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Abstract. Astrocytomas are one of the most common brain 
tumours; however, the current methods used to characterize 
these tumours are inadequate. The establishment of molecular 
markers may identify variables required to improve tumour 
characterization and subtyping, and may aid to specify targets 
for improved treatment with essential prognostic value for 
patient survival. One such candidate is testin (TES), which was 
reported to have prognostic value for glioblastoma patients. 
However, the role of TES protein in gliomagenesis is currently 
unknown. In the present study, the methylation status of the 
TES promoter was investigated in post‑operative astrocytoma 
tumours of different malignancy grade, and its association with 
the survival of astrocytoma patients was evaluated. In addition, 
the expression of TES protein was investigated in the same set 
of astrocytoma tumours tissue, and the association of protein 
expression with glioma patients survival was evaluated. The 
methylation status of TES was assessed by methylation‑specific 
polymerase chain reaction in 138 different grade astrocytoma 
samples. Western blot analysis was used to characterize the 
expression pattern of TES in 86 different grade astrocytoma 
specimens: 13 of pathological grade  I, 31 of pathological 
grade II, 17 of pathological grade III and 25 of pathological 
grade IV (glioblastoma). Statistical analyses were conducted to 
investigate the association between tumour molecular pattern, 
patient clinical variables and overall survival. The methyla-
tion analysis of the TES promoter exhibited a distinct profile 
between astrocytomas of different malignancy grade (P<0.001). 
Furthermore, gene promoter methylation was significantly 
associated with patients' age, survival and pathological grade 

(P<0.001). The protein expression level of TES was signifi-
cantly lower in glioblastoma (grade IV astrocytoma) than in 
lower grade (II‑III) astrocytoma tissue (P=0.028 and P=0.04, 
respectively). Additionally, short overall survival of patients 
was markedly associated with low TES protein expression 
(P=0.007). However, no association between TES methylation 
and TES protein expression was noticed. The present study 
demonstrated that decreased expression of TES may be 
important in tumour progression and prognosis in human 
astrocytomas. TES may be a useful marker for predicting the 
clinical outcome of astrocytoma patients.

Introduction

Astrocytomas are one of the most common brain tumours, 
and are classified as grades  I to  IV based on histology 
and clinical criteria  (1). Although low‑grade astrocytoma 
patients have better survival compared with high‑grade 
astrocytoma patients (World Health Organization grade III 
or  IV), the majority of tumours eventually progress to 
high‑grade astrocytoma and cause patient mortality  (2). 
Various clinical characteristics fail to explain a variation in 
disease progression in histologically diagnosed same‑grade 
astrocytomas (3). It has been proposed that historically used 
clinical variables are not sufficient prognostic or predic-
tive indicators, as compared with the information provided 
by molecular markers of tumours  (2). Furthermore, the 
discovery of molecular markers may identify suitable treat-
ments for sensitive patients and novel targets for improved 
treatment in the future (2).

Gliomagenesis is a multistep process resulting from the 
accumulation of genetic and epigenetic changes. DNA methyl-
ation is one of the major epigenetic modifications, and leads to 
gene silencing (4). The frequency of hypermethylation of CpG 
dinucleotides varies significantly between different malig-
nancy grades of gliomas (5). Previous data in breast cancer 
suggest the possibility that down‑regulation of testin (TES) is 
associated with alterations in cell adhesion and motility, and 
therefore may lead to the development of tumours with an 
aggressive phenotype (6).

The TES gene, also known as testin LIM domain protein, 
is located on chromosome 7q31.2 (7). The protein encoded by 
the TES gene is a negative regulator of cell growth and may 
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act as a tumour suppressor. This protein may also play a role 
in cell adhesion, cell spreading and reorganization of the actin 
cytoskeleton (8). The loss of TES expression occurs frequently 
in various cancers (7,9). Missense mutations are scarce, and 
homozygous deletions have not been observed, which is 
consistent with the fact that CpG promoter hypermethylation 
is a mechanism of TES inactivation  (9). TES methylation 
has been reported in primary tumours, including glioblas-
tomas (10). Promoter methylation is closely associated with 
the loss of TES expression in glioblastoma cell lines (10). The 
role of TES promoter methylation and TES protein expres-
sion in low‑grade astrocytomas has not been studied thus 
far. Additionally, there are limited data on TES molecular 
alterations in high‑grade astrocytomas and on the influence 
of these alterations in patient clinical outcome. The present 
study investigated whether TES gene promoter methylation 
and TES expression are associated with glioma malignancy 
and participate in gliomagenesis.

Materials and methods

Patients and tissue samples. In total, 138  post‑operative 
glioma tumour samples of different malignancy grade 
were collected in the Neurosurgery Clinic Hospital of the 
Lithuanian University of Health Sciences (Kaunas, Lithuania) 
between March 2003 and January 2013. Informed consent 
was obtained from patients. The study was performed in 
accordance with the principles of the Declaration of Helsinki, 
and was approved by the Ethics Committee for Biomedical 
Research of the Lithuanian University of Health Sciences.

In total, 138 patients diagnosed with different malignancy 
grade of astrocytoma tumour were involved in the analysis: 
Grade I, 14 samples; grade II, 46 samples; grade III, 29 samples; 
and grade IV (glioblastoma), 49 samples. Diagnoses were 
established by experienced pathologists according to the 
WHO classification (11). Following resection, glioma samples 
were immediately stored in liquid nitrogen (snap frozen) until 
DNA extraction and protein lysate preparation. The following 
clinical data were collected for each patient: Age at the time 
of the operation, gender, time of the last follow‑up and patient 
status. For the prognostic analysis, patient survival was calcu-
lated from the date of the operation until mortality, or until 
the date of termination of the study. None of the patients had 
received chemotherapy or radiation prior to surgery.

DNA isolation and bisulfate modification. Tumour DNA was 
extracted from 50‑150 mg of snap‑frozen tissue. Cryogenic 
mechanical tissue disruption was used for homogenization 
of tissue. DNA was purified using the salting-out method, 
as described by Miller  et  al  (12) with one modification: 
50  µl  chloroform was used for 850  µl of the total lysate 
following the 6M NaCl step. The methylation status of the 
TES gene promoter was determined upon bisulfite treatment 
of the DNA. A total of 400 ng DNA was used for bisulfite 
modification. DNA modification was performed using the EZ 
DNA Methylation kit (Zymo Research Corporation, Irvine, 
CA, USA), and all procedures were conducted according to 
the manufacturer's protocol. Bisulfite‑treated DNA was eluted 
in 40 µl distilled water, and stored at ‑80˚C until subjected to 
methylation‑specific polymerase chain reaction (MS‑PCR).

MS‑PCR. The methylation status of the TES promoter 
region was determined by MS‑PCR. Primers distinguishing 
unmethylated from methylated alleles were previously 
published by  Ma  et  al  (13), and their sequences were as 
follows: Methylated forward: 5'‑TAT​TGA​GTT​TGT​TTA​GTA​
GGG​CGTC‑3' and reverse: 5'‑AAT​AAC​AAC​CGA​ACA​ACT​
CCG‑3'; and unmethylated forward: 5'‑TGA​GTT​TGT​TTA​
GTA​GGG​TGTTG‑3' and reverse: 5'‑ATA​ACA​ACC​AAA​
CAA​CTC​CAA‑3'. Each PCR reaction incorporated ~20 ng of 
sodium bisulphite‑modified DNA. MS‑PCR was performed 
in a total volume of 15 µl, using 7.5 µl Maxima Hot Start 
Green PCR Master Mix (2X) with Hot Start Taq DNA 
Polymerase (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) and 10 pmol of each primer (Metabion International 
AG, Steinkirchen, Germany). The cycling conditions were 
as follows: Initial denaturation at 95˚C for 5 min, followed 
by 36 cycles of 94˚C for 15 sec, 62˚C for 30 sec and 72˚C 
for 15 sec, and a final step at 72˚C for 5 min. For each set 
of MS‑PCR, human blood lymphocyte DNA treated with 
bisulfite (Zymo Research Corporation) served as an unmeth-
ylated DNA control, and as a positive methylation control, 
Bisulfite‑converted Universal Methylated Human DNA 
Standard (Zymo Research Corporation) was used. Human 
Matched DNA (Zymo Research Corporation) served as a 
normal brain tissue control. A water blank control was also 
included. The PCR products were analysed on 2% agarose 
gels with ethidium bromide, and visualized under ultraviolet 
illumination. PCR analyses were repeated twice for each 
sample.

Whole‑tissue extract preparation and western blot analysis. 
Whole‑tissue extracts of cryogenically homogenized tumour 
samples were routinely prepared by resuspending the disag-
gregated samples (100‑200 mg) in radioimmunoprecipitation 
assay lysis buffer [50 mM Tris‑HCl (pH 7.5), 150 mM NaCl, 
1% IGEPAL® CA‑630 (Cat. No. I3021; Sigma‑Aldrich; Merck 
Millipore, Darmstadt, Germany), 0.5% sodium deoxycholate 
and 0.1% sodium dodecyl sulfate (SDS)] supplemented with 
a protease inhibitor cocktail (Cat. No. S8820; Sigma‑Aldrich; 
Merck Millipore), and next homogenized using an ultrasonic 
sonicator (500‑Watt Ultrasonic Processor; Cole-Parmer 
Instrument Co. Ltd., London, UK). Subsequently, the extracts 
were cleared by centrifugation for 30 min at 13,000 x g 
at 4˚C. In total, 80 µg of the total extract of protein were 
fractionated by 7.5% SDS‑polyacrylamide gel electropho-
resis and transferred to nitrocellulose membranes. Each 
membrane incorporated a full set of analysed astrocytoma 
malignancies of grades I‑IV. The immobilized proteins were 
incubated for 4 h at room temperature under rotation with 
a primary rabbit antibody against TES (dilution 1:500; Cat. 
No. 10258‑1‑AP; ProteinTech Group, Inc., Chicago, IL, USA) 
in blocking solution [5% non‑fat milk in phosphate‑buffered 
saline (PBS)]. Upon extensive washing in PBS supplemented 
with 0.5% Tween‑20 buffer, membranes were incubated 
with a horseradish peroxidase (HRP)‑conjugated anti‑rabbit 
secondary antibody (dilution 1:2,000; Cat. No. 656120; 
Thermo Fisher Scientific, Inc.) for 1 h at room tempera-
ture under rotation. For detection of β‑actin on the same 
membranes, the the TES antibody complexes were first 
cleared from the membranes by washing in a mild striping 
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buffer (25 mM glycine and 2% SDS, pH 2.0), and then the 
membranes were re‑probed with a primary monoclonal 
mouse antibody against β‑actin (dilution 1:2,000; Cat. No. 
ABIN559692; Antibodies-online Inc., Atlanta, GA, USA) for 
1 h at room temperature under rotation, followed by incuba-
tion with an HRP‑conjugated anti‑mouse secondary antibody 
(dilution 1:2,000; Cat. No. 626520; Thermo Fisher Scien-
tific, Inc.) for 1 h at room temperature. Immunocomplexes 
were visualized using liquid 3,3',5,5'‑tetramethylbenzidine 
substrate (Cat. No. T0565‑100ML; Sigma‑Aldrich; Merck 
Millipore) and documented using an ordinary scanner.

The values of TES and β‑actin signals were calculated using 
the image analysis program ImageJ version 1.47 (National 
Institutes of Health, Bethesda, USA). It should be noted that 
when calculating TES signals, all bands (~48 kDa full-length 
TES, as described in the literature (8), and possible degrada-
tion products of the protein) were included in the analysis.

Statistical analysis. SPSS version 19 software (IBM SPSS, 
Armonk, NY, USA) was used for statistical analysis. Asso-
ciations between gene methylation data and clinical features 
of glioma patients were analysed by the χ2 test. To estimate 
survival functions, the Kaplan‑Meier method was used. For 
comparing survival time distributions between groups, the 
log‑rank test was applied. For determination of the inde-
pendence of prognostic factors, the Cox regression analysis 
was used. For western blot assays, differences across groups 
were analysed using the Kruskal‑Wallis test (comparison 
of >2  groups). To evaluate expression differences across 
different gene methylation groups, the Mann‑Whitney test 
was used (comparison of two groups). For the analysis of 
patients prognosis, survival was calculated from the date of 

operation until mortality or until the date of the last follow‑up. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

TES promoter is hypermethylated in glioblastoma tumours. The 
methylation status of the TES promoter in glioblastoma tumour 
samples was detected by MS‑PCR assay. The methylation status 
of the TES promoter was evaluated in 138 astrocytoma tumours: 
Grade I, 14 samples; grade II, 46 samples; grade III, 29 samples; 
and grade  IV (glioblastoma), 49  samples. Promoter hyper-
methylation was detected in 57.25% (79/138) of all analysed 
astrocytoma tumours, but not in normal brain tissue. The results 
revealed that the TES gene methylation frequency increases 
with the degree of malignancy of the tumour (Fig. 1A).

Methylated TES gene promoter was not detected in grade I 
astrocytoma [0.00% (0/14)], while almost half of the grade II 
astrocytoma samples were methylated [45.65% (21/46)]. 
Grade III astrocytoma TES promoter methylation was detected 
in 65.52% (19/29) of samples, and the highest methylation degree 
of the TES gene was observed in glioblastoma samples [79.59% 
(39/49)]. It should be mentioned that unmethylated promoter of 
the TES gene was detected in the normal brain control.

The TES gene methylation status differed significantly 
between astrocytomas of different malignancy grades (P<0.001). 
The present study revealed a significant association between 
patients' clinical data and survival, and TES gene promoter 
methylation (P<0.05) (Table I).

The results revealed that methylated TES promoter 
was more common (78.4%) in patients older than 55 years 
as compared with younger patients (55.2%). In addition, 

Table I. Association between TES promoter methylation and clinicopathological features in human astrocytoma tissue.

	 TES gene promoter status
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑--------------‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Methylated, n (%)	 Unmethylated, n (%)	 P-value

Total patients	 79 (57.25)	 59 (42.75)	
Age (years)	 		  <0.001
  ≤55	 39 (44.80)	 48 (55.20)	
  >55	 40 (78.40)	 11 (21.60)	
Gender	 		  0.730
  Male	 34 (54.84)	 28 (45.16)	
  Female	 45 (59.21)	 31 (40.79)	
Survival (months)	 		  <0.001
  ≤24	 44 (77.19)	 13 (22.81)	
  >24	 35 (43.21)	 46 (56.79)	
Pathological grade	 		  <0.001
  I	 0 (0.00)	 14 (100.00)	
  II	 21 (45.65)	 25 (54.35)	
  III	 19 (65.52)	 10 (34.48)	
  IV	 39 (79.59)	 10 (20.41)	

TES promoter methylation status data were divided into two categories: Methylated and unmethylated. The differences between age, gender 
and pathological grade in each category were analysed by the χ2 method. TES, testin.
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methylation of TES was significantly associated with patient 
survival. Patients who survived <24 months after resection 
tended to have a methylated TES allele (P=0.001).

However, there was no significant association between TES 
methylation status and patient gender.

The use of the methylation of the TES gene promoter as 
a prognostic value of overall survival was evaluated using 
Kaplan‑Meier analysis (Fig. 1B). Promoter methylation of 
TES was noticed to be closely associated with shorter survival 
(long‑rank test, P<0.001).

TES protein expression in glioma. Hypermethylation typi-
cally occurs at CpG islands in the promoter region of genes, 
and is associated with gene silencing  (4). To determine if 
TES protein expression was associated with tumour histo-
pathological grading and TES gene promoter methylation, the 

aforementioned set of 86 human astrocytoma samples (13 of 
grade I, 31 of grade II, 17 of grade III and 25 of grade IV) was 
used for TES western blot analysis.

The protein expression levels of TES in glioblastoma 
(grade IV) were significantly lower than those in lower grade 
(II‑III) glioma tissues (P<0.05) (Fig. 2A and B). To determine 
the significance of decreased TES expression in glioblastoma, 
the association between TES expression and clinicopatho-
logical features of astrocytoma patients was assessed. For 
this purpose, the TES protein expression values obtained by 
western blotting were ranked into three categories irrespective 
of tumour grading: Values that were lower than or equal to 
the 25th percentile were ranked as ‘low’ TES protein expres-
sion; values ranging from the 25th to the 75th percentiles 
were considered as ‘medium’ TES protein expression; and 
values that were higher than or equal to the 75th percentile 

Figure 1. TES promoter methylation analysis in astrocytomas. (A) Frequency of methylated TES gene promoter in different malignancy grade astrocytomas. 
(B) Kaplan‑Meier estimation of overall survival of astrocytoma patients (all grades) according to the methylation status of the TES gene promoter (log‑rank 
test, χ2=17.864, degrees of freedom =1, P<0.001). TES, testin; WHO, World Health Organization.

Table II. Association between TES expression in human glioma tissues and different clinicopathological features.

	 TES expression
		  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Cases, n	 Low, n (%)	 Medium, n (%)	 High, n (%)	 P-value

Total patients	 86	 22 (25.6)	 42 (48.8)	 22 (25.6)	
Age (years)					     0.228
  ≤55	 58	 13 (22.4)	 27 (46.6)	 18 (31.0)	
  >55	 28	 9 (32.1)	 15 (53.6)	 4 (14.3)	
Gender	 				    0.472
  Male	 40	 8 (20.0)	 22 (55.0)	 10 (25.0)	
  Female	 46	 14 (30.4)	 20 (43.5)	 12 (26.1)	
Pathological grade	 				    0.012
  I	 13	 3 (23.1)	 7 (54.8)	 3 (23.1)	
  II	 31	 5 (16.1)	 17 (54.8)	 9 (29.1)	
  III	 17	 3 (17.6)	 7 (41.2)	 7 (41.2)	
  IV	 25	 11 (44.0)	 11 (44.0)	 3 (12.0)	

TES protein level data were divided into three categories: Low, medium and high. In each category, associations of TES expression with age, 
gender and pathological grade were defined. P‑value was estimated by the χ2 method. TES, testin.
  

  A   B
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were ranked as ‘high’ TES protein expression. According to 
the western blot results, low expression levels of TES were 
determined for 22 (25.6%) cases, medium expression levels 
were determined for 42 (48.8%) cases and high expression 
levels were determined for 22  (25.6%) cases of the total 
86 glioma patients. As indicated in Table II, according to the 
Kruskal‑Wallis test, TES expression differed significantly 
between different astrocytoma grades (P=0.012). Pairwise 
comparison to assess the differences for each group revealed 
that grade II and grade III tumours tended to have significantly 
higher TES protein expression than glioblastomas (P=0.028 
and P=0.040, respectively) (Fig.  2A). This suggests that 
decreased TES expression could be positively associated with 
glioma progression. The TES protein levels did not correlate 
with patients' age or gender (both P>0.05) (Table II).

Next, Kaplan‑Meier analysis was performed using the 
log‑rank test to determine the association between TES expres-
sion and clinical outcome of glioma patients (Fig. 2C). The 
analysis revealed that patients with low TES protein expres-
sion level had significantly lower rate of overall survival when 

compared with medium and high TES expression patients 
(P=0.014; degrees of freedom =2; χ2=8.2) (Fig. 2B). The survival 
analysis data suggested an association between TES expression 
and astrocytoma grade, and indicated that decreased level of 
TES could be associated with tumour progression.

This hypothetical association between TES promoter 
methylation and TES protein expression prompted us to 
examine whether TES protein level differed in TES promoter 
methylation groups of various grades. TES protein expression 
data were divided into two groups according to gene promoter 
methylation status: Methylated TES promoter and unmethylated 
TES promoter in each WHO grade. No significant association 
between TES protein expression and TES promoter methyla-
tion was observed in any of the WHO groups analysed, which 
was most likely due to the small number of cases (Fig. 3). 
Furthermore, in addition to methylation, TES down‑regulation 
could be caused by other molecular mechanisms, including 
mutation, loss of heterozygosity and microRNA regulation, 
which may affect the correlation between gene expression and 
methylation.

Figure 2. Analysis of TES protein expression in astrocytomas. (A) Relative TES protein expression in different malignancy grade astrocytomas. Box plots of 
relative expression measurements of TES obtained by western blot analysis of astrocytoma samples. Pathological grades I, II, III and IV are indicated as AI, 
AII, AIII and GBM, respectively. The line inside each box represents the median; the lower and upper edges of the boxes represent the 25th (1st quartile) and 
75th (3rd quartile) percentiles, respectively; and the upper and lower edges of the boxes represent the Tukey's whiskers. The plus (+) symbols represent the 
outliers (values greater than 1.5 interquartile ranges below the 1st or above the 3rd quartile). (B) Representative western blot results of TES protein expression 
in astrocytoma. The highest molecular weight band represents the TES protein (~48 kDa), while the other bands observed below may be possible degrada-
tion products of TES. In addition, the ~42 kDa band that is steadily visible in all samples could be a plausible isoform of TES. GADPH in this example was 
re‑probed on the same membrane, while β‑actin was detected on other membrane with the same set and arrangement of samples. (C) Kaplan‑Meier survival 
curves of astrocytoma patients stratified by TES protein expression groups (high, medium and low) (log‑rank test, χ2=6.285, degrees of freedom =2, P=0.043). 
TES, testin; GBM, glioblastoma; WHO, World Health Organization; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Cox regression analysis was performed to assess the prog-
nostic independence of the measured variables. Molecular 
variables such as TES gene promoter methylation and TES 
protein expression, and clinical data such as astrocytoma 
pathological grade, patients' age and gender, were selected to 
be tested. Univariate Cox analysis revealed that TES protein 
expression [P=0.020; hazard ratio (HR), 0.75], gene promoter 
methylation (P=0.005; HR, 0.5), tumour pathological grade 
(P<0.001) and patients' age (P<0.001) but not gender (P=0.644) 
had a significant association as independent variables with the 
patients' overall survival. All the variables that had a strong 
impact on survival (P<0.05) were then assessed jointly in a 
multivariate Cox analysis. However, the results from the 
multivariate analysis did not confirm that TES methylation or 
TES protein expression were independent prognostic factors 
(P=0.366 and P=0.219, respectively), although it confirmed 
the prognostic independence character of tumour pathological 
grade (P=0.008) and patients' age (P=0.001). Therefore, 
future studies with larger sample sizes should be conducted to 
confirm this tendency.

Discussion

Epigenetic changes, including aberrant DNA methylation, are 
important in the pathogenesis of glial tumours (4,14). Thus, the 
search for novel methylation biomarkers or the validation of 
already identified methylation biomarkers, which may facilitate 
glioma diagnosis, prognosis or treatment decisions, remains a 
current issue (14). In the present study, the methylation status 
of the TES gene, which has the potential to be used in routine 
clinical setting as a biomarker for astrocytomas of different 
malignancy grade, was analysed. Previous data have suggested 
the possibility that down‑regulation of TES is associated with 
alterations in cell adhesion and motility, and therefore, may 

lead to the development of tumours with an aggressive pheno-
type (6). The TES gene was noticed to be highly methylated 
in glioblastomas (5,10,15), and the tumour‑associated meth-
ylation of TES was confirmed in cultured glioblastomas and 
glioblastoma cell lines (10). These results indicate that TES 
methylation may be involved in the loss of inter‑networks in 
cells, which allows them to migrate, leading to tumour infiltra-
tion of the brain. Gunduz et al reported an association between 
TES down‑regulation and poor patients' outcome in head and 
neck squamous cell carcinomas (16). The down‑regulation of 
TES was demonstrated to be correlated with tumour differ-
entiation and prognosis in gastric cancer (13), and TES was 
densely methylated in acute lymphoblastic leukemia  (17). 
There is limited information about TES methylation in astro-
cytomas. It has been reported that TES appears to be frequently 
methylated in glioblastoma (58‑69%) (5,10,15).

In agreement with previous studies (5,10,15), the present 
study demonstrated a similar TES methylation frequency 
(79.6%) in glioblastoma. In addition, the current study 
revealed that TES gene promoter was unmethlyated in grade I 
astrocytomas, whereas substantial TES gene promoter meth-
ylation was identified in grade II (45%) and grade III (65%)
astrocytoma samples. Aligning the methylation frequency of 
low‑grade astrocytomas with glioblastoma, it was noticed that 
TES gene promoter methylation in astrocytomas occurs in the 
late stages of tumour development. Due to TES gene promoter 
methylation, gene expression may be lost, which may be asso-
ciated with the increased tumour invasiveness of gliomas.

The frequency of promoter methylation of the TES gene 
based on the current MS‑PCR results correlated with tumour 
grade according to the WHO classification criteria, and also 
with patients' age. Aggressive and invasive astrocytomas 
(WHO grades IV and III) exhibited a higher frequency of 
methylated TES promoter compared with low‑grade tumours.

The results revealed that the overall survival of patients 
with TES hypermethylation is significantly shorter than those 
with hypomethylation. These observations suggest that anal-
yses based on the methylation status of the TES gene promoter 
could potentially be useful as diagnostic or prognostic tools in 
the case of tumours for which the histopathological examina-
tion is uncertain. However, it remains to be determined whether 
the increasing rate of TES methylation is associated with the 
aging process or with the tumour characteristics, since it is 
usually difficult to separate these two processes.

A previous study by Bai et al, where 37 different glio-
blastoma specimens were analysed, identified reduced TES 
immunostaining (compared with normal human brain tissue) 
in a subpopulation of glioblastoma cells (18). The role of TES 
protein expression in low‑grade astrocytomas according the 
data obtained in the present study remains to be investigated. 
To the best of our knowledge, the present study examined for 
the first time TES expression at protein levels in astrocytoma 
tissues of different malignancy grade. Using western blot-
ting, a decreased protein level of TES in glioblastomas was 
detected, compared with lower grade astrocytomas, thus 
indicating that aberrant expression of TES may be associated 
with malignant progression of astrocytomas. In addition, TES 
down‑regulation was distinctly associated with poor prognosis 
in astrocytoma patients, particularly in those with high WHO 
grade. The present results suggest that down‑regulation of 

Figure 3. Distributions of relative TES protein expression in different astrocy-
toma grade and methylation groups. The middle line in each group represents 
the median, while and the upper and lower lines represent the upper and 
lower limits of the interquartile range, respectively. No significant associa-
tion between TES promoter methylation status and TES protein expression 
was observed. TES, testin; M, methylated; U, unmethylated.
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TES predicts a worse outcome of glioblastoma patients, and 
that promoter hypermethylation could be one of the reasons 
for TES down‑regulation, although mutation and loss of 
heterozygosity cannot be excluded. Thus, these results indi-
cate that promoter hypermethylation may present a potential 
diagnostic tool in the future.
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