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ABSTRACT

AIM: To reevaluate the medulloblastoma cases according to histomorphological and molecular features, and to investigate the 
relationship between the prognostic factors of the new WHO classification by applying Beta-catenin, YAP1, GAP1, p53, and INI1 
antibodies immunohistochemically.   
MATERIAL and METHODS: This study includes 41 patients who have been diagnosed with medulloblastoma between 2007-2019 
in pathology department. Immunohistochemically, p53, beta-catenin, YAP1, GAP1, and INI1 immune markers were applied, and the 
relationship between the results and the prognostic parameters was evaluated statistically. 
RESULTS: When 41 patients were classified into WHO medulloblastoma histological subtype groups according to histomorphological 
features, 22 (53.7%) patients were classified as classical type, 11 (26.8%) patients as desmoplastic nodular type, and 8 (19.5%) 
patients as large cell/anaplastic type medulloblastoma. 
According to their molecular characteristics, 14 (34.1%) patients were in the Non-WNT/SHH group, 5 (12.2%) patients were SHH 
mutant, 17 (41.5%) patients were SHH wild, and 5 (12.2%) patients were in the WNT active group. There was no statistically significant 
correlation between age, gender, tumor size, recurrence, Ki67 proliferation index with molecular types and histopathological types. 
CONCLUSION: In our study, metastasis at the time of diagnosis, histological large cell anaplastic type, immunohistochemical p53 
positivity, molecular SHH mutant type were the statistically significant indicators of worse prognosis and shorter survival time.
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and the relationship between genetic anomalies, tumor types, 
and prognosis have led to a new molecular-based classifica-
tion in MBs in addition to histomorphological classification. 
In the WHO 2016 CNS classification, medulloblastomas are 
classified into four genetic subtypes as well as histomorpho-
logical typing. These subtypes are WNT, SHH, Non-WNT/SHH 
groups.  Non-WNT/SHH group is divided into Group 3 and 
Group 4 (1,2,4,18,25). In the first studies, Medulloblastoma 
subgroup genes have been identified using the next-gener-
ation sequencing method (NGS) (17). Although NGS gives 

█   INTRODUCTION

Medulloblastomas (MB) are high-grade, malignant 
central nervous system (CNS) tumors that comprise 
nearly 10% of all childhood CNS tumors (4).

Until the WHO 2016 classification, medulloblastomas were 
mostly classified histomorphologically. There were four main 
types (classic, desmoplastic/nodular, medulloblastoma with 
extensive nodularity,  large-cell / anaplastic) in this classifica-
tion. In recent years, increasing molecular pathology studies 
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much more precise results than the immunohistochemical 
(IHC) method, its use is limited since it is an expensive meth-
od. With advancing studies, the guideline to determine WNT 
active, SHH active, and Non-WNT/SHH groups using immune 
biomarkers was set (17). 

Nearly all WNT active tumors are classic type medullo-
blastoma. WNT active tumors with an LC/A morphology, 
however, have been reported to be very rare. The WNT 
pathway activation can be demonstrated by the accumula-
tion of beta-catenin immunoreactivity in tumor cell nuclei (4). 
SHH-activated medulloblastomas express a signature of the 
activated hedgehog signals, and proteins such as GAB1 and 
SFRP1 have been observed in this pathway. Most Non-WNT/
SHH medulloblastomas have a classic morphology and are 
excluded from the WNT activated and SHH-activated groups 
by molecular testing (4). 

Currently, the most practical method for determining the 
molecular subgroups of MBs is to use YAP1, GAP1, Beta-
catenin, and p53 immunohistochemical antibodies.

Of these antibodies, GAB1 indicates SHH activation, while 
YAP1 indicates SHH or WNT pathway (1,4). The YAP1 gene is 
responsible for the regulation of the signal pathway involved 
in development, growth, repair, and homeostasis. YAP1 has 
been specifically shown in medulloblastomas regulated by 
SHH and WNT pathways.

GAB1 gene plays a role in cellular growth, transformation 
and apoptosis. GAB1 protein is particularly effective in 
medulloblastomas in the SHH group. 

TP53, a well-known tumor suppressor gene, is also used in 
the molecular subtyping of MBs. As a result of TP53 mutation, 
cells divide uncontrollably and form tumors. The Tp53 mutation 
indicates a poor prognosis for SHH active medulloblastomas. 

Beta-catenin acts as a regulator protein in the WNT signaling 
pathway (1). Beta-catenin can be expressed both nuclear and 
cytoplasmic. Cytoplasmic beta-catenin is active, but nuclear 
beta-catenin positivity indicates the activation of the WNT 
signaling pathway (1).

INI1 (SMARCB1) is expressed in the nuclei of all normal cells 
and can readily be identified by using immunohistochemistry 
(11). Monosomy 22 was described in a small series of atypical 
teratoid/rhabdoid tumors(ATRT) of the CNS. INI1 gene has 
been implicated as a tumor suppressor gene in ATRTs and 
peripheral rhabdoid tumors (9). Since the differential diagnosis 

of medulloblastoma from other embryonal tumors (ATRT, 
PNET, medulloepithelioma, etc.) should be made, routine 
antibodies should be added immunohistochemically at INI1. 

The determination of molecular subtypes, as well as 
histopathological subtypes in pathology reports, will provide 
the clinician with more factual information for determining 
the disease’s prognosis and treatment protocols. In this 
study, we reevaluated the medulloblastoma cases that are 
previously diagnosed and classified them based on their 
histomorphological features, and we immunohistochemically 
applied p53, Beta-catenin, YAP1, GAP1, and INI1 antibodies 
to determine the molecular subtypes of these cases in line 
with the current WHO classification and correlate the current 
dual classification with prognosis.

█   MATERIAL and METHODS
This study includes 41 patients diagnosed with medulloblas-
toma between 2007-2019 in pathology department who have 
sufficient tissue in their paraffin blocks for further evaluation 
and immunohistochemical studies.

Immunohistochemically, p53, beta-catenin, YAP1, GAP1, and 
INI1 immune markers were applied to sections prepared from 
paraffin blocks, and the relationship between the results and 
the prognostic parameters were evaluated statistically.

Brand, dilutions, and clones for immunohistochemical studies 
are indicated (Table I). In terms of control tissue, normal colon 
and colon carcinoma for Tp53 and Beta-catenin, tonsil blocks 
for GAB1 and YAP1, and skin tissue for INI1 were used.

In the study, the positivity of Beta-catenin was evaluated as 
positive for nuclear staining in more than 5% of cells. Those 
who were cytoplasmic and/or membranous positive were 
considered negative. Cases showing nuclear beta-catenin 
expression were included in the group of WNT active tumors.

YAP1; 50% or more cytoplasmic or nuclear staining was 
evaluated as positive, and positive cases were included in the 
category of tumors of the WNT or SHH group (Figure 1).

GAB1; 50% and more cytoplasmic staining was evaluated 
as positive, and these cases were classified as SHH group 
(Figure 2).

In p53 staining, if more than 50% of the cells have strong 
nuclear staining, mutant and 1-50% staining was classified in 
the non-mutant (wild type) category.

Table I: Brand, Dilution and Clones of Immunohistochemical Antibodies

Antibodies Dilution Brand Clone

Beta-catenin ready to use Dako β-catenin -1

GAB-1 1/400 Santa Cruz Biotechnology (c-5) sc-28322

YAP-1 1/125 Invitrogen Yap-1 antibody

p53 1/800 Leica DO7

INI-1 1/300 Cell Marque MRQ-27
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For INI1, nuclear-stained cases were considered positive, and 
cases with nuclear expression loss were considered negative.

YAP1, GAP1, and Beta-catenin negative cases were included 
in the Non-WNT/SHH group. Since the immunohistochemical 
method alone is not sufficient for Group 3 and Group 

4, this group was classified as Non-WNT/SHH. The 
immunohistochemical profile of the molecular subtypes is 
summarized (Table II).

Statistically, age, gender, histopathological type, follow-up 
duration, treatment methods were determined, and durations 
were noted as months.

Statistical analysis was performed using the statistical package 
SPSS software (Version 17.0, SPSS Inc., Chicago, IL, USA). All 
numerical data were expressed as median values (Minimum-
Maximum) or as proportions. The association with overall 
survival was analyzed using the log-rank test to examine their 
relationship when different variables were applied.

The survival curve was plotted using the standard Kaplan-
Meier methodology. For all the statistical tests used, the error 
level was taken as 0.05, and P values less than 0.05 were 
considered significant.

Since this is a retrospective study, patients did not provide 
written informed consent for their clinical records to be used 
in this survey.

█   RESULTS
The ages of the patients range from 3 months to 25 years, and 
the average age is 9.5 +/- 6.01. Twenty-one of the patients 
were female, and 20 were males. The most common symptoms 
were headache (56%), vomiting /nausea  (45%), diplopia (4%), 
and ataxia, which were associated with increased intracranial 
pressure and dysfunctional cerebellar symptoms. Duration of 
symptoms varied from 3 days to five months, and the median 
duration of symptoms was one month. The follow-up period 
of the patients ranged from 9 to 144 months, with an average 
of 64.5 months. 

The number of cases with metastasis (or spinal spread) at 
the time of the diagnosis was 10. Recurrence was observed 
in 8 patients. Four of the patients with metastasis were girls, 
and six were boys. Five of the patients with recurrence were 
girls, and three were boys. Six of the metastatic patients have 
died during the follow-up, which is statistically significant (p= 
0.039). Six of the relapsed cases were CLS type, and 2 were 
LC/A.

Of the 41 patients in the study, 32 (78%) were alive, while 
nine patients (22%) have died during the follow-up. Of the 

Figure 1: YAP1 positivity (IHC x200).

Figure 2: GAP1 cytoplasmic positivity (IHCx200).

Table II: Immunohistochemical Profile of Molecular Subtypes

GAB1 YAP1 β-catenin p53

WNT active Negative Nuclear or cytoplasmic  
(> %50) >%5 nuclear positive between 1-50% positive 

or negative

SHH active Cytoplasmic (>50%) Nuclear or cytoplasmic Cytoplasmic and 
membranous negative

between 1-50% positive 
or negative

SHH mutant Cytoplasmic (> 50%) Nuclear or cytoplasmic Cytoplasmic or 
membranous negative >%50 nuclear positive

Non-WNT/SHH Negative Negative Negative Negative
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When 41 patients were classified into the WHO medulloblas-
toma histological subtype groups based on histomorphologi-
cal features, 22 (53.7%) patients were classified as CLS type, 
11 (26.8%) patients as DNT type, and 8 (19.5%) patients as 
LC/A type medulloblastoma. In our series, extensive nodular 
type medulloblastoma was not observed.  There was no sta-
tistically significant correlation between age (Figure III), gender 
(Figure 4), tumor size, recurrence, Ki67 proliferation index, and 
histopathological types. Five of the deceased patients were 
LC/A type, and the death rate in this group was statistically 
significantly higher than other subtypes (p=0.01).

The correlation between the average survival time and 
histopathological types was as follows: 52.85 months in LC/A, 
114.17 months in DNT, and 123.21 months in CLS type.  The 
correlation between the average survival and histopathological 
types was statistically significant according to the log-rank 
test, and the p-value was 0.037. The estimated survival time 
of patients without metastasis was 137.81 months, while 
the estimated survival time of patients with metastasis was 
60.12. The difference was statistically significant according to 
the log-rank test, and its p-value was 0.009. The estimated 
survival time was 50.80 months in p53 positive cases and 
121.67 months in p53 negative cases, which was statistically 
significant (p=0.023). In the follow-up of our patients, overall 
survival for five years was 90.5%, seven years 75%, and nine 
years 37%.

According to their molecular characteristics, 14 (34.1%) 
patients were in the Non-WNT/SHH group, 5 (12.2%) patients 
were SHH mutant, 17 (41.5%) patients were SHH wild, and 
5 (12.2%) patients were in the WNT active group. Seven 
of 9 deceased patients were in the SHH group, which was 
statistically significant (p=0.036). In terms of metastasis, 8 
(80%) metastatic cases were SHH-wild type, which was also 
statistically significant (p=0.051). There was no significant 
difference between the molecularly classified groups and the 
survival time (p=0.114) (Table III). The Ki67 proliferation index 
ranged from 8% to 70% and was 27.5 on average. 

There was no statistically significant correlation between age, 
gender, tumor size, recurrence, Ki67 proliferation index, and 
molecular types. When we look at the molecular subtype 
distribution of histological types, all of the DNTs were observed 
in the SHH group, which was compatible with the literature. 
The majority of classical medulloblastomas (54.5%) were 
included in the Non-WNT/SHH group. LC/A type is mostly 
(57.1%) SHH mutant type. WNT active tumors include classic 
type medulloblastomas; SHH active tumors were including 
all morphologic types. Non-WNT/SHH molecular type was 
including classic or LC/A type medulloblastomas (Table IV). 

P53 was strongly positive in 5 patients and negative in 36 
patients. Four of the p53 positive, five patients were large 
cell anaplastic type, and one was the classical type. While 
positive staining was observed in 39 patients with INI1, loss 
of staining was observed in two patients. One of the negative 
patients was WNT active-classical type, and the other was 
SHH mutant –LC/A.

deceased patients, three were female, six were male, and 
their ages at the time of death ranged from 5 months to 16 
years. Two of the deceased patients did not receive treatment 
at our center, and one case  (5-months-old) died shortly after 
diagnosis without the opportunity to receive treatment. Seven 
of the deceased patients were in the SHH group, and two 
were in the Non-WNT/SHH group. Histopathologically, five 
were in the LC/A group, three were in the CLS group, and one 
was in the DNT group.

In terms of treatment, 33 patients received chemotherapy (CT) 
+ Radiotherapy (RT), and five patients received RT only. Two 
patients did not receive treatment after being diagnosed at our 
center. Treatment could not be started because one patient 
was ex shortly after the diagnosis. In our hospital, the ICE-
ICbE protocol is applied as chemotherapy. As an RT dose, a 
maximum of 54 gray is applied to the posterior fossa and a 
maximum of 45 gray to the craniospinal area.

Figure 4: Relationship between age and survival (p=0.341).

Gender

Overall Survival (months)

Figure 3: Relationship between gender and survival (p=0.281).

Age (years)

Overall Survival (months)
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Table III: Statistical Results and p Values of Prognostic Parameters 

Estimate 
Mean Std. Error

95% Confidence Interval 1.year 
survivor %

3.year 
survivor %

5.year 
survivor % p

Lower Bound Upper Bound

Overall Survival 113,741 9,365 95,386 132,096 97.1 76.0 76.0 -

Tumor type

LC/A 52,857 15,804 21,881 83,833 71.4 42.9 42.9

0.037DNT 114,167 16,280 82,259 146,075 83.3 83.3 83.3

CLS 123,121 11,034 101,495 144,747 94.7 83.6 83.6

Localization 

4th ventricle 57,750 5,846 46,291 69,209 87.5 87.5 87.5
0.460

Cerebellum 108,497 11,423 86,109 130,885 96.2 71.7 71.7

Gender

Female 122,711 11,221 100,718 144,703 94.7 82.9 82.9
0.281

Male 100,063 14,787 71,080 129,045 93.8 67.5 67.5

Metastasis

Available 137,810 6,041 125,969 149,650 95.2 95.2 95.2
0.009

Not available 60,113 14,539 31,615 88,610 90.0 67.5 50.6

Relapse

Available 126,004 9,654 107,082 144,927 95.7 85.5 85.5
0.156

Not available 94,750 20,673 54,231 135,269 87.5 62.5 85.5

p53

Negative 121,666 9,089 103,850 139,481 96.7 82.2 82.2
0.023

Positive 50,800 18,403 14,730 86,870 60.0 40.0 40.0

Molecular type 

Non WNT/SHH 91.7 83.3 83.3

0.114
SHH mutant 60.0 40.0 40.0

SHH wild 92.9 73.9 73.9

WNT active 100 100 100

CLS: Classical type medulloblastoma, DNT: Desmoplastic nodular type medulloblastoma, LC/A: Large cell/anaplastic type medulloblastoma.

Table IV: Distribution According to Molecular Subtypes of Histological Subtypes

WNT active SHH active-p53 
Mutant

SHH active-p53 
‘’Wild ‘’ type

Non-WNT/Non-
SHH Total

CLS 5 1 4 12 22

DNT 0 12 0 12

LC/A 0 4 1 2 7

Total 5 5 17 14 41
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indicates the SHH pathway. Nuclear positive staining in at least 
10% of cells with beta-catenin indicates the WNT pathway. In 
the negativity of YAP1, GAP1, and Beta-catenin, the tumor is 
classified in the Non-WNT/SHH group (4,5).

The most common group in the literature is the Non-WNT/
SHH group, and it is followed by the SHH active group and the 
WNT active group, respectively (5). In our serial, 14/41 (34.1%) 
of the cases are in the Non-WNT/SHH group, while the SHH 
group was the most common. This can be explained by the 
presence of 29.3% of our cases being in the DNT group and 
the activity of the SHH pathway in the DNT  group.

The WNT gene uses two types of pathways. The first one 
is the beta-catenin pathway, which is also important in 
tumorigenesis, and the other is the pathway that regulates 
intracellular calcium release (5,7).

WNT pathway active tumors constitute 10-14% of all 
medulloblastomas. In this group, more MBs in classical 
histology and less LC/A morphology are observed (5,12). In 
our serial, 5/41 (12.2%) cases were grouped as WNT active, 
all of which are histopathologically grouped as the classic 
type. These results are consistent with the literature.

SHH pathway active tumors account for 30% of all 
medulloblastomas (4,12). This group of tumors is divided into 
two groups as “p53 mutant” and “p53/wild type” according 
to the status of Tp53 mutation (4,26). The number of active 
tumors in the SHH pathway in our serial was 22/41 (53.7%). 
The number of SHH active-p53 mutant cases was 5, and the 
number of SHH active-p53 wild-type cases was 17. Twelve of 
the cases were DNT, 4 of them were CLS, and 1 was LC/A. All 
DNT medulloblastomas are SHH active tumors in our serial, 
and this finding is compatible with the literature (1,2). The 
higher number of SHH groups in this study may be due to the 
high number of DNT medulloblastoma cases.

In P53 mutant MBs, classical, LC/A, and DNT morphology 
is observed. In the P53, wild type, classical, LC/A, DNT, 
and MBEN morphology is dominant (16). Within the WNT 
subgroup, most P53 mutant cases were of the classical 
medulloblastoma, but LC/A histology was commonly observed 
in the P53 mutant SHH cases (21). Unlike WNT active tumors, 
the P53 mutation shows a poor prognosis for SHH active 
medulloblastomas (26). Our number of P53 mutant cases was 
5. One of the cases was classical, and four of them were in 
LC/Amorphologic group. These rates are compatible with the 
literature. The estimated survival time for p53 positive cases 
was 50.80 months and 121.67 months for negative cases, 
which was statistically significant (p=0.023). 

INI1 gene has been implicated as a tumor suppressor gene 
in ATRTs and peripheral rhabdoid tumors (9). ATRT is a high-
grade embryonal tumor that responds poorly to conventional 
type therapy protocols. With recent studies, longer survival 
time is achieved with more intensive, aggressive therapy 
protocols. Therefore, differential diagnoses should be made, 
especially from other embryonal tumors (medulloblastoma, 
PNET, medulloepithelioma, etc.). The INI1should be immu-
nohistochemically included in the panel. Haberler et al. (9). 
observed a 3.8% rate of INI1 negative medulloblastoma. In 

█   DISCUSSION
Medulloblastomas are the most common brain tumors after 
pilocytic astrocytoma in childhood. The male/female ratio 
is around 1.5/1. The most common clinical symptoms were 
headache, nausea/vomiting, and dizziness (4). In our study, 
the male/female ratio was around 1, and the most common 
complaint was a headache. Most of the cases originate from 
the cerebellum midline or vermis in the posterior fossa (1,4). 
Of the tumors in our series, 30 were located in the cerebellum 
and 11 in the 4th ventricle.

In terms of prognosis, while tumor size was previously accepted 
as an important criterion, it was determined that it no longer 
had any effect. In current studies, age, metastasis status at 
the time of diagnosis, and genetic features have become more 
important. Patients who are older than three years, do not 
have metastases, and whose remnant tumor load is less than 
1.5 cm3 after surgery are accepted in the standard-risk group. 
Because tumor biology is more aggressive in patients younger 
than three years of age and the tumor has a low chance of 
total resection. Close clinical follow-up and more aggressive 
treatment should be considered for these patients (8,24).

Regardless of the histopathological type, there are 
publications showing the presence of metastasis at the time 
of diagnosis as the worst prognostic factor (16,22). 82.3% of 
our cases were between the ages of 3-16, and the number of 
patients aged under three years old was three. We had ten 
patients with metastasis at the time of diagnosis; six of them 
died during the follow-up, which was found to be statistically 
significant (p=0.039). At the same time, the difference in 
estimated survival times between patients with and without 
metastases was evident, which was found to be statistically 
significant (p=0.009).

Although it was previously believed that MBs originated 
from embryonic or immature cells, recent molecular studies 
have revealed that cell origin varies according to subgroups 
(15). It is accepted that WNT active MBs originate from the 
dorsal brainstem cells in the lower rhombic lip, and those with 
activate SHH originate from the external granular layer cells 
(1,6).

Because the medulloblastoma histological subtypes are 
associated with the prognosis, it is important to specify the 
subtypes in the pathology reports. While the MBs in the DNT 
and MBEN subtypes show a better clinical prognosis, the 
prognosis is worse in LC/A and CLS type MBs. In our serial, 
LC/A type medulloblastomas were the ones with the worst 
prognosis and metastasis at the time of diagnosis, which was 
statistically significant (p=0.037). 

LC/A type and SHH pathway active P53 mutant forms are 
more aggressive. In our cases, the LC/A type and P53 mutant 
forms had a significantly worse prognosis (p=0.01).

WHO 2016 has classified medulloblastomas into four genetic 
subgroups: WNT, SHH, Non-WNT/SHH (group 3 and group 4 
in itself) based on gene expression and methylation profiles. 
Immunohistochemically, the YAP1 positivity indicates the 
WNT or SHH pathway, while GAP1’s cytoplasmic positivity 
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█   CONCLUSION
As a result, histological and molecular subtype distributions 
in our study were found to be compatible with the literature. 
While the CLS type and DNT follow-up times were 
very close to each other in prognostic terms, the LC/A 
type was determined as the worst group. In our study, 
metastasis at the time of diagnosis, histologicalLC/A type, 
immunohistochemicalp53 positivity, molecular SHH mutant 
(p53 positive) type were the statistically significant indicators 
of worse prognosis and shorter survival time. Studies showed 
that immunohistochemical p53 overexpression is a reliable 
marker indicating a mutation in the TP53 gene. In TP53, 
mutations, mutant p53 proteins are no longer “guardians of 
the genome,” on the contrary,  “guardians of the tumor cells,” 
and the adaptive stress processes orchestrated by mutant  
p53 to protect tumor cells causes a positive loop of mutant 
p53 production and its accumulation in neoplastic cells, 
which results in worse prognosis and shorter survival time for 
patients (4,14).

Determination of molecular subtypes and their combination 
with histopathological subtypes will give the clinic more 
factual information. In our study, molecular subgroups were 
determined with the immunohistochemical panel. However, 
due to the lack of technological possibilities, the incapacity to 
look at transcription profiles or whole gene analysis with NGS 
is an important limitation of our study.  Like other CNS tumors, 
better and more detailed identification of genetic mutations 
in medulloblastoma will aid in the development of targeted 
therapies and prolong survival.
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