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Abstract

AIM: To set up a real-time fluorescent quantitative reverse
transcription-polymerase chain reaction (RT-PCR) assay,
to detect human telomerase reverse transcriptase (hTERT)
messenger RNA in gastric carcinomas, and to evaluate
quantitative determination of hTERT mRNA in the diagnostic
value of gastric carcinomas, and to analyze the correlation
between the expression level of hTERT mRNA and clinicopath-
ological parameters in patients with gastric cancer.

METHODS: A real-time quantitative RT-PCR (RQ-PCR)
based on TaqMan fluorescence methodology and the LightCycler
system was used to quantify the full range of hTERT mRNA
copy numbers in 35 samples of gastric carcinomas and
corresponding adjacent non-cancerous tissues. The normalized
hTERT (NhTERT) was standardized by quantifying the
number of GAPDH transcripts as internal control and expressed
as 100× (hTERT/GAPDH) ratio. Variables were analyzed by
the Student’s t-test, χ2 test and Fisher’s exact test.

RESULTS: NhTERT from gastric carcinomas and corresponding
adjacent non-cancerous tissues was 6.27±0.89 and 0.93±0.18,
respectively (t = 12.76, P<0.001). There was no significant
association between gastric cancer hTERT mRNA expression
level and patient’s age, gender, tumor size, location and
stage (PTNM), but a significant correlation was found between
hTERT mRNA expression level in gastric carcinomas and
the degree of differentiation.

CONCLUSION: Quantitative determination of hTERT mRNA
by RQ-PCR is a rapid and sensitive method. hTERT might be
a potential biomarker for the early detection of gastric cancer.
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INTRODUCTION
Telomerase is a reverse transcriptase that adds telomeric repeats
to chromosomal ends to compensate for sequence loss during

DNA replication. Telomerase activity has been detected in
about 85% of human cancer samples and is associated with cell
immortalization and the acquisition of malignancy, but most
normal tissues have low or no telomerase activity[1]. Telomerase
is one of the most widespread tumor markers at present. To date,
the main assay to detect telomerase activity is telomere repeat
amplification protocol (TRAP). TRAP is a qualitative or semi-
quantitative assay, and can not accurately exhibit telomerase
expression level, and needs functional ribonucleoproteins,
including both reverse transcriptase activity and undegraded
RNA. The presence of telomerase inhibitors, Taq polymerase
inhibitors, proteases, or RNases in tissue extract may influence
its detection and subsequently lower its sensitivity. With the
cloning of both genes coding for human telomerase RNA (hTR)
and human telomerase reverse transcriptase (hTERT), hTERT
becomes the catalytic subunit of telomerase and is a rate-limiting
determinant of the enzymatic activity of human telomerase, and
only the expression of hTERT is closely associated with telomerase
activity[2-5], whereas the expression of hTR is widespread. The
close relationship between hTERT mRNA expression and
telomerase activity suggests that quantification of the mRNA
expression of the hTERT gene could be used as an alternative
to measure telomerase activity. In this study, we used real-time
quantitative reverse transcription-polymerase chain reaction
(RQ-PCR) to detect and quantify hTERT mRNA in samples of
gastric carcinoma and corresponding non-cancerous tissues,
and to evaluate the quantitative determination of hTERT mRNA
in the diagnostic value of gastric carcinomas, and to analyze the
correlation between the expression level of hTERT mRNA and
clinicopathological parameters in patients with gastric cancer.

MATERIALS AND METHODS
Patients and samples
We analyzed tissues (gastric cancer and corresponding non-
cancerous tissues) from surgically removed primary gastric
cancer in Union Hospital and Tongji Hospital of Tongji Medical
College of Huazhong University of Science and Technology
from October 2002 to May 2003. All patients (25 males and 10
females, mean age 55.2 years, range 34-73 years) were at initial
presentation and had no radiotherapy or chemotherapy history
before surgery. All samples were examined histopathologically
to confirm the diagnosis. Control tissues were the corresponding
non-cancerous mucosa from the stomach of cancer patients, and
excised beyond 5 cm from neoplastic lesions. Samples were
stored at -80  until further analysis.

Reagents and instruments
TRIzol was the product of Omega. The reagents used for reverse
transcription were purchased from Promega. The reagents used
for PCR and PCR product purification, glyceraldehydes 3-
phosphate dehydrogenase (GAPDH) quantification, and the
primers and TaqMan probe of hTERT were all purchased from
Shanghai Shenyou Company. Both T4 DNA ligase and PMD18-T
vector were the products of TaKaRa. The other chemical reagents
used in this study were ACS reagents of China. The fluorescent
quantitative PCR instrumentation was the LightCycler system
of Roche.



Real-time quantitative RT-PCR
We used a RQ-PCR assay based on TaqMan fluorescence
methodology to quantify the full range of hTERT mRNA copy
numbers[6,7]. This method used a dual-labeled nonextendable
oligonucleotide hydrolysis (TaqMan) probe in addition to the
two amplification primers. The probe contained 6-carboxy-
fluorescein (FAM) as a fluorescent reporter dye, and 6-
carboxytetramethyl-rhodamine (TAMRA) as a quencher for its
light emission spectrum. During the extension phase of PCR,
the probe hybridized to the target sequence and was then
cleaved due to the 5’ to 3’ exonuclease activity of Taq polymerase.
The increase in the fluorescence signal of the reporter was
proportional to the amount of specific PCR products, providing
highly accurate and reproducible quantification. The number
of PCR cycles to reach the fluorescence threshold was the cycle
threshold (Ct). The Ct value for each sample was proportional
to the log of the initial amount of input cDNA. By plotting the Ct
value of an unknown sample on the standard curve, the amount
of target sequences in the sample could be calculated.
      To normalize the hTERT mRNA expression for sample-to-
sample differences in RNA input, RNA quality, and reverse
transcriptase efficiency, we amplified the housekeeping gene
GAPDH. According to each standard curve, we got the copy
numbers of GAPDH and hTERT, respectively. The ratio between
copy numbers of hTERT and GAPDH represented the normalized
hTERT (NhTERT) for each sample and could be compared with
that of other samples[8].
      NhTERT = (hTERT mRNA copiessample/GAPDH mRNA
copiessample) ×100.

Primers and probes
According to GAPDH quantification reagents and the reference[9],
the nucleotide sequences of oligonucleotide TaqMan probes
and primers are shown in Table 1.

RNA extraction and cDNA synthesis
According to the manufacturer’s instructions, total RNA from
frozen tumor and corresponding non-cancerous tissue
specimens was isolated by disruption of 50-100 mg tissues in
1 mL of TRIzol. RNA was quantified spectrophotometrically,
and its quality was determined by agarose gel electrophoresis
and ethidium bromide staining. Only samples that were not
degraded and showed clear 18 S and 28 S bands under ultraviolet
light were used for real-time RT-PCR.
         All samples were denatured for 10 min at 60  to melt secondary
structure with the template and cooled immediately on ice for 5 min
to prevent secondary structure from reforming. Total RNA
(1-2 µg) was reverse transcribed in a total volume of 25 µL
containing 1×RT buffer (Promega), 200 U of Moloney murine
leukemia virus Reverse Transcriptase (M-MLV RT) (Promega),
20 U of RNasin (Promega), 0.2 µg random primer (Promega) and
1 mmol/L deoxynucleotides. The reaction was performed for

10 min at 25 , for 60 min at 42  and for 10 min at 70 . cDNA
was stored at -20  until use.

Construction of recombinant plasmid calibrator
Pure hTERT fragments from classical RT-PCR were joined to
PMD18-T vector by T4 DNA ligase, resulting in recombinant
plasmid PMD18-hTERT. The recombinant plasmids were
confirmed in including hTERT target fragments by sequencing,
and extracted and purified. The recombinant plasmid DNAs at
107 copies/mL were stored at -20  until use. GAPDH standard
template was from the GAPDH quantification reagents.

LightCycler real-time PCR amplification
All PCR reactions were performed using the LightCycler System
(Roche Diagnostics, Switzerland) in a total volume of 20 µL
containing 1×Taq polymerase buffer, 4 mmol/L MgCl2, 200 µmol/L
deoxynucleotides, 300 nmol/L each primer, 150 nmol/L probe,
1 U Taq polymerase and 20 ng cDNA. Water instead of cDNA
template was used for the negative controls. Both GAPDH and
hTERT amplification were done in duplicate for each sample.
The thermal cycling conditions were 5 min at 94 , followed by
40 cycles, each at 94  for 15 s and at 60  for 1 min for GAPDH
or at 65  for 1 min for hTERT (two-step PCR). The number of
GAPDH and hTERT transcripts in samples was calculated with
the LightCycler software, using these standard curves.

Statistical analysis
Data were expressed as mean±SD. The Student t-test, χ2 test
and Fisher’s exact test were used in this study. P<0.05 was
considered statistically significant.

RESULTS
Standard curve construction
We used different concentrations of GAPDH and hTERT
standard templates including 104, 105, 106 and 107 copies/mL to
perform quantitative PCR and calculate the standard curves,
respectively. The standard curves were: CtGAPDH = -3.86 log
(GAPDH copies) +46.60; and CthTERT = -3.42 log (hTERT copies)
+37.31. The correlation coefficients were both -1.00 (Figure 1A, B).

hTERT mRNA expression levels in gastric cancer and corresponding
adjacent non-cancerous tissues
The expression of hTERT mRNA in gastric carcinomas was
analyzed by a highly sensitive RQ-PCR assay. HTERT mRNA
expression was detectable not only in all 35 gastric carcinomas,
but also in the corresponding non-cancerous gastric tissues
(Figure 2). For each experimental sample, the amount of hTERT
and GAPDH was determined from the appropriate standard
curve. Then, hTERT amount was divided by the GAPDH amount
to obtain NhTERT. NhTERT was significantly higher (t = 12.76,
P<0.001) in tumor tissues (6.27±0.89) than in the corresponding
non-cancerous tissues (0.93±0.18).

Table 1 Sequences of primers and probes used in this study

Gene and oligonucleotide          Sequence         PCR product size (bp)

GAPDH
Upper primer 5’-GAAGGTGAAGGTCGGAGTC-3’
Lower primer 5’-GAAGATGGTGATGGGATTTC-3’ 226
Probe 5’-(FAM) CAAGCTTCCCGTTCTCAGCC (TAMRA)-3’
hTERT
Upper primer 5’-TGACACCTCACCTCACCCAC-3’
Lower primer 5’-CACTGTCTTCCGCAAGTTCAC-3’   95
Probe 5’-(FAM) ACCCTGGTCCGAGGTGTGTCCCTGA (TAMRA)-3’

The primers placed in different exons, were tested to ensure that they did not amplify the contaminated genomic DNA.
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Figure 1  Standard curve of GAPDH and hTERT A: Standard
curve of GAPDH: slope = -3.86, intercept = 46.60, r = -1.00. B:
Standard curve of hTERT: slope = -3.42, intercept = 37.31, r = -1.00.

Figure 2  hTERT mRNA expression in samples of gastric can-
cer and corresponding non-cancerous tissues. Lanes 1, 2: Gas-
tric cancer; Lanes 3, 4: Corresponding non-cancerous tissues.

Correlation between hTERT mRNA expression level and
clinicopathological parameters
The data obtained by RQ-PCR were analyzed in relation to
clinicopathological parameters of the patients. All 35 corresponding
non-cancerous gastric tissue samples expressed low detectable
NhTERT, ranging from 0.06 to 2.11. In the 35 gastric carcinomas,
NhTERT varied greatly, ranging from 0.28 to 90.55. NhTERT
was categorized as low or high, using a cutoff at 5.39, which
was the value that represented the median value of the expression
distribution. Thus, 17 tumors (48.6%) showed low hTERT expression,
whereas 18 tumors (51.4%) had high hTERT expression. We
observed the statistical links between hTERT mRNA expression
levels and the degree of differentiation (P = 0.007). Seventy-
three point six percent (14 of 19) of poorly differentiated and
undifferentiated tumors showed high NhTERT expressions,
whereas 75% (12 of 16) of well and moderately differentiated
tumors exhibited low NhTERT expressions. Poorly differentiated
and undifferentiated tumors had higher hTERT mRNA
expression levels than well and moderately differentiated tumors.
No relationship was found between hTERT mRNA expression
level and patients’ age, gender, tumor size, tumor location and
stage (pTNM). The results obtained are shown in Table 2.

Table 2  Relationship between hTERT mRNA expression level
and clinicopathological parameters in patients with gastric cancer

NhTERT
Parameter                   n                                                         P

           Low (n = 17)   High (n = 18)

Age (yr)
<50     13           7        6

5 0     22        10     12            0.73
Gender

Male     25        13     12
Female     10           4        6            0.71

Size of diameter (cm)
<5     19        11        8

5     16           6     10            0.31
Location

Cardia     14           8        6
Body and antrum     21           9     12                0.50

Degree of differentiation
Well and moderately  16        12        4
differentiated
Poorly differentiated  19            5     14            0.007
and undifferentiated

Lymph node metastasis
N0        8            4        4
N1       13            8        5
N2     14            5        9            0.40

Depth of invasion
T1 and T2     24        13     11
T3 and T4     11            4        7            0.43

Metastasis
M0     20        12        8
M1     15            5     10            0.17

DISCUSSION
We used RQ-PCR based on TaqMan methodology for the
accurate quantification of hTERT mRNA expression in gastric
carcinomas. This assay has several marked advantages over the
TRAP assay for cancer detection. It needs only a 95-bp fragment
of hTERT mRNA, making the assay less sensitive to RNase
activity and insensitive to proteases and protein inhibitors.
The assay output is numerical rather than qualitative, allowing
appropriate diagnostic statistics to be applied. It uses endogenous
controls (GAPDH in this study) which allow correction for
parameters like RNA input, RNA degradation, or RT inhibitors.
Real-time PCR makes RNA quantification much more precise
and reproducible, based on Ct values established in the early
exponential phase of the PCR reaction (when none of the
reagents is rate-limiting) rather than end point quantification of
the amount of accumulated PCR product. It does not require
post-PCR sample handling and the closed-tube method
minimizes the risk for cross-contamination. These suggest that
quantitative determination of hTERT mRNA by RQ-PCR is a
powerful method to investigate the telomerase status and
superior in specificity and sensitivity to the evaluation of telomerase
activity by the TRAP assay. In addition, we used recombinant
hTERT plasmid DNA to calculate the external standard curves,
and found it was better for the quantification of mRNA than the
recombinant RNA calibrator or endogenous standards[10,11].
Theoretically, the slope of the standard curve should be -3.3 if
10-fold dilutions are used, but in practice a slope between -3.0
and -3.9 is probably acceptable as long as the correlation
coefficient is >0.95. The standard curves we obtained in this
study had acceptable slopes and correlation coefficients.
        In this study, the level of hTERT mRNA estimated with RQ-
PCR procedure was the average amount of transcripts in a whole
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tissue sample and mainly depended on the number of hTERT-
positive cells present in the tissue. hTERT mRNA was detected in
100% of gastric carcinoma RNAs, and also in all the corresponding
non-cancerous gastric mucosa RNAs. The highest NhTERT
was detected in gastric cancer, whereas the lowest NhTERT
was found in non-cancerous gastric tissues. However, NhTERT
in samples of non-cancerous tissues was only approximately
14.8% of those found in the cancerous samples, and NhTERT
was significantly higher (t = 12.76, P<0.001) in tumor tissues
(6.27±0.89) than in the corresponding non-cancerous tissues
(0.93±0.18). We believed that these were not in contradiction to
the findings using TRAP with which telomerase activity could
not be detected in most non-malignant gastric tissues and the
positive rate of hTERT mRNA expression by means of in situ
hybridization or classical RT-PCR in gastric carcinoma[12-15]. The
difference could be explained by the increased sensitivity of
the RQ-PCR assay and the presence of residual malignant cells,
inflammatory lymphocytes or tumor infiltrating activated cells.
Our results showed real-time measurement of hTERT expression
could discriminate gastric carcinoma from nonmalignant gastric
tumors. This discrimination would be more distinct if the
percentage of tumor cells was higher in the selected tissues.
      No relationship was found in our study between hTERT
mRNA expression level and patients’ age, gender, tumor size,
location and tumor stage (pTNM) (P>0.05) and there were
statistical links between hTERT mRNA expression levels and
the degree of differentiation (P = 0.007). These suggest that the
up-regulation of hTERT appeared to be an early event in gastric
carcinogenesis. HTERT may play a critical role in gastric
carcinogenesis and have potential as a biomarker in the telomerase
status for the early detection of gastric cancer. Real-time quantitative
analysis of hTERT mRNA in tissues, cancer cells in the blood,
and plasma or serum of the patients with cancer before and
after surgery, radiotherapy or chemotherapy may be helpful for
early detection and diagnosis of cancer, and find out therapeutic
effect and estimate prognosis[16-21]. hTERT may become a target
in gene therapy of cancer and inaugurate a new approach for
cancer therapy.
       In conclusion, monitoring hTERT mRNA expression with
RQ-PCR analysis appears to be a new effective and sensitive
method to better differentiate gastric cancer from nonmalignant
gastric tumors. HTERT mRNA expression status may be used
as a molecular marker of gastric cancer. These findings must be
confirmed in a larger series of gastric cancer patients.
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