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Identification and validation
of miRNA-target genes network
in pediatric brain tumors
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Alterations in miRNA levels have been observed in various types of cancer, impacting numerous
cellular processes and increasing their potential usefulness in combination therapies also in brain
tumors. Recent advances in understanding the genetics and epigenetics of brain tumours point

to new aberrations and associations, making it essential to continually update knowledge and
classification. Here we conducted molecular analysis of 123 samples of childhood brain tumors
(pilocytic astrocytoma, medulloblastoma, ependymoma), focusing on identification of genes that
could potentially be regulated by crucial representatives of OncomiR-1: miR-17-5p and miR-20a-5p. On
the basis of microarray gene expression analysis and qRTPCR profiling, we selected six (WEE1, CCND1,
VEGFA, PTPRO, TP53INP1, BCL2L11) the most promising target genes for further experiments. The
WEE1, CCND1, PTPRO, TP53INP1 genes showed increased expression levels in all tested entities with
the lowest increase in the pilocytic astrocytoma compared to the ependymoma and medulloblastoma.
The obtained results indicate a correlation between gene expression and the WHO grade and subtype.
Furthermore, our analysis showed that the integration between genomic and epigenetic pathways
should now point the way to further molecular research.

Keywords OncomiR-1, Brain tumor, Ependymoma, Medulloblastoma, Pilocytic astrocytoma, Target genes

Accurate brain tumor histopathological and molecular integrative analysis is essential in the age of emerging
precision medicine. The main goal of a well-defined diagnosis is the possibility of using tailored therapies. Cur-
rently, the modulation of microRNAs (miRNAs) activity in different types of cancers is also considered an option
for future anticancer therapeutics. miRNAs are one of the most characterized non-coding RNAs regulating gene
expression at the posttranscriptional level. Alterations of miRNA levels were observed in various types of cancer
and could result in abnormalities of numerous cellular processes, which raises their potential usefulness in com-
bination therapies. It has increasing value as there is proof that a multi-targeted approach in cancer therapies is
still more effective also in brain tumors.

Recently published papers showed the presence of miRNA targets that modify various signaling pathways
responsible for tumor formation and growth in the glioblastoma and medulloblastoma, which suggests their
potential for use in such type of treatment!~>.

Due to the scientific research trends, we provide comprehensive molecular analysis of the most common
childhood brain tumors (pilocytic astrocytoma, medulloblastoma, ependymoma) which focuses on the miRNA
alterations and their target identification.

In our previous research*’ quantitative real-time polymerase chain reaction (QPCR) was used to analyse the
level of miR-17-5p and miR-20a, which are key members of OncomiR-1. The findings of our study indicated
an upregulation of miR-17-5p and miR-20a-5p in the paediatric brain tumours, accompanied by a correlation
between miRNA levels and tumour grade.

In this study, we specifically examined the expression patterns of the target genes regulated by the key mem-
bers of the miR-17-5p and miR-20a-5p clusters and investigated their potential association with cellular activities.
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The bioinformatics research reveals that the sequences of miR-17-5p and miR-20a-5p are in concordance with
numerous 3’'UTR regions of mRNA molecules (Fig. 1). After a microarray analysis of gene expression, we con-
ducted a thorough examination of the genes that may be controlled by miR-17-5p and miR-20a-5p. A larger
cohort was subjected to real-time PCR profiling to evaluate the expression levels of 84 genes that may be con-
trolled by the core members of OncomiR-1. Then we have chosen six candidates that show the most potential
for a thorough evaluation: WEE1, CCND1, VEGFA, PTPRO, TP53INP, and BCL2L11.

Materials and methods

Patients and tissue samples

The analyses included 123 cases of childhood brain tumors (all patients were under 18 years of age) located

infratentorially: 35 medulloblastomas, WHO grade 4, (MB), including 3 WNT-activated (WNT-MB), 2 SHH-

activated (SHH-MB), 30 non-WNT/non-SHH; 52 ependymomas, WHO grade 2/3 (EP), including 25 posterior

fossa group A (PFA) and 27 posterior fossa group B (PFB) 31 pilocytic astrocytomas,WHO grade 1, (PA).
Total RNA was extracted according to the manufacturer’s instructions, using miRNeasy Mini Kit (Qiagen,

Hilden, Germany, cat. no. 217004). The quantity and purity of RNA were analysed quantitatively and qualita-

tively. The Human Brain Total RNA (Invitrogen, cat. no. AM7962) was used in all analyses as a control material.

Microarray profiling

Gene expression analysis was performed using the Human Genome U133 + PM Array Strip (901569, Affymetrix)
on 16 brain tumors, comprising 11 cases of WHO grade 2/3 ependymoma (3 PFA, 8 PFB), 5 cases of medul-
loblastoma (non-WNT/non-SHH). Furthermore, a control sample of Human Brain Total RNA (Invitrogen, cat.
no. AM7962) was incorporated.

The procedure entailed synthesizing cDNA via reverse transcriptase and an oligo-dT primer. The cDNA
served as a template for an in vitro transcription, resulting in the production and amplification of biotin-labeled
antisense mRNA (cRNA). Before hybridization, the cRNA was fragmented into parts varying in length from 50
to 200 bases. Following this, the GeneChip matrix was washed, stained, and scanned utilizing the GeneAtlas™
System from Affymetrix. The obtained outcomes were analysed with the use of dedicated software, specifically,
the Transcriptome Analysis Console from Applied Biosystems.

Analysis of miR-17-5p and miR-20-5p targets

Initially, we used The Human miR-17 & miR-20a Targets RT? profiler PCR array (Qiagen, Hilden, Germany,
cat. no. 330231) to profile the expression of predicted target genes regulated by miR-17-5p and miR-20a-5p
and also target genes regulated by other miRNAs that have the same seed sequence as miR-17-5p and miR-20a
(miR-20b-5p, miR-93-5p, miR-106a-5p, miR-106b-5p, miR-519d). Reverse transcription for the RT? Profiler
PCR Array was prepared using the RT? First Strand Kit (Qiagen, Hilden, Germany, cat. no. 330401). The analysis
included 17 cases of WHO grade 2/3 ependymoma (11 PFA, 6 PFB), a control sample was Human Brain Total
RNA. Normalized relative expression levels of each gene were calculated in the tested samples compared with
the control based on the sample’s average Ct value, according to the formula in the Eq. (1):

ddCt = dCt(target sample) — dCt(control sample) = (Ctrefisr — Ctgenerar) — (CTrefeont — Ctgenecont ).
(1)

Gene expression validation analysis
After examining the results of the microarray and RT? Profiler PCR analyses, as well as conducting a litera-
ture review, we selected six genes for investigation using TagMan probes (Life Technologies, Carlsbad, CA,
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Figure 1. Target genes for miR-17-5p and miR-20a-5p, generated from TargetScan 8.0 database.
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USA): WEEI (ID Hs00268721_m1), CCNDI (ID Hs00277039_m1), VEGFA (ID 00900054_m1), PTPRO (ID
Hs00243097_m1), TP53INP (ID Hs01003820_m1), BCL2L11 (ID Hs01076940_m1). The study was carried out
on 91 cases: 31 pilocytic astrocytomas, 30 WHO grade 2 ependymoma (15 PFA and 15 PFB) and 30 medullo-
blastoma (3 WNT-MB, 2 SHH-MB and 25 non-WNT/non-SHH), a control sample was Human Brain Total RNA
(Invitrogen, cat. no. AM7962). cDNA dedicated for gene expression analysis was synthesized from 500 ng of total
RNA of each sample (miScript II RT Kit, Qiagen, cat. no. 218161). The real-time quantitative PCR analysis was
performed in duplicate using Fast Advanced Master Mix. The GAPDH (ID Hs99999905_m1) gene was used as
the reference gene. Normalized relative expression levels of each gene were calculated according to the Eq. (1).

Data analysis

Statistical analysis of gene expression results was performed using Statistica software (version 13.1). Normal
distribution of data was determined using the Shapiro-Wilk and Lilliefors-corrected Kolmogorov-Smirnov tests.
To compare different levels of genes between groups, a non-parametric Kruskal-Wallis test was used. Correlation
between genes and miRNA was determined using the Pearson test. Results were considered significant at p<0.05.

Ethics statement

All methods were carried out to the tenets of the Declaration of Helsinki and was approved by the Bioethical
Committee at the Medical University of Lodz (permit no. RNN/122/17/KE). A informed consent was obtained
from all a parent and/or legal guardian of patient.

Results

Microarray analysis

The microarray data was analysed to examine the expression of target genes for miR-17-5p and miR-20a-5p. Gene
expression was compared between medulloblastoma and ependymoma (Table 1). All genes showed increased
expression levels compared to the control. 23 of 30 genes showed statistically significant differences (p <0.05)
between medulloblastoma and ependymoma included BCL2, BCL2L11, CCNDI, E2F1, PPARG, PTPRO, VEGFA,
WEEI.

Expression profiles of genes regulated by miR-17-5p and miR-20a-5p

Expression profiles of predicted genes regulated by miR-17-p and miR-20a-5p were analysed for 17 cases of
ependymoma (11 PFA, 6 PFB) (Fig. 2). Between the analysed groups, we noted statistically significant differ-
ences for 32 genes with p <0.05 and all of these genes had increased expression in the PFA group. Increased
expression levels in the PFA group were recorded for the following genes: WEEI (ddCt=4.12), CCND
(ddCt=3.75), TP53INPI (ddCt=2.89), BCL2L11 (ddCt=2.70), TCF7LI (ddCt=2.66), VEGFA (ddCt=2.60),
E2F1 (ddCt=2.54), in PFB group for: CCNDI (ddCt=2.86), WEEI (ddCt =2.85), PPARG (ddCt=2.72), VEGFA
(ddCt=2.38), KPNA2 (ddCt=1.45), PBX3 (ddCt=1.32), RUNX1I (ddCt=1.18).

Gene expression analysis

As a next step in our research, we conducted a detailed validation of the mRNA expression of selected genes in
three different WHO groups of tumors: 30 medulloblastomas WHO 4 (25 non-WNT/non-SHH, 3 WNT-MB, 2
SHH-MB), 30 ependymomas WHO grade 2 (15 PFA, 15 PFB), and 31 pilocytic astrocytomas WHO 1 (Fig. 3).

The WEEI gene showed the highest expression in the ependymomas, ddCt=4,21 (PFA ddCt=4.51, PFB
ddCt=4.1), followed by medulloblastomas, ddCt=3,69, (non-WNT/non-SHH ddCt=3.49, WNT-MB
ddCt=3.92, SHH-MB ddCt=4.72) and pilocytic astrocytomas, ddCt=1,15. Statistically significant differences
were found between MB and PA (p<0.001), EP and PA (p <0.001).

The CCNDI gene was characterized by down-expression in MBs, ddCt=-3.45(non-WNT/non-SHH
ddCt=-3.74, WNT-MB ddCt=-2.83, SHH-MB ddCt=-0.07), while in EP and PA the expression was increased,
in EP ddCt=2.94 (PFA ddCt=4.42, PFB ddCt=3.75), in PAs ddCt=1.49. Differences in expression were noted
between MB and PA, as well as MB and EP groups (p <0.001). Statistically significant differences in gene expres-
sion were also found between ependymomas subtypes (p =0.04).

An inverse correlation was observed for PTPRO, the highest level was found in the MBs ddCt=3.35 (non-
WNT/non-SHH ddCt=3.43, WNT-MB ddCt=2.97, SHH-MB ddCt=2.53), while in PAs ddCt=0,70 and EPs
ddCt=0,72 (PFA ddCt=-0.33, PFB ddCt=1.18) a very low level was noticed. Statistically significant differences
in expression were found between MB and EP (p <0.001), as well as between MB and PA (p <0.001).

Increased gene expression was also reported for TP53INP1, with ddCt values of 1.84 for MBs (non-WNT/non-
SHH ddCt=1.7, WNT-MB ddCt=2.55, SHH-MB ddCt=2.88), 1.61 for EPs (PFA ddCt=1.78, PFB ddCt=1.5),
and 0.76 for PAs. Statistically significant differences in expression were observed between the MB and EP groups,
as well as between the EP and PA groups (p <0.01).

The VEGFA gene showed high expression values in the ependymoma group ddCt=2. 22 (PFA ddCt=3.58,
PFB ddCt=1.82 where p=0.02). In the medulloblastoma and pilocytic astrocytoma groups was below control,
with ddCt=-0.25 for MBs (non-WNT/non-SHH ddCt=-0.26, WNT-MB ddCt=-0.24, SHH-MB ddCt=0.21)
and ddCt=-0.08,for PAs. ddCt values close to control were found for the BCL2L11 gene, MBs ddCt=-0.86 ( non-
WNT/non-SHH ddCt=-1.0, WNT-MB ddCt=-0.57, SHH-MB ddCt=0.87), EPs ddCt=0.94 (PFA ddCt=1.45,
PFB ddCt=0.68), PAs ddCt=0.97. Differences between groups were observed between MB and EP, as well as
MB and PA (p<0.001).
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Gene .

expression

(log2 ddCt) | p-value
Gene symbol | MB | EP | MB vs. EP
BCL2 6.21 |7.15 0.004
BCL2L11 491 |4.64 0.004
BMP2 526 |6.36 | <0.001
CCND1 5.63 | 7.07 | <0.001
CCND2 9.00 |7.24 | <0.001
CLU 7.06 |9.26 | <0.001
E2F1 589 |4.99 0.011
ETV1 5.63 |5.58 0.067
GJA1 6.07 |9.92 | <0.001
GPR137B 6.72 | 8.37 0.057
HIFIA 8.08 |9.02 0.019
ICAM1 521 |547 0.103
IRF2 6.26 |7.61 0.002
ITGB8 6.66 |9.03 | <0.001
LDLR 583 |6.99 0.008
MAP3K12 591 |6.48 0.003
MMP2 539 |3.69 0.353
NABP1 523 |4.07 0.567
NPAS3 547 |7.54 | <0.001
PPARG 4.77 16.79 | £0.001
PRKG1 505 [6.75 | £0.001
PTPRO 7.63 | 4.62 | <0.001
SIRPA 6.02 |8.23 | <0.001
SMAD7 591 |542 0.056
TNFSF13 527 |5.75 0.012
TP53INP1 6.67 | 6.65 0.636
UBE2C 6.15 |5.38 0.008
VEGFA 6.12 |7.16 0.050
WEEI 6.42 | 7.62 0.003
ZNFX1 6.66 |7.73 | <0.001

Table 1. Analysis of the expression of genes potentially regulated by miR-17-5p and miR-20a-5p in
medulloblastoma (MB) and ependymoma (EP). Gene expression levels were expressed as a mean of log2 ddCt.
A statistically significant difference (p <0.05) in gene expression levels between groups is highlighted in bold.

Correlation between microRNA and genes

The analysis of Pearson correlation between genes and miRNA was conducted in three groups: pilocytic astrocy-
toma (Table 2a), ependymoma (Table 2b) and medulloblastoma (Table 2c). In the pilocytic astrocytoma group,
the highest correlation coefficient (r<0.7) was recorded for genes: WEE1-CCND1, WEEI-TP53INP1, WEEI-
BCL2L11 and CCNDI-BCL2L11. There was no strong correlation between genes and miRNA expression. Only
between miR 17-5p-WEEI and miR 17-5p-CCNDI it reached the level of statistical significance with r values
of 0.42. In the ependymoma group, three pairs of genes reached statistical significance with r value above 0.7:
BCL2L11-CCNDI, TP53INP1-CCNDI and TP53INP1-BCL2L11. There was no strong correlation between genes
and miRNA expression (the correlation coeflicient ranged from —0.2 to 0.3). Statistically significant Pearson
correlation results (r <0.7) were obtained for several gene pairs in medulloblastoma, including WEE1-VEGFA,
WEEI-TP53INP1, WEEI-BCL2L11, CCND1-BCL2L11, and VEGFA-BCL2L11. Additionally, the expression of
PTPRO was found to negatively correlate with the expression of miR-17-5p (r=-0.51) and miR-20a (r=-0.49).

Discussion

Here, we comprehensively examined the expression levels of the target genes for miR-17-5p and miR-20a-5p,
which are the primary members of the OncomiR-1 cluster. The results of our study suggest a positive asso-
ciation between elevated WEEI expression and both the grade and subtype of tumor. Medulloblastomas and
ependymomas, which are more aggressive tumors, exhibited the highest levels of WEEI expression followed by
pilocytic astrocytomas. The findings suggest a correlation between the activity of WEEI and disturbances in the
cell cycle regulation mechanisms that are intensified before entering mitosis in fast-growing lesions. The WEE1
checkpoint protein is essential in the regulation of the G2/M phase transition, by phosphorylating the cyclin
1 dependent kinase (CDK1) on Tyr15 residue, which inactivates the CDK1/cyclin B1 complex and arrests the
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PFA PFB

Gene p-value
WEE1 0.024
CCND1  0.194
PPARG  0.885
VEGFA 0.361
RUNX1 0.361

ICAM1 0.361
MAP3K8  0.092
CCND2  0.136

TCF7L1  0.039
TP53INP1 0.018
BCL2 0.011
RB1 0.229
ARHGAP1 0.011
CROT 0.014
NCOA3 0.039
BCL2L11  0.024
POLQ 0.092
TRIP10 0011
CALD1 0.290
E2F1 0.092
RBL2 0.030
MAP3K12 0.018
SMURF1  0.014
PTPRO  0.962
PBX3 0.163
ZNFX1 0.810
KPNA2 0.039
YES1 0.136
ITGB8 0.962
OBFC2A 0.075
STAT3 0.885
JAK1 0.163
ELK3 0.361
PTEN 0.136
HIPK3 0.092
TGFBR2  0.011
PPARA  0.075
BAHD1  0.014
ARID4B  0.049
DNAJC27 0.018
HIF1A 0.194
PKD2 0.194
MAP3K2  0.312
TUSC2  0.260
CDKN1A  0.061
BNIP2 0.018
SMAD4  0.030
ZNF148  0.061
RAB12 0.018
MYLIP 0.039
NPAT 0.018
ZFYVE26 0.030

TNKS2 0.163
CAPRIN2 0.049
UsP3 0.163
RBL1 0.049

HSPAS8 0.885
BMPR2  0.163
APP 0.123
MAPK14  0.112
ZBTB7A  0.014
RPS6KAS 0.024
ESR1 0.018
TNFSF12 0018
GPR1378 0.112
STBGALNA 0.885
PDE3B 0.194
MAP3K5  0.290
DOCK4  0.112
ccL1 0.229
KAT28 0.597
MEF2D 0.014
ANKRD9  0.039
FBX031  0.006
CRIM1 0.885
BAMB/ 0.962
VLDLR 0.136
ZFPM2 0.163
CCNG2 0.312

Figure 2. Heatmap showing expression profile of predicted target genes regulated by miR-17-5p and miR-
20a-5p in ependymoma. The genes with increased normalized expression are marked in red; the genes with
reduced levels of normalized expression are marked in green. The p-value is given for each gene. If the p-value is
less than 0.05 (p <0.05) we report the result as statistically significant (indicated in red).

cell cycle®. Empirical evidence has established that WEEI is excessively expressed in tumors exhibiting genomic
instability, where cell cycle checkpoints play a critical role in preventing cell death (apoptosis)’. Thus far, altered
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Figure 3. Expression of WEEI, CCNDI, VEGFA, PTPRO, TP53INPI and BCL2L11 genes in three groups of
pediatric brain tumors: medulloblastomas, ependymomas, and pilocytic astrocytomas. Relative expression
given in ddCt values with an indication of the differences in expression between the groups studied; *p <0.05,
©p <0.01, **p <0.001.

expression of WEE] in brain tumors, such as medulloblastoma, diffuse intrinsic pontine glioma, and glioblas-
toma have been reported so it could be considered an important part of the plausible targeted therapy approach
in brain tumors’'".

As the last two World Health Organization (WHO) classification systems have evolved, information about
the molecular background of the lesions has gradually been added to help make the correct diagnosis but
despite many advances in this intensively researched field, traditional treatment, including resection and adjuvant
therapy, remains the gold standard for treating pediatric brain tumours. This is why the search for new targets
and the discovery of molecular relationships in brain cancer cells is so important.

Some results showed an association of WEEI expression with poor survival, however increased WEEI activity
was also observed in low-grade gliomas, suggesting that it could be a marker of tumorigenesis rather than disease
progression'>"?. The relevance of such observations has been confirmed in recently published results describing
the possibility of using a selective small-molecule inhibitors of WEE1 in sonic hedgehog (SHH) medulloblastoma
and relapsed ependymoma'*"®. The ongoing clinical trials demonstrated its antitumor activity in monotherapy
and/or in combination therapy'>!¢. The most promising synergistic effect has been observed with using multi-
targeted therapy focusing on replication stress response pathways with a PARP inhibitors !”. Furthermore, when
combined with a PARP inhibitor, the treatment exhibited established effects and suggests that multi-targeted
therapy is particularly beneficial in reducing the risk of drug resistance in tumor cells**. Our results are an
indication that the beneficial effects of this type of therapy are also possible in other types of pediatric tumors.

Next, we observed a unobvious results of the expression of the essential cell cycle regulator CCNDI which has
been decreased in medulloblastomas and showed higher levels in ependymomas, especially in posterior fossa
type A, and pilocytic astrocytomas. Studies in mice have shown that cyclin D1 plays a role in the development of
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GENE | WEEL | CCNDI | VEGFA | PTPRO | TPS3INPI | BCL2L11
a Pilocytic astrocytoma
WEE1 1.00 0.80 0.67 0.04 0.74 0.84
CCNDI 0.80 | 1.00 047 | -0.11 0.68 0.77
VEGFA 067 | 047 1.00 0.14 0.53 0.60
PTPRO 0.04 | -0.11 0.14 1.00 0.38 0.08
TP53INPI | 074 | 0.68 0.53 0.38 1.00 0.80
BCL2L11 084 | 077 0.60 0.08 0.80 1.00
miR-17-5p | 0.42 | 0.42 024 | -029 0.16 031
miR-20a 028 | 031 010 | -0.28 0.15 0.11
b Ependymoma
WEEI 100 | 0.43 0.30 0.25 0.49 0.53
CCND1 0.43 1.00 0.29 -0.05 0.70 0.76
VEGFA 030 | 029 100 | -0.42 0.15 0.41
PTPRO 025 |-005 |-0.42 1.00 0.16 -0.01
TP53INPI | 049 | 0.70 0.15 0.16 1.00 0.75
BCL2L11 053 | 0.76 041 | -0.01 0.75 1.00
miR-17-5p | 0.1 | 021 030 | —0.10 0.01 0.08
miR-20a 006 | 007 030 |-020 |-013 ~0.02
c Medulloblastoma
WEEI 1.00 | 0.60 0.78 031 0.82 0.83
CCND1 0.60 | 1.00 049 | -003 0.58 0.78
VEGFA 078 | 0.49 1.00 034 0.65 0.71
PTPRO 031 | -0.03 034 1.00 0.39 0.12
TP53INPI | 0.82 | 0.58 0.65 0.39 1.00 0.66
BCL2L11 083 | 078 0.71 0.12 0.66 1.00
miR-17-5p -0.08 0.07 0.06 -0.51 -0.22 —0.08
miR-20a | -0.08 | 0.07 007 |-049 |-020 ~0.09

Table 2. Pearson correlation coefficients between WEEI, CCND1, VEGFA, PTPRO, TP53INP1, BCL2L11
genes and miR-17-5p and miR-20a in pilocytic astrocytoma (a), ependymoma (b), medulloblastoma (c). If p
value is less than 0.05 we report the result as statistically significant (indicated in bold).

medulloblastoma and the absence of cyclin D1 reduces the likelihood of disease development'®. In an analysis of
clinical samples of brain tumors the expression of cyclin D1 was generally increased but its relation to outcome
is still unclear". On the other hand an elevated levesl of CCNDI were noted as a positive factor in breast and
renal cancer what suggests plausible gene’s different cellular roles?®?2. Cyclin D1 is a known regulator of cell
cycle progression, but there are evidences that it binds to an miRNAs promoter sequences and regulates a spe-
cific miRNA signature?. So vague expression and unclear predictive value of CCNDI in various type of tumors
could be the consequences of alterations in epigenetic regulatory systemss including miRNA regulatory feedback
loop?*?’. Therefore, information on such relationships would seem to be very important for the development of
the most appropriate therapy. The statistically significant difference in this oncogene expression observed here
in PFA and PFB ependymomas may suggest the potential use of this gene in optimizing therapy of the more
aggressive ependymal tumors in the future.

Thus, the next gene analysed by us, BCL2L11, coding for the proapoptotic protein (BIM), could be one of the
factors related to the treatment success. There are pieces of evidence showing that cancer cells have developed
mechanisms that suppress the protein expression, which is necessary for tumor progression. Such a phenomenon
is associated with the immune system and apoptosis via various cellular pathways. It was shown that activation
of the MEK/ERK pathway reduced BCL2L11 expression at the protein level especially due to regulation of
phosphorylation®*?°.

It has been shown that in several solid tumors and hematological malignancies, the effectiveness of MAPK
inhibitors is influenced by the levels of BIM. When BIM levels are increased, the sensitivity to these inhibitors
is enhanced. Conversely, when the expression of this pro-apoptotic protein is reduced, the effectiveness of the
inhibitors is diminished?*-?%. Disrupted apoptotic pathways are significant contributors to the development and
advancement of cancer, as well as how well cancer responds to treatment. Apoptosis can be initiated using either
the extrinsic or intrinsic pathways. BIM plays a crucial role in regulating the intrinsic pathway by interacting
with the BCL2 family, which comprises both anti-apoptotic and pro-apoptotic proteins****. BCL2L11 mRNA can
be regulated by several microRNAs (e.g. miR-9, —181a, —-17~92, -25, 32, —301a) as shown in our Oncomir-1
prediction target analysis?%. In the gene analysis, we have demonstrated a statistically significant decrease in gene
expression levels in medulloblastomas, whereas ependymomas and pilocytic astrocytomas exhibited increased
gene expression. The significance of MAPK inhibitors in the treatment of MB is underscored by the compel-
ling evidence from both in vitro and in vivo studies demonstrating their potential usefulness®*2. Considering

Scientific Reports |

(2024) 14:17922 | https://doi.org/10.1038/s41598-024-68945-z nature portfolio



www.nature.com/scientificreports/

that BCL2L11 functions as a mediator of miRNAs that regulate cellular processes and play a crucial role in the
MAPK pathway, the number of molecular variables that need to be considered for predicting the prognosis of
pediatric brain tumors increases®. This suggests that only the combined analysis of genetic information and
epigenetic modifications, including the regulation of ncRNAs, can improve treatment, especially when miRNA
can have different mRNA targets and each miRNA can have opposite roles according to the tumor type.

Furthermore, the TP53INPI and PTPRO genes, which are directly associated with apoptosis, exhibited a
consistent pattern of expression. Notably, the expression levels of these genes were significantly elevated in all
tested samples compared to the control samples. TP53INP1 gene encodes a protein that can induce programmed
cell death and inhibit cell proliferation. The function of this protein is influenced by multiple factors through
distinct signaling pathways, which hampers the assessment of its impact on tumor development. The expression
of TP53INPI can be suppressed by many miRNAs, including miR-155-5p****, miR-106a%, miR-17-5p*’, and miR-
124-3p*. Opposite expression levels with a distinct influence on tumor growth and progression were noted for
that gene in different types of cancer®-*!. In the current investigation, we observed low expression of TP53INP]I
in brain cancers of various origins, which is consistent with previous findings*2. PTPRO is expressed mainly in
the renal and brain epithelium, especially in the cells of the glomerular epithelium*>*. It can serve as a tumor
suppressor and a predictor for diagnosis and a worse prognosis in various cancers**°. Our research indicates
that medulloblastoma has the most elevated level of PTPRO expression. However, there is a lack of corroborating
evidence in the existing literature, with a limited number of documents on the gene’s role in the nervous system®.

Likewise, VEGFA, which as an undisputed member of the VEGF family is responsible for angiogenesis, can
also function in an antiapoptotic manner®*2 In the current study, the highest levels of VEGFA expression were
found for ependymoma with higher expression related to more aggressive posterior fossa type A. The results
obtained are consistent with previously suggested observations that highlight the role of hypoxia-related genes,
including VEGFA, in the mesenchymal stem cells in the tumor microenvironment as a key factor of tumor
progression which could be cured® Moreover, the differences in expression between the analysed three groups
showed a statistical significance. Interestingly VEGFA, especially in the light of their role in the activation of the
PI3K/AKT pathway, is an important regulator of angiogenesis, where miR-17-5p plays a key role in the regula-
tion of oncogenes from that signaling pathway>**.

Conclusions

Our investigation revealed that pediatric brain tumors exhibit a wide range of variations in both coding and
non-coding RNA expression. As an understanding of the molecular background of cancer deepens, the com-
plexity of this scenario increases, necessitating the exploration of driver factors. In addition, our results and
more recent studies underlined numerous cross-talks between genes activity and various epigenetic processes
together with tumor’s metabolic patterns®®*. As these findings continue to emerge, their integration with the
WHO classification and therapeutic implications of paediatric brain tumours offers the prospect of improved
treatment outcomes.

The example is clinical trial with Adavosertib, inhibitor of WEE1 in monotherapy and in combination therapy
also in pediatric patients with aggressive brain tumors'®. Our research has revealed the existence of molecules
exhibiting altered levels of expression and their complex regulatory system. We identified genes and non-coding
molecules that show great potential for being utilized in the detection and treatment of pediatric brain tumors
in the future. Furthermore, the successful regulation of PI3K/AKT and RAS/MAPK/ERK, which are function-
ally associated with cell growth and survival, makes them potential targets for anti-cancer therapies, including
those for brain tumors.

Such a trend is of particular importance in cancers in which continuous molecular subgrouping has not had
the expected clinical implications, such as medulloblastomas and ependymomas where resection and adjuvant
therapy, remains still the gold standard.

Data availability

Microarray data has been deposited in the ArrayExpress database under the number E-MTAB-14259 (www.
ebi.ac.uk/biostudies/arrayexpress/studies/E-MTAB-14259%key=880a5bbb-ed20-4d2c-8f10-8a9811{89dce). The
other datasets used and/or analysed during the current study available from the corresponding author on rea-
sonable request.
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