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Abstract: Genetic mutation has served as the biomarkers for the diagnosis and treatment of glioblastoma multi-
forme (GBM). However, intra-tumor heterogeneity may interfere with personalized treatment strategies based on
mutation analysis. This study aimed to characterize somatic mutation profiling of GBM. We collected 33 samples
from 7 patients with the primary GBM associated with different Choline (Cho) to N-acetylaspartate (NAA) index (CNI)
through the frameless proton magnetic resonance spectroscopy (*H-MRS) guided biopsies and investigated multiple
somatic mutations profiling using the AmpliSeq cancer hotspot panel V2. We identified 53 missense or nonsense
mutations in 27 genes including some novel mutations such as APC and IDH2. The mutations in EGFR, TP53, PTEN,
PIK3CA genes were presented with different frequency and the majority of the mutated gene was only shared by
1-2 samples from one patient. Moreover, we found the association of CNI with histological grade, but there was no
significant change of CNI in the presence of TP53, EGFR and PTEN mutations. These data suggest that gene muta-
tions constitute a heterogeneous marker for primary GBM which may be independent of intra-tumor morphological
phenotypes of GBM; therefore, gene mutation markers could not be determined from a small number of needle
biopsies or only confined to the high-grade region.

Keywords: Mutation profiling, heterogeneity, glioblastoma multiforme, proton magnetic resonance spectroscopy,
biopsy

Introduction

Glioblastoma multiforme (GBM) is one of the
most aggressive primary brain malignancy and
is the leading cause of death among the brain
primary glioma. Despite extensive therapy
developed recently, the outcome of GBM has
been extremely poor with a median survival of
12-15 months [1, 2]. The identification of
genomic mutation has been well developed for
survival prediction, disease classification and
stratification of GBM [3]. However, currently the
mutation analysis of tumor mainly depends on
single target biopsy. Due to the existence of
extensive genetic heterogeneity among GBM,
intra-tumor heterogeneity may lead to sampling
bias and interfere with personalized treatment
strategies based on mutation analysis [4, 5].

Multiple sampling has been performed to inves-
tigate the intra-tumor heterogeneity for GBM [6,
7]. However, in these studies the tumor sam-
ples are obtained mainly based on the sur-
geon’s experience, which may not fully reflect
the extent and complexity of intra-tumor hetero-
geneity. Although numerous genomic mutations
have been identified in GBM [8], the intra-tumor
somatic mutation profiling of primary GBM has
been not well characterized. Stereotactic nee-
dle biopsy assisted by *H-MRS is considered as
a powerful tool for obtaining tissue samples for
histopathological analysis, and multiple-voxel
spectroscopy could reflect the intra-tumor het-
erogeneity at the level of metabolic changes [9].
In the present study, we performed multiple
biopsies from patients with primary GBM guid-
ed by the neuronavigation targeting the hots-
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Figure 1. Sample collection procedure (the data of these patients was not shown in this article). (A) Contrast T1-
weighted MRI superimposed with five marked targets from patient with primary GBM, a linear path was adopted
towards the tumor core region (B) five targets correspond to different CNI. (C) The targets were labeled in the neu-
ronavigation data sets, accurate sampling was guided by dynamic T1-enhanced MRI guidance. (D) Frameless and
skull-screwed needle biopsy kit guarantees the accuracy of the trajectory and sampling.

pots that were showed by the proton magnetic
resonance spectroscopy (*H-MRS), then the
samples were checked by the AmpliSeq cancer
hotspot panel V2 for identifying somatic muta-
tions as previously reported [10, 11]. We expect
that the combination of stereotactic needle
biopsy and molecular genetic techniques might
provide novel insight into intra-tumor mutation-
al profile and help develop a new approach to
improve personalized treatment strategies for
patients with primary GBM.

Materials and methods
Patients and samples

This series enrolled 7 patients who were diag-
nosed as primary GBM between 2010 and
2012 in Huashan Hospital. The clinical data of
these patients were collected, and included 5
males and 2 females with a mean age of 45.3
years (range 16 to 64 years). None of the
patients received chemotherapy or radiothera-
py or had undergone surgery previously. This
study was approved by the Huashan Institutional
Review Board and all subjects signed informed
consent.

Sample collection procedure

The procedure for sample collection has been
described in detail previously (Figure 1) [12].
Briefly, each patient underwent magnetic reso-
nance imaging (MRI) and *H-MRS before biopsy
to analyze the metabolism of the lesions and to
locate appropriate target of needle biopsy. A
frameless needle biopsy was performed with
the assistance of real-time neuronavigation
(Neurolll-SV VISIHS Surgical System, IMRIS
Inc). Three to five targets in non-eloquent
regions for tumor biopsy were preoperatively
determined by referring to the conventional MR
images and MR spectroscopic features of the
lesion, the areas with the different Choline
(Cho) to N-acetylaspartate (NAA) Index (CNI)
were chosen as the targets and the surgical tra-
jectories were planned. In most situations a lin-
ear path was doted towards the tumor core
region so that the biopsy needle was inserted
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along the same track to minimize the possible
brain injury (Figure 1).

Histopathological evaluation

All biopsy specimens were immediately fixed in
10% formalin embedded in paraffin and then
cut into sections for histopathological assess-
ment. Haematoxylin and Eosin (H-E) stained
sections of tissues were observed under a light
microscope and classified according to the 4"
edition of the WHO classification of central ner-
vous systems tumors (2007). Immuno-
histochemistry was performed following rou-
tine procedures with primary antibodies for
IDH1 (R132H), MIB-1, p53, Olig, GFAP, Nestin
and EGFR.

DNA extraction

Tissues samples were sliced from unstrained
tissue sections with an approximate size of 10
um and deparaffinized using a series of xylene
and ethanol washes. Genomic DNA was extract-
ed from the samples using Total Nucleic Acid
Isolation Kit (Ambion, Carlsbad, CA, USA)
according to the manufacturer’s instruction. All
DNA samples were quantified by the Qubit® 2.0
Fluorometer with the Qubit® dsDNA BR assay
kit (Invitrogen, Eugene, OR, USA). After isola-
tion, DNA samples were stored at -20°C.

AmpliSeq library preparation

Amplicon libraries were prepared using the lon
AmpliSeq Cancer Hotspot Panel V2 (Life
Technologies, Carlsbad, USA) to amplify the tar-
get regions of 50 oncogenes and tumor sup-
pressor genes from each 10 ng of genomic
DNA in a single multiplex PCR reaction. Totally
207 multiplexed amplicons were treated with
FuPa Reagent (Life Technologies) to partially
digest the primers and phosphorylate the
amplicon ends, and the products were ligated
to the sequencing adapters with unique lon
Xpress Barcode (Life Technologies) according
to the manufacturer’s instructions. All libraries
were quantified by the Agilent 2100 Bioanalyser
and Agilent High Sensitivity DNA Kit (Agilent
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Figure 2. Totally 815 mutations in 40 genes were detected. Horizontal axis, mutated gene; vertical axis, total vari-

ants in 33 GBM samples.

Technologies). The final library concentrations
were standardized to 100 pM in low Tris-EDTA
(TE) buffer (Life Technologies).

Semiconductor sequencing

Five picomoles of each of the 33 samples were
bar-coded and pooled for emulsion PCR (ePCR)
on lon Sphere Particles (ISPs) using the lon PI
Template OT2 200 Kit v3 on lon OneTouch 2
Instrument. Following automated lon One
Touch ES enrichment of template-positive ISPs,
the samples were loaded on lon PGM318™
chip and sequenced using the lon PGM™
sequencing 200 kit (Life Technologies). lon
Torrent reads were aligned to the human refer-
ence genome version 19 (GRCh37) using
Torrent Variant Caller Plugin 4.0 (Life
technologies).

Statistical analysis

SPSS 20.0 (SPSS Inc.at IBM Company, USA)
was used for statistical analysis. Student’s
t-test was used for comparison of means of
Cho/NAA with gene mutation. When Bartlett
test showed that the variance was not homoge-
neous, Kruskal-Wallis test was applied. In other
cases, a chi-square test was applied for the
comparison between grade and gene mutation
profiles. P<0.05 were considered statistically
significant for all tests.
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Results
Patients and samples

From seven patients diagnosed as primary
GBM, 33 biopsy specimens were collected for
sequence analysis with the mean number of
biopsy specimens per patient as 4 (range: 3 to
5). The histopathological grades for these sam-
ples were as follows: 8 samples of grade I, 9
samples of grade Il, 7 samples of grade lll, 9
samples of grade IV. The size of each sample
was about 5 mm?.

Sequence coverage

Sequence coverage was assessed based on
the number and distribution of reads across
target amplicons. The distribution of reads
across the 207 amplicons was consistent
across all tested samples. An average of 8.9
million of the total 11 million addressable wells
in the lon 318 chip were consistently loaded
with ISPs, and 8.5 million (96.5%) of these par-
ticles contained library templates. After the
subtraction of multiple-templated beads and
sequence reads of poor quality, an average of
8.0million reads were obtained. The individual
samples averaged 762,870 mapped reads
(range: 444,436 to 1,019,225). The mean read
length was 154 bp (range: 111 to 187 bp), con-
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Table 1. Distribution of mutations across tumor samples per patient, 33 biopsy specimens were collected with 3 to 5 samples per patient (num-

ber in yellow indicate one patient)
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Figure 3. (A) Comparison of CNI between low-grade and high-grade gliomas. The samples with higher grade had a
significant increased CNI (**P<0.05 vs low-grade group) (A). (B) No significant changes of CNI were observed in the

presence of EGFR, TP 53 and PTEN mutations (B).

stituting an average of approximately 33 Mb of
sequence per sample. After sequencing, an
average depth of 3,302 reads per nucleotide
position within the target region was detected.
The 1x, 10%, 100x and 500x% coverage were
100%, 100%, 100% and 98.13%, respectively.

Variants detected

A total of 815,110 nucleotides across 33 sam-
ples were sequenced. We detect 815 muta-
tions in 40 genes with a mean of 25 variants
per sample, and mutation was detected in each
sample (Figure 2). Since constitutional DNA
was not available to deduce germline polymor-
phisms, the somatic variant identification pro-
cedure was intended to minimize the false posi-
tive somatic mutation. While the coding com-
plex mutation and frame shift-near-splice
mutation were also excluded. Among the
results, 53 variants were predicted to cause
non-synonymous change in 27 different genes,
and all patients displayed a variable number of
these mutations with a mean of 2-3 variants
detected per patient (Table 1). Moreover, these
mutations were found across the samples with
different frequency. The most frequent muta-
tions were in EGFR (n=10), TP53 (n=7), APC
(n=7), RET (n=6), PTEN (n=4), MLH1 (n=4),
NOTCH (n=3) while other gene mutations were
shared by total 1-2 samples. The majority of the
mutated gene was only shared by 1-2 samples
from one patient (Table 1).

Among the mutated genes, 14 mutations at 6
positions were identified in EGFR gene as fol-
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lows: ARG108LYS, ALA289VAL, VAL292LEU,
PRO596LEU, GLY598 VAL, ALA702VAL; 9 muta-
tions at 5 positions were identified in TP53:
ARG 342 stop, GLU336LYS, ARG273CYS,
ARG175HIS, PRO85LEU; 4 mutations at 2 posi-
tions were identified in PTEN: ALA126THR,
ASP252ASN; 3 mutations at 3 positions were
identified in PIK3CA: ARG88GLN, GLU1032
LYS, HIS 1047ARG; one mutation at one posi-
tion was identified in IDH2: ARG172LYS. The
status of other mutations was shown in Table
1.

Association of Cho/NAA ratio with the grade of
GBM

To investigate the association of Cho/NAA ratio
with histopathological grade of GBM, we mea-
sured CNI and found that it was 1.36+0.93 and
3.50+3.14, respectively, in low-grade (grade
I-1l) and high-grade (grade llI-IV) gliomas. The
samples of higher grade glioma had a signifi-
cant increased CNI (P<0.05) (Figure 3A). Then
we focused on the common mutations that
occurred in more than 4 samples, including
EGFR, TP53, and PTEN mutations. There were
no significant differences in the percentage of
EGFR, TP53, and PTEN mutation between the
low-grade and high-grade group (P>0.05)
(Table 2). We also investigated the association
of CNI with gene mutations. The results showed
that no significant differences in CNI were
detected between samples with mutations in
EGFR, TP53, PTEN and samples without these
mutations (Figure 3B) (P>0.05).

Int J Clin Exp Pathol 2015;8(5):5327-5335
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Table 2. Association of gene mutation with
samples grading

Sample grade

Genet.ic Low grade High grade P Total
mutation value
(n=17) (n=16)
EGFR
present 8 5 0.353 13 (39.4%)
absent 9 11 20 (60.6%)
TP53
present 3 4 0.606 7 (21.2%)
absent 14 12 26 (78.8%)
PTEN
present 2 2 0.948 4 (12.1%)
absent 15 14 29 (87.9%)

There is no significantly different percentage in the EGFR,
TP53, PTEN mutation between the low grade and high grade
gliomas.

Discussion

It is predicted that 53 variants would cause
non-synonymous change in 27 genes and
induce functional consequences to contribute
to the development and progression of GBM.
Indeed, mutation analysis has shown that
TP53, EGFR, PTEN, and PIK3CA mutations are
frequently detected in primary GBM samples.
Due to the lon Ampliseqre-sequencing strategy
here with sequencing depth of more than
1500-folds and multiple tumor tissues within
the same tumor were obtained, rare low-fre-
quency and potential mutations were detected
inthe GBM cases, in this study we found a num-
ber of novel missense mutations including APC,
RET, MLH1, NOTCH1 and IDH2 etc. Among
these mutations, APC gene mutations occurred
in 13% of case with mutation frequency of
about 14.5%. APC encodes a tumor suppressor
protein that acts as an antagonist of the Wnt
signaling pathway. Disease-associated APC
mutations tend to be clustered in a small region
designated the mutation cluster region and
result in a truncated protein product [13].
Interestingly, APC mutations were not previous-
ly reported in primary GBM. Obviously, further
studies are needed to explore the clinical value
of these mutations in primary GBM.

In this study we demonstrated intra-tumoral
homogeneity of these gene mutations, 6 vari-
ants in CSF1R, FGFR3, FLT3, PDGFRA, RET and
STK11 were found across all the samples (data
not shown), but all of these variants prove not
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to be involved in tumor initiation and progres-
sion. For the disease-associated mutations,
most of them were heterogeneous and not
detectable in every sequenced region from one
patient. EGFR, TP53, and PTEN mutations are
shared by relatively more cases. As multiple-
site molecular profiling pattern could reveal
evolutionary course of mutational events [4,
14], we postulate that these mutations occur
early in cancer development. IDH1 R132 muta-
tions in the low-grade gliomas and secondary
GBM is a defining marker and key oncogenic
event for secondary GBM, but it is relatively
exclusive from primary GBM and reported as
only 5% in primary GBM [15]. Actually, in our
cohort, 4 samples harbored validated mutation
in IDH1 mutation (COSM28746, ARG132HIS),
but they are coding complex mutation but not
missense or stop-gained mutation. It has been
reported that IDH2 gene mutation was present-
ed in 3-5% of gliomas, while no IDH2 mutations
were reported in GBM [8, 15]. However, in our
cohort, one sample from one patient carried
mutated IDH2 (ARG172LYS). PI3KCA is involved
in one of the major molecular pathways that
promote the tumor genesis of high-grade glio-
blastoma [16]. In this study we only detected
PIK3CA mutation in 2 samples, which suggests
that PI3CA mutation occur lately in cancer
development. Although these relatively rare
mutations could not contribute to the early
stages of malignant transformation, it is possi-
ble that they become common genetic muta-
tion during treatment.

Clinically, some GBM such as diffusive brain
stem gliomas, functional area gliomas are fre-
quently non-resectable which necessitate ste-
reotactic biopsies evaluation of the molecular
marker and for histopathological analysis.
Currently, collecting GBM samples from differ-
ent sites of the tumor mostly depends on the
surgeon’s experience. In addition, the obtained
samples may not fully reflect the extent and
complexity of intra-tumor heterogeneity and
lead to sampling bias. In order to obtain a rep-
resentative set of samples, we performed mul-
tiple sampling through the frameless *H-MRS
guided biopsies. Cho and NAA are usually reli-
ably quantified in *H-MRS evaluation and con-
sidered as two of the most important indexes
for glioma examination. CNI has been suggest-
ed to be helpful to differentiate low-grade and
high-grade astrocytomas [17, 18]. In the pres-

Int J Clin Exp Pathol 2015;8(5):5327-5335
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ent study, we found that there was a favorable
correlation of CNI with histopathological
grades. These data suggest that MRS is a help-
ful method to target brain biopsy for histopath-
ological analysis.

We further explored the relationship between
the intra-tumor gene mutation and metabolic
profiling detected by MRS. It is known that
genomic mutation may alter the metabolism
[19, 20] and oncogenes have been involved in
the regulation of different metabolic pathways
[24]. However, in this study we did not find sig-
nificant change of CNI in the presence of EGFR,
TP53 and PTEN mutation. This could be partly
explained by that not all gene mutations lead to
cellular metabolic changes or changes enough
to be detected by MRS. On the other hand,
because CNI has been correlated to the histo-
pathological diagnosis [9, 17], it might suggest
the intra-tumor genetic mutation are distribut-
ed independently of morphological phenotype.
Actually, there were no significant differences
in the mutation rates in EGFR, TP53 and PTEN
genes between low-grade and high-grade
groups. Some prognostic indicators for GBM
such as MGMT promoter hypermethylation has
been reported to likely occur in the tumor region
with contrast enhancement in MRI [22].
However, in the present study, we advocated
that multiple sampling for mutation analysis
should include the low-grade region or without
contrast enhancement in the tumor. It was
noteworthy that two hotspot mutations in TP53
(Arg273CYS) and EGFR (ALA289VAL) were
detected in almost of all samples from one
patient. Nevertheless, whether these muta-
tions represent a homogenous marker for GBM
needs further evaluation because of our small-
sized patients.

Because our study only included 7 primary
GBM patients, it remains to be determined how
representative our results of mutation analysis
will be in a larger sample. Furthermore, more
mutation need to be further investigated
because the panel used in the present study is
not specific for GBM. Despite these limitations,
our study demonstrated that intra-tumor het-
erogeneity exists within the individual primary
GBM samples at the level of genomic mutation.
Our data suggest that gene mutation markers
could not be determined from small-sized nee-
dle biopsies and they may be independent of
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intra-tumor morphological phenotypes of GBM.
Detection of rare mutations would be also pos-
sible when multiple cancer tissues within the
same tumor was sequenced at a greater
sequencing depth. The combination of multiple
target needle biopsy and molecular genetic
techniques might provide novel insight into
intra-tumor mutational profiling and help devel-
op new approach to improve personalized treat-
ment strategies for primary GBM.
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