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A b s t r a c t

Glioblastomas (GBs) are the most common and lethal primary brain tumors in the adults. Glioblastomas originates 
either from astrocytes that have accumulated mutations and de-differentiated or from neural stem cells within the 
subventricular zone (SVZ) in close contact with the vasculature. Recently, several studies have hypothesized that 
gliomagenesis occurs in perivascular niches with highly invasive peripheral proliferating zones. The purpose of our 
study was to investigate the pathological and clinical significance of Olig2 and YKL40 immunoexpression in 152 GBs 
in relationship to the SVZ II and III. Olig2 expressions were successfully detected in 12 (15.58%) of 77 SVZ type II GBs 
and 16 (21.3%) of 75 SVZ type III GBs, respectively. YKL-40 expression was observed in 45 (58.4%) of 77 SVZ type II 
GBs and in 17 (22.6%) of 75 SVZ type III GBs, respectively. Stepwise multivariate Cox proportional hazards models 
were used, and the prognostic factors to significantly impact OS were: PFS < 54 weeks (HR: 5.86; CI: 3.02-11.33;  
p = 0.00); radiotherapy (HR: 0.34; CI: 0.18-0.60; p = 0.00); radio- and chemotherapy (HR: 0.05; CI: 0.03-0.10; p = 0.0), 
and YKL-40+ GBs (HR: 1.61; CI: 1.28-2.31; p = 0.01).
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Introduction

Glioblastoma (GB) is the most common prima
ry brain tumor in the adults. Median survival of GB 
patients treated with aggressive multimodal thera
py, including total resection, combined radiation and 
chemotherapy, and adjuvant chemotherapy is about 

12 months [9,18,24,25]. Glioblastoma is actually con
sidered a  heterogeneous and dynamic disease 
[13,17,21]. Recent studies demonstrate that GB origi
nates either from astrocytes that have accumulated 
mutations and dedifferentiated or from neural stem 
cells within the subventricular zone (SVZ) in close 
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contact with the vasculature. In animal models, 
those neural stem cells may play a role in the glio
magenesis, recurrence, and resistance to therapies 
[17,28]. Probably, survival may be strongly affected 
by the tumor’s relationship to the SVZ. Based on the 
MRI spatial relationship of the GB, Lim et al. [21] dis
tinguish 4 types: type I, tumor contacting the SVZ 
and infiltrating cortex; type II, tumor contacting the 
SVZ only; type III, tumor involving the cortex but not 
involving the SVZ, and type IV, tumors spare both the 
cortex and the SVZ.

The precise origin of glioma stem cells (GSCs) is 
still unclear. Recent research efforts hypothesize that 
gliomagenesis occurs in perivascular niches with high
ly invasive peripheral proliferating zones [6,12,29]. 
Several studies report that Olig2 expression is limit
ed in GSCs [7,12,22] and is probably being related to 
the SVZ type II as a proliferation regulator and glioma 
progenitor cell marker. Olig2 (a basic helixloophelix 
transcription factor) is expressed in the postnatal SVZ 
and plays a critical role in the lineage specification of 
progenitor cells into neurons and oligodendrocytes 
[20]. However, the literature on Olig2 and its asso
ciation with glioblastoma prognosis is ambivalent 
[1,11,12,22]. Recent reports have found associations 
between glioblastoma and neural stem cells express
ing Olig2 [8,12,20,35]. Therefore, a significant amount 
of the ongoing GB research is focused on better under
standing how cells expressing Olig2 contribute to the 
gliomagenesis and therapeutic targets.

YKL40 (also known as CHI3LI), a member of mam
malian chitinaselike protein, is a  growth factor for 
connective tissue cells that (although its function is 
not well defined) may play a role in the migration of 
endothelial cells, inflammation and tissue remodeling. 
It is also overexpressed in glioblastoma compared to 
anaplastic gliomas and lowgrade gliomas [26,30,36].

The localization of YKL40 expression related to 
the SVZ remains unclear. Given that YKL40 immu
noexpression is associated with poor prognosis and 
Olig2 is linked to the neural stem/progenitor cells, 
we investigated the clinical/prognostic significance 
of YKL40 and Olig2 expression related to SVZ type 
II/III GBs.

Material and methods

Patients and samples

A  retrospective study was performed on 152 
patients harboring GBs in the SVZ type II/III treat

ed by subtotal resection between 2006 and 2010. 
Paraffinembedded samples were obtained from the 
Biobank of Asturias, in Central of Asturias University 
Hospital, Spain. For each case, the hematoxylineosin 
sections were reviewed and all cases were classified 
according to the World Health Organization (WHO) 
classification system as glioblastoma multiforme by 
a  senior neuropathologist. Detailed data regarding 
clinical presentation, pathological analysis, progres
sionfree survival, and overall survival outcome were 
recorded. Tumors were classified as limited to the 
cortex or type II (77 GBs) or limited to the SVZ or 
type III (75 GBs). Both, YKL40 and Olig2 expressions 
were investigated by immunohistochemistry in all of 
the aforementioned cases. All samples used in this 
study were obtained with the approval of the Com
mittee for Ethical Review Board of Central of Astur
ias University Hospital.

The extent of resection was determined on the 
basis of MRI results (within 48 hours after surgery). 
Subtotal and total resection were defined as those 
tumors with residual and no residual enhancement, 
respectively, achieved by comparing pre and post
operative MRI. The extent of resection was classified 
as total (> 95%), subtotal (< 95%) or biopsy by a neu
roradiologist blinded to patient outcomes. Patients 
with a Karnofsky Performance Scale (KPS) score ≥ 70 
and age < 60 were included to receive conventional 
radiotherapy and chemotherapy after surgical resec
tion: 1.82.0 Gy per day, over a period of 6 weeks, for 
a total dose of 60 Gy and temozolomide therapy at 
a dose of 75 mg/m2 per day, seven days a week for 
42 consecutive days during radiotherapy (as used in 
the EORTC study by Stupp et al.) [19,31,33].

Immunohistochemistry

Monoclonal antibodies for YKL40 (ab86428; 
Abcam, Cambridge, UK; dilution 1 : 500), and poly
clonal antiOlig2 antibody (ab9610; EDM Millipore, 
Massachusetts, USA; dilution 1 : 500) were used. 
Fivemicrometer consecutive sections were cut from 
the paraffinembedded samples. Each tissue sec
tion was deparaffinized and rehydrated with graded 
ethanol. Antigen retrieval was accomplished by boil
ing the sections for 15 minutes in 10 mmol/l EDTA,  
pH 6.0. Endogenous peroxidase activity was blocked 
with a 3% hydrogen peroxide for 10 minutes. Then, 
slides were incubated overnight at 4ºC with respec
tive primary antibodies. Visualization was performed 
using DAB (3,3’diaminobenzidine). Tissue sections 
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were counterstained with hematoxylin, dehydrated, 
and mounted. An oligodendroglioma and hepato
cellular carcinoma with immunoreactivity was used 
for positive control (Olig2 and YKL40, respectively). 
As a  negative control the primary antibodies were 
omitted.

Immunoreactivity for YKL40 was evaluated by 
a  threetiered system (0 – negative; 1 – moderate/
patchy staining in tumor cell; 3 – strongly positive) 
[26]. Staining for Olig2 was scored only in cells as posi
tive (1), and negative or weak positive (0). The authors 
did the scoring independently. To obtain more accu
rate results, 2 independent observers evaluated all 
immunostaining experiments.

Statistical analysis

All statistical analyses were performed with SPSS 
Statistics version 20 (IBM) with a  significance level 
of 5% (p ≤ 0.05). The χ2 test and the Fisher’s exact 
test were used for the evaluation of the association 
between Olig2 and YKL40 (positive vs. negative 
immunoexpression) and covariates. Karnofsky (KPS) 
from 3 months was included for analyses because at 
this time used to occur the most significant and las
ting change in patient clinical status. Overall survival 
(OS) was determined from the date of diagnosis to 
the date of death. Progressionfree survival (PFS) was 
determined from the date of diagnosis to the date 
of relapse. KaplanMeier method was used to inves
tigate Olig2 and YKL40 expression as univariate in 
prediction of the patient’s survival related to SVZ. 
Multivariate survival analyses were performed by 
a stepwise Cox proportional hazards model used for 
univariate and multivariate analyses of PFS and OS. 

Results

Patient demographics are presented in Table I. 
Expressions of Olig2 and YKL40 in 152 GBs were 
investigated by IHC. Olig2 expressions were success
fully detected in 12 (15.58%) of 77 SVZ type II GBs 
and 16 (21.3%) of 75 SVZ type III GBs, respectively. 
YKL40 expression was observed in 45 (58.4%) of 77 
SVZ type II GBs and in 17 (22.6%) of 75 SVZ type III 
GBs, respectively. Positive expression of YKL40 was 
found in the cytoplasm of GB tumor cells (Fig. 1).  
Olig2+ GB cells showed strong nuclear immunore
activity. For better understanding of the analytical 
results, YKL40 expressions were classified as posi
tive (1+, 2+) or negative (0).

Relationship between the immuno-
expression of Olig2 and YKL-40 and 
clinico-pathological findings

The results of the pathologic findings are shown 
in Table II. Expression of Olig2 was not associated 
with the patient’s age (≤ 65 years old versus > 65 
years old), gender, Karnofsky at diagnosis (KPS at 
Dx), progressionfree survival (PFS), overall survival 
(OS), and GB type. However, Olig 2 was associated 
with KPS at 3 months (p = 0.035). YKL40 did not 
(p > 0.05) correlate with gender, and KPS at diagno

Table I. Clinical characteristics of 152 patients 
with glioblastoma

Groups Characteristics

Age Years

≤ 65 93

> 65 59

Gender Nº

Male 79

Female 73

Karnofsky (KPS) at Dx, Score Nº

< 70 20

≥ 70 132

KPS at 3 months, Score Nº

< 70 47

≥ 70 105

Overall Survival, OS Weeks

≤ 54 98

> 54 53

Progression-free survival, PFS Weeks

≤ 54 131

> 54 21

Subventricular relationship Nº

Group II 77

Group III 75

Extent of tumor resection Nº

Gross total resection 40

Subtotal resection 86

Biopsy 26

First-line therapy Nº

Radiotherapy 26

Chemotherapy 1

Radiotherapy and chemotherapy 98

Therapeutic abstention 27
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sis. Interestingly, YKL40 was significantly associated 
with age, KPS at 3 months, PFS, OS, and GB type. 
KaplanMeier analysis showed that YKL40 (CHI3L1) 
expression was significantly different from Olig2 
expression (p > 0.05) (Figs. 2 and 3).

Univariate and multivariate analysis  
of prognostic variables 
To identify and evaluate the variables with poten

tial prognostic significance in patients with GB, uni
variate and multivariate analysis using KaplanMeier 

Fig. 1. Examples of negative and positive stain
ing are shown for YKL40 and Olig2. A) Example 
of negative staining (–) tumor cells for YKL40.  
B) Patchy staining (+/–) for YKL40. C) Strong 
staining (+) for YKL40. D) Tumor sample with 
negative staining (–) for Olig2. E) Positive 
expression for Olig2 (+) (200× magnification).

A

C

B

D

E



35Folia Neuropathologica 2016; 54/1

Analysis of Olig2 and YKL-40 expression: a clinicopathological/immunohistochemical study for the distinction between subventricular zone II  
and III glioblastomas

Table II. Correlations between CHI3L1 and Olig2 expression in tumor tissues and clinic pathological features 
of patients with glioblastoma

Variables CHI3L1 p value Olig2 p value

Positive Negative Positive Negative

Age

< 65 31 62 0.019* 20 73 0.218

>65 31 28 8 51

Gender

Male 34 45 0.557 13 66 0.516

Female 28 45 15 58

KPS at Dx

< 70 11 9 0.165 2 18 0.297

> 70 51 81 26 106

KPS at 3 months

< 70 26 21 0.015* 4 43 0.035*

> 70 36 69 24 81

PFS

< 54 58 73 0.013* 22 109 0.157

> 54 4 17 7 14

OS

< 54 52 46 0.00* 15 83 0.164

> 54 10 44 13 41

GBMs

SVZ II 45 32 0.00* 12 65 0.361

SVZ III 17 58 16 59

Extent of tumor resection

Gross total resection 9 31 0.02* 9 31 0.281

Subtotal resection 36 50 17 69

Biopsy 17 9 2 24

First-line therapy

Radiotherapy 14 12 0.029* 1 26 0.023*

Chemotherapy 0 1 1 0

Radiotherapy and chemotherapy 32 66 22 76

Therapeutic absention 16 11 1 26

χ2 tests, *p < 0.05

and Cox proportional hazard model was performed. 
In a univariate proportional hazards regression anal
ysis, the factors associated with survival were: age, 
KPS at 3 months, YKL40 (CHI3L1), and Olig2. In 
addition, univariate analysis confirmed that neither 
the gender (p = 0.13) nor Olig2 immunoexpression 
(p = 0.86) affected OS. 

We evaluated the potential prognostic factors 
following the Cox proportional hazards models 
using forward stepwise multivariate selection anal
ysis (Table III). The variables significantly associated 
with OS were: PFS < 54 weeks (HR: 5.86; CI: 3.02
11.33; p = 0.00); radiotherapy (HR: 0.34; CI: 0.180.60;  
p = 0.00); radio and chemotherapy (HR: 0.05; CI: 0.03
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Fig. 2. Patients expressing YKL40 (CHI3L1) in 
tumor tissues show a significantly worse overall 
survival. KaplanMeier analysis for overall sur
vival in a  series of glioblastomas according to 
YKL 40 expression.
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Fig. 3. KaplanMeier overall survival curves of 
the series of 152 glioblastomas with a different 
expression of Olig2. The difference in survival 
between Olig2+ and Olig2– is not statistically 
significant (p = 0.12).

Table III. Univariate and multivariate analyses of variables associated with survival

Variables Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Age, years (< 65 vs. > 65) 0.46 0.33-0.65 0.00* 0.76 0.52-1.12 0.17

Gender (male vs. female) 1.28 0.92-1.78 0.13 1.21 0.85-1.71 0.27

KPS at Dx (< 70 vs. > 70) 0.42 1.46-3.82 0.00*

KPS at 3 months (< 70 vs. > 70) 3.95 2.72-5.73 0.00* 1.50 0.97-2.32 0.63

PFS, weeks (< 54 vs. > 54) 0.13 0.07-0.25 0.00* 5.41 2.78-10.54 0.00*

CHI3L1-GBM cells (pos. vs. neg.) 1.22 1.08-1.38 0.00* 1.61 1.12-2.31 0.01*

Olig2-GBM (pos. vs. neg.) 0.98 0.84-1.15 0.86

Biopsy 0.00*

Gross total resection 0.23 0.14-0.40 0.00*

Subtotal resection 0.31 0.19-0.49 0.00*

Radiotherapy 0.00* 0.34 0.18-0.60 0.00*

Chemotherapy 2.65 0.35-20.1 0.34 1.02 0.13-8.02 0.97

Radiotherapy and chemotherapy 0.10 0.05-0.17 0.00* 0.05 0.03-0.10 0.00*

Therapeutic absention 2.84 1.59-5.04 0.00*

Fisher’s exact, *p < 0.05
KPS – Karnofsky score, KPS at Dx – Karnofsky score at diagnosis, PFS – progression-free survival
CI – confidence interval, HR – hazard ratio, pos. – positive, neg. – negative
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Fig. 4. MRI T1 weighted sequence after GdDTPA 
infusion shows the spatial relationship of glio
blastomas related to the SVZ. A) SVZ III tumors 
involve only the cortex; B) SVZ II contacts only 
the SVZ.

A B0.10; p = 0.0), and YKL40+ GBs (HR: 1.61; CI: 1.282.31; 
p = 0.01). However, Olig2+ GBs were not included in 
multivariate analysis.

Discussion

Although the SVZ has been recognized for many 
years, its neurogenesis and gliomagenesis remains 
unclear. Subventricular zone may be a  source of 
tumors with higher proliferative and invasive capaci
ties [5]. Recent research efforts in neurooncology are 
focused in targeting the tumorigenesis theory and  
to find signal transduction pathways that influence 
the GB development and change its dismal progno
sis, given that surgery and adjuvant chemotherapy 
with radiotherapy are insufficient due to a  diffuse 
infiltration by tumor tissue into the brain [4,12,37]. 
Therefore, identifying molecular targets that could 
provide prognostic new data is needed and would 
be helpful for its therapy.

Olig2+ GBs are not significantly expressed in GB 
type II and III, against predictive and critical functions 
for Olig2 [32,34]. Under the stem cell hypothesis, 
Olig2 fulfills criteria of a  lineagerestricted compe
tence factor for gliogenesis [8,15] that is necessary 
for the development of neural progenitors and prog
eny cells in the CNS [12]. Like others, [22] we have 
suggested that Olig2 expression may be downregu
lated in mature astrocyte. 

YKL40 is a  potent angiogenic factor that was 
recently identified to be one of the most expressed 
proteins in GB when compared to lowgrade glio
ma and normal brain. YKL40 protein expression 
was proposed as a  potential serum marker for GB 
[10,16,26]. High YKL40 expression in GB has been 
correlated with a short OS and a poor response to 
radiotherapy [14,16]. We found that GBs contact
ing the SVZ trended with shorter OS, although it 
is unclear if tumors contacting the SVZ have more 
aggressive behavior, allowing tumor stem cells and 
their progeny to rapidly proliferate and migrate. 
The main reasons for a  less favorable outcome in 
GB patients with SVZ involvement are not yet com
pletely understood. Interestingly, we have found 
a significantly greater YKL40 expression among the 
subventricular zone contacting GBs than Olig2+ GBs. 
Previous work [27] has determined that YKL40 was 
particularly linked to SVZ type IV and V. One of the 
limitations of this study was the small sample size of 
SVZ type II patients. According to our results, there 
was also a  trend toward a  worse OS among SVZ 

type II GBs when compared with SVZ type III GBs. 
Univariate, multivariate, and KaplanMeier analyses 
demonstrated that expression of YKL40 was a sig
nificant negative indicator of the behavior of GB.

The present study was performed on a heteroge
neous population of GB patients, all of whom under
went total resection, subtotal resection or biopsy fol
lowed by the same adjuvant therapy (chemotherapy 
and radiotherapy). To date, the extent of resection 
has been an accepted prognostic factor [3,23,33]. 
Nevertheless, although it is well accepted that tumor 
resection may improve the symptoms we have found 
impact on OS only in the univariate analysis. How
ever, extensive resection combined with adjuvant 
therapy could also explain the advantageous impact 
in terms of OS in a multivariate analysis.

The difference in survival among patients with GB 
has been seen to significantly depend on age, KPS 
at 3 months, extent of resection, and immunoexpres
sion of YKL40. We have found that there was a sig
nificant correlation between the expression of Olig2 
and KPS at 3 months. Age at diagnosis and preoper
ative KPS score have been the most recognized pre
dictors of OS [4]. KPS score at 3 months from diagno
sis was a prognostic factor more valuable than KPS 
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score at diagnosis, which may be attributed to the 
influence of surgery. Most of YKL40+ GBs had a PFS 
of less than 54 weeks. These data differ from the pre
vious report [2] that found no prognostic association 
between YKL40 expression and PFS. However, such 
disagreement may be because our study has a larger 
sample size and different age groups of patients.

Conclusions

Up to date, significant progress has been made 
in the understanding of GB regarding its topograph
ical molecular expressions. The presence of GBs, 
which express prognostic markers in relationship 
to the subventricular zone, is of practical as well as 
theoretical interest. In fact, this information may be 
the road by which the most effective therapy can 
be focused. Our results demonstrated that dismal 
prognosis of GBs is significantly correlated to YKL40 
expression and linked to SVZ relationship. As YKL40 
has been found in serum and in brain tumor tissue, 
it has a  potential as a  therapeutic and prognosis 
marker for GB. Current insights will ultimately lead 
to a more individualized therapy for GB patients. 

Our study suffers from the same limitations as 
other retrospective studies, with a biased selection 
of SVZ topographical locations, which influences 
the results. Therefore, further controlled studies are 
needed to validate our results in a prospective study 
with a greater number of GBs patients.
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