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Abstract: Paediatric glioneuronal tumour with neuropil-like islands (GTNI) is a rare neoplasm of neuronal differentia-
tion and diffusely infiltrating astroglial and oligodendrocyte-like components. The 2007 World Health Organization
classification of central nervous system tumours considered it as a pattern variation of anaplastic astrocytoma.
There are few data on paediatric GTNI probably both for their rarity and variable clinical aggressiveness. We studied
by SNP/CGH array four tumour samples of GTNI from two males and two females (one new-born and three children
aged from 4 to 8 years), in order to identify any possible common genomic alteration. All patients received chemo-
and radiotherapy after their surgical treatment. No genomic instability nor recurrent alterations have been demon-
strated in two of our GTNI cases. In the remaining two, we detected a mosaic trisomy 8 (15-20%) in one case, and an
amplification at 5q14.1 involving DMGDH (partially), BHMT2 and BHMT genes, with the distal breakpoint falling at
23 Kbp from the 5’UTR of JMY, a p53 cofactor. Although the smallness of the sample impairs any clinical-histological
correlation, GTNI appear different at the molecular level, with genomic imbalances playing a possible role in at least
part of them. Our work gives an important contribution in knowledge and classification of this family of tumours.

Keywords: Glioneuronal tumour with neuropil-like islands (GTNI), paediatric brain tumours, central nervous tu-
mours (CNS), copy number variations (CNVs), SNP/CGH array, Database of Genomic Variants (DGV), mosaicism,
amplification, common genomic alteration, variation of anaplastic astrocytoma

Introduction

The neuronal and mixed glioneuronal tumours
are a group of central nervous system (CNS)
neoplasms with a spectrum of clinical aggres-
siveness that spans from indolent to highly
aggressive tumours. Glioneuronal tumour with
neuropil-like islands (GTNI), also known as
‘rosetted glioneuronal tumour’, is a novel repre-
sentative of this type of neoplasms that was
described for the first time about 16 years ago
[1, 2]. GTNI currently is considered a variant of
astrocytoma, with a WHO-grade Il or Ill [2]. It is
characterized by infiltrating growth of astrocytic
cells punctuated by foci of neuronal differentia-

tion consisting of neuropil-like islands rimmed
by neuronal cells. They are typically tumours of
adult age and only very rare paediatric cases
have been documented, mostly involving the
spinal cord [3]. More recently, it has been
reported one case in which a GTNI was identi-
fied at autopsy of an in-utero demise of a
38-week-gestation female foetus [4]. Any spe-
cific signature has been so far highlighted either
in adults or paediatric GTNI [5-7].

In recent years, cytogenetic and molecular
investigations have dramatically improved our
understanding of the biology of CNS tumours,
identifying relevant molecular features.
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Table 1. Clinical characteristics of GTNI patients

ID ('\S/;T:) Age Site Disseminated Surgery Therapy Response I(:'(\j:l)or:,:;;?
Case 1 M 4y Fronto-parietal NO GTR HDCT-ACST/focal RT CR 73
Case 2 F 6y Spinal YES PTR HDCT-ACST/cranio-spinal RT PR 76
Case 3 F 8y Spinal NO PTR HDCT-ACST/focal RT PR 70
Case 4 M At birth  Intra-ventricular NO PTR HDCT-ACST PR 23

GTR: gross total removal; PTR: partial total removal; HDCT: high dose chemotherapy; ACST: autologous stem cell transplantation; RT: radiotherapy;

CR: Complete response; PR: Partial response.
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[8], we decided to use the
same approach (array plat-
forms) to investigate 4 GTNI,
first treated with surgery, then
followed by high doses che-
motherapy and radiotherapy,
in order to identify the pres-
ence of numerical and struc-
tural rearrangements. In all
cases, we compared the tu-
mour biopsy with blood sam-
ple of the same patient. We
could not find any recurrent
CNVs although in two of the
cases we detected a mosaic
trisomy 8 (15-20%) in one
case, and an amplification,
inherited from the mother, at
5q14.1 involving DMGDH
(partially), BHMT2 and BHMT
genes, with the distal break-
point falling at 23 Kbp from
the 5’'UTR of JMY, a p53 cofac-
tor, in the last case.

Materials and methods

Patients

Figure 1. Preoperative Gd-enhanced T1l-weighted MR scans showing GTNI

lesions. A: Sagittal emispheric scan of case 1; B: Sagittal cervical spinal scan
of patient 2; C: Sagittal dorso-lumbar scan of patient 3; D: Axial emispheric

scan of patient 4.

Although point mutations, loss of heterozigosity
(LOH), gene amplifications are most commonly
described as one of the key factors in the can-
cer pathogenesis, recently it is known that com-
mon genomic copy number variations (CNVs)
and CNVs with low frequencies in the popula-
tion (rare CNVs) may contain cancer related
genes contributing to carcinogenesis [8-10].

Since in our previous studies we identified a
strong genomic instability with recurrent CNVs
in paediatric Glioblastoma Multiforme (pGBMs)
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Four paediatric patients with
GTNI were enrolled at our
institution (Meyer Children’s
University Hospital, Florence).
Histological assessments were done by two
independent pathologists, according to the
WHO criteria. The study was approved from the
Institutional Ethics Committee, and in all cases
informed consent was obtained from parents.

Their main clinical characteristics are summa-
rized in Table 1 and the MR scans showing
GTNI lesions in the Figure 1. Median age at the
time of diagnosis was 60 months (range, 0-96
months). All subjects underwent surgery for
resection of CNS main lesion, which turned to
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be complete in 1 of 4 cases. All cases had be-
en treated with high doses of chemotherapy
with autologous stem cells transplant (HDCT/
ASCT). Three patients underwent radiotherapy
before HDCT/ASCT. Only case 4 underwent to
HDCT/ASCT without radiotherapy, according to
infant CNS tumours protocol of the Associazi-
one ltaliana Ematologia Oncologia Pediatrica
(AIEOP) [11].

All patients tolerated well the chemotherapy
regimen, 3 of them with partial response, and 1
with a complete one. After a follow up time
ranging from 23 to 76 months (median 71, 5
months), all are alive.

Histology

Surgical samples were routinely fixed in neutral
buffered formalin and embedded in paraffin.
Five um sections were stained with hematoxy-
lin-eosin (H&E) for the morphological evalua-
tion, and further 5 ym sections of the most rep-
resentative specimens were mounted on elec-
trostatic slides and used for the immunohisto-
chemical analysis. Immunohistochemical stud-
ies were performed using the standard strepta-
vidin-biotin technique and commercially avail-
able antibodies (glial fibrillary acidic protein
[GFAP], clone ZCG29, Zymed Lab., San Fran-
cisco, California, USA; S-100 protein, policlonal,
DAKO CYTOMATION, Glostrup, Denmark; synap-
tophysin [SP] polyclonal, Cell Marque, Rocklin,
California; neurofilaments [NF], clone 2F11,
Cell Marque; EMA, clone E29, DAKO CYTOMA-
TION; and Ki-67, clone Mib-1, DAKO CYTOMA-
TION).

DNA extraction

Tumour, peripheral blood and buccal swab
DNAs were extracted using QlAamp Mini Kit
(QIAGEN®, Hilden, Germany) according to man-
ufacturers’ instructions and quantified by
NanoDROP 2000 Spectrophotometer (Thermo
Scientific, Waltham, MA, USA).

SNP/CGH array

SNP/CGH array was performed using the
Agilent Human Genome CGH Microarray Kit
180 K (Agilent Technologies, Santa Clara, Cali-
fornia, USA). This platform is an oligonucle-
otide-based microarray with an average resolu-
tion of about 100 kb to detect CNVs and 4 Mb
to detect LOH. Labelling and hybridization were
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performed following the protocols provided by
Agilent. 500 ng of purified DNA of the patient
and of a control of the same sex (Coriell) were
double digested with Rsal and Alul enzymes
(Promega) for 2 h at 37°C, obtaining products
between 200 bp and 500 bp in length. Each
digested sample was labelled for 2 h, minimiz-
ing light exposure, using the Agilent Genomic
DNA Labelling Kit, using Cy5-dUTP for the
patient DNA and Cy3-dUTP for the reference
DNA. Labelled products were column purified
(Amicon Ultra, Millipore) and prepared combin-
ing test and control sample according to the
Agilent protocol. After probe denaturation and
pre-annealing with 50 yg of Human Cot-1 DNA
(Invitrogen), hybridization was performed at
65°C for 24 h in a rotating oven at 20 rpm.
Images of the arrays were acquired with the
Agilent C Scanner (Agilent Technologies, Santa
Clara, CA, USA). Each hybridization produced a
pair of 16-bit images, which were processed
using the Agilent Feature Extraction 10.5 soft-
ware. Row data were analysed using the
Genomic Workbench Standard Edition 5.0 soft-
ware by the ADM-2 algorithm (breakpoint posi-
tions were reported according to Hg19, build
37). In order to take into account sample het-
erogeneity, for each experiment, we set the cel-
lularity parameter ¢ equal to 0.7, assuming 70%
tumour purity.

Validation of CNVs by gPCR

Validation of CNVs by qPCR was performed
using the Roche LightCycler® 480 Detection
System with DNA-binding dye SYBR Green |
(Roche) according to the manufacturers’ instru-
ctions. The primers were designed using Primer
3 software (http://biotools.umassmed.edu/
bioapps/primer3_www.cgi).

Statistical analysis

Statistical significance of events of deletion
and duplication in GTNI was evaluated using
the t-test [12].

Cytogenetic analysis

Chromosomal analysis was performed on phy-
tohemagglutinin-stimulated peripheral lympho-
cyte cultures using standard cytogenetic me-
thods (Chromosome Kit P EuroClone), incubat-
ed 72-hours at 37°C and investigated by QFQ
-banding analysis.

Am J Cancer Res 2016;6(12):2910-2918
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Figure 2. Histopathological features of our GTNI tumors: neurocytic-like cells delimiting islands of fine eosinophilic
neurofibrillary matrix (A-D). The arrows indicate the rosette glioneuronal islands.

Results
Histology

Case 1: Microscopic examination revealed a
biphasic cyto-architectural pattern of the
lesion. There were some areas composed by
neurocytic-like cells delimiting islands of fine
eosinophilic neurofibrillary matrix (true rosettes)
and areas consisted of elongated cells forming
prominent ependymal perivascular rosettes
(Figure 2A). The tumour showed large areas of
necrosis, haemorrhage, vascular proliferation
and rare micro-calcifications with mitotic
counts of 5 x 10 high-power fields (HPF). The
neoplastic cells diffusely stained for GFAP and
S-100. The neurdfibrillary islands were SP posi-
tive punctate dot-like intracytoplasmic staining
for EMA in the elongated cells was observed.
NF were negative. Ki-67, in the most positive
areas, was 12%. Morphological features and
immunohistochemical results were consistent
with the diagnosis of WHO grade Ill glioneuro-
nal tumor with neuropil-like islands and promi-
nent ependymal component.
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Case 2: Histological examination showed a neo-
plasm with some areas composed by elongated
pleomorphic cells and other ones composed by
neurocytic-like cells disposed in “rosettes”
delimiting a core of fine neurofibrillary matrix
(Figure 2B). Neither vascular proliferation nor
necrosis were present. Several focal haemor-
rhagic areas were observed. Mitotic activity
was 6 mitoses x 10 HPF. The tumour diffusely
stained for S-100 protein. Elongated cells were
GFAP positive. The neuropil islands and adja-
cent neurocytic-like cells were SP positive. No
EMA and NF immunoreactivity were detected.
Up to 18% of tumour cells were Ki-67 positive.
Morphological features along with immunoisto-
chemical results were consistent with the diag-
nosis of WHO grade Ill glioneuronal tumour with
neuropil-like islands.

Case 3: The specimen obtained from the opera-
tion showed a densely cellular tumour com-
posed of roundish neurcytic-like cells delimiting
islands of neurofibrillary matrix (Figure 2C).
Notably, the blood vessels showed hyaline
thickened walls. No necrosis, haemorrhage or
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vascular proliferation were observed. There
was no significant mitotic activity. The tumour
diffusely stained for SP and S-100 protein.
GFAP was focally positive. Few NF positive cells
were appreciable. No EMA immunoreactivity
was detected. The proliferation index, evaluat-
ed at the immunoistochemistry (Ki-67), was
16%. Morphological features and immunoisto-
chemical results were consistent with the diag-
nosis of WHO grade Il glioneuronal tumour with
neuropil-like islands.

Case 4: Histological examination showed a
neoplasm composed of pleomorphic cells
delimiting cores of fine neurofibrillary matrix
(very small bioptic specimens) (Figure 2D).
Neither vascular proliferation nor necrosis were
present. There was no significant mitotic activ-
ity. The tumour diffusely stained for S-100 pro-
tein and GFAP. The neuropil islands were SP
positive. No EMA and NF immunoreactivity was
detected. About 8% of tumor cells were Ki-67
positive. Morphological features and immuno-
istochemical results were suggestive of WHO
grade Il glioneuronal tumour with neuropil-like
islands.

SNP/CGH array

We performed array analysis in the peripheral
blood and tumour samples from all cases. The
CNVs present in the Database of Genomic
Variants (DGV: http://projects.tcag.ca/varia-
tion/) were taken into consideration only if with
a frequency < to 5%.

In all tumor’s samples we did not find any spe-
cific and recurrent CNV. Cases 2 and 3 did not
show any difference in the CNV pattern between
blood and cancer. Case 4 has a duplication of
the entire chromosome 8 with a dosage sug-
gestive of mosaicism of 15-20% (log, ratio of
+0.3), and we also have shown that the super-
numerary chromosome 8 was of maternal ori-
gin (Figure 3B). No mosaicism of supernumer-
ary chromosome 8 was detected in the buccal
swab analysis (data available on request).

Case 1 presented an about 291 kb amplifica-
tion in 5g14.1 (chrb: 78,316,935-78,508,370)
containing the DMGDH (partially), BHMT2 and
BHMT genes (Figure 3A).

gPCR

All CNVs were validated with Real Time-PCR
method (data available on request), that con-
firmed array data.
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Cytogenetic analysis

Chromosome examination on 50 metaphases
in cases 1-3 and 100 metaphases in case 4
provided normal results. This result is generally
sufficient to exclude a constitutional chromo-
some 8 mosaicism, demonstrating a plausible
somatic trisomy 8 in GTNI.

Discussion

GTNI is a recently characterized type of primary
glioneuronal tumour described mainly in adults
[1, 2] with very few cases so far studied from
the molecular point of view. Differential diagno-
ses include ependymomas, other astrocytoma
variants, and oligodendromas. Preferential
localization in adults is the cerebrum, while
brain and the spinal cord GTNI are almost
equally represented in paediatric cases [3, 13].
Although most tumours are histologically low
grade, there is an appreciable risk of progres-
sion with time, with a poor prognosis despite
their low-grade morphology [5, 14]. No treat-
ment strategy may currently be defined as a
“gold standard” for patient with GTNI. Radio-
therapy and chemotherapy as adjuvant cures
after resection are a cornerstone of the treat-
ment.

Numerous studies have shown that GTNI differ
from gliomas on the morphological and immu-
nohistochemical characteristics. Histologically,
they are characterized by biphasic neurocytic
and glial population. The neuronal component
demonstrates immunoreactivity with neurocyt-
ic markers, such as synaptophysin, whereas
the glial component displays strong immunore-
activity for GFAP and S-100 protein [13, 15-18].

We report 4 cases of GTNI studied by SNP/CGH
array approach in order to identify possible
recurrent CNVs, as demonstrated for our previ-
ous findings on pGBMs [8]. We did not identify
any recurrent CNV, whereas in cases 1 and 4 a
5qg14.1 amplification and a mosaic trisomy 8
without any specific clinical signature were
respectively detected.

Patient 4 showed a 15-20% of mosaic duplica-
tion of the entire chromosome 8 (Figure 3B).
Mosaic trisomy 8 (MT8) is a rare condition with
prevalence estimated in the range of 1:25,000-
1:50,000 births and a preponderance in males.
It was found both in syndromic (Warkany syn-
drome) and healthy people, and it has been
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Figure 3. Human Genome SNP/CGH array hybridization profile of chromosome 5 and 8 for the case 1 (A) and case
4 (B). The size of the amplification is indicated by the blue bars and the red dots represent probes with positive
Log, fluorescence ratios. Chromosome 5 (A) and 8 (B) view are exhibited on the left-side panels and gene views of
the proximal and distal amplification breakpoint regions are shown on the right-side panels (A). In the bottom (B) is
showed, in the right-side panel, the mosaic amplification of chromosome 8. The order of sample from left to right is:
tumour and blood of patients, father and mother blood. (A) Cases 1 with amplification at 5q14.1 including partially
DMGDH, BHMT2 and BHMT genes. This amplification is present in the tumour and blood of proband and in the
mother blood. (B) In case 4 the level of mosaicism of the entire chromosome 8 duplication is reflected in reduced
log, values, along the x-axis compared with normal samples and is present only in the tumour sample. The maternal
origin of duplication is indicated from blue line that in the table reveals one of the significant SNPs in which it is
confirmed the presence of a supernumerary maternal allele.

proposed that could predispose to hematolo-
gic neoplastic disorders [19] and childhood
cancer, such as Wilms tumour [20]. In case 4
we could not get any evidence in favour or
against of a meiotic origin of the trisomy, but we
are able to establish that in tumour tissue
supernumerary chromosome 8 is of maternal
origin. The patient, a new-born male, looks as a
bright child without any signs of the Warkany
syndrome including deep plantar furrows [21].

Case 1 was a supratentorial GNTI who under-
went to gross total removal and a complete
response to an intensive adjuvant chemo/
radiotherapy program. The patient is alive with
a follow-up of 73 months. SNP/CGH array dis-
played an amplification at 5q14.1 (Figure 3A),
containing the partially DMGDH, BHMT2 and
BHMT genes. It has to be emphasized that the
distal breakpoint falls at 23 Kbp from the 5’UTR
of JMY gene, encoding for a p53 cofactor.

Regarding DMGDH gene, it encodes a mito-
chondrial dimethylglycine dehydrogenase relat-
ed with oxidative demethylation of dimethylgly-
cine in vitro and formation of sarcosine, hydro-
gen peroxide and formaldehyde [22]. Recently
this gene was associated by genome wide stu-
dies (WAS) with the juvenile papillary thyroid
carcinoma (PTC), a rare tumour of the thyroid
gland. It seems that DMGDH gene interacting
with a non-coding RNA, promotes carcinoma
development and progression [22].

BHMT gene encodes a cytosolic enzyme that
catalyses the conversion of betaine and homo-
cysteine to dimethylglycine and methionine,
respectively. Defects in this gene might lead to
hyperhomocyst(e)inemia, but such a defect has
not yet been observed. Pellanda et al described
that a transcription variant of exon 4 of this
gene produces a loss of function of BHMT in
human hepatocarcinoma, suggesting that this
abnormal transcription of BHMT could be part
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or consequence of liver carcinogenesis [23]. No
duplication or amplification of this gene have so
far been reported in cancer. At the moment, we
have no information about a possible involve-
ment of the BHMT2 gene in the tumorigenesis.

Concerning the 5q rearrangement inheritance,
literature data report different inherited genom-
ic regions that influence susceptibility to cancer
[24]. Understanding the mechanisms by which
inherited genetic variants predispose to cancer
only in some family members is partially under-
stood for deletions and duplications. For exam-
ple, recurrent inherited rearrangements in
9p21, including the CDKN2A/CDKN2B genes,
with expression variability/incomplete pene-
trance are reported in multiple types of cancer
(including breast cancer, melanoma, glioma,
and leukemia), as well as non cancer-related
diseases, such as type 2 diabetes and myocar-
dial infarction [25-28].

In contrast, no clear data have been so far
reported for the role of inherited amplification
in cancer whereas incomplete penetrance/
expression variability is well documented for
some constitutional disorders [29-31].

It must be said that in the case 1, the associa-
tion between tumour and 5q14.1 amplification
may not reside in the amplification per se, but
rather in the destruction of the JMY gene regu-
lation. This gene, that is located about 23 Kbp
from the distal breakpoints of the amplification,
acts as a nuclear p53/TP53-cofactor increas-
ing p53/TP53-dependent transcription and
apoptosis [32-35]. The distal breakpoint at
5q14.1 might interferes with the normal expres-
sion and regulation of JMY, determining the
loss of tumour suppressive functions of p53.
However, in that case it is not clear why any
possible misexpression of this gene is associ-
ated with cancer in the child and not the
mother.

Am J Cancer Res 2016;6(12):2910-2918
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Conclusions

Clinical understanding of the GTNI is currently
in evolution. Although our study deals with is a
very limited sample of cases, given the rarity of
the disorder, it may provide a preliminary under-
standing of the molecular basis of this family of
tumours, showing that no specific imbalances
are involved in paediatric GTNI. MT8, to our
knowledge, was never described in brain
tumours. Since in this patient the tumour was
diagnosed at birth, the supernumerary 8 could
really have had a role in the onset of cancer.
Similarly, the 5914.1 amplification points on
specific cancer-associated pathways, whose
involvement remains entirely to be proven.

Certainly, from our preliminary data, we can
argue that GTNI is not a genetically homoge-
neous entity, with chromosome imbalances
present only in 2 of the 4 cases. The two cases
are distinguished by a brain localization, at vari-
ance of the remaining two with a spinal localiza-
tion. Further studies are required to show if this
is a coincidence or not.
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