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Prognostic value of telomere function in gastric cancers with
and without microsatellite instability

Irene Pascua® Tamara Fernandez-Marcelo?, Andrés Sanchez-Pernaute®,
Carmen de Juan®, Jacqueline Head® Antonio-José¢ Torres-Garcia® and

Pilar Iniesta®

Objective To identify molecular markers that may be
useful in the selection of gastric cancer patients with
different prognoses, we investigated telomere function
in gastric cancers with and without microsatellite
instability (MSI).

Materials and methods We analyzed 83 gastric cancers
and its paired-normal tissues to investigate MSI and
telomere function. MS| was established using five
polymorphic human repeat DNA markers. Telomere function
was evaluated by determining telomerase activity, telomere
length, and telomere-repeat factors 1 and 2 (TRF1 and
TRF2) expression.

Results Patients with high microsatellite instability (MSI-H)
gastric cancers showed a significantly better prognosis than
those affected by microsatellite stable or low microsatellite
instability (MSS/MSI-L) tumors (P=0.03). The lowest
expression levels of TRF1 and TRF2 were associated with
MSI-H gastric cancers (P=0.008 and 0.006, respectively).
Moreover, a clear trend toward a worse prognosis was found
in the group of patients who had tumors with the shortest
telomeres (P=0.01). Cox multivariate analysis showed that
MSI| emerged as a protective prognostic factor; MSS/MSI-L
tumors conferred a significantly poor prognosis in patients

Introduction

Gastric cancer (GC) remains one of the most common
cancers and although its incidence and mortality rates
have been decreasing steadily, the absolute number of
new cases is actually increasing because of the aging
population [1]. Approximatelv 95% of GC are adeno-
carcinomas, which have been classified by anatomic site
as proximal cancers or distal cancers in epidemiological
studies [2] and by histological phenotype as intestinal
type, diffuse type, and mixed/unclassifiable according to
Lauren’s classification [3]. Patients with proximal GC
have a poorer survival independent of the T'umor, Node,
Metastasis staging system ((I'NM stage) [4].

T'he development of gastric adenocarcinoma is a complex
multistep process involving multiple genetic alterations.
Most GC show genetic instability, either microsatellite
instability  (MSI) or chromosomal instability (CIN).
Molecular studies of alterations of single genes have
provided evidence that intestinal-type and diffuse-type
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(relative risk = 4.862-fold greater than the MSI-H group)
(P=0.033). Telomere length of gastric tumors less than
2.86 kbp was a factor that led to a poor prognosis (relative
risk =4.420, with respect to tumors showing telomere
length > 2.86 kbp) (P=0.002).

Conclusion We propose telomere status as a potential
molecular marker with usefulness in the establishment
of the prognosis of gastric cancers both for the mutator
phenotype and for the suppressor pathway. Eur J
Gastroenterol Hepatol 27:162-169 © 2015 Wolters Kluwer
Health | Lippincott Williams & Wilkins.
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GC evolve by different genetic pathways. Moreover,
alterations in multiple single genes and complex copy
number and gene expression profiles have been identi-
fied in GC over the last two decades. However, their
significance in gastric carcinogenesis, tumor progression,
and patient survival remains to be determined [1].

I'wo major carcinogenic pathways were initially described
in colorectal cancer (CRC): the suppressor phenotype
pathway, which constitutes 80% of sporadic CRCs; this
group of tumors shows the CIN phenotvpe. 'I'he mutator
phenotype pathway represents most cases of hereditary
nonpolyposis colorectal cancer and nearly 13% of all cases
of sporadic CRC. In this case, genes of the mismatch repair
(MMR) system undergo alterations that affect their role in
the repair of DNA base mismatches. Primary alterations in

MMR genes lead to a huge accumulation of mutations in

microsatellite sequences and short-tandem repeat sequen-
ces widespread throughout the genome. Therefore, MSI is
a form of genetic instability characterized by new alleles not
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present in the normal genotype. High microsatellite
instability (MSI-H) tumors are considered to develop
through the mutator phenotype carcinogenic pathway,
whereas microsatellite stable or low microsatellite instability
(MSS/MSI-L) tumors develop through the suppressor
pathway [5-7]. Besides CRC, the mutator phenotype
pathway has also been described in other tumor types.
Thus, the incidence of MSI in GC varies from 15 to 39% 18].
"T'he relationship between survival in gastric cancer patients
and the status of MSI has not yet been well established. In a
recent meta-analysis, MSI gastric cancer was associated with
a good prognosis, but there was heterogeneity in other
previous studies. ‘T'he number of loci investigated, altered
epidemiology, and effects of chemotherapy are potential
causes of heterogeneity [9]. Therefore, a consensus for
defining the interest of MSI evaluation in gastric cancer
should be established in future investigations.

However, the role of telomeres and telomerase in the
initiation and progression of human cancers has been eval-
uated extensively. ‘The majority of human cancers maintain
or actively lengthen telomeres through upregulation of the
reverse transcriptase telomerase, and many investigations
have assessed the potential to utilize these molecular mar-
kers for the diagnosis of cancer [10]. It has been suggested
that telomere dysfunction is an important mechanism in
genetic instability [11]. Many oncogenes, tumor-suppressor
genes, and apoptosis-related genes are involved in the
multistage carcinogenesis of GC; however, the structure and
function of telomeres may also play an important role in the
process [12]. In this context, the role of the shelterin com-
plex is of interest in telomere function regulation. Among
the shelterin components, the telomeric repeat-binding
factor 1 (I'RF1) and mainly the 'TRF2 play a crucial role
in regulating the molecular events that maintain telomere
integrity [13]. TRF1 and 'TRF2 act as negative regulators of
telomere length and play an important role in telomere-
induced genetic instability [14,15]. "The expression of these
proteins is altered in many types of tumors, indicating a
fundamental role in neoplastic progression [16]. In GC, it
has been suggested that the overexpression of 'I'RF1 and
'TRF2 may reduce the telomere length and could contribute
toward the multistage carcinogenesis of gastric cancer [12].
However, the prognostic impact of telomere function has
not been established in gastric cancer.

The aim of this study was to investigate telomere func-
tion in gastric cancers with and without MSI. Also, we
evaluated the prognostic implications associated with
these molecular markers. With this objective, we ana-
lyzed a tumor population of 83 gastric cancers and its 83
paired-normal tissues to investigate MSI, telomere
length, telomerase activity, and I'RF1 and 'TRF2.

Materials and methods
Patients and tissue samples
Eighty-three primary sporadic gastric adenocarcinomas
and their corresponding control tissue samples were
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obtained from patients who underwent surgery at San
Carlos Hospital in Madrid (Spain). Out of 83 patients, 46
were  men  and 37 were women, average age
70.7£1.38 years (mean = typical error). Before surgery,
none of these patients had received adjuvant treatment.
Informed consent was obtained from patients before
investigation and this study was approved by the Ethical
Committee of the Hospital. After surgical resection, all
tissue samples were snap-frozen in liquid nitrogen and
stored at —80°C until processed. Cryostat sectioned,
H&E-stained samples from each tumor block were
examined microscopically by two independent patholo-
gists to confirm the presence of more than 80% tumor
cells. Paired normal tissues from the same patient, used
as controls, were obtained at least 10 cm away from the
margin of the tumor and also confirmed microscopically.
Most of the clinicopathological variables of cancers were
available (Table 1). The median follow-up period of
patients was 5 years.

Analysis of microsatellite instability

Microsatellite analysis was carried out to classify tumors into
groups of high and low or null instability. Genomic DNA
samples were amplified using PCR and investigated for MSI
using five polymorphic human repeat DNA markers that
map on different chromosome loci: BA'T25, BA'1'26, NR-24,
NR-21, and MONO-27, recommended for the National
Cancer Institute [17]. PCR products were obtained after a
multiplex PCR analysis using the MSI Analysis System
Version 1.2 (Promega, Madison, Wisconsin, USA) according
to the manufacturer's recommendations. ‘The generated

Table 1 Clinical characteristics of the gastric tumor population
Total number of Number of cases
Variables cases (%) without available data
Tumor location 75 (100) 8
Proximal 12 (16)
Distal 63 (84)
Tumor histology (Lauren's 72 (100) 1"
classification)
Diffuse 26 (36.1)
Intestinal 46 (63.9)
Primary tumor (T) 78 (100) &
T1 7 (9)
T2 20 (25.6)
T3 33 (42.3)
T4 18 (23.1)
Regional lymph node invasion 78 (100) 5
(N)
NO 29 (37.2)
N1 15 (19.2)
N2 13 (16.7)
N3 21 (26.9)
Distant metastasis (M) 78 (100) 5
Mo 70 (89.7)
M1 8 (10.3)
TNM stage 78 (100) 5
1A, 1B 17 (21.8)
A, 1B 22 (28.2)
1A, 1B, NIC 31 (39.7)
I\ 8 (10.3)

TNM stage, tumor, node, metastasis staging system.
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fluorescence-labeled PCR products, corresponding to tumor
and control tissues, were then investigated on an automated
ABI PRISM 310 Genetic Analyzer (Applied Biosystems,
Foster City, California, USA) to evaluate the MSI status of
gastric tumors. Thus, MSI was detected by comparing the
length of microsatellite alleles amplified from tumor DNA
and DNA from normal tissue in the same individual. T'o
confirm the reproducibility of the experiments, all cases
showing MSI were examined at least twice by an inde-
pendently  performed PCR  and  electrophoresis.
Adenocarcinomas showing MSI on two or more of the
markers considered were classified as high instability tumors
(MSI-H), whereas cases with only one altered marker were
classified as low instability tumors (MSI-1.) and cases with-
out MSI were considered as stable tumors (MSS). In all of
the analyses for clinicopathological associations with MSI,
MSI-I. and MSS tumors were grouped together and indi-
cated as MSI-L/MSS.

Telomere function evaluation

Telomere function was evaluated by determining telo-
merase activity using a method that is based on the
T'elomeric Repeat Amplification Protocol and telomere
length was assessed using the terminal restriction frag-
ment ("I'RF) length measurement assay.

Telomerase activity in tumor and paired normal tissues
was cvaluated as described previously [18] using the 7e/o
TAGGG PCR ELISA (Roche Applied Science, Penzberg,
Germany). Considering that the cut-off for telomeric
repeat amplification protocol-ELLISA negativity corre-
sponds to an optical density at 450 nm less than 0.2, all
samples with optical density at 450 nm of at least 0.2 were
considered telomerase positive [19].

TRF length measurement was performed using the 7e/o
TTAGGG "I'elomere Liength Assay kit (Roche Applied
Science) as described previously [19]. TRFE lengths for
tumor and control tissues were determined by comparing
the signals relative to a standard molecular weight using
Image Gauge software (version 3.46; Fujifilm, Tokyo,
Japan). The "T'RF length ratio was determined as the ratio
of the length of tumor tissue 'I'RF and their paired nor-
mal tissue "I'RF (ratio 'T'/N). All cases in which the 'I'/N
ratio was less than 1 were included in the group of telo-
mere shortening. When "I'/N was at least 1, tumors were
included in the group of telomere maintenance.

TRF1 and TRF2 expression analysis by gqRT-PCR

TRET and TRIF2 expression analysis was carried out in 49
gastric cancers and its corresponding normal tissues, all of
them included in the initial tissue population. RNA reverse
transcription was performed using the High Capacity
¢DNA Reverse Transcription kit (Life Technologies,
Grand Island, New York, USA). Expression data were
confirmed by investigating gene expression by real-time
quantitative PCR using "T'agMan Gene Expression Master
Mix and FAM dye-labeled TagMan MGB probes (Life

Technologies) following the manufacturer’s instructions.
The comparative threshold cycle (€;) method was used to
calculate the relative expression. For the quantification of
gene expression, the target genes values were normalized
to the expression of the endogenous gene (GAPDI]) and
cach tumor sample was compared with its own control
tissue. "T'his quantification is represented by a relative
quantification value (RQ), being RQ=2"24 (AAC, =
AC{ wmor  sample ™ AC( control sumplc); (AC[:G[ genc
Ct endogenous sene)- Values of RQ between 0.5 and 2 were
considered to indicate normal expression, RQ less than
0.5 to indicate downregulation, and RQ more than 2 to
indicate overexpression.

Statistical analysis

Analyses were carried out using the IBM SPSS Statistics
19 for Windows. Statistical associations were assessed
using the y*-test for categorical variables and Student’s #-
test, ANOVA, or the corresponding nonparametrical test
for continuous variables. Distributions of disease-free
survival (DFS) were estimated using the Kaplan—Meier
method, and comparisons were made with long-rank
statistics. For survival analysis, only patients who had
undergone potentially curative surgery (stage [-II1
tumors) and patients who did not die in the post-
operative period were included. T'hus, the number of
patients included in the survival study was 63. A P value
of less than 0.05 was considered significant.

Results

DNA samples from patients affected by sporadic gastric
cancer were classified on the basis of their MSI status.
Thus, after comparing results in tumor and normal paired
tissues, 15 out of 83 tumors (18.1%) were classified as
MSI-H cancers, whereas 68 out of 83 (81.9%) of cases
showed null or low instability at the level of the markers
considered (MSS/MSI-L). The relationships between
microsatellite status and clinicopathologic variables of
tumors are shown in "T'able 2. "T'hus, according to the
statistical analysis, regional lymph node invasion (V) was
associated significantly with gastric cancers from the
suppressor pathway (£=0.042). Moreover, proximal
tumor location and diffuse cancers (Lauren’s classifica-
tion) emerged as clinical variables that tended to associ-
ate with stable or MSI-L. tumors (2=0.058 and 0.070,
respectively).

To evaluate telomere function in gastric cancers from
both mutator phenotype and suppressor pathways, we
investigated telomere length and telomerase activity in
the 83 gastric cancers considered in this work, as well as
in its paired normal tissues. Our data showed significantly
shorter telomeres in tumors than in the adjacent normal
tissues (P=0.002); the mean telomere lengths were
5.24+0.28 and 5.95+0.24kbp in tumors and control
samples, respectively. Values of telomere length ratios
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Table 2 Microsatellite status and clinical variables in
gastric tumors

Microsatellite status

Number of Number of
Number of MSI-H MSS/MSI-L
Variables cases Tumors (%) Tumors (%) P value
Tumor location 0.070
Proximal 12 0 (0) 12 (100)
Distal 63 14 (22.2) 49 (77.8
Tumor histology 0.058
(Lauren's
classification)
Diffuse 26 2 (7.7) 24 (92.3)
Intestinal 46 12 (26.1) 34 (73.9)
Primary tumor (T) 0.223
11,12 27 3(11.5) 23 (88.5)
T3, T4 51 12 (23.1) 40 (76.9)
Regional lymph node 0.042
invasion (N)
NO 29 9 (31) 20 (69)
N1, N2, N3 49 6 (12.2) 43 (87.8)
Distant metastasis (M) 0.145
MO 70 15 (21.4) 55 (78.6)
M1 8 0 (0) 8 (100)
TNM stage 0.360
1A, 1B 17 4 (23.5) 13 (76.5)
1A, IIB 32 6 (27.3) 16 (72.7)
A, 1B, IC 31 5 (16.1) 26 (83.9)
v 8 0 (0) 8 (100)
TNM stage, tumor, node, metastasis staging system.
indicated a slight shortening in tumor samples:

(.92 +0.04 kbp (mean + typical error).

I'elomerase activity investigation showed that 77.1%
(64/83) of gastric tumors were positive and the remaining
22.9% (19/83) were negative. Correlation analyses
berween telomerase activity and telomere length of
tumors did not show a positive association (P2=0.551);
telomere length in telomerase-positive cases was
5.05£0.27 kbp (mean=typical error), wherecas a mean
value of 5.86£0.82kbp was detected in telomerase-
negative tumors. The enzyme activity was not asso-
ciated with clinical variables of cancers (data not shown).

In relation to MSI status, the mean telomere length was
smaller in the group of MSI-H tumors than in MSS/MSI-
L cancers, without statistically significant differences (the
mean * typical error was 4.65+0.54 and 5.37£0.32 kbp,
respectively, P=0.266). However, significant differences
were found for telomerase activity in relation to MSI
status. Thus, our data showed that 100% of tumors from
the mutator phenotype pathway were telomerase positive
and 72% of cancers from the suppressor pathway showed
enzyme activity (P=0.020).

Also, to complete telomere function analysis in gastric
cancers with and without MSI, we investigated 7RI/ and
TRF2 expression. This study was established in a group
of 49 tumors and their corresponding normal tissues, 11 of
which had been classified as MSI-H cancers and 38 as
MSS/MSI-L.. Considering all cancers as a whole,
expression values by qRT-PCR were 0.73+0.11 for
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TRFI and 0.56+0.05 for TRFZ (RQ values, mean=
typical error), with significant differences detected for
both factors after comparing with the expression values of
normal tissues (2<0.001 both for 7RI/ and TRF2).
Moreover, 1RI“7 and TRFZ expression levels indicated
significant differences in relation to the MSI status of
tumors: MSI-H gastric cancers showed the lowest
expression values (RQ values, mean + typical error, were
0.39+0.11 for T'RF1 and 0.34+0.04 for 'T'RF2).
Expression values for MSS/MSI-L gastric cancers were
0.83+0.13 for I'RF1 and 0.62+0.06 for 'T'RF2.
Differences between MSS/MSI-I. and MSI-I1 gastric
tumors were significant both for YRF7 and for TREFZ
expression (P=0.008 and 0.006, respectively) (Fig. 1).

In relation to telomerase activity, we detected higher
expression levels in  telomerase-negative  tumors:
0.95+0.21 for TRI! and 0.76+£0.12 for TRF2, versus
0.68+0.13 and 0.52+£0.06 for 7RF/ and TRFZ in
telomerase-positive tumors, with significant associations
(P=0.047 for both 7RI and TRF2). Morcover, tumors
without telomere shortening, after comparison with the
corresponding normal paired tissue (1/N ratio>1),
showed significantly higher 7RI7 and 7RI*2 expression
levels than those tumors showing telomere shortening
('T/N ratio<1): 1.15+0.30 and 0.75£0.13 for 7RF/ and
TRI2, respectively, for the former versus 0.52+0.05 and
0.47 +0.04 for 7RI and TRF2, respectively, for the lat-
ter (expression data expressed as RQ values, mean+
typical error), with significant differences (P=0.021 for
TRI1 and P=0.05 for TRF2).

Next, prognosis studies in patients with resected GC
were carried out to assess the impact on the clinical
course of molecular factors considered in the current
work. In all cases, for survival studies, we considered
DSF time as detailed in the Materials and methods

Fig. 1
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TRF1 and TRF2 expression values in MSI-H and MSS/MSI-L gastric
tumors [relative quantification (RQ)]. Significant differences (**) were
found for both TRF1 and TRF2 expression values between MSI-H and
MSS/MSI-L gastric cancers (P=0.008 and 0.006, respectively). MSI-
H, high microsatellite instability; MSS/MSI-L, microsatellite stable or low
microsatellite instability; TRF1, TRF2, telomere repeat factors 1, 2.
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Fig. 2
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Kaplan-Meier survival curves for patients with gastric cancers according to (a) microsatellite status of tumors and (b) tumor telomere length. Numbers

in brackets represent cases with tumor recurrence in relation to the total number of patients included in each one of the survival analyses. MSI-H, high
microsatellite instability; MSS/MSI-L, microsatellite stable or low microsatellite instability.

section of the manuscript. Considering microsatellite
status, during the follow-up period, tumor recurrence was
detected in two of the 15 patients with MSI-H tumors;
however, in the group of 48 patients classified as
MSS/MSI-L who were included in the survival study, 21
patients showed tumor recurrence. Interval-free disease
was 52.78+4.72 months in MSI-H cancers versus
36.35£3.86 months in MSS/MSI-L cases, with sig-
nificant differences between both groups of paticnts
(£=0.030), (Fig. 2a).

Survival analyses in relation to telomere function were
carried out considering telomerase activity and telomere
length of gastric tumors. In the first case, no significant
differences were obtained. In fact, interval-free disease
was 37.47+6.69 months in patients with negative telo-
merase activity tumors and 41.45+3.72 months in the
group of positive telomerase activity cancers (P=0.404).

Considering the impact on patient prognosis of telomere
length of tumors, we established the cut-off value, defined as
the point with the most significant (log-rank test) split, to
stratify patients into distinct groups according to tumor telo-
mere length (I'T'L) by the classification and regression tree
technique [20]. The optimal cut-off point was set in 2.86 kbp.
"Thus, we detected two groups of patients with a differential
prognosis: the first one included 12 patients with gastric
tumors with a telomere length less than 2.86 kbp, whereas the
second group of patients included 71 cases with a ‘T°T'L, at

least 2.86 kbp. The interval-free disease was 23.70+7.13 and
43.73£3.45 months, respectively. Therefore, the group of
tumors with shorter telomeres was associated with a worse
clinical outcome (P=0.01) (Fig. 2b). Moreover, shorter telo-
meres were associated with poor prognosis of patients con-
sidering both the MSS/MSI-1. group of tumors (Fig. 3a) and
MSI-H cases (Fig, 3b) (P=0.047). 'The DFS time was
38.68+4.32 (I'TL>2.86kbp) and 25.33+7.73 months
(I'TL <2.86 kbp) for MSS/MSI-L, tumors and 56.15+3.69
(I'T'L > 2.86 kbp) and 9.00+0.00 months (1"T'L < 2.86 kbp)
for the MSI-H group of cancers. 'T'herefore, independent of
MST status, these data indicated a poor prognosis associated
specifically with telomere attrition.

Cox multivariate analysis for MSI status and 1°I'L, was
carried out to show that the results obtained were inde-
pendent of TNM tumor stage. As shown in Table 3, MSI
of gastric cancers emerged as a protective prognostic
factor. In fact, MSS/MSI-L. tumors led to a significant
poor prognosis in patients, with a relative risk of recur-
rence 4.862 fold greater than the MSI-H group, these
results being independent of 'I'NM tumor stage
(P=0.033). Also, our data indicated that telomere length
of gastric tumors less than 2.86 kbp may be considered a
factor of poor prognosis, with a relative risk equal to
4.420, with respect to tumors showing telomere length of
at least 2.86 kbp; differences were significant and inde-
pendent of T'’NM tumor stage (P=0.002).
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Kaplan—-Meier survival curves for patients showing gastric cancers classified by function of their microsatellite status in relation to the telomere length
of tumors. (a) Survival curves for patients with MSS/MSI-L tumors. (b) Survival curves for patients with MSI-H tumors. Numbers in brackets represent

cases with tumor recurrence in relation to the total number of patients

included in each of the survival analyses. Tumors with shorter telomeres

(< 2.86 kbp) conferred the worst prognosis (P= 0.047). MSI-H, high microsatellite instability; MSS/MSL-L, microsatellite stable or low microsatellite

instability; TTL, tumor telomere length.

Table3 Cox multivariate analysis for TNM stage and microsatellite
status (a); and TNM stage and telomere length (b) of tumors in
gastric cancer

95% confidence

Variables RR interval P value
(a)
TNM stage (I vs. Il and 1) 0.072 0.010-0.539 0.010
Microsatellite instability 4.862 1.134-20.845 0.033
(MSS/MSI-L vs. MSI-H)
(b)
TNM stage (I vs. Il and 1) 0.062 0.008-0.466 0.007
Tumor telomere length 4.420 1.750-11.167 0.002

(<?2.86 vs. >2.86 kbp)

MSIH, high microsatellite instability; MSS/MSI-L, microsateliite stable or low
microsatellite instability; TNM stage, tumor, node, metastasis staging system; TIk
tumor telomere length; RR, relative risk.

Discussion

"I'he underlying molecular mechanisms of gastric cancer
have been considered previously in different studies.
Results from these studies, although promising, still have
limited clinical utility in predicting survival and stratify-
ing gastric cancer patients for appropriate treatment [1].
Patients with gastric tumors with MSI are usually diag-
nosed at an earlier disease stage and some but not all
studies showed a relationship of MSI and less aggressive
tumors and improved survival of patients [21,22].

However, telomere dysfunction has been described as a
potential marker in cancer. Although telomere shortening
can eventually lead to telomere dysfunction, recent

investigations have shown that there are multiple
mechanisms that may lead to this. For example, altera-
tions in "TRF2, a major component of the shelterin com-
plex, lead to uncapping of the telomere even in the
presence of the adequate telomeric repeat sequences [10].

In the current study, we found an association between
MSI-H gastric cancers and telomere dysfunction, both
considering telomere shortening and a reduced TRF/ and
TRI2 expression. Previous data concluded that the
overexpression of telomeric proteins (TRF1, TRF2Z, and
others) may be related to telomere length reduction in
precancerous lesions and gastric cancer, and could con-
tribute toward multistage carcinogenesis [12].

It has been reported that suppression of TRF2 activates
an A'T'M-dependent DNA damage response pathway
that induces apoptosis or senescence depending on the
cell type. The shelterin complex is ubiquitously expres-
sed to protect telomeres in all tissues in which the telo-
meres are not too short to preclude DNA binding. Recent
studies challenge this prevailing paradigm by showing
that the expression of shelterin subunits, notably TREFZ,
is increased during malignant transformation, suggesting
that shelterin expression might be the target of oncogenic
signaling pathways [13]. Results from the present work
seem to agree with the latter study. In fact, gastric tumors
with increased expression of both 7RF1 and TRF2 con-
ferred a poor prognosis in patients. However, MSI-H
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tumors with better clinical outcome showed significantly
lower expression levels of TRIFT and TR}2,

The MSI-H phenotype had been associated previously
with telomere shortening in CRCs [23,24]. Also, in CRC, it
has been reported that telomere attrition, low expression
levels of TRFI and 7REZ2, and DNA damage response
activation occur early in carcinogenic progression. ‘I'elomere
length returns to normal levels when the full invasive
potential of the tumor has been reached [25]. In gastric
cancer, telomere crosion has been related to loss of hetero-
zygosity in DCC, APC, and MCC genes. According to these
results, it has been reported previously that telomere attri-
tion is independent of the MSI-H phenotype, bur related to
the loss of heterozygosity pathway in gastric cancer [26]. In
any case, studies examining the relationship between MS]
and telomere lengths have been sparse. Our results seem to
indicate that, independent of MS] status, critical telomere
shortening constitutes a molecular factor that may be useful
in the clinical evaluation of patients with gastric cancer.

Telomeres may be considered a form of super micro-
satellite, given their tandem repeat nature, and it may be
reasonable to assume that defects in MMR genes impact
telomere length [27]. In a previous work, it has been
suggested that alternative lengthening of telomere-
mediated telomere maintenance plays an important role
in MSI-mediated stomach carcinogenesis. Defects of the
MMR system may lead to homologous recombination of
telomeric ends for the telomerase-independent telomere
maintenance in gastric carcinomas [28].

With respect to the prognostic value of telomere length in
gastric cancer, our data indicated significant differences,
independent of TNM stage of tumors. "Thus, gastric
cancers with a critical telomere length were related to the
worst prognosis of patients. We consider these results of
interest as they may be useful in predicting the severity of
the disease., Recently, in CRC, a classification including
telomere status has been proposed. T'elomere status
constitutes a molecular marker with a significant value in
predicting disease severity, progression, and overall
prognosis, as well as in deciding on the treatment [27]. In
rectal cancer, the telomere phenotype has recently been
considered as a molecular parameter that may be included
in analyses of tumor molecular profiles. In fact, MSS rectal
cancer appears to represent a heterogeneous group of
tumors that may be categorized both on the basis of CIN
status and telomere maintenance mechanism [29].

Conclusion

In this work, we propose telomere status evaluation as a
potential molecular marker that may be used in the
establishment of the prognosis of patients with gastric
cancer, both from the mutator phenotype and the sup-
pressor  pathway. Investigation of telomere length
enables us to select groups of patients with gastric cancers

with potentially unfavorable outcomes to establish adju-
vant therapy protocols,
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