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Introduction
Malignant tumours arise from the clonal expansion of a single cell which has acquired a
combination of genetic defects instigating uncontrollable cell division which overrides
inbuilt mechanisms to inhibit proliferation (1). Inherited tumour predisposition syndromes
arise from the acquisition of germline mutations in tumour suppressor genes (2–6). CYLD
Cutaneous Syndrome (CCS) is such an inherited syndrome leading to the cylindroma,
spiradenoma and trichoepitheliomas tumours which each have metaplastic and malignant
transformative potential (7) (Figure 1).

Figure 1. Photographs of the three cardinal symptoms of CCS (21–23)
Extensive scalp cylindromas historically classed as “turban tumour” (upper right), spiradenoma
(lower left), and trichoepithelioma (upper right).

Only germline CYLD gene mutations undergoing loss of heterozygosity (LOH) are a validated
cause for tumourigenesis. Recent discovery of recurrent somatic mutations in epigenetic
modifier genes (EMGs) implicate aberrant epigenetic modifications as potentially influential
on tumour heterogeneity. Epigenetic modifications are dynamic and alter gene expression
variably in response to extracellular stimuli and are frequently dysregulated in
carcinogenesis (8–14).
EMGs frequently undergo somatic mutations in cancer which are predicted to alter gene
expression and are frequently observed; with limited understanding of resultant effects on
tumour proliferation (15–18). Deciphering epigenetic modifications and somatic mutations
in EMGs influence epigenetic control, can shed light on the instigation and development of
tumours, the regulatory pathways which control their progression, and provide novel
therapeutic targets for treatment.

Aim
Hypothesis: Somatic mutations in EMGs are predicted to occur in hereditary cylindroma
tumours in subclonal proportions and may influence pathology.
Aims: Identify somatic mutations in protein-coding regions of EMGs, for cylindroma and
CLM tumours. Model the subclone proportions of somatic mutations within tumours and
interpret their significance regarding pathology.
Specific objectives:
•

Obtain cylindroma tumour whole-exome sequence dataset externally.

•

Filter statistically significant, deleterious somatic variants specific to tumours.

•

Prioritise candidate variants from most recurrently altered genes.

•

Conduct a subclone analysis on candidate EMG variants and estimate variant subclone
proportions in tumour cells within samples.

•

Interpret the most significant subclone EMG variants.

Methods
Whole exome data from 31 cylindromas and patient-matched blood controls was obtained
externally from patients diagnosed with CCS, which had been subjected to a bioinformatic
pipeline to produce variant call files (VCFs). The EpiFactors database (the largest EMG
database available) was used as a reference to narrow the variants to those found in 723
EMGs and the CYLD gene (19).
The cylindroma EMG variant data was subjected to subtractive calling which removed
germline variants (Figure 2). The data was then subjected to a bespoke variant filtering
pipeline to prioritise somatic variants which alter protein coding DNA sequences and
frequently recur within the samples.

Figure 2. Schematic of subtractive calling process.

Through comparison of VCF data between tumours and their corresponding patient’s
blood sample, variants common to both blood and tumour in similar proportions were
removed. This excludes variants which are thought to be originating from germline
tissue, leaving de novo variants or germline variants with elevated variant allele
frequencies in subtracted VCFs – thought to be tumour-specific.

Genes harbouring the most frequently altered protein-coding sequence were considered as
candidate genes and their variants were assessed for functional impact on tumours. This
was followed by a subclone analysis of candidate variant to allow variant subclone
modelling within tumours where segments of tumour cells containing candidate variants
were quantified by their proportions.

Results
The raw data set contained 159,572 canonical subtracted variants evenly distributed across
all cylindromas. 401 variants remained after variant filtering which were considered
definitive tumour-specific somatic variants (Figure 3). The 401 filtered variants were present
in 130 of 723 EMGs. 63 EMGs contained recurrent variants (in >1 cylindroma sample) and
the 7 genes that most frequently harboured variants across samples were considered EMGs
of interest (Table 1). These represented 92 of 401 filtered variants and CYLD represented 23
of these. Tumours contained somatic variants belonging to between zero and 5 EMGs of
interest.

Figure 3. Schematic of variant filtering pipeline.
Flow diagram showing each filtering criteria and the number of subtracted variants which was
excluded at each step.

Table 1. Seven genes most frequently harbouring filtered variants across all cylindroma samples.

Gene
GeneA

Cytogenic
location
16q12.1

Number of tumours harbouring
filtered variants in gene
20

No. of filtered
variants
23

No. of unique
filtered variants
10

GeneB

22q11.1

10

19

4

GeneC

12q23.3

9

12

3

GeneD

6p21.33

8

9

8

GeneE

7q36.1

8

12

9

GeneF

1q42.13

8

9

2

GeneG

5p14.2

7

8

6

7 of 31 samples underwent subclone analysis of novel candidate genes’ variants (Figure 4).
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Figure 4. Results of subclone analysis.
Tumours had subclones modelled based on calculated tumour cell proportions and are displayed
in each tumour on the left column. Each subclone variant has its cDNA variant, percentage in the
tumour, and p-value for the observed difference in read counts between germline and blood
read data; by a Fisher’s Exact Test.

Subclones in the GeneE and GeneG EMGs were the only subclone variants localising to
functional domains of their proteins (Figure 5). Both proteins carry out methyltransferase
action, and alteration of the SET domain sequence is shown to eliminate this function. The
nonsense and insertion subclone variants in GeneE (c.1,173C>A and c.2,464_2,465insG,
respectively) will prevent the SET domain mRNA sequence from being translated and
truncates the putative protein – it is therefore predicted to lack methyltransferase action.
The GeneG variant was predicted to not eliminate protein function.

GeneE protein
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Figure 15. GeneE protein and GeneG protein with corresponding subclone variants
superimposed.
The GeneE and GeneG protein sequences are displayed with addition of their functional
domains. The SET domain, circled in red, is mandatory for methyltransferase action. The four
GeneE subclone variants are placed on the sequence in the corresponding position they affect.
The nonsense (red) and frameshift (orange) variants will cause protein truncation. The one
GeneG subclone variant is also shown. All missense variants are shown in yellow.

Discussion
Cylindromas in CCS have frequent heterogeneous somatic mutations in EMGs. Loss of
function (LOF) variants in GeneE were the most significant in this cohort and represented 442% of tumour cells within 4 of 7 samples in the subclone analysis.
GeneE protein adds methyl groups to Histone-3 Lysine-4 amino acid in the octameric histone
cores of chromatin which upregulates local gene transcription (20). The effect of the
truncating variants observed in these GeneE subclones is largely speculative. In the
literature GeneE is shown to be frequently mutated in malignancy, and murine models have
proven that inactivation of the GeneE protein causes embryonic lethality and malignancy
compared to functional GeneE protein controls mice. Furthermore, GeneE protein’s
methyltransferase activity is shown to help upregulate homologous recombination DNA
repair pathways; which are shown to be downregulated in other cancers. These lines of
evidence suggest that GeneE protein dysregulation may play a fundamental role in cancer
pathophysiology, and that the GeneE variants observed in cylindromas may inactivate the
protein. Further study is required to determine the effect of these variants on protein
function, and whether this has implications to tumourigenesis.
Limitations in this study largely surround the subclone analysis as the assumptions
underlying this are unvalidated. EMG variant proportion in tumour cells is measured relative
to tumour cell purity of the sample, however the zygosity status of the variant is
indeterminable from this dataset. Adding to this, the mutational mechanism of CYLD LOH
events is unknown where different mechanisms would lead to different estimations of
purity, and estimations of relative EMG variant subclone proportion.
Conclusion
It is apparent that LOF mutations in EMGs are present in hereditary cylindromas and these
could have potential to dysregulate gene expression which could influence known CCS
tumourigenic pathways. This suggests that Chromatin Immunoprecipitation Sequencing
(ChIP-Seq) studies would help determine whether epigenetic dysregulation occurs in
hereditary cylindromas; and performing it in these samples as a follow up would link
somatic changes to changes in epigenetic modification profile
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