Medulloblastoma immunohistochemistry (Non-core)

Reason/Evidentiary Support

In the 2016 CNS WHO classification, medulloblastomas can be placed into one of four diagnostic
molecular groups: WNT-activated, SHH-activated and TP53-wildtype, SHH-activated and TP53-
mutant, and non-WNT/non-SHH (the latter encompassing group 3 and group 4 medulloblastoma as
provisional diagnostic entities). These molecular groups are characterised by distinct clinical,
pathological, and genetic attributes, and their use in integrated diagnoses alongside the
histopathological variants of medulloblastoma provides information of prognostic and predictive
utility. The groups of medulloblastomas were established by consensus from data in studies that had
delineated molecular groups by gene expression profiling." This approach remains the gold standard
by which a medulloblastoma is assigned to a molecular group, but DNA methylation profiling is a
reliable alternative.’

Some approaches that can be effectively applied to FFPE tissue use a restricted list of biomarkers to
approximate molecular groups.®>* Included among these are immunohistochemical methods
targeting surrogate markers of molecular groups, including nuclear -catenin expression (WNT-
activated), GAB1 (SHH-activated), YAP1 (WNT-activated or SHH-activated), and p53 (SHH, TP53-
mutant), discussed in greater detail below.>® While these immunohistochemical methods are
relatively straightforward to develop in clinical histopathology laboratories, they may be challenging
to interpret when only small subsets of tumour cells are immunopositive. Additionally, sequencing
techniques (including NGS) can be utilized to identify signature mutations associated with distinct
molecular groups, some of which provide additional predictive information for targeted therapies
(e.g., within the SHH family). Furthermore (see also Monosomy 6 and MYC gene family
amplification), detection of copy number alterations can further aid in molecular subtyping (e.g.,
monosomy 6 for WNT-activated tumours and isodicentric 17q for groups 3 or 4).

B-catenin Nuclear Expression (Immunohistochemistry)

Upon WNT activation, B-catenin, encoded by the CTNNBI1 gene, translocates to the nucleus, where it
interacts with transcription factors. Thus, nuclear -catenin immunopositivity reflects activation of
the WNT signalling pathway.

In the clinically relevant WNT-activated group of medulloblastoma, immunohistochemistry for (3-
catenin reveals reactivity in tumour cell nuclei, although immunostaining is often patchy or focal.
Scattered single B-catenin nucleopositive cells should not be interpreted as definitive evidence of
WNT activation and requires further analysis to WNT status (see next section).

Immunohistochemistry with antibodies to B-catenin, GAB1, and YAP1 in the determination of
medulloblastoma molecular groups

While medulloblastoma molecular groups have been defined on the basis of gene expression and
DNA methylation profiling,” one immunohistochemical method uses antibodies to B-catenin, GAB1,
and YAP1 to place a medulloblastoma into one of three groups: WNT, SHH, and ‘non-WNT, non-
SHH’.>® This immunohistochemical approach is designed for medulloblastomas and should not be
applied to other types of tumours. All three antibodies should be used in the determination of
molecular group, providing increased confidence in the result when tissue is limited or processing is
suboptimal. In addition, while the combination of B-catenin, GAB1, and YAP1 is a single, broadly
implemented approach, different laboratories may use variations on this combination; for example,
some centres substitute filamin-A for YAP1 and some use OXTC2 and ant-p75 NGR when GAB cannot
be optimized.’



Nuclear immunoreactivity for B-catenin signifies WNT pathway activation (Table 1), and WNT-
activated medulloblastomas often demonstrate this in most cells, although in some preparations
nuclear immunoreactivity may be patchy. As mentioned above, scattered single B-catenin
nucleopositive cells should not be interpreted as definitive evidence of WNT activation. In difficult
cases with equivocal B-catenin immunoreactivity or a low proportion of nucleopositive cells,
widespread immunoreactivity for YAP1 and an immunonegative GAB1 preparation (Table 1) help to
classify a medulloblastoma as WNT-activated. In addition, confirmation of WNT status should be
sought using molecular analysis to demonstrate monosomy 6 (see Monosomy 6) or

a CTNNB1 mutation. SHH and ‘non-WNT, non-SHH’ medulloblastomas demonstrate
immunoreactivity for B-catenin in the cytoplasm, but not the nucleus, of tumour cells. Cytoplasmic
GAB1 immunoreactivity is a surrogate marker for SHH medulloblastomas, but is often weak or
absent in nodular regions of tumours classified as desmoplastic/nodular or medulloblastoma with
extensive nodularity (MBEN). WNT and SHH medulloblastomas show nuclear and cytoplasmic
immunoreactivity for YAP1, but YAP1 is immunonegative in ‘non-WNT, non-SHH’ tumours. YAP1
expression can also be attenuated in nodular regions of desmoplastic/nodular and MBEN variants.

Table 1

Antibodies to: WNT SHH non-WNT/non-SHH
B-catenin cytoplasmic & nuclear cytoplasmic cytoplasmic
GAB1 negative positive negative
YAP1 positive positive negative
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