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Abstract: Cancer stem cell-related (CSC) markers have been suggested to have promising potentials as novel types 
of prognostic and predictive markers in gliomas. However no single CSC-related marker is currently used in clinical 
decisions. The aim of this study was to investigate the prognostic value of CD133 and nestin separately and in com-
bination using a novel quantitative approach in a well-characterized population-based cohort of glioma patients. The 
expression of CD133 and nestin was measured by systematic random sampling in stained paraffin sections from 
239 glioma patients diagnosed between 2005 and 2009. We found that the expression of CD133 did not correlate 
with WHO grade, and there was no association with overall survival (OS). The level of nestin correlated positively with 
WHO grade. In patients with WHO grade II tumors, a high level of nestin was associated with short progression-free 
survival (PFS) in multivariate analysis. High levels of co-localization were associated with poor PFS in patients with 
WHO grade II tumors, but not with OS. We conclude that CD133 was not an independent prognostic factor, but a 
high level of nestin was associated with poor PFS in patients with WHO grade II tumors. The combination of double-
immunofluorescence and automated analysis seems to be a feasible and reproducible approach for investigation of 
the prognostic potential of biomarkers.
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Introduction

The poor prognosis in patients with high-grade 
gliomas has been explained by the existence of 
chemo- and radiotherapy-resistant cancer 
stem cells (CSC) [1, 2] possessing the unique 
ability of tumor initiation, self-renewal and pro-
liferation [3, 4]. Two of the most investigated 
CSC-related markers in gliomas are the mem-
brane marker CD133 [5-10] and the intermedi-
ate filament marker nestin [7, 11-17]. All though 
several studies [7-10] report that high expres-
sion of CD133 is correlated with higher malig-
nancy grade and poor survival, others report no 
prognostic value of CD133 [5, 6], and the prog-
nostic value remains controversial. Nestin has 
repeatedly been investigated in gliomas [6, 7, 
12-14, 18-22], and a correlation between high 
expression of nestin and poor survival has 
been reported [7, 13, 14, 18, 19, 21]. However, 

semi-quantitative approaches were used in 
these studies [6, 7, 12-14, 18-22], and multi-
variate analyses were seldom performed [6, 
12, 19, 20, 22].

Despite the promising prognostic results for 
CD133 and nestin, independently or in combi-
nation, none of the proteins are used in neuro-
pathology as prognostic markers. We hypothe-
sized that the use of chromogenic staining and 
semi-quantitative measurements combined 
with small patient cohorts could mask clinically 
important differences in the expression level of 
both markers. Therefore, the aim of this retro-
spective study was to thoroughly investigate 
the clinical value of CD133 and nestin sepa-
rately and in combination using a well-charac-
terized population-based cohort of glioma 
patients [23, 24] combined with a novel quanti-
tative double-immunofluorescence approach. 
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Table 1. Patient characteristics
WHO

grade II
WHO

grade III 
WHO

grade IV
Variable n (%) n (%) n (%)
All 25 (100) 26 (100) 185 (100)
Status
    Alive 11 (44) 6 (23) 15 (8)
    Dead 14 (56) 20 (77) 170 (92)
Histology
    Astro 16 (64) 16 (62) 185 (100)
    Oligo/mix 9 (36) 10 (38) -
    None - - -
Age
    < 60 years 20 (80) 14 (54) 56 (30)
    > 60 years 5 (20) 12 (46) 129 (70)
Gender
    Male 9 (36) 19 (73) 106 (67)
    Female 16 (64) 7 (27) 79 (43)
Performance status
    0-1 18 (72) 20 (77) 116 (63)
    2/2+ 7 (28) 6 (23) 69 (37)
Enhancement
    No 15 (60) 2 (8) 0 (0)
    Yes 10 (40) 24 (92) 177 (96)
    Missing - - 8 (4)
Midline shift
    No 10 (40) 10 (38) 89 (48)
    Yes 15 (60) 16 (62) 96 (52)
    Missing - - -
Crossing midline
    No 23 (92) 22 (85) 162 (88)
    Yes 2 (8) 4 (15) 23 (12)
    Missing - - -
Localization
    Frontal 17 (68) 16 (62) 55 (30)
    Non-frontal 8 (32) 10 (38) 130 (70)
Neurologic deficit
    No 18 (72) 16 (62) 99 (54)
    Yes 7 (28) 10 (38) 86 (46)
Headache
    No 24 (96) 20 (77) 136 (74)
    Yes 1 (4) 6 (23) 49 (26)
Epilepsy
    No 7 (28) 18 (69) 144 (78)
    Yes 18 (72) 8 (31) 41 (22)
Mental disturbance
    No 22 (88) 17 (65) 133 (72)
    Yes 3 (12) 9 (35) 52 (28)
Surgery

The prognostic value of each marker, and 
their co-localization were correlated with 
the effect of previously identified clinical 
prognostic factors regarding survival in this 
population.

We have previously shown that the use of 
immunofluorescence followed by automat-
ed analysis is both feasible, robust and 
reproducible in gliomas, providing quantita-
tive measurements of protein expression 
[25]. Although CD133 immunofluorescence 
has been used in several glioma studies [5, 
9, 26-32] including two studies from our 
group [5, 29] only two studies with cohorts 
comprising 114 and 44 patients [5, 9] con-
tain survival analyses. Using quantitative 
fluorescence-based measurements and a 
large glioma cohort, we hypothesized that 
unique clinically important subpopulations 
might be identified in the present study. 

Methods and materials

Ethics statement

The study was approved by the Regional 
Committee on Health Research Ethics from 
the Region of Southern Denmark (Project-ID 
S2DO9Oo8O) and the Danish Data Prote- 
ction Agency (J.nr. 2009-41-3070). Use of 
the tissue was not prohibited by any of the 
patients according to the Danish Tissue 
Application Register. 

Patients and tissue

In a population-based setup, we identified 
433 patients diagnosed with primary glio-
mas in the period 2005-2009 in the Region 
of Southern Denmark. Patient characteris-
tics have been thoroughly described previ-
ously [23, 24]. A total of 239 patients had 
sufficient available tumor tissue for immu-
nohistochemical analysis. Patient charac-
teristics are summarized in Table 1. Briefly, 
none of the patients received treatment 
prior to surgery, mean age at time of diagno-
sis was 64 years, and median survival was 
38 months, 40 months, 13 months and 10 
months for WHO grade I, II, III and IV tumors, 
respectively. Median follow-up was 12 
months (0.03-81). 

Pathology

Formalin-fixed paraffin-embedded tissue 
samples were evaluated by two indepen-
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tion, the CD133+ intensity, the nestin+ area 
fraction or the nestin intensity (P > 0.05) 
(Figure S1). Moreover sampling in 1% of the 
tumor tissue provided a limited number of 
useable images in some tumors, and sam-
pling in 5% and 10% was time consuming, 
with no extra benefit. Therefore sampling in 
2% was chosen. The effect of fixation time 
on staining intensity was investigated using 
spheroids from a GBM-derived so-called 
CSC line expressing CD133 and nestin [41, 
42]. Spheroids were fixed for 1 hour, 6 

hours, 12 hours, 24 hours and 48 hours, 
embedded into paraffin, sectioned and stained 
by the CD133-nestin immunofluorescence 
staining. The fixation time did not influence the 
staining intensity of either of CD133 or nestin 
(P > 0.05 and P > 0.05) (data not shown).

Automated quantitative analysis

The tumor region of interest was identified and 
delineated on a super image (1.25 magnifica-
tion) using the Visiopharm Integrator System 
(Visiopharm, Hoersholm, Denmark). Then sam-
pling in the tumor areas was performed at 40 x 
magnification. All images were reviewed to 
ensure that no blurring was present. Major ves-
sels, necroses and normal parenchyma were 
excluded manually before sampling was per-
formed. Sampling in 2% of the tumor tissue was 
performed, and all images were analyzed using 
quantitative image analysis with continuous 
estimates of staining in the Visiomorph module 
of the Visiopharm Integrator System. This algo-
rithm is based on the RGB three color model, 
and for each pixel the intensity of three differ-
ent colors, red, green, and blue, was defined in 
the Visiomorf module. The algorithm was made 
on a training set consisting of 10 GBMs and 
tested on different glioma subtypes before use.

CD133 and nestin area fractions were initially 
investigated separately. The area fraction was 
defined as the measured area with positive 
staining divided by total sampling area. In addi-
tion, the area fraction of co-localization of 
CD133 and nestin was investigated. Co-lo- 
calization was defined as CD133 and nestin 
expression in the same tumor cells, corre-
sponding to expression in the same pixels. The 
intensities of CD133 and nestin were investi-
gated as well. Since this did not provide addi-
tional information in survival analyses, these 
results are not reported.

    Biopsy 10 (40) 7 (27) 13 (7)
    Partial 7 (28) 14 (54) 113 (61)
    Total 8 (32) 5 (19) 59 (32)
Post-surgical treatment
    No 24 (96) 5 (19) 31 (17)
    Yes 1 (4) 21 (81) 154 (83)
IDH1 status
    Wildtype 8 (32) 17 (65) 181 (98)
    Mutated 17 (68) 9 (35) 4 (2)

dent pathologists at the Department of 
Pathology, Odense University Hospital. If dis-
agreement occurred, the pathologists dis-
cussed the case and agreed upon a diagnosis. 
All samples were classified according to the 
World Health Organization guidelines 2007 
[33]. 

A commonly used technology in cancer bio-
marker research is tissue micro arrays (TMAs) 
[34-36]. However, several groups have shown 
that TMAs may lead to underestimation of bio-
marker expression in gliomas [5, 37, 38]. 
Accordingly whole slides were used in this 
study. Moreover; to be included there had to be 
more than 15 mm2 vital tumor tissues present. 
Tissue samples were stained routinely with 
hematoxylin and eosin to define representative 
tumor regions. 

We have previously established chromogenic 
and fluorescence staining protocols using anti-
bodies against CD133 [5, 29, 39-41] and nes-
tin [29, 39]. In the present study an optimized 
CD133-nestin immunofluorescence staining 
(CD133; CD133/1, W6B3C1, Miltenyi Biotec. 
Nestin; 196908, R&D systems) was estab-
lished as being suitable for automated analysis 
by virtue of its high signal-to-noise ratio. Slides 
were stained on the AutostainerPlus platform 
(Dako, Glostrup, Denmark). The CSA II Biotin-
free Tyramide Signal Amplification System kit 
(Dako) was used for detection of CD133 and 
DyLight 650 (1+100 Fisher Scientific) was used 
for detection of nestin. Using a novel computer-
based algorithm, sampling in 1%, 2%, 5% and 
in 10% of the vital tumor area was performed 
on a training set consisting of 10 GBMs. In 
some of the patients, there was a significant 
difference between sampling in 1% of the tis-
sue compared to sampling in 2%, 5% or 10% of 
the tissue with regard to the CD133+ area frac-
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Endpoints

Patients were followed until death; patients still 
alive were censored on February 1, 2012. 
Overall survival (OS) was defined as time from 
primary surgery until death or date of censor-
ing. Recurrence was defined as recurrence on 
MRI, clinical progression or death. Progression-
free survival (PFS) was defined as time from 
primary surgery until date of first recurrence, 
death or until date of censoring.

Statistics

In the sample fraction study, one-way ANOVA 
with Bonferroni correction was used, and in the 
239 samples comparisons were made using 
the Kruskall-Wallis test. All variables were 
investigated in WHO grade II tumors, WHO 
grade III tumors and in WHO grade IV tumors. 
CD133, nestin and their co-localization were 
investigated as continuous variables and as 
binary variables induced from chosen cut-off 
values. The univariate relationships between 
prognostic variables and recurrence and death 
were illustrated by Kaplan-Meier plots for sur-
vival probabilities. The differences between 
survival functions were compared by the log-
rank test. Patients with WHO grade I tumors 
were not included in the statistical analysis. 
Patients with WHO grade II, III and IV were 
investigated separately. Due to a limited num-
ber of events in WHO grade II and III tumors 
only age, performance status (PS) and IDH1 
status were included in the multivariate analy-
sis, whereas previously reported significant 
variables [23] were included in the multivariate 
analysis for WHO grade IV tumors. All assump-
tions were tested, and all analyses were carried 
out using STATA version 11.

Results

Staining

CD133 and nestin were expressed in all histo-
logical subtypes (Figure 1A-G), whereas co-
localization was observed mainly in WHO grade 
III and IV tumors (data not shown). 

CD133

The CD133 area fraction did not increase with 
increasing WHO grade (P = 0.17) (Figure 2A). 
The distribution of the CD133 area fraction 
within the histological subtypes did not differ 
substantially except in patients with pilocytic 
astrocytomas (PA), oligodendrogliomas (O) and 
anaplastic oligodendrogliomas (AO) who had a 
low expression (P = 0.02) (Figure 2B). No sig-
nificant associations between the CD133 area 
fraction and OS or PFS were identified for WHO 
grade II (Figure 2C, 2D), III (Figure 2E, 2F) and 
IV tumors (Figure 2G, 2H). In multivariate analy-
sis, the CD133 area fraction was not associat-
ed with OS or PFS in WHO grade II, and IV 
tumors (data not shown) but high levels of 
CD133 was significantly associated with better 
OS (HR 0.20, 95% CI 0.06-0.71, P = 0.01) in 
WHO grade III tumors.

Nestin

The nestin area fraction increased with increas-
ing WHO grade (P < 0.001) (Figure 3A). The dis-
tribution of the nestin area fraction was gener-
ally low, except in GBMs (Figure 3B). In patients 
with WHO grade II and IV tumors, the nestin 
area fraction was not associated with OS 
(Figure 3C, 3G). In patients with WHO grade III 
tumors, a high level of nestin was associated 
with poor OS (Figure 4E), but the prognostic 
value of the nestin area fraction was not signifi-
cant in the multivariate analysis (HR 2.24, 95% 
CI 0.69-7.30, P = 0.18). In WHO grade II tumors, 
high level of nestin was associated with 
reduced PFS in both univariate (Figure 3D) and 
multivariate analysis (HR 7.64, 95% CI 1.90-
30.70, P = 0.04). The nestin area fraction was 
not associated with PFS in WHO grade III and IV 
tumors in either univariate (Figure 3F, 3H) or 
multivariate analysis (data not shown). 

Co-localization

The level of co-localization increased with incre- 
asing WHO grades (P = 0.0001) (Figure 4A). 
Co-localization was generally low, except in 
AOAs and GBMs (Figure 4B). In univariate  

Figure 1. Fluorescence-based staining identifying CD133 and nestin. Examples of CD133-positive areas in diffuse 
astrocytomas (DA), oligodendrogliomas (O), anaplastic oligodendrogliomas (AO), glioblastomas (GBM) and anaplas-
tic astrocytomas (AA) are shown in (A, C-F) (green, arrows indicate site of inserts). In E a GBM with a CD133 positive 
peri-vascular niche is shown. Examples of nestin-positive areas are shown in (B and F) (red, arrows indicate site of 
inserts). When the original fluorescence image (G) was processed and the algorithm applied (H), CD133 positive 
staining was shown in green, nestin positive staining in red and nuclei in blue. Arrows in G and H indicate CD133 
positive cells, arrowheads indicate nestin positive cells.
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Figure 2. Distribution of CD133 and survival curves. CD133 area fraction in the different WHO grades (A) and in 
the different histological subtypes (B). The vertical line indicates the median. Overall survival (OS) (C, E, G) and 
progression-free survival (PFS) (D, F, H) are shown for WHO grade II (n = 25) (C, D), grade III (n = 26) (E, F) and grade 
IV (n=185) (G, H), respectively. Each WHO grade was dichotomized at the median. 
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Figure 3. Distribution of nestin and survival curves. Nestin area fraction in the different WHO grades (A) and in the 
different histological subtypes (B). The vertical line indicates the median. Overall survival (OS) (C, E, G) and progres-
sion-free survival (PFS) (D, F, H) are shown for WHO grade II (n = 25) (C, D), grade III (n = 26) (E, F) and grade IV (n 
= 185) (G, H) tumors, respectively. Each WHO grade was dichotomized at the median.



Prognostic value of CD133 and nestin in gliomas

3746 Int J Clin Exp Pathol 2014;7(7):3739-3751

Figure 4. Distribution of co-localization and survival curves. Co-localized area fraction in the different WHO grades 
(A) and in the different histological subtypes (B). The vertical line indicates the median. Overall survival (OS) (C, E, G) 
and progression-free survival (PFS) (D, F, H) are shown for WHO grade II (n = 25) (C, D), grade III (n = 26) (E, F) and 
grade IV (n = 185) (G, H) tumors, respectively. Each WHO grade was dichotomized at the median.
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analysis, co-localization was not associated 
with OS (Figure 4C, 4E, 4G) or PFS (Figure 4F, 
4H). In patients with WHO grade II tumors a 
trend toward poorer PFS was observed in 
patients with high levels of co-localization 
(Figure 4D). In multivariate analysis high levels 
of co-localization were associated with poor 
PFS (HR 4.08, 95% CI 1.31-12.75, p = 0.02) 
whereas no association with OS was observed 
in patients with WHO grade II tumors (data not 
shown). Regarding patients with WHO grade III 
and IV tumors, co-localization was not associ-
ated with OS or PFS (data not shown).

Discussion 

Using a fluorescent staining protocol, we inves-
tigated the prognostic value of the CSC-related 
markers CD133 and nestin separately and in 
combination. Our study contains the largest 
number of patients, especially GBM’s, as com-
pared to previously published studies [5-10], 
and survival analyses have been performed for 
each WHO grade separately, which is an advan-
tage. Moreover, we used systematic random 
sampling combined with a quantitative immu-
nofluorescence approach. 

CD133 was not prognostic in multivariate anal-
ysis in our study being thereby in line with previ-
ous results from our group [5] and Kim et al. [6]. 
This contributes to the discussion of to which 
degree CD133 represents a CSC-related mark-
er. Results in the literature show that different 
CD133 antibody clones identify not only differ-
ent epitopes but also epitopes with different 
glycosylation status thereby highlighting the 
complexity of this field [40, 43]. Pallini et al. [8] 
showed that patients with GBMs containing 
more than 2% CD133 positive cells had the 
poorest survival. We included primary GBMs 
only, whereas Pallini et al. [8] also included five 
secondary gliomas. As secondary GBMs con-
tain very few CD133 positive cells [44], it may 
be speculated that inclusion of both primary 
and secondary GBMs influences the prognostic 
estimate. Zeppernick et al. [10] used an even 
lower cut-point (1%), although they showed that 
many of the GBMs contained more than 25% 
CD133 positive cells. As they included both 
WHO grade II, III and IV tumors as one group it 
may be speculated whether it is the WHO grade 
rather than the content of CD133 that causes 
the poor prognosis. Recently, different groups 
[44-47] have reported that not only CD133+ 

cells, but also some CD133- glioma cells pos-
sess cancer stem cell characteristics thereby 
contributing to the complexity of using and 
interpreting results obtained with CD133.

The nestin area fraction increased with increas-
ing WHO grade, which is in accordance with 
previously published studies [7, 13, 14, 19-21]. 
However, none of these studies investigated 
the prognostic potential within different WHO 
grades and only three performed a multivariate 
analysis [12, 19, 22]. 

In patients with WHO grade II tumors, a high 
level of nestin was associated with shorter PFS. 
This suggests that a high content of nestin is 
associated with more aggressive tumors which 
have a greater potential for recurrence. Since 
our cohort comprises a limited number of 
patients with WHO grade II tumors and has a 
short follow-up period resulting in fewer events 
in the analyses regarding OS and PFS, this 
hypothesis needs confirmation in another 
cohort.

In patients with WHO grade III tumors, a low 
level of nestin was associated with the longest 
OS in univariate analysis. However, all patients 
with a low level of nestin were in good perfor-
mance status, and they received curatively 
intended post-surgical treatment, which might 
be the explanation to the good prognostic esti-
mates. Furthermore, we showed that some 
patients with AAs had a much higher level of 
nestin as compared to patients with AOs and 
AOAs. It has previously been shown that 
patients with AAs have a poorer prognosis than 
patients with AOs and AOAs [48] and it may be 
speculated whether the different histological 
subtypes may bias our results. The nestin area 
fraction was not a significant variable in multi-
variate analysis, indicating that age, perfor-
mance status and IDH1 status are stronger 
prognostic variables. The prognostic value of 
nestin within each histological subtype still 
needs to be investigated in larger materials.

Previous literature reporting on nestin as a 
prognostic factor [7, 13, 14, 18-20] include 
both low-grade and high-grade gliomas. These 
studies all contain a large percentage of low-
grade gliomas, and none of these studies 
investigated the prognostic potential of nestin 
within the different WHO grades separately. 
Although expression of a given markers increas-
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es with grade, the translational value is strongly 
dependent on the prognostic value in each 
grade separately, at least in the GBM patients. 
Interestingly, none of the studies performing 
multivariate analysis took grade into account, 
although Chinnayan et al. [12] stratified 
patients based on RPA classes. Moreover, two 
of the studies [6, 12] reporting that nestin is 
not a prognostic factor contained only GBMs, 
thereby supporting our results. All together the 
results may suggest that nestin is an indicator 
of more aggressive tumor biology in low-grade 
gliomas but not in high-grade gliomas. However, 
nestin has been identified in proliferating cells 
during active angiogenesis [49], and GBMs are 
indeed angiogenic tumors. Although larger ves-
sels were excluded in the present study, it is 
possible that detection of nestin-positive endo-
thelial cells may influence the evaluation of the 
prognostic potential in some of the previous 
studies. 

Only one other group Zhang et al. [50] investi-
gated the co-expression of CD133 and nestin. 
They showed that patients with high levels of 
both CD133 and nestin had the poorest sur-
vival. However, out of 124 gliomas Zhang et al. 
included 19 ependymomas, comprising 15 low-
grade and 4 high-grade tumors. In multivariate 
analysis, astrocytomas, oligodendrogliomas 
and ependymomas were all included as one 
“glioma group”, which may induce bias since 
another study suggested nestin to be a strong 
predictor of poor OS and PFS in patients with 
low-grade ependymomas but not in malignant 
ependymomas [51]. 

We investigated the combined expression of 
CD133 and nestin using a quantitative 
approach. Although this is the first study using 
this approach, new information regarding the 
association of co-localization with OS or PFS 
was not obtained. 

In the present study, a population-based setup 
was used, being more representative for the 
true glioma population. Using this setup, all 
patients were included despite age and perfor-
mance status, thereby preventing this type of 
bias. This may partly explain some of the differ-
ent results obtained in our study versus previ-
ously published studies on CD133 and nestin. 
Moreover, the traditional semi-quantitative way 
of scoring is known to be biased by inter- and 
intra-observer variability [36] as well as having 

a predominance of scoring at e.g. 0, 100, 200 
and 300 [36]. Therefore, the use of immuno-
fluorescence may identify small biological dif-
ferences as compared to the conventional scor-
ing methods [52]. In the present study, we 
sampled multiple times with different sampling 
frequencies in the same tissue slides, when the 
algorithm was tested. No important differences 
regarding area fractions or intensity were 
observed, indicating that the method is both 
robust and reproducible. 

In conclusion, the CD133 area fraction detect-
ed by the W6B3C1 clone was without prognos-
tic potential. The level of nestin increased with 
increasing WHO grade, and a high level of nes-
tin was associated with poor progression-free 
survival in patients with WHO grade II tumors. 
Use of quantitative double-immunofluores-
cence seems to be a feasible, robust and repro-
ducible approach suggestive of great potential 
in future prognostic studies.
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Figure S1. Sampling fraction measurements for ten different patients with glioblastoma are shown. For each patient 
area of CD133+ tissue (A), mean intensity of CD133+ tissue (B), area of nestin+ tissue (C), and mean intensity of 
nestin+ tissue (D) were measured when sampling in 1%, 2% , 5%, and 10% (insert B) of the tissue. Asterisks indicate 
patients in whom there was a significant difference between sampling in 1% of the tissue as compared to sampling 
in 2%, 5% or 10% of the tissue using ANOVA. Error bars indicate standard error of mean.


