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Abstract Werner syndrome (WS) is a premature aging
disorder characterized by early onset of symptoms related
to normal aging and by a high predisposition to various
types of cancer, including gliomas. WS is caused by
inherited recessive mutations in the WRN gene, which
encodes a helicase considered a caretaker of the genome.
Aiming to study the role of WRN Cys1367Arg in glioma
susceptibility and oncologic prognosis of patients, we
investigated the genotype distribution of this single
nucleotide polymorphism in 94 glioma patients and 100
healthy subjects. Comparisons of genotype distributions
and allele frequencies did not reveal any significant dif-
ference between the groups. Overall and disease-free
survival rates were calculated, but no statistically signifi-
cant difference was observed. Our data suggest that WRN
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Introduction

Gliomas are the most common tumors of the central nervous
system. In spite of the marked advances in the character-
ization of the molecular pathogenesis of gliomas, these
tumors remain incurable and, in most of the cases, resistant to
treatments, due to their molecular heterogeneity [1].

Werner syndrome (WS) is a premature aging disorder
characterized by early onset of symptoms related to normal
aging, including coronary artery disease, atherosclerosis,
osteoporosis, and diabetes mellitus [2—4]. WS is caused by
inherited recessive mutations in the WRN gene, which
encodes a member of the RecQ family of helicases
involved in DNA replication and in maintaining the
integrity of the genome [5, 6]. Therefore, the cells of WS
patients show a high level of chromosomal translocations
and deletions, and these patients exhibit an increased pre-
disposition to various types of cancer, including gliomas
[7, 8]. However, despite its putative tumor suppressor
function, little is known about the contribution of the WRN
protein to human sporadic malignancies.

Taking into account that almost all cancers occur in the
elderly and that mutations in the WRN gene lead to
accelerated aging, it has been reasoned that polymorphisms
of the WRN gene might also be associated with age-related
pathologies and cancer predisposition. In particular, a sin-
gle nucleotide polymorphism (SNP) that leads to a
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cysteine-to-arginine substitution in WRN codon 1367
(Cys1367Arg) has attracted a considerable amount of
attention from different research groups [9-16].

Based on a case—control analysis of glioma patients and
healthy controls, we investigated, using the polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP) approach, the role of WRN Cys1367Arg SNP
as a potential risk factor and/or prognostic marker of
glioma.

Materials and methods
Study population

A total of 94 gliomas were analyzed, which had been
surgically resected from previously untreated patients
under the care of the Neurosurgery Department of the Pio
XII Foundation — Cancer Hospital of Barretos (Barretos,
SP, Brazil). These samples were used in other, previously
reported genetic studies [17, 18]. Tumor types and stages
were determined by two experienced pathologists,
according to WHO criteria [19]. The clinical outcome,
including length of survival, was obtained from patient
records and by contacting each patient’s general practi-
tioner. The mean follow-up period for all patients was
47.62 weeks (range = 0.12-118.14). Blood samples of 100
healthy individuals were collected as controls. Because of
the highly heterogeneous ethnic composition of the Bra-
zilian population, the individuals of the control group were
randomly selected from the general population of Sao
Paulo State, with no family history of cancer in first-degree
relatives. The control sample was matched for gender and
mean age with the patient group. The mean age of both
patient and control groups was 45 years, and 69.14% of
patients and 69% of controls were 40 years old or older.
Informed consent was given from all recruited cancer
patients and healthy controls. The study was previously
approved by the Ethics Committee of the University Hos-
pital of the Ribeirdo Preto School of Medicine, University
of Sao Paulo.

DNA extraction and primer design

DNA extraction was performed using proteinase K and phe-
nol—chloroform, according to routine molecular biology
protocols. Primers were designed using the Gene Runner 3.05
program (Hasting Software, Inc.) from the WRN Cys1367Arg
SNP sequence, obtained in the dbSNP of NCBI (ID#
rs1346044). A 119 bp sequence containing the polymorphic
site was amplified by PCR using the designed primers: for-
ward 5'-GAC ACG TAC CTT ATC CAC ATG G-3' and
reverse 5'-GAA CAG ATC TCT TCA GAA CCG G-3'.
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Genotyping

PCR was carried out in a final volume of 25 pl containing
50 ng of genomic DNA template, 1x PCR buffer with
2 mM MgCl,, 0.4 uM of each primer (Invitrogen), 50 uM
dNTPs (Amersham Biosciences), and 0.5 U DNA poly-
merase (Biotools). The PCR cycling conditions were:
5 min at 94°C, followed by 35 cycles of 30 s at 94°C, 30 s
at 58°C, and 30 s at 72°C, and a final elongation cycle at
72°C for 5 min.

For RFLP, the PCR products were digested with Pmll
(4 U at 37°C for 4 h) (New England BioLabs). Pmll recog-
nizes arestriction site of the Arg1367 allele (CACAGTG) and
generates two fragments of different sizes (49 and 70 bp,
respectively), while the Cys1367 allele is not cleaved and
keeps the original PCR product (119 bp). DNA fragments
were electrophoresed on a 10% acrylamide:bisacrylamide
gel (19:1), and then stained with silver nitrate.

For quality control, the genotypes of 10% of the samples
were reassessed to confirm the results. Also, selected PCR
products were purified and submitted to bidirectional
sequencing, to further confirm the reliability of the geno-
type analysis. The PCR products were purified with
ExoSAP (USB), followed by sequencing with a DYEnamic
ET Dye Terminator Kit (Amersham Biosciences), accord-
ing to the manufacturer’s instructions. Sequencing
reactions were performed in a MegaBACE 1000 sequenc-
ing system (GE Healthcare).

Statistical analysis

The chi-square test was used to verify whether genotype
distributions were in Hardy—Weinberg equilibrium.
Observed genotype and allele frequencies in gliomas were
compared to controls using the chi-square and Fisher’s
exact tests, respectively. Kaplan—-Meier curves were con-
structed to assess overall survival and disease-free survival
rates, and differences among groups were analyzed by the
log-rank test. Odds ratio (OR) and 95% confidence interval
(CI) were calculated using a logistic regression model.
Statistical significance was set at P < 0.05. Statistical
analyses were performed with softwares S-Plus 2000
(Insightful, Inc.) and GraphPad Prism 4.0 (GraphPad
Software, Inc.).

Results

A total of 94 glioma patients and 100 control subjects were
included in this study. The patient sample comprised 59
males and 35 females (M/F ratio = 1.69) and the control
sample consisted of 63 males and 37 females (M/F
ratio = 1.7). Mean age in both patient and control groups
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was 45 years (range = 1-75 and 18-72, respectively). No
significant gender- or age-related differences were
observed between the groups (P > 0.05). Eighty-one
patients had astrocytomas (11 grade I, 23 grade II, 8 gra-
de III, and 39 grade IV glioblastomas), five had
oligodendrogliomas (3 grade II and 2 grade III), and eight
had ependymomas (5 grade II and 3 grade III). Forty-two
of the 94 gliomas were classified as low-grade (grades I
and IT) and 52 as high-grade (grades III and IV). No sig-
nificant difference in stratification by tumor grade was
observed between the groups (P = 0.211).

Genotype and allele frequencies were in Hardy—Wein-
berg equilibrium in all groups. Allele and genotype
frequencies of WRN Cys1367Arg SNP did not differ sig-
nificantly between case and control groups. Argl1367 allele
frequency in controls was 0.22, while in patients it was
0.26 (P = 0.514). The frequencies of genotypes Cys/Cys,
Cys/Arg, and Arg/Arg in controls were 59%, 38% and 3%,
while in patients they were 51.1%, 45.7% and 3.2%,
respectively (P = 0.534) (Table 1).

Compared to Cys/Cys, the most common genotype in
the study population, both the Cys/Arg and the Arg/Arg
genotypes did not influence the risk of glioma development
(OR = 1.39; 95% CI, 0.78-2.48; P = 0.332; and OR =
1.23; CI, 0.24-6.37; P = 0.861, respectively). Genotypes
Cys/Arg and Arg/Arg were combined here because of the
low frequency of Arg/Arg, and showed no influence on the
risk of developing gliomas (OR = 1.38; 95% CI, 0.78—
2.43; P = 0.334) (Table 2).

The mean follow-up period for all patients was
47.62 weeks (range = 0.12-118.14). For the 53 patients

Table 1 Allele and genotype frequencies of WRN Cys1367Arg SNP
in case and control groups

Genotype Case group Control group P-value*
n (%) n (%)

Cys/Cys 48 (51.1) 59 (59.0) 0.534

Cys/Arg 43 (45.7) 38 (38.0)

Arg/Arg 33.2) 3 (3.0

Argl1367 allele frequency 0.26 0.22 0.514

* P-values were obtained using chi-square or Fisher’s exact test

Table 2 Association analysis of WRN Cys1367Arg SNP with risk of
gliomas

Genotype Cases/controls  OR (95% CI) P-value
Cys/Cys 48/59 1.0

Cys/Arg 43/38 1.39 (0.78-2.48)  0.332
Arg/Arg 3/3 1.23 (0.24-6.37)  0.861
Cys/Arg + Arg/Arg  46/41 1.38 (0.78-2.43) 0.334

Abbreviations: OR, odds ratio; CI, confidence interval

who survived the follow-up period (censored patients), the
mean follow-up time was 62.07 weeks; for the 41 patients
who died during the follow-up period, it was 28.93 weeks.
The survival curves for overall survival (Fig. 1a) and dis-
ease-free survival (Fig. 1b) of the patients were not
significantly different among the WRN Cys1367Arg SNP
genotypes (P > 0.05). Once all three patients with geno-
type Arg/Arg died during the follow-up period (Fig. 1a),
the disease-free survival curve was obtained only from
patients with genotypes Cys/Cys and Cys/Arg (Fig. 1b).

Discussion

In addition to premature aging, patients with WRN germ-
line mutations develop a broad spectrum of tumors, which
is one of the main causes of their death before the age of
50. This is the reason why a tumor suppressor function for
WRN has been proposed. This putative role is also
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Fig. 1 Survival curves show no correlation between survival and the
WRN Cys1367Arg SNP genotype. (a) Overall survival (P = 0.396);
(b) disease-free survival (P = 0.843)
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supported by a very high rate of loss of heterozygosity at
the chromosomal WRN loci at 8p11.2—p12 in many tumor
types, including colorectal and breast cancers [20, 21].
Gene WRN encodes a protein with 1,432 amino acids that
possesses both 3’ — 5" DNA helicase and 3’ — 5" DNA
exonuclease activities. DNA helicases are enzymes that
unwind the energetically stable double-stranded structure
of DNA, to provide a single-stranded template for impor-
tant cellular processes such as replication, base excision
repair, homologous recombination, and telomere mainte-
nance [4, 22, 23]. Once somatic mutations of WRN have
not been described in sporadic neoplasms, the analysis of
SNPs within the WRN gene represents a promising strategy
for association studies between Cys1367Arg and cancer.

In the present case—control study, we investigated the
relationship between WRN Cys1367Arg SNP and risk of
glioma and patient survival. The genotype and allele fre-
quencies in case and control groups were similar, showing
no significant association with glioma (P = 0.534 and
P = 0.514, respectively).

Several epidemiological studies have already been carried
outon WRN Cys1367Arg SNP. Most of these studies focused
on age-related pathologies, including atherosclerosis, oste-
oporosis, diabetes mellitus, myocardial infarction, coronary
artery disease, and Alzheimer’s disease [2, 9, 10, 12, 13, 24—
28]. Two Japanese research groups were the first ones to
associate WRN Cys1367Arg with acomplex disease [24, 25].
They reported an association between the wild-type geno-
type Cys/Cys and myocardial infarction in the Japanese
population, and a protective role for the minor Argl367
allele (frequency among controls, 0.08 and 0.09). Moreover,
the protective role of Arg1367 was supported by the fact that
in populations with increased frequencies of this allele, like
the Finnish, Mexican, and North American, the risk for
myocardial infarction was not observed (Argl367 among
controls, 0.21-0.30) [27]. On the other hand, in Japan, a
study reported that the more frequent Cys1367 allele has
been associated with a lower frequency of osteoporosis in
postmenopausal women [28]. In this study, the Argl367
allele seems to act as a vulnerability factor (Arg1367 among
controls, 0.21-0.30). Another Japanese study found that the
minor allele Arg1367 may be associated with a lower risk of
type 2 diabetes mellitus [10], whereas in the Netherlands and
in Brazil no significant association of WRN Cys1367Arg
with age-related morbidity and Alzheimer’s disease was
found, possibly reflecting the increased frequency of the
minor Argl1367 allele in those populations (Arg1367 among
controls, 0.21-0.30) [9, 12, 13].

It is important to notice that all the reports listed above,
except one [28], showed protective effects of the Argl367
allele against the various diseases associated with the WS
phenotype. The same held true for our observations on
gliomas, once the frequency of the minor allele in the
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present study (Argl367 among controls, 0.22) was similar
to previous studies reporting its protective role.

Based on the observation that all known WRN mutations
identified so far result in truncation of the C-terminal
domain of the WRN protein, the binding site of protein
TP53 [29], it has been proposed that lack of the C-terminal
nuclear localization signal is important in the pathogenesis
of WS [28, 30, 31]. Although WRN Cys1367Arg is located
only three amino acids apart from the nuclear localization
signal motif, previous studies failed to detect any signifi-
cant difference between Cys1367Arg alleles with respect to
their nuclear localization [2], or helicase and helicase-
coupled exonuclease activity [32]. However, other possible
explanations for the observed association include the allelic
difference of WRN Cys1367Arg in the interactions with
other proteins, as well as the presence of unknown func-
tionally responsible SNPs that are in linkage disequilibrium
with Cys1367Arg in different populations and phenotypes
[33]. Certainly, difficulties observed in genotype-pheno-
type associations are not an exclusive feature of age-related
pathologies. With regard to cancer, reports tend to be even
more heterogeneous, as described below.

To date, only five published studies have examined the
association between WRN Cys1367Arg and cancer, how-
ever, none of them with brain tumors. Shen et al. [34]
reported an association of the Argl367 allele with
decreased risk of non-Hodgkin lymphoma among women
in North America (OR = 0.71; 95% CI, 0.56-0091;
P = 0.007). Recently, based on a case—control study per-
formed in Japan, Nakayama et al. [33] also suggested a
protective effect of the Argl367 allele against bone and
soft tissue sarcomas (OR = 0.66; 95% CI, 0.49-0.88;
P = 0.005). The association of WRN Cys1367Arg SNP
with breast cancer was also analyzed by two independent
groups. Wirtenberger et al. [14] suggested that the
Argl367 allele acts as a low-penetrance risk factor for
familial breast cancer (OR = 1.28; 95% CI, 1.06-1.54;
P =0.0100 and high-risk familial breast cancer
(OR = 1.32; 95% CI, 1.06-1.65; P = 0.015) in Germany.
However, Ding et al. [15] did not confirm these results in a
case—control study in Japan (OR = 1.00; 95% CI, 0.83-
1.23; P = 0.97). Finally, Khayat et al. [11] found no evi-
dence of an association between Cys1367Arg and gastric
adenocarcinoma in a Brazilian population (P > 0.05).

The present study is the first one to investigate the
association between WRN Cys1367Arg and risk and on-
cologic prognosis of brain tumors, more specifically with
regard to glioma. Our data show that neither glioma risk
(OR = 1.38; 95% CI, 0.78-2.43; P = 0.334) nor patient
survival (overall and disease-free survival, P = 0.396 and
P = 0.843, respectively) were associated with variant
alleles. Thus, our results corroborate those of Khayat et al.
[11] and Ding et al. [15].
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In conclusion, our results suggest that there is no asso-
ciation between WRN Cysl367Arg genotypes

and

susceptibility to glioma or patient survival, at least in the
Brazilian population. Nevertheless, future studies on larger
populations from other parts of the world are essential for a
definitive conclusion.
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