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Abstract Telomere shortening occurs in many organs and
tissues and is accelerated by oxidative injury and rapid cell
turnover. Short telomeres initiate chromosomal instability and
may eventually contribute to tumorigenesis. To evaluate telo-
mere length as potential biomarker for gastric cancer (GC)
risk, we measured average telomere length using quantitative
real-time PCR in GC tissues and in non-neoplastic mucosa
from patients with GC and without GC. We obtained of 217
GC patients matched biopsies from the GC and adjacent tis-
sues as well as gastric biopsies of 102 subjects without GC.
Relative telomere length was measured in genomic DNA by
real-time PCR. Relative telomere length decreased gradually
in Helicobacter pylori (H. pylori) negative and positive gastric
mucosa of GC free subjects compared with adjacent mucosa
and cancer tissue from GC patients (4.03 + 0.3 vs. 2.82+0.19
vs. 0.82£0.07 vs. 0.29 £0.09, P <0.0001). In non-neoplastic
mucosa of GC patients, shorter telomeres were found signifi-
cantly more often than in that of GC free subjects (age, sex,
and H. pylori adjusted odds ratio = 7.81, 95 % confidence
interval = 4.71-12.9, P < 0.0001). Telomere shortening in
non-neoplastic mucosa was associated with chronic inflam-
mation (P = 0.0018) and intestinal metaplasia (P < 0.0001).
No significant associations were found between relative telo-
mere length and clinicopathological features of GC and
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overall survival. Telomere shortening in gastric mucosa re-
flects a field effect in an early stage of carcinogenesis and is
associated with an increased risk of GC. Telomere length in
GC is not associated with clinicopathological features or
prognosis.
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Introduction

Gastric cancer (GC) is one of the most common malignancies
worldwide, accounting for approximately 70,000 new cases
and 650,000 deaths per year [1, 2]. Many patients have ad-
vanced disease at diagnosis, and treatment outcome for these
patients is poor [3]. Although Helicobacter pylori (H. pylori)
infection is a strong predisposing factor for GC [4], the exis-
tence of an H. pylori infection alone is insufficiently accurate
for predicting cancer risk in areas with a high H. pylori infec-
tion rate, especially Asian countries. Identification of molec-
ular markers which more precisely predict GC risk may im-
prove our capacity for early detection, which will improve
prognosis.

Telomeres consist of numerous repetitions of the nucleo-
tide sequence TTAGGG and an associated terminal protein
complex that assist in the preservation of chromosomal integ-
rity [5]. Telomeres shorten during each replicative cycle and
short telomeres reflect a long replicative lifespan or accelerat-
ed replicative activity due to, e.g., oxidative stress [6, 7].
Shortened telomeres are associated with cellular senescence
and decreased tissue renewal capacity [8, 9]. Telomerase is an
enzyme complex present in stem cells and in most cancer
cells, composed of the reversed transcriptase TERT and the
template RNA TERC, which allows the cells to replenish
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telomeric repeat DNA. In telomerase knockout mouse
models, which possess critically shorter telomeres, a higher
incidence of cancer occurs [10, 11]. Short telomeres have also
been observed in human epithelial cancers, in association with
the formation of complex non-reciprocal translocations and
increased chromosomal instability [12—16].

In the stomach, telomeres were found to be shorter in H.
pylori infected than in non-infected gastric mucosa [17, 18].
Short telomeres were also observed in GC [19, 20]. This sug-
gests that telomere shortening might be associated with the
earliest stages of neoplastic transformation, which may be
useful for identifying populations at risk of developing GC.
However, differences in telomere length between individual
tumors may also reflect differences in proliferative activity
and may be useful for estimating outcome of GC.

The gold standard for measuring telomere length was
Southern blotting, which has been used on samples of gastric
mucosa [19]. Subsequently, a real-time PCR—based telomere
assay was established, which provides reproducible results on
minute amounts of DNA [21].

To evaluate telomere length as a potential biomarker for GC,
we applied a real-time PCR-based telomere length assay to
gastric mucosa of patients without and those with GC as well
as GC biopsy samples of the latter. We assessed associations
between telomere length and the presence of GC and potential
associations between telomere length in GC tissues and clini-
copathological features, including overall survival (OS).

Materials and methods
Study population and sample DNA extraction

We enrolled 319 subjects attending the Endoscopy Center of
Fujita Health University Hospital from September 2004 to
February 2008. The Ethics Committee of Fujita Health
University School of Medicine approved the protocol, and
written informed consent was obtained from all subjects.
The series of 319 patients included 217 patients with gastric
cancer (GC) who were being treated in our hospital and 102
non-cancer subjects. Non-cancer subjects visited our hospital
to undergo upper gastroscopy for their health checks, for sec-
ondary complete checkups for stomach cancer following bar-
ium x-ray examination, or for complaints of abdominal dis-
comfort. None of the non-cancer subjects had any evidence of
GC after upper gastroscopy. Twenty-one subjects were diag-
nosed with ulcer disease, including 12 subjects with a gastric
ulcer and 9 with a duodenal ulcer. For the remaining non-
cancer subjects, gastroscopy did not result in any findings.
The non-cancer group did not include patients who had severe
systemic diseases, current or previous history of a malignancy
in a different organ, received non-steroidal anti-inflammatory
drugs after H. pylori eradication therapy, or a history of gastric
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surgery. This cohort was partly recruited from our other study
investigating the association between telomere length and se-
verity of gastritis and non-steroidal anti-inflammatory drug
use [18]. All GC were diagnosed histologically and were clas-
sified according to the Lauren classification [22]. Of the GC
patients, 174 underwent gastrectomy and 37 chemotherapy;
treatment information was not available for 6 patients. Ten
surgically resected GC cases showed mixed histologic fea-
tures; however, all cases showed predominance of intestinal
type, and therefore we diagnosed these cases as intestinal type
histology. Detailed information about anatomic location,
lymph node or other metastases, and peritoneal dissemination
was also obtained using the criteria of the Japanese classifica-
tion of gastric carcinoma [23]. Epstein-Barr (EB) virus status
was determined using EBER1-in situ hybridization. Ten GC
patients were diagnosed with EB virus positive GC. Overall
survival, defined as the time from gastrectomy or the start of
the initial administration of chemotherapy to the date of
cancer-related death, was determined for 210 patients.

Of all patients, biopsy specimens were taken from endo-
scopically non-pathological mucosa of the antrum and upper
corpus along the greater curvature. Of GC patients, biopsy
specimens from cancerous tissue were also taken. The speci-
mens taken from the antrum and cancerous tissue were cut
into two pieces, and one was immediately frozen and stored
at —80 °C until use. Genomic DNA was extracted directly
from these frozen specimens using a standard extraction and
precipitation method. The other half was fixed in 10 % buft-
ered formalin and embedded in paraffin for microscopic ex-
amination. Histological examination of hematoxylin and eosin
(H&E)-stained histological slides confirmed that all biopsies
from non-neoplastic mucosa contained more than 70 % epi-
thelial cells and that all biopsies from cancerous tissue
contained more than 70 % cancer cells. H. pylori infection
status was assessed by histological analysis of biopsy speci-
mens from the greater curvature of the gastric antrum and
from the upper corpus by immunohistochemistry, using the
polyclonal rabbit anti-Helicobacter pylori antibody (FLEX
Anti-Helicobacter Pylori, Code GA523; Dako, Tokyo,
Japan). H&E-stained histological slides from non-neoplastic
mucosa were also evaluated for the presence of chronic in-
flammation and intestinal metaplasia (IM). The degree of
mononuclear cell infiltration and IM were assessed according
to the updated Sydney system [24], each factor being scored
from 0 (normal) to 3 (marked). We defined a biopsy with a
mononuclear cell infiltration >2 as inflammatory mucosa. For
IM, the presence of IM (metaplasia score > 1) was considered
as IM positive.

Relative average telomere length measurement

Relative telomere length was measured by comparing the
abundance of telomeric template relative to a single-copy gene
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(T/S) in individual samples to a reference pool of DNA from
healthy blood samples by quantitative real-time PCR as de-
scribed previously [25], with some modifications. A 2-uL
aliquot with 10 ng of DNA was used in 20 pL of either a
telomere or a single-copy gene (h-globin) PCR reaction. The
telomere reaction mixture consisted of 1x iTaqg SYBR Green
Supermix (Bio-Rad), 100 nmol/L of Tel-1b primer
(CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGG
TTTGGGTT), 900 nmol/L of Tel-2b primer
(GGCTTGCCTTACCCTTACCCTTACCCTTACCCT
TACCCT), and 1 % DMSO. The reaction proceeded for 1 cy-
cle at 95 °C for 10 min, followed by 40 cycles at 95 °C for 15 s
and 54 °C for 2 min. The h-globin reaction consisted of 1x
iTaq SYBR Green Supermix (Bio-Rad), 400 nmol/L hbgl
primer (GCTTCTGACACAACTGTGTTCACTAGC), and
400 nmol/L hbg2 primer (CACCAACTTCATCCACGTTC
ACC). The h-globin reaction proceeded for 1 cycle at 95 °C
for 10 min, followed by 40 cycles at 95 °C for 15 s and 58 °C
for 1 min. For quantitative real-time PCR, the ABI Prism
7900HT Real-Time PCR System (Applied Biosystems) was
used.

The telomere and the single-copy gene (h-globin) were
analyzed on the same plate to reduce inter-assay variability.
For each standard curve, pooled leukocyte DNA, derived from
healthy individuals as a reference sample, was diluted serially
in water by 5-fold per dilution to produce five concentrations
of DNA ranging from 24 to 0.0384 ng/L. The T/S ratio (—dCt)
for each sample was calculated by subtracting the average h-
globin Ct value from the average telomere Ct value. The rel-
ative T/S ratio (—ddCt) was determined by subtracting the T/S
ratio of the 24 ng standard curve point from the T/S ratio of
each unknown sample [25]. All measurements were per-
formed in duplicate and averaged. The coefficients of varia-
tion within duplicates of the telomere and single-gene assay
were 1.2 and 2.7 %, respectively.

Statistical analysis

Differences in telomere length between the two groups
were assessed using Student’s ¢ test. To compare telomere
length between more than two groups, we used one-way
ANOVA. The association between telomere length in non-
neoplastic gastric mucosa and the frequency of occurrence
of GC was evaluated by logistic regression analysis. The
association between telomere length and age was assessed
using Spearman’s correlation coefficient. The association
between telomere length and OS in GC patients was
assessed using the Kaplan-Meier method and the log-rank
test. We used the Bonferroni correction for multiple test-
ing. A smaller P value threshold, defined as 0.05 divided
by the multiple testing frequency, was considered to be
statistically significant.

Results

Subject characteristics are summarized in Table 1. Age and the
H. pylori infection rate were significantly higher in the GC
group than in the non-cancer group, whereas the male/female
ratio was not significantly different. As the GC group was
significantly older than the non-cancer group, we randomly
selected from the group of GC subjects a subgroup of the same
number as the non-GC groups with matched average age
(Table 1).

We first compared relative telomere length between four
different types of biopsies: H. pylori negative and H. pylori
positive gastric mucosa from non-cancer subjects (n = 30 and
72, respectively) and paired adjacent and cancerous tissues
from 217 GC patients. GC samples presented the shortest
telomeres and tissue samples adjacent to GC were second
shortest (0.29 = 0.09 vs. 0.82 £ 0.07). Conversely, the longest
telomeres were observed in H. pylori negative gastric mucosa
and the second longest in H. pylori positive gastric mucosa
(4.03 +0.36 vs. 2.82 £ 0.19). These differences were signifi-
cant by one-way ANOVA (P < 0.0001, Fig. 1).

We then assessed by logistic regression analysis whether in
non-neoplastic gastric mucosa from GC patients telomeres
were more often shortened than in gastric biopsies from non-
GC subjects. Short telomeres occurred more often in non-
tumoral gastric biopsies from GC patients than in biopsies
from non-GC subjects (age, sex, and H. pylori adjusted odds
ratio (OR) = 7.81, 95 % confidence interval (CI) =4.71-12.9,
P < 0.0001, Table 2). This result was maintained in an age-
matched subgroup of GC (all P < 0.0001, Table 3).

Telomeres were significantly shorter in both intestinal
(OR =5.84, 95 % CI = 3.51-9.70, P < 0.0001) and diffuse
GC (OR = 14.29, 95 % CI = 6.06-33.69, P < 0.0001) (Table
2). Because GC risk is thought to be associated with the de-
gree of inflammation of gastric mucosa and the presence of
IM [4], we investigated possible associations between relative
telomere length and chronic inflammation and IM in non-
neoplastic gastric mucosa. Telomeres were significantly

Table 1  Study population characteristics
Variables Cancer-free All GC GC age-matched
subjects
Total number 102 217 102
Age mean + 59.0 + 1.3 (29-94) 65.3 0.8 (28-93) 59.0 + 1.2 (29-90)
SE (range)*
Male n (%)* 61 (59.8 %) 148 (68.2 %) 68 (66.7 %)

H. pylori positive 72 (70.5 %)
subjects n (%)"

187 (86.2 %) 84 (82.3 %)

*Cancer-free subjects vs. all GC, P <0.0001

# Cancer-free subjects vs. all GC, P = 0.001; cancer-free subjects vs. GC
age-matched, P = 0.05

*Student’s  test; > * chi-square test
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Fig. 1 Relative telomere length in H. pylori negative (NC HP—) and
positive (NC HP+) gastric mucosa of cancer-free subjects and adjacent
mucosa (ADJ) and cancerous tissues (GC) of GC. The horizontal bars
represent indicate relative telomere length. Statistical analysis was per-
formed by one-way ANOVA

shorter in cases with chronic inflammation (P = 0.0018) and
IM (P < 0.0001) compared with those without (Fig. 2).

We also investigated whether relative telomere length was
associated with gender; H. pylori and EB virus status; tumor
location; lymph node, peritoneal, liver, and other forms of
distant metastasis; and stage. No significant associations were
found between relative telomere length and any of these fea-
tures (Tables 3 and 4). We also investigated possible associa-
tions between detailed T and N stage of 174 patients who
underwent surgical resection of GC, using the Japanese clas-
sification of gastric carcinoma [23], but no significant associ-
ations were found (Table S1).

Telomere shortening has been observed with advancing
age in several tissue types [8, 10]. We did not observe signif-
icant associations between age and telomere length in any of

Table 2 Multivariate logistic regression model for adjusted risk of
shortened telomeres in non-neoplastic gastric mucosa for the prevalence
of GC

Variables (n) OR (95 % CI) P value
Cancer-free subjects (102) References References
All GC (217) 7.81 (4.71-12.9) <0.0001
Intestinal GC (122) 5.84 (3.51-9.70) <0.0001
Diffuse GC (95) 14.29 (6.06-33.69) <0.0001

All data were adjusted for age, sex, and H. pylori infection statusOR odds
ratio, CI confidence interval
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Table 3 Multivariate logistic regression model for adjusted risk of
shortened telomeres in non-neoplastic gastric mucosa for the prevalence
of GC in the age-matched cohort

Variables (n) OR (95 % CI) P value
Cancer-free subjects (102) References References
GC age-matched (102) 12.93 (5.79-28.84) <0.0001
Intestinal GC age-matched (48) 8.67 (3.80-19.76) <0.0001
Diffuse GC age-matched (54) 16.49 (5.84-46.56) <0.0001

All data were adjusted for age, sex, and H. pylori infection statusOR odds
ratio, CI confidence interval

our samples, neither in gastric mucosa from subjects without
cancer nor in GC samples nor in mucosa adjacent to GC (Fig.
S1).

Finally, we investigated whether relative telomere length is
associated with OS of GC patients. To this end, we divided
subjects into four quartile categories of telomere length and
found no significant differences in OS between the four cate-
gories by log-rank test (P = 0.71, Fig. 3).

Discussion

We observed the shortest telomeres in GC. In non-neoplastic
gastric mucosa, telomeres were shorter in H. pylori infected
biopsies, which was in line with several earlier studies [17,

(a) (b)
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Fig. 2 Association between relative telomere length and chronic
inflammation (a) and intestinal metaplasia (IM) (b). Non-inflammation
and non-IM, gastric mucosa without chronic inflammation and IM;
Inflammation and IM, gastric mucosa with chronic inflammation and
IM. Statistical analysis was performed by Student’s ¢ test
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Table4  Associations between telomere length and clinicopathological
features of GC

Variables () Telomere length

(relative T/S ratio)

Gender®

Male (147) 0.49 £ 0.08

Female (69) 0.63 £0.10
H. pylori infection®

Positive (186) 0.57 £0.07

Negative (30) 033 +£0.13
EB virus®

Positive (10) 0.82 +0.22

Negative (206) 0.52 +0.06
Tumor location®

Upper third (40) 0.62 £0.15

Middle third (109) 0.47 +0.09

Lower third (67) 0.59 +0.10
Lauren classification®

Intestinal type (122) 0.51 £0.09

Diffuse type (94) 0.56 £ 0.08
Lymph node metastasis*

Positive (93) 0.55 £ 0.09

Negative (122) 0.52 £0.08
Peritoneal metastasis*

Positive (30) 040 +0.14

Negative (185) 0.56 +0.07
Liver metastasis*

Positive (7) 044 +0.12

Negative (208) 0.54 £ 0.06
Other distant metastasis™*

Positive (8) 0.56 £0.11

Negative (207) 0.54 £ 0.07
Staging*

Stage 1 (107) 0.54 +0.09

Stage 11 (32) 0.68 +0.17

Stage III (37) 0.57 £0.17

Stage IV (39) 039 £0.11

Data were missing for one® and two* cases. Two data items were com-
pared by Student’s ¢ test. More than three data items were compared by
one-way ANOVA. No significant P values were observed for all analyses

18]. Moreover, by logistic regression analysis, we found in
non-neoplastic gastric mucosa of GC patients telomere short-
ening more often than in gastric mucosal biopsies from non-
GC subjects, which was confirmed in the randomly selected
age-matched GC group. This suggests that telomere shorten-
ing is involved in early stages of gastric carcinogenesis.
Shorter telomeres were also observed in patients with moder-
ate or severe chronic gastritis and IM, who are at increased
risk of developing GC [4]. The phenomenon that in gastric
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Fig. 3 Association between relative telomere length and overall survival
(OS) in GC patients. Statistical analysis was performed by the log-rank
test

mucosa shorter telomeres are associated with a higher fre-
quency of GC can be explained by the concept of a “field
effect,” molecular alterations associated with exposure to on-
cogenic influences which precede neoplastic transformation.
H. pylori infection is a strong predisposing factor for the de-
velopment of GC [4], and evidence shows that H. pylori erad-
ication [26, 27] and endoscopic examination [28] reduce GC
risk and mortality but additional markers for estimating GC
risk might reduce risks and cost associated with repeated gas-
troscopy. Telomere length in non-neoplastic gastric mucosa
may constitute a promising biomarker for GC risk. Relative
to the analysis by Southern blotting, the real-time PCR—based
telomere length assay is more reproducible and can be per-
formed on tiny amounts of DNA, which are important advan-
tages in a clinical setting.

We also hypothesized that differences in telomere
length between tumors might be associated with outcome.
A previous study reported shorter telomeres in early stage
GC, but a relative gradual increase along with stage [20].
We did not find telomere length in GC to be significantly
associated with clinicopathological features, including
stage. In addition, telomere length was not associated with
OS of GC patients. In view of our finding that telomeres
shorten in the early stages of gastric carcinogenesis, we
propose that telomere length might be used as a molecular
biomarker for GC risk. It has been suggested that telo-
mere length might be used to assess prognosis or response
to H. pylori eradication treatment in terms of a decreased
risk of metachronous GC after endoscopic resection [26],
which is supported by the observation that telomere
length is restored after eradication [29]. Our results do
not provide evidence supporting these suggestions.
Whether telomere length can predict GC risk in patients
after H. pylori eradication needs to be clarified by well-
designed future studies.
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