients and showed a significant difference (p<0.0001) by
Wilcoxon rank test. Conclusion: This is the first study which
demonstrates that high hTERT mRNA expression is
associated with improved 5-year survival rates. Expression
patterns are distinct among histopathological subtypes of
NSCLC and telomerase activity (TRAP) is significantly
higher than hTERT mRNA expression.

Lung cancer is one of the most common malignancies in the
world and is the leading cause of cancer related deaths
worldwide (1-3). Radical surgery offers the best chance for
cure in patients with non-small cell lung cancer (NSCLC).
Despite improvements in the detection and treatment of lung
cancer in the past 2 decades, the 5-year survival rate remains
<15%  (3). Because pathological examination of the primary
lesions cannot be used to accurately predict outcome, there is
a need to identify prognostic molecular markers.

Much interest has recently focused on the enzyme
telomerase and especially its subunit hTERT which has led
to major advances in understanding the mechanisms of
cellular proliferation, immortalization and neoplastic
transformation (4). 

Human telomerase consists of two major components:
human telomerase RNA (hTR), which provides the template
for the synthesis of the human telomeric repeat, and human
telomerase reverse transcriptase (hTERT), which provides
catalytic function to replicate the ends of linear DNA (5).
The presence of both subunits is mandatory for telomerase
activity. Although hTR is constitutively expressed in all
tissues, hTERT expression seems to be restricted to
telomerase-positive tissues, indicating that hTERT is the
limiting factor for telomerase activity (6). Telomere
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stabilization can also be achieved by mechanisms that are
independent of telomerase. However, these mechanisms
referred to as alternative lenghtening of telomeres have not
been elucidated yet (7). 

Reactivation of telomerase activity in most types of human
cancer provides the potential of measuring telomerase
activity or its subunits as a general molecular marker for
malignant transformation and immortalization. Following the
introduction of a PCR-based assay, called the telomeric
repeat amplification protocol (TRAP), telomerase activity
was found to be present in most human tumors (8). Since the
cloning of the main constituent of the telomerase complex,
hTERT, research had an additional tool for analyzing the role
of telomerase in human cancer (9). Meanwhile there are
reports about various tumors, including urothelial cell
carcinoma (10), colorectal carcinoma (11) and breast cancer
(12), which claim that assessment of hTERT mRNA
expression levels may be used as a negative prognostic
marker. However, the prognostic significance of hTERT
expression or activity in NSCLC remains controversial:
while most studies have associated overexpression with poor
prognosis (13-17), others failed to demonstrate any
prognostic impact of this factor in NSCLC (18-22).
Therefore, the purpose of this study was to evaluate the
significance of both human telomerase reverse transcriptase
(hTERT) expression and telomerase activity as prognostic
markers in potentially curative (R0) resected NSCLC. 

Patients and Methods

Study population. Specimens were used of paired tumor and normal
lung tissues from 69 patients with NSCLC that were available from
a previous prospective study of 103 consecutive patients with
completely resected (R0-Resection) NSCLC in histopathological
stages I-IIIA according to the Union Internationale Contre Le Cancer
(UICC) Tumor Node Metastasis (TNM) Classification (23, 24). 

There were 52 (76% ) men and 17 (24% ) women with a median
age of 63.3 years (range: 34-82 years). Thirty-four (49% ) patients
had squamous cell carcinomas (SCC), 27 (39% ) adenocarcinomas
(AC), and 8 (12% ) had large cell carcinomas (LCC). The primary
tumors were graded histopathologically as well differentiated (G1,
n=1), moderately differentiated (G2, n=15), and poorly
differentiated (G3, n=53). Tumor staging was performed according
to the UICC TNM Classification (17): 37 (54% ) had stage I
tumors, 12 (17% ) stage II and 20 (29% ) had stage IIIA tumors. All
of the tumors were radically removed by lobectomy (n=45),
bilobectomy (n=9), pneumonectomy (n=11) and extended
pneumonectomy (n=4), including mediastinal lymphadenectomy for
all of the procedures. Patients with histopathological stage IIIA
tumors received postoperative radiotherapy. The median follow-up
was 7.2 years (range: 0.3-8.8 years). Patients were seen at 3-month
intervals during the first postoperative year, every 6 months in the
second and third year and once a year thereafter. Evaluation
consisted of physical examination, biochemical profile, chest
radiograph, computed tomography (CT) scan of brain, chest and
abdomen, abdominal ultrasound and technetium bone scan. No

patient was lost to follow-up. Data on recurrences and cause of
death were obtained for all patients and informed consent was
obtained from all of the patients.

Tissue acquisition. Tissue samples for DNA and RNA analysis were
obtained immediately after lung resection before starting
mediastinal lymphadenectomy and were frozen in liquid nitrogen
and stored at –80˚C until further processing. Tissue was analyzed
from the following 2 locations: tumor and uninvolved lung tissue
taken from the greatest distance to the tumor. Tumor tissue was
selected from areas with at least 75%  malignant cells. 

RNA isolation and cDNA synthesis. Total cellular RNA was
extracted from frozen specimens using Trizol reagent (Life
Technologies, Gibco BRL, Grand Island, NY, USA). The obtained
RNA was quantified spectrophotometrically at A260/280 nm (Smart
Spec, Biorad, Hercules, CA, USA). A total of 1 μg RNA from each
sample was reverse-transcribed using oligo d(T)18 primer and
MMLV (Moloney murine leukemia virus) reverse transcriptase
(Clontech, Palo Alto, CA, USA) according to the protocol of the
manufacturer. The cDNA was diluted to a total volume of 200 μl.

Real-time RT-PCR. Human TERT mRNA expression in the tumors
and corresponding normal tissue was measured by real-time
quantitative RT-PCR, using the ABI PRISM 7700 Sequence
Detection System (Applied Biosystems, Foster City, CA, USA). By
means of fluorescence emission, this technique allows the threshold
where a specific PCR product becomes detectable to be identified.
This Ct value correlates to the starting quantity of the target (25,
26). To normalize the amount of total RNA present in each reaction,
the housekeeping gene GAPDH was amplified.

Design of primers and probes. Sequence information was obtained
from Genebank and previously published data (9). Primer and probes
were designed using a standardized procedure: First, cDNA sequences
for full length clones were blasted against human genomic sequences
to identify exon-exon junctions. Primer and probes were designed
using the Primer Express software (Applied Biosystems). The
resulting primer and probe sequences were verified in BLAST
(NCBI). The GAPDH probe was labelled with 5’-VIC and 5’-
TAMRA. GAPDH primers and probe have been described elsewere
(27). The hTERT probe was labelled at the 5’ end with FAM and at
the 3’ end with the quencher TAMRA (Eurogentec, Seraing,
Belgium). The sequences for the hTERT primer and probe were:
forward 5’-TGTGCACCAACATCTACAAGATCC, reverse:
CTGATGAAATGGGAGCTGACG, probe: TGCTGCAGGCGTAC
AGGTTTCACG. Each Probe was analyzed using matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) and reliability of PCR amplification and
detection was verified on serial dilutions of standard cDNAs prior to
analysis of patient samples. When genomic DNA was used as a
template, no bands were detected after PCR amplification. 

Analyses of gene expression by real-time quantitative RT-PCR.
Expression levels of hTERT and the housekeeping gene GAPDH
were quantified using a fluorescence-based real-time detection
method (ABI PRISM 7900). The PCR reaction mixture contained
600 nM of each primer, 200 nM probe in a final volume of 22.5 μl.
PCR conditions were 50˚C for 10 s, 95˚C for 10 min, followed by
40 cycles at 95˚C for 15 s and 60˚C for 1 min. The initial template
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was calculated from the cycle number when the amount of PCR
product passed a threshold set in the exponential phase of the PCR
reaction (Ct-value). Relative gene expression levels were calculated
using standard curves generated by serial dilutions of a mixture of
cDNAs representing a wide variety of normal and tumor samples.
The relative expression amounts were calculated by using the
expression of GAPDH as an internal standard. All genes were
independently analyzed twice and reproducibility was excellent with
a correlation coefficient r>0.95. 

TRAP assay. For the detection of telomerase activity, a commercially
available photometric enzyme immunoassay using the telomeric
repeat amplification protocol as supplied was used (Telo TAGGG
Telomerase PCR ELISA; Roche Applied Science, IN, USA). The test
was performed according to the manufacturer’s protocol. Briefly, 5
μg total protein extracted from tissue specimens was used for each
combined primer elongation/amplification reaction. Five microliters
of the amplification product was transferred for the hybridization and
ELISA procedure. The ELISA was analyzed within 30 minutes after
the addition of stop reagent using an ELISA Reader at 450 nm and
690 nm reference wavelength (Microplate Reader Benchmark; Bio-
Rad Laboratories, Munich, Germany). Each assay contained a
positive and negative control (protein extract of a melanoma cell line).
Samples were regarded as telomerase-positive if the difference in
absorbance between sample and negative control was higher than 0.2.
All measurements were performed in duplicate. 

Statistical analysis. Gene expression levels (mRNA) and telomerase
activities were described using the median as point estimator and
the range of values. 

For the identification of the best cut-off value for a prognostic
variable the log-rank test was simulated for all observed values
within the entire data set according to LeBlanc and colleagues (28).
Associations between dichotomized mRNA and protein expression
levels and clinicopathological parameters were evaluated using χ2-
analysis and Fisher’s exact test for significance.

Kaplan-Meier plots were used to describe the survival
distributions and the log-rank test was used to identify significant
survival differences (29). Cox regression analysis was the method
applied when several factors were assessed simultaneously (30).
The level of significance was set to p<0.05.

All statistical tests were performed using the Software Package
SPSS for Windows, Version 11.0, Chicago, IL, USA.

Results

Clinical data. In this study, NSCLC specimens from 69
patients were analyzed. Median and 5-year survival rates
depending on various clinical variables are summarized in
Table I. Histopathological UICC tumor stage (p<0.0001), pT
category (p<0.04) and pN category (p<0.00001) were of
significant prognostic importance. Gender, age, histologic
subtype and grading of the primary tumor had no prognostic
impact on survival. 

Human TERT mRNA expression analysis. Human TERT
mRNA transcripts were detected by quantitative RT-PCR in
62/69 (89.9% ) NSCLC. In 7/69 (10.1% ) tumors, hTERT
mRNA could not be detected. In none out of 14 randomly

picked paired normal lung specimens (control group) was
hTERT mRNA detected. Median hTERT expression in the
tumor samples was 0.17 (range: 0.00-9.51). Optimal cut-off
values were calculated for hTERT mRNA expression at
<0.42 (low) versus ≥0.42 (high) for discrimination of
survival probabilities according to LeBlanc et al. (23).
Kaplan-Meier survival curves are shown in Figure 1 and
demonstrate a significant difference (p<0.01) with 5-year
survival rates of 44.3%  (±7.1% ) for low compared to 80%
(±8.9% ) for high TERT mRNA expression.

Dichotomized hTERT mRNA levels (<0.42 versus 0.42)
were not significantly associated with histopathological stage
(p=0.28), pT (p=0.63), pN categories (p=0.41) or grading
of the tumor (p=0.35). In contrast, there was a significant
association of hTERT mRNA expression with the histological
subtype (p<0.03). The data shown in Table II demonstrate
that low hTERT expression (<0.42) was more frequently
observed in squamous cell cancer (85.3% ) compared to
adenocarcinoma (59.3% ) or large cell carcinomas (50% ). 

TRAP assay. Telomerase activity was measured in 66 paired
tumor and normal lung tissues. The median telomerase activity
was 0.99 (range: 0-2.18) in tumors and 0.1 (range: 0-1.29) in
paired normal lung tissue. Telomerase activity was significantly
lower in normal tissues as compared to tumors (p<0.0001).
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Table I. Survival in NSCLC based on clinical parameters.

Parameter n 5-Year Median 95% p-Value
survival survival CI (log rank)

(% ) ±S.D. (months)

UICC Stage
I 37 70.4±8.2 n.r. -
II 12 56.5±14.6 n.r. - 0.0001
III A 20 15.0 ±7.9 18.8 13.8-23.9

pT
pT1 13 76.9±11.6 n.r. -
pT2 45 50.6±8.1 n.r. - 0.04
pT3 11 27.2±13.4 26.7 12.3.23.4

pN
pN0 42 69.2±7.7 n.r. -
pN1 16 41.9±12.5 33.9 12.7-55.3 0.00001
pN2 11 0 16.7 9.9-23.4

Histology
SCC 34 61.1±8.4 n.r. -
AC 27 44.4±9.5 51.3 27.1-75.6 0.48 (n.s.)
LC 8 41.6±20.4 63.9 39.5; 94.3

Grading
G1 1 (n=1) - -
G2 15 46.7±12.8 59.7 43.9-79.8 0.28 (n.s.)
G3 53 54.3±7.3 68.2 56.5-79.9

n.r., Not reached; -, cannot be calculated; 95%  CI, 95%  confidence
interval; n.s., not significant; n, number of patients; SCC, squamous cell
cancer; AC, adenocarcinoma; LC, large cell cancer.



Telomerase activity was not associated with survival and
no cut-off value for prognostic partitioning could be
detected. There was also no significant association of
telomerase activity in tumors with UICC stage, pT and pN
categories, histological type or grading.

Association of hTERT expression and telomerase activity in
NSCLC. Comparison of hTERT mRNA expression and
telomerase activity (TRAP assay) was possible in 66 patients
and showed a significant difference (Wilcoxon rank test:
p<0.0001). This was due to 49 ranks with TRAP activity
>hTERT mRNA expression compared to 18 with TRAP
activity <hTERT mRNA expression and one binding.

Discussion

Over the past few years, numerous studies have shown that
telomerase is expressed and active in various types of tumors
including NSCLC (10-13). Although several studies reported
telomerase to be an independent marker of poor prognosis in
different tumor entities, contradictory results have also been
shown (13-22). 

The aim of this study was to further elucidate the association
between clinicopathological parameters, telomerase activity and
hTERT mRNA levels in patients with curatively (R0 resection
according to UICC criteria) resected NSCLC using the TRAP
and a quantitative real-time RT-PCR assay for hTERT analysis. 

We detected hTERT mRNA in 89.9%  of NSCLC
specimens and in none of 14 randomly analyzed paired
normal lung specimens. This observation is in agreement
with previously published reports (18, 21). 

For partitioning of prognostic groups based on
dichotomized hTERT mRNA expression, an optimal cut-off
value of 0.42 was detected with significant prognostic
impact. To the best of our knowledge, this is the first study
which demonstrates a survival benefit for patients with
tumors with high hTERT mRNA expression. A comparison
of results between various reports is difficult, mainly because
of the different techniques used for the detection of hTERT.
Conventional gel based RT-PCR, real-time RT-PCR, in situ
hybridisation (ISH) and immunohistochemistry (IHC)
techniques have been applied. There is one report from
Marchetti et al. (14) which also applied real-time
quantitative RT-PCR technology. Contrary to our results,
they found that in stage I NSCLC patients, hTERT mRNA
expression levels were significantly associated with reduced
survival probability. Zhu et al. (17) was only able to show
that hTERT mRNA overexpression was associated with
reduced recurrence-free survival. On the other hand, Lu et
al. did not show a prognostic significance of hTERT mRNA
expression in resected stage I non-small-cell lung cancer
patients when performing a multivariate analysis of six
molecular markers (22). In addition, two studies (18, 21)
using conventional gel-based RT-PCR could not find any
association with clinicopathological parameters including
survival probabilities. 

In situ hybridization was also used for the detection of
hTERT and Wang et al. (13) demonstrated a survival benefit
for patients with stage I disease and low hTERT expression.
For stage I patients, this result was confirmed by Fujita and
coworkers (15), whereas in patients with stage II and III
disease no significant difference between the groups with
strong and low hTERT staining could be detected. However,
immunohistochemical analyses by Kumaki et al. for the
detection of telomerase protein expression did not identify
any statistical evidence for an association of survival
probabilities and levels of hTERT protein expression in
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Figure 1. Kaplan-Meier curves including NSCLC specimens from 69
patients based on dichotomized optimal cut-off values for hTERT mTNA
expression. A total of 49 tumors showed low (<0.42) and 20 high
(≥0.42) hTERT mRNA expression levels. Human TERT mRNA
expression ≥0.42 is significantly associated with improved survival rates
(log-rank: p<0.01). 

Table II. hTERT mRNA expression and histological type.

Histologic subtype

hTERTa SCC AC LC

<0.42: n (% ) 29 (85.3% ) 16 (59.3% ) 4 (50% )
hTERT ≥0.42: n (% ) 5 (14.7 % ) 11 (40.7% ) 4 (50% )
Total: n (% ) 34 (100 % ) 27 (100% ) 8 (100% )

SCC, squamous cell cancer; AC, adenocarcinoma; LC, large cell cancer.
aDichotomized hTERT mRNA levels; χ2-analysis (Fisher’s exact test):
p=0.03.



NSCLC (19). In the study of Wang and colleagues (13), one
major concern is the very low percentage (33% ) of hTERT-
positive NSCLC in contrast to all other cited studies which
report 93.9%  (19) up to 100%  (15) of positive cases.

At this point, we can only speculate as to the reasons for
these discrepant findings. Among possible reasons are a)
differences of TRAP and hTERT assays performed in
previous studies; b) lack of statistical power due to limited
number of telomerase-negative patients and the total number
of study patients.

With respect to histology, we demonstrated a significant
association of hTERT mRNA expression with the histological
subtype (p<0.03). Our data show that low hTERT expression
(<0.42) is more frequently observed in squamous cell cancer
(85.3% ) compared to large cell (50% ) or adenocarcinomas
(59.3% ). Lantuejoul et al. (16) analyzed telomerase
expression with respect to NSCLC histology. They utilized
polyclonal and monoclonal antibodies raised against hTERT
protein and found significantly lower telomerase expressions
in AC than in SCC. 

Furthermore, we found a significantly higher telomerase
activity compared to hTERT mRNA expression levels
applying the Wilcoxon rank test in 66 paired samples.
Marchetti et al. (14) also reported a statistical significant
link between hTERT gene expression and telomerase activity
(p=0.017). In his study, patients with both hTERT gene
expression and missing telomerase activity (21/90) had a
statistical significant better disease-free (p=0.0092) and
overall survival (p=0.0095). 

In summary this is the first report about the association of
high hTERT mRNA expression and a favourable prognosis in
completely resected NSCLC and this contradicts some
previous reports. Therefore, large trials are needed to improve
our knowledge about telomerase regulation in order to clarify
contradictory results concerning the prognostic impact of
hTERT RNA expression and telomerase activity in NSCLC. 

Acknowledgements

The work in R. Metzger’s laboratory was supported by grants from
the Deutsche Krebshilfe/Dr. Mildred Scheel Stiftung (70-2300-Me
I). The work on lung cancer in C Müller-Tidow’s and H. Serve’s
laboratory is supported by the Wilhelm-Sander Stiftung.

References 

1 Singh GK, Miller BA and Hankey BF: Changing area
socioeconomic patterns in U.S. cancer mortality, 1950-1998: Part
II–Lung and colorectal cancers. J Natl Cancer Inst 94: 916-925,
2002.

2 Weir HK, Thun MJ, Hankey BF, Ries LA, Howe HL, Wingo PA,
Jemal A, Ward E, Anderson RN and Edwards BK: Annual report
to the nation on the status of cancer, 1975-2000, featuring the
uses of surveillance data for cancer prevention and control. J
Natl Cancer Inst 95: 1276-1299, 2003.

3 Jemal A, Siegel R, Ward E, Murray T, Xu J and Thun MJ:
Cancer statistics, 2007. CA Cancer J Clin 57: 43-66, 2007. 

4 Altshuler ML, Severin SE and Glukhov AI: The tumor cell and
telomerase. Biochemistry (Mosc) 68: 1275-1283, 2003.

5 Weinrich SL, Pruzan R, Ma L, Ouellette M, Tesmer VM, Holt
SE, Bodnar AG, Lichtsteiner S, Kim NW, Trager JB, Taylor RD,
Carlos R, Andrews WH, Wright WE, Shay JW, Harley CB and
Morin GB: Reconstitution of human telomerase with the
template RNA component hTR and the catalytic protein subunit
hTRT. Nat Genet 17: 498-502, 1997.

6 Bodnar AG, Ouellette M, Frolkis M, Holt SE, Chiu CP, Morin
GB, Harley CB, Shay JW, Lichtsteiner S and Wright WE:
Extension of life-span by introduction of telomerase into normal
human cells. Science 279: 349-352, 1998.

7 Bryan TM, Englezou A, Dalla-Pozza L, Dunham MA and
Reddel RR: Evidence for an alternative mechanism for
maintaining telomere length in human tumors and tumor-derived
cell lines. Nat Med 3: 1271-1274, 1997.

8 Shay JW and Wright WE: Telomerase activity in human cancer.
Curr Opin Oncol 8: 66-71, 1996.

9 Nakamura TM, Morin GB, Chapman KB, Weinrich SL, Andrews
WH, Lingner J, Harley CB and Cech TR Telomerase catalytic
subunit homologs from fission yeast and human. Science 277:
955-959, 1997.

10 De Kok JB, Schalken JA, Aalders TW, Ruers TJ, Willems HL
and Swinkels DW: Quantitative measurement of telomerase
reverse transcriptase (hTERT) mRNA in urothelial cell
carcinomas. Int J Cancer 87: 217-220, 2000.

11 Gertler R, Rosenberg R, Stricker D, Werner M, Lassmann S,
Ulm K, Nekarda H and Siewert JR: Prognostic potential of the
telomerase subunit human telomerase reverse transcriptase in
tumor tissue and nontumorous mucosa from patients with
colorectal carcinoma. Cancer 95: 2103-2111, 2002.

12 Poremba C, Heine B, Diallo R, Heinecke A, Wai D, Schaefer
KL, Braun Y, Schuck A, Lanvers C, Bankfalvi A, Kneif S,
Torhorst J, Zuber M, Kochli OR, Mross F, Dieterich H, Sauter
G, Stein H, Fogt F and Boecker W: Telomerase as a prognostic
marker in breast cancer: high-throughput tissue microarray
analysis of hTERT and hTR. J Pathol 198: 181-189, 2002.

13 Wang L, Soria JC, Kemp BL, Liu DD, Mao L and Khuri FR: hTERT
expression is a prognostic factor of survival in patients with stage I
non-small cell lung cancer. Clin Cancer Res 8: 2883-2889, 2002.

14 Marchetti A, Pellegrini C, Buttitta F, Falleni M, Romagnoli S,
Felicioni L, Barassi F, Salvatore S, Chella A, Angeletti CA,
Roncalli M, Coggi G and Bosari S: Prediction of survival in
stage I lung carcinoma patients by telomerase function
evaluation. Lab Invest 82: 729-736, 2002.

15 Fujita Y, Fujikane T, Fujiuchi S, Nishigaki Y, Yamazaki Y,
Nagase A, Shimizu T, Ohsaki Y and Kikuchi K: The diagnostic
and prognostic relevance of human telomerase reverse
transcriptase mRNA expression detected in situ in patients with
nonsmall cell lung carcinoma. Cancer 98: 1008-1013, 2003.

16 Lantuejoul S, Soria JC, Moro-Sibilot D, Morat L, Veyrenc S,
Lorimier P, Brichon PY, Sabatier L, Brambilla C and Brambilla
E: Differential expression of telomerase reverse transcriptase
(hTERT) in lung tumours. Br J Cancer 90: 1222-1229, 2004.

17 Zhu CQ, Cutz JC, Liu N, Lau D, Shepherd FA, Squire JA and
Tsao MS: Amplification of telomerase (hTERT) gene is a poor
prognostic marker in non-small cell lung cancer. Br J Cancer 94:
1452-1459, 2006.

Metzger et al: Telomerase in Non-small Cell Lung Cancer

1161



18 Arinaga M, Shimizu S, Gotoh K, Haruki N, Takahashi T and
Mitsudomi T: Expression of human telomerase subunit genes in
primary lung cancer and its clinical significance. Ann Thorac
Surg 70: 401-405, 2000. 

19 Kumaki F, Kawai T, Hiroi S, Shinomiya N, Ozeki Y, Ferrans VJ
and Torikata C: Telomerase activity and expression of human
telomerase RNA component and human telomerase reverse
transcriptase in lung carcinomas. Hum Pathol 32: 188-195, 2001.

20 Toomey D, Smyth G, Condron C, Kay E, Conroy R, Foley D,
Hong C, Hogan B, Toner S, McCormick P, Broe P, Kelly C and
Bouchier-Hayes D: Immune function, telomerase, and
angiogenesis in patients with primary, operable non-small cell
lung carcinoma: tumor size and lymph node status remain the
most important prognostic features. Cancer 92: 2648-2657, 2001 

21 Wu TC, Lin P, Hsu CP, Huang YJ, Chen CY, Chung WC, Lee H
and Ko JL: Loss of telomerase activity may be a potential
favorable prognostic marker in lung carcinomas. Lung Cancer
41: 163-169, 2003.

22 Lu C, Soria JC, Tang X, Xu XC, Wang L, Mao L, Lotan R,
Kemp B, Bekele BN, Feng L, Hong WK and Khuri FR:
Prognostic factors in resected stage I non-small-cell lung cancer:
a multivariate analysis of six molecular markers. J Clin Oncol
22: 4575-4583, 2004.

23 Schneider PM, Praeuer HW, Stoeltzing O, Boehm J, Manning J,
Metzger R, Fink U, Wegerer S, Hoelscher AH and Roth JA:
Multiple molecular marker testing (p53, C-Ki-ras, c-erbB-2)
improves estimation of prognosis in potentially curative resected
non-small cell lung cancer. Br J Cancer 83: 473-479, 2000.

24 Sobin LH and Fleming ID: TNM Classification of Malignant
Tumors, fifth edition (1997). Union Internationale Contre le
Cancer and the American Joint Committee on Cancer. Cancer
80: 1803-1804, 1997.

25 Gibson UE, Heid CA and Williams PM: A novel method for real
time quantitative RT-PCR. Genome Res 6: 995-1001, 1996.

26 Heid CA, Stevens J, Livak KJ and Williams PM: Real time
quantitative PCR. Genome Res 6: 986-994, 1996.

27 Livak KJ, Flood SJ, Marmaro J, Giusti W and Deetz K:
Oligonucleotides with fluorescent dyes at opposite ends provide
a quenched probe system useful for detecting PCR product and
nucleic acid hybridization. PCR Methods Appl 4: 357-362, 1995.

28 LeBlanc M and Crowley J: Relative risk trees for censored
survival data. Biometrics 48: 411-425, 1992.

29 Mantel N: Evaluation of survival data and two new rank order
statistics arising in its consideration. Cancer Chemother Rep 50:
163-170, 1966.

30 LeBlanc M, Jacobson J and Crowley J: Partitioning and peeling
for constructing prognostic groups. Stat Methods Med Res 11:
247-274, 2002.

Received September 2, 2008
Revised December 17, 2008
Accepted January 27, 2009

ANTICANCER RESEARCH 29: 1157-1162 (2009)

1162



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


