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The expression pattern and
prognostic relevance of
p120-catenin, COL4A2
and SOX10 in glioma
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Background: p120-catenin, COL4A2 and SOX10 are emerging as modulators of
glioma pathophysiology and progression. This study aimed to characterize the
expression pattern of these markers in glioma tissues with different degrees of
malignancy, and tested their prognostic value for the outcome of glioblastoma
IDH wild-type (GBM IDHwt) patients, with an additional focus on potential sex-
related differences.
Methods: All markers were assessed by immunohistochemistry in tissue
microarrays prepared from healthy brain (n=38), astrocytoma grade 2 (n=24),
astrocytoma grade 3 (n=22), and GBM IDHwt (n=204) samples. Correlation
analyses were performed using Spearman’s Rho, and survival analyses (5-year
overall survival and 1-year progression-free survival) were performed using
Kaplan-Meier curves, log-rank test and multivariate proportional hazard models.
Results: The levels of p120-catenin signi� cantly increased with the degree of
glioma malignancy (p<0.001; Rho=0.599), while the opposite was observed for
COL4A2 (p<0.001, Rho=-0.387) and SOX10 (p<0.001; Rho=-0.293). High levels
of p120-catenin signi� cantly associated with and predicted the poor overall
survival of GBM IDHwt patients (HR = 1.861, CI = 1.303-2.658, p<0.001) both male
(HR = 1.709, CI = 1.077-2.713, p=0.023) and female (HR = 2.141, CI = 1.138-4.028,
p=0.018). Conversely, low levels of SOX10 associated with and predicted the
poor overall survival of GBM IDHwt patients (HR = 1.552, CI = 1.025-2.352,
p=0.038). Interestingly, SOX10 was an independent prognostic factor only in
female patients (HR = 2.842, CI = 1.241-6.511, p=0.014). Regarding progression-
free survival, p120-catenin was a signi� cant prognostic factor in the whole
cohort of GBM IDHwt patients (HR = 2.542; CI = 1.499-4.312; p<0.001) and in
the male patients (HR = 2.431; CI = 1.222-4.836; p=0.011), while SOX10 did not
predict the progression-free survival in any group of patients. For COL4A2, we
found no signi� cant associations with the patients’ outcome, irrespective of sex.
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Conclusions: p120-catenin is a potential tumor-promoting factor in glioma, and
a prognostic marker in GBM. In contrast, COL4A2 and SOX10 appear to act as
tumor suppressors in glioma pathophysiology. SOX10 may additionally be a
valuable prognostic marker in female GBM patients.
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Introduction

Gliomas are the most common malignant primary tumors of
the central nervous system (CNS) in adults. Histo-pathologically,
gliomas are categorized based on cellular etiology (astrocytic,
oligodendrocytic, ependymal), and on their degree of malignancy.
Almost 80% of all gliomas are astrocytic tumors, out of which 7.2%
are diffuse astrocytoma WHO grade 2, 4.8% anaplastic astrocytoma
WHO grade 3, and 61.7% glioblastoma (GBM) WHO grade 4 (1).
Since the �fth edition of the WHO classi�cation of CNS tumors
from 2021, only astrocytic tumors WHO grade 4 with an IDH wild-
type (IDHwt) phenotype are considered to be GBM (2). Although
the median survival times for different glioma entities vary across
studies, the latest CBTRUS report indicates a median survival of 61
and 22 months for patients with astrocytoma grade 2 and 3,
respectively (1). GBM patients have a very short median survival
of only 8 months (1), despite undergoing an aggressive therapeutic
regimen consisting of maximally safe tumor resection,
radiotherapy, and chemotherapy with alkylating agents (3).
Newer multimodal therapeutic strategies directed against receptor
tyrosine kinases (RTKs), or modulating the stem cell, apoptosis and
cell cycle/DNA repair pathways (for a systematic review see (4))
have also met with only limited success. Thus, it remains necessary
to identify novel cellular and molecular factors that are involved in
glioma progression, and may serve as targets for therapy in this type
of cancer.

P120-catenin (p120, catenin delta-1), which is encoded by the
CTNND1 gene, is a structural protein with critical functions in
cellular adhesion. In physiological processes, p120-catenin interacts
with E-cadherin to promote cell-cell adhesion, but also facilitates
the stabilization, bundling, and tethering of microtubules at the
adherens junctions (for a recent review see (5)). In cancer, p120-
catenin can act as both tumor suppressor and tumor promoter.
Speci�cally, p120-catenin is downregulated in several types of
cancer, such as colon, stomach, breast, lung or pancreas (reviewed
in (5)), and low protein levels of p120-catenin associate with the
poor survival of patients with intrahepatic cholangiocarcinoma (6)
and invasive ductal breast cancer (7). In contrast, other studies
found that p120-catenin enhanced the migration/invasion of tumor
cells, thereby promoting tumor progression in colorectal, breast,
and ovarian cancer (8–10). Recent evidence indicates that p120-
catenin has tumor-promoting functions also in glioma, since it is
02
overexpressed in these tumors compared to healthy brain tissues,
and facilitates the migration/invasion and proliferation of the
glioma cells (11–13).

COL4A2 -the alpha 2 subunit of Collagen IV- is a protein highly
conserved among species and ubiquitously expressed in basement
membranes. Mutations in the COL4A2gene have been linked to a
variety of medical conditions, in particular cerebrovascular diseases
and porencephaly, but were also shown to cause ocular, renal and
muscular defects (reviewed in (14)). Most previous studies observed
an upregulation of COL4A2gene expression in tumor tissues,
including gliomas (15–17), which indicates a potential tumor-
promoting role of this factor. However, others reported that
COL4A2 was downregulated in tumor cells, and that low protein
levels of COL4A2 associated with high TNM stage, as well as with
the poor outcome of cancer patients (18–20).

SOX10 is a transcription factor crucial for the differentiation,
migration and maintenance of tissues derived from the neural crest
(reviewed in (21)). Like p120-catenin, SOX10 can act as both tumor
promoter and suppressor in human cancers. For instance, SOX10
protein is overexpressed in nasopharyngeal carcinoma and
correlates with high TNM stage as well as with the poor outcome
of these patients (22). Similar observations were made in bladder
carcinoma, where additional functional studies showed that SOX10
knock-down signi�cantly inhibited the proliferation and the
migration/invasion of the tumor cells (23). In contrast, SOX10
protein expression was downregulated or even completely absent in
some cancers, such as gastrointestinal mesenchymal tumors or
melanoma resistant to immune checkpoint inhibitors (24, 25). In
glioma, previous exploratory �ndings indicated that SOX10 protein
was downregulated in tumor tissues compared to healthy brain
tissues (26), and SOX10loss associated with a more aggressive
tumor cell phenotype (27, 28).

The above-mentioned studies support a potential role of p120-
catenin, COL4A2 and SOX10 in glioma/GBM pathophysiology.
However, detailed studies on patients with strictly de�ned glioma
entities, which additionally involved multivariate proportional
hazard models, are missing thus far. In this study, we aimed to
assess 1) the expression of the markers in healthy brain tissues and
gliomas with different degrees of malignancy, 2) the association
between marker expression and the outcome of the patients with
GBM IDHwt tumors and 3) the prognostic value of the markers in
these patients using multivariate models. Furthermore, all markers
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were tested for potential sex-related differences regarding their
association with the patients’ outcome and prognosis.
Materials and methods

Study subjects

This study included adult patients with newly diagnosed and
histologically con�rmed astrocytoma WHO grades 2 and 3, as well
as grade 4 GBM IDHwt tumors. The astrocytoma grade 2 group
consisted of 24 patients, grade 3 of 22 patients, and the GBM IDHwt

group included 204 patients. The median ages of these groups were
43, 49.5 and 67 years, respectively. The patients were treated at the
Department of Neurosurgery, KRH Nordstadt Hospital Hannover
between 2004 and 2014, and the corresponding formalin-�xed
paraf�n-embedded (FFPE) tissues were archived at the
Department of Pathology of the same institution. The ethics
committee of the Medical School Hannover approved this study
(No. 6864, 2015) and additionally waivered the need for informed
written consent.
Study design

The follow-up data regarding overall- and progression-free
survival was retrieved for each patient. Furthermore, we retrieved
the relevant clinical characteristics of the patients, including sex,
Karnofsky Performance Scale (KPS), therapy and extent of surgical
resection, but also molecular characteristics, such as the MGMT
and IDH status (see Table 1). The FFPE tissues were processed into
tissue microarrays (TMAs), stained and digitalized as described in
our previous studies (29, 30). Where available, cores from different
regions of the tumor were included in the TMAs, to cover for
potential heterogeneity. Non-malign brain parenchyma (hereafter
referred to as “healthy brain tissues”) could also be retrieved from
38 patients, and were subsequently included in the TMAs.
Tissue analysis and scoring system

The TMAs were stained with the following primary antibodies:
Cell Marque™ anti-human p120-catenin (MRQ-5) mouse
monoclonal antibody (Sigma-Aldrich, Taufkirchen, Germany),
anti-human COL4A2 rabbit polyclonal antibody (Novus
Biologicals/Bio-Techne, Wiesbaden, Germany) and Cell
Marque™ anti-human SOX10 rabbit polyclonal antibody (Sigma-
Aldrich, Taufkirchen, Germany). The samples were scored and
validated independently by authors C.A.D., D.M.A.S., L.W.
and C.M.

P120-catenin was localized both in the cytoplasm and in the
plasma membrane of the cells, while COL4A2 displayed mainly a
cytoplasmic subcellular localization. Both markers were expressed
with varying intensities, which we categorized as ‘weak’ (1 point),
‘medium’ (2 points) and ‘strong’ (3 points) (Figures 1A, B). We also
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observed a heterogeneous distribution pattern of the expression
intensity in many samples. Therefore, the �nal expression levels for
these markers were calculated using the H-score formula: (1 x X) +
(2 x Y) + (3 x Z), where X + Y + Z = 100% of the tumor area. In
contrast, SOX10 was localized exclusively in the cell nuclei, and did
not exhibit a great variance regarding expression intensity.
Consequently, SOX10 was assessed only based on the percentage
of positive cells using a 5-tier score: <5% (0 points), 5-25% (1 point),
26-50% (2 points), 51-75% (3 points) and >75% (4 points)
(Figure 1C). To account for potential heterogeneity, we analyzed
6 non-overlapping microscopic �elds per TMA spot at 200-fold
magni�cation, and subsequently averaged the values for each
sample. For samples where only little tumor tissue was available
(due to large necrotic areas or technical issues), we analyzed 4
microscopic �elds per sample.
Statistical analysis

The data was analyzed with the SPSS statistics software version
29.0.2.0 (IBM Corporation, Armonk, NY, USA). The expression
levels of the markers in relation to the degree of tumor malignancy
was visualized using box-whisker plots, and the statistical analysis
was performed with the Spearman’s rank test (Spearman’s Rho).
The association between marker expression and the survival of the
GBM IDHwt patients (5-year for overall survival and 1-year for
progression-free survival) was initially assessed using Kaplan-Meier
curves and log-rank univariate analysis. The prognostic signi�cance
of the markers was subsequently tested by multivariate analysis
using Cox proportional hazard regression models adjusted for age,
KPS, extent of surgical resection, therapy and MGMT methylation
status. These analyses were performed for the entire GBM patient
cohort, but also separately for male and female patients.
Additionally, interaction testing was performed in the entire
GBM cohort by calculating the interaction term SOX10*Sex,
which was subsequently included in the Cox regression models.
The level of signi�cance was set at p � 0.05 in all statistical analyses.
Results

In the �rst set of studies, we analyzed the expression of the three
biomarker candidates in relation to the tumor grade. From 38
patients, we were also able to analyze the healthy brain tissue
adjacent to the tumor. The results showed that the expression of
p120-catenin was weak in the healthy brain tissues (median H-
score=115) and gradually increased with the tumor grade (grade 2 =
160; grade 3 = 180; GBM = 210). Statistical analysis using
Spearman’s rank test indicated a highly signi�cant positive
correlation between p120-catenin and the tumor grade (p<0.001,
Rho=0.599, Spearman) (Figure 2A). In contrast, the expression of
COL4A2 was high in the healthy brain tissues (median=235),
decreased slightly in grade 2 tumors (median=210), and was
lowest in the high-grade gliomas (grade 3 = 170; GBM = 170).
Spearman’s rank test con�rmed a signi�cant inverse correlation
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between COL4A2 and the tumor grade (p<0.001; Rho=-0.387,
Spearman) (Figure 2B). SOX10 was also highly expressed in the
healthy brain tissues (median 5-tier score=1.87) and decreased with
the tumor grade (grade 2 = 0.50; grade 3 = 0.25; GBM = 0.25),
thereby showing a signi�cant inverse correlation (p<0.001, Rho=-
Frontiers in Oncology 04
0.293, Spearman) (Figure 2C). Representative micrographs
depicting the expression of the biomarker candidates in healthy
brain versus GBM tissues are presented in Figures 2D-F.

Next, we investigated the potential association between marker
expression and the patients’ outcome. These and all the following
TABLE 1 Clinical characteristics of the patients included in this study.

Astrocytoma grade 2 (n=24) Astrocytoma grade 3 (n=22) GBM IDHwt (n=204)

Number Percentage Number Percentage Number Percentage

Sex

female 10 41.7 11 50.0 81 39.7

male 14 58.3 11 50.0 123 60.3

KPS

10 0 0.0 0 0.0 2 1.0

20 0 0.0 0 0.0 1 0.5

30 1 4.2 1 4.5 2 1.0

40 0 0.0 0 0.0 13 6.4

50 0 0.0 1 4.5 28 13.7

60 0 0.0 3 13.6 43 21.1

70 1 4.2 6 27.3 43 21.1

80 11 45.8 6 27.3 37 18.1

90 9 37.5 5 22.7 26 12.7

100 0 0.0 0 0.0 1 0.5

n.d. 2 8.3 0 0.0 8 3.9

Therapy

surgery 10 41.7 1 4.5 23 11.3

surgery+RTX 4 16.7 3 13.6 28 13.7

surgery+CTX 1 4.2 3 13.6 4 2.0

surgery+RCTX 7 29.2 15 68.2 140 68.6

n.d. 2 8.3 0 0.0 9 4.4

Resection

subtotal 6 25.0 7 31.8 120 58.8

total 13 54.2 11 50.0 72 35.3

n.d. 5 20.8 4 18.2 12 5.9

MGMT status

unmethylated 6 25.0 7 31.8 95 46.6

methylated 11 45.8 12 54.5 94 46.1

n.d. 7 29.2 3 13.6 15 7.4

IDH status

wild-type 10 41.7 12 54.5 204 100.0

mutated 13 54.2 8 36.4 0 0.0

n.d. 1 4.2 2 9.1 0 0.0
CTX, chemotherapy; KPS, Karnofsky performance scale; n.d., not determinable; RCTX, radio-chemotherapy; RTX, radiotherapy.
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studies were performed on the GBM IDHwt cohort, which was the
only one suf�ciently large to permit a robust statistical analysis. To
this end, the expression levels of the markers were �rst
dichotomized according to the median-split method into
“markerlow” and “markerhigh” groups. The data was visualized by
Kaplan-Meier survival curves (5-year for overall survival and 1-year
for progression-free survival) and the statistical analysis was
performed with the log-rank test. These analyzes were carried out
for the entire GBM IDHwt cohort (all patients), but also separately
for female and male patients, in order to identify potential sex-
related differences of the markers. The results showed that the GBM
IDHwt patients with high p120-catenin levels had a signi�cantly
shorter overall survival compared to the patients with low levels of
p120-catenin (p<0.001, log-rank). This pattern was present in both
female (p=0.004, log-rank) and male (p=0.015, log-rank) patients
(Figure 3A). In contrast, no signi�cant differences were observed
regarding the overall survival of patients with high and low levels of
COL4A2 (Figure 3B) and SOX10 (Figure 3C), respectively. We
therefore sought to determine whether the dichotomization of the
latter markers using another cut-off might yield different results. To
this end, we selected the median values of the healthy brain tissues
as a new cut-off. The rationale behind this selection was that the
healthy brain samples expressed physiological levels of COL4A2
Frontiers in Oncology 05
and SOX10, while a loss of these markers (as seen in many GBM
tissues) might be associated with a pathological process. For
COL4A2, there was no signi�cant association with the patients’
overall survival, even with the new cut-off (Figure 4A). However,
patients with low levels of SOX10 had now a signi�cantly shorter
overall survival compared to SOX10high patients (p=0.017, log-
rank). Interestingly, there was also a clear sex-related difference
regarding SOX10, as this pattern was observed in female (p=0.002,
log-rank) but not in male (p=0.526, log-rank) patients (Figure 4B).

We performed similar analyses regarding the progression-free
survival of the GBM IDHwt patients. The results showed that GBM
IDHwt patients with high levels of p120-catenin had a signi�cantly
shorter progression-free survival compared to the p120low patients
(p<0.001, log-rank). Although this pattern was observed in both
sexes, the statistical signi�cance was reached only in male patients
(p<0.001, log-rank) (Figure 5A). For COL4A2 and SOX10 there was
no signi�cant association between marker expression and the
progression-free survival of the patients (Figures 5B, C).
Consequently, we tested again the new cut-off of these markers
using the median values of the healthy brain tissues. COL4A2
remained not signi�cantly associated with the progression-free
survival of GBM IDHwt patients, regardless of sex (Figure 6A).
However, low levels of SOX10 tended to associate with a shorter
FIGURE 1

Marker expression and scoring. Representative micrographs showing weak (1 point), medium (2 points) and strong (3 points) expression of (A) p120-
catenin and (B) COL4A2. Subsequently, the H-score was calculated based on the formula (1 x X) + (2 x Y) + (3 x Z), where X + Y + Z = 100% of the
total analyzed area. (C) The 5-tier score for SOX10 according to the percentage of positive cells.
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