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ABSTRACT

Introduction: SOX9, a members of SOX family, plays a significant roles in developmental processes
during embryogenesis, including brain tissue. Few studies have shown that SOX9 has been involved in
tumourigenesis of several types of cancer including brain tumour. However, such studies are still lacking in
the Malaysian population. The aim of this study was to determine SOX9 expression level in several types of
brain tumours in East Coast Malaysia. Materials and Methods: Five formalin-fixed pariffin-embedded brain
tumour samples of Malay descendants were sectioned by using microtome. RNA extraction was performed
with slight modification by adding Trizol during tissue lysis. The RNA was converted to cDNA using reverse
transcription technique before SOX9 expression was detected using RT g-PCR assay in brain tumours
normalized to non-neoplastic brain tissues. Results: Overall results displayed that SOX9 gene in all samples
were up-regulated. SOX9 overexpression was found in both high and low grade glioma (anaplastic and
pilocytic astrocytoma respectively). This is consistence with both low grade (benign) and atypical
meningioma. Secondary brain tumour also showed up-regulation when compared to normal brain tissue.
Conclusion: Up-regulation in SOX9 expression in selected brain tumours in Malay patients revealed its
significant roles in brain tumourigenesis. Functional studies should be carried out to observe the SOX9
functions and mechanism whether they should reflect their diverse roles in Malaysia population.
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INTRODUCTION

Increasing pattern of brain tumour incidences were
reported in Malaysia from 1996 to 2012."? Sarawak,
a state in East Malaysia, recorded increasing trend of
brain tumour and spinal tumour incidence from 2009
to 2012.% Brain tumour is not among the commonest
malignancies in Malaysia, but reported to have high
incidence and mortality globally and the most
promptly fatal type of cancers.® Increasing number
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of cases each year is certainly not a good sign to the
healthcare providers and researchers.

The most common adult brain tumour is meningioma
with the common variant found to be meningothelial
WHO grade 1.2* This is followed by glioma as
the second most common adult brain tumour.* In
addition, metastatic brain tumour has also shown a
rising pattern these days.”®

SOX9 plays a significant role in the
developmental processes during embryogenesis
including differentiation and lineage commitment
which involves various type of tissues including
brain.” Many studies have proven that SOX9 and
the other members of SOX E (SOX8 and SOX10)
contributed to CNS development.®'" SOX9 which is a
member of the SOX E family has been shown to play a
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critical role in both embryonic and adulthood CNS,
and is a key determinant in the neural stem
cells (NSCs) multipotency.'™ There are several
molecular and signalling pathways which are related
to SOX9 expression. SOX9 acts as mediator for Sonic
Hedgehod (SHH) and Notch Pathways to enhance
NSC activities. In addition, SOX9 induction by SHH
signalling causing neuroepithelial cells to gain
ability to form a neurosphere.™

Cancer progression can be triggered when the
regulation of differentiation routes and stem cell
maintenance in tissues are disturbed. The function
of SOX9 in maintaining progenitor cells during
proliferation and differentiation in embryogenesis
and adult, if disrupted could possibly lead
to cancer.™' In line with this, SOX9 shows
overexpression in many types of cancer and the
expression correlated with malighancy and
progression of cancer.”' SOX9 was shown to play a
role as oncogene via overexpression in multiple
types of cancer such as colorectal, glioma, and
pancreatic cancers.”'®'® SOX factors lead to
tumourigenesis by regulating B-catenin/TCF activity
and the oncogenic Wnt-target genes expression such
as Cyclin-D1 and c-Myc."” Bmi1 expression was found
to be regulated by SOX9 binding to Bmi1 promoter
in mouse and colorectal neoplasm cells.” There is
evidence that SOX9 acts as a direct target of miR-
105 and miR-145 in glioma.”' On the other hand,
SOX9 (Location: 17qc24.3) was listed among the
genes that is up-regulated in atypical and anaplastic
meningiomas as compared to benign meningiomas.?

Despite being widely studied and many update
discoveries revealing SOX9 regulation in the
development of CNS tumours, such studies in Asian
population specifically Malaysian population are still
lacking. Thus, this study objective was to determine
SOX9 expression level in several types of brain
tumours namely glioma, meningioma and secondary
tumours in East Coast Malaysia. This study will
enhance our knowledge on SOX9 gene expression
among Malay population which can be used as a
prognostic marker for these tumours. This also could
provide deeper understanding on the role of SOX9
which has not been well-explained because of their
distinct activities in different cancers, region of

tumours and perhaps varies across ethnicity.
However, further functional tests should be
performed to confirm SOX9 functions and

mechanism in this specific populations.
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MATERIALS AND METHODS
Sample collection

This pilot study utilized a total of 5 samples which
were collected from Department of Pathology,
Hospital Universiti Sains Malaysia (HUSM), Kubang
Kerian which is a tertiary hospital in the state of
Kelantan. HUSM is the neurosurgery referral centre
for brain and spinal cord injuries especially from
secondary hospitals in Kelantan and Terengganu. The
samples consisted of 1 low grade glioma, 1 high
grade glioma, 1 high grade meningioma, 1 low grade
meningioma and 1 secondary brain tumour. The
types of brain tumours were categorized according to
a systematic guidelines and this present study
implemented the latest 2016 WHO classification
system.2’ All five samples were of Malay
descendants. A non-neoplastic brain tissue was
included as control.

RNA extraction & quantification

Each formalin-fixed pariffin-embedded (FFPE) brain
tumour sample was sectioned into 4 slices of 10 pl
thickness using microtome. The paraffin wax was
removed prior to the addition of deparaffinization
solution. The extraction was then performed by
using FFPE RNA extraction kit, (Macharey Nagel,
Germany). All steps were completed according to
manufacturer’s instruction with slight modification
by adding Trizol during tissue lysis. 50 yl RNA was
eluted from each sample by using Rnase free water
provided with the kit. Only 1 pl of RNA was dropped
into the well of QuickDrop™ Micro-Volume
Absorbance Spectrophotometer (SpectraMax, USA) to
obtain a ratio of 260/280 and 260/230 reading to
determine the purity of RNA sample. The RNA
quantification was tabulated in Table 1. RNA samples
were diluted and standardized to 100ng/ul prior to
cDNA conversion process.

Table | Concentration and purity of each sample.

Types of brain  Concentration

tumour (ng/ul) 260/280 260/230
Glioma | 527.2 2.070 1.767
ﬁ:wma WHo 746.4 1.952 1.855
Meningioma

WHO | 1856.0 2.032 1.778
Meningioma

WHO I 2248.0 1.070 1.151
Secondary 254.4 1.963 1.855
Control 132.0 1.340 1.833
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cDNA conversion

iScript family of reverse transcription reagents
(Biorad, USA) were used to perform cDNA conversion
in this study. All RNA samples were normalized to
100ng/ul. cDNA synthesis reaction was performed on
ice. The component reaction volume for cDNA
synthesis are 4 pl 5x iScript advanced reaction mix,
1 ul iScript advanced reverse transcriptase, 10 pl
RNA sample and 5ul nuclease free water. Total
reaction volume for each reaction is 20 pl.

The cDNA synthesis reaction mix was conducted in a
thermal cycler (Biorad, USA) using the following
protocol; reverse transcription for 30 minutes at 24
°C; reverse transcription inactivation for 5 minutes
at 85 °C. At the end of cDNA synthesis, cDNAs were
diluted to 100ul to obtain 20 ng/ul cDNA and stored
under -20 °C for short-term storage.

Real-time PCR

From each cDNA solution, 1 pl (20ng cDNA) of the
solution was amplified in real-time polymerase chain
reaction (RT-PCR) by using StepOnePlus Real-time
PCR System (Applied Biosystem, USA). qPCR was
performed according to PrimePCR Sybr Green Assays
(Biorad, USA) protocols. All reaction mixes were
prepared on ice by adding all required components.
The component reaction volume for gPCR
experiment are 1 pl 20x PrimePCR assay (50X9), 4 ul
2x SsoAdvanced universal SYBR Green supermix, 10
pl cDNA sample and 5 pl Nuclease-free water. Total
reaction volume for each reaction was 20 pl. Each
sample was run in triplicate to set a reliable result
on gene expression.

20ul of PCR reaction mix was transferred into each
96-well plate and loaded into PCR instrument. The
thermal cycling protocol is according to Table 2. The
gPCR results were analysed by using StepOne
Software Version 2.3.

Table Il Thermal cycling protocol for gPCR
experiment

Step Temperature Time E;élg:
Activation 95 °C 2 min 1
Denaturation 95 °C 5 sec 40
Annealing/ 60 °C 30 sec 40
Extension
Melt Curve 65-95 °C 5 sec/ 1
(0.5°C step
increments)
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Statistical Analysis

Data analysis was further interpreted by using
Graphpad Prism and Microsoft 2013. One-way ANOVA
was performed to evaluate statistical differences
between different groups. P values less than 0.05
were considered statistically significant. Since this
was a pilot study, the sample size was adequate to
perform the analysis with triplicate run for each
samples.?

RESULTS

The expression of all brain tumour samples were
normalized to non-neoplastic brain tissue (N) and the
relative quantification (RQ) of SOX9 expression
levels are tabulated in Table 3. The SOX9 levels in
pilocytic astrocytoma (G1), anaplastic astrocytoma
(G3), benign meningioma (M1), atypical meningioma

(M2) and secondary brain tumour (2’) were 1.16 *
0.88(p<0.01), 2.87 + 0.32 (p>0.01), 3.14 + 0.22
(p>0.01), 1.66 + 1.25 (p<0.01) and 2.51 + 0.29

(p<0.01) (mean+SEM) respectively.

SOX9 conferred slightly up-regulation in high grade
glioma (anaplastic astrocytoma) in this study. In
contrast, SOX9 was up-regulated significantly in low
grade glioma (pilocytic astrocytoma). Benign
meningioma was seen having slight up-regulation of
SOX9, while atypical meningioma showed higher
overexpression of the gene when compared to the
normal brain tissue. Overall, SOX9 were
overexpressed in all brain tumour samples.

DISCUSSION

SOX9 which is a member of SOXE family has been
studied to play a critical role in both embryonic and
adulthood CNS and is a key determinant in the neural
stem cells (NSCs) multipotency.'>'® There were many
studies conducted to prove that SOX9 and the other
members of SOX E (SOX8 and SOX10) contributed in
CNS development.®"" Similarly like other SOX family
members, the function of SOX9 is initiatiated when
collaborate with other SOX in neurogenesis. The
supplementary function of SOX9 with SOX70 may
sustain the multipotency of neural crest stem cells of
SOX and CNS tumours and commanding differentiating
cells to non-neuronal fates.”® SOX2 expression in
neuroectoderm cells with induction of SOX9 enhances
NSC formation while in the absence of SOX2, SOX9
expression can distinguishes neural crest progenitor. '
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Sox9 acts as mediator for Sonic Hedgehod (SHH) and
Notch Pathways to enhance NSC activities. Previous
studies have revealed the link between SHH
signaling and SOX9 expression in CNS. However a
direct relationship between SHH and SOX9 is yet to
be determined. There is also a possibility that

the induction of SOX9, at least in hippocampus,
was either directly or indirectly caused by
SOX2 regulated-SHH signalling. In addition, SOX9
expression and function in proliferation, invasion
and apoptosis has been observed to be dependent
on regional characteristic of different parts of CNS.

Table 3 SOX9 expression level in five cases of brain tumour

BT Ct Ct dcT dcT ddCT RQ Sig. SOX9 expression
(mean)  (SD) (mean)  (SE) (p<0.05)

G1 35.08 0.20 1.16™ 0.88 -2.06 4.17 Yes Up-regulated

G3  32.65 0.49 2.87 0.32 -0.35 1.28 No Up-regulated

M1 32.75 0.18 3.14 0.22 -0.09 1.06 No Up-regulated

M2 34.39 0.56 1.66****  1.25 -1.57 2.97 Yes Up-regulated

2’ 33.22 0.28 2.51* 0.29 -0.72 1.64 Yes Up-regulated

N 31.86 0.52 3.22 0.61 0 1

BT: Brain tumours, Ct: Threshold cycle, dCt: delta
RQ: relative quantification.

Gliomas represent the main type of primary brain
tumour and are often linked with poor prognosis
due to their highly aggressive progression and
their frequent resistance to therapy. The glial
development has been found to be regulated by SOX
E group of gene including SOX9 when tested with
mouse mutants.' Before gliogenesis occurs, SOX9 is
initially expressed in the entire neuroepithelium of
the spinal cord.™?

In 2007, a study was done in Germany on SOX9
expression levels in glioma showed that SOX9 gene
was up-regulated in most of low grade astrocytoma
and expressed variably in higher grade astrocytoma
(anaplastic astrocytoma and glioblastoma).' A study
done in China strengthened the evidence when the
averaged level of SOX9 mRNA expression in glioma
tissues was observed in both low and high grade
glioma (not including oligodendroglioma) was
significantly higher than that in normal brain
tissues.’ A recent review comparing the overall
survival of patients of solid tumours with the
overexpression of SOX9 revealed an obvious tumour
growth promotion by S0X9.'> These studies are
consistent with our finding whereby SOX9 were up-
regulated in both grades of glioma. However, SOX9
was found in all grades of glioma with slightly lower
expression in pilocytic astrocytomas during protein
analysis.?

SOX9 is believed to play an important roles in
glioma progression and development due to its

IMJM Volume 18 No. 2, August 2019

threshold cycle, ddCt: delta delta threshold cycle,

propensity to elevate the expression according to
WHO grading progression.'®' In the light of the
recent micro-RNAs involvement in cancer research,
several oncogenes miRNAs have been identified to be
overexpressed in glioma including miR-21, miR-328,
miR-145 and miR-105, while several of the miRNAs
act as tumour suppressor and being downregulated
for instance, miR-137 and miR-6500-3p. There was
evidence that SOX9 acts as a direct target of miR-105
and miR-145 in glioma.'®'” miRNA-105 expression was
decreased and inversely correlated with SOX9 mRNA
expression in glioma. This down-regulation of SOX9
has been found to inhibit proliferation and invasion
of glioma cells while promoting apoptosis, a
programmed cell death.” When binding to miR-145,
SOX9 inhibition showed tumour suppression,
antimigratory and anti-invasive potential in glioma
and glioma stem cells.™

The result might suggest that downregulation
of SOX9 effected glioma growth pattern in the
same way as those miR-145-expressing cells. These
evidence strongly supported our finding of Sox9
expression in glioma. SOX9 expression in low
grade glioma was up-regulated but in contrary,
being downregulated in high grade glioma.
We hypothesized that the mechanisms of SOX9
regulation would varied depending to glioma grading.
Thus, the direct relationship and which miRNAs
involved to inhibit or induce SOX9 expression is yet
to be determined.
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SOX factors may lead to tumourigenesis by
regulating B-catenin/TCF activity and the oncogenic
Wnt-target genes expression such as Cyclin-D1 and c
-Myc."” SOX9 factors and WNT signalling have
interacted by modulating beta-catenin/TCF
activities in various mechanism including, SOX9-
beta catenin interaction, DNA binding,
transcriptional cofactors recruitment, protein
degradation and nuclear translocation. 232 There is
also evidence that SOX9 involved in regulating BMI1
expression in animal embryo fibroblast and
colorectal cancer cells by binding to BMI1 promoter
in which the overexpression of BMI1 reduced the
expression of Ink4a/Arf in human colorectal
cancers.” However, further investigation should be
done to analyse the pathway in brain cancers.

Globally, meningioma are the second-most frequent
CNS tumours in adults. Recent study done in East
Coast Malaysia revealed that meningioma was
accounted for more that 30% of CNS tumour
occurence. Thus the data projected meningiomas as
the most frequent CNS tumour in that region.*
Meningiomas are common intracranial or spinal
tumours and are derived from the arachnoid cells
covering the brain and spinal cord. Clinically and
histologically, meningiomas are subdivided into
benign (WHO grade 1), atypical (WHO grade Il) and
malignant (WHO grade Ill). Molecular genetic
alterations have been linked to meningioma
tumourigenesis particularly affecting cell cycle,
DNA damage repair, apoptosis and angiogenesis.>:
There are countless descriptions of chromosomal,
signaling pathways and growth factors aberrations
regarding meningiomas. Overall, the knowledge of
meningioma molecular genetics is developing.
However, they are still largely unknown and should
be further elucidated. In low grade meningioma,
several gene mutations and aberrations have been
established including Neurofibromatosis 2 (NF2)
mutations on chromosome 22 with loss of merlin
expression, loss of protein 4.1B (DAL-1) expression,
epidermal growth  factor receptor (EGFR)
overexpression, and platelet-derived growth factor
receptor beta (PDGFRB) overexpression.>*3’

In high-grade meningioma, more than half
percentage have shown point mutations in
chromosomes.® Other than Chromosome 22q,

Chromosomes 1p and 14q mutations have been
stated as the second most frequent genetics
aberrations in meningioma.** Chromosome 1
mutations leads to aggresiveness of meningioma
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tumours in higher grade glioma in comparison to
lower grade. In addition, the mutations of
Chromosomes 10 and 14 in meningioma are usually
deletions which associated with gene expression
profiles that involves largely up-regulation of genes
in Wnt pathways and insulin like growth factors.*#
Our findings showed that SOX9 expression was up-
regulated in both benign and atypical meningioma.
However, atypical meningioma displayed higher
expression of SOX9 with 2.97 fold differences in
compared to normal brain control than benign
meningioma which showed lower expression of 1.06
fold difference in compared to normal brain control.
This is comparable with previous study whereby SOX9
(Location: 17g24.3) were listed among genes that are
up-regulated in atypical and anaplastic meningiomas
as compared to benign meningiomas.?’ To the best of
our knowledge, no further investigation has been
done to clarify the mechanism between SOX9 and
meningioma.

Secondary brain tumours, a common source of
morbidity and mortality for cancer patient are also
known as brain metastases are cancer cells
developed primarily elsewhere which spread to the
brain.®* The characteristic of these cancer cells
resemble the cells where they are originated. For
examples, brain metastases from lung cancer cells
could be recognized by their resemblance with lungs
cell’s morphology. The occurence of brain
metastases is driven by several steps commenced by
molecular alterations of genetics and epigenetics
changes.** Several genes were observed to involve
in brain metastases. Inhibition of COX2, HBEGF and
ST6GALNAC5S in breast cancer cells repress
penetration of an artificial Blood Brain Barrier (BBB),
and promotes brain metastases.” LEF1 and HOXB9
are thought to be involved in lung metastasize to
brain. The knockdown of LEF1 and HOXB9 inhibited
brain metastasis, and reduced colony formation and
invasion.” STAT3 knockdown repressed brain
metastases by disrupting angiogenesis in vivo and cell
invasion in vitro.* VEGFA, an angiogenic growth
factor is found to be involved in brain metastases
formation from primary site, breasts, melanoma,
lungs and colon.“** The roles of SOX9 in brain
metastases formation is still undetermined.
However, significant up-regulation of SOX9 in
secondary brain tumour in our study is worth to be
noted and the involvement of SOX9 in brain
metastases molecular biology should be further
studied.
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As conclusion, SOX9 has played significant roles in
brain tumourigenesis. Numerous studies have proved
its diverse functions across human organs and
abilities to enhance cell proliferations, invasion and
apoptosis. The SOX9 expression levels in selected
brain tumours in Malaysia population were
determined. For future directions, functional
studies are warranted to examine the function and
mechanism of SOX9 in Malaysia population.
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