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Abstract: Background: The relationship between DNA methyltransferase (DNMT) and O6-methylguanine-DNA meth-
yltransferase (MGMT) in mediating tumorigenesis is still poorly understood. This study was carried out to investigate
a correlation between DNMT1 and MGMT immunoexpression in astrocytic tumour samples. Methods: Formalin-fixed
paraffin embedded tissues of astrocytic tumour patients was obtained from an observational study conducted in
Hospital Universiti Sains Malaysia (USM), which was performed from January 1997 until May 2012. Patient’s histo-
logical information was retrieved from the accessible Pathology Registry. Immunohistochemistry (IHC) staining was
performed to assess DNMT1 and MGMT expressions in patients’ tumours. Results: Our data showed that DNMT1
was highly expressed in high grade astrocytic tumours. A multiple regression analysis demonstrated a significant
association of DNMT1 overexpression with tumour grade lll and IV (Glll: OR=5.802; 95% CI: 1.059, 31.785; p
value=0.043; GIV: OR=40.663; 95% Cl=4.069, 406.347; p value=0.002). The MGMT protein was downregulated
in tumours with higher grade as evident by a reduction mean H-score for MGMT expression from Gl to GIV [28.36 +
43.88, 28.08 + 33.67, 26.00 £ 48.70 and 16.20 + 35.61]. However, a good negative correlation was observed be-
tween DNMT1 and MGMT in high grade tumour [Spearman correlation test: r=-0.561, p value<0.001 in percentage
expression and r=-0.576, p value<0.001 in H score]. Conclusion: DNMT1 overexpression was seen correlated with
a reduction of MGMT protein expression in high grade astrocytic tumour. Understanding the role of these markers
could be important to overcome astrocytic tumour aggresiveness.
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Introduction 06-methylguanine-DNA methyltransferase (M-

GMT) is a DNA repair protein that has been
Global hypermethylation and focal specific widely studied on glioma in the last decade [9].
hypermethylation are another pathway of com- The main function of this enzyme is to protect
plex, heterogeneous carcinogenesis in astro- against lethal mutation from the effects of sim-
cytic tumour [1-3]. Specific hypermethylation or ple alkylating agents [10]. This protein’s impor-
global hypomethylation in gene is seen in many tant role is to remove the alkyl group from 0°
cancers and regulated by DNA methyltransfer- position of alkyl guanine and/or in lesser extent,

methyl group to cysteine residue [11, 12].
Apoptotic pathway and self destruction mecha-
nism will be activated if these processes failed
and eventually lead to cell death. The level of
MGMT enzyme protein is proportionate with the
ability of the cells to repair itself [13].

ase (DNMT) [4-7]. There are several major
DNMTs and divided into ‘maintenance’ or ‘de
novo’ DNMTs [1, 8]. DNA Methyltransferase 1
(DNMT1) is a DNMT that plays important role in
‘maintenance’ of methylation in DNA [1, 8]. In
contrast DNA Methyltransferase 3A (DNMT3A)
and DNA Methyltransferase 3B (DNMT3B) are Promoter hypermethylation on several tumour
involved in ‘de novo’ methylation [1, 8]. suppressor genes (MGMT, BLU, NORE1A, PTEN
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and RASSF1A) are usually found in glioma [3,
12, 14]. In high grade glioma, promoter hyper-
methylation of MGMT gene is one of the predic-
tor factors for treatment response. In addition,
as we know DNA methylation is negatively
correlated with gene expression [15-17].
Furthermore, Temozolomide (TMZ) therapy, an
alkylating agent is also proved to prolong over-
all survival time in newly diagnosed and recur-
rent glioblastoma [11, 18-20]. The correlation
between TMZ response and the predictive
power of epigenetic silencing of MGMT gene
(promoter hypermethylation) to predict treat-
ment response are mainly explained by
assumption that gene hypermethylation at pro-
moter gene which is rich with CpG island influ-
ence the expression of MGMT enzyme [20].
Even though, both proteins are theoretically
interrelated but a correlation study between
DNMT1 and MGMT immunoexpression was
never been published before. Therefore, the
purpose of this study is to explore correlation
between DNMT1 and MGMT immunoexpres-
sion in astrocytic tumour. The differential pro-
tein expression and the potential clinico-patho-
logical association were also explored.

Materials and methods
Tissue sample and patients selection

A total of 71 formalin fixed, paraffin embedded,
first biopsy specimens of astrocytic tumour
patients diagnosed from January 1997 to May
2012 were retrieved from Pathology Registry,
Hospital Universiti Sains Malaysia (USM).
Haematoxylin and eosin (H&E) stained were
reviewed by 2 pathologists and the astrocytic
tumours were graded and classified according
to World Health Organization (WHO) [15].
Beside of WHO grade, the tumours were also
categorized into tumour grade which consist of
low (composed of WHO grade | and Il tumour)
and high grade tumour (composed of WHO
grade Il and IV tumour) [21]. This study was
approved by Human Research Ethic Committee
USM (HREC).

Immunohistochemistry (IHC) staining

Continuous serial sections at 3-4 ym were cut
from formalin fixed, paraffin embedded tissue
of above patients for immunohistochemical
staining. All the slides were deparaffinised and
dehydrated. For antigen retrieval, the tissues

6096

were heated at 121°C for 30 seconds using
decloaking chamber containing Dako Antigen
Retrieval solution pH 9.0. Non-specific staining
reaction were blocked with Dako REAL peroxi-
dise blocking solution [150 uL] for 5 minutes.
The tissue were incubated with primary anti-
bodies against DNMT1 [goat monoclonal anti-
body (N-16), sc-10219; Santa Cruz, Germany;
dilution 1:50] and MGMT [mouse monoclonal
antibody (SPM278), sc-56432; Santa Cruz,
Germany; dilution 1:75] at 4°C for overnight.
Then, the tissue sections were incubated with
biotinylated secondary antibodies [polyclonal
rabbit anti-goat immunoglobulin/HRP, P0449,
Dako; dilution 1:200 for DNMT1 and Dako REAL
EnVision for MGMT] for 30 minutes at room
temperature. 3.3-Diaminobenzidine tetrahy-
drochloride was used as chromogen and coun-
ter stained with haematoxylin. Tonsil was used
as positive control.

Scoring criteria

500 tumour cells were randomly counted in few
hotspots, under 400x magnification using
Olympus CX31 microscope by avoiding the peri-
vascular areas that rich with lymphocytes. In
very small tissue sections (less than 500 cells),
alltumour cells were counted [22]. Lymphocytes
infiltration in the tumours served as positive
internal control [23, 24]. The slides were
reviewed by a pathologist, blinded with clinico-
pathological profile. Degree of DNMT1 nuclear
staining intensity was scored as O (intensity
less than the positive internal control), 1 (inten-
sity is equal to the positive internal control) and
2 (intensity is more than positive internal con-
trol) [22]. Meanwhile, perivascular lymphocytes
or endothelial cells [25] served as internal posi-
tive control in MGMT [17]. Degree of MGMT
nuclear staining intensity was scored as O, 1, 2
and 3 with score O was considered as negative
[26]. Evaluation of the intensity was done by 2
pathologists individually who blinded to clinico-
pathological data. The sections that showed
score discrepancies were reviewed together
again and a consensus score was given during
the meeting. Protein percentage was the total
positive cells divided by total counted cells and
multiplied by 100. The cut-off points used to
discriminate DNMT1 protein reduced expres-
sion and DNMT1 protein overexpression group
(DNMT1 protein expression) were 10% [27, 28].
H-score was the protein percentage multiplied
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Table 1. Demographic Data

Variables n=71 Percentage (%)
Age (year old) 33.07 (SD: + 18.49)
Race
Malay 69 97.2
Chinese 2 2.8
Indian 0 0.0
Others 0 0.0
Sex
Male 38 53.5
Female 33 46.5
Site
Supratentorial 60 84.5
Infratentorial 11 15.5
Tumour Grade
Low grade 30 42.3
High grade 41 57.7
WHO Grade
| 13 18.3
Il 17 23.9
I 14 19.7
v 27 38.0

(SD): Standard Deviation for numerical variables.

by nuclear staining intensity score [29]. The
mean H-score for DNMT1 expression (52.0)
was used to discriminate the low H-score level
and high H-score level (H-score level for DNMT1
expression). For MGMT, only protein percent-
age and H-score were counted.

Statistical analysis

Descriptive statistics were computed for clini-
copathological variables. For numerical vari-
ables, the mean and standard deviation (SD)
were obtained. While for categorical variables,
the frequencies (%) were calculated. The com-
parison between the categorical variables of
interest such as expression of proteins in differ-
ent tumour grade, race, site and sex were anal-
ysed by employing Pearson Chi-Square Test.
However, Fisher’s Exact Test was applied when
the assumption was not met. Comparison
between independent numerical variables such
in age and protein percentage for different pro-
teins expression groups were using T test or
Mann-Whitney test (depending on the variables
distribution pattern). The association between
the DNMT1 protein expression (dichotomous
outcome) and clinicopathological variables
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were explored by simple logistic regression test
then later by multiple logistic regression test. In
simple logistic regression, the regression coef-
ficient (B), crude odd ratio (crude OR) with 95%
confidence interval (Cl), Wald statistic with
degree of freedom (df) and p value were
obtained. A preliminary model was built after
reviewing the enter selection. The subsequent
steps (checking for multicollinearity/interaction
and checking for model fithess/outlier) were
done for model fitness. Adjusted odd ratio (OR)
with 95% CI, Wald statistic and p value from
multiple logistic regression (enter selection
method) were obtained. The correlation
between DNMT1 and MGMT (protein percent-
age and H-score) in astrocytic tumour (WHO
grade and tumour grade) were analysed by
Spearman’s correlation test since these mark-
ers were not normally distributed. The degrees
of linear relationship were measured by correla-
tion coefficient (r) and p value less than 0.05
(<0.05) was considered as significant. A ‘O’ cor-
relation coefficient was equivalent to no corre-
lation and 1 correlation coefficient was equiva-
lent to perfect correlation. Positive or negative
correlation coefficient signified positive or neg-
ative linear relationship. The rates for correla-
tion coefficient were adopted from statis-
tical book by Norsa'adah et al [Poor<0.25,
Moderate=0.26-0.50, Good=0.51-0.75 and
Excellent=0.76-1.00] [30].

Results
Patients’ characteristic

The characteristics of the patients and tumour
parameters were listed in Table 1. There were
27 [38.0%] glioblastoma (WHO grade V), 14
[19.7%] anaplastic astrocytoma (WHO grade
), 17 [23.9%] (WHO grade lI) (diffuse astrocy-
toma 15 and pleomorphic xanthoastrocytoma
2) and 13 [18.3%] pilocytic astrocytoma (WHO
grade I). The mean age of the patient was 33
years old.

DNMT1 immunoexpression in astrocytic tu-
mour

Figure 1A-D indicated nuclear localisation
of DNMT1 immuno-expression in astrocytic
tumours. Figure 2A showed the upregulation of
DNMT1 immunoexpression which was signifi-
cantly higher in high grade tumours as com-
pared to low grade tumours (90.2% vs. 53.3%,

Int J Clin Exp Pathol 2015;8(6):6095-6106



DNMT1 and MGMT in astrocytic tumour

Figure 1. Photomicrographs of DNMT1 nuclear staining of lymphocytes in germinal centre in tissue control (tonsil)
(A). DNMT1 nuclear grading score 1. There is also a reactive lymphocyte with DNMT1 nuclear staining positivity at
right upper corner for comparison. The lymphocytes are relatively smaller and rounder as compared to neoplastic
cells (B). DNMT1 nuclear grading score 2 (C). Photomicrograph of MGMT nuclear staining of lymphocytes in tissue
control (tonsil) (D). MGMT nuclear grading score O. The endothelial cells and lymphocytes are stained positive (E).
MGMT nuclear grading score 1 (arrow) (F). MGMT nuclear grade score 2 (arrow) (G). MGMT nuclear grade score 3
(arrow) (H).
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Figure 2. Bar chart show DNMT1 (A) protein expression and (B) H-score level in different tumour grade (low vs. high
grade) tumour using Fisher Exact Test. OE: Overexpression, RE: Reduced expression.

P<0.001). It was further supported using the From Figure 3A, the mean percentage of
H-score criteria that DNMT1 was significantly DNMT1 expression from WHO grade | to grade
upregulated in high grade tumour (56.1%) com- IV were increasing [18.53 + 23.75, 23.12 +
pared to low grade tumour group [16.7%] 25.80, 2745 + 14.45 and 42.22 + 22.49,
(P<0.001) (Figure 2B). respectively]. A similar observation of DNMT1
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Figure 3. Box plot shows DNMT1 (A) protein percentage expression and (B) H-score association in each WHO grade

(I-IV) tumour using Mann Whitney’ test.
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Figure 4. Box plot shows DNMT1 (A) protein percentage expression and (B) H-score association in tumour grade (low

vs. high grade) using Mann Whitney’ test.

was also noted using the H-score method
(Figure 3B).

The mean percentage of DNMT1 expression for
high grade tumour was 37.18% + 21.14%,
which significantly higher than mean percent-
age of DNMT1 expression for low grade tumour
[21.14% + 24.62%] [P<0.001] (Figure 4A).
Following to H-score criteria, there was statisti-
cally significant difference between mean
H-score for DNMT1 in high grade [67.61 +
47.72] and low grade [30.71 + 47.70] tumour
group [p value<0.001] (Figure 4B).
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Association between DNMT1 protein expres-
sion and clinicopathological factors in astro-
cytic tumour

Among 71 patients, the mean age was signifi-
cantly higher in DNMT1 overexpression [36.36
+ 18.44] than in DNMT1 reduced expression
[23.39 + 15.34] [p value=0.009]. Majority of
Malay patients [51 out of 69 patients, 73.9%)]
and all Chinese patients [2 out of 2 patients,
100%] were in DNMT1 overexpression. Male
patients were predominant in DNMT1 overex-
pression group [29 out of 53 patients, 54.7%)].

Int J Clin Exp Pathol 2015;8(6):6095-6106
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Table 2. Clinico-pathological factors associated with DNMT1 overex-
pression in astrocytic tumour patients from simple logistic regression
analysis

Regression Wald

In Simple Logistic Re-
gression analysis, there
were few variables (age,
WHO grade and tumour

Variables coefficient (B) Crude OR (Cl 95%) statistic (df) P-value grade) significantly asso-
Age 0.044 1.045 (1.009, 1.082)  6.086(1) 0.014 ciated with DNMT1 pro-
Race tein overexpression (Ta-
Chinese 0 1 ble 2). Thg astrocytic tu-
Malay 20.161 <0.001 <0.001(1) 0999 ~ Mour patients with an
Sex Increase In one year of
age in this study, will had

Female 0 1 an increase 1.045 times
Male 0.189 1.208 (0.414, 3.525) 0120  0.729 the odds to get DNMT1
Site protein overexpression
Infratentorial Y 1 in the tumour cells [95%
Supratentorial 0.118 1.125 (0.264, 4.795) 0.025 (1) 0.873 Cl: 1.009, 1.082; p va-
Tumour grade lue=0.014]. In tumour
Low grade 0 1 grade (high and low gra-
High grade 2.091 8.094 (2.304, 10.433)  10.640 (1) 0.001 de), the astrocytic tu-
WHO grade mour patients who had
| 0 1 high grade tumour had

I 1076  2933(0.657,13.093) 1.988(1) 0159  8:094 times the odds to

i 1.769 5.867 (1.075,32.002) 4.478(1) 0041 8¢t DNMTL overexpres-
IV 3728  41.600 (4.219, 410.222) 10194 (1) 0001  Son than low  grade
MGMT protein tumours [95% CI: 2.304,
i 10.433; p value=0.001].
Expression Similarly in WHO grade,
OE 0 1 the astrocytic tumour pa-
RE -0.151 0.860 (0.208,3.550)  0.043(1) 0.835 tients who had WHO
Percentage -0.015 0.985 (0.956, 1.015)  0.937 (1) 0.333 grade IV and grade I
H-score -0.002 0.998 (0.985,1.011)  0.092 (1) 0.762 had 41.600 and 5.867
H-score level (respectively) times the
>23 (High) 0 1 odds to get DNMT1 over-

<23 (Low) 0.206 1.229(0.332,4.542)  0.095(1) 0.758 expression than WHO

OE: overexpression, RE: reduced expression, OR: odd ratio, df: degree of freedom, Cl:

confident interval.

While in DNMT1 reduced expression tumours,
the frequency of patients in each gender groups
were levelled [9 patients, 50%]. Supratentorium
was the most common location for DNMT1
overexpression tumour [45 out of 53 patients,
84.9%] as well as in DNMT1 reduced expres-
sion tumour [15 out of 18 patients, 83.3%].
Among DNMT1 overexpression tumours locat-
ed in supratentorium, parietal and temporopa-
rietal lobes were the most common sites [18
out of 45 patients, 40%]. While, among the
DNMT1 reduced expression tumours located in
supratentorium, frontal, frontoparietal and pari-
etal lobes were the most common sites [8 out
of 15 patients, 53.3%].
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grade | tumour patients
[95% CI: 4.219, 410.22;
p value=0.001 and 95%
Cl: 1.075, 32.002; p
value=0.041, respectively]. The other variables
which showed no association were summarized
in Table 2. In the final model (Multiple Logistic
Regression), the astrocytic tumour patients
who had WHO grade IV and grade Il had 40.663
and 5.802 (respectively) times the odds to get
DNMT1 overexpression than WHO grade |
tumour patients [GIV: 95% Cl: 4.069, 406.347,;
p value=0.002 and GllI: 95% Cl: 1.059, 31.785;
p value=0.043, respectively] (Table 3). Age was
statistically significant in univariate analysis
but age variable was correlated with tumour
grade (Independent T test, P<0.001) and it was
excluded from the model. We regroup the age
variable into young and old age group that used

Int J Clin Exp Pathol 2015;8(6):6095-6106
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Table 3. Clinico-pathological factors associated with DNMT1 overexpression in astrocytic tumour

patients from multiple logistic regression

Variable Crude OR? (Cl 95%) Adjusted ORP (Cl 95%) Wald statistic® (df) p-value®
WHO grade
I 1 1
Il 2.933 (0.657, 13.093) 2.944 (0.659, 13.163) 1.998 (1) 0.158
11 5.867 (1.075, 32.002) 5.802 (1.059, 31.785) 4.105 (1) 0.043
\% 41.600 (4.219, 410.222) 40.663 (4.069, 406.347) 9.953 (1) 0.002
MGMT percentage  0.985 (0.956, 1.015) 0.997 (0.963, 1.032) 0.420 (1) 0.863

OR: odd ratio, df: degree of freedom, CI: confident interval, RE: reduced expression, OE: overexpression, ?simple logistic regres-

sion, "multiple logistic regression.
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Figure 5. Box plot shows MGMT (A) protein percentage expression and (B) H-score in different tumour grade (low vs.

high grade) using Mann Whitney’ test.

mean age as the cut-off point and found that
both groups were not associated with tumour
grade (Independent T test: <33 year old, p
value=0.386 and > 33 years old, p value
=0.105). Other variables were not statistically
significant in multivariate analysis.

MGMT immunoexpression in astrocytic tumour

The mean percentage of MGMT protein expres-
sion was 13.60 + 15.53% with the minimum
percentage expression was 0% and the maxi-
mum protein expression was 76.8%. The mean
percentage of MGMT protein expression was
not showing statistically significant difference
between grade | and grade Il tumour groups
[grade | (mean: 17.15% + 22.97%) and grade I
(mean: 18.08% + 15.56%)] [p value=0.194].
Even though the mean percentage were in
reducing trend from WHO grade Il group to
13.14% + 15.99% in WHO grade Il tumour
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group to 9.31% + 13.31% in WHO grade IV
tumour group, the difference were not statisti-
cally significant [GII/GIIl p value=0.165; Glll/
GIV p value=0.161] (Figure 5A). However, the
mean percentage expression for high grade
tumour was 10.61% + 14.21%, which showed
significantly lower than mean percentage
expression for low grade tumour [17.68% +
18.76%)] [p value=0.038] (Figure 6A).

The mean H-score for MGMT expression was
23.20 £ 39.14 with the minimum score was
0.00 and the maximum score was 189.60. In
relation to WHO grade, the mean H-score for
MGMT expression in WHO grade | to grade IV
were reducing trend [28.36 + 43.88, 28.08 +
33.67, 26.00 + 48.70 and 16.20 + 35.61] but
the differences were not statistically significant
[GI/GlI, p value=0.130; GlI/GllI, p value=0.500;
Glll/GlV, p value=0.086] (Figure 5B). Similarly,
there was no statistically significant difference

Int J Clin Exp Pathol 2015;8(6):6095-6106
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Figure 6. Box plot shows the MGMT (A) protein percentage expression and (B) H-score in different tumour grade (low

vs. high grade) using Mann Whitney’ test.
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possibility of DNMT1 aberrant expression in astrocytic tumour especially in
high grade tumour.

between mean H-score for MGMT in high grade
[19.54 + 40.21] and low grade [28.20 + 37.71]
tumour group [p value=0.130] even though low
grade tumour showed higher mean H-score for
MGMT than high grade tumour (Figure 6B).

Correlation between MGMT and DNMT1 in as-
trocytic tumour

Both MGMT and DNMT1 percentage expres-
sion were not normally distributed. The
Spearman’s correlation test showed a moder-
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ate negative correlation be-
tween MGMT and DNMT per-
centage expression [r=-0.374,
p value=0.001]. In subgroup
analysis, the Spearman’s cor-
relation test revealed a good
negative correlation between
these markers in high grade
tumours [r=0.561, p value<
0.001] but poor negative cor-
relation in low grade [r=-
0.059, p value=0.758]. Am-
ong the high grade group,
WHO grade IV tumour showed
a good negative correlation
[r=-0.599, p value=0.001] be-
tween these 2 markers. How-
ever, other grades showed
poor to moderate correlation
(Table 4).

The above correlation analyses were solely
base on protein expression (in percentage)
alone. Therefore, a same Spearman’s correla-
tion tests were performed between H-score for
MGMT and DNMT1 expression which include
combination of both percentage expression
and nuclear intensity component (the data
were not normally distributed). The Spearman’s
correlation test showed a moderate negative
correlation between H-score for MGMT and
DNMT1 expression [r=-0.335, p value=0.004].

Int J Clin Exp Pathol 2015;8(6):6095-6106
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Table 4. Correlation between DNMT1 percent-
age expression and MGMT percentage expres-
sion in astrocytic tumour

Percentage expression

Correlation coefficient (r)* P value*

All patients -0.374 0.001
Tumour grade
High grade -0.561 <0.001
Low grade -0.059 0.758
WHO grade
Grade | -0.456 0.117
Grade Il 0.083 0.750
Grade llI -0.490 0.075
Grade IV -0.599 0.001

*Spearman’s correlation test.

Table 5. Correlation between H-score for
DNMT1 expression and H-score for MGMT
expression in astrocytic tumour

H-score

Correlation coefficient (r)* P value*

All patients -0.335 0.004
Tumour grade
High grade -0.576 <0.001
Low grade -0.009 0.962
WHO grade
Grade | -0.434 0.138
Grade Il 0.213 0.411
Grade llI -0.591 0.026
Grade IV -0.510 0.007

*Spearman’s correlation test.

In subgroup analysis, the Spearman’s correla-
tion test revealed a good negative correlation
between these markers in high grade tumours
[r=-0.576, p value<0.001] but a poor negative
correlation in low grade tumours [r=-0.009, p
value=0.962]. Among the high grade group,
WHO grade IV tumour showed a good negative
correlation [r=-0.510, p value=0.007] between
these 2 markers. However, unlike negative
moderate correlation between MGMT and
DNMT1 percentage expression in WHO grade
lll, the tumour H-score for MGMT and DNMT1
expression in WHO grade Il showed good nega-
tive correlation [r=-0.591, p value=0.026].
Among low grade tumours, WHO grade |
tumours showed a moderate negative correla-
tion [r=-0.434, p value=0.138] and WHO grade
Il tumours showed a poor positive correlation
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[r=0.213, p value=0.411] between H-score for
MGMT and DNMT1 expression (Table 5).

Discussion

DNMT1 and MGMT had been explored in many
other cancer types and found to play an impor-
tant role in tumour progression [22, 23, 27, 31,
32]. However, limited studies exist to demon-
strate the mRNA expression of DNMT1 in glio-
blastoma and/or anaplastic astrocytoma [14,
20, 33]. In addition, data on the protein expres-
sion of DNMT in astrocytic tumour is still
unavailable. To our concern, this is the first
report of the immunoexpression study on
DNMT1. Our study found that the prevalence of
DNMT1 overexpression in astrocytic tumour
was 74.6% when we used 10% as a cut-off
point [27, 28] and the prevalence of DNMT1
overexpression was increasing in trend from
WHO grade | to grade IV [Gl: 38.5%, GllI: 64.7%,
Glll: 78.6% and GIV: 96.7%]. The overexpres-
sion of DNMT1 was previously shown several
other cancers including bladder, renal, liver,
pancreas and stomach cancer [23, 31, 34].

The DNMT1 overexpression was associated
with the advanced stage (stage Ill and 1V) in
laryngeal carcinoma, muscle-invasive bladder
cancer and cervical carcinoma [22, 27, 28].
However, the association between DNMT1 pro-
tein expression and other clinicopathological
indicators in astrocytic tumor are still unknown.
Initially, our univariate analysis indicated that
the overexpression of DNMT1 was significantly
associated with patient’s age and tumour grade
(Table 2). Unfortunately, the age variable was
eliminated from the analysis since the vari-
able’s correlation in univariate analysis was
mainly contributed by histological grade. Our
study demonstrated that the aberrant DNMT1
protein expression was statistically higher in
astrocytic tumour with WHO grade Il and IV
(Figure 7), suggesting that the DNMT1 may play
a role to support late progression of astrocytic
tumour. Our finding is in agreement with Gomori
et al that observed more DNMT1 hypermethyl-
ation in secondary glioblastomas compared to
low-grade glioblastomas. In addition, DNMT1
overexpression was regulated by histone modi-
fication and it was up-regulated in high grade
glioma as compared to normal brain tissue
[33]. Since DNMT1 is typically expressed in
S-phase of normal proliferative cell [3, 22, 33]
and the fact that high-grade astrocytic tumors
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have a relatively high proliferative activity as
evident by high index of PCNA (proliferating cell
nuclear antigen) [35], we suggest a future
study is need to be carried out to investigate
the role of DNMT1 in mediating proliferation
activity to support astrocytic tumour pro-
gression.

In contrast to DNMT4, our study found that the
immunoexpression of MGMT decreases in
high-grade astrocytic tumors, suggesting the
role of MGMT at an early development of astro-
cytic tumors. This is in agreement with the find-
ing from Gomori’s study that demonstrated
higher distribution of MGMT hypermethylation
in low-grade glioblastomas. The MGMT expres-
sion was shown as a good prognostic indicator
since the expression of this marker was associ-
ated with a longer progression-free survival in
glioblastomas patients (Felsberg et al., 2011).
In addition, MGMT expression predicts treat-
ment response in glioma even though the out-
come is variable [21, 25, 36-42].

Our study noted a significant inverse correla-
tion between the expression of DNMT1 and
MGMT in high-grade astrocytic tumors, sug-
gesting that the DNMT1 and MGMT may play a
different role during astrocytic tumour progres-
sion. We postulated that DNMT1 may partly
involved in MGMT regulation i.e. MGMT promot-
er hypermethylation during tumour develop-
ment. In glioblastomas, MGMT has been shown
to be important at the early phase of tumour
progression and DMNT1 plays a role at late
stage of tumour progression [43].

In conclusion, the protein expression of DNMT1
and MGMT were different between low-grade to
high-grade astrocytic tumors. However, both
markers are important to indicate the
mechanism occurs during tumourigenesis.
Understanding on how DNMT1 and MGMT influ-
ence to each other may help to elucidate a
strategy to stop tumour aggressiveness.
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