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Abstract Diffuse leptomeningeal glioneuronal tumor (DLGNT) is a new central nervous
system tumor defined by the WHO in 2016 characterized mainly by hydro-
cephalus, headache, and epilepsy. We reported the case of a patient diagnosed
with DLGNT who presented with language developmental delay and positive
but subtle changes in imaging two years before the emergence of typical clini-
cal symptoms. Few studies were conducted on early tumor symptoms due to the
limited number of cases. We hypothesized that with the existence of pre-tumor
symptoms, language developmental delay may be related to tumor.
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DLGNT - diffuse leptomeningeal glioneuronal tumor; INTRODUCTION
gASRFI :?;:ggre;'si)if;mz?;e imaging Diffuse leptomeningeal glioneuronal tumor
T - computed tomography (DLGNT) is a new ceqtral nervous system tumor
Olig-2 - oligodendrocyte transcription factor 2 defined by the WHO in 2016(Louis et al. 2016).
ATRX - alpha thalassemia/mental retardation The patients affected are mainly children and
GEAP . ;{ir;clj;iobrzﬁa)i;'gz‘fﬁé protein adolescents manifested with hydrocephalus,
NeuN - neuron-specific nuclear protein headache a_nd epilepsy. Hez.1d magnetic reso-
NSE - neuron-specific enolase nance imaging (MRI) of patients with DLGNT
EMA - epithelial membrane antigen shows diffuse leptomeningeal thickening and
IPLEH . . Pfogtestte'?jnﬁ rgceptor : contrast enhancement over the brain surface on
- - isocitrate dehydrogenase ) . i o . i
FISH - fluorescence in situ hybridization studies. T1-weighted images; cystic lesions diffusely scat

tered throughout the surface of the cerebellum,
brain stem and basal ganglia on T2-weighted
images (Dodgshun et al. 2016; Gardiman et al.
2012; Gardiman et al. 2010). Oligodendrocytes-
like cells were found in some cases (Rodriguez et
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al. 2012; Schniederjan et al. 2013; Schwetye et al. 2017a).
All routine tests on cerebrospinal fluid (CSF) including
cell count and cytologic analysis show negative results
except for the increased protein level(Karlowee et al.
2017; Lyle, Dolia, Fratkin, Nichols, & Herrington,
2015). We report a patient diagnosed with DLGNT
who presented with language developmental delay and
positive but subtle changes in imaging two years before
the emergence of typical clinical symptoms.

CASE REPORT

The first visit to the hospital of the patient resulted
from language developmental delay at 2 years old
in May 2013. A MRI scan was performed and we
revealed subtle but suspected signals on the T2 images.
The abnormal signals are lesions around the midbrain
aqueduct and near the anterior horn of the lateral
ventricle with slight mass effect of local brain paren-
chyma (Fig.1B, 1C). Two years later, in October 2015
the patient suffered convulsions during sleep without
clear cause. Head computed tomography (CT) exami-
nation showed that the bilateral lateral ventricles and
third ventricle were significantly enlarged. Patient
was admitted to hospital for examination and treat-

ment. Head MRI (Fig.1D, 1E) examination showed
communicating  hydrocephalus, and numerous
T2-hyperintense lesions coating the basilar cistern,
cerebellum and brain stem regions. Arachnoid cyst
in left temporal lobe was observed. Spinal cord MRI
(Fig.1F) showed abnormal signals located at C5-C7
level of the spinal cord; Leptomeninges located at the
brain stem, bilateral cerebellar hemisphere and spinal
meninges at the whole spinal cord membrane were
enhanced. CSF showed slightly elevated protein level
(4680 mg/L). Ommaya sac was implanted into the left
ventricle to relieve the symptoms of hydrocephalus
and phenobarbital was administered to the patient to
prevent seizures 11 days after the first convulsion. One
week later, the patient experienced seizure again and
repeated vomiting due to intracranial hypertension.
The symptoms were slightly alleviated after the CSF
was drained.

The patient finally underwent the operation to
resect the thoracic vertebral lesion 18 days after
the second convulsion attack. During the opera-
tion, a translucent and jelly-like abnormal tissue was
observed located between the spinal cord dorsal arach-
noid and soft spinal membrane. Histological HE stain-
ing (Fig.2A, 2B) showed small round tumor cells with
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Fig. 1. Fig A is the timeline for patient’s condition changes. Fig. B and C show the MRI results of the patient at 2 years old (T2-Flair),
respectively. (B) A T2-hyperintense lesion around the midbrain aqueduct (arrow). (C) A T2-hyperintense lesion near the anterior horn of
the lateral ventricle which lead to the deformation of anterior horn (arrow). Fig. D, E and F are the initial head and spinal cord MRI after
seizure attack. Fig. D shows numerous T2-hyperintense lesions coating bilateral cerebellum (arrow). Arachnoid cyst in left temporal lobe
was observed. Fig. E shows obvious broadening of the cerebral ventricles. Fig. F shows spinal cord thickening and abnormal signals

located at the C5-C7 level spine cord (arrow).
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Fig. 2. Histomorphologic examination. Fig. A (HEx100) and B (HEx400) shows small round tumor cells with translucent cytoplasm in
hyperplastic fibrous tissue. Fig. C-H show immunostainings results (x400) that are positive for Olig-2 (C), synaptophysin (D), S-100 (E), the
Map-2 (F), and ATRX (G). The Ki-67 proliferation index is <4% (H). FISH analysis of 1p/19q shows only 1p deletion (arrows) (I) without 19q

deletion (J).

translucent cytoplasm and without nuclear fission,
vascular endothelial cell proliferation or necrosis in
hyperplastic fibrous tissue. Immunostaining revealed
positive for oligodendrocyte transcription factor 2
(Olig-2) and weak positive for synaptophysin, S-100,
Map-2, alpha thalassemia/mental retardation syn-
drome X-linked (ATRX) (Fig. 2C-G), and glial fibril-
lary acidic protein (GFAP). However, neuron-specific
nuclear protein (NeuN), neuron-specific enolase
(NSE), vimentin, p53, epithelial membrane antigen
(EMA) and progesterone receptor (PR) were negative.
The Ki-67 (Fig. 2H) proliferation index was less than
4%. Immunostaining for isocitrate dehydrogenase 1
(IDH-1) and BRAF V600E were negative. Fluores-
cence in situ hybridization studies (FISH) analysis of
1p/19q revealed only 1p deletion without deletion of
19q (Fig. 21, 2J). FISH analysis of BRAF-KIAA1549
fusion was negative.

The patient still suffered severe vomiting after
surgery and died three months later. He was finally
diagnosed with DLGNT based on clinical symptoms,
imaging data and pathology report.

DISCUSSION

DLGNT was first proposed by Gardiman (Gardiman
et al. 2010)reporting four patients with similar clinical
manifestations and imaging characteristics in 2010.
In 2016, this disease was officially named by WHO as
a new central nervous system tumor and there was no
effective treatment (Louis et al. 2016). Most of patients
diagnosed with DLGNT are male (51/78). The most
common manifestations of DLGNT include head-
ache and vomiting, accounting for about 47% (32/67),
hydrocephalus accounting about 44% (27/61), move-
ment disorder 23%(16/67), and seizures accounting
for 13% (9/67).(Agamanolis et al. 2012; Aguilera et al.
2018; Cho et al. 2015; Gardiman et al. 2010; Preuss
et al. 2015; Rodriguez et al. 2012; Schniederjan et al.
2013; Schwetye et al. 2017b) (Table 1) Although the
symptoms of our patients after the onset of the seizure
were consistent with those in previous reports, the
child exhibited language developmental delay before
the typical clinical symptoms appeared. To date, the
pathogenesis of DLGNT is unclear, and early devel-
opment and imaging of patients are rarely reported.
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Tab. 1. The Characteristics of diffuse leptomeningeal glioneuronal tumor patients

Main Manifestations

Age synap-
Number Gender Head- move- .
hydro- . : ] .

References s (range) cgdll;g_ cany ode e Olig-2 S100 GFAP toghy NeuN IDH-1

years I':‘s vomit- zures disor- sin

ing der

tha(;?;man 4 24 313 3/4 24  0/4  3/4 NA  4/4 44 44  1/4  NA
?f’;,’?oano"s 3 23 49 33 23 13 33 NA 33 NA 03 NA NA
Ef’j@guez 36 24/36 0546 836 14/36 536 6/36  7/9 11/12 12/31 19/27 0/36  0/36
ifg;‘fde”a” 9 49 156 7/9 59 1/9 39 NA 99 49 89  0/6  0/8
Choetal.’! 3 333 1162 03 23 13 03 33 NA 33 33 23 03
Preussetal’? 4 4/4 1987 44 NA  NA  NA 44 44 24 1/4  0/4  0/4
eDtoaOBSh”” 10 6/10 1514 NA 510 1/10 1/10 10/10 NA 10/10 10/10 NA  NA
ﬁf’;’l'i‘jra 7 47 27 NA  NA NA NA NA 77 777 77 NA 077
2;2)”,3”9 2 22 79 22 22 02 02 11 12 12 121 02 01
Total 78 51/78 0562 27/61 32/67 9/67 16/67 25/27 39/41 43/70 53/68 3/55  0/59

Olig-2: oligodendrocyte transcription factor 2; GFAP: glial fibrillary acidic protein; NeuN: neuron-specific nuclear protein;

IDH-1:isocitrate dehydrogenase 1

We believe that poor language development may be
related to the presence of the tumor, and we do not
rule out the prodrome of tumor.

Given that head MRIs in DLGNT patients showed
areas of diffuse leptomeningeal enhancement with
T2-hyperintense, this disease often needs to be dif-
ferentiated from tuberculosis infection(Karlowee et al.
2017). The T2-weighted images of our patient showed
numerous hyperintense lesions similar to those found
in literature, but his CSF and blood tuberculosis infec-
tion indicators were negative, and CSF examination
showed only elevated protein, but did not support
tuberculosis infection.

DLGNT tumor cells are singular oligodendrocyte-
like cells with medium-sized round nuclei (nucleoli
are not evident) (Gardiman et al. 2010). Immuno-
histochemical staining of tumor cells reported the
expression of Olig-2(92%), S100(95%), Map-2, and
synaptophysin(77%). Approximately 61% of the cases
expressed GFAP, but lacked NeuN, which are differ-
ent from oligodendrocytes tumors. None of the cases
expressed IDH-1. (Table 1)

The mutation of the BARF gene activates the
MAP/ERK signaling pathway and leads to the gen-
eration of tumors, which is highly common in BRAF
V600E and BRAF KIAA1549 mutations(Gierke et al.
2016).Dodgshun studied 33 patients with DLGNT
and showed that the most common mutation is

BRAF KIAA1549, which accounts for approximately
48.5%; 3% of the patients had BRAF V600E muta-
tion, and 18% did not show the mutated BRAF gene
changes(Dodgshun et al. 2016).

In conclusion, the study of DLGNT remains rela-
tively rare. The accuracy of diagnosis depends on
MRI and pathology. Patients with atypical clinical and
radiographic changes shall be subjected to long-term
follow-up for early recognition. We hypothesized that
with the existence of pre-tumor symptoms, language
developmental delay may be related to tumor. Further
studies with increased samples are needed to support
this finding.
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