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Subtype specific promoter methylation in glioblastoma
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Abstract: Glioblastoma is known to be the most lethal glioma and five year survival rate is only 10 %. Thus, it is
urgent to identify critical genes for glioblastoma therapy. In this paper, we have analysed promoter methylation profiles
downloaded from The Cancer Genome Atlas using recently proposed principal component analysis based unsupervised
feature extraction. New set of genes with aberrant promoter methylation associated with previously identified subtypes
was identified.

1. Introduction
Glioblastoma is the most lethal glioma wish very little five year

survival rate[1]. Thus, identification of critical genes for ther-
apy purpose of glioblastoma is urgent. In this paper, we applied
recently proposed [2], [3], [4], [5] principal component analysis
(PCA) based unsupervised feature extraction (FE) to promoter
methylation profiles of glioblastoma downloaded from The Can-
cer Genome Atlas (TCGA)[6]. We have identified genes with
aberrant promoter methylation associated with previously identi-
fied subtypes [7].

2. Results
By applying PCA based unsupervised FE, we have identified

that the second principal component (PC2) exhibits distinction
between subtypes. Fig. 1 shows the contribution to PC2 from
samples (see Table 1 for P-values).

Table 1 P-values computed by t test that rejects null hypothesis (row and
column have same mean) in favour of the hypothesis that column
has larger mean than row.

Classical Neural Mesenchymal
Proneural 0.0004 0.0001 0.000015
Classical 0.058 0.000019
Neural 0.052

Since PC2 turned out to exhibit distinction between samples,
we have selected probes with larger absolute PC2 scores. Fig.
2 shows promoter methylation profiles of top ranked 12 outlier
probes along PC2 in negative or positive direction. For most
probes, only Proneural subtypes are significantly larger or less
than other subtypes. Thus, PC2 possibly indicates the aberrant
hyper/hypomethylation associated with Proneural subtype. Al-
though Verhaak et al[7] identified subtype with gene expression,
in this study proneual subtype has also associated aberrant pro-
moter meythylation.

Next, in order to confirm if genes associated with identi-
fied probes are related to cancers, we have used gendoo[8] and
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Fig. 1 Contribution to the second principal component from samples. Red:
Proneural, green: Classical, blue: Mesenchymal, cyan: Neural.

DisGeNet[9] (Table 2). Among 42 genes listed, 31 genes (74
%) were reported to be related to cancer related genes by ei-
ther gendoo or DisGeNet. Two genes (ERBB2 and LRRC4)
were reported to be related to glioblastoma, additional five genes
(TTC12, LGALS3, WFDC2, BCAT2, ANK3) were related to
other neuronal tumor. Thus, PCA based unsupervised FE seemed
to work pretty well.

3. Conclusion
In this paper, PCA based unsupervised FE was applied to pro-

moter methylation of glioblastoma. Many subtype specific aber-
rant promoter methylayion was identified.
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Fig. 2 Promoter methylation of individual probes. Upper panel: with larger
PC2 scores. Lower panel: with smaller (negatively larger) PC2
scores. For each panel, from the bottom-left corner to bottom-right
corner, middle-left to middle-right, and top-left corner to top-right
corner, is the rank order of absolute PC2 scores. Color is the same as
Fig. 1.
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