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Abstract 

Background: Despite of a multimodal approach, recurrences can hardly be prevented in glioblastoma. This may be 
in part due to so called glioma stem cells. However, there is no established marker to identify these stem cells.

Methods: Paired samples from glioma patients were analyzed by immunohistochemistry for expression of the 
following stem cell markers: CD133, Musashi, Nanog, Nestin, octamer‑binding transcription factor 4 (Oct4), and sex 
determining region Y‑box 2 (Sox2). In addition, the expression of osteopontin (OPN) was investigated. The relative 
number of positively stained cells was determined. By means of Kaplan–Meier analysis, a possible association with 
overall survival by marker expression was investigated.

Results: Sixty tissue samples from 30 patients (17 male, 13 female) were available for analysis. For Nestin, Musashi 
and OPN a significant increase was seen. There was also an increase (not significant) for CD133 and Oct4. Patients 
with mutated Isocitrate Dehydrogenase‑1/2 (IDH‑1/2) status had a reduced expression for CD133 and Nestin in their 
recurrent tumors. Significant correlations were seen for CD133 and Nanog between OPN in the primary and recurrent 
tumor and between CD133 and Nestin in recurrent tumors. By confocal imaging we could demonstrate a co‑expres‑
sion of CD133 and Nestin within recurrent glioma cells. Patients with high CD133 expression had a worse prognosis 
(22.6 vs 41.1 months, p = 0.013). A similar trend was seen for elevated Nestin levels (24.9 vs 41.1 months, p = 0.08).

Conclusions: Most of the evaluated markers showed an increased expression in their recurrent tumor. CD133 and 
Nestin were associated with survival and are candidate markers for further clinical investigation.
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Background
Glioblastoma (GB) is the most common, rapidly grow-
ing and very aggressive primary brain tumor in adults [1]. 
The standard treatment approach with surgery followed 

by adjuvant radio-chemotherapy is not successful in 
eliminating all tumor cells permanently and has only a 
limited curative effect with a median overall survival less 
than 2 years [2–4]. Recurrence usually occurs within the 
multimodal treatment. One reason for treatment failure 
seems to be the presence of so-called cancer stem-like 
cells (CSCs), a subpopulation of tumor cells, which per-
sist in the patient [5]. Like embryonal stem cells (ESCs), 
these highly malignant cells are characterized by perpet-
ual self-renewal, proliferation and differentiation. CSCs 
are responsible for tumor initiation, its invasive growth 
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and metastasis formation and therefore influence tumor 
formation and progression. They are resistant to radio- 
and chemotherapy, can survive in hypoxic tissue areas 
and reside within perivascular niches [6, 7]. CSCs can 
behave silent for a long period of time and play an impor-
tant role in tumor recurrence [8]. The problem is still the 
identification of these stem cells within the tumor. Some 
characteristic markers are enriched in glioblastoma but 
there is no single one or a combination of markers which 
are recommended for diagnosis. A reliable identification 
of CSCs would therefore be very helpful for future tar-
geted therapies. In this work putative stem cell markers 
for GB, CD133, Nestin, Musashi and the transcription 
factors Sox2, Oct4 and Nanog are investigated.

The membrane bound glycoprotein CD133, also called 
prominin-1, is a human neural stem cell marker. As a 
cell surface marker of CSCs, it seems to play a key role 
in tumor invasion and recurrence [9]. Increase in CD133 
expression positively correlates with radio-resistance 
leading to relapse, increase of malignancy and poor sur-
vival [6]. Nestin is a member of the intermediate filament 
protein family and necessary during neural development. 
In adults it is expressed in neural progenitor cells and in 
several cancer types, including glioma [10]. An associa-
tion between increased Nestin expression and gliomas of 
a higher grade could be shown. Its expression was corre-
lated with increased malignancy, invasiveness and tumor 
cell dedifferentiation [11, 12]. Nestin knockdown caused 
suppression of invasion, migration, and proliferation of 
human GB cell lines. In return, increased F-actin expres-
sion and cell adhesion was observed [13]. However, the 
value of Nestin as prognostic marker is controversially 
discussed [14, 15]. Another CSC-related marker is the 
evolutionary highly conserved RNA-binding protein 
Musashi, which is not only important for neural and 
glial development, but also for tumorigenesis [16]. This 
protein seems to be involved in cell proliferation, differ-
entiation, apoptosis, cell cycle regulation, as well as self-
renewal and maintenance of pluripotency of stem cells 
[17, 18]. Normally expressed in progenitor cells, high lev-
els of Musashi were also detected in GB and many tumors 
of different entities. The prevention of apoptosis and the 
induction of proliferation seems to be related to Musashi 
[19, 20]. Recently it has been shown that Musashi acts as 
a “key oncogenic factor of GB” and contributes to inva-
sion as well as radio-resistance and tumor recurrence 
[21]. The nuclear transcription factor Sox2 is expressed 
during mammalian embryogenesis in neural progenitor 
cells and is overexpressed in a variety of tumors, includ-
ing all grades of gliomas [22]. In glioma the rate of Sox2 
expression correlates positively with the grade of malig-
nancy [23]. An extraordinary high expression rate of 
Sox2 is detected in GB with about 80–85% positive tumor 

cells. In 10–14% of GB an amplification of the Sox2 gene 
occurs [24]. Two other stem cell associated transcription 
factors and key regulators of pluripotency are Oct4 and 
Nanog, both share many of their target genes with Sox2 
[25]. Together with Sox2 they are expressed in nearly all 
gliomas and their expression rate increases with tumor 
grade [26]. Osteopontin, an actively secreted glycopro-
tein, is overexpressed in many tumors as well as in glioma 
[27]. It was shown that patients with high serum levels of 
OPN have worse prognosis [28]. OPN is overexpressed 
in hypoxia, [29] associated with CSCs in periarteriolar 
niches and is suggested to promote tumor recurrence 
by supporting migration of the CSCs out of these niches 
[30]. Furthermore, OPN plays an essential role for tumo-
rigenicity, maintenance of stemness of CSCs [31] and is 
involved in DNA damage repair post irradiation promot-
ing radio-resistance of glioma cells [32].

Certain molecular markers in glioblastoma have high 
prognostic value. The methylation of  O6-methylguanine 
DNA methyltransferase (MGMT) and IDH-1/2 muta-
tion are associated with both prolonged progression free 
survival and overall survival [33, 34]. In addition, MGMT 
methylation status is predictive for treatment response 
with temozolomide [2].

Published data also suggest that α-thalassemia/mental 
retardation syndrome X-linked gene (ATRX) loss is asso-
ciated with prolonged overall survival (OS) in IDH-1/2 
wild-type GB patients [35, 36].

Materials and methods
Patients
This study includes 60 archived tumor sections from 30 
patients with confirmed primary and recurrent glioma 
classified according to the World Health Organization 
guidelines from 2016. All patients underwent resection of 
the primary tumor followed by standard adjuvant radio-
chemotherapy, radiation alone or chemotherapy alone. 
No patient received neo-adjuvant treatment before pri-
mary resection. Molecular markers were determined 
from untreated primary tumor tissue only. During fol-
low-up, all patients underwent second surgery for tumor 
recurrence and received further adjuvant or salvage/pal-
liative treatment (Table 1 and Additional file 1: Table S1).

Immunohistochemistry (IHC) staining
For histopathological analysis formalin fixed and paraf-
fin embedded (FFPE) samples were assessed and graded 
using standard haematoxylin and eosin (H&E) sections 
(3–4  µm). The astrocytic origin was confirmed by glial 
fibrillary acidic protein (GFAP) staining. Immunohis-
tochemistry for detection of the IDH1 R132H mutation 
was performed using the monoclonal antibody anti-IDH1 
R132H (clone H09, 1:50, Dianova, Hamburg, Germany). 
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For detection of Alpha-thalassemia/mental retardation 
syndrome X-linked (ATRX) mutation, which result in 
the loss of nuclear expression, the antibody anti-ATRX 
(clone AX1, 1:200, Dianova, Hamburg, Germany) was 
used. In addition, MGMT promoter methylation status 
was assessed using methylation-specific pyrosequenc-
ing. Histological classification, molecular genetic analysis 
and tumor grading was accomplished by an experienced 
neuropathologist. To recognize any differences in the 
expression of the selected stem cell markers between the 
paired glioma samples, immunohistochemically staining 
was performed as follows: FFPE sections from the pri-
mary and recurrent tumor were deparaffinized in 100% 

xylene and rehydrated using graded alcohol series (100, 
96, 70% for 5 min each). For antigen retrieval the speci-
mens were heat-treated with 20 mM citric acid buffer, pH 
6.0, in a pressure cooker for 10 min and cooked in TRS, 
pH 9, for 5 min for CD133 staining, respectively. After-
wards, endogenous peroxidase activity was inactivated by 
incubating the sections in 3%  H2O2 for 15 min. Then sec-
tions were blocked with 10% normal goat serum (Thermo 
Fisher Scientific, Waltham, MA, USA) for 20 min at room 
temperature and then incubated overnight at 4  °C with 
primary antibodies. The antibodies were directed against 
the stem cell markers CD133/1 (1:100, Cat# 130-090-422; 
Miltenyi Biotec, Bergisch Gladbach, Germany), Musashi 
(1:250, Cat# D270-3; MBL International, Woburn, Mas-
sachusetts, USA), Nanog (1:400, Cat# 4903; Cell Signal-
ing, Danvers, Massachusetts, USA), Nestin (1:2400, Cat# 
MAB1259; R&D-Systems Inc., Minneapolis, USA), Oct 
3/4 (1:50, Cat# sc-5279; Santa Cruz Biotechnology Inc., 
Dallas, Texas, USA), OPN (1:400, Cat# sc-21742; Santa 
Cruz Biotechnology Inc., Dallas, Texas, USA) and Sox2 
(1:300, Cat# MAB2018; R&D-Systems Inc., Minneapolis, 
USA).

Next day, detection was performed using a multi-link 
kit (Super Sensitive Link-Label IHC Detection System, 
BioGenex, Fremont, California, USA), consisting of a link 
antibody and a label antibody, followed by development 
in 3, 3′-diaminobenzidine tetrahydrochloride (DAB) 
solution (Dako, Glostrup, Denmark). The sections were 
counterstained with hematoxylin for 2  min, dehydrated 
by inverse graded alcohol series (70, 96 and 100%) and 
mounted permanently with Histokit II (Roth, Karlsruhe, 
Germany). The percentage of stained cells per tumor area 
(100 tumor cells) was determined by standard bright-field 
microscopy using a 20 × objective. A total of five different 
areas were examined. Normal brain from autopsies was 
used as negative control. Appropriate positive control 
tissues for the primary antibodies were colon carcinoma 
(CD133), testis (Musashi), seminoma (Nanog and Oct4), 
kidney (Nestin) and ovarian cancer (OPN and Sox2).

Immunofluorescence staining and imaging
For detection of a possible co-localization of CD133 
and Nestin we established an immunofluorescence 
approach. For immunofluorescence staining, sec-
tions were deparaffinized and rehydrated as described 
above. Antigen retrieval was performed for 25  min 
in 20  mM citric acid buffer (pH 6.0), in a pressure 
cooker. Sections were rinsed with  dH20 and in Tris-
buffered saline (TBS) and were treated with 10% horse 
serum, 0.3% Triton X100 in TBS, for 1 h at room tem-
perature. As primary antibodies, anti-human CD133 
(Sigma-Aldrich, clone 2F8,  ZooMAb® rabbit mono-
clonal, 1:50) and Nestin (R&D Systems, MAB1259, 

Table 1 Patient and treatment characteristics

Characteristics Value/number (%)

Patient number 30

Gender

 Male 17 (57)

 Female 13 (43)

Treatment time 07/2004–04/2017

Age at diagnosis, median (range) 45.8 (23.2–69.4)

 < 40 10 (33)

 40–< 60 15 (50)

 60–< 70 5 (17)

WHO grade

 Primary tumor Grade II: 1

Grade III: 1

Grade IV: 28 (93)

 Recurrent tumor Grade III: 1

Grade IV: 29 (97)

Molecular markers

 MGMT methylation 13/30 (43)

 IDH1/2 mutation 8/30 (27)

 ATRX mutation 9/30 (30)

Treatment, 1st line

 Surgery only 2

 Surgery + adjuvant radio‑chemotherapy 27 (90)

 Surgery + adjuvant radiotherapy 1

Treatment, 2nd line

 Surgery only 4 (13)

 Surgery + radio‑chemotherapy 7 (23)

 Surgery + radiotherapy 2 (7)

 Surgery + chemotherapy 17 (57)

Median time from first to second surgery (months, 
range)

8.1 (3.4–72.8)

Median follow‑up (months) 24.0

Vital status at last follow up

 Alive 7 (23)

 Dead 23 (77)
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mouse monoclonal, 1:2400) were used. Antibodies 
were diluted in antibody-dilution buffer (DCS—Inno-
vative Diagnostik Systeme, Hamburg, Germany) and 
incubated overnight. Next day, sections were washed 
twice in TBS and treated for 3 h at room temperature 
with the corresponding secondary antibodies (Jack-
son ImmunoResearch Laboratories, Inc., Pennsylvania, 
USA; stock solutions with 0.55 mg/ml IgG). The follow-
ing secondary antibodies were used: donkey anti-rabbit 
IgG affiniPure (H + L)-Cy3-550 (1:400) and goat anti-
mouse IgG affiniPure (H + L)-Alexa488 (1:400). Sec-
tions were washed twice in 1 × TBS and stained with 
4′, 6-diamidino-2-phenylindole (DAPI) (2 mg/ml stock 
solution, freshly diluted 1:5000 in 1 × TBS) for 5  min 
at room temperature. Sections were washed twice in 
1 × TBS and were finally embedded in Aquapolymount 
(Polysciences). Kidney tissue was used as positive con-
trol for anti-Nestin. For negative controls, biopsy sam-
ples from healthy donors (from autopsies) were used. 
Cross-reactivity of secondary antibodies was tested by 
using secondary antibodies in the absence of corre-
sponding primary antibodies.

Confocal laser scanning microscopy and image processing
Confocal imaging was performed with an IX81 Olympus 
microscope, an Olympus FV1000 confocal laser scanning 
system with a FVD10 SPD spectral detector and diode 
lasers (405, 473, 559 and 635 nm laser lines). Images were 
acquired with an Olympus UAPO 20x (air, numerical 
aperture 0.75) objective. For confocal scanning, a pin-
hole setting representing one Airy disc was used. 12-bit 
z-stack images were processed by maximum intensity 
projection and were adjusted in brightness and con-
trast using Image J software (Rasband, W.S., ImageJ, US 
National Institutes of Health, Bethesda, Maryland, USA, 
https:// imagej. nih. gov/ ij/). Images are shown as RGB 
images (8-bit per color channel). Fluorescence images 
were processed for final presentation using Adobe Pho-
toshop CS5.

Statistics
All statistical analyses were done with SPSS for Windows 
version 25.0 (IBM SPSS, Inc.). Statistical significance was 
set at p < 0.05. All reported p values were two-sided. Stu-
dent’s t-test was used for comparison of marker expres-
sion between primary and recurrent tumors. To test for 
correlations between stem cell markers we used Pearson 
product-moment correlation coefficient. Kaplan–Meier 
analysis using log-rank statistics were used for comparing 
overall survival. Groups were divided by median expres-
sion values of the corresponding marker for their primary 

or recurrent tumor. Overall survival (OS) was defined as 
the time from the first tumor resection until death or last 
follow-up.

Results
Patients
Sixty paired glioma samples were collected from 30 
patients treated at the department of neurosurgery 
from 07/2004 to 04/2017. Median age at diagnosis was 
45.8  years. Median follow-up was 24  months. Most 
patients were diagnosed with World Health Organiza-
tion (WHO) grade IV glioblastoma, one with grade II 
diffuse astrocytoma and one with grade III anaplastic 
astrocytoma. Their corresponding recurrent tumors 
progressed to grade III and IV glioma, respectively. 
Median duration from first two second surgery was 
8.1  months. Patient and treatment characteristics are 
summarized in Table 1 and Additional file 1: Table S1.

Staining for potential stem cell markers and osteopontin 
in paired tumor samples
Expression of the stem cell markers CD133, Musashi, 
Nanog, Nestin, Oct4 and Sox2 were analyzed on sec-
tions from primary and recurrent tumors by immu-
nohistochemical staining (see Fig.  1). The staining of 
CD133 increased slightly from 13.4% in the primary to 
19.3% in relapsed tumors (mean values, p = 0.19). Stain-
ing for the RNA binding protein Musashi was detected 
in cytoplasm and was significantly elevated by 12.2% 
in the recurrent tumors (77% versus 89.2%, p = 0.003). 
Nanog was found in nucleus to a small extent (0.2% 
versus 0.1%) as well as in cytoplasm with almost equal 
percentages in primary and recurrent tumors (17.3% 
versus 17.2%, p = 0.97). Nestin staining in cytoplasm 
clearly increased from 39.4% in primary tumor to 54.1% 
in relapses (p = 0.03). The transcription factor Oct4 
was present in the nucleus in small amounts, both in 
the primary tumors and in recurrences (5% versus 7%, 
p = 0.44). The opposite is true for Sox2. In the pri-
mary tumors we found an expression rate of already 
95%, which remained at high levels in relapses (95% 
versus 94.3%, p = 0.80). The amount of OPN expres-
sion increased significantly from primary to recurrent 
tumors (27% versus 46.1%, p = 0.004). Figure  2 shows 
the corresponding boxplot diagrams for each marker.

Correlation between osteopontin and stem cell marker 
expression
We investigated a possible correlation between OPN 
and CSC marker expression. A significant correla-
tion between OPN and CD133 (R = 0.68, p ˂ 0.01) and 

https://imagej.nih.gov/ij/
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Nanog (R = 0.67, p ˂ 0.01) was seen in primary tumors. 
This association was still detectable in tumor recurrence 
between CD133 and OPN (R = 0.43, p ˂ 0.01) and Nanog 
(R = 0.62, p = 0.02).

Also, a significant correlation between CD133 and Nes-
tin expression was seen in recurrence (R = 0.40; p = 0.03).

Expression of stem cell markers according to IDH‑1/2 
status
In our cohort, eight patients showed a mutated IDH-1/2 
status and had significantly less expression of CD133 
(4.4% vs 26.1%, p < 0.001) and Nestin (33.7% vs 62%, 
p = 0.02) in their corresponding recurrent tumors com-
pared to patients with wild-type IDH-1/2 status. Figure 3 
shows the corresponding boxplots.

Co‑localization between CD133 and Nestin
After establishing simultaneous immunofluorescence 
staining for CD133 and Nestin we investigated if a co-
localization of both markers could be detected within the 
same tumor cells. In a qualitative analysis from recurrent 
tumor samples using confocal 3D-microscopy, we clearly 
identified tumor areas where single tumor cells expressed 
both stem cell markers (see Fig. 4 and Additional file 2: 
Figure S1).

Association of stem cell marker expression with overall 
survival
We investigated if stem cell marker expression was asso-
ciated with overall survival. The groups were divided by 
the median amount of marker expression both in pri-
mary and recurrent tumors. We detected a significant 
association between CD133 expression and survival. In 
recurrent tumors a higher than median expression level 
(15.5%) correlated with a shorter median survival of 22.6 
vs 41.1 months, p = 0.015 (see Fig. 5A). A similar obser-
vation was detected for Nestin expression in the primary 
tumors. Patients with a median expression of > 40% had 
a decreased survival time of 24.9 vs 41.1  months. The 
mean difference between both groups was 16.2  months 
(p = 0.08) (see Fig. 5B). For all other stem cell markers, we 
could not identify a correlation with overall survival (see 
Additional file 3: Figure S2). For Sox2 we did not perform 
survival analysis because the expression of this marker 
was highly abundant in almost all cells in primary and 
recurrent tumors (see Figs.  1, 2). Median OPN expres-
sion rate was 18% and 50% in primary tumors and recur-
rences, respectively. There was no significant association 
with overall survival when divided by the median expres-
sion rate (see Additional file 3: Figure S2).

Influence of MGMT methylation, IDH‑1/2 mutation 
and ATRX expression on survival
In our study, 13 of 30 patients (43%) showed a MGMT 
promotor methylation that has been proved to be a 
favorable prognostic factor irrespective of treatment. 
Median survival was 47.1 months in that subgroup com-
pared to 22.6  months in patients with an unmethylated 
MGMT promotor, p = 0.036. Next, we examined the 
samples for IDH-1/2 (IDH1 R132H) status. Eight of 30 
patients (27%) showed an IDH-1/2 mutation in asso-
ciation with a longer overall survival with 23 months vs 
153.2 months, p = 0.001. Patients with IDH-1/2 mutation 
showed a methylated MGMT promotor in 6/8 (75%) and 
loss of nuclear ATRX expression in 7/8 (88%). In total we 
detected 9 patients (30%) with loss of ATRX function, 
which was associated with improved survival from 23 to 
153.2 months, p = 0.02. Kaplan–Meier curves for overall 
survival are shown in Additional file 4: Figure S3.

recurrenceprimary posi�ve control

CD133

Musashi

Nanog

Nes�n

Sox2

Oct4

OPN

Fig. 1 Representative IHC staining of glioblastoma specimens. Each 
row shows the expression of the corresponding stem cell marker 
in the primary and recurrent tumor. The right column shows the 
staining of the positive control tissue (CD133: colon cancer; Musashi: 
testis; Nanog, Oct4: seminoma; Nestin: kidney; Sox2 and OPN: ovarian 
cancer). Scale bar for all images: 100 µm



Page 6 of 11Polat et al. Cancer Cell International           (2022) 22:87 

**

p = 0.443

p = 0.19 p = 0.003

p = 0.033

p = 0.974

**

*

p = 0.004

p = 0.797

Fig. 2 Levels of stem cell marker expression in primary and recurrent tumor. The relative number of positively stained glioma cells is shown as 
boxplot diagram for each marker. A significant increase in marker expression was seen for Musashi, Nestin and Osteopontin

Fig. 3 Stem cell marker expression according to IDH‑1/2 mutation status. In recurrent tumors, expression of CD133 and Nestin is significantly 
increased for IDH‑1/2 wild‑type gliomas. The relative number of positively stained glioma cells is shown for CD133 and Nestin as boxplot diagrams
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Discussion
Despite surgery and adjuvant radio-chemotherapy, 
patients with glioblastoma are condemned to consecu-
tive recurrences. The recurrent tumors are at least 
as aggressive and resistant to therapy as the primary 
tumors and are thought to be initiated by persisting 
cancer stem cells, which are resistant to radio- and 
chemotherapy. Developing a therapy directed against 
these stem cells could be the “treatment of choice”. 
However, expression patterns of candidate stem cell 
markers between primary and recurrent tumors and 
their possible impact on survival have not been inves-
tigated thoroughly so far [37–40]. We identified a 
significant increase of Musashi and Nestin expres-
sion from primary to recurrent tumors in our cohort. 
Furthermore, our data showed a trend for reduced 
survival in patients with high levels (> 40%) of Nestin 
expression in their initial tumor. This finding is con-
sistent with the meta-analysis by Lv et al. who showed 
that expression of Nestin increased with WHO grade 

and was associated with poor survival [41]. In regard 
to Musashi, we also detected high expression rates in 
most tumor cells (77%) already in the primary tumor, 
but could not see an association with overall survival. 
This is in part controversial to the work by Dahlrot 
et al. who investigated more than 200 glioma cases for 
Musashi expression. They demonstrated a worse prog-
nosis for patients with high levels of Musashi expres-
sion in WHO grade III but not in grade IV glioma [42].

Regarding the expression of CD133, we could demon-
strate reduced survival rates in patients with high CD133 
levels in their recurrent tumor. Our results are consist-
ent with the findings of Zeppernick et al. and the meta-
analysis by Wu et al. [43, 44]. They confirmed the inverse 
association between the number of CD133 positive cells 
and survival, suggesting CD133 as a prognostic factor. 
Interestingly, we found a correlation between CD133 and 
Nestin expression levels in recurrent tumors (R = 0.40). 
Therefore, we investigated a possible co-localization of 
both markers within the tumor cells. With confocal laser 
scanning microscopy, we were able to detect clusters of 
tumor cells expressing both, CD133 and Nestin. In con-
trast, data from Dahlrot et al. showed conflicting results 
in regard to their prognostic impact when both markers 
were analyzed simultaneously [45]. Tamura et  al. also 
detected an increase of CD133 in tumor recurrences after 
primary treatment [37]. This was mainly detected in de 
novo glioblastoma but not in secondary GB. In our study 
population eight patients had an IDH1 (R132H) muta-
tion (indicating secondary GB), who showed lower levels 
of CD133 (4.4 vs 26.1%). Furthermore, we found a sig-
nificant association between CD133 and OPN in primary 
and recurrent tumors, as well as a significant increase of 
OPN expression in recurrence. The group of Hira et  al. 
detected in periarteriolar niches of high grade glioma 
patients residing CD133 + and Nestin + cells, which 
showed increased OPN expression [46]. Those hypoxic 
niches represent a special environment for CSCs, where 
they can proliferate and where the CSCs seem to be pro-
tected from radio- and chemotherapy. In these areas 
OPN seems to play an important role in promoting main-
tenance of stemness characteristics. Recently, we could 
show that OPN is overexpressed under hypoxic con-
ditions in glioma cell lines [29] and other groups could 
demonstrate elevated OPN serum levels in high-grade 
glioma patients [28]. Furthermore, the meta-analysis by 
Zhao et  al. clearly showed a correlation between OPN 
expression and prognosis [27]. In our study we observed 
a significant correlation between the expression levels of 
OPN and the transcription factor Nanog in primary and 
recurrent tumors. Recently, Wang et  al. demonstrated 
that hypoxic conditions promote the high expression 
of Nanog in glioma, inducing formation of CSCs [47]. 

Fig. 4 Nestin and CD133 immunoreactivity in glioblastoma. Nestin 
(green) and CD133 (magenta) immunofluorescence signals in a 
representative glioma section. DAPI was used as nuclear counter stain 
(blue). Yellow arrows in panel 3 and panel 4 point to Nestin + cells 
with a pronounced perinuclear CD133 signal. Shown are images 
acquired from different areas of the same tissue sample (recurrent 
glioma). Confocal images, maximum intensity projections, scale bars: 
panel 1: 150 µm; panel 2–4: 75 µm
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Due to all of these observations, we hypothesize that the 
simultaneous increase of Nanog and OPN expression 
may be related to the hypoxic milieu within the tumor 
microenvironment.

Oct4 is another transcription factor, which plays an 
important role for self-renewal and maintenance of pluri-
potency. It is expressed in human brain tumors and the 
degree of its expression positively correlates with tumor 
grade [48]. We could not observe an association between 
Oct4 expression and OS. This is in accordance with 
the findings of Petersen et  al. suggesting no prognostic 
impact for Oct4 [49].

Additionally, we examined the influence of molecu-
lar markers for prognostic significance in malignant 
glioma, including MGMT promotor methylation status, 
IDH-1/2 mutation and loss of ATRX on overall survival. 
The results confirmed the expected survival benefit for 
patients with MGMT promotor methylation in combi-
nation with IDH-1/2 mutation and loss of ATRX. It is 

known that about 40–45% of glioblastoma patients show 
a methylated promotor region. In our study, 43% of the 
patients had a methylated MGMT promotor status, asso-
ciated with a median survival of 23.1  months. MGMT 
methylation was only determined from untreated speci-
men because methylation status is largely consistent in 
primary and recurrent glioblastoma [50–52]. A mutation 
of the IDH-1/2 enzyme (R132H) was seen in 27% of the 
patients, which was associated with improved prognosis. 
In addition, we could show that recurrent tumors with 
wild-type IDH-1/2 status had elevated levels of Nestin 
and CD133. That fits together with the worse prognosis 
for patients with IDH-1/2 wild-type status. The associa-
tion of CD133 and IDH-1/2 status was described before 
by Shibahara et  al. but not for Nestin in patients with 
grade III glioma [53]. The exact molecular pathways of 
how CD133 and Nestin expression are linked to IDH-1/2 
status, however, are still not fully understood.

Fig. 5 Overall survival shown by Kaplan–Meier curves for CD133 (A) and Nestin (B) in each primary and recurrent tumor. Curves are divided by the 
median expression rate of the corresponding marker
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This work has certainly some limitations, mainly by its 
retrospective nature and the small sample size. We must 
further assume a selection bias due to the limited avail-
ability of paired tumor samples only from patients who 
were amenable for secondary surgery. There are also dif-
ficulties in stem cell marker detection via IHC. This is 
especially true for CD133 staining since there are many 
post-translational modifications like glycosylation and 
different antibodies may recognize discrete epitopes on 
intra- or extracellular domains [54]. Comparability with 
the literature is further limited due to different staining 
and scoring methods.

To our knowledge this is the first study investigating 
multiple glioma stem cell markers together with osteo-
pontin in samples from corresponding primary and 
recurrent gliomas.

In conclusion, most of the analyzed glioma stem cell 
markers showed an upregulation in their correspond-
ing recurrent tumor. Patients with high rates of Nestin 
expression within the primary tumor tended for worse 
prognosis as did patients with an increased amount of 
CD133 positive tumor cells in recurrence. Furthermore, 
we observed that the worse prognosis in IDH-1/2 wild-
type patients may be linked to an increased expression of 
CD133 and Nestin making these markers attractive can-
didates for further clinical investigations.

Conclusions
The expression of Nestin, Musashi and OPN was signifi-
cantly increased in recurrent glioblastoma. There was 
also a not significant increase for CD133 and Oct4. Espe-
cially, IDH-1/2 wild-type tumors showed an increased 
CD133 and Nestin upregulation. Both markers were co-
localized within the same tumor cells and were associ-
ated with a worse prognosis. Our study warrants further 
stem cell marker directed treatment approaches, target-
ing CD133 and Nestin in particular.

Abbreviations
Oct4: Octamer‑binding transcription factor 4; SOX2: Sex determining region 
Y‑box 2; OPN: Osteopontin; CD133: Cluster of differentiation 133; IDH1/2: Isoci‑
trate dehydrogenase 1/2; GB: Glioblastoma; CSCs: Cancer stem‑like cells; ESCs: 
Embryonal stem cells; IHC: Immunohistochemistry; FFPE: Formalin fixed and 
paraffin embedded; H&E: Hematoxylin and eosin; GFAP: Glial fibrillary acidic 
protein; ATRX: Alpha‑thalassemia/mental retardation syndrome X‑linked; 
MGMT: O6‐Methylguanine DNA‐methyltransferase; DAB: 3, 3′‑Diaminobenzi‑
dine tetrahydrochloride; TBS: Tris‑buffered saline; DAPI: 4′, 6‑Diamidino‑2‑phe‑
nylindole; OS: Overall survival; WHO: World Health Organization.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12935‑ 022‑ 02510‑4.

Additional file 1: Table S1. Detailed patient characteristics. 

Additional file 2: Figure S1. Nestin (green) and CD133 (magenta) immu‑
nofluorescence signals in representative sections of the recurrent tumor 
from four different patients. DAPI was used as nuclear counter stain (blue). 
Confocal images, maximum intensity projections, scale bar: 150 µm. 

Additional file 3: Figure S2. Overall survival shown by Kaplan‑Meier 
curves for Musashi (A), Nanog (B), Oct4 (C) and Osteopontin (D) expressed 
in primary and recurrent tumor. Curves are divided by the median 
expression rate of the corresponding marker. None of the markers was 
significantly associated with overall survival. 

Additional file 4: Figure S3. Overall survival shown by Kaplan‑Meier 
curves for standard molecular markers. Survival was dichotomized by 
IDH‑1/2 mutational status (A), MGMT promotor methylation status (B) and 
nuclear ATRX expression (C).

Acknowledgements
We thank PhD Katja Maurus for analyzing the methylation status of the MGMT 
promotor region via pyrosequencing. This work was presented in part at the 
annual meeting of the German society of radiation oncology (DEGRO) in 2019.

Authors’ contributions
Study design: BP, GW, MF and CMM. Sample identification and data collec‑
tion: BP, GW, RK, DL, VL, FM, ML and CMM. Staining of the tumor and control 
samples: GW, PH, CMM and RB. Data analysis and interpretation: BP, GW, RB, 
MF and CMM. Writing the manuscript: GW and BP. All authors contributed to 
revising the draft and approved its final version. All authors read and approved 
the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This publica‑
tion was supported by the Open Access Publication Fund of the University of 
Wuerzburg. This work was supported by a Grant (No. 70112891 to BP and ML) 
from the German Cancer Aid (Deutsche Krebshilfe).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the institutional ethics committee (#103/14). Due 
to the retrospective nature of this study, we were not able to obtain written 
informed consent for the use of patients’ data. Also, most of the patients had 
already died at the time of marker evaluation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiation Oncology, University of Würzburg, Würzburg, 
Germany. 2 Department of Neurosurgery, University of Würzburg, Würzburg, 
Germany. 3 Department of Neurology, University Hospital Würzburg, Würzburg, 
Germany. 4 Department of Neuropathology, Institute of Pathology, University 
of Würzburg, Würzburg, Germany. 5 Department of Radiation Oncology, Uni‑
versity Hospital Würzburg, Josef‑Schneider‑Str. 11, 97080 Würzburg, Germany. 

Received: 20 August 2021   Accepted: 2 February 2022

References
 1. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, et al. 

CBTRUS statistical report: primary brain and other central nervous system 

https://doi.org/10.1186/s12935-022-02510-4
https://doi.org/10.1186/s12935-022-02510-4


Page 10 of 11Polat et al. Cancer Cell International           (2022) 22:87 

tumors diagnosed in the United States in 2012–2016. Neuro Oncol. 
2019;21(Suppl 5):v1–100.

 2. Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn MJB, Janzer RC, 
et al. Effects of radiotherapy with concomitant and adjuvant temozo‑
lomide versus radiotherapy alone on survival in glioblastoma in a ran‑
domised phase III study: 5‑year analysis of the EORTC‑NCIC trial. Lancet 
Oncol. 2009;10(5):459–66.

 3. Herrlinger U, Tzaridis T, Mack F, Steinbach JP, Schlegel U, Sabel M, 
et al. Lomustine‑temozolomide combination therapy versus standard 
temozolomide therapy in patients with newly diagnosed glioblastoma 
with methylated MGMT promoter (CeTeG/NOA‑09): a randomised, 
open‑label, phase 3 trial. Lancet. 2019;393(10172):678–88.

 4. Tan AC, Ashley DM, Lopez GY, Malinzak M, Friedman HS, Khasraw M. 
Management of glioblastoma: state of the art and future directions. CA 
Cancer J Clin. 2020. https:// doi. org/ 10. 3322/ caac. 21613.

 5. Singh SK, Hawkins C, Clarke ID, Squire JA, Bayani J, Hide T, et al. 
Identification of human brain tumour initiating cells. Nature. 
2004;432(7015):396–401.

 6. Bao S, Wu Q, McLendon RE, Hao Y, Shi Q, Hjelmeland AB, et al. Glioma 
stem cells promote radioresistance by preferential activation of the 
DNA damage response. Nature. 2006;444(7120):756–60.

 7. Melzer C, von der Ohe J, Lehnert H, Ungefroren H, Hass R. Cancer stem 
cell niche models and contribution by mesenchymal stroma/stem 
cells. Mol Cancer. 2017;16(1):28.

 8. Patel P, Chen EI. Cancer stem cells, tumor dormancy, and metastasis. 
Front Endocrinol. 2012;3:125.

 9. Schmohl JU, Vallera DA. CD133, selectively targeting the root of cancer. 
Toxins. 2016. https:// doi. org/ 10. 3390/ toxin s8060 165.

 10. Lendahl U, Zimmerman LB, McKay RD. CNS stem cells express a new 
class of intermediate filament protein. Cell. 1990;60(4):585–95.

 11. Veselska R, Kuglik P, Cejpek P, Svachova H, Neradil J, Loja T, et al. Nestin 
expression in the cell lines derived from glioblastoma multiforme. BMC 
Cancer. 2006;6:32.

 12. Dahlrot RH, Hermansen SK, Hansen S, Kristensen BW. What is the clini‑
cal value of cancer stem cell markers in gliomas? Int J Clin Exp Pathol. 
2013;6(3):334–48.

 13. Ishiwata T, Matsuda Y, Naito Z. Nestin in gastrointestinal and other can‑
cers: effects on cells and tumor angiogenesis. World J Gastroenterol. 
2011;17(4):409–18.

 14. Strojnik T, Røsland GV, Sakariassen PO, Kavalar R, Lah T. Neural stem cell 
markers, nestin and musashi proteins, in the progression of human 
glioma: correlation of nestin with prognosis of patient survival. Surg 
Neurol. 2007;68(2):133–43.

 15. Chinnaiyan P, Wang M, Rojiani AM, Tofilon PJ, Chakravarti A, Ang KK, 
et al. The prognostic value of nestin expression in newly diagnosed 
glioblastoma: report from the Radiation Therapy Oncology Group. 
Radiat Oncol. 2008;3:32.

 16. Kaneko Y, Sakakibara S, Imai T, Suzuki A, Nakamura Y, Sawamoto K, et al. 
Musashi1: an evolutionally conserved marker for CNS progenitor cells 
including neural stem cells. Dev Neurosci. 2000;22(1–2):139–53.

 17. Siddall NA, McLaughlin EA, Marriner NL, Hime GR. The RNA‑binding 
protein Musashi is required intrinsically to maintain stem cell identity. 
Proc Natl Acad Sci USA. 2006;103(22):8402–7.

 18. de Sousa AR, Sanchez‑Diaz PC, Vogel C, Burns SC, Ko D, Burton TL, 
et al. Genomic analyses of musashi1 downstream targets show 
a strong association with cancer‑related processes. J Biol Chem. 
2009;284(18):12125–35.

 19. Wang XY, Yin Y, Yuan H, Sakamaki T, Okano H, Glazer RI. Musashi1 
modulates mammary progenitor cell expansion through proliferin‑
mediated activation of the Wnt and Notch pathways. Mol Cell Biol. 
2008;28(11):3589–99.

 20. Dobson NR, Zhou YX, Flint NC, Armstrong RC. Musashi1 RNA‑binding 
protein regulates oligodendrocyte lineage cell differentiation and 
survival. Glia. 2008;56(3):318–30.

 21. Lin JC, Tsai JT, Chao TY, Ma HI, Chien CS, Liu WH. MSI1 associates 
glioblastoma radioresistance via homologous recombination repair, 
tumor invasion and cancer stem‑like cell properties. Radiother Oncol. 
2018;129(2):352–63.

 22. Mansouri S, Nejad R, Karabork M, Ekinci C, Solaroglu I, Aldape KD, et al. 
Sox2: regulation of expression and contribution to brain tumors. CNS 
oncology. 2016;5(3):159–73.

 23. Ma YH, Mentlein R, Knerlich F, Kruse ML, Mehdorn HM, Held‑Feindt J. 
Expression of stem cell markers in human astrocytomas of different 
WHO grades. J Neurooncol. 2008;86(1):31–45.

 24. Alonso MM, Diez‑Valle R, Manterola L, Rubio A, Liu D, Cortes‑Santiago 
N, et al. Genetic and epigenetic modifications of Sox2 contrib‑
ute to the invasive phenotype of malignant gliomas. PLoS ONE. 
2011;6(11):e26740.

 25. Boyer LA, Lee TI, Cole MF, Johnstone SE, Levine SS, Zucker JP, et al. Core 
transcriptional regulatory circuitry in human embryonic stem cells. Cell. 
2005;122(6):947–56.

 26. Guo Y, Liu S, Wang P, Zhao S, Wang F, Bing L, et al. Expression profile of 
embryonic stem cell‑associated genes Oct4, Sox2 and Nanog in human 
gliomas. Histopathology. 2011;59(4):763–75.

 27. Zhao M, Xu H, Liang F, He J, Zhang J. Association of osteopontin expres‑
sion with the prognosis of glioma patient: a meta‑analysis. Tumour Biol. 
2015;36(1):429–36.

 28. Sreekanthreddy P, Srinivasan H, Kumar DM, Nijaguna MB, Sridevi S, Vrinda 
M, et al. Identification of potential serum biomarkers of glioblastoma: 
serum osteopontin levels correlate with poor prognosis. Cancer Epide‑
miol Biomarkers Prev. 2010;19(6):1409–22.

 29. Wohlleben G, Scherzad A, Guttler A, Vordermark D, Kuger S, Flentje M, 
et al. Influence of hypoxia and irradiation on osteopontin expression 
in head and neck cancer and glioblastoma cell lines. Radiat Oncol. 
2015;10:167.

 30. Hira VV, Ploegmakers KJ, Grevers F, Verbovsek U, Silvestre‑Roig C, Aronica 
E, et al. CD133+ and Nestin+ Glioma stem‑like cells reside around 
CD31+ Arterioles in Niches that express SDF‑1alpha, CXCR4, Osteopontin 
and Cathepsin K. J Histochem Cytochem. 2015;63(7):481–93.

 31. Lamour V, Henry A, Kroonen J, Nokin MJ, von Marschall Z, Fisher LW, et al. 
Targeting osteopontin suppresses glioblastoma stem‑like cell character 
and tumorigenicity in vivo. Int J Cancer. 2015;137(5):1047–57.

 32. Henry A, Nokin MJ, Leroi N, Lallemand F, Lambert J, Goffart N, et al. New 
role of osteopontin in DNA repair and impact on human glioblastoma 
radiosensitivity. Oncotarget. 2016;7(39):63708–21.

 33. Zhang K, Wang XQ, Zhou B, Zhang L. The prognostic value of MGMT 
promoter methylation in Glioblastoma multiforme: a meta‑analysis. Fam 
Cancer. 2013;12(3):449–58.

 34. Zou P, Xu H, Chen P, Yan Q, Zhao L, Zhao P, et al. IDH1/IDH2 mutations 
define the prognosis and molecular profiles of patients with gliomas: a 
meta‑analysis. PloS ONE. 2013;8(7):e68782.

 35. Kumar N, Elangovan A, Madan R, Dracham C, Khosla D, Tripathi M, et al. 
Impact of immunohistochemical profiling of Glioblastoma multiforme 
on clinical outcomes: real‑world scenario in resource limited setting. Clin 
Neurol Neurosurg. 2021;207:106726.

 36. Pekmezci M, Rice T, Molinaro AM, Walsh KM, Decker PA, Hansen H, 
et al. Adult infiltrating gliomas with WHO 2016 integrated diagno‑
sis: additional prognostic roles of ATRX and TERT. Acta Neuropathol. 
2017;133(6):1001–16.

 37. Tamura K, Aoyagi M, Ando N, Ogishima T, Wakimoto H, Yamamoto M, 
et al. Expansion of CD133‑positive glioma cells in recurrent de novo 
glioblastomas after radiotherapy and chemotherapy. J Neurosurg. 
2013;119(5):1145–55.

 38. Martinez R, Rohde V, Schackert G. Different molecular patterns in 
glioblastoma multiforme subtypes upon recurrence. J Neurooncol. 
2010;96(3):321–9.

 39. Orzan F, De Bacco F, Crisafulli G, Pellegatta S, Mussolin B, Siravegna G, 
et al. Genetic evolution of glioblastoma stem‑like cells from primary to 
recurrent tumor. Stem cells. 2017;35(11):2218–28.

 40. Nandeesh BN, Naskar S, Shashtri AH, Arivazhagan A, Santosh V. Recurrent 
glioblastomas exhibit higher expression of biomarkers with stem‑like 
properties. J Neurosci Rural Pract. 2018;9(1):86–91.

 41. Lv D, Lu L, Hu Z, Fei Z, Liu M, Wei L, et al. Nestin expression is associ‑
ated with poor clinicopathological features and prognosis in glioma 
patients: an association study and meta‑analysis. Mol Neurobiol. 
2017;54(1):727–35.

 42. Dahlrot RH, Hansen S, Herrstedt J, Schroder HD, Hjelmborg J, Kris‑
tensen BW. Prognostic value of Musashi‑1 in gliomas. J Neurooncol. 
2013;115(3):453–61.

 43. Zeppernick F, Ahmadi R, Campos B, Dictus C, Helmke BM, Becker N, et al. 
Stem cell marker CD133 affects clinical outcome in glioma patients. Clin 
Cancer Res. 2008;14(1):123–9.

https://doi.org/10.3322/caac.21613
https://doi.org/10.3390/toxins8060165


Page 11 of 11Polat et al. Cancer Cell International           (2022) 22:87  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 44. Wu B, Sun C, Feng F, Ge M, Xia L. Do relevant markers of cancer stem 
cells CD133 and Nestin indicate a poor prognosis in glioma patients? A 
systematic review and meta‑analysis. J Exp Clin Cancer Res. 2015;34:44.

 45. Dahlrot RH, Hansen S, Jensen SS, Schroder HD, Hjelmborg J, Kristensen 
BW. Clinical value of CD133 and nestin in patients with glioma: a 
population‑based study. Int J Clin Exp Pathol. 2014;7(7):3739–51.

 46. Hira VVV, Wormer JR, Kakar H, Breznik B, van der Swaan B, Hulsbos R, 
et al. Periarteriolar glioblastoma stem cell niches express bone mar‑
row hematopoietic stem cell niche proteins. J Histochem Cytochem. 
2018;66(3):155–73.

 47. Wang P, Wan WW, Xiong SL, Feng H, Wu N. Cancer stem‑like cells can be 
induced through dedifferentiation under hypoxic conditions in glioma, 
hepatoma and lung cancer. Cell Death Discov. 2017;3:16105.

 48. Du Z, Jia D, Liu S, Wang F, Li G, Zhang Y, et al. Oct4 is expressed in 
human gliomas and promotes colony formation in glioma cells. Glia. 
2009;57(7):724–33.

 49. Krogh Petersen J, Jensen P, Dahl Sorensen M, Winther Kristensen B. 
Expression and prognostic value of Oct‑4 in Astrocytic Brain Tumors. PLoS 
ONE. 2016;11(12):e0169129.

 50. Felsberg J, Thon N, Eigenbrod S, Hentschel B, Sabel MC, Westphal M, et al. 
Promoter methylation and expression of MGMT and the DNA mismatch 
repair genes MLH1, MSH2, MSH6 and PMS2 in paired primary and recur‑
rent glioblastomas. Int J Cancer. 2011;129(3):659–70.

 51. Draaisma K, Chatzipli A, Taphoorn M, Kerkhof M, Weyerbrock A, Sanson 
M, et al. Molecular evolution of idh wild‑type glioblastomas treated with 
standard of care affects survival and design of precision medicine trials: a 
report from the EORTC 1542 Study. J Clin Oncol. 2020;38(1):81–99.

 52. Brandes AA, Franceschi E, Paccapelo A, Tallini G, De Biase D, Ghimenton 
C, et al. Role of MGMT methylation status at time of diagnosis and recur‑
rence for patients with glioblastoma: clinical implications. Oncologist. 
2017;22(4):432–7.

 53. Shibahara I, Sonoda Y, Shoji T, Kanamori M, Saito R, Inoue T, et al. Malig‑
nant clinical features of anaplastic gliomas without IDH mutation. Neuro 
Oncol. 2015;17(1):136–44.

 54. Glumac PM, LeBeau AM. The role of CD133 in cancer: a concise review. 
Clin Transl Med. 2018;7(1):18.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Differences in stem cell marker and osteopontin expression in primary and recurrent glioblastoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Patients
	Immunohistochemistry (IHC) staining
	Immunofluorescence staining and imaging
	Confocal laser scanning microscopy and image processing
	Statistics

	Results
	Patients
	Staining for potential stem cell markers and osteopontin in paired tumor samples
	Correlation between osteopontin and stem cell marker expression
	Expression of stem cell markers according to IDH-12 status
	Co-localization between CD133 and Nestin
	Association of stem cell marker expression with overall survival
	Influence of MGMT methylation, IDH-12 mutation and ATRX expression on survival

	Discussion
	Conclusions

	Acknowledgements
	References




