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Telomere length is correlated with mitochondrial DNA copy
number in intestinal, but not diffuse, gastric cancer
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Abstract. A positive correlation between telomere length and
mitochondrial DNA (mtDNA) copy number has previously
been observed in healthy individuals, and in patients with
psychiatric disorders. In the present study, telomere length and
mtDNA copy number were evaluated in gastric cancer (GC)
tissue samples. DNA was extracted from 109 GC samples
(including 82 intestinal, and 27 diffuse cases), and the telomere
length and mtDNA copy number were analyzed using a quan-
titative-polymerase chain reaction assay. The relative telomere
length and mtDNA copy number in tumor tissue, as compared
with in normal tissue, (mean + standard deviation) in all GC
samples were 11.48+1.14 and 14.86+1.35, respectively. Telo-
mere length and mtDNA copy number were not identified as
exhibiting clinical or prognostic value for GC. However, posi-
tive correlations between telomere length and mitochondrial
DNA copy number were identified in GC (r=0.408, P<0.001)
and in the adjacent normal mucosa (r=0.363; P<0.001). When
stratified by Lauren classification, the correlation was identi-
fied in intestinal type GC samples (r=0.461; P<0.001), but not
in diffuse type GC samples (r=0.225; P=0.260). This result
indicated that loss of the correlation of telomeres and mito-
chondrial function may induce the initiation or progression of
GC pathogenesis.

Introduction

Gastric cancer (GC) is highly prevalent in Asia, and is the one
of the leading causes of mortality, following lung cancer and
liver cancer, in Korea (1). Its development has been revealed
to be a multi-step process, ranging from chronic gastritis to
atrophy, intestinal metaplasia, dysplasia and, finally, invasive
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cancer (2). The major histological type of GCs are adenocarci-
nomas, which are subdivided into intestinal type, diffuse type
and mixed/unclassifiable type by Lauren classification (3).
Previous studies have demonstrated that intestinal and diffuse
types of GC evolve via distinct genetic pathways (3-6).

Telomeres, which contain TTAGGG repeat sequences in
humans, are nucleoprotein complexes that cap each end of a
eukaryotic chromosome (7). Mitochondrial DNA (mtDNA)
differs from nuclear DNA, and multiple copies of mtDNA
are present in each mitochondrion (8). Previous studies have
demonstrated that telomere length (TL) and the mtDNA copy
number (mtCN) are associated with numerous diseases, partic-
ularly specific types of cancer (9-12). In a number of examined
cancer types, TL and mtCN changes were significantly associ-
ated with clinical and prognostic characteristics, suggesting
an early and important effect on carcinogenesis (10-12).
Previous studies have demonstrated a sequential accumula-
tion of mitochondrial genetic changes during the progression
from chronic gastritis to cancer via intestinal metaplasia and
dysplasia (11-14).

Recent studies have indicated that TL and mtCN are
positively correlated in healthy individuals and in pregnant
females (15-17). Genetic changes in the telomeres and mtDNA
independently serve important roles in cellular senescence (18).
mtDNA damage caused by cellular senescence may contribute
to the production of reactive oxygen species (ROS), resulting
in telomere shortening (18). Past reviews have emphasized
the importance of the telomere-p53-mitochondrion axis for
cancer, suggesting that this may be targeted in future cancer
therapy (19,20). Our recent studies (21,22) have also investi-
gated these genetic changes in GC; however, their association
has yet to be studied in cancer tissue samples.

In the present study, TL and mtCN were evaluated in GC,
including 27 diffuse and 82 intestinal type tissue samples.
The results of the present study may aid improvements in the
current understanding of GC, through identifying the role of
mtDNA and TL in GC pathogenesis.

Materials and methods

Patients and DNA extraction. Tissue samples from a total of
109 patients (57.97+11.74 years old; 82 male and 27 female
patients), who underwent gastrectomy to treat gastric adenocarci-
noma between October 1999 and December 2001, were selected
from an archive of paraffin blocks at Keimyung University
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Dongsan Hospital (Daegu, Korea). Two experienced patholo-
gists reviewed all cases, and the tumor and adjacent normal
mucosa tissue areas were defined according to hematoxylin and
eosin stained sections. Tissue sections were deparaffinized with
500 pl 100% xylene, and left in a 65°C water bath for 15 min. To
remove the residual xylene, the samples were washed five times
with ethanol. The selected areas from the paraffin-embedded
tissues then underwent DNA extraction. DNA was isolated
using an Absolute™ DNA Extraction kit (BioSewoom, Inc.,
Seoul, Korea), according to the manufacturer's protocol. DNA
quantity and quality were measured using NanoDrop 1000
(Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA).

Determination of TL and mtCN. TL and mtCN were analyzed
by quantitative-polymerase chain reaction (q-PCR). For the
quantitative determination of TL and mtCN (7) relative to
[-globin (a control from nucleic DNA, §), primers for the
specific amplification of telomeric repeats and cytochrome ¢
oxidase subunit I (COX I; a gene in mtDNA) were selected
(Table I). g-PCR was then performed using a LightCycler® 480
IT system (Roche Diagnostics GmbH, Mannheim Germany).
The PCR conditions were: 95°C denaturation for 1 min;
40 cycles of 95°C for 10 sec; and 60°C for 30 sec. Relative TL
and mtCN were determined by calculating 7/S values using the
following formula: 7/§=2-24, where *“=(mean Cq telomere or
COX I)-(mean Cq [-globin) (23,24). Each measurement was
repeated in triplicate; five serially diluted control samples
were also included in each experiment.

Statistical analysis. The SPSS statistical package version 19.0
for Windows (IBM SPSS, Armonk, NY, USA) was used for
all statistical analyses. TL and mtCN are presented as the
mean = standard deviation (SD). Pearson correlation coeffi-
cients were calculated to evaluate the association between TL
and mtCN. To further explore the correlation between these
markers and the prognosis of GC, a fold change in the TL or
mtCN in tumors (T), compared with that in paired normal
tissues (N), was calculated (T/N). Patients were categorized
into two subgroups, ‘longer’ and ‘shorter’ for TL, and ‘low’
and ‘high’ for mtCN, according to their median TL and mtCN
T/N values. Survival curves, estimated using the Kaplan-Meier
method (univariate analysis), were compared with a log-rank
test. Overall survival (OS) time was defined as the time
from diagnosis to mortality from cancer or other causes. A
two-tailed P<0.05 was considered to indicate a statistically
significant difference.

Results

TL and mtCN do not significantly differ between intestinal
and diffuse GC. TL and mtCN were analyzed in samples
obtained from 109 patients with GC (60.0+11.8 years of age)
using q-PCR. TL and mtCN T/N values were 11.48+1.14 and
14.86+1.35, respectively (fold change; mean + SD; Table I).
When stratified by Lauren classification, the mtCN was similar
in intestinal (14.39+1.61) and diffuse (16.34+2.44) types of
GC (P=0.540). TL was shorter in intestinal type samples
(10.36+1.27), as compared with in diffuse type samples
(15.02+2.45); however, this was not to a statistically significant
extent (P=0.074).
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Table I. Primers used in this study.

Primer Sequence
Telomere
Forward 5-CGGTTTGTTTGGGTTTGGGTTTGGGT
TTGGGTTTGGGTT-3'
Reverse 5-GGCTTGCCTTACCCTTACCCTTACC
C-TTACCCTTACCCT-3'
COX1
Forward 5-TTCGCCGACCGTTGACTATTCTCT-3'
Reverse 5-AAGATTATTACAAATGCATGGGC-3'
[-globin
Forward 5-TGTGCTGGCCCATCACTTTG-3'
Reverse 5'-ACCAGCCA-CCACTTTCTGATAGG-3'

Table II. Telomere length and mitochondrial DNA copy
number in gastric cancer.

Lauren classification

Variables Total Intestinal Diffuse  P-value
TL 11.48+1.14 10.36x1.27 15.02+245 0.074
(mean + SD)

MtCN 14.86+1.35 14.39+1.61 16.34+2.44 0.540
(mean = SD)

SD, standard deviation; MtCN, mitochondrial DNA copy number;
TL, telomere length.

TL and mtCN are not associated with clinicopathological
characteristics in patients with GC. For the consideration of
the association between clinicopathological characteristics and
the TL and mtCN in GC, two groups, ‘longer’ and ‘shorter’
for TL, and ‘low’ and ‘high’ for mtCN, were assigned based
on the median TL and mtCN T/N fold change of the tissue
samples. The clinicopathological characteristics of each group
are presented in Table II. A shorter TL was more frequent in
intestinal GC (64.6%) compared with in diffuse GC (46.2%),
although there was no statistically significant difference
(P=0.093). TL was identified to be shorter in females (70.4%)
than in males (57.3%); this was also not statistically significant
(P=0.229). Additionally, age and other clinicopathological
parameters were not determined to have any significant asso-
ciations with TL and mtCN.

TL and mtCN are correlated in intestinal, but not diffuse, GC.
A significant positive correlation in the T/N fold change of TL
and mtCN was identified in GC (r=0.408; P<0.001; Fig. 1A).
This correlation was also apparent in the adjacent normal
mucosa (r=0.363; P<0.001) obtained from the patients with
GC. When stratified by Lauren classification, a significant
correlation was not identified in diffuse GC (r=0.225; P=0.260;
Fig. 1B); however, there was a correlation in the intestinal type
samples (r=0.461; P<0.001; Fig. 1C). The stratification did
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Table III. Clinicopathological characteristics of TL and mtCN

in gastric cancer.
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TL (%, n) mtCN (%, n)

Group Longer Shorter Low High
All patients ~ 39.5 (43) 60.5 (66) 69.7(76) 30.3 (33)
Age

<60 370 (200 630@34) 72239 27.8(15)

=60 41.8(23) 582(32) 67.3(37) 32.7(18)
Gender

Male 427 (35) 573(47) 683(56) 31.7(26)

Female 29.6(8) 70419 741200 259(7)
pT stage

172 423 (30) 57.7(41) 68.1(49) 319 (23)

3/4 342 (13) 65825 73027 27.0(0)
pN stage

0/1 403 (27) 59.7(40) 68.2(60) 31.8(28)

2/3 38.1(16) 619(26) 762 (16) 83.8(5)
Lauren
classification

Diffuse 538 (14) 462(12) 654(17) 34609

Intestinal 354(29) 64.6(53) 70.7(58) 29.3(24)
Depth of
invasion

Early 39.1 (18) 609(28) 71.7(33) 283(13)

Advanced 39.7(25) 603 (38) 68.3(43) 31.7(20)

mtCN, mitochondrial DNA copy number; TL, telomere length;
pT, primary tumor; pN, regional lymph nodes.

not reveal any significant associations with other parameters
(Table III).

TL and mtCN are not associated with the rate of OS. The OS
time and rate for patients with GC were assessed in order to
identify if there was a prognostic value for TL and mtCN.
The median follow-up duration was 82.2 months (range,
3.7-158.8 months), and the 5-year OS rate was 79.3%. The
results indicated no prognostic value of the mtCN (P=0.850)
and TL (P=0.784) in GC, based on comparing those patients
with ‘high’ and ‘low” mtCN and TL values (Fig. 2).

Discussion

The present study identified that TL is positively correlated
with mtCN in GC tissues and paired normal tissues; this was
consistent with the results of previous studies conducted on
healthy volunteers (15-17). A correlation between TL and
mtCN was initially identified in a study of 129 healthy elderly
females (15); in a further study, it was also demonstrated in
healthy adults and pregnant females (16,17). Furthermore,
certain neuropsychiatric conditions were also associated with
TL shortening and mtCN increase, although detailed data
concerning their association were not presented (25). Taken
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Figure 1. Association between mitochondrial DNA copy number and telo-
mere length. (A) Telomere length and mitochondrial DNA copy number were
positively correlated in gastric cancer. When stratified by Lauren classifica-
tion, positive correlation was (B) not identified in the diffuse type samples;
however, (C) it was identified in the intestinal type samples.

together, there is a positive correlation between TL alteration
and mtCN not only in healthy individuals, but also in cancer
tissues.

The clinicopathological significance of TL and mito-
chondrial genetic change has been previously studied in GC
by a number of groups (11,12,14,21,22). TL was previously
demonstrated to differ in GC according to Helicobacter pylori
infection status, microsatellite instability (MSI), and
non-steroidal anti-inflammatory drug use (26-29). Although
TL change was identified in gastric carcinogenesis, it was
not associated with clinicopathological features or prognosis
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Figure 2. Kaplan-Meier plots depicting an overall survival rate analysis of gastric cancer according to (A) mtCN and (B) TL. No significant difference was

identified. mtCN, mitochondrial DNA copy number; TL, telomere length.

in the present study. However, Pascua et al (27) reported that
a combination of TL with MSI status has prognostic value.
Mitochondrial genetic change has been frequently studied in
GC, and our previous study (30) identified mtMSI to be a novel
genetic marker for GC susceptibility. It was demonstrated that
mtMSI was present in 10.2% of GC samples and 12.5% of
gastric dysplasia samples, and that mtMSI was associated with
a poor prognosis and an increased potential for progression.
In the present study, TL was marginally shorter in intes-
tinal type GC, as compared with in diffuse type GC, whereas
TL and mtCN did not have any significant association with
clinical characteristics. However, a notable association was
identified in GC tissues; in accordance with previous studies
on healthy individuals (15-17,25), mtCN and TL were identi-
fied to be correlated with each other in normal and cancerous
tissues obtained from patients with GC. A positive association
was also identified in intestinal type GC, but not in the diffuse
type. These results suggest that the normal positive correlation
between telomeres and mitochondrial function is disrupted
during the carcinogenesis of diffuse type GC, inducing TL
change. Therefore, loss of the co-regulation of telomere length
and mitochondrial copy number may serve a pivotal initiating
role in gastric carcinogenesis. However, the survival analysis
from the present study did not observe that this affected the
clinical characteristics and further progression of GC.
Mitochondria and telomeres are considered to be key
instigators of natural ageing (18). Mitochondrial dysfunc-
tion or genetic change during aging may be associated with
the aging process through increased ROS production and
decreased adenosine triphosphate generation (18). A previous
study demonstrated that mitochondrial biogenesis and energy
production were decreased in telomerase-deficient mice with
severe telomere dysfunction (17). It has been hypothesized
that telomere change influences not only oxidative defense

mechanisms but also mitochondrial functions, including
biogenesis and metabolism, in transcriptomic, molecular,
genetic and functional analyses of various cells and organs,
including proliferative and post-mitotic tissues (16,17).
Therefore, this telomere-mitochondria axis may explain how
shortened telomeres can cause mitochondrial change. The
results of the present study support this hypothesis, suggesting
that deregulation of the telomere-mitochondria axis, as caused
by aging or other physiological factors, triggers the carcino-
genesis of diffuse type GC.

In summary, TL and mtCN are correlated in normal and
cancerous stomach tissues. Additionally, abnormal regulation
of the telomere-mitochondria axis was identified in diffuse
type GC, although the mechanism underlying this process
remains unclear. Therefore, a change in the regulation of
mitochondria and telomeres may be essential for diffuse GC
carcinogenesis, suggesting that this signaling pathway could
be targeted for cancer prevention. Furthermore, this result
improves current understanding of how telomere change may
contribute not only to age-associated disorders, but also to
tumorigenesis.
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