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A b s t r a c t

Introduction: Telomeres play an important role in maintaining chromosomal 
integrity. Functional loss of telomeres increases the risk of cancer by caus-
ing genomic instability. Telomere length abnormalities have been reported 
in several precancerous lesions. There is no study that evaluates telomere 
length in Billroth II distal gastrectomy, which is known as a  risk factor for 
gastric stump carcinogenesis, in the literature. The aim of this study was to 
assess the relationship between the telomere length of residual gastric mu-
cosal samples, peripheral blood lymphocytes, and other clinicopathological 
parameters of patients who had undergone Billroth II distal gastrectomy.
Material and methods: There were two groups: a control group (n = 15) and 
a patient group (n = 15). In all cases, upper gastrointestinal endoscopy was 
performed, and biopsies were taken during endoscopy. Telomere lengths 
were measured by qRT-PCR.
Results: It was observed that the lengths of the telomeres were shortened 
as the time of postoperative period increased in the patient group (r = 
–0.126) (p > 0.05). Also, the lengths of the telomeres were shortened in 
chronic inflammation, neutrophil activity, glandular atrophy, and intestinal 
metaplasia.
Conclusions: The telomere length was shortened as the time of postopera-
tive period increased in the patient group. The telomeres were also shorter 
in chronic inflammation, neutrophil activity, intestinal metaplasia, and glan-
dular atrophy, in all of the study groups. Telomere length abnormalities in 
gastric stump carcinogenesis process may be a guide for early diagnosis and 
treatment.

Key words: Billroth II gastrectomy, telomere length, quantitative 
polymerase chain reaction.

Introduction

In recent years, a prominent decrease has been observed in partial 
gastrectomy applications, mainly due to enhanced comprehension of 
pathophysiology of peptic ulcer disease and development of efficient 
medical treatment regimes. It is well known that development of can-
cer is increased in remnant stomach among patients in whom partial 
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gastrectomy was performed. This risk is greater in 
distal gastrectomies with Billroth II as compared 
to Billroth I [1]. However, the cause of the increase 
in development of cancer in remnant stomach 
is not fully understood yet. A number of hypoth-
eses like decrease in acid and gastrin secretion, 
duodenogastric reflux (DGR), Helicobacter pylori  
(H. pylori), and bacterial overgrowth have been 
associated with this issue, but the factor which is 
most commonly associated is DGR [1, 2].

Structures composed of repetitive deoxyribo-
nucleic acid (DNA) chains, located at the end of 
chromosomes are called telomeres. Under normal 
conditions, terminal regions of chromosomes are 
protected by telomeres. Telomeres that are short-
ened to critical levels lose their functions. Periph-
eral blood leukocyte telomere length attrition is 
associated with aging and age-related diseases 
such as diabetes mellitus, coronary artery disease, 
hypertension, and all-cause mortality [3]. Loss of 
function in telomeres causes genomic instability 
[4]. Telomerase is an enzyme that prevents short-
ening of telomeres. Under normal conditions, 
a limited number of divisions occur in somatic cells 
and no telomerase activity is seen; but in cells that 
are active in terms of mitosis, like skin, peripheral 
blood, and endometrium, low levels of telomerase 
activity have been found [5]. It has been reported 
that in telomerase knockout mice, the incidence 
of cancer has increased. A telomerase activity of 
85% was shown in cancer cells [6, 7].

Carcinogenesis is a multi-step process. Changes 
in telomere length are the most frequent and ear-
liest changes seen during this process [6]. A num-
ber of methods have been developed to measure 
the length of telomere. Quantitative polymerase 

chain reaction (q-PCR) is a rapid and simple tech-
nique to measure telomere length [8].

In the literature, telomere length abnormalities 
have been reported in early premalignant lesions 
and predisposing factors for development of can-
cer. It is well known that ARG is a risk factor for gas-
tric remnant cancer. So, the telomere length abnor-
malities in the peripheral blood lymphocytes and in 
gastric mucosa of the patients with Billroth grade II 
distal gastrectomy for peptic ulcer were calculated, 
and the relationship between telomere length and 
other clinicopathological parameters was investi-
gated. In the literature, we were unable to point out 
any study investigating telomere length in a patient 
population with Billroth grade II distal gastrectomy 
for peptic ulcer. In the process of gastric remnant 
carcinogenesis, abnormalities in length of telomere 
may be used as a  guide in early diagnosis and 
treatment of gastric remnant cancers.

Material and methods   

Patient selection

This study was conducted in the Gastroenter-
ology Department of Ondokuz Mayis University 
Medical School during a period of eight months. 
A total of 30 volunteers: 15 patients and 15 con-
trols, were enrolled in this study. Inclusion and 
exclusion criteria are indicated in Tables I and II, 
respectively. 

The control group comprised patients compar-
ative to the patient group in terms of age and gen-
der, with no history of gastric surgery, for whom 
upper gastrointestinal (GI) endoscopy had been 
planned due to dyspeptic symptoms with normal 
endoscopic findings. Exclusion and termination 
criteria for the control group are the same as for 
the patient group; in addition to the conditions 
stated above, patients with primary DGR and pa-
tients subjected to cholecystectomy or endoscop-
ic biliary sphincterotomy were also excluded. 

Upper GI endoscopy was performed by the same 
physician. For histopathological examination, sam-
ples were evaluated according to Sydney classifica-
tion [9]. Endoscopic findings of enterogastric bile re-
flux, retaining of bile in the gastric remnant pouch, 
and hyperaemic oedematous appearance of gastric 
mucosa were regarded as a diagnosis of ARG.

Obtaining lymphocytes and tissue samples  

During upper GI endoscopy, biopsy specimens 
were taken from the gastric stump within 1 cm of 
the anastomosis in the patient group and from the 
gastric body in the control group; biopsies were 
obtained from four quadrants, 6–8 in total, with 
standard size biopsy forceps, and samples were 
sent to a  laboratory in HBSS solutions. All tissue 
samples were kept at –70°C until examination.

Table I. Inclusion criteria

18 years of age and older

Patients with Billroth II distal gastrectomy for peptic ul-
cer and diagnosed with alkaline reflux gastritis (ARG) in 
upper GIS endoscopy  

Table II. Exclusion and termination criteria

Under 18 years of age

Chronic systemic diseases (diabetes mellitus, hyperten-
sion, coronary artery disease, chronic obstructive pul-
monary disease, cerebrovascular disease, chronic renal 
failure)

During the previous 4 weeks, use of antibiotics, 
non-steroidal anti-inflammatory drugs, proton pump 
inhibitors, H2 receptor antagonists, sucralate, chole-
styramine, or prokinetic agents

Cancer

Smoking

Patients without informed consent 
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Before upper GI endoscopy, 4.5 ml blood was 
obtained from the patients in tubes containing 
EDTA. For isolation of lymphocytes, 1.5 ml blood 
was added over 1 ml Histopaque-1077,forming 
a  layer and centrifuged for 20 min at 1500×g at 
4°C. After centrifuge the supernatant was trans-
ferred to another tube and 1 ml HBSS was added; 
it was centrifuged again at 400×g at 4°C. Superna-
tant was eliminated, 400 μl HBSS, 50 μl autologus 
plasma, and 50 μl DMSO were added, and cells 
were resuspended. Samples were kept at –70°C 
until examination.

Application of real-time quantitative PCR

Total DNA was extracted from tissue speci-
mens and lymphocytes using the High Pure PCR 
Template Preparation Kit (Roche Diagnostics). 
All DNA samples were adjusted to 50–100 pg/ml 
and 40–50 pg/ml for β-globin and telomere PCR, 
respectively. Standards were generated from the 
reference human genomic DNA sample (LightCy-
cler-Control Kit DNA, Roche Diagnostics) serially 
diluted two-fold per dilution to produce seven con-
centration of DNA ranging from 46.9 to 3000 pg/ 
μl for the β-globin PCR and to produce six concen-
trations of DNA ranging from 65.6 to 2100 pg/ml 
for telomere PCR. 

The β-globin and telomere copy numbers in the 
samples were determined by absolute standard 
curve method using a LightCycler (Roche Diagnos-
tics, Germany). To normalize the relative telomere 
length by real-time qPCR, the β-globin gene was 
used as a single-copy gene. Telomere lengths 
were measured using a  qPCR method devel-
oped by Cawthon [10], with some modifications. 
Cawthon’s forward and reverse telomere primer 
sequences were 5’-cggtttgtttgggttt-gggtttgggt-
ttgggtttgggtt-3’ and 5’-ggcttgccttacccttacccttac- 
ccttacccttaccct-3’, respectively. PCR amplification 
was also performed for 3.9 and 10.2 kilobase pairs 
long human telomere standards (TeloTAGGG tel-
omere length assay kit, Roche).

The relative telomere length was determined 
using the ΔΔCt method. All samples were normal-
ised by the ratio of telomere PCR product to β-glo-
bin PCR product (T/S ratio). This is formulated as 
follows: 2Ct(telomere)/2Ct(β-globin) = 2[Ct(telomere)–Ct(β-globin)] = 
2–ΔCt. Then, the relative T/S ratio was calculated 
following formula 2ΔCt(sample)/2ΔCt(calibrator) = 2ΔCt(sample) 

–ΔCt(calibrator) = 2–ΔΔCt. We used 3.9 kilobase pairs long 
telomere standard as the calibrator in our study. 
Hence, the telomere lengths of the samples are 
found as kilobase pairs. 

Statistical analysis 

All data were evaluated by SPSS 13.0 package 
program. The c2 test, Fisher’s exact test, Mann 

Whitney U  test, and Spearman correlation test 
were used, with the level of significance set at  
p < 0.05.

Results

A total of 30 cases: 15 patients and 15 as the 
control group, were enrolled in the study. The 
mean age in the patient group was 61.5 ±6.5 years 
(49–75), and 61.5 ±6.4 years (49–75) in the con-
trol group (p > 0.05). All patients in both groups 
were men. 

Mean telomere length in gastric mucosa sam-
ples was 14972.0 ±8122.9 base pairs (bp) in the 
patient group and 11266.0 ±3466.4 bp in the con-
trol group, and telomeres were found to be longer 
in the patient group as compared to the controls 
(p > 0.05). Mean telomere length in peripheral 
blood lymphocytes was 10728.7 ±6595.0 bp and 
13238.0 ±5051.5 bp in the patient and the control 
groups, respectively.

No difference was found in both groups in 
terms of the presence of histopathological diag-
nosis, according to Sydney classification. 

In all mucosa samples regardless of groups, 
correlation between histopathological diagnosis 
according to Sydney classification and telomere 
length was evaluated. In all different histopatho-
logical diagnoses, a shortening in telomere length 
was observed. 

In the study groups, correlation between histo-
pathological diagnosis according to Sydney clas-
sification and telomere lengths in gastric mucosa 
samples were evaluated (Table III). 

In the patient group, mean duration since sur-
gical operation was 27.7 ±6.6 year (15–45 years). 
A  negative correlation was found between the 
time since operation and telomere lengths in gas-
tric mucosa samples, but it was statistically insig-
nificant (r = –0.126) (p > 0.05) (Figure 1).

The correlation between the age of the patients 
and telomere length of peripheral blood lympho-
cytes and of gastric mucosa samples was evaluat-
ed for the patient and the control groups. Negative 
correlation was found between age and telomere 
length in lymphocytes from peripheral blood and 
in gastric mucosa samples in the control group; in 
the patient group, negative correlation was deter-
mined between age and telomere lengths in lym-
phocytes, while there was positive correlation be-
tween age and telomere lengths in gastric mucosa 
samples (p > 0.05) (Figure 2). 

Discussion

Nowadays, surgical treatment is rarely needed 
in peptic ulcer disease, mainly due to enhanced 
comprehension of disease pathophysiology and 
development of powerful drugs for acid inhibition. 
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Therefore, acute and especially chronic complica-
tions that were previously reported in association 
with peptic ulcer surgery have decreased consid-
erably. One of the important complications during 
the chronic stage is the development of cancer in 
remnant gastric tissue. The risk of cancer devel-
opment is higher in patients with Billroth grade II 
as compared to Billroth grade I distal gastrectomy 
[1]. The aetiology of cancer in remnant stomach 
after peptic ulcer surgery is not fully understood 
yet. The main factors indicated in the aetiology 
are decrease in acid and gastrin secretion, DGR, 
H. pylori, and bacterial overgrowth. Duodenogas-
tric reflux is the factor that is most frequently at-
tributed to the development of cancer in remnant 
gastric tissue [1, 2].

Carcinogenesis is a  multi-step process, and 
a  number of structural changes are seen during 
this period. One of the earliest chromosomal 
changes are abnormalities in telomere length [6]. 
Telomeres are nucleoprotein structures located 
in terminal regions of eukaryotic chromosomes. 
In somatic cells of human beings, telomeres are 
hexanucleotide DNA sequences, repeating 1000–
2000 times (TTAGGG) [11]. Telomeres play a role 
in protection of chromosome integrity by stabilis-
ing terminal regions of chromosomes. With every 
cell division, telomeres are somewhat shortened 
due to end of replication problems. As division of 
cells increases, shortening of telomeres is also in-
creased in parallel. Telomeres shortened to critical 
levels lose their functions and hence the cell is 
not able to go through any further division. Loss 
of function in telomeres is an important factor in 
the development of chromosome abnormalities. 
Progressive shortening of telomeres in advanced 
age leads to an increase in cancer risk by causing 
genomic instability [6]. 

In order to maintain cell division in normal 
cells with high proliferation ability and in cancer 
cells, the length of the telomere should be pre-
served. The length of the telomere is maintained 
by telomerase and by alternative lengthening 
of telomeres (ALT), which is currently suggested 
to be active only in cancer cells and cancer cell 
cultures. In a number of studies, telomerase en-
zyme activity was found in peripheral blood, cord 
blood, bone marrow leucocytes, basal layer of 
epidermis, endometrium, and chorionic villi [5]. 
Telomerase enzyme activity was also determined 
in approximately 85% of cancer cells. It was con-
firmed that telomerase activation is required for 
immortality of the cell and hence is an essential 
step in carcinogenesis [12]. Studies investigating 
the arrangement of telomerase activity in gastric 
cancer assisted in comprehending the molecu-
lar mechanisms that play a role in the transition 
process from atrophic gastritis to gastric cancer. 

Discussions about the stage of the carcinogene-
sis process during which telomerase activity plays 
a more important role are still valid [13]. In a study 
conducted by Yang et al., the length of telomere 
was found to be shortened in chronic atrophic 
gastritis patients in parallel with progression of 
the disease [13]. In different studies it was report-
ed that telomeres were shorter in patients with 
chronic inflammation and intestinal metaplasia 
[14, 15]. In our study, we determined histopatho-
logical changes with a  potential to progress to 
gastric cancer in the patient group. In both groups, 
telomere length was shortened in gastric mucosa 
in the presence of inflammation, glandular atro-
phy, and intestinal metaplasia. These findings may 
reflect early events of the carcinogenetic process. 
However, due to the low number of cases in the 
patient and the control groups, reliable statistical 
comparisons could not be performed.

 15 20 25 30 35 40 45

Duration since surgery [years]

Figure 1. Correlation between duration since oper-
ation and telomere length in gastric mucosa sam-
ples in the patient group
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Figure 2. Correlation between age and telomere 
lengths in gastric mucosa samples in study groups 
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Most epithelial cancers develop on precursor 
lesions, which are also known as intraepithelial 
neoplasia. In some studies, the discovery of genet-
ic instability in intraepithelial tumours suggested 
that genetic changes develop early in malignant 
transformation. Meeker et al. indicated that in 
situations where telomere function disorder is 
a  factor in genetic instability, telomere functions 
may also be destroyed in early premalignant le-
sions [6]. In about 90% of premalignant prostate 
and pancreas lesions, shortening of telomeres 
was observed [16–18]. In a  study conducted in  
35 intraepithelial neoplasia in the oral cavity, oe-
sophagus, colon, bladder, and cervix, the most fre-
quent telomere length abnormality was reported 
to be shortening of telomere [6]. It is well known 
that ulcerative colitis, which is a chronic inflamma-
tory intestinal disease, is a predisposing factor for 
the development of colorectal cancer. In a  study 
carried out among patients with ulcerative colitis, 
the length of telomere was reported to be short-
ened in colon epithelial cells of patients, as com-
pared to the control group [19]. In gastroesopha-
geal reflux disease, telomere length in the distal 
oesophagus was found to be shortened as com-
pared to the control group (p < 0.05), and in Bar-
rett oesophagus, telomere was found to be short-
ened further, but it was reported that this was not 
statistically significant (p > 0.05) [20]. Shortening 
of telomere was not determined in the proximal 
oesophagus, which is less affected by reflux. In 
another study, the telomere length was shorter 
in patients with Barrett oesophagus than in those 
with gastroesophageal reflux disease [21].

In a study conducted by Yang et al., telomere 
length was evaluated in premalignant gastric le-
sions by southern blot (SB) method, and telomeres 
were observed to be gradually shortened, starting 
from normal mucosa and progressing to atrophic 
gastritis, intestinal metaplasia, and dysplasia [13]. 
In our study, comparison of the patient and the 
control groups revealed an increase of telomere 
length in gastric mucosa samples (p > 0.05) and 
a decrease of telomere length in lymphocytes (p > 
0.05). A decrease of telomere length in peripheral 
blood lymphocytes of the patient group may pres-
ent as an early finding of carcinogenesis. 

In studies evaluating the correlation between 
telomere length and age, it was reported that telo-
meres are shortened with age, but this correlation 
disappears in advanced ages [22, 23]. In our study, 
we determined a  negative correlation between 
age and telomere length in peripheral blood lym-
phocytes (r = –0.108) and a positive correlation be-
tween age and telomere length in gastric mucosa 
in the patient group (r = 0.189), but these correla-
tions were found to be statistically insignificant  
(p > 0.05). On the other hand, in the control group, 

negative correlation was found between age and 
telomere length in peripheral blood lymphocytes 
(r = –0.345) and between age and telomere length 
in gastric mucosa (r = –0.280), and these correla-
tions were also found to be statistically insignif-
icant (p > 0.05). In the patient group, unlike the 
control group, the presence of positive correlation 
between age and telomere length in gastric mu-
cosa samples, and negativity of this correlation 
in peripheral blood lymphocytes, suggest that 
a  different factor affecting telomere length may 
be present in gastric mucosa samples. Since telo-
merase activity was not evaluated in our study, we 
have no information whether this enzyme is the 
factor that increases telomere length or not. 

In our study, the increase in mean telomere 
lengths in gastric mucosa of the patients as com-
pared to the control group may be related to vari-
ous factors. One of these causes may be telomer-
ase activation, which develops in the early stages 
of carcinogenesis. The increase in telomere length 
may be due to normal ALT-like activity [24]. Also, 
it was reported that terminal-terminal chromo-
some fusions seen in several tumours may also 
lead to an increase in telomere length [25]. How-
ever, in our study, neither telomerase activity nor 
structural changes in chromosomes were eval-
uated; therefore, we are unable to comment on 
this issue. 

Telomere length also varies in different cells. 
In a  study evaluating the association between 
the telomere length and complete blood count, 
a negative relationship between telomere length 
and monocyte count, and a positive relationship 
with basophil ratio was found [26]. This variance 
is also valid for different cells of the same organ. 
Considering that gastric mucosa is composed of 
various cells, such as epithelial cells, fibroblasts, 
inflammatory cells, and smooth muscle cells, 
it should be noted that the telomere lengths of 
these cells may be different. It was reported that 
in the stomach, intramucosal lymphocytes pos-
sess the longest telomeres, as compared to other 
mucosa cells [27]. In patients with Billroth II distal 
gastrectomy, chronic inflammatory cells, and es-
pecially lymphocytes, increase in gastric mucosa 
[28]. Thus, telomeres in gastric mucosa samples 
may have been found to be longer in the patient 
group, as compared to the control group. In our 
study, it was not possible to form a definite opin-
ion on this issue because gastric mucosa cells 
were not differentiated.   

In our study, we measured telomere length in 
peripheral blood lymphocytes and in histological 
changes with a  potential to progress to gastric 
cancer in gastric mucosa, and we found telomere 
length shortening in gastric mucosa. When com-
pared to the control group, an increase in mean 
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telomere length in gastric mucosa was found, 
whereas a  decrease in mean telomere length 
in blood lymphocytes was found in the patient 
group. Although these results are not statistically 
significant, which may be due to the low number 
of patients, we find this result interesting. We 
think that this may be related to some changes 
affecting the telomere length in the early stages of 
carcinogenesis in gastric mucosa, such as telomer-
ase activation, ALT-like activity, or terminal chro-
mosome fusions. But in our study, none of these 
early stage carcinogenesis changes were evalu-
ated, so it is a limitation of our study. In view of 
these results, we believe that telomere length and 
telomerase activity in the early stages of gastric 
remnant carcinogenesis may be regarded as ben-
eficial molecular indicators in early diagnosis and 
treatment of this disease. We suggest that further 
studies conducted in large patient populations will 
be appropriate to claim that determination of tel-
omere length abnormalities are beneficial in the 
early stages of gastric remnant carcinogenesis.
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