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Figure 1. Latent space obtained by displaying the
two first principal components (PC) showing the
clustering resulting from the K-means analysis on

Purpose/Introduction
The existence of molecular subtypes of glioblastoma multiforme (GBM) [1,2] according to
genomic and transcriptomic data is nowadays accepted. The purpose of this study was to search for
possible GBM subtypes based in their HRMAS detected metabolomic profile.

Samples and Methods

42 GBM biopsies were analyzed. HRMAS spectra were obtained at 0°C using a pulse and acquire
sequence with water presaturation. Spectra were processed with 0.5Hz line broadening, phased and
baseline corrected. Chemical shift calibration was carried out by setting the lactate doublet central
position at 1.33ppm. If lactate was too low, the central position of the alanine doublet (1.45ppm) or
the creatine methyl singlet (3.03ppm) was used. Unit length normalization (L2 norm) was applied.
All statistical procedures were carried out using R. Principal Component Analysis (PCA) was
applied to the whole set of spectral vectors. Hierarchical Clustering Analysis (HCA) followed by K-
means analysis was carried out along with Goodman-Kruskal index (GKi) calculation to validate the
optimal number of clusters within the analyzed GBM population. This number was also validated by
developing an LDA-based classifier using the clustering vector as the vector class and testing it with
LOO-CV[3]. Mean spectra were calculated for the different clusters found. Change in major spectral
pattern differences between clusters was calculated using the intensity of the relevant metabolite
maximum peak height of cluster 1 as reference and providing the variation encountered as a
percentage of cluster 1 resonances initial values. A One-
Way ANOVA test was used to search for statistically

significant differences between major spectral pattern Metabolite Croup 2 Croup3

the pulse and acquire 0°C glioblastoma multiforme ~ changes. Twenty five out of 42 biopsies were analyzed by Glx 74.0 71.8
HRMAS spectra (n=42). Each dot represents a Post-HRMAS histopathology to control sample integrity Gly 97.6 90.0
GBM case. Crosses label group centroids. Numbers ?ln(i c;)hrrtlalation with the biopsy used for initial mis# 69.0 46.4
1: black (n=29), 2: red (n=8), 3: green (n=5 1stopathology.
Eefer to pot(ential )GBM subtglpes) green (0=9) Results PC 636 43.6
HCA and GKi showed that the optimal number of GBM Cho 60.5 67.7
clusters for the k-means analysis was 3 (Figure 1). An LDA-based classifier produced 100% accuracy when validated  pg/Cho$* 99.2 64.6
withh LOO-CV. Meaq spef:tra (Figure 2) and PCA loadings (results not shown) shgwed differences be.twee.n groups in GIn®* 89.3 316
glycine (Gly), myo-inositol (ml), phosphocholine (PC), choline (Cho), glutamine (GIn) and mobile lipids (ML). .
These differences are quantified in Table 1. No samples were discarded from the analysis as all the post-HRMAS ML 206.2 389.2

characterization agreed with the original diagnoses.

PCICr™®* 58.9 142.1
Discussion/cqnclusion ML/Cr®* 226.1 962.0
K-means analysis of HRMAS spectra shows that

Ot -Gy CheCp Lec-l. it is possible to establish three different GBM mi/Ghy S 6.8 2.3
v Ll oo Lac clusters. Mean spectra of each cluster shows clear Table 1. Changes in the resonances
p \ \ / T differences in their pattern. These differences with most important visual variation
1 \ g l correlate with those seen when proliferation rate among clusters. Values are tabulated
' changes either in vitro [4,5] or in vivo [6-9]. as a percentage of group 1 (100%
i Thus, it is possible to hypothesize the existence means no change). * label statistically

of three different metabolic glioblastoma significant changes between group 1
multiforme subtypes. However, mI or mI/Gly and 2. $ label statistically significant

2 J variations would not agree with previous cell changes between group 1 and 3. #
S model data[4]. Various reasons may explain this |abels statistically significant changes
' - discrepancy, like differential Gly visibility in vivo between group 2 and 3.
ML vs. HRMAS or different ml concentration in
culture media vs. the in vivo situation, although
3 ' (A .k/\ further work will be needed to clarify this point.

Figure 2. GIx, ml-Gly, Choline Containing Compounds(ChCCp)
and ML regions of the mean spectra of each cluster shown in

Fiaure 1. Grev area corresnonds to mean+SD

\ Jk Finally, correlation of these metabolomic clusters with clinical (survival, Karnofsky
/L

index) and transcriptomic data will be necessary to further validate the HRMAS detected
GBM subtypes.
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