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Established Facts

mas.

o A deletion of 14q is common in higher-grade oligodendrogliomas and is related to poor progression.
o Relapse-related genes are unknown in patients with 1p/19q codeletion high-grade oligodendroglio-

Novel Insights

oligodendrogliomas.

genes: SELIL and STON2.

o 14q24.2q31.3 appears to be the crucial region for disease relapse in patients with 1p/19q codeletion

o Retrospective studies of 14q deletion along with our data are suggestive of 2 potential relapse-related
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Abstract

Based on a literature review and our database, we report on
the smallest 14q deletion identified in a brain tumor charac-
terized by 1p/19q codeletion low-grade oligodendroglio-
ma. In 2013, array-comparative genomic hybridization of
the brain tumor revealed 1p/19q codeletion as a sole ab-
normality. In 2019, the patient relapsed showing additional

abnormalities including a 14q deletion of 16.5 Mb at
14q24.2931.3. This region overlaps with 2 previously iden-
tified minimal regions, 14921.2g24.3 and 14q31.3g32.1,
based on 142 cases of glioma. The authors reported no cor-
relation between these 2 regions and survival. By extracting
these 2 regions from our patient’s deletion and comparing
it to 12 other cases of 1p/19q codeletion oligodendroglio-
mas reported in the literature, we narrowed down the 14q
loss possible critical region to 5.6 Mb mapping at
14931.1931.2. Thisregion contains 2 potential relapse-relat-
ed genes: SELTL and STON2. ©2020 5. Karger AG, Basel
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Patients with 1p/19q codeleted oligodendrogliomas are
well-known to have a good response to chemotherapy and
radiation therapy [Hu et al.,, 2016]. However, disease pro-
gression or recurrence is a common complication of these
tumors. Published data showed that a deletion of 14q is
common in higher-grade oligodendrogliomas and related
to poor progression [Jeuken et al., 2002]. Currently, the gene
on 14q responsible for the disease relapse remains unknown.
By array-comparative genomic hybridization (array-CGH),
our patient’s brain tumor showed complete 1p/19q codele-
tion as the sole anomaly in 2013. The patient relapsed in
2019 during which array-CGH of the tumor showed addi-
tional abnormalities including an interstitial 14q deletion.
Following an extensive literature review and comparison of
all 14q deletions identified in relapsed/advanced oligoden-
droglioma patients, we here report on the smallest 14q dele-
tion that encompasses 2 potential relapse-related genes in
patients with 1p/19q codeleted oligodendrogliomas.

Clinical Findings

A 46-year-old female who was admitted to the neurosurgical
service for loss of consciousness and seizure in January 2013 un-
derwent a CT scan of the head. The results showed a large calcified
right parietal mass with vasogenic edema and right-to-left midline
shift. In the meantime, MRI of the brain confirmed a minimally
enhancing, cortically based right parietal lobe of 6.8 cm (antero-
posterior) x 3.9 cm (transverse) x 3.7 cm (craniocaudal) mass con-
taining calcifications with markedly increased perfusion, elevated
cell membrane turnover, and neuronal loss. The differential diag-
nosis based on the imaging findings included oligodendroglioma
with anaplastic features, intermediate to high-grade astrocytoma
or oligoastrocytoma. The patient underwent craniotomy for resec-
tion of the tumor and was diagnosed as grade 2 oligodendroglio-
ma, WHO grade II, focal high-proliferative index. The patient was
tested positive for IDHI mutation, ¢.394C>T (p.R132C), detected
by PCR. The patient received chemotherapy and radiation therapy
after surgery. In 2019, after presenting to the emergency depart-
ment for severe headache, the patient’s head MRI showed a pro-
gressively increased heterogeneous/nodular enhancement at the
posterior aspect of the resection cavity of approximately 2.8 x 2.6
x 3.9 cm in the anteroposterior, transverse, and craniocaudal di-
mensions, respectively, indicating recurrence of tumor changes.
The patient had repeat right craniotomy for tumor resection on
August 2019. Pathology reported the tumor as anaplastic oligo-
dendroglioma, WHO grade III. Currently, the patient reports im-
provement in her left hand strength, gait, and speech.

Pathology Findings

Microscopy of the paraffin-embedded permanent sections of
the tumor detected in 2013 showed grade 2 oligodendroglioma,
WHO grade II.

14q Deletion in 1p/19q Codeletion
Oligodendroglioma

Microscopy of the paraffin-embedded permanent sections of
the tumor dissected in 2019 highlighted an infiltrating cellular gli-
al neoplasm with oligodendroglial morphology including medi-
um- to small-sized tumor cells with round nucleus, mild to moder-
ate pleomorphism, and scant cytoplasm. Calcifications were pres-
ent. Focally, the tumor showed an increase in mitotic figures, up
to 7 in 10 high-power fields. Microvascular proliferation and ne-
crosis were not seen. The tumor was described as anaplastic oligo-
dendroglioma, WHO grade III.

Molecular Cytogenetic Results

Array-CGH with 108,000 probes designed by Agilent
(Santa Clara, CA, USA) and interpreted using Geno-
glyphix software (PerkinElmer, UK) was performed to
determine genomic losses and gains in correlation with
the human genome build (hg19).

Array-CGH of the oligodendroglioma resected in
2013 showed only genomic losses of the whole chromo-
somearms1pand19q:1p36.33p12(835601_120504552)x1
and 19q11q13.43(27923819_59091183)x1.

Array-CGH of the recurrent oligodendroglioma in
2019 showed the previously identified clonal abnormality
of 1p/19q codeletion and additional aberrations includ-
ing an interstitial deletion of chromosome 14, 14q24.2
q31.3(72896946_89429196)x1 (Fig. 1), and a small in-
terstitial deletion of chromosome 17, 17q23.3q24.1
(61746309_63241114)x1.

Discussion

The genetic hallmark of oligodendroglial tumors is the
complete loss of chromosome arms 1p and 19q. Patients
with these tumors are thought to have a better prognosis
than patients with mixed gliomas [Reifenberger and Lou-
is, 2003]. Other genomic alterations are frequently found
in anaplastic/high-grade tumors. These include deletions
of chromosomes 4, 6q, and 14q [Jeuken et al., 2002; Reif-
enberger and Louis, 2003]. The latter is the most common
aberration and claimed to play a role in disease relapse
[Reifenberger et al., 1994; Kros et al., 1999; Jeuken et al.,
2002; Kitange et al., 2005; Trost et al., 2007; Nauen et al.,
2016; Hassanudin et al., 2019]. A recurrent chromosome
loss indicates the presence of one or multiple genes that
could be responsible for disease relapse. In search for this
gene, a large study of 142 gliomas demonstrated 2 over-
lapping regions of 14q deletions, 14q21.2q24.3 and
14q31.3q32.1, which did not correlate with survival, his-
tological grading and subtype, or other genetic alterations
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Fig. 1. Array-CGH plot of chromosome 14 showing the smallest interstitial deletion reported so far in oligoden-
drogliomas associated with 1p/19q codeletion. Below our patient’s 14q deletion, all the blue bars represent the
14q deletions identified in patients described to have 1p/19q codeletion by array-CGH. The orange bars represent
the exclusive regions of 14q that were found not to correlate with patient prognosis.

[Dichamp et al., 2004]. However, this study combined all
different types of gliomas. In our study, we only com-
pared the 14q deletions identified in all reported oligo-
dendroglioma cases that had 1p/19q codeletion by array-
CGH. A review of the literature published after the 2004
study revealed 12 additional cases of 14q deletions that
may contribute to disease relapse or advanced stage as
described by the authors. Although, these studies were
performed by CGH, only the cytogenetic bands were
published. Therefore, by comparing the cytogenetic
bands of all these deletions to the region deleted in our
patient and by excluding the non-significant regions doc-
umented by Dichamp et al. [2004] (Fig. 1, orange bars), a
minimal critical 14q deletion of 5.6 Mb was assigned to
14q31.1q31.2 with the following genomic coordinates:
78,924,771-84,520,236. This appears to be the smallest
deleted region of chromosome 14 identified in relapsed
oligodendrogliomas that has ever been reported.

Moreover, a comparison of all 14q deletions found in
gliomas without clear description of 1p/19q deletion sta-
tus also revealed that our current minimal critical region
is still in the 14q31.1q31.2 region (Fig. 2).
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This minimal critical region of 14q31.1q31.2 encom-
passes 6 candidate genes: NRXN3, DIO2, TSHR, GTF2Al,
STON2, and SELIL (Fig. 3). The latter 2 genes, STON2
and SEL1L, were found to be mutated in several types of
cancer and may play a role in disease relapse:

STON2 (stonin 2; OMIM 608467) encodes STON2
which interacts with the endocytic machinery proteins
EPS15, EPS15R, and intersectin-1 and is a novel compo-
nent of the general endocytic machinery that likely regu-
lates vesicle endocytosis. Some studies suggested that
STON2 may play an important role in schizophrenia as
an AP-2-dependent endocytic sorting adaptor for synap-
totagmin internalization and recirculation. Importantly,
its role in tumor progression was first reported in ovarian
carcinoma cell lines, in which overexpression was dem-
onstrated in comparison with the normal ovarian cell
lines [Sun et al., 2017].

SELIL (suppressor of Lin12-like; OMIM 602329) en-
codes an endoplasmic reticulum-resident transmembrane
adaptor protein for the hydroxymethylglutaryl reductase
degradation protein 1 (HRD1). The SEL1L-HRD1 com-
plex is involved in the recruitment, retrotranslocation,

Zhang/Guzman/Batanian

Downloaded by:

9/2/2020 5:40:39 AM




Chromosome, 14 WS

14924.2931.3
Our patient

oGy

cd

14q23.3qtel (Nauen et al., 2016)/Grade IlI

14922932 (Trost et al., 2007)/Grade Il
14q1+q24 (Jeuken et al., 2002)/Low Grade
14921924 (Kitange et al., 2005)/Grade Il

14921924 (Kitange et al., 2005)/Grade llI
14q (Kitange et al., 2005)/Grade IV
14911-921 (Kros et al., 1999)/Low Grade

| — 14921 (Kros et al., 1999)/Anaplastic
-, 14q (Kros et al,, 1999)/Anaplastic
| — 14921 (Kros et al., 1999)/Anaplastic

14q deletion without 1p/19q codeletion cases

Fig. 2. Below our patient’s 14q deletion, all the blue bars represent the 14q deletions identified in patients de-
scribed to have oligodendrogliomas without 1p/19q codeletion by array-CGH.

chr14:78

,924,771-84,520,236 5,595,466 bp. | enter position, gene symbol, HGVS or search terms

| chri4

(024.3-031.2) (3%

Bl 14p11.2

Scale
chri4:

A1t Hap lotupes

2 Mo} | haig
| 72,508,000 so,000, 000 Se,See,000 81,600,000 51,500,000 s2,000, 000 52,500,000 53,000,008 =3,500,000 34,000,000 =4,500, 000
Haplotupes to GRCh3T Reference Sequence
Fatches to GRCh37 Reference Sequence
Reference Assemnbly Alternate Haplotupe Sequence Alignments

Chromosome Bands Localized by FISH Mapping Clones

14024.3 14031.2
7 UCSC Genes (Re: GenBank, CCOS, RFam, tRHAS & COMPArative Genomics)
NR#N3 <} p1oz CEF12] STON2 Mir_633
NEXNZ p1oz CEF123 STON2
MRANS Hrtrrrrer BERER S bt it DIo2 CEF125 [n  STONZ
Mir_S48 i HRXNS fessdfoelfrt{  DIOD2 TSHRE b}l  SELIL @
BX245745 " NEXNS m D10z TSHR =i SELILH
HRXNS CEP128 miberestta  GTF2AL
DIO2-AS1 § TSHR =i 835 W
CEP128 s HHH-h STOM
CEF125 Hit——itH
TSHR —HH

Fig. 3. UCSC ideogram of chromosome 14 listing all the genes found in the red square which represents the
minimal critical region of 14q deletion after the exclusion of the non-significant regions described in Figure 1.

and ubiquitination of endoplasmic reticulum-associated
degradation substrates. In 2006, a review article on SEL1L
functions described its important role in hemostasis of cell
physiology. Once the gene is affected, the cells undergo
transformation leading to cancer, implying its role in tu-
mor progression [Biunno et al., 2006]. Further, different
expression regulations of SEL1L were identified in several

14q Deletion in 1p/19q Codeletion
Oligodendroglioma

human malignancies including pancreatic, colorectal,
breast, gastric, esophageal, lung, and prostate cancer, i.e.,
downregulation in pancreatic and breast adenocarcino-
mas and upregulation in prostatic, lung, and cervical can-
cer and metastasis. Moreover, SEL1L is upregulated in the
initial phases of colorectal cancer, suggesting a potential
function in tumor progression [Mellai et al., 2020].
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Recently, SELIL expression appeared to be linked to
glioma proliferation rate, histological malignancy grade,
and to therapy response. Mellai et al. [2020] reported that
overexpression of SELIL in malignant gliomas is associ-
ated significantly with TERT promoter mutation, EGFR
gene amplification, and other well-known negative prog-
nostic markers for gliomas, leading the authors to suggest
a role for SELIL in glioma progression. Furthermore,
downregulation of SEL1L conferred positive sensitivity to
valproic acid treatment [Cattaneo et al., 2014] which may
suggest a role of SEL1L in gene-target therapy.

The 17q deletion that encompasses 24 protein-coding
genes is not known to be associated with oligodendro-
glioma relapse. Therefore, this aberration was not com-
pared to other studies of high-grade oligodendrogliomas.

We report on the smallest cytogenetic deletion of 14q
that could represent the most critical region in disease
relapse in 1p/19q codeleted oligodendrogliomas. This re-
gion highlighted 2 strong candidate genes in the search
for an understanding of the recurrence of high-grade oli-
godendrogliomas. Perhaps, a mutation analysis of STON2
and SEL1L or next-generation sequencingof14q24.3q31.1
would provide a refined mapping of the relapse-related
minimal region in non-deleted 14q oligodendroglioma
cases which would be necessary to confirm their primary
roles in disease relapse which ultimately lead to gene-tar-
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