
cellular miRNA biomarkers detected in CSF
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• miR-148a clearly and consistently abundant  
in human cerebrospinal fluid 

• detectable in other biofluids (esp. blood)?
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zero leaving a relatively small number with a weight of non-
zero. These microRNAs may not be the only potential predic-
tors in the set, because, if two predictors exhibit co-linearity,

LASSO will choose the one that has the strongest association
with response (which is not necessarily the only causal one,
especially if the difference between the two predictors’ degree
of association with response is not significant) and the other
will be given zero weight.

Using the LASSO method, 12 microRNA probes were iden-
tified with non-zero regression coefficients. This included
two probes formiR-182, which differed in length by one nucle-
otide. The longer probe was used for the remainder of the
study. Also a probe for miR-565 was identified that has since
been excluded from miRBase (Griffiths-Jones et al., 2008) as

it is classified as a tRNA fragment; this was not studied
further. The LASSO model was refitted without these two
probes resulting in a 9-microRNA signature (Table 2). Micro-
RNAs given a negative LASSO coefficient are positive predic-
tors of survival and vice versa. Seven of the microRNAs were
significantly differentially expressed in non-tumor tissue
compared to glioblastoma (Table 2).

3.2. A risk score combining expression values of the 9
microRNAs predicts survival

A risk score was created using the regression coefficients
from the LASSO analysis (see Methods) to weight the
expression value of each of the 9 microRNAs. The risk score
was then separated on the median (1.48 quantile normal-
ized probe expression) to create high and low risk groups.
The median survival time of the low-risk group was 13.1
months and the median of the high-risk group was 9.5
months. Risk score was associated with survival using log-

rank test (Figure 1, p ¼ 2.26e"09). Median expression of
each signature microRNA in both groups is shown in
Supplementary Figure S1.

Pearson’s correlation of age with risk score showed a sig-
nificant direct correlation (R ¼ 0.248, p ¼ 4.13e"08). Multivari-
able Cox regression of the risk group and age showed the risk

group to be an independent predictor of survival irrespective
of age (Group HR ¼ 1.61, 95% CI ¼ 1.30e1.99, p ¼ 1.40e"5;
Age HR ¼ 1.03, CI ¼ 1.02e1.04, p ¼ 2.50e"3). As males have

poorer outcome in glioblastoma (Krex et al., 2007), the risk
score was evaluated according to gender, and was found to
be similar in the male and female groups (median 1.48 in
each group).

Table 2 e MicroRNAs associated with survival using the LASSO
regression test. Significant ( p < 0.05) results are shown in bold.
Nine microRNAs were reported as non-zero coefficients, five were
negatively associated with survival and four were positively
associated with survival. Seven were differentially expressed in
unmatched non-tumor samples compared to glioblastoma samples.

Mirna LASSO penalized
coefficient for risk

score (log 2)

Fold change in
GBM compared
to non-tumor

miR-124a 0.062 0.032
miR-10b 0.015 10.005
miR-222 0.162 0.278
miR-34a 0.005 3.121
miR-182 "0.021 3.708
miR-148a 0.092 2.752
miR-145 "0.066 0.541
miR-370 "0.044 1.274
miR-9 "0.032 0.863

Figure 1 e The patient groups assigned to the high- and low-risk

groups using the median as a threshold. A score for each patient was

calculated using the microRNA expression signature and patients

were separated into high and low risk groups using the median as a

cut-off. A) The low-risk group has significantly longer survival times

than those in the high-risk group by log-rank test. B) Expression

patterns of the significant microRNAs in the high- and low-risk

groups, as defined by the risk score, shown in a heatmap. The top five

microRNAs in the heatmaps (black) act as more aggressive

microRNAs, and the bottom four (yellow) are less aggressive

microRNAs.
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TCGA: glioblastoma vs. control  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