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Abstract

In light of the growing significance of molecular biomarkers in central nervous system
tumours, in this study, we aimed to comprehensively and quantitatively analyze the mRNA
expression levels of DJ-1 (Parkinsonism-associated deglycase 7, PARK7), GDF15 (Growth
Differentiation Factor 15), and MFGE8 (Milk Fat Globule-EGF Factor 8 Protein) in glioma
and meningioma tissues and to thoroughly evaluate the associations between these gene
expression profiles and clinicopathological parameters. Real-time PCR (qRT-PCR) analyses
performed on tumour tissues obtained from a total of 27 glioma and 18 meningioma pa-
tients revealed that these three genes exhibited significantly elevated expression compared
to control samples. Despite their different cellular origins, statistically significant positive
correlations were observed between the expression levels of DJ-1, GDF15, and MFGE8
and both tumour grade and the Ki-67 proliferation index (Ki-67 Pi) in both glioma and
meningioma cases, indicating that higher gene expression is associated with increased
tumour aggressiveness in both tumour types. Receiver operating characteristic (ROC)
curve analyses further confirmed the diagnostic and prognostic potential of these genes.
Additionally, protein–protein interaction networks involving the target genes were char-
acterised, providing valuable insights into their molecular mechanisms. These findings
suggest that DJ-1, GDF15, and MFGE8 may play a role in the aggressiveness, invasion, and
proliferation of gliomas and meningiomas. Moreover, integrating these genes as molecular
biomarkers into tumour classification systems may provide a foundation for the devel-
opment of personalised and targeted therapeutic strategies, although further studies are
needed to support this.
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1. Introduction
Central nervous system (CNS) tumours cover a highly heterogeneous group of neo-

plasms characterised by diverse morphological, molecular, and clinical features [1]. Among
these, gliomas and meningiomas are particularly prominent because of their prevalence
and the challenges they present in clinical management. Gliomas are the most common
malignant CNS tumours, particularly affecting young and middle-aged adults. Arising
from neuroepithelial progenitor cells (NPCs) in the embryonic neural tube and forebrain,
they account for approximately 80% of all primary brain tumours [2,3]. In contrast, menin-
giomas, which are generally benign, represent the most frequent primary intracranial
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tumours in older adults. Originating from arachnoid cap cells of the arachnoid layer, their
clinical course largely depends on tumour location and may lead to significant neurological
deficits over time [4].

For many years, the classification of gliomas and meningiomas has been based on the
histopathological criteria established by the World Health Organization (WHO). However,
with the 2021 WHO classification, the approach based solely on morphological features
has been extended to incorporate molecular biomarkers [5]. In this context, IDH1 and
IDH2 mutations, 1p/19q codeletion, TERT promoter mutation, as well as ATRX, TP53, and
CDKN2A/B alterations are of critical importance for gliomas [6,7]. In meningiomas, in addi-
tion to histopathological features, alterations in NF2, AKT1, TRAF7, SMO, PIK3CA, KLF4,
and SMARCE1 genes are recognised as key biomarkers in molecular classification [8,9].
This molecular approach largely overcomes the limitations of previous WHO classifications
(interobserver variability, neglect of genetic heterogeneity, and exclusion of molecular mark-
ers), enabling more accurate predictions of tumour biological behaviour and clinical course.
Therefore, a comprehensive understanding of the molecular heterogeneity of gliomas and
meningiomas, along with the identification of novel diagnostic and prognostic biomarkers,
is critical for both advancing tumour classification and improving clinical outcomes [10].

DJ-1 (PARK7) plays a critical role in cellular defence mechanisms against oxidative
stress and has been linked to poor prognosis across various cancer types [11]. Elevated DJ-1
expression in gliomas has been reported to promote cell proliferation and enhance tumour
aggressiveness through anti-apoptotic pathways [12,13]. Under normal conditions, GDF15
(Growth Differentiation Factor 15) is expressed at low levels in most tissues; however, its
expression significantly increases in pathological states such as tissue injury, inflammation,
oxidative stress, and cancer, making it a potential biomarker in cancer patients [14]. It has
been reported that GDF15 is highly expressed in high-grade gliomas such as glioblastoma
multiforme (GBM) and correlated with poor prognosis [15,16]. MFGE8 (Milk Fat Globule-
EGF Factor 8 Protein) contributes to extracellular matrix interactions and angiogenesis
and has been implicated in tumour invasion and vascularization in both gliomas and
meningiomas [17,18].

In this study, the expression levels of DJ-1, GDF15, and MFGE8 genes were assessed
in glioma and meningioma samples, and the resulting data were associated with clinical
and pathological parameters, including sex, Ki-67 Pi, tumour diameter, and WHO tumour
grade. The primary objective was to evaluate the potential of these genes as biomarkers and
help provide a more precise biological classification of central nervous system tumours. Ad-
ditionally, the findings are expected to provide a scientific foundation for the development
of targeted therapeutic strategies.

2. Results
2.1. Demographic and Clinical Characteristics of Glioma and Meningioma Patients

A total of 27 glioma patients were included in the study. The mean age of the patients
was 50.981 ± 13.303 years, with female patients having a mean age of 60.442 years and
male patients 59.521 years. Among the cohort, 10 patients (37.037%) were female and
17 patients (62.963%) were male. Regarding tumour characteristics, 14 patients (51.852%)
had tumours with a diameter of ≤6 cm, while 13 patients (48.148%) had tumours larger than
6 cm. The Ki-67 Pi was ≤22% in 12 patients (44.444%) and >22% in 15 patients (55.556%).
Histopathological grading revealed that 8 patients (29.630%) were grade II, 3 patients
(11.111%) were grade III, and 16 patients (59.259%) were grade IV. The pathological subtypes
included astrocytoma in 6 patients (22.222%), oligodendroglioma in 5 patients (18.519%),
and glioblastoma in 16 patients (59.259%). Tumour localization was predominantly frontal
(9 patients, 33.333%), followed by parietal (8 patients, 29.630%), temporal (7 patients,
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25.926%), and occipital (3 patients, 11.111%) regions. IDH1 mutation analysis showed that
12 patients (44.444%) were positive for the mutation, whereas 15 patients (55.556%) were
negative (Table 1).

Table 1. Clinical parameters and demographic distribution of glioma patients.

Parameter Glioma (n = 27)

Mean Age (year)
50.981 ± 13.303
Female: 60.442
Male: 59.521

Sex, n (%) Female: 10 (37.037)
Male: 17 (62.963)

Tumour Diameter, n (%) ≤6 cm: 14 (51.852)
>6 cm: 13 (48.148)

Ki-67 Pi, n (%) ≤22%: 12 (44.444)
>22%: 15 (55.556)

Grade, n (%)
II: 8 (29.630)
III: 3 (11.111)
IV: 16 (59.259)

Pathological subtype, n (%)
Astrositoma: 6 (22.222)
Oligodendroglioma: 5 (18.519)
Glioblastoma: 16 (59.259)

Localization

Frontal: 9 (33.333)
Occipital: 3 (11.111)
Parietal: 8 (29.630)
Temporal: 7 (25.926)

IDH1 mutation status, (+/−) Absent: 15 (55.556)
Present: 12 (44.444)

A total of 18 meningioma patients were included in the study. The mean age of the
patients was 59.873 ± 13.144 years, with female patients having a mean age of 59.413 years
and male patients 60.332 years. Among the cohort, 12 patients (66.667%) were female and
6 patients (33.333%) were male. Regarding tumour characteristics, 8 patients (44.444%)
had tumours with a diameter of ≤3 cm, while 10 patients (55.556%) had tumours larger
than 3 cm. The Ki-67 Pi was ≤5% in 9 patients (50.000%) and >5% in 9 patients (50.000%).
Histopathological grading revealed that 13 patients (72.222%) were grade I and 5 patients
(27.778%) were grade II. The pathological subtypes included transitional meningioma in
5 patients (27.778%), angiomatous in 1 patient (5.556%), fibroblastic in 4 patients (22.222%),
meningothelial in 2 patients (11.111%), psammomatous in 1 patient (5.556%), and atypical
in 5 patients (27.778%). Secretory, metaplastic, and clear cell subtypes were not observed in
this cohort. Tumour localization was predominantly frontal (8 patients, 44.444%), followed
by parietal (5 patients, 27.778%), temporal (3 patients, 16.667%), and occipital (2 patients,
11.111%) regions (Table 2).

2.2. ROC Curve and AUC-Based Diagnostic Performance Analysis of DJ-1, GDF15, and MFGE8
Gene Expression in Glioma and Meningioma Tissues

Using RT-qPCR analysis, the expression levels of DJ-1, GDF15, and MFGE8 genes
were evaluated according to sex, tumour grade, tumour diameter, and Ki-67 Pi. mRNA
expression levels were normalised relative to the control group, and results with p < 0.05
were considered statistically significant. In the glioma group, GBM (grade IV), which
represents a prognostically critical subtype, was compared with lower-grade gliomas (grade
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II and III) in order to identify expression differences specific to high-grade malignancy. In
meningiomas, grade I (benign) and grade II (atypical) tumours were compared to capture
potential differences in clinical and biological behaviour. This approach aimed to evaluate
not only the presence of these genes in tumours, but also their expression profiles in
relation to tumour grade, thereby providing insights into their potential roles in tumour
progression. Furthermore, the diagnostic discriminatory potential of these genes was
assessed using ROC curve analyses. Discriminatory power was quantified by calculating
the area under the curve (AUC), with genes exhibiting AUC values ≥ 0.7 considered to
have diagnostic significance.

Table 2. Clinical parameters and demographic distribution of meningioma patients.

Parameter Meningioma (n = 18)

Mean Age (year)
59.873 ± 13.144
Female: 59.413
Male: 60.332

Sex, n (%) Female: 12 (66.667)
Male: 6 (33.333)

Tumour Diameter, n (%) ≤3 cm: 8 (44.444)
>3 cm: 10 (55.556)

Ki-67 Pi, n (%) ≤5%: 9 (50.000)
>5%: 9 (50.000)

Grade, n (%) I: 13 (72.222)
II: 5 (27.778)

Pathological subtype, n (%)

Transitional: 5 (27.778)
Angiomatous: 1 (5.556)
Secretory: 0 (00.00)
Fibroblastic: 4 (22.222)
Meningothelial: 2 (11.111)
Metaplastic: 0 (00.00)
Psammomatous: 1 (5.556)
Clear cell: 0 (00.00)
Atypical: 5 (27.778)

Localization

Frontal: 8 (44.444)
Occipital: 2 (11.111)
Parietal: 5 (27.778)
Temporal: 3 (16.667)

The expression levels of the DJ-1, GDF15, and MFGE8 genes in glioma patients were
elevated compared to those in the control group. Despite the high expression levels of
these genes in glioma cases, no statistically significant differences were observed between
male and female patients (DJ-1, GDF15, and MFGE8: p = 0.563, p = 0.490, and p = 0.831,
respectively). Furthermore, ROC analyses performed for glioma cases revealed that the
AUC values for the DJ-1, GDF15, and MFGE8 genes were all below 0.7, with p-values above
0.05, indicating that these genes do not have sufficient diagnostic discriminatory power
based on patient sex in glioma (Figure 1A,B).
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Figure 1. Sex-based mRNA expression of DJ-1, GDF15, and MFGE8 in glioma and meningioma
patients. (A) mRNA expression in glioma patients. (B) Glioma ROC/AUC. (C) mRNA expression in
meningioma patients. (D) Meningioma ROC/AUC. M: Male, F: Female. * p < 0.05 was considered
statistically significant.

The expression levels of the DJ-1, GDF15, and MFGE8 genes in meningioma patients
were elevated compared to those in the control group. No statistically significant differences
were observed between male and female patients in terms of DJ-1, GDF15, and MFGE8
gene expression levels (DJ-1, GDF15, and MFGE8: p = 0.438, p = 0.603, and p = 0.281,
respectively). ROC analyses for meningioma cases revealed that the AUC values for these
genes were all below 0.7, with p-values above 0.05, indicating that DJ-1, GDF15, and MFGE8
do not have sufficient diagnostic discriminatory power based on patient sex in meningioma
(Figure 1C,D).

Evaluation of tumour grades in glioma patients revealed that the expression levels of
the DJ-1, GDF15, and MFGE8 genes were increased compared to those in the control group.
The most prominent increase was observed in the GDF15 gene, and the expression levels of
DJ-1 and MFGE8 were also significantly higher in high-grade tumours (Grade IV) compared
to low- to intermediate-grade tumours (Grade II–III) (p = 0.016, p = 0.001, and p = 0.006 for
DJ-1, GDF15, and MFGE8, respectively). ROC analyses were performed to evaluate the
diagnostic discriminatory potential of DJ-1, GDF15, and MFGE8 gene expressions based on
tumour grade. The AUC values for all three genes were above 0.7, and the p-values were
less than 0.05, indicating statistical significance (Figure 2A,B).

In meningioma patients, the expression levels of the DJ-1, GDF15, and MFGE8 genes
were significantly higher in Grade II tumours compared to Grade I tumours. The greatest
increase was observed in the MFGE8 gene (p = 0.001, p = 0.001, and p = 0.012 for DJ-1, GDF15,
and MFGE8, respectively). ROC analyses were also performed to assess the diagnostic
discriminatory potential of these genes based on tumour grade, showing AUC values above
0.7 with p-values less than 0.05, indicating statistical significance (Figure 2C,D).
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Figure 2. Tumour-grade-based mRNA expression of DJ-1, GDF15, and MFGE8 in glioma and
meningioma patients. (A) mRNA expression in glioma patients. (B) Glioma ROC/AUC. (C) mRNA
expression in meningioma patients. (D) Meningioma ROC/AUC. * p < 0.05 and ** p < 0.01 was
considered statistically significant.

When tumour diameter was evaluated in glioma patients, the expression levels of the
DJ-1, GDF15, and MFGE8 genes were found to be elevated compared to those in the control
group. Gene expression levels of DJ-1, GDF15, and MFGE8 were increased in tumours
larger than 6 cm in diameter, with the most prominent and statistically significant increase
observed in the GDF15 gene (p = 0.556, p = 0.042, and p = 0.053 for DJ-1, GDF15, and MFGE8,
respectively). ROC analyses were performed to evaluate the diagnostic performance of
the DJ-1, GDF15, and MFGE8 genes in discriminating tumour diameter. In glioma cases,
the AUC values for all three genes were below 0.7, and their p-values were above 0.05,
indicating that they do not have sufficient discriminatory power based on tumour size
(Figure 3A,B).

In meningioma patients, the expression levels of DJ-1, GDF15, and MFGE8 genes were
elevated in tumours larger than 3 cm compared to smaller tumours and the control group.
The most prominent and statistically significant increase was observed in the MFGE8 gene
(p = 0.277, p = 0.167, and p = 0.044 for DJ-1, GDF15, and MFGE8, respectively). ROC analyses
showed that the AUC values for DJ-1 and GDF15 were below 0.7, with p-values above 0.05,
whereas the MFGE8 gene demonstrated an AUC value above 0.7 with a p-value below
0.05, indicating that only MFGE8 has potential diagnostic discriminatory power for tumour
diameter in meningioma (Figure 3C,D).

When the Ki-67 Pi was evaluated in glioma patients, the expression levels of the DJ-1,
GDF15, and MFGE8 genes were elevated compared to those in the control group. All three
genes were significantly higher in cases with a Ki-67 Pi value > 22% compared to those with
Ki-67 Pi ≤ 22% (DJ-1, GDF15, and MFGE8; p = 0.015, p = 0.035, and p = 0.004, respectively).
Among these genes, the most pronounced increase was observed in the GDF15 gene. ROC
analyses related to Ki-67 Pi showed that all three genes had AUC values above 0.7 and
p-values below 0.05, indicating statistically significant discriminatory potential based on
proliferation index (Figure 4A,B).
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Figure 3. Tumour-diameter-based mRNA expression of DJ-1, GDF15, and MFGE8 in glioma and
meningioma patients. (A) mRNA expression in glioma patients. (B) Glioma ROC/AUC. (C) mRNA
expression in meningioma patients. (D) Meningioma ROC/AUC. * p < 0.05 was considered statisti-
cally significant.

Figure 4. Ki-67-index-based mRNA expression of DJ-1, GDF15, and MFGE8 in glioma and menin-
gioma patients. (A) mRNA expression in glioma patients. (B) Glioma ROC/AUC. (C) mRNA
expression in meningioma patients. (D) Meningioma ROC/AUC. * p < 0.05 and ** p < 0.01 was
considered statistically significant.

In meningioma patients, DJ-1, GDF15, and MFGE8 gene expression levels were signifi-
cantly elevated in tumours with Ki-67 Pi > 5% compared to those with Ki-67 Pi ≤ 5% (DJ-1,
GDF15, and MFGE8; p = 0.015, p = 0.003, and p = 0.012, respectively). Among these increases,
the highest expression level was observed in the MFGE8 gene. ROC analyses related to
Ki-67 Pi demonstrated that all three genes had AUC values above 0.7 and p-values below
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0.05, indicating statistically significant discriminatory potential based on proliferation index
in meningioma (Figure 4C,D).

In this study, the gene expression profiles of DJ-1, GDF15, and MFGE8 in tissue sam-
ples obtained from glioma and meningioma patient groups were found to be elevated
compared to those in the control group. To comprehensively elucidate the biological
interactions and potential functional roles of these genes in tumour pathophysiology, a
protein–protein interaction (PPI) network was generated using the GeneMANIA platform
(https://genemania.org/), with these genes serving as seed nodes. Analysis of the con-
structed network suggests that DJ-1, GDF15, and MFGE8 may occupy central hub positions
and potentially exhibit functional associations with a wide range of interacting genes and
proteins (Figure 5).

 

Figure 5. A protein–protein interaction network of DJ-1, GDF15, and MFGE8 constructed using Gene-
MANIA. The lines connecting the proteins represent different types of interactions, such as physical
interactions, co-expression, co-localization, shared protein domains, and pathway associations, as
predicted by GeneMANIA.

3. Discussion
In this study, the mRNA expression profiles of DJ-1, GDF15, and MFGE8 genes were

analyzed in glioma and meningioma tissues, and their potential associations with clini-
copathological parameters were evaluated. Within the glioma cohort, the prognostically
critical subtype GBM (grade IV) was compared with lower-grade gliomas (grade II–III)
to explore molecular heterogeneity reflecting differences in biological behaviour. While
grade II–III gliomas generally exhibit a slower clinical course and more favourable prog-
nosis, grade IV glioblastomas may display more aggressive biological behaviour, higher
proliferative capacity, invasive growth, and treatment resistance. Comparison of gene
expression levels between these groups may provide insights into the potential roles of
DJ-1, GDF15, and MFGE8 in tumour progression, malignant transformation, and poor
prognosis. Similarly, in the meningioma cohort, grade I (benign) and grade II (atypical) tu-
mours were compared. Grade I meningiomas typically show slower growth and favourable
prognosis, whereas grade II meningiomas may exhibit increased recurrence risk and more
aggressive clinical behaviour. Therefore, examining gene expression levels across these
subgroups may offer a framework for assessing the potential of DJ-1, GDF15, and MFGE8

https://genemania.org/
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to discriminate between benign and atypical meningiomas and their possible functional
roles in tumour biology.

In glioma tissues, the expression levels of DJ-1, GDF15, and MFGE8 did not show
a significant correlation with patient sex. When evaluated in terms of tumour size, only
GDF15 expression demonstrated a statistically significant association, whereas no such
relationship was observed for DJ-1 and MFGE8.

In meningioma tissues, the expression levels of DJ-1, GDF15, and MFGE8 were not
significantly associated with patient sex. Regarding tumour size, only MFGE8 expres-
sion showed a significant correlation, while DJ-1 and GDF15 did not exhibit statistically
meaningful associations.

These findings suggest that the expression of these genes may be primarily related
to biological features such as tumour progression, proliferative capacity, and molecular
subtypes. Future studies with larger patient cohorts and inclusion of different tumour
subtypes could allow a more detailed evaluation of potential relationships between gene
expression and clinical parameters. Additionally, investigating the proteomic effects of
DJ-1, GDF15, and MFGE8, as well as their interactions with the tumour microenvironment,
could provide a more comprehensive understanding of the clinical relevance of their
expression profiles.

In gliomas, statistically significant correlations were identified between the expression
levels of DJ-1, GDF15, and MFGE8 and both tumour grade and the Ki-67 Pi. DJ-1 expression
is associated with brain tumours. In patients with astrocytoma, DJ-1 was highly expressed
in 92.8% of cases, and this has been suggested to be associated with disease aggressiveness
and reduced overall survival in these patients [19]. Furthermore, DJ-1 expression has been
reported to be upregulated in 85% of glioblastoma patients and 48.5% of medulloblastoma
patients [20,21]. DJ-1 expression has also been found to correlate with increased expression
of p-protein kinase B (AKT) and Ki-67, potentially affecting patient survival. Similarly, pre-
vious studies have shown that GDF15 may promote proliferation in glioblastoma cells [22],
support tumour growth by stimulating angiogenesis, and be associated with adverse prog-
nostic outcomes when highly expressed [23]. Regarding MFGE8, data from the Human
Protein Atlas indicate that its expression may positively correlate with tumour grade in
glioma tissues [24]. Experimental studies have also demonstrated that MFGE8 may con-
tribute to glioma progression by modulating the tumour microenvironment and promoting
angiogenesis [18]. Consistent with these observations, our study identified statistically
significant correlations between the expression levels of DJ-1, GDF15, and MFGE8 and
both tumour grade and the Ki-67 Pi in glioma tissues. These findings support the potential
functional roles of these genes in glioma pathophysiology and their involvement in tumour
progression and cellular proliferation mechanisms. Nevertheless, these results should be
interpreted with caution, and further validation in advanced studies is required to clarify
their molecular mechanisms and potential clinical significance.

In meningiomas, GDF15 gene expression was significantly associated with tumour
grade and the Ki-67 Pi. These findings may indicate the potential prognostic value of GDF15
in these tumours. Additionally, the observed associations of DJ-1 and MFGE8 expression
with histological grade and proliferative activity indicate that these genes may contribute
to the evaluation of malignancy potential in meningiomas. However, the relatively lim-
ited correlation between MFGE8 expression and tumour grade suggests that the former’s
role may be complex and multifactorial. Supporting this notion, literature reports have
described MFGE8 as having diverse functions, including angiogenesis and immune modu-
lation within the tumour microenvironment [25,26]. In this context, MFGE8 may interact
not only with tumour-intrinsic factors such as histologic grade but also with microenviron-
mental components, potentially influencing meningioma behaviour in a broader biological
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framework. Therefore, further comprehensive studies are required in order to elucidate the
prognostic significance and mechanistic roles of MFGE8 in meningiomas. Although the
critical role of GDF15 in tumour progression and the regulation of the immune microenvi-
ronment has been demonstrated in glioma subtypes [22], the limited evidence supporting
its involvement in tumour growth and invasion in meningiomas increases the originality of
our study and its potential contribution to the literature. Similarly, the observed association
between DJ-1 and histological grade and proliferative index in meningiomas aligns with its
established roles in cell proliferation, oxidative stress response, and tumour progression,
as reported in previous studies [25,27]. Moreover, DJ-1 has been shown to facilitate cell
migration and invasion, thereby contributing to the malignant potential of various tumour
types [13]. Based on these findings, the hypothesis that DJ-1 expression may serve as an
indicator of malignancy in meningiomas is well supported by the current literature.

In our study, a protein–protein interaction (PPI) network analysis was conducted using
the GeneMANIA database to further evaluate the potential roles of DJ-1 (PARK7), GDF15,
and MFGE8 genes in glioma and meningioma pathogenesis. This analysis can provide
insights into the possible functions of these genes in intracellular and extracellular signalling
pathways and their associations with tumour biology. DJ-1 was found to potentially interact
with proteins primarily involved in oxidative stress response and mitochondrial function,
including TP53, SNCA, U2AF2, TALDO1, and NDUFA4. Specifically, TP53, as a tumour
suppressor gene, has been associated with tumour progression and prognosis in gliomas
and meningiomas, with mutations and reduced expression linked to aggressive tumour
behaviour and poor prognosis [28]. The interaction of DJ-1 with SNCA is related to
neurodegenerative processes, and increased SNCA expression has been reported in certain
glioma subgroups [29]. Its association with U2AF2 may influence RNA processing and gene
expression; however, data on U2AF2’s role in gliomas remain limited [30]. Interactions with
TALDO1 and NDUFA4 suggest potential involvement in glycolysis, energy metabolism,
and mitochondrial functions, which are frequently altered in gliomas [31,32].

The GDF15 gene may interact with ERBB2, TP53, and SP1, which are involved in
extracellular signal transmission and regulation of immune responses in the tumour mi-
croenvironment. Potential interactions with ERBB2 and TP53 may support roles in cell
proliferation, apoptosis, and tumour progression, and ERBB2 expression has been reported
to increase in gliomas [33,34]. Interaction with SP1 may exert additional regulatory effects
on gene transcription and signalling; high SP1 expression in meningiomas has been asso-
ciated with tumour grade and malignancy, suggesting a possible prognostic biomarker
role [35].

Similarly, MFGE8 may interact with integrin subunits ITGB3, ITGB5, and ITGAV, and
also with IL15 and AEBP1 proteins, which are associated with extracellular matrix and
immune response processes. Interactions with integrin subunits may influence cell adhesion
and migration, while associations with IL15 and AEBP1 may affect immune responses
and cell differentiation. ITGB3 and ITGB5 have been reported to modulate apoptosis and
proliferation in glioma cells, contributing to tumour progression [36,37]. IL15 is considered
a potential therapeutic modulator of immune response in gliomas [38]. Elevated AEBP1
expression has been linked to proliferation, migration, and invasion in glioblastomas [39].
ITGAV has been associated with poor prognosis and immune cell infiltration in gliomas,
potentially affecting tumour immune responses and progression [40].

Overall, elevated expression levels of DJ-1, GDF15, and MFGE8 in glioma and menin-
gioma samples, together with the observed PPI network connections, provide a framework
for exploring their potential roles in tumour pathogenesis. Integrating PPI-based findings
with gene expression data may contribute to understanding the possible mechanistic roles
of DJ-1, GDF15, and MFGE8 in glioma and meningioma biology.
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In light of these findings, it was observed that the expression levels of DJ-1, GDF15,
and MFGE8 genes may be associated with certain key clinical parameters in glioma and
meningioma samples, which originate from different cellular lineages. In particular, the
correlations observed with tumour grade and the Ki-67 Pi may indicate that these genes
could play a potentially critical role as molecular markers in tumour biology.

Our study has certain limitations. Firstly, due to the relatively small sample size and
the high heterogeneity of tumours, comprehensive molecular classifications regarding
common genetic alterations (e.g., IDH2, TP53, 1p/19q codeletion, TERT promoter mutation)
could not be performed in the glioma cohort. This limitation may reduce the generalizability
of inferences drawn from gene expression and other molecular findings. In the meningioma
cohort, genetic analyses were not conducted, and tumour classification was based solely
on histopathological evaluation according to the WHO 2021 criteria. Therefore, molecular
validation of meningioma findings (e.g., NF2, AKT1, TRAF7) and an increase in both
sample size and tumour subtype diversity are important for enhancing the reliability and
generalizability of future studies.

In our study, the Ki-67 Pi and tumour size were categorised for glioma and menin-
gioma samples based on previously defined and widely used cut-off values reported in
the literature. However, Ki-67 Pi values ranged from 2 to 6% and tumour diameters from
≤3 cm to >3 cm in meningiomas, whereas in gliomas, Ki-67 Pi values ranged from 2 to 80%
and tumour diameters from ≤6 cm to >6 cm. This variability highlights the challenges in
establishing a single common cut-off value for both tumour types. Considering literature-
based cut-off values, it is plausible that the diagnostic potential of these analyses may
be context-dependent. Therefore, evaluating the Ki-67 Pi and tumour size as continuous
parameters in future studies and testing different cut-off values in larger patient cohorts
may enhance the clinical and scientific validity of the findings.

According to TCGA and CGGA datasets, DJ-1, GDF15, and MFGE8 were found to be
highly expressed in gliomas. Due to the absence of survival data for meningiomas and the
limited size of the patient cohort, survival analyses could not be performed in this study.
However, in future studies with larger patient groups, the integration of publicly available
datasets (TCGA, CGGA) may allow a clearer elucidation of the relationship between these
genes and patient survival and contribute to validating the prognostic value of the findings.

Furthermore, future studies should aim to support these results through protein
expression analyses and to investigate the functional implications of protein–protein inter-
actions associated with the target genes within relevant signalling pathways. Expanding
and deepening the scope of such studies could provide more robust and consistent ev-
idence regarding the biomarker potential of DJ-1, GDF15, and MFGE8. Ultimately, a
better understanding of the relationships between tumour biology and clinical parameters
may contribute to improved diagnosis, prognostic assessment, and the development of
personalised therapeutic strategies.

4. Materials and Methods
4.1. Ethical Statement Declaration

This study was conducted in collaboration with the Neurosurgery Clinic of the Health
Sciences University, Bakırköy Prof. Dr. Mazhar Osman Mental Health and Neurological
Diseases Training and Research Hospital, and the Medical Biology and Genetics Laboratory
of the Balıkesir University Faculty of Medicine. All patients and their relatives provided
written informed consent after receiving detailed information about the study.

Ethical approval for this study was obtained from the Clinical Research Ethics Com-
mittee of the Balıkesir University Faculty of Medicine. The following ethics committee
approvals were granted: 2017/169 for glioma studies on DJ-1 gene expression, 2017/170 for
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meningioma studies, 2018/07 for glioma studies on GDF15 gene expression, 2018/08 for
meningioma studies, 2018/05 for glioma studies on MFGE8 gene expression, and 2017/168
for meningioma studies. All tissue samples were collected in compliance with the princi-
ples established by the relevant ethics committee, and all procedures were conducted in
accordance with the Declaration of Helsinki.

4.2. Collection of Tumour Tissue Samples

This study included 27 patients diagnosed with astrocytoma, oligodendroglioma
(WHO grade II–III), and glioblastoma (WHO grade IV), and 18 patients diagnosed with
meningioma (WHO grade I–II), all of whom were treated at the Neurosurgery Clinic of
Bakırköy Prof. Dr. Mazhar Osman Mental Health and Neurological Diseases Training and
Research Hospital in 2017. Patients with severe systemic or metabolic diseases, hyperprolif-
erative or infectious conditions, impaired renal function, additional malignancies, recent
surgical history, or those who declined participation were excluded from the study. The
control group consisted of five patients who underwent anterior temporal lobectomy for
mesial temporal lobe epilepsy and met the exclusion criteria.

Sociodemographic data, including age, sex, and comorbidities, were recorded for
glioma and meningioma patients; tumour classification, size, and WHO grade were deter-
mined at a single-centre pathology unit using standard histological methods. The Ki-67
Pi was assessed by immunohistochemical staining and calculated as the percentage of
positively stained cells relative to the total number of cells. The maximum dimensions
of the lesions were measured on pathological specimens in the sagittal, coronal, or axial
planes. All diagnoses were confirmed according to the WHO 2021 criteria. Additionally,
the isocitrate dehydrogenase (IDH1) mutation status was evaluated in glial tumours. Tu-
mour and control tissue samples obtained via surgical resection were stored at −80 ◦C for
subsequent gene expression analyses.

4.3. RNA Isolation and qRT-PCR

Gene expression levels of DJ-1, GDF15, and MFGE8 were evaluated via qRT-PCR in
the glioma (n = 27), meningioma (n = 18), and control (n = 5) tissue samples that had been
stored at −80 ◦C in the Medical Biology and Genetics Laboratory of the Faculty of Medicine
at Balıkesir University. Gene expression was analyzed in relation to pathological character-
istics, including tumour diameter, tumour grade, and Ki-67 Pi, as well as sociodemographic
variables such as age and sex.

Tumour diameter was categorised as ≤6 cm and >6 cm for glioma patients [41] and
≤3 cm and >3 cm for meningioma patients [42]. Tumour grading was classified as Grade
II–III and Grade IV for gliomas [43] and as Grade I and Grade II for meningiomas [44].
The Ki-67 Pi was stratified as ≤22% and >22% for glioma cases [45] and ≤5% and >5% for
meningioma cases [46].

Total RNA was isolated using the QIAzol Lysis Reagent (Qiagen GmbH, Hilden, Ger-
many), following the manufacturer’s protocol. RNA concentration (ng/µL) and purity
(OD260/280) were measured using a NanoDrop device (Thermo Scientific, Wilmington,
DE, USA). A total of 1 µg of RNA was used for complementary DNA (cDNA) synthesis.
cDNA synthesis was performed using the Transcriptor High Fidelity cDNA Synthesis Kit
(Roche Diagnostics GmbH, Mannheim, Germany) in accordance with the manufacturer’s
instructions. For each reaction, 1 µg of total RNA was mixed with 2 µL of random hex-
amer primers and PCR-grade water, reaching a final volume of 11.4 µL. The mixture was
incubated at 65 ◦C for 10 min. Subsequently, the following components were added to
the mixture: 4 µL of 5× Reverse Transcriptase Reaction Buffer, 0.5 µL of Protector RNase
Inhibitor (40 U/µL), 2 µL of 10 mM dNTP mix, 1 µL of DTT, and 1.1 µL of Transcriptor
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High-Fidelity Reverse Transcriptase, resulting in an additional volume of 8.6 µL. After brief
centrifugation, the total volume was adjusted to 20 µL. cDNA synthesis was carried out in
a thermal cycler under the following conditions: incubation at 29 ◦C for 10 min, 48 ◦C for
60 min, and 85 ◦C for 5 min for enzyme inactivation.

qRT-PCR analysis was performed using the Applied Biosystems 7500 Fast Real-Time
PCR System and TaqMan probes (Applied Biosystems, Foster City, CA, USA). Specific
TaqMan Gene Expression Assays were employed for the reference gene β-actin (ACTB,
Hs99999903_m1) and the target genes: DJ-1 (Hs00994893_g1), GDF15 (Hs00171132_m1),
and MFGE8 (Hs00983890_m1). Each reaction was conducted in a total volume of 20 µL,
containing 1–100 ng of cDNA, 20× TaqMan Gene Expression Assay, 2× TaqMan Gene
Expression Master Mix, and RNase-free water. Reactions were run for 40 cycles under
standard cycling conditions. Gene expression data were analysed using the Applied
Biosystems 7500 Fast Real-Time PCR System, 7500 Software v2.3. The ACTB gene served
as an internal control for normalization. Relative gene expression levels were calculated
using the 2−∆∆CT method [47].

4.4. Statistical Analysis

Statistical analyses were performed using SPSS version 20 (IBM Corp., Armonk, NY,
USA). The normality of the data distribution was assessed using the Shapiro–Wilk test, and
the homogeneity of variance was evaluated using Levene’s test. Differences between the
means of multiple groups were analyzed using one-way analysis of variance (ANOVA),
and Tukey’s post hoc test was applied in cases where significant differences were found.
Comparisons between two groups were performed using Student’s t-test. A p-value of
<0.05 was considered statistically significant. ROC curve analyses were conducted, and
Area Under the Curve (AUC) values were calculated to assess the diagnostic discriminative
potential of DJ-1, GDF15, and MFGE8 gene expression levels in relation to variables such as
sex, tumour grade, tumour diameter, and Ki-67 Pi. Genes with AUC values of ≥0.7 were
considered to have diagnostic significance.

5. Conclusions
In this study, significant and marked increases in the expression levels of the DJ-1,

GDF15, and MFGE8 genes were detected in both glioma and meningioma tissues. These
findings suggest that these genes may hold potential as molecular biomarkers. However,
for these genes to be effectively and reliably evaluated in clinical practice, the limitations
noted in this study need to be addressed, their expression levels should be validated at the
protein level, and their mechanistic roles in tumour development and progression should
be investigated more comprehensively.
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