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Comprehensive profiling of the mutational
landscape of hidradenoma papilliferum
validates key role of alterations in the
phosphoinositide 3-kinase/AKT pathway

https://doi.org/10.1093/bjd/ljaf257

Dear Editor, To date, genetic characterization of hidrade-
noma papilliferum (HP) has identified recurrent somatic
mutations in PIK3CA and AKTT, with recurrent PIK3R1 muta-
tions seen in some cases without PIK3CA or AKTT muta-
tions.’-®> However, these studies used small sample sizes
and/or analysed a limited number of genes; thus the muta-
tional landscape of HP remains incomplete. Furthermore,
the aetiology of HP is currently unclear; human papilloma-
virus (HPV) DNA has been detected in some anogenital HP
lesions®’ but not others,®5& and HPV42 has recently been
identified as a driver of digital papillary adenocarcinoma® — a
cutaneous adnexal tumour that shows similar histological
characteristics to HP. Thus, to comprehensively characterize
the mutational landscape of HP, we collated a cohort of 68
HP cases, ascertained from 8 institutions across 7 countries;
the tumours were all from the female anogenital region (pre-
dominantly the vulva; 87%).

The cohort was subdivided into cases that had tumour tis-
sue with matched normal tissue (n=235; ‘discovery’ cohort),
and cases that had tumour tissue only (n=29; ‘validation’

920z Asenuer g} uo Jasn 110¥A 3A 3LTINDOV4 V1 3d INOIHLOITAIE 10N Aq L0ZLL18/7001/5/€6L/3191LE/Plq/Wod dnoolwapede//:sdpy Woly papeojumoq



Research Letters

cohort). Whole-exome sequencing was performed on the
DNA from both cohorts, and pulldown RNA sequencing
(RNAseq) was performed on tumour RNA from 60 cases
(selected from both cohorts), with all sequencing data
deposited in the European Genome and Phenome Archive.
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Focusing on the discovery cohort, the tumour mutational
burden of HP was low (median 0.270 mutations per mega-
base), and thus we were not able to identify any COSMIC
mutational signatures. The most recurrently mutated
genes were PIK3CA and PIK3R1 (Figure 1a; mirrored in
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Figure 1 Overall mutational landscape of hidradenoma papilliferum. (a) The ‘discovery cohort’ (n=35). Tumour mutational burden (TMB) is shown
as mutations per megabase. The oncoplot panel shows OncoKB database cancer genes for which a mutation was present in at least one sample.
Asterisks (in red) indicate significantly mutated genes and hashtags (in light blue) indicate genes in the phosphatidylinositol 3-kinase (PI3K)/AKT/
mammialian target of rapamycin (mTOR) signalling pathway. (b) Schematic diagram showing the PISK/AKT/mTOR signalling pathway and associated
pathways and interactors. Blue text indicates the translated proteins of genes that were altered (somatic mutations or germline variants) in the
hidradenoma papilliferum (HP) cohort. MAPKT encodes ERK2 (shown as ERK).
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the validation cohort), which encode the p110a catalytic
and p8b5a regulatory subunits of the phosphatidylinosi-
tol 3-kinase (PI3K) enzyme. In both cohorts, the PIK3CA
mutations were located at known ‘activating/oncogenic’
hotspots (p.H1047R/L and p.E545K). Similarly, all but one
of the PIK3R7 mutations occurred at known hotspots that
were predicted to be ‘likely oncogenic’. Using two differ-
ent algorithms to identify genes under positive selection in
the tumours, both PIK3CA and PIK3R1 were found to be
significantly mutated, and thus represent candidate driver
genes of HP. Furthermore, co-mutation and mutual exclusiv-
ity analysis found that PIK3CA and PIK3R1 mutations were
mutually exclusive.

The PI3K enzyme is a key part of the PI3K/AKT/mam-
malian target of rapamycin (MTOR) intracellular signalling
pathway responsible for driving cell proliferation, migration
and survival. Considering both cohorts, we identified recur-
rent mutations in key members of this pathway, specifically
PIK3CA, PIK31R and AKTT7 (and a single tumour with an
AKT2 mutation). Other mutated cancer genes with a link
to this pathway included receptors/receptor-associated pro-
teins that signal via the PI3K/ATK/mTOR pathway (ERBBS3,
IRS2), or are members of pathways that crosstalk with the
PI3K/AKT/mTOR pathway (AR and MAPKT; Figure 1b). Of
these four genes, only AR has been previously reported as
mutated in HP.®

Using the discovery cohort, we performed the first copy
number (CN) analysis of HP and found a very quiet land-
scape with no recurrent chromosomal gains or losses,
and the tumours were all diploid (Figure S1; available at
https://doi.org/10.6084/m9.figshare.29395838.v1). Taken
together, this strongly suggests that CN alterations are
not driver events in HP. Using the RNAseq data, a total
of five different fusion genes were identified (Figure 1a).
However, given that these fusions were found in tumours
with somatic PIK3CA or AKTT mutations, and the fusions
were only found in one tumour sample each, it would
suggest they are not driver events. As a potential role
for HPV in HP pathogenesis remains unclear, we looked
for the presence of any viruses in our tumour sequenc-
ing reads. Using an algorithm that searches for short seg-
ments of viral sequences (‘minimizers’), we did not find
a significant presence of minimizers belonging to the
HPV genera (Alphapapillomavirus, Betapapillomavirus or
Gammapapillomavirus).

Sequencing of normal tissue in our discovery cohort
allowed for investigation of putative pathogenic germline var-
iants in HP. Focusing on known cancer-predisposition genes
with variants of moderate-to-severe functional impact, the
most commonly altered genes were ARID1B and CEBPA (3
of 35, 9% of cases each). Importantly, there was a patient
carrying a ClinVar ‘pathogenic’ variant, specifically PD54740
(a frameshift deletion in NF7 at p.L1877X). There were also
patients with mutations in members of the PISK/AKT/mTOR
signalling pathway (TSC7/2), mutations in receptors that sig-
nal through this pathway (CSFR1, NOTCH1, RET, IGF1R) or
mutations in members of other pathways that crosstalk with
this pathway (MAPKT; Figure 1b).

In summary, our comprehensive characterization of the
genomic landscape of a large cohort of HP has identified
PIK3CA and PIK3R1 as mutually exclusive driver genes,
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and confirmed a key role for the alteration of genes in the
PI3K/AKT/mTOR signalling pathway in driving this tumour
type.
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