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Lower MGMT expression predicts better prognosis in 
proneural-like glioblastoma 
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Abstract: Objective: To investigate the expression and significance of MGMT in different molecular subtypes of glio-
blastoma (GBM), and to evaluate the important role of MGMT and P53 in predicting the prognosis of GBM patients.
Methods: MGMT expression was detected by immunohistochemical staining in 72 cases of GBM which had been 
classified as three molecular subtypes. The relationship between MGMT and P53, an important molecule for identi-
fication of proneural-like GBM, were further analyzed. The association between MGMT and patients’ prognosis was 
analyzed with Kaplan-Meier method, which was further validated by the data from 513 cases of GBM in the TCGA 
database. Results: MGMT expression was lower in proneural-like subtype in 72 GBM cases (p < 0.001), and was 
negatively correlated with P53 (r=-0. 6203, p < 0.001). This results was also verified by a validation group of 87 
GBM cases (r=-0. 2950, p < 0.001). Interestingly, low expression of MGMT predicted a better outcome in proneural-
like subtype or P53 high-expression group (p < 0.05) but not in non-proneural-like subtype and P53 low-expression 
group. All of these results were verified by the data from TCGA database. Conclusion: MGMT can be used as an in-
dependent prognostic factor and plays an important role in molecular typing and diagnosis of GBM by combination 
with proneural-like subtype marker P53.
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Introduction

Glioblastoma (GBM) is one of the most malig-
nant tumors in the central neural system. Due 
to the high degree of malignancy and resis-
tance to the treatment, the overall prognosis of 
GBM patients is very poor [1, 2]. However, there 
were obvious differences in survival time 
among patients [3]. Therefore, it is essential to 
seek the molecular markers for accurately 
judging the prognosis and guiding the individual 
treatment. Verhaak RG, et al [4] subclassified 
GBMs into proneural, classical, neural and 
mesenchymal subtypes according to the status 
of several genes including P53, isocitrate dehy-
drogenase 1 (IDH1), platelet derived growth 
factor receptor alpha (PDGFRA), epidermal 
growth factor receptor (EGFR), Neurofibro- 
matosis type 1 (NF1) and cyclin-dependent 
kinase inhibitor 2A (CDKN2A) etc. This molecu-
lar typing method leaded to more accurate 
molecular diagnosis and guideline for individu-

alized treatment. Le Mercier M, et al [5] further 
divided GBMs into three subtypes according to 
IHC staining of P53, PDGFRA and EGFR. This 
simplified approach made molecular classifica-
tion of GBM more convenient and feasible in 
clinical pathological diagnosis [6, 8]. 

O6-methylguanine-DNA methyltransferase (MG- 
MT) is a DNA repair enzyme which can effec-
tively protect cells against alkylating agents 
that cause DNA damage through preventing of 
G:C→A:T gene mutations [9]. The status of 
MGMT determines the efficacy of temozolo-
mide, one of the most commonly used chemo-
therapy drugs, and plays an important role in 
the treatment of gliomas [10]. However, the 
relationship between MGMT and GBM molecu-
lar typing as well as prognosis of each subtypes 
of GBM is not clear. 

In this study, we investigated the relationship 
between MGMT expression and GBM subtypes, 
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and evaluated the prognostic significance of 
MGMT in each GBM subtype. The correlation 
between MGMT and proneural subtype marker 
P53, and the prognostic significance of MGMT 
in GBM with different P53 level were also deter-
mined. All the results were validated by the 
data from TCGA database.

Materials and methods

Tissue specimens

Seventy-two cases of GBM were obtained from 
Southwest Hospital, The Third Military Medical 
University, and divided into three molecular 
subtypes (Table 1). Among them, 57 cases with 
follow-up data were used to analyze the prog-
nostic significance of MGMT. The disease-free 
survival time was calculated by the first recur-
rence or death of the patients [11]. 83 cases of 
GBM used for validating the results were also 
obtained from Southwest Hospital, The Third 
Military Medical University. All of the samples 
and clinical data were obtained with the written 
informed consent from patients or their guard-
ians. This study was approved by the ethics 
committees of the Third Military Medical 

University (TMMU) and conducted according to 
the principles of Helsinki Declaration.

Immunohistochemical staining

MGMT and P53 protein expression were detect-
ed by the general two-step method. Briefly, the 
antigen repair was done with the EDTA Tris by 
high temperature autoclave for 2.5 minutes. 
Then, the sections were put into 3% hydrogen 
peroxide to inactivated endogenous peroxidase 
for 10 minutes. After washing three times with 
PBS, the mouse against human MGMT (ZSGB-
BIO ORIGENE, Beijing, China) and mouse 
against human P53 (ZSGB-BIO ORIGENE, 
Beijing, China) antibody were added to the sec-
tions overnight at 4°C. The secondary antibody 
(Dako Cytomation, Glostrup, Denmark) were 
incubated at 37°C for 30 minutes. Finally, the 
sections were colorated by DAB (Dako 
Cytomation) and counterstained with hematox-
ylin. Mouse immunoglobulin (IgG) was used as 
isotype control. All immunohistochemical  
staining was performed under the same condi-
tion. Two pathologists observed and quantified 
the sections independently. The number of pos-
itive cells was defined as 0 (< 5%), 1 (5-25%), 2 
(26-50%), 3 (51-75%) or 4 (>75%), and the 
intensity of 3, 2, 1, 0 means strong, medium, 
weak and negative. A total score of 0-12 was 
gained by the multiplying of these two factors. 
Score 0-3 was expressed as a negative or low 
expression. Score 4-12 was expressed as a 
positive or a high expression [12].

TCGA database analyses

All cases of 513 GBM were obtained from TCGA 
(The Cancer Genome Atlas) database of NIH 
(Institutes of Health National). The expression 
of MGMT and P53 were divided into high and 
low expression group by using X-tile software 
[13, 14].

Statistical analyses

Statistical analysis was performed by using 
SPSS16.0 statistical software. Non paired t 
test was applied to analyze the expression  
of MGMT in different molecular subtypes. 
Spearman correlation analysis was used for 
evaluation of the relationship between MGMT 
and P53. Pearson χ2 test was applied to  
analyze the relationship between MGMT ex- 

Table 1. Clinical characteristics and MGMT 
status of GBM specimens 

Variable MGMTPositive 
(cases)

MGMTNegtive 
(cases) p Value

Age     0.704
    >40.8 28 25
    ≤40.8 11 8
Gender 0.549
    Male 24 18
    Female 15 15
Location 0.905
    Left 16 14
    Right 23 19
Radio-therapy 0.359
    Yes 27 26
    No 12 7
Chemo-therapy 0.359
    Yes 10 6
    No 29 27
Subtype 0.000
    Proneural-like 9 27          
    Classical-like 121        
    Other 18 15
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pression and clinicopathological parameters. 
Kaplan-Meier survival plots and log-rank test 
was used to analyze the prognosis of GBM 

specimens from our hospital and TCGA data-
base. P value < 0.05 was consid ered statisti-
cally significant in all tests.

Figure 1. The expression of MGMT 
was lower in proneural-like subtype 
than in classical and other subtype. A. 
IHC staining of MGMT in all subtypes 
of GBM. B. Quantitative analysis of 
correlation of molecular classification 
of GBM with MGMT expression.

Figure 2. MGMT was negatively correlated with P53 expression in GBM. A. IHC and HE staining of MGMT and P53. 
B. The relationship between MGMT and P53 in 72 cases of GBM. C. The relationship between MGMT and P53 in 
83 cases of GBM.
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Results

The expression of MGMT was lower in proneu-
ral-like subtype GBM

Immunohistochemical staining of P53, PD- 
GFRA, and EGFR was used to identify the 
molecular subtypes of GBM as described previ-
ously [5]. Among the 72 cases of GBM, 36 case 
of them were proneural-like subtype (P53 or 
PDGFRA positive), 13 cases were classical-like 
subtype (P53 and PDGFRA negtive, EGFR posi-
tive), and 23 cases were other subtype (P53, 
PDGFRA and EGFR negtive) (Figure 1A). Among 
36 proneural-like GBMs, 9 cases (25%) were 
positive for MGMT. The other 27 cases (75%) 
were MGMT negative. Among 13 classical-like 
cases, 12 of them (92.3%) were MGMT posi-
tive, and 1 of them (7.7%) were MGMT negative. 
As for the 23 cases of other type GBMs, 18 
cases (78.3%) were MGMT positive and the 
remaining 5 cases (21.7%) were negative. 
Statistically, MGMT expression in proneural-
like subtype was lower than that of other two 

types. However, there was no significant differ-
ence of MGMT expression between classical 
subtype and other subtype (Figure 1B). There 
were also no significant differences between 
MGMT expression and other clinical parame-
ters (Table 1).

MGMT was negatively correlated with P53 ex-
pression

P53 was expressed higher in proneural-like 
GBM than other subtypes and was proposed as 
a marker of this subtype [4, 5]. We found that 
P53 expression was negative when MGMT 
expression was positive, and P53 expression 
was positive when MGMT expression was nega-
tive in majority of the 72 GBMs. In 34 MGMT 
negative cases, 29 cases were P53 positive 
(85.3%). Consistently, in the 38 MGMT positive 
cases, 31 cases of them were negative for P53 
(81.6%). The typical pictures are presented in 
Figure 2A. A negative correlation was also 
found between MGMT expression and P53 
expression (Figure 2B r=-0.6203, p < 0.001). 

Figure 3. Low expression of MGMT predicted better prognosis in proneural-like subtype and P53 high-expression 
GBMs. A. The survival curves of proneural-like subtype GBM patients. B. The survival curves of nonproneural-like 
subtype GBM patients. C. The survival curves of P53 high-expression GBM patients. D. The survival curves of P53 
low-expression GBM patients.
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We then used 83 cases of GBMs to validate 
these results. As expected, the results were 
consistent with the previous ones. 48 cases 
(76.2%) of 64 MGMT negative cases were P53 
positive. 11 cases (57.9%) of 19 MGMT positive 
cases were negative for P53 (Figure 2C, 
r=-0.2950, p < 0.01).

Lower MGMT expression predicts better prog-
nosis in proneural-like GBM

We further analyzed the prognostic significance 
of MGMT expression and found that lower 

expression of MGMT predicted better progno-
sis in proneural-like subtype GBM (Figure 3A, p 
< 0.05), but not in other and classical-like sub-
types (Figure 3B). In addition, we divided the 
GBM specimens into two groups based on P53 
expression and found that low expression of 
MGMT predicted better prognosis only in P53 
high-expression group (Figure 3C and 3D). In 
TCGA database, we also found that MGMT 
expression predicted patient’s survival time 
more effective in proneural subtype and P53 
high-expression group than in the other two 

Figure 4. The expression of MGMT in 
Proneural subtype and P53 high-ex-
pression group was more statistically 
significant to prognosis in 513 GBM 
of TCGA database. A. The prognosis of 
proneural subtype GBMs in TCGA da-
tabase. B. The prognosis of Classical 
subtype GBMs in TCGA database. C. 
The prognosis of other subtype GBMs 
in TCGA database. D. The prognosis 
of P53 high-expression GBMs in TCGA 
database. E. The prognosis of P53 low-
expression GBMs in TCGA database.
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subtypes and P53 low-expression group (Figure 
4).

The expression of MGMT in proneural subtype 
was lower and the prognosis was better in 
TCGA database

In the TCGA database, proneural subtype GBM 
was found to express lower MGMT than non-
proneural subtype GBM (Figure 5A, p < 0.001). 
Accordingly, patients survival times were longer 
in proneural subtype than other subtypes 
(Figure 5B, p < 0.05).

Discussion

The alkylating antineoplastic drugs temozolo-
mide (TMZ) is a first-line treatment for GBMs, 
and the efficacy of TMZ is determined by MGMT 
status. Low expression of MGMT can increase 
the sensitivity of GBM patients to TMZ and so 
enhance the treatment efficacy [9]. In this 
study, we divided the GBM into three subtypes 
according to Le Mercier’s method [5], and 
found that most of proneural-like GBMs 
expressed lower MGMT than classical-like and 
other subtype GBMs. Furthermore, lower MGMT 
expression predicts better prognosis in proneu-
ral-like but not in the other two subtype GBMs. 
These results partly explained the reason of 
patients with proneural-like GBM usually sur-
vive longer. 

P53 mutant is proposed as a marker of proneu-
ral-like GBMs [4, 5]. This molecule is a tumor 
suppressor gene and physiologically acts as an 
important regulatory factor in cell cycle regula-
tion, DNA repair, cell differentiation as well as 

cell apoptosis [16, 17]. P53 mutation has been 
proved to be an important event in develop-
ment of variety tumors [18]. The mutant type 
P53 protein has been demonstrated to exhibit 
a carcinogenic effect and can be detected by 
the immunohistochemistry stain due to its pro-
longed half-life [19]. In this study, we detected 
mutant P53 and found that its expression was 
negatively correlated with MGMT expression. 
This result is consistent with the finding of pro-
neural-like GBMs exhibiting low MGMT level. It 
has been reported that MGMT can prevent 
intracellular P53 mutation by effectively pro-
tecting G:C→A:T gene mutation [20]. On the 
other hand, wild type P53 has been found to 
inhibit intracellular MGMT expression through 
the pathway of MEK-ERK-MDM2-P53 [21]. 
Thus, there might be a feedback regulation 
loop between MGMT and P53. Indeed, P53 
inhibitors could strengthen TMZ sensitivity by 
shortening the G2-M phase arrest [22]. 
However, whether MGMT and P53 present an 
antagonistic effect in the drug resistance of 
GBM needs to be further studied.

The characters of proneural subtype GBMs are 
similar to that of secondary GBMs, including 
TP53 mutation, PDGFRA abnormality, IDH1 
mutation, and long survival time [23]. The 
tumor cells of proneural subtype GBMs were 
also enriched with the oligodendrocytic signa-
ture [24]. We found the MGMT expression is low 
in proneural subtype. The main reason for this 
may be P53 and MGMT have an antagonistic 
effect, or some other unknown mechanisms.

We found that patients with proneural subtype 
GBM usually survival longer than the other sub-

Figure 5. Proneural subtype GBMs expressed lower MGMT and showed better prognosis than non-proneural sub-
type GBMs in TCGA database. A. The expression of MGMT in proneural and nonproneural subtype GBMs of TCGA 
database. B. The prognosis of proneural and nonproneural subtype GBMs of TCGA database. 
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type. The result is consistent with a previous 
study which found proneural subtype GBMs 
present the best prognosis. However, they also 
found proneural subtype GBMs were insensi-
tive to chemotherapy plus radiotherapy [4]. Our 
finding of lower MGMT expression in proneural 
subtype GBMs indicated that this subtype 
GBMs might be more sensitive to TMZ chemo-
therapy than the other subtypes, which provide 
a new insight for the clinical treatment of GBM. 
Meanwhile, our results also showed that MGMT 
expression in proneural type has a great influ-
ence on the prognosis. So, detecting the 
expression of MGMT may be great helpful for 
the prognosis prediction of proneural subtype 
GBM. Interestingly, we found that MGMT 
expression was not a predictive factor of prog-
nosis in other subtypes, and whether MGMT 
play a different role in proneural and non-pro-
neural subtype GBM needs to be further 
studied. 

In summary, we found MGMT acts as an inde-
pendent prognostic factor in GBM and plays an 
important role in molecular typing as well as 
diagnosis of GBM combined with proneural-like 
marker P53.
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