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Abstract

Medulloblastoma (MB) is a malignant pediatric brain-tumor with a high death rate. A comprehensive
protein-coding and regulatory-transcriptomics are needed for personalized medicine. Molecularly
sub-grouped 22 histopathologically-characterized Medulloblastoma (MB) into Group 4-MB (G4),
Group 3-MB (G3), Wnt-MB, and SHH-MB by two accepted methods molecular inversion probe-
based array and transcript-probe-based NanoString assay. Out of 22, 12 samples (10 MB and 2
controls) including all subgroups of MB were considered for long and short-read sequencing.
Assembly was done through PacBio-ToFU pipeline and assessed through SQANTT using a pre-
treating pipeline with 47 distinctive-features. Based on canonical/highly-conserved splice-junctions
induced transcriptomics-complexity the MB-patients were categorized into low- or high-risk tumors
which may be considered for precise treatment. Significant upregulation of Antisense-transcripts
(AS), EZH2 in SHH, CENPX in SHH/G-3, COL18A1 in G-4 MB and transcripts TTR in SHH/
G3/G4-MB; PDLIM3 and SFRP1 in SHH; NRL in G-3; and NNAT, an imprinted gene in G-4 MB
were observed. The identified ASs may be used as a target for developing anti-antisense synthetic
peptides or transcriptional-inhibition through classical CRISPR/Cas9 in combination with SHH/
NRL/NNAT inhibitors may be used as a precise approach to target MB. Further, TTR identified in
cerebrospinal fluid may be used as a marker to understand the prognosis of the disease.

Keywords: Medulloblastoma; SQANTI; Antisense transcripts; TTR; PDLIM3; SFRP1; NRL;
NNAT; EZH2-AS1; CENPX; COL18A1-AS1

Introduction

Present knowledge regarding transcriptome complexity including Alternative Splicing (AIS)
and Alternative Polyadenylation (APA) aspects in molecularly grouped Medulloblastoma (MB)
etiology is presently insufficient. MB counts for 16% to 20% of all brain tumors. Of these, 5.91% are
Group-4 (G4), 4.05% are Group-3 (G3), 4.05% are Sonic Hedgehog (SHH), and 1.59% are WNT, and
0.380% are ill-defined [1]. Regardless of innumerable high-throughput gene-expression studies, the
differential expression of coding RNAs has been thoroughly assessed. Additionally, some IncRNA-
based MB subclass-precise chromosomal remodeling have been reported independently [2]. These
post-transcriptional AlS and APA mechanisms which subsequently enhance proteome diversity
have expressed to establish vital roles in cancer development, progression and mortality [3-5] and
other diseases like diabetes [6,7], as well as in neurological disorders [8-12] and accordingly may
engage in a cardinal role in the setting up MB complexity.

Technically, AlS has been accomplished chiefly using exon-microarrays and short-read RNA-
sequencing. The two procedures are worthwhile for the recognition of AlS events such as exon
skipping or intron retention and have entrenched the participation of AlS in MB. Nevertheless,
both exon-microarrays and short-read RNA-sequencing have restrictions for the alignment of the
actually expressed transcripts. As short-reads defy the continuation of the transcript sequences [13-
15]. Hence, fails to resolve actual ambiguities of MB subgroups. Limited MB studies are available
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which have catalogued specific transcriptomes to understand
functional aspects of isoform diversity, identification of antisense, and
long noncoding transcripts. However, a sudden increase in single-
molecule sequencing technique to acquire full-length transcripts
has helped to eliminate the need for hybrid assembly created by the
alignment of short-read sequences against long-read sequences for
transcript reconstruction.

Currently, different long-read transcriptome sequencing
platforms are available: Pacific Biosciences (PacBio) [15-18], and
Nanopore [19]. Here, we have used the popular PacBio Iso-Seq
protocol and short-read sequencing through Illumina for enhancing
coverage of different samples categorized in MB sub-groups through
molecular inversion probe constructed assay (OncoScan Array) and
transcript-probe-build NanoString assay [20,21].

As PacBio sequencing undergo, comparatively increased raw
error rate (~15%) [22] and a lower yield compared to Illumina. Hence
for PacBio error correction, short-read sequencing through Illumina
was also conducted and hybrid assembly was used for transcript
identification to remove limitations of short-read breaks which
disrupt the actual open reading frames of the transcripts [13,15]. In
lieu, we utilized SQANTI (Structural and Quality Annotation of Novel
Transcript Isoforms) pre-processing pipeline for the examination
of long- and short-read transcriptomics and have identified MB
subgroup-specific as well as common differentially expressed full-
length transcripts, full-length novel isoforms, alternative lengths
of poly A transcripts and number of poly A motifs and, antisense
transcripts [23]. These can be applicable in addressing development
of small molecules. Additionally, a panel that can extensively and
uniquely portray MB for time ahead clinical trials and precision
medicine.

Methodology

Molecularly to sub-classify histopathologically characterized
25 MB into G4-MB, G3-MB, WNT-MB, and SHH-MB were
processed through two endorsed methods Molecular Inversion Probe
constructed assay (OncoScan Array) and transcript-probe-build
NanoString assay (Supplementary Table 1). We collected raw tumor
tissue in liquid nitrogen immediately after surgery for molecularly
characterization and simultaneous immune-histopathological and
examinations. A total of immunohistopathologically confirmed 22
posterior fossa-MB was treated for aCGH assays for evaluating Copy
Number Variations (CNVs) on OncoScan array [24]. For control,
posterior fossa tissue from the conventional trauma adult patient was
utilized and labeled as MC. The other three controls were matched
MB controls (M14C, M97C, M76C). All the specimens were acquired
after informed consent.

Molecular inversion probe assay

22 MB samples (M1, M2, M7, M9, M12, M13, M22, M24, M28,
M30, M32, M36, M39, M42, M48, M50, M55, M60, M62, M73, M76,
M80) and two controls were molecularly characterized through
OncoScan-Array (OA). Genomic DNA extraction, processing,
scanning and analysis was done as reported previously [24]
(Supplementary Table 2).

Transcript-probe-based NanoString nCounter assay

Twelve samples were processed through NanoString (NS) based
method. Six samples (M-39, M48, M62, M73, M80, M83) along
with 4 known samples of each group (G3-M1, G4-M2, SHH-M28,
and WNT-M48) were processed on commercially available

transcript-based code-set on NS against two controls (Supplementary
Table 3-codeset). Probes for nCounter were designed for 22 code
sets for different sub-types of Medulloblastoma from mRNA
of Homo sapiens. Experiments have been performed according to the
instruction manual (NanoString Technologies). nSolver™ Analysis
Software 3.0 (NanoString Technologies) was used to perform
background subtraction, spike-in-control normalization, and
reference gene normalization. Using 5 housekeeping genes (ACTB,
GAPDH, RPL19, TBP, TUBB), transcript counts were normalized
to the and 2 MC1 and MC4 controls in the nCounter panel and the
5 housekeeping genes (ACTB, GAPDH, RPL19, TBP, TUBB) and
compared to the control samples (Table 1).

Long read sequencing using PacBIO RS-

The samples were categorized as following G3/4: M-1, M-2,
M-39, M-73; G3/4 with SHH: M80, M83; SHH with G3/4: M13,
M22, M28, M76; WNT-M48, M32, M60; WNT with SHH -M62.
Out of which a total of 11 samples were processed for long Read
Sequencing. G3/4: M-1 (G3/4 through OA and NS), M-39 (G3/4
through NS), M-73(G3/4 through NS); M80 (G3/4 with SHH through
NS); SHH with G3/4: M13 (OA-SHH, NS-SHH with G3), M28 (OA-
SHH, NS-SHH with G3 and G4 genes); M76 (NS-SHH with G3 and
G4 genes); WNT: M32 (WNT alpha through 6-, 8+, 10q-OA) and
M60 (WNT beta with no loss of Ch6) ; G4 M-2 (G4 through OA; G4
through NS) (Table 1).

Control: Two control samples including one pediatric matched
control and one adult control from trauma patients were also
processed for long read sequencing (Table 1).

Short Read Sequencing (SRS) through MiSeq

A total of 12 samples were processed for SRS G3/4: M-1, M-39,
M-73, M-83; SHH with G3/4: M13, M28, M76; WNT: M32; G4: M97T,
M-104; Control: M97C and M14C (Table 1).

(M-2, M60, and M80 samples were inadequate hence were not
processed for short-read sequencing).

Overview of bioinformatics

To procure consensus transcripts, assembly was orchestrated
through PacBio and ToFU pre-processing pipeline. Calculable
(indel) errors were removed by correlating consensus transcripts to
the reference genome and an amended transcriptome was generated.
Further, false transcripts were removed using a SQANTI filter which
provided us with a curated transcriptome. Illumina short reads were
mapped against the RefSeq transcriptome annotation, the corrected,
and the curated PacBio transcriptomes. In individual samples (M1,
M39, M73, M83, M13, M28, M76, M22, M97, M104). SQANTI was
used for the classification of long-read transcripts and with support of
short-read transcripts were able to identify full-length-transcriptome,
known and novel-transcript-isoforms, antisense transcripts, fusion
transcripts. All the transcripts were further characterized as coding
if they showed the presence of putative ORF. SQANTI also assessed
the quality of data and the pre-processing pipeline using 47 unique
descriptors. Canonical and Non-canonical splice junctions were also
identified. All the above samples were aligned to the human reference
genome and a differential expression level matrix was created between
tumor and control samples. Using standard settings (minimum fold
change 2.0 and p-value correction was through Bonferroni and
cut off p-value was 0.05) heat map was generated between control
and experimental samples. Using standard t-test each subtype was
compared with control as well as subtypes were also compared
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Table 1: Detailed Characterization of Medulloblastoma based on previous reports.

Categquzatlor}lof Categorization of Categorization of
transcript profiling transcript profilin transcript profilin Broad and Focal
through Long Read ptp ‘g ptp 9 e OncoScan Array
. based on NanoString | based on through short Amplifications [20]
Sequencing - G Fold [21] read Sequencin
Approach q g
OTX1: 3.7875; DSCAM:
1 M1 2.5474; PROM2: 2.00402; | GP-3- 4 genes; 2 genes |GP-3- 5 genes; 2 genes of| SNCAIP duplication — GP-4-Beta and OTX2 gain in GP-3
SNCAIP: 4.31335; OTX2: = of GP-4; 1 gene of WNT GP-4; 1 gene of WNT Beta
2.43606
MYCN: 2.89776; CDK®6: la*, 7+, & 179, 11-
2 M2 | 2.03726; DACHL: 2.61703; °0 33“2';33 9ENES | sample inadequate am 'I\illf:c(;gt’i\losrl(jG(I:Dl-)4K§I ha MYCN (HCN); CDK6
TIGAR: 2.60825 P P
GP-4 alpha
1g+, 79+, 8p-, i17q, 11-
3 M7 CDK®6 amplification —-GP-4 CDK6
gamma
GP-4 gamma
6-, 8+
4 M9 Sample inadequate Sample inadequate
WNT Alpha
2+, 4+, 7+, 9+, 11+, 17+, 19+,
20+
CDK6 and MYCN-
5 M12 Anaplastic Ependymoma
(Histopathologically reported
Medulloblastoma
9-, 10g-, 17p- and MYCN
6 M13 SOX11: 2.28819; DACH1: SHH-4 genes and 2 SHH-5 genes; 2 genes of amplification, GLI2 9-LOH, 3+, MYCN amplification-
2.14536 genes of GP-3 GP-3; 1 gene of WNT amplification, YAP1 SHH alpha
amplification
YAP1; MYCN
7 M22 - SHH-2 genes; 2 WNT genes; 2 gene of GP-3 and 1 gene of GP-4 9-, 3g+ -SHH alpha
MYCN
MYCN and CDK6 CDKé
8 M24 . .
amplification —-GP-4 alpha 1q+, 7+, 8p-, i17q, 11-
GP-4 alpha
“ToT 2asens Soxo | SHHegenesandigene  SeeSgenesanaz & T SN
0 Vo8 -2.29142: SFRP1 -2.74285: of GP-3 Zn;l_: gene of | genes of;l;—:;jd 1 gene amplification, YAP1 6- (HCL), 10g-, MYCN (HCN)
PPM1H -2.82398 ' amplification SHH alpha
PTCHD1,; -2.76498; PTCH1.: -3.01062 YAP1; MYCN 6- WNT alpha WNT alpha and SHH alpha
1+, 2+, 4+, 5+, 6+, 7+, 9+, 12+,
14+, 16, 17+, 19+, 21+
10 M30 CDK6 and MYCN
(Histopathologically
Meduloblastoma-Expired)
CNTN1: -2.08981; SOX2- 6-, 8+, CTNNB1 I
OT: -3.15584; SOXO: mutation-WNT alpha | 0 &+ (MYC amplification), 10q-
-3.52228; CTNNB1:
11 M32 -2.42989; SFRP1 -3.11352; Sample inadequate Sample inadequate
WIF1: 4.5439; DKK4: 10g- SHH alpha WNT
2.61646; PTCHD1:
-2.74897
7+, 8-,i17q, X-
12 M36 CDK®6 amplification —GP-4 CDK6
gamma
GP-4 gamma
OTX2: 2.69446; MEIS3 GP-3 - 4 genes and 2 GP-3 - 4 genes and 2 . ep )
13 M39 2.19684 genes of GP-4 genes of GP-4 OTX2 Gain: GP-3 beta
1+, 2+, 4+, 5+, 6+, 7+, 9+,
10+,11+, 12+, 13+, 14+, 17+,
18+, 19+, 20+ 21+
14 M2 CDK6 and MYCN
(Histopathologically
Meduloblastoma-Expired)
. 6-, 8+, CTNNB1
15 M48 No up-regulation of any subclass mutation-WNT alpha 6- WNT alpha
ication —GP-. 7+, 8-,i17q, X-
16 M50 ) . } CDKG6 amplification —GP-4
gamma CDK6 GP-4 gamma
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fication —GP- 1qg+, 79+, 8p-, i17q CDK6
17 M55 CDK®6 amplification —GP-4
gamma GP-4 gamma

18 M60 SOX4: -2.55303 WNT Beta No alterations
19 M62 SHH-1gene and 1 gene of WNT

TCF4: -2.10229; SOX2-

OT: -2.21847; GABBR1 . MYC Amplification- GP-3
20 M3 -2.25801; CTNNBL: Gp"séni%;”g;_i“d ! 2';'_1 "ai(?i”e; el gfecveNf gamma; OTX2 gain in

-2.38753; MYC: 2.47426; 9 g GP-3 Beta

OTX2: 2.60189
. 9-, 10g-, 17p- and MYCN

BMP5:2.943; BCYRN1: | SHH-5 genes; 2 genes of SHH 5lgenes, 2 genes. amplification, GLI2

2l | Ms -3.5674 GP-3; 1 gene of N | 0T CP 3 1gene of WNT: o jiication, YAP1
: 9 YAPL; MYCN piication,
amplification
No. of reads were less to be| > -+ 9ene; GP-3-3
22 M80 compared genes and 3 genes of -
P GP-4
SHH -1 gene; GP-3 -3
23 M83 genes and 4 genes of GP-3 - 3 genes; 2 genes of GP-4 and WNT -1 gene
GP-4

24 M97 To be analysed
25 M104 4 genes of GP-4; GP-3 - 1 genes

among themselves.
Results

Stratification of 24 MB samples and two control samples

Twenty-four Medulloblastoma samples (M1, M2, M7, M9,
MI12, M13, M22, M24, M28, M30, M32, M36, M39, M42, M48,
M50, M55, M60, M62, M73, M76, M80, M83, M97, M104) either
processed through MIP assay, Transcript-probe-based NanoString
nCounter assay or through long- and short-read sequencing have
been stratified in various groups as well as sub-groups as per recent
broad and focal amplifications [20] and transcript based markers as
depicted in Table 1 [21] and supplementary data (Supplementary
Table 3a and Supplementary Figure 1a, Supplementary Table 3b and
Supplementary Figure 1b, Supplementary Table 3cand Supplementary
Figure lc, Supplementary Table 3d and Supplementary Figure 1d;
Supplementary Table 4 transcript-probe based NanoString nCounter
characterization).

Structural classification of Transcripts through
SQUANTI including both long and short read Sequencing

Through SQANTI analyses, we were able to categorize unique
transcript isoforms, structurally into Full Splice Match (FSM),
Incomplete Splice Match (ISM), Antisense (AS), intergenic, Novel
in Catalog (NIC), Novel not in Catalog (NNC). For each structural
category, we filtered between coding and non-coding transcripts.
Coding transcripts were filtered between canonical and non-canonical
junctions based on splice junctions (GT-AG as well as GCAG and
AT-AC as canonical splicing and all the other possible combinations
as non-canonical splicing). Further Canonical junctions were
categorized as true and false based on Reverse Transcriptase template
Switching (RTS) which was approximately 2% for known splice
junctions [23].

The result of 11 samples including two controls was processed
for sequencing raw data analysis sequenced by the PacBio RSII
(Long-Read Sequencing) sequencer, further long-reads were also
supported by short-read sequence through Illumina. Importantly
most of the known canonical junctions were supported by short-read
data depicted through individual SQUANTI reports of the individual
samples (Supplementary Data 5 PDF of 11 samples processed through

SQUANTI). The results found as SQANTI reports categorized unique
transcript isoforms of all Medulloblastoma samples in FSM; ISM;
NIC; NNC; Antisense-transcripts (AS); Intergenic (IG)-transcripts
(Supplementary Table 6a). Further, the transcript isoforms were
classified into coding and non-coding sequences through SQANTI-
GeneMarkS-T-algorithm  (Supplementary Table 6b). Coding
transcripts of FSM, ISM, and NIC represented known-canonical with
mean value of 92.00 (SD + 2.48), 85.89 (SD + 2.04) and 42.62 (SD +
20.69) respectively (Supplementary Table 6¢). However, ~0 to 1.61%
were non-canonical in nature in FSM, ISM, and NIC (Supplementary
Table 6¢). Canonical junctions were categorized as RTS true i.e.,
percent of transcripts in which reverse transcription switching
occurred were 4.43% (SD + 0.84) in FSM, 3.48% (SD + 0.76) in ISM,
5.35% (SD + 0.89) in NIC, while no reverse transcription i.e., 0% was
observed in canonical transcripts of NNC, AS and IG transcripts
(Supplementary Table 6d).

The transcripts were also compared with annotated
Transcription Start Sites (TSSs) and Polyadenylation sites
(PolyA)

Distance to Annotated-Polyadenylation PolyA/Transcription
Termination Site (TTS)/annotated Transcription Start Site (TSS) Site
inFSM, ISM, NIC,NNC. ASand IG transcripts showed no applicability
of PolyA/TTS/TSS. The distance of Poly A transcript/TTS/TSS from
annotated Poly A /TTS/TSS site is (equal to 1). More than 1 was
depicted as positive and less than 1 negative value. Negative values
indicated upstream of annotated PolyA site/TTS, while downstream
of the annotated-TSS site respectively, (Supplementary Table 6e).

Detection of poly A motif from 3'end both for FSM and
ISM: Poly A Motif were identified showing negative value to annotated
and specific annotated PolyA site peaking between -10 to -20 in all
structural categories of transcript did not show the significant change
between control and all MB samples (Supplementary Table 6f). The
most common motif identified was AATAAA in all control and
tumor samples ~60%.

Novel Antisense (AS) transcripts: Canonical, RTS-false,
coding (as per ORF length polyA transcripts), and predicted Non-
sense Mediated Decay (NMD False) were considered as filters for
identifying AS transcripts. Based on aforesaid criteria sub-group-
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Table 2: Based on following criteria, Canonical, RTS-false, coding (as per ORF length polyA transcripts), and predicted non-sense mediated decay (NMD False)
following AS transcripts were identified. For example, CROCC, TOM1, STON2, and AK5 were WNT-specific; CENPX and EZR were common between SHH and

Group-3; while ZNF391 and ZNF 865 were specific to Group-3 and COL18A1 and ZC3HAV1L to Group-4.

MB Chromosome| Gene ID Entrez Gene Summary GeneCards Summary for Gene GeneCards Summary
Subgroups for AS Gene
CENPX (Centromere Protein X) is a
Dominant SHH 17 CENPX Protein Coding gene. Amo_ng its related
pathways are Homology Directed
Repair and Chromosome Maintenance.
The cytoplasmic peripheral membrane
protein enf:oded py th|§ gene functions EZR (Ezrin) is a Protein Coding
as a protein-tyrosine kinase substrate ] . .
S - gene. Diseases associated with EZR
in microvilli. As a member of the ERM ; ) .
: . . : include Autosomal Recessive Non-Syndromic
protein family, this protein serves as Intellectual Disability and Neurofibromatosis.
an intermediate between the plasma : oty " |[EZR-AS1 (EZR
- Type li. Among its related pathways are Blood- ) )
membrane and the actin cytoskeleton. : . - .~ Antisense RNA 1) is
. . : . Brain Barrier and Immune Cell Transmigration: .
Dominant SHH 6 EZR This protein plays a key role in cell . ) an RNA Gene, and is
) Lo VCAM-1/CD106 Signaling and wtCFTR and - )
surface structure adhesion, migration and ) . affiliated with the INcRNA
. . S delta508-CFTR traffic / Generic schema
organization, and it has been implicated class.
) ) (norm and CF). Gene Ontology (GO)
in various human cancers. A pseudogene . ) N
annotations related to this gene include RNA
located on chromosome 3 has been L . . PR
. . ) . . binding and protein domain specific binding.
identified for this gene. Alternatively spliced An important paralog of this gene is RDX
variants have also been described for this P P 9 g '
gene. [provided by RefSeq, Jul 2008]
CENPX (Centromere Protein X) is a
Dominant GP3 17 CENPX Protein Coding gene. Amo_ng its related
pathways are Homology Directed
Repair and Chromosome Maintenance.
ZNF391 (Zinc Finger Protein 391) is a
Protein Coding gene. Gene Ontology (GO)
: annotations related to this gene include nucleic
Dominant GP3 6 ZNF391 acid binding and DNA-binding transcription
factor activity. An important paralog of this
gene is ZNF300.
ZNF865 (Zinc Finger Protein 865) is a
Protein Coding gene. Gene Ontology
19 ZNF865 (GO) annotations related to this gene
include transcription coregulator activity. An
important paralog of this gene is ZNF667.
ZC3HAVLL (Zinc Finger
ZC3HAVLL (Zinc Finger CCCH-Type CCCH-Type Containing,
. Containing, Antiviral 1 Like) is a Protein Antiviral 1 Like) is a
Dominant GP4 l ZC3HAVIL Coding gene. An important paralog of this Protein Coding gene. An
gene is ZC3HAV1. important paralog of this
gene is ZC3HAV1.
This gene encodes a CCCH-type zinc ZC3HAV1 (Zinc Finger CCCH-Type
finger protein. This antiviral protein inhibits |Containing, Antiviral 1) is a Protein Coding
viral replication by recruiting cellular RNA  |gene. Diseases associated with ZC3HAV1
degradation machineries to degrade include Eastern Equine Encephalitis.
viral mMRNAs. The encoded protein plays ~ Among its related pathways are HIV Life
an important role in the innate immune Cycle and Oncogenic MAPK signaling. Gene
response against multiple DNA and RNA | Ontology (GO) annotations related to this gene
viruses, including Ebola virus, HIV and include RNA binding and NAD+ ADP-ribosyl
SARS-CoV-2 (which causes COVID-19). transferase activity. An important paralog of
[provided by RefSeq, Sep 2021] this gene is PARP12.
This gene encodes the alpha chain of type
XVIII collagen. This collagen is one of the
multiplexins, extracellular matrix proteins
that contain multiple triple-helix domains
(collagenous domains) interrupted by non-
collagenous domains. A long isoform of
the protein has an N-terminal domain that |COL18A1 (Collagen Type XVIII Alpha 1
. . . : . COL18A1-AS1
is homologous to the extracellular part of  |Chain) is a Protein Coding gene. Diseases }
; ) . : . . (COL18A1 Antisense
frizzled receptors. Proteolytic processing associated with COL18A1 include Knobloch RNA 1) is an RNA
at several endogenous cleavage sites in Syndrome 1 and Glaucoma, Primary Closed- Gene. and is affiliated
the C-terminal domain results in production |Angle. Among its related pathways are Integrin| .
COL18A1 ) N : : ; with the INcRNA class.
of endostatin, a potent antiangiogenic Pathway and ERK Signaling. Gene Ontology ) }
: } S A . . : Diseases associated
protein that is able to inhibit angiogenesis | (GO) annotations related to this gene with COL18AL-
and tumor growth. Mutations in this gene  |include identical protein binding and structural AS1 include Glioma
are associated with Knobloch syndrome. molecule activity. An important paralog of this Suscentibility 1
The main features of this syndrome gene is COL4A1. P YL
involve retinal abnormalities, so type XVIII
collagen may play an important role in
retinal structure and in neural tube closure.
Alternative splicing results in multiple
transcript variants. [provided by RefSeq,
Dec 2014]
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TOM1 (Target of Myb1l Membrane
This gene was identified as a target of the | Trafficking Protein) is a Protein Coding
v-myb oncogene. The encoded protein gene. Diseases associated with TOM1
shares its N-terminal domain in common include Immunodeficiency 85 And ENSG00000273176
with proteins associated with vesicular Autoimmunity and Congenital Muscular (Novel Transcript,
. trafficking at the endosome. It is recruited | Dystrophy-Dystroglycanopathy Type A6. Antisense To TOM1) is
Dominant WNT 22 Tom1 to the endosomes by its interaction with Among its related pathways are Innate an RNA Gene, and is
endofin. Several alternatively spliced Immune System and C-MYB transcription affiliated with the INcCRNA
transcript variants encoding different factor network. Gene Ontology (GO) class.
isoforms have been found for this gene. annotations related to this gene
[provided by RefSeq, Oct 2008] include clathrin binding. An important paralog
of this gene is TOM1L2.
This gene encodes a protein which
is a membrane protein involved in
regulating endocytotic complexes. The
protein product is described as one of
the clathrin-associated sorting proteins, x> (sionin 2) is a Protein Coding gene.
adaptor molecules which ensure specific . ;
. : . Among its related pathways are Clathrin-
proteins are internalized. The encoded ; : - .
14 STON2 . L mediated endocytosis and Vesicle-mediated
protein has also been shown to participate . .
: . ) ) transport. An important paralog of this gene
in synaptic vesicle recycling through .
. . . . . is STON1-GTF2A1L.
interaction with synaptotagmin 1 required
for neurotransmission. Multiple transcript
variants encoding different isoforms have
been found for this gene. [provided by
RefSeq, Jan 2012]
This gene encodes a member of the
adenylate kinase family, which is involved |AK5 (Adenylate Kinase 5) is a Protein
in regulating the adenine nucleotide Coding gene. Diseases associated with AK5
composmc_)n within a cell by catalyzing |nc|ude_L|mb|c Enf:ephalltls and Anterograde ENSG00000287647
the reversible transfer of phosphate Amnesia. Among its related pathways ;
: ) (Novel Transcript,
groups among adenine nucleotides. are AMPK Enzyme Complex Antisense To AKS) is
1 AK5 This member is related to the UMP/CMP Pathway and purine nucleotides de novo .
X K ) . . . an RNA Gene, and is
kinase of several species. It is located biosynthesis. Gene Ontology (GO) annotations ) .
. . . ) ) affiliated with the INcCRNA
in the cytosol and expressed exclusively related to this gene include nucleoside class
in brain. Alternatively spliced transcript diphosphate kinase activity and nucleoside ’
variants encoding distinct isoforms have kinase activity. An important paralog of this
been identified for this gene. [provided by | gene is AK9.
RefSeq, Jul 2008]
CROCC (Ciliary Rootlet Coiled-Coll,
Rootletin) is a Protein Coding gene. Diseases
associated with CROCC include Alstrom
CROCC Syndrome and Joubert Syndrome 1. Gene
Ontology (GO) annotations related to this gene
include structural molecule activity and kinesin
binding. An important paralog of this gene
is CROCC2.

specific novel AS transcripts were identified. For example, CROCC,
TOM1, STON2, and AK5 were WNT-specific; CENPX and EZR
were common between SHH and Group-3; while ZNF391 and
ZNF 865 were specific to Group-3 and COL18A1 and ZC3HAVIL
to Group-4 (Table 2).

Differential analysis among different subtypes of MB and
control: For this the combined long and short read for each sample was
considered and differential analysis of all subtypes of MB vs. control
was analyzed, considering Bonferroni less than <0.05, we identified 35
transcripts (Supplementary Table 7-Bonferroni). Further, categorized
and characterized 9 MB in different subgroups compared to two
control samples through RPKM values as transcript-based markers
suggested by Northcott et al. Supplementary Table 8. On further
comparison among different subtypes, i.e., comparison of SHH wvs.
G3/G4 samples through our long and short-read sequencing (Table
3a-3c) as well as transcripts which have been previously reported
to categorize different subtypes of medulloblastoma (Table 4a-4c).
We identified TTR, PDLIM3, and SFRP1 as highly significantly up-
regulated genes, which were upregulated in SHH compared to both
G3 and G4 (Table 3a, 3b, 4a, 4b). NRL was specifically increased in
G3 compared to SHH and G4 (Table 4a, 4c). While NNAT was up-
regulated in G4 compared to SHH and G3 (Table 3c).

Customized nCounter based Codeset for comprehensive
characterization

Most common and sub-group specific 24-AS transcripts, 35
differentially regulated transcripts and 22 previously reported
transcripts have been incorporated as probe-based direct transcript-
based characterization has been prepared to run on NCounter
NanoString (Supplementary Table 9). Importantly, all the transcripts
were reported as false predicted Nonsense-Mediated Decay (NMD)
transcripts.

Discussion

Initially, we followed a personalized approach to characterize each
Medulloblastoma (MB) sample based on the Molecular Inversion
Probe (MIP)- OncoScan array and transcript-based NanoString array.
Individual samples did not show single subgroup-specific genes, they
showed genes specific to two or more than two subgroups G3/4: M-1,
M-2, M-39, M-73; G3/4 with SHH: M80, M83; SHH with G3/4: M13,
M22, M28, M76; WNT-M48, M32, M60; WNT with SHH -M62.
This categorization of samples increased the heterogeneity among
various subgroups of MB and categorized as high-risk tumors as well
as favors more to comprehensive treatment instead of only surgical
and radiological treatments. The mixed subgroup was annotated
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Table 3a: Only RPKM (SHH vs. Group 3).

Gene SHH Mean SHH SD Group 3 Mean Group 3 SD P value Significance
SLC1A7 2.2 35 228.2 310.3 P>0.05 ns
RD3 2 2.8 61.5 99.6 P>0.05 ns
CHRM3 3.9 5.5 30.8 16.1 P>0.05 ns
TBR1 0.3 0.1 204.2 207.1 P>0.05 ns
FEZF2 0.1 0.1 25.2 40.4 P>0.05 ns
IMPG2 0.7 0.3 202.2 370.6 P>0.05 ns
SST 0.6 0.8 256 539.6 P>0.05 ns
SLC6A3 5.3 7.9 113 145.3 P>0.05 ns
NEUROG1 0.4 0.8 133 104 P>0.05 ns
TULP1 0.3 0.5 72.6 100.9 P>0.05 ns
PTP4A1 37 30.8 46.1 24 P>0.05 ns
GNGT1 0.3 0.5 28.8 45 P>0.05 ns
FEZF1 0.2 0 12.6 13.6 P>0.05 ns
SLC13A4 318.7 635.8 2.7 2.1 P>0.05 ns
WDR38 116.3 2325 0.1 0.1 P>0.05 ns
SPAG6 45.7 91 2.6 2.8 P>0.05 ns
ARMC3 32.1 63.7 0.5 0.4 P>0.05 ns
DYDC2 22 43.4 1.3 1.4 P>0.05 ns
PRAP1 70.9 1415 0.5 0.6 P>0.05 ns
FOLR1 447.3 894 1.3 1.6 P>0.05 ns
C11lorf88 43.2 86.3 0.4 0.4 P>0.05 ns
MFRP 121.7 243.4 0.1 0.1 P>0.05 ns
KCNAS5 71.6 142.9 96.3 103.5 P>0.05 ns
CFAP73 68.9 136.6 0.5 0.4 P>0.05 ns
TMEM233 4.7 5.9 71.2 56.5 P>0.05 ns
FOXG1 0.2 0.1 49.3 42.1 P>0.05 ns
SIX6 0 0 39 35.3 P>0.05 ns
GABRA5 1.1 1.5 92.4 175.7 P>0.05 ns
CPLX3 9.1 13.5 152.4 134.9 P>0.05 ns
ST6GALNAC2 36.9 73.8 45 9.6 P>0.05 ns
TTR 8630.4 17260 51.1 92.9 P<0.001 b
RAX2 0.2 0.3 114.8 242.6 P>0.05 ns
NNAT 857.3 1010.7 769.9 477.9 P>0.05 ns
CLIC6 140.7 280.1 2.7 2.1 P>0.05 ns
PRAME 27.2 54.3 102.9 171.2 P>0.05 ns

*Bonferroni posttests test; P value <0.05 (significant); P<0.01 (moderately significant); P<0.001 (highly significant); ns (non-significance)

as follows, the group whose most of the genes were identified in
the sample was considered as dominant/major sub-group and next
was the one or two genes of another subgroup. Hence mixed sub-
group-specific 11 samples were processed for long-read sequencing
and a total of 12 samples were processed for short-read sequencing
with an aim to capture the extent of transcriptome complexity and
to obtain full-length transcripts in different sub-groups of MB based
on molecular classification. For this, we used long- and -short-read
transcriptome sequencing and analyzed it through SQANTT software.
Since, it calculates transcript length distribution, reference transcript
length, number of supporting FL reads, transcript expression,
reference coverage at both 3’ and 5 ends, number of exons, and
number of transcripts per gene (Supplementary Data 5 (PDF)).

Moreover, through SQANTI analyses we were able to categorize
transcripts structurally into Full Splice Match (FSM), Incomplete
Splice Match (ISM), Antisense (AS), intergenic, Novel in Catalog
(NIC), Novel Not in Catalog (NNC). For each structural category,
we filtered between coding and non-coding transcripts. Coding
transcripts were filtered between canonical and non-canonical
junctions. Further, canonical junctions (originally described in
transcripts and most commonly found (like in ~99% of introns) and
have GT at the donor site (just after the 5' end of the cut) and AG at
the acceptor site (just before the 3' end of the cut)) were categorized
as true and false RTS stages. Additionally, false predicted Nonsense-
Mediated Decay (NMD) transcripts were considered for analysis.
As a canonical function, true NMD may prevent translation of
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Table 3b: Only RPKM (SHH vs. Group 4).

Gene SHH Mean SHH SD Group 4 Mean Group 4 SD P value Significance
SLC1A7 2.2 3.5 0.2 0.2 P>0.05 ns
RD3 2 2.8 0.1 0 P>0.05 ns
CHRM3 3.9 55 65.9 110.7 P>0.05 ns
TBR1 0.3 0.1 400.1 669.8 P>0.05 ns
FEZF2 0.1 0.1 3.9 6.5 P>0.05 ns
IMPG2 0.7 0.3 0.9 0.8 P>0.05 ns
SST 0.6 0.8 0 0.1 P>0.05 ns
SLC6A3 5.3 7.9 324 56.1 P>0.05 ns
NEUROG1 0.4 0.8 88.7 110.5 P>0.05 ns
TULP1 0.3 0.5 0.5 0.7 P>0.05 ns
PTP4A1 37 30.8 12.3 11 P>0.05 ns
GNGT1 0.3 0.5 0.1 0 P>0.05 ns
FEZF1 0.2 0 40.7 70.4 P>0.05 ns
SLC13A4 318.7 635.8 1.1 1.8 P>0.05 ns
WDR38 116.3 2325 31.3 54.2 P>0.05 ns
SPAG6 45.7 91 119.3 199.4 P>0.05 ns
ARMC3 321 63.7 55.1 94.1 P>0.05 ns
DYDC2 22 43.4 85.2 146.6 P>0.05 ns
PRAP1 70.9 1415 15 2.6 P>0.05 ns
FOLR1 447.3 894 33.6 29.2 P>0.05 ns
C11orf88 43.2 86.3 76.9 133.2 P>0.05 ns
MFRP 121.7 243.4 1.1 1.7 P>0.05 ns
KCNA5 71.6 142.9 82.3 108.9 P>0.05 ns
CFAP73 68.9 136.6 109.1 188.7 P>0.05 ns
TMEM233 4.7 5.9 405 39.9 P>0.05 ns
FOXG1 0.2 0.1 15.6 26.9 P>0.05 ns
SIX6 0 0 39.1 40.2 P>0.05 ns
GABRA5 11 15 7.3 8.4 P>0.05 ns
CPLX3 9.1 13.5 62 54.2 P>0.05 ns
ST6GALNAC2 36.9 73.8 23.7 40.9 P>0.05 ns
TTR 8630.4 17260 123.1 197.2 P<0.001 ok
RAX2 0.2 0.3 0.4 0.5 P>0.05 ns
NNAT 857.3 1010.7 4126.6 3424.2 P>0.05 ns
CLIC6 140.7 280.1 15.4 13.9 P>0.05 ns
PRAME 27.2 54.3 2.2 2.3 P>0.05 ns
*Bonferroni posttests test; P value <0.05 (significant); P<0.01 (moderately significant); P<0.001 (highly significant); ns (non-significance)
Table 3c: Only RPKM (Group 3 vs. Group 4).
Gene Group 3 Mean Group 3 SD Group 4 Mean Group 4 P value Significance
SLC1A7 228.2 310.3 0.2 0.2 P>0.05 ns
RD3 61.5 99.6 0.1 0 P>0.05 ns
CHRM3 30.8 16.1 65.9 110.7 P>0.05 ns
TBR1 204.2 207.1 400.1 669.8 P>0.05 ns
FEZF2 25.2 40.4 3.9 6.5 P>0.05 ns
IMPG2 202.2 370.6 0.9 0.8 P>0.05 ns
SST 256 539.6 0 0.1 P>0.05 ns
SLC6A3 113 145.3 324 56.1 P>0.05 ns
NEUROG1 133 104 88.7 110.5 P>0.05 ns
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TULP1 72.6 100.9 0.5 0.7 P>0.05 ns
PTP4A1 46.1 24 12.3 11 P>0.05 ns
GNGT1 28.8 45 0.1 0 P>0.05 ns
FEZF1 12.6 13.6 40.7 70.4 P>0.05 ns
SLC13A4 2.7 2.1 11 1.8 P>0.05 ns
WDR38 0.1 0.1 31.3 54.2 P>0.05 ns
SPAG6 2.6 2.8 119.3 199.4 P>0.05 ns
ARMC3 0.5 0.4 55.1 94.1 P>0.05 ns
DYDC2 1.3 1.4 85.2 146.6 P>0.05 ns
PRAP1 0.5 0.6 15 2.6 P>0.05 ns
FOLR1 1.3 1.6 33.6 29.2 P>0.05 ns
C1l1lorf88 0.4 0.4 76.9 133.2 P>0.05 ns
MFRP 0.1 0.1 1.1 1.7 P>0.05 ns
KCNA5 96.3 103.5 82.3 108.9 P>0.05 ns
CFAP73 0.5 0.4 109.1 188.7 P>0.05 ns
TMEM233 71.2 56.5 40.5 39.9 P>0.05 ns
FOXG1 49.3 42.1 15.6 26.9 P>0.05 ns
SIX6 39 35.3 39.1 40.2 P>0.05 ns
GABRAS5 92.4 175.7 7.3 8.4 P>0.05 ns
CPLX3 152.4 134.9 62 54.2 P>0.05 ns
ST6GALNAC2 4.5 9.6 23.7 40.9 P>0.05 ns
TTR 51.1 92.9 123.1 197.2 P>0.05 ns
RAX2 114.8 242.6 0.4 0.5 P>0.05 ns
NNAT 769.9 477.9 4126.6 3424.2 P<0.001 b
CLIC6 2.7 2.1 15.4 13.9 P>0.05 ns
PRAME 102.9 171.2 2.2 2.3 P>0.05 ns
*Bonferroni posttests test; P value <0.05 (significant); P<0.01 (moderately significant); P<0.001 (highly significant); ns (non-significance)
Table 4a: Reported transcript markers in our data in RPKM (SHH vs. Group 3).
Gene SHH Mean SHH SD Group 3 Mean Group 3 SD P value Significance
DKK2 1.8 2 0.6 0.5 P >0.05 ns
EMX2 0.7 0.5 4 4.9 P >0.05 ns
GAD1 0.9 1.2 5.5 5.3 P >0.05 ns
TNC 34.4 41.9 12.6 9.4 P >0.05 ns
WIF1 8.2 16.1 0.9 1 P >0.05 ns
ATOH1 45.8 44.6 0 0 P >0.05 ns
EYA1l 422 23.7 0.2 0.3 P >0.05 ns
HHIP 41.4 31.3 1.9 1.6 P >0.05 ns
PDLIM3 295.8 188.7 11.4 12 P >0.05 ns
SFRP1 424.7 233.3 13.9 14.6 P<0.01 **
GABRAS5 1.2 15 105.3 200.2 P >0.05 ns
IMPG2 0.7 0.3 251 408.9 P >0.05 ns
MAB21L2 42.1 76 59.6 50.5 P >0.05 ns
NPR3 6.7 11.2 16.2 17.7 P >0.05 ns
NRL 1.8 0.9 533.6 868.5 P<0.001 il
EOMES 3.3 4.9 179.7 162 P >0.05 ns
KCNA1 3.3 6.4 16.8 16.5 P >0.05 ns
KHDRBS2 1.4 25 14.7 12 P >0.05 ns
OAS1 8 1.6 11.5 9.6 P >0.05 ns
RBM24 1.7 3.1 3.9 3.6 P >0.05 ns
UNC5D 3.9 6.3 10.1 15.2 P >0.05 ns

*Bonferroni posttests test; P value <0.05 (significant); P<0.01 (moderately significant); P<0.001 (highly significant); ns (non-significance)
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Table 4b: Reported transcript markers in our data in RPKM (SHH vs. Group 4).

Gene SHH Mean SHH SD Group 4 Mean Group 4 SD P value Significance
DKK2 18 2 0.7 1 P >0.05 ns
EMX2 0.7 0.5 0.5 0.6 P >0.05 ns
GAD1 0.9 1.2 0.2 0.2 P >0.05 ns
TNC 34.4 419 14.2 22.3 P >0.05 ns
WIF1 8.2 16.1 2.3 3.8 P >0.05 ns
ATOH1 45.8 44.6 0.1 0.2 P >0.05 ns
EYAlL 42.2 23.7 2 2.7 P >0.05 ns
HHIP 41.4 31.3 2 1.9 P >0.05 ns
PDLIM3 295.8 188.7 222 375 P<0.001 ok
SFRP1 424.7 233.3 6.3 55 P<0.001 ok
GABRA5 1.2 1.5 7.3 8.3 P >0.05 ns
IMPG2 0.7 0.3 0.9 0.8 P >0.05 ns
MAB21L2 42.1 76 56.2 69.6 P >0.05 ns
NPR3 6.7 11.2 0.9 14 P >0.05 ns
NRL 1.8 0.9 10.9 13.8 P >0.05 ns
EOMES 3.3 4.9 45.3 76.8 P >0.05 ns
KCNAL 3.3 6.4 85.7 105.2 P >0.05 ns
KHDRBS2 1.4 2.5 32.7 56.6 P >0.05 ns
OAS1 8 1.6 13.9 19.2 P >0.05 ns
RBM24 1.7 3.1 7.5 6.8 P >0.05 ns
UNC5D 3.9 6.3 73.7 127.4 P >0.05 ns

*Bonferroni posttests test; P value <0.05 (significant); P<0.01 (moderately significant); P<0.001 (highly significant); ns (non-significance)
Table 4c: Reported transcript markers in our data in RPKM (Group 3 vs. Group 4).

Gene Group 3 Mean Group 3 SD Group 4 Mean Group 4 SD P value Significance
DKK2 0.6 0.5 0.7 1 P >0.05 ns
EMX2 4 4.9 0.5 0.6 P >0.05 ns
GAD1 55 5.3 0.2 0.2 P >0.05 ns
TNC 12.6 9.4 14.2 22.3 P >0.05 ns
WIF1 0.9 1 2.3 3.8 P >0.05 ns
ATOH1 0 0 0.1 0.2 P >0.05 ns
EYA1l 0.2 0.3 2 2.7 P >0.05 ns
HHIP 1.9 1.6 2 1.9 P >0.05 ns
PDLIM3 11.4 12 22.2 37.5 P >0.05 ns
SFRP1 13.9 14.6 6.3 55 P >0.05 ns
GABRA5 105.3 200.2 7.3 8.3 P >0.05 ns
IMPG2 251 408.9 0.9 0.8 P >0.05 ns
MAB21L2 59.6 50.5 56.2 69.6 P >0.05 ns
NPR3 16.2 17.7 0.9 1.4 P >0.05 ns
NRL 533.6 868.5 10.9 13.8 P<0.01 ki
EOMES 179.7 162 45.3 76.8 P >0.05 ns
KCNA1 16.8 16.5 85.7 105.2 P >0.05 ns
KHDRBS2 14.7 12 32.7 56.6 P >0.05 ns
OAS1 115 9.6 13.9 19.2 P >0.05 ns
RBM24 3.9 3.6 7.5 6.8 P >0.05 ns
UNC5D 10.1 15.2 73.7 127.4 P >0.05 ns

*Bonferroni posttests test; P value <0.05 (significant); P<0.01 (moderately significant); P<0.001 (highly significant); ns (non-significance)
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mutant mRNAs harboring Premature Termination Codons (PTCs)
by targeting them for degradation [25]. Results suggested that
known canonical splice junctions were common in FSM and ISM.
Additionally, in NIC, NNC, AS and IG categories the identified novel
transcripts possessed known canonical junctions, the percentage of
non-canonical junctions was negligible suggestive of less involvement
of immunoglobulins. As most of the non-canonical splice sites have
been observed during immunoglobulin expression [26].

Furthermore, negative values indicated upstream of annotated
PolyA site/TTS, while downstream of the annotated-TSS site
described alternative polyadenylation and transcription initiation
in FSM and ISM may lead to the formation of intergenic and
antisense transcripts. Alternative polyadenylation and transcription
initiation sizeable contribution to cellular phenotypes in normal
human physiology has been reported by Reyes and Huber in 2018.
Alternative start and termination sites of transcription driven most
transcript isoform differences across human tissues [27].

Most importantly, a significant change was observed between
AS-coding (p < 0.037)/noncoding (p < 0.039) transcripts in control
vs. all MB samples. The coding sense/AS-transcript summary has
been presented in Table 3. Importantly, SHH-MB specific EZR
antisense (EZR-AS1; IncRNA) has also been identified in both human
Esophageal Squamous Cell Carcinoma (ESCC) tissues and cell lines
and showed its correlation with EZR expression. Both in vivo and
in vitro studies revealed that EZR-AS1 promoted ESCC cell migration
through up-regulation of EZR expression. Mechanistically, the
antisense IncRNA EZR-AS1 forms a complex with RNA polymerase I
to activate the transcription of EZR. Moreover, EZR-AS] recruit SET
and MYN-Domain containing 3 (SMYD3) to GC-rich binding region
downstream of the EZR promoter, causing the binding of SMYD3
and local enrichment of H3K4me3 with subsequent enhanced EZR
transcription and expression driving to tumor aggressiveness, drug
resistance and poor prognosis [28].

Miele et al. [29] suggested EZH2, histone methyltransferase as
druggable target in SHH-MB and suggested promotable MC3629
as EZH2 inhibitor (EZH2i) and SYMD3 inhibitors [30]. SHH/G3
specific CENPX/MHEF?2 are involved in the Fanconi anemia pathway
in DNA repair and maintenance of genome integrity. Recently, the
importance of Fanconi anemia genes including CENPX/MHF2
in colorectal cancer act as a promising prognostic and predictive
biomarkers for disease management and treatment [31]. G4
specific COL18A1-sense transcript has been reported as a direct
target of miR-9. However, COL18A1-AS1 (COL18A1 Antisense RNA
1) transcript is an RNA gene, and is affiliated with the IncRNA class.
It has been reported that IncRNA sequester miRNA, hence COL18A1
antisense RNA 1 may sequester MYC and OCT4 directed miR-9
and may dysregulate the expression of COL18Al-sense transcript
[32]. Hence, antisense oligonucleotide-based [33] or transcriptional
inhibition through classical CRISPR/Cas9 to delete region of interest
in IncRNA loci may be used as a IncRNA for SHH/G3/G4 MB based
therapeutics can be used for treatment of MB [34].

Through differential analysis of all subtypes of MB vs. control,
considering Bonferroni less than <0.05, we identified 35 transcripts
(Supplementary Table 7), which categorized samples as mixed
subgroups and more genes were identified which were common
between both G3 and G4/SHH and G3/G4. Importantly, we identified
highly significantly up-regulated marker genes to categorize three
subgroups of MB. First and foremost was TTR up-regulated in SHH/

G3/G4 except for WNT. Transthyretin (TTR) helps in the transport
of both thyroxine and retinol (vitamin A) from the blood to the
choroid plexus, the cerebrospinal fluid, and the brain (GeneCard).
As TTR was overexpressed in all the three subtypes SHH/G3/G4 of
MB, hence can be used as a cerebrospinal fluid marker for prognosis.
TTR is also involved in the canonical retinoid cycle in rods (twilight
vision); retinoid cycle disease events; diseases associated with visual
transduction; non-integrin membrane-ECM interactions-retinoid
metabolism and transport; metabolism of fat-soluble vitamins may
corroborate with the eye disorders in MB; previously reported SHH
specific PDLIM3 and SFRP1 were as marker gene in our study
also. PDLIM3 Actin-associated LIM Protein (ALP), also known as
PDZ and LIM domain protein 3 is a protein that in humans is encoded
by the PDLIM3 gene. ALP is highly expressed in cardiac and skeletal
muscle, where it localizes to Z-discs and intercalated discs) and plays
a role in muscle differentiation (GeneCard). PDLIM3 splicing was
regulated during development and in a tissue-specific manner, and
aberrant PDLIM3 splicing was associated with splicing of SERCA1
in Myotonic dystrophy type 1 patient [35], hence suggestive of
myotonic involvement in MB. Further, SFRP1 (Secreted-Frizzled-
Related-Protein) family of WNT inhibitors function and act as novel
tumor suppressor genes epigenetically silenced in MB [36] and is
significantly increased in the brain and cerebrospinal fluid of patients
with Alzheimer’s disease [37]. However, increase in SHH tumors
with respect to G3 and G4 very well differentiates it from SHH MB
and epigenetic silencing in G3 and 4 suggests pro-tumorigenesis in
G3/G4 [38]. Additionally, PDLIM3 and SFRP1 were also validated
in reported signatures including (Schwalbe et al. [39] 8-gene
SHH signature-BCHE, GLI1, ITIH2, MICAL1, PDLIM3, PTCH2,
RAB33A, and SFRP1), Northcott et al. [21] a 5-gene SHH signature
(PDLIM3, EYAL, HHIP, ATOH1, and SFRP1) and Amakye et al. [40]
unique 5-gene SHH signature including GLI1, SPHK1, SHROOM2,
PDLIM3, and OTX2 was used for targeted treatment for SHH-
dependent medulloblastoma [40,41].

Neural Retina-specific Leucine zipper protein (NRL) increased in
G-3 compared to SHH and G-4, hence highly G-3 specific. It acts as
a transcriptional activator by binding to promoter regions of several
rod-specific genes, including Rhodopsin (RHO), PDE6B [42,43], and
BCL-XL [44]. It also functions as a transcriptional coactivator by
stimulating transcription factors like CRX and NR2E3 [42,44]. Hence,
targeting NRL pathway as a therapeutic strategy may be preferred as
suggested by Moore et al. [45], to react Retinitis pigmentosa.

Neuronatin (NNAT) was up-regulated in G-4 compared
to SHH and G-3. It is a proteolipid involved in regulating the
control of ion channels in mammalian brain development located
on Chromosome 20 [46]. It also increases the differentiation
of pluripotent stem cells into cells with a neural fate by increasing
their calcium levels- miRNA-708 mediated [47,48]. UniProtKB/
Swiss-Prot summary for NNAT gene suggests NNAT participates in
the maintenance of segment identity in the hindbrain and pituitary
development, and maturation or maintenance of the overall structure
of the nervous system (UniProtKB/Swiss-Prot Summary for NNAT
Gene). Diseases associated with NNAT include megalencephalic
leukoencephalopathy with subcortical cysts 1 and myopathy,
centronuclear, 6, with fiber-type disproportion. NNAT is maternally
imprinted and only expressed on the paternal allele in normal
adults i.e., exclusively expressed only in the father and results in the
expression of only one copy of NNAT in the offspring. However,
defect in inheriting NNAT may be more vulnerable to the negative
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effects of mutations as it is haploid in nature due to the absence of
no substitute allele [49] or dysregulation in methylation pattern in
maternal allele as shown in ovarian cancer may dysregulate functions
in the control of ion channels and pluripotent stem cells and alter
the development of the nervous system [50]. The imprint control
region loses methylation resulting in aberrant cell growth and a worse
prognosis has been reported in embryonic neoplasms such as Wilms'
tumor [51], aggressive variants of human glioblastoma multiforme
medulloblastoma [52-54], and neuro-blastoma [55]. Neuronatin is
also highly expressed in large cell lung cancer [56,57]. Contrarily,
unexpected hypermethylation of the Neuronatin locus has also been
associated with pediatric leukemia [58] and is also involved in whole-
animal glucose homeostasis [59,60].

Conclusion

Descriptive analysis of transcriptome complexity and full-
lengthiness was made easy by SQANTI software and molecularly
categorized samples; the identified antisense transcripts can be
used as a target for developing anti-antisense synthetic peptides/
transcriptional inhibition through classical CRISPR/Cas9 to delete
region of interest in IncRNA loci which in combination with SHH/
NRL/NNAT inhibitors may be used as a targeted approach to control
MB. Further, for precise medicine, the following approach can be
used obtaining the tumor material just after surgery, molecular
characterization of the tumor material within three weeks and after
clinical correlation, stratify the patients into low- standard- and high-
risk and relates to different biology through our transcript based
customized panel. Through this approach will be able to understand
the prognosis of disease following prognostic markers like up-
regulated TTR in SHH/G3/G4 MB; increased levels of PDLIM3 and
SERP1 in SHH specific MB; Increased NRL-G-3 specific marker
regulates the expression of several rod-specific genes; Enhanced
expression of NNAT suggests G-4 MB as NNAT imprinting disease.
Importantly, TTR identified in cerebrospinal fluid may be used as a
marker to understand the prognosis of the disease.
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