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Telomere Length in Leukocyte DNA in Gastric
Cancer Patients and its Association with
Clinicopathological Features and Prognosis
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Abstract. Background/Aim: Telomere shortening in leukocytes
has been thought to be associated with reduced immune
response capacity and increased chromosome instability. Several
studies indicate that telomere length in the peripheral blood
leukocyte DNA can predict clinical outcome of several cancers.
We evaluated the potential association between telomere
shortening in the leukocyte DNA and clinicopathological
features and prognosis of gastric cancer (GC) in Japanese
patients. Materials and Methods: Telomere length in leukocyte
DNA was measured using quantitative real-time polymerase
chain reaction (PCR) in 207 GC patients. The association
between telomere length and clinicopathological features and
prognosis was evaluated. Results: These short-telomere group
was significantly associated with advanced stage (p=0.015),
worse overall survival (0S) and progression-free survival (PFS)
(p=0.046 and 0.026, respectively). The same group was also
weakly associated with overall and peritoneal recurrences
(p=0.052 and 0.059, respectively). Conclusion: Telomere
shortening in leukocyte DNA is associated with advanced stage
and poor prognosis of GC, which may reflect their reduced
immune response capacity or increased chromosome instability.

Gastric cancer (GC) is one of the most common malignancies
worldwide accounting for nearly 70,000 new cases and
650,000 deaths per year (1, 2). Improvements in early detection
by screening have resulted in lower incidence rates in most
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parts of the world, while the treatment outcomes for patients
who have advanced disease at diagnosis are still poor (3).
Moreover, GC is heterogeneous tumor in its clinical course and
prognosis. Identification of molecular markers, which precisely
predict prognosis, would provide more appropriate clinical
implementation reflecting their heterogeneity.

Telomeres consist of repetitive nucleotide sequences and
an associated terminal protein complex that help avoid loss
of chromosomal integrity (4). Telomere shortening in
genomic DNA seems to reflect lifetime accumulative
oxidative stress through environmental exposures (5, 6).
Telomere shortening was also observed in human epithelial
cancers due to the formation of complex non-reciprocal
translocations and increased chromosome instability (7-10).

Previous studies have revealed shorter telomere lengths in
the lymphocytes of individuals suffering from age-related
diseases, including cancer (10). Since telomere shortening in
leukocytes can reduce the immune response capacity (11)
and can also induce chromosome instability (7-10), recent
studies have focused on the role of leukocyte telomere length
in the prediction of cancer risk and prognosis (12-15). In GC,
telomere shortening in the leukocyte DNA has been
associated with GC susceptibility and its poor prognosis (16-
18). We evaluated the potential association between telomere
shortening in the leukocyte DNA and clinicopathological
features and prognosis of GC in Japanese patients.

Materials and Methods

Study population, sample DNA extraction and relative telomere length
measurement. We enrolled 207 patients with gastric cancer (GC),
being treated at the Fujita Health University Hospital, Toyoake, Japan,
from September 2004 to February 2008. The patient cohort consisted
of 58 females and 149 males with a median age of 70 years
(range=37-97). The Ethics Committee of Fujita Health University
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Table 1. Primer sequences used in telomere length measurement.

Assay name Forward primer sequence

Reverse primer sequence

Telomere

Beta-globin GCTTCTGACACAACTGTGTTCACTAGC

CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT

GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT
CACCAACTTCATCCACGTTCACC

School of Medicine approved the protocol and written informed
consent was obtained from all subjects. All GCs were diagnosed
histologically. Of the GC patients, 168 underwent gastrectomy or
endoscopic resection and 39 chemotherapy. Detailed information about
anatomic location, histologic type, lymphatic or venal invasion, lymph
node or other metastases, as well as peritoneal dissemination was also
obtained using the criteria of the Japanese classification of gastric
carcinoma (19). Overall survival (OS), defined as the time from
gastrectomy/endoscopic resection or start of initial administration of
chemotherapy to the date of cancer-related death, was determined for
187 patients. Progression-free survival (PFS), defined as the time from
gastrectomy or start of initial administration of chemotherapy to the
date of tumor progression or cancer-related death, was also determined
in the same cases. Patients with no confirmation of progression or
cancer-related death were censored at the date of the last objective
tumor assessment.

Three milliliters of whole blood was collected from each participant
in an EDTA tube and stored frozen until DNA extraction. Leukocyte
DNA extraction was performed using a commercial kit (FlexiGene
DNA Kit, QIAGEN, Hilden, Germany) and stored until processing for
analysis. Relative telomere length was measured by comparing the
abundance of telomeric template relative to a single-copy gene (T/S)
by quantitative real-time polymerase chain reaction (QRT-PCR) as
described previously (20), with some modifications. The primers used
for the telomere and the single-copy gene, beta-globin, are listed in
the Table I. qRT-PCR was carried out using the iTaqg SYBR Green
Supermix (Bio-Rad, Hercules, CA, USA) and the ABI Prism 7900HT
Real-Time PCR System (Applied Biosystems, Carlsbad, CA, USA).
Detailed PCR conditions were available from our other studies (21,
22). The telomere and the single-copy gene (beta-globin) were
analyzed on the same plate to reduce inter-assay variability and all the
measurements were performed in duplicate and averaged.

Statistical analysis. Relative telomere length in the leukocyte DNA
among GC patients presented an approximately Gaussian
distribution, with over-representation of cases with short telomere;
the cut-off value (relative T/S ratio) for the definition samples with
short and long telomere groups was set at 3.06. Continuous and
categorical variables among the different groups were compared
using the Student’s ¢-test and the chi-square test, respectively. The
association between telomere length and OS and PFS in GC patients
was assessed using the Kaplan-Meier method and the log-rank test.
A p-value <0.05 was considered statistically significant.

Results

Telomere length in the leukocyte DNA was successfully
measured in all 207 patients with GC. We first investigated the
association between telomere length with clinicopathological
features of GC, such as age, gender, anatomic location,
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Table II. Leukocyte telomere length and subtypes of gastric cancer (GC).

Variables n (%) Long group (%)  Short group (%)

Total number of patients

Age (mean+SEM) 68.1+0.81 - 69.7+£1.07 -
Gender?

Female 36 24.7 22 36.1

Male 110 753 39 63.9
Location

Cardia 5 2.8 4 5.7

Upper 19 10.5 11 15.7

Middle 110 60.8 39 55.7

Lower 47 26 16 22.9
Stageb

Early 94 64.4 29 46.8

Advanced 52 35.6 33 532
Histologic type

Differentiated 110 76.9 40 65.6

Undifferentiated 28 19.6 16 26.2

Mixed 5 35 5 8.2
Lymphatic invasion

Negative 75 65.2 22 59.5

Positive 40 348 15 40.5
Venous invasion

Negative 86 74.8 28 75.7

Positive 29 252 9 243
Lymph node metastasis

n0 105 72.9 39 67.2

n+ 39 27.1 19 32.8
Peritoneal disseminationa

Negative 125 86.8 46 78

Positive 19 132 13 22
Liver metastasis

Negative 136 94 .4 54 93.1

Positive 8 5.6 4 6.9
Other distant metastasis

Negative 136 94 .4 53 914

Positive 8 5.6 5 8.6

Histological type was determined for 204 cases. Lymphatic and venous
invasion was determined for 152 cases. Lymph node, liver and other
distant metastasis was determined for 202 cases. Peritoneal dissemination
was determined for 203 cases. 2p=0.098; Yp=0.015; Statistical analysis
was performed by the chi-square test. SEM, standard error of the mean.

histologic type, lymphatic or venal invasion and lymph node
or other metastases, as well as peritoneal dissemination (Table
II). The analysis was performed dividing the cases into long
and short groups according to the telomere length. Among all
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Figure 1. Association between telomere length, overall survival (OS, left) and progression-free survival (PFS, right) in gastric cancer patients. The
difference between the two groups was assessed using the Kaplan-Meier method and the log-rank test.

clinicopathological features, we found that the short group was
more frequent in the advanced stage than in early stage (35.6%
vs. 53.2%, p=0.015). We also found that the short group was
weakly correlated with female patients (36.1% vs. 24.7%,
p=0.098). For all other clinicopathological features, however,
we did not find any significant association between telomere
length and those clinicopathological features.

Next, we investigated whether the telomere length in the
leukocyte DNA is associated with OS and PFS in GC
patients. One hundred and eighty-seven patients were
included in the analysis. We found that the short group was
significantly associated with worse OS by the log-rank test
(p=0.046) (Figure 1). We also observed similar association
between the short group with worse PFS by the same
analysis (p=0.026) (Figure 1).

We also investigated the association between telomere
length in the leukocyte DNA and recurrences of GC,
including liver, peritoneal, lymph node and others. This
analysis showed that the short group was weakly associated
with the overall and peritoneal recurrences. (p=0.052 and
0.059, respectively) (Table III).

Discussion

In the present study, we evaluated the potential association
between telomere shortening in the leukocyte DNA and
clinicopathological features and prognosis of GC in
Japanese patients.

We found that patients with telomere shortening in the
leukocyte DNA are associated with advanced stage GC and
poor prognosis of both OS and RFS, suggesting that telomere
length in the leukocyte DNA can serve as a prognostic factor
for GC patients. Telomere shortening might lead to genomic

Table III. Association between leukocyte telomere length and recurrence
in gastric cancer (GC) patients.

Variables n (%) Long group (%) Short group (%)
Over all recurrences? Long Short

Negative 104 80 38 66.7

Positive 26 20 19 333
Liver recurrences

Negative 127 97.7 55 96.5

Positive 3 23 2 35
Peritoneal recurrences®

Negative 118 90.8 46 80.7

Positive 12 9.2 11 19.3
Lymph node recurrences

Negative 119 915 54 94.7

Positive 11 8.5 3 53
Other recurrences

Negative 118 90.8 53 93

Positive 12 9.2 4 7

Recurrence was determined for 187 cases. 3p=0.052: bp=0.059;
Statistical analysis was performed by the chi-square test.

instability leading to cancer susceptibility and progression (10).
Thus far, a number of studies have demonstrated that telomere
length in the leukocyte DNA is associated with risk and
prognosis of various types of cancers (12-15). In GC,
association between short leukocyte telomere and cancer
predisposition was demonstrated in two studies in the Chinese
population (16, 17). It has also been reported that patients with
short leukocyte telomere are associated with poor prognosis in
the Chinese population (18). Taken together, our findings
support an evidence that telomere shortening in the leukocyte
DNA is associated with poor clinical outcomes in GC patients
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in a diverse population. Concerning the relationship between
leukocyte telomere length and clinical outcomes of other cancer
types, short telomere length was associated with poor clinical
outcomes of colorectal cancer patients (15), while several
studies reported that patients with longer telomere length have
rather worse survival of certain types of cancers, including liver,
breast and renal cancer (23-25). These discrepancies may reflect
organ-specific role of leukocyte telomere length in cancer
progression, which needs to be clarified in detail.

It has also been proposed that weakening of immune
function is also an important potential biological mechanism
for the association between short leukocyte telomere and
poorer prognosis of cancer patients (26). The immune system
is highly sensitive to shortening of telomeres as
immunocompetence depends on cell renewal and growth of
T- and B-cells (27). In GC patients, short leukocyte telomere
length is associated with higher percentage of CD4+ T cells
in peripheral blood mononuclear cells, which may be linked
to reduced immune response capacity and poor prognosis
(18). It is possible that short leukocyte telomere length might
reflect inter-individual differences in immune response and
influence the progression and prognosis of GC patients.

In this study, we measured telomere length in the DNA
derived from peripheral blood, which is likely to reflect
systemic genomic status rather that of primary GC tissues.
Telomere length measured in easily accessible tissues, such as
blood leukocytes, has been proposed as a potential biomarker
for risk assessment and prognostication of malignancies (12-
18). However, the associations seen in our study were always
marginal. Although we showed trends between short leukocyte
telomere and overall and peritoneal recurrences, such an
aptitude was not reached to a significant level. Our data
suggest that true differences of leukocyte telomere length
among relevant subtypes might be small but need careful
attention as to sample size, validation and quantitation to avoid
the possibilities of false-positive findings.
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