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HP.Centre – Universit�e Paris Cit�e, 15Facult�e de M�edecine, University Paris Cit�e, Paris, 16Department of Pathology,

Groupement des Hopitaux de l’institut catholique de Lille, Lille, 17Department of Pathology, University Hospital of Lyon

Sud, Lyon, 18Department of Pathology, University Hospital of Bordeaux, Bordeaux, 19Clinique Dermatologique,
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Distinct regulations driving YAP1 expression loss in poroma, porocarcinoma and RB1-defi-
cient skin carcinoma

Aims: Recently, YAP1 fusion genes have been dem-
onstrated in eccrine poroma and porocarcinoma, and
the diagnostic use of YAP1 immunohistochemistry

has been highlighted in this setting. In other
organs, loss of YAP1 expression can reflect YAP1
rearrangement or transcriptional repression, notably
through RB1 inactivation. In this context, our objec-
tive was to re-evaluate the performance of YAP1
immunohistochemistry for the diagnosis of poroma
and porocarcinoma.
Methods and results: The expression of the C-terminal
part of the YAP1 protein was evaluated by
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immunohistochemistry in 543 cutaneous epithelial
tumours, including 27 poromas, 14 porocarcinomas
and 502 other cutaneous tumours. Tumours that
showed a lack of expression of YAP1 were further
investigated for Rb by immunohistochemistry and for
fusion transcripts by real-time PCR (YAP1::MAML2
and YAP1::NUTM1). The absence of YAP1 expression
was observed in 24 cases of poroma (89%), 10 poro-
carcinoma (72%), 162 Merkel cell carcinoma (98%),
14 squamous cell carcinoma (SCC) (15%), one tricho-
blastoma and one sebaceoma. Fusions of YAP1 were
detected in only 16 cases of poroma (n = 66%), 10

porocarcinoma (71%) all lacking YAP1 expression,
and in one sebaceoma. The loss of Rb expression was
detected in all cases except one of YAP1-deficient SCC
(n = 14), such tumours showing significant morpho-
logical overlap with porocarcinoma. In-vitro experi-
ments in HaCat cells showed that RB1 knockdown
resulted in repression of YAP1 protein expression.
Conclusion: In addition to gene fusion, we report that
transcriptional repression of YAP1 can be observed in
skin tumours with RB1 inactivation, including MCC
and a subset of SCC.

Keywords: Merkel, porocarcinoma, poroma, Rb-deficient squamous cell carcinoma, YAP1

Introduction

Eccrine poroma is a benign adnexal tumour with differ-
entiation towards the intradermal portion of the sweat
glands apparatus.1 Histologically, poroma is composed
of a mixture of poroid and cuticular cells. Depending
on its silhouette and location, four poroma subtypes
have been described: hidracanthoma simplex (intraepi-
dermal poroma), poroma, poroid hidradenoma (dermal
nodular poroma) and dermal duct tumour.1

Porocarcinoma represents the malignant counter-
part of poroma, with a 5-year estimated overall sur-
vival rate of 69%.2 Porocarcinoma occurs
preferentially on the lower limb in elderly patients.3,4

Histologically, 20% of porocarcinoma cases are associ-
ated with a benign poroma component, suggesting the
possibility of a progression from a benign precursor.3

The distinction between porocarcinoma and poorly
differentiated squamous cell carcinoma (SCC) on mor-
phological and immunohistochemical grounds can be
challenging in current practice and based on reported
criteria.3,5 Although immunohistochemical detection
of carcinoembryonic antigen (CEA) and epithelial
membrane antigen (EMA) to highlight the ductal
structures support the diagnosis of porocarcinoma,
their diagnostic performance has not been evaluated
for molecularly confirmed cases.3,6

In 2019, Sekine et al. reported in eccrine poroma
and porocarcinoma the detection of recurrent rearran-
gements of YAP1, a gene encoding for a downstream
effector of the Hippo pathway, either with MAML2 or
NUTM1.7 Furthermore, the authors demonstrated that
fusion of YAP1 resulted in the loss of expression of the
C-terminal part of the YAP1 protein (C-ter YAP1), a
phenomenon that can be detected by immunohisto-
chemistry. The authors demonstrated the absence of

C-ter YAP1 expression in 96.2% of the poromas
(n = 100) and 63.6% of the porocarcinomas (n = 7),
while YAP1 expression was preserved in a cohort of
cutaneous control tumours (n = 87), suggesting that it
could serve as a surrogate to molecular biology. More
recently, Russell-Goldman et al. confirmed such find-
ings by demonstrating the lack of C-ter YAP1 expres-
sion in seven of 12 porocarcinomas (58%) and eight of
10 poroma (80%) while it was always preserved in
controls.8 In parallel, nuclear protein in testis (NUT)
immunohistochemistry has been highlighted to screen
NUTM1-rearrangement in poroid hidradenoma.17

In line with these findings, the loss of C-ter YAP1
expression in the skin has been demonstrated in mesen-
chymal neoplasms with rearrangement of the YAP1, i.e.
epithelioid haemangioendothelioma harbouring YAP1::
TFE3 fusion transcript.9 Moreover, it has also been
observed in neuroendocrine cancers of the lung and
prostate,10,11 these findings being not related to YAP1
gene rearrangement but due to YAP1 transcriptional
repression mediated by RB1 inactivation.11 Importantly,
in the skin, RB1 inactivation is a main determinant of
the development of Merkel cell carcinoma (MCC), a rare
skin cancer mainly induced by Merkel cell polyomavirus
(MCPyV) integration,12 and was further reported in
SCC13 and adnexal tumours, including sebaceous carci-
noma14 and porocarcinoma.15

In this context, the goal of the present study was
(1) to re-evaluate the performances of C-ter YAP1
immunohistochemical detection for poroma and poro-
carcinoma diagnosis and (2) to determine whether
the absence of C-ter YAP1 expression constantly
reflects the presence of the fusion protein or might
otherwise be caused by transcriptional down-
regulation in skin tumours.

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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Methods

D E S I G N A N D S E T T I N G S

The cohort consisted of various subtypes of cutaneous
tumours embedded in tissue microarray (TMA,
n = 511) and studied on whole-slides (n = 32), which
were extracted from the archives of four pathology
departments3 (Tours, Marseille, Bordeaux and Poi-
tiers, France), and from a historical/prospective multi-
centric French cohort of patients with a diagnosis of
MCC established between 1998 and 2020.16 All cases
were reviewed collegially by at least two pathologists
to confirm diagnosis before inclusion (M.B., B.C.,
N.M., E.F., S.G., T.K.) (Local Ethics Committee in
Human Research, Tours, France; no. ID RCB 2009-
A01056-51). Due to the TMA approach, only cases
with at least one representative spot were included in
the present study.

I M M U N O H I S T O C H E M I S T R Y

YAP1 expression was evaluated by immunohistochem-
istry in all cases. For TMA inclusion, the selected areas
were extracted by using a 1-mm tissue core and cores
were mounted in triplicate on the tissue microarray by
using a semi-motorised tissue array system (MTA
booster OI version 2.00, Alphelys). Expression of all
investigated markers was assessed using a BenchMark
ULTRA Platform, as instructed by the manufacturer.
Antibodies and dilutions are displayed in Supporting
information, Method S1.
The immunohistochemical staining was evaluated

independently by at least two pathologists (N.M., E.F.,
T.K.) who were blinded to the clinical and molecular
data. Discordant cases were subsequently reviewed
collegially, and ambiguous cases were reviewed on
whole-slide examination. The interpretation of immu-
nohistochemistry (staining categories) was predeter-
mined as previously described.7,15,17 The expression
of YAP1 and Rb were classified as preserved, hetero-
geneous (partial loss) or lost. The nuclear expression
of NUT was evaluated in cases with YAP1::NUTM1
fusion and classified as present or absent. The expres-
sion of Rb was evaluated on whole-slides in porocar-
cinoma cases and in some of the SCC cases
considered as ‘porocarcinoma mimickers’ (n = 32).

D E T E C T I O N O F F U S I O N T R A N S C R I P T S B Y

P O L Y M E R A S E C H A I N R E A C T I O N ( P C R )

The presence of YAP1::MAML2 and YAP1::NUTM1
fusion transcripts was investigated in all YAP1-

deficient tumours and 10 cases of MCC using reverse
transcription-quantitative polymerase chain reaction
(RT-qPCR). RNA was isolated from formalin-fixed
paraffin-embedded (FFPE) tissue samples using the
Maxwell 16 Instrument (Promega, Madison, WI,
USA) with the Maxwell 16 LEV RNA FFPE kit (Pro-
mega). RT-qPCR analyses were performed using the
GoTaq� Probe 2-step RT-qPCR System kit (Promega),
according to the manufacturer’s instructions. Reverse
transcription was performed in a final volume of
20 ll containing 5 ll of RNA, as follows: 5 min at
25°C, 45 min at 42°C and 15 min at 70°C. Quanti-
tative PCR was performed in a final volume of 20 ll
containing 2 ll of cDNA with 0.2 lM primer for each
gene, 0.1 lM of each DNA probe and GoTaq Probe
real-time PCR Master Mix 29 (Promega) using this
thermal profile: 2 min at 95°C and 50 cycles of
15 sec at 95°C and 1 min at 60°C for YAP1::NUTM1
or 1 min at 55°C for YAP1::MAML2. B2M was used
as reference gene. PCR reactions were performed on
the LightCycler� 480 II (Roche, Indianapolis, IN,
USA). For positive results in RT-qPCR, PCR products
were purified by a mix of FastAP thermosensitive
alkaline phosphatase and exonuclease I (Thermo-
Fisher Scientific, Waltham, MA, USA) with the fol-
lowing conditions: 15 min at 37°C and 15 min at
85°C. The sequencing reaction was carried out using
Big Dye terminator version 3.1 cycle sequencing kit
(Applied Biosystems, Waltham, MA, USA) according
to the manufacturer’s protocol, and the subsequent
steps: 1 min at 96°C followed by 30 cycles of 20 sec
at 96°C, 15 sec at 50°C and 4 min at 60°C. Products
were purified by the BigDye XTerminatorTM purifica-
tion kit (Applied Biosystems) as recommended and
were sequenced on a Genetic Analyser (Applied Bio-
systems). The sequencing data were analysed using
the sequencing analysis software (Applied Biosys-
tems). Primers sequences are available in Supporting
information, Method S2.

W H O L E - E X O M E R N A - S E Q U E N C I N G

Whole-exome RNA-capture sequencing was per-
formed as described previously.18 In brief, total RNAs
were extracted from FFPE tissue sections using a For-
maPure RNA kit (Beckman Coulter, Brea, CA, USA),
and the Ambion DNase I (Life Technologies, Carlsbad,
CA, USA) was used to remove DNA. RNA quantifica-
tion was assessed using a NanoDrop spectrophotome-
ter (ThermoFisher Scientific) measurement and RNA
quality using the DV200 value (the proportion of the
RNA fragments larger than 200 nt) assessed using a
TapeStation with Hs RNA screen tape (Agilent, Santa

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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Clara, CA, USA). Samples with sufficient RNA quan-
tity (>0.5 lg) and quality (DV200 > 30%) were con-
sidered suitable for sequencing. Individual libraries
were prepared using 100 ng of total RNA and TruSeq
RNA Exome kits (Illumina, San Diego, CA, USA).
Twelve libraries were pooled at a concentration of
4 nM each, together with 1% PhiX spike as
control. Sequencing was performed (paired end,
2 9 75 cycles) using NextSeq 500/550 high output
kits on a NextSeq 500 machine, or the NovaSeq
6000 SP/S1 reagent kit on a NovaSeq 6000 machine
(Illumina).
The mean number of reads per sample was approx-

imately 80 million. Alignments were performed using
STAR on the GRCh38 version of the human reference
genome.19 Numbers of duplicate reads were assessed
using Picard tools (Broad Institute, Picard; available
at: http://broadinstitute.github.io/picard). Samples
with a number of unique reads under 10 million
were discarded from further analyses. An average of
9130 depth of analysis was ensured using this tech-
nique. Fusion transcripts were typically called by six
different algorithms, including STAR-Fusion (Broad
Institute; STAR-Fusion: Fast and Accurate Fusion
Transcript Detection from RNA-Seq;20 available at:
http://star-fusion.github.io), FusionMap,21 Fusion-
Catcher (FusionCatcher – a tool for finding somatic
fusion genes in paired-end RNA-sequencing data),22

TopHat-Fusion,23 EricScript24 and Arriba (Uhrig S.
Arriba – fast and accurate gene fusion detection from
RNA-Seq data 2019; available at: https://github.com/
suhrig/arriba). Variant calling was performed using
the GATK HaplotypeCaller (scaling accurate genetic
variant discovery to tens of thousands of samples25),
then filtering and annotation were achieved with the
ANNOVAR annotation tool.26 Expression values were
extracted using the Kallisto version 0.41 tool with
GENCODE release 23-genome annotation based on
GRCh38 reference.27,28 Kallisto TPM expression
values were transformed in log2 (TPM + 2), and all
samples were normalised together using the quantile
method from the R limma package within R (version
3.1.1) environment (Linear Models for Microarray
Data).29

D E T E C T I O N O F R B 1 P A T H O L O G I C A L V A R I A N T S

A N D D E L E T I O N

Genomic DNA was isolated using the Maxwell 16
FFPE Plus LEV DNA purification kit (Promega) and
analysed on an Illumina NextSeq gene sequencer
using the Breast cancer panel (Qiagen, Germantown,

MD, USA), including RB1. Only pathological variants
were selected on VarSome (‘pathogenic’ or ‘probably
pathogenic’).

F I S H A N A L Y S I S

FISH was performed on 4 lm sections of FFPE tissue
using the ZytoLight SPEC RB1/13q12 and FISH-
Tissue Implementation Kit (#Z-2028-20; Zytovision,
Bremerhaven, Germany), as instructed.

M C P Y V S T A T U S D E T E R M I N A T I O N

MCPyV status was determined in Merkel cell carci-
noma cases using RT-PCR, as previously described.16

The Merkel cell carcinoma cell line WaGa (RRID:
CVCL_E998) was used as positive control.

C E L L C U L T U R E A N D L E N T I V I R A L T R A N S D U C T I O N

The HaCaT (RRID: CVCL_0038) was grown in DMEM
supplemented with 10% FCS, 100 U/ml penicillin
and 0.1 mg/ml streptomycin and amphotericin B. All
cells were grown at 37°C, 5% CO2 in a humidified
incubator. Plasmid encoding large T antigen (pcdh-
LT)30 and shRNA targeting RB131 were used as pre-
viously described. Lentiviral infections were performed
as previously described.32 The selection of transduced
cell was performed with puromycin at 2.5 lg/ml for
pcdh-LT for 1 week.

I M M U N O B L O T

Immunoblotting was performed as previously
described.33 Antibodies used in this study were
directed against Large T (clone CM2B4, 1:500), Rb
(clone 1F8, 1/200), YAP1 (YAP1 (C-ter), clone
D8H1X, 1:1000) and b-actin (clone A1978; Sigma,
Lezennes, France; 1:1000).

S T A T I S T I C A L A N A L Y S E S

Continuous data are described by medians and ranges
and categorical data by percentage of interpretable
cases. The local Ethics Committee in Human
Research of Tours (France) approved the study (no.
ID RCB2009-A01056-51).
Patient consent was obtained via a no-objection

form, which was sent to all participants. The data
sets used and/or analysed during the current study
are available from the corresponding author upon
reasonable request.

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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Results

L A C K O F Y A P 1 E X P R E S S I O N I S F R E Q U E N T I N

P O R O M A , P O R O C A R C I N O M A , I N - S I T U A N D

I N V A S I V E P O O R L Y D I F F E R E N T I A T E D S Q U A M O U S

C E L L C A R C I N O M A A N D M E R K E L C E L L C A R C I N O M A

To confirm previous results on C-ter YAP1 immunohis-
tochemistry as a relevant diagnostic marker for poroid
tumours, we evaluated its expression in a cohort of
511 cutaneous skin epithelial tumours embedded in
TMA and 32 cases on whole-slides, including poroma
(n = 26), poroid hidradenoma (n = 1), porocarcinoma
(n = 14), invasive squamous cell carcinoma (n = 58),
squamous cell carcinoma in situ (n = 35), basal cell car-
cinoma (n = 47), clonal seborrhoeic keratosis (n = 1),
large cell acanthoma (n = 5), Merkel cell carcinoma
(n = 165), trichoblastoma (n = 19), inverted follicular
keratosis (n = 1), trichilemmoma (n = 4), trichoepithe-
lioma (n = 5), proliferating pilar cyst (n = 2), sebaceoma
(n = 19), sebaceous carcinoma (n = 60), sebaceous ade-
noma (n = 51), hidradenoma (n = 6), chondroid syrin-
goma (n = 3), spiradenoma (n = 11), cylindroma
(n = 1), Paget (n = 5), adnexal carcinoma, NOS (n = 1),
adenoid cystic carcinoma (n = 1) and myoepithelioma
(n = 2). Results are summarised in Table 1 and
Figure 1.
Notably, among the SCC samples included in the

cohort, 18 cases were initially referred to our centres
with an initial diagnosis of porocarcinoma but were
later reclassified as SCC: these cases have been stud-
ied on whole-slides. The characteristics of these mor-
phological mimickers of porocarcinoma are available
in Table 2 and Figure 2.
Among poroma and poroid hidradenoma, the loss

of YAP1 was observed in 24 cases (89%), while its
expression was preserved in three cases. Among the
YAP1 non-expressing poroma with sufficient material
for molecular investigation (n = 21), YAP1 fusion
was demonstrated in 16 cases (76%), with 33 and
43% of fusion involving MAML2 and NUTM1,
respectively. All cases with a fusion of NUTM1 exhib-
ited diffuse nuclear staining of NUT (Figure 1). Impor-
tantly, YAP1 fusion transcript was not detected in
five cases of immunohistochemically YAP1 non-
expressing poroma by our PCR approach, and lack of
sufficient material did not allow for further whole-
exome RNA-sequencing in these cases.
In cases morphologically classified as porocarci-

noma (n = 14), the complete loss of YAP1 expression
was detected in 10 porocarcinoma cases (72%), all
with confirmed YAP1 fusion of either YAP1::MAML2
(n = 6, 43%) or YAP1::NUTM1 (n = 4, 29%). Among

the 18 porocarcinoma mimickers, eight cases of in-
situ and invasive SCC with bowenoid characteristics
and all pseudoglandular SCC (n = 3) showed a pre-
served expression of YAP1 (53%). By contrast, com-
plete loss of YAP1 was demonstrated in three cases
(17%) of in-situ and invasive SCC with bowenoid
characteristics, while its partial loss was observed in
four cases (22%). However, fusion transcripts were
never detected in this subgroup, confirming the detec-
tion of fusions as a relevant tool for the diagnosis of
porocarcinoma (Table 2).
Among other tumours (Table 1), complete loss of

YAP1 was observed in 11 additional cases (15%) of
in-situ or invasive SCC (Figure 3A), in 162 cases
(98%) of MCC (115 MCPyV(+) cases, 36 MCPyV(�)
cases and 11 cases with unknown MCPyV status)
(Figure 3B), in one case of trichoblastoma and one
case of a tumour diagnosed as sebaceoma (Support-
ing information, Figure S1). Interestingly, applying
molecular investigation to all YAP1 non-expressing
cases of SCC, trichoblastoma, sebaceoma and 10
cases of MCC, no fusion transcript was detected
except in the only case diagnosed as sebaceoma.
Importantly, we detected in this case a non-canonical
YAP1::MAML2 fusion with insertion of an intron por-
tion in the coding sequence (Supporting information,
Figure S1). To evaluate whether the YAP1 gene
could be rearranged with other partners, eight cases
of YAP1 non-expressing MCC (five MCPyV-positive
and three MCPyV-negative cases) were submitted for
whole-exome RNA capture-sequencing, which did not
reveal any YAP1 or other relevant fusion. (Support-
ing information, Table S1).
Therefore, our results suggest that while YAP1

fusions are almost restricted to poroma and porocar-
cinoma among skin tumours, loss of YAP1 expression
is observed in YAP1 rearranged tumours, and also in
Merkel cell carcinoma and in a subset of squamous
cell carcinoma.

I N C O N T R A S T T O S C C W I T H B O W E N O I D

C H A R A C T E R I S T I C S , P O R O C A R C I N O M A W I T H Y A P 1

F U S I O N S H O W S P R E S E R V E D E X P R E S S I O N O F R B

Reduced YAP1 expression due to transcriptional
repression related to RB1 inactivation has been
reported in other organs.10,11,34 In this context we
aimed to determine whether YAP1 expression might
be affected in a similar manner in skin tumours. In
particular, the loss of YAP1 expression was detected
in most of the MCC, which shows almost constant
inactivation of Rb, either due to MCPyV oncoprotein
expression or RB1 mutation or deletion.31,35,36

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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To confirm whether the inactivation of Rb
induced the repression of YAP1 expression,
shRNA-induced RB1 knockdown and ectopic
MCPyV Large T expression were achieved in vitro
in immortalised keratinocytes (HaCat cells) using
lentiviral vectors. These experiments resulted in a
drastic reduction in the expression of YAP1 in
RB1 knockdown cells compared to controls
(Figure 3C,D), suggesting that the Rb inactivation
through the expression of Large T or genetic inac-
tivation in Merkel cell carcinoma resulted in the
repression of YAP1 expression.
Among non-MCC, YAP1 non-expressing tumours

of the cohort, all but one case of YAP1 non-
expressing SCC (n = 14) demonstrated complete loss
of Rb expression by immunohistochemistry
(Figure 3A), while all but one porocarcinoma case,
including all cases with a fusion of YAP1, showed
a preserved expression of Rb (Supporting informa-
tion, Figure S2). Additionally, genetic investigation
of four cases of YAP1 non-expressing Rb-deficient
SCC revealed mutations and/or deletion of RB1
(Supporting information, Table S2), confirming
genetic inactivation of the RB1 gene. Moreover,
investigation of Rb expression in the group of
mimickers of porocarcinoma revealed the complete
loss of Rb in most cases (n = 10, 55%), including
all tumours with reduced/absent expression of
YAP1 (Table 2).
Together, these results support that Rb inactivation

constituted a frequent alternative mechanism leading
to the repression of YAP1 transcription in several
skin tumour histotypes, including Merkel cell carci-
noma, RB1-deficient in-situ and invasive SCC, but
appeared somewhat exceptional in YAP1-rearranged
porocarcinoma.
Therefore, our data strongly suggest that RB1-

deficient in-situ or invasive SCC with bowenoid char-
acteristics, which represents a differential diagnosis of
porocarcinoma, can show a reduction or complete
loss of YAP1 expression without a detectable YAP1
gene fusion.

Table 1. YAP1 immunohistochemical expression in skin
epithelial tumours (study on TMA, n = 511 and whole-
slide, n = 32 – total, n = 543)

Histological subtype

YAP1 expression

Absence Presence

Poroid tumours (n = 41)

Poroma (n = 26) 23 (88%) 3 (12%)

Poroid hidradenoma (n = 1) 1 (100%) 0

Porocarcinoma (n = 14) 10 (72%) 4 (28%)

Keratinocytic/epidermal tumours
(n = 311)

Invasive squamous cell carcinoma
(n = 58)*

8 (14%) 50 (86%)

Squamous cell carcinoma in situ
(n = 35)*

6 (18%) 29 (82%)

Basal cell carcinoma (n = 47) 0 47 (100%)

Clonal seborrhoeic keratosis (n = 1) 0 1 (100%)

Large cell acanthoma (n = 5) 0 5 (100%)

Merkel cell carcinoma (n = 165) 162 (98%) 3 (2%)

Tumours with follicular differentiation
(n = 31)

Trichoblastoma (n = 19) 1 (5%) 18 (95%)

Inverted follicular keratosis (n = 1) 0 1 (100%)

Trichilemmoma (n = 4) 0 4 (100%)

Trichoepithelioma (n = 5) 0 5 (100%)

Proliferating pilar cyst (n = 2) 0 2 (100%)

Tumour with sebaceous
differentiation (n = 130)

Sebaceoma (n = 19) 1 (5%) 18 (95%)

Sebaceous carcinoma (n = 60) 0 60 (100%)

Sebaceous adenoma (n = 51) 0 51 (100%)

Tumour with apocrine/eccrine
differentiation (n = 30)

Hidradenoma (n = 6) 0 6 (100%)

Chondroid syringoma (n = 3) 0 3 (100%)

Spiradenoma (n = 11) 0 11 (100%)

Cylindroma (n = 1) 0 1 (100%)

Paget (n = 5) 0 5 (100%)

Adnexal carcinoma, NOS (n = 1) 0 1 (100%)

Table 1. (Continued)

Histological subtype

YAP1 expression

Absence Presence

Adenoid cystic carcinoma (n = 1) 0 1 (100%)

Myoepithelioma (n = 2) 0 2 (100%)

*Including the 18 ‘porocarcinoma mimickers’ included in Table 2.

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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Figure 1. Detection of YAP1

expression and YAP1 gene

rearrangements in poroma

tumours and controls. A

poroma, a poroid hidradenoma

and an invasive basal cell

carcinoma are depicted. A,

Morphological features of the

cases. Poroma and poroid

hidradenoma differ by their

silhouette but are both

composed of round poroid

monotonous cells, with oval

nucleus, scant cytoplasm and

ductal formations. Invasive

basal cell carcinoma shows a

different architecture, with

clefting, nuclear palisading and

a cellular fibromyxoid stroma.

B, Immunohistochemical

features of the cases. Both

poroma and poroid

hidradenoma neoplasms show

complete loss of C-Ter YAP1

expression while the expression

of this protein was preserved in

basal cell carcinoma. In

addition, the poroid

hidradenoma also shows NUT

expression. C, Molecular

features of the cases. Sanger

sequencing reveals YAP1::

MAML2 and YAP1::NUTM1

fusion transcripts in poroma

and in poroid hidradenoma,

respectively.

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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Table 2. Clinical, histopathological and molecular features of porocarcinoma cases and mimickers (study on whole-slide,
n = 32)

Poro-carcinoma
(n = 14)

Bowen disease
(n = 8)

SCC with bowenoid
characteristics
(n = 7)

Pseudo-glandular
SCC (n = 3)

Clinical features

Age (years)

Years (median = Q1–3) 73 (58–87) 79 (75–85) 97 (81–88) 79 (64–80)

Sex

F/M 9/5 3/5 2/5 0/3

Size

mm (median = Q1–3) 12 (9–16) 11 (9–13) 25 (19–28) 10 (7–25)

Sites

Head and neck 0 0 2 (28%) 3 (100%)

Trunk 2 (14%) 1 (12%) 0 0

Upper limb 1 (7%) 2 (25%) 2 (28%) 0

Lower limb 11 (79%) 5 (63%) 3 (44%) 0

Microscopic features

Infiltration

In situ 1 (7%) 8 (100%) 0 0

Pushing 7 (50%) 0 5 (72%) 1 (33%)

Infiltrative 6 (43%) 0 2 (28%) 2 (67%)

Cytological atypia

Mild 9 (64%) 1 (12%) 0 0

Severe 5 (36%) 7 (88%) 7 (100%) 3 (100%)

Mature duct formation 9 (64%) 0 0 0

Intracytoplasmic lumina/cell vacuolisation 9 (64%) 6 (75%) 6 (89%) 2 (67%)

Acantholysis 0 2 (25%) 0 3 (100%)

Pseudoglandular formation 0 0 0 3 (100%)

Benign component 9 (64%) 0 0 0

Bowen disease 0 8 (100%) 4 (57%) 0

Necrosis

Comedonecrosis 6 (43%) 1 (12%) 5 (71%) 1 (33%)

Diffuse 1 (7%) 0 1 (14%) 0

Bowenoid pattern* 4 (28%) 0 7 (100%) 0

Clear cell change 9 (64%) 5 (63%) 5 (71%) 0

Squamous differentiation 0 1 (12%) 0 1 (33%)

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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Discussion

Since gene fusions have been demonstrated in por-
oma and porocarcinoma,7 YAP1 immunohistochem-
istry has been suggested to be a relevant surrogate to
molecular testing. In the present study, we further
confirmed these findings by analysing its specificity in
a large set of skin neoplasms. Interestingly, in addi-
tion to poroma and porocarcinoma cases, the absence
of expression of YAP1 was also observed in a subset
of SCCs showing RB1-inactivation as well as in
almost all cases of MCC tested, while all these cases
lacked detectable fusion of YAP1 by molecular test-
ing, suggesting other mechanisms involved in the
repression of YAP1.

Previous in-vitro experiments strongly suggested
that YAP1 expression was repressed in the setting of
RB1-inactivation, which is a hallmark of high-grade
neuroendocrine tumours, including MCC. Conse-
quently, we have demonstrated the reduction or
extinction of YAP1 in other subtypes of RB1-deficient
cutaneous carcinomas and further confirmed in vitro
that the inactivation of Rb, through ARN interference
or Large T sequestration, resulted in a reduction in
YAP1 expression. In line with these results, the
expression of YAP1 was evaluated on whole-slides in
porocarcinoma and morphological mimickers, includ-
ing Bowen disease, poorly differentiated invasive SCC
with bowenoid characteristics and pseudoglandular
SCC. Although rearrangements of YAP1 were

Table 2. (Continued)

Poro-carcinoma
(n = 14)

Bowen disease
(n = 8)

SCC with bowenoid
characteristics
(n = 7)

Pseudo-glandular
SCC (n = 3)

Spindle cell change 3 (21%) 4 (50%) 2 (28%) 1 (33%)

Colonisation by melanocytes 1 (7%) 0 1 (14%) 0

Immunohistochemical profile

CEA**

Tumour ducts 9 (64%) 0 0 0

Rb

Preserved 5 (39% 2 (28%) 1 (14%) 3 (100%)

Partial loss*** 7 (53%) 1 (14%) 0 0

Complete loss*** 1 (8%) 4 (58%) 6 (86%) 0

Unavailable data 1 1 0 0

C-Ter YAP1

Preserved 3 (21%) 5 (64%) 3 (44%) 3 (100%)

Partial loss 1 (7%) 2 (24%) 2 (28%) 0

Complete loss 10 (72%) 1 (12%) 2 (28%) 0

Unavailable data 0 0 0 0

Molecular features

YAP1::MAML2 6 (43%) 0 0 0

YAP1::NUTM1 4 (29%) 0 0 0

*The bowenoid pattern was defined as previously described:3 ‘A variant of invasive tumour having a broad pushing advancing edge with

focal dyskeratosis and often-bizarre cytonuclear atypia reminiscent of Bowen’s disease [squamous carcinoma (SCC) in situ’].

**The detection of tumour duct in porocarcinoma was further confirmed using at least one of the following markers: CK7, CK19 or EMA.

***The partial and complete loss of Rb expression were evaluated as previously described,15 with only complete loss associated with RB1

mutation.15

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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exclusively detected in cases of porocarcinoma a lack
of expression of YAP1 was observed in porocarci-
noma and SCC, while inactivation of RB1 was

detected in most bowenoid SCCs (66%). These data
suggest that in-situ or invasive poorly differentiated
RB1-deficient SCC with bowenoid characteristics can

Figure 2. Morphological and immunohistochemical features of porocarcinoma and mimickers. A porocarcinoma and three variants of squa-

mous cell carcinoma are depicted. A, Morphological features of the cases. B, Detection of YAP1 and Rb by immunohistochemistry. Porocarci-

noma consists of a malignant proliferation of tumour cells forming ducts with connection to the epidermis and lack of YAP1 and Rb

expression. Bowen disease and invasive SCC with bowenoid characteristics are composed of poorly differentiated, atypical cells, devoid of ker-

atinisation but with frequent comedonecrosis. Both of the latter show lack of YAP1 and Rb expression. To note, a preserved basal layer of

keratinocytes showing YAP1 expression is frequently observed in poroma. Acantholytic (pseudovascular) squamous cell carcinoma is a

mimicker of porocarcinoma owing to its morphology, with often formation of pseudoglandular or pseudovascular spaces. However, this

example of SCC lacks bowenoid characteristics and shows preserved YAP1 and RB1 expression.

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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demonstrate reduced or absent expression of YAP1.
Due to their frequent loss of YAP1 expression and
overlapping morphological characteristics, this subset
of SCC constitutes a diagnostic pitfall with porocarci-
noma. Therefore, molecular testing or combined
immunohistochemical detection of Rb and YAP1 may
be required to clearly distinguish YAP1-rearranged
porocarcinoma from RB1-deficient YAP1 non-
expressing poorly differentiated carcinoma, including
Bowen disease.
SCC is considered the main differential diagnosis of

porocarcinoma,3,37 in particular Bowen disease and
invasive SCC with bowenoid characteristics, both
showing characteristics overlapping with porocarci-
noma such as high-grade cytology, poorly differenti-
ated basophilic morphology (‘bowenoid pattern’),
frequent comedonecrosis and lack of keratinisation.

By investigating a series of 31 cases diagnosed as por-
oma and porocarcinoma without investigating the
fusion of YAP1, Harms et al. have observed diffuse or
focal loss of Rb expression as well as aberrant p53
staining almost restricted to the porocarcinoma
group, and concluded that inactivation of TP53 and
RB1 could contribute to transformation.15 Impor-
tantly, in this study the diffuse aberrancy in p53 and
Rb expression correlated with tumour mutations in
TP53 and RB1, respectively, whereas focal Rb loss
was associated with wild-type RB1.15 Also impor-
tantly, data from other studies have reported
that inactivating RB1 mutations were restricted to
a minority (approximately 10%) of cutaneous
SCC13,38,39 which were likely to show a distinctive
morphology and expression profiles13,40,41 compared
to wild-type RB1 cases. In our study, complete loss of

Figure 3. Expression of YAP1 in RB1-deficient carcinoma. A, Investigation of expression of Rb and C-Ter YAP1 expressions in RB1-deficient

squamous cell carcinoma with bowenoid characteristics. Morphologically the cells show poor differentiation, no keratinisation, nuclear aty-

pia, mitotic figures and occasional necrotic cells. Immunohistochemical investigation evidences a complete lack of RB1 and YAP1 expression

in this case. B, Investigation of C-Ter YAP1 expression in Merkel cell carcinoma. An MCPyV-positive and an MCPyV-negative case is

depicted, with respective expression or lack of expression of the viral oncoprotein Large T. Both cases show constant lack of YAP1 expres-

sion. C,D, Detection of YAP1 expression by Western blot in HaCat cells transduced with an empty vector (controls) or after transduction of

shRNA targeting RB1 (C) or ectopic expression of the Large T (D). Reduced YAP1 expression was observed after Rb inactivation either due

to reduced expression (shRNA) or due to Large T antigen expression. [Colour figure can be viewed at wileyonlinelibrary.com]

� 2023 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 82, 885–898.
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Rb expression was never observed in YAP1-
rearranged porocarcinoma, but was frequent in
Bowen disease and highly prevalent in SCC with
bowenoid characteristics, which showed frequent
RB1 mutations and/or deletion.
In other solid cancers, inactivation of RB1, result-

ing in E2F release, induces transcriptional repression
of the YAP1 gene.11,34,42 Although YAP1 acts as an
oncogene in most solid tumours, its inactivation con-
tributes to the progression of RB1-deficient cancers,
including retinoblastoma and small cell carcinoma of
the lung.34 Merkel cell carcinoma is a rare skin neu-
roendocrine carcinoma induced by integration of
Merkel cell polyomavirus in approximately 80% of
cases,12 while 20% of the remaining tumours are
related to UV-induced DNA damage.43 Importantly,
inactivation of Rb through protein sequestration by
viral oncoprotein or following a genetic alteration
(mutation/deletion)43 is a crucial mechanism for the
development of MCC. In contrast to the initial report
by Sekine et al.,7 we observed a lack of YAP1 expres-
sion in almost all Merkel cell carcinomas in the pre-
sent study, suggesting that inactivation of YAP1
could be a necessary event for the development of
MCC, as observed for neuroendocrine carcinomas;
notably, small cell carcinoma of the lung.34

Furthermore, RB1-deficient SCC was recently iden-
tified as potential a precursor of MCPyV-negative
tumours.38,40,41 In fact, up to 50% of MCPyV-
negative cases are associated with an SCC compo-
nent, and genetic analysis recently demonstrated the
clonal link between the two tumours.38,40,41 Further-
more, inactivation of RB1 through mutation or dele-
tion is constantly observed in both components of
these tumours, suggesting that inactivation of RB1 is
a necessary preliminary step for the development of
MCPyV-negative tumours. It is not yet clear how
RB1 inactivation contributes to the acquisition of the
neuroendocrine phenotype. However, YAP1 expres-
sion is inversely correlated with INSM1 and other
neuroendocrine markers in models of small cell lung
cancer, suggesting that YAP1 repression is related to
acquisition of the neuroendocrine phenotype.11

Similarly, it might be possible that, in combined
tumours, YAP1 repression through RB1 inactivation
in the SCC component could contribute to its trans-
formation into MCC in the skin. Interestingly, while
investigating a series of 15 combined MCC, Martin et
al. identified one case that harboured an MCC and a
porocarcinoma-like component.44 Consequently, we
recently observed a similar case (personal observa-
tion) that harboured loss of Rb and YAP1 expression
by immunohistochemistry without YAP1::MAML2

fusion. These findings further support the fact that
RB1-deficient SCC and porocarcinoma are morpho-
logically close and can both exhibit loss of YAP1
expression.
In their initial report, Sekine et al. suggested a com-

bined use of two antibodies targeting both extremities
of the YAP1 protein could distinguish fusion from tran-
scriptional repression. However, using the same
method we observed a combined loss of both extremi-
ties of YAP1 in rearranged poroma cases (Supporting
information, Figure S3 and Table S3). Therefore, our
results suggest that the combined use of Rb and YAP1
C-Ter immunohistochemistry may be more relevant
than C- and N-terminal YAP1 targeting antibodies for
the differential diagnosis between porocarcinoma and
poorly differentiated RB1-inactivated SCC.
In conclusion, in the present study we have con-

firmed the loss of YAP1 expression that reflects rear-
rangement of YAP1 in most cases of poroma and
porocarcinoma. Furthermore, we demonstrated
repression of YAP1 expression in cutaneous carci-
noma with Rb-inactivation, including MCC and a
subset of SCC, the latter being the main differential
diagnosis of porocarcinoma in current practice.
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Supporting Information

Additional Supporting Information may be found in
the online version of this article:
Table S1. Whole-Exome RNA-sequencing analysis

of 8 cases of MCC.
Table 2. Characterization of genetic alteration of

RB1 gene in poorly differentiated SCC with Bowenoid
characteristics.

Table 3. Investigation of YAP1 expression using N-
terminal and C-terminal YAP1 targeting antibodies in
a part of the cohort.
Method S1. Antibodies and dilution.
Method S2. Primer sequences for PCR.
Figure 1. Histopathological and immunohistochem-

ical characteristics of cases of sebaceoma and tricho-
blastoma showing loss of YAP1 expression.
Figure 2. Histopathological characteristics of a case

diagnosed as intraepidermal porocarcinoma, lacking
fusion of YAP1.
Figure 3. Immunohistochemical detection of of

YAP1 in a case of poroma, using antibodies that tar-
get the C-ter and N-ter portions of YAP1 protein.
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