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Abstract: YAPI-NUTM]1 fusion transcripts have been recently
reported in poroma and porocarcinoma. NUTM] translocation can
be screened by nuclear protein in testis (NUT) immunohisto-
chemistry in various malignancies, but its diagnostic performance has
not been thoroughly validated on a large cohort of cutaneous epi-
thelial neoplasms. We have evaluated NUT immunohistochemical
expression in a large cohort encompassing 835 cases of various cu-
taneous epidermal or adnexal epithelial neoplasms. NUT expression
was specific to eccrine poromas and porocarcinoma, with 32% of
cases showing NUT expression. All other cutaneous tumors tested
lacked NUT expression, including mimickers such as seborrheic
keratosis, Bowen disease, basal cell carcinoma, squamous cell car-
cinoma, Merkel cell carcinoma, nodular hidradenoma, and all other
adnexal tumors tested. Remarkably, NUT expression was more
frequent in a distinct morphologic subgroup. Indeed, 93% of poroid
hidradenoma (dermal/subcutaneous nodular poroma, 13/14) and
80% of poroid hidradenocarcinoma cases (malignant poroid hi-
dradenoma, 4/5) showed NUT expression, in contrast to 17% and
11% of classic poroma (4/23) and porocarcinoma cases (4/35), re-
spectively. RNA sequencing of 12 NUT-positive neoplasms further
confirmed the presence of a YAPI-NUTM!] fusion transcript in all
cases, and also an EMC7-NUTM1 gene fusion in a single case. In the
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oroid tumors are cutaneous adnexal neoplasms har-

boring differentiation towards the intradermal portion of
the sweat apparatus.! The poroma family currently includes
4 distinct histopathologic variants (hidracanthoma simplex,
classic poroma, dermal duct tumor, and poroid hidradenoma)
that all share common cytologic features with a combination
of so-called poroid and cuticular cells.!"> Although acrosyr-
ingial ductal differentiation is the sine qua non to diagnose this
group, the histopathologic presentation is quite variable, with
several reported morphologic variants such as sebaceous,
squamous, clear cell, or pigmented poromas.>© Accordingly,
a wide range of epidermal and adnexal neoplasms have to be
considered in the differential diagnoses. Moreover, the dis-
tinction between porocarcinoma, the malignant counterpart
of poroma, and poorly differentiated squamous cell carcino-
ma can be a diagnostic challenge in current practice.’

In this context, several immunohistochemical markers
have been proposed to distinguish benign and malignant
poroid tumors from their differential diagnoses. Indeed, epi-
thelial membrane antigen is expressed in poroma cells, and
carcinoembryonic antigen highlights the ductal structures.® 1
In addition, several other markers have been described with
variable diagnostic performance.'”

Recently, Sekine et al'! have reported recurrent
YAPI-MAML2 and YAPI-NUTM] fusion transcripts in
poroma and porocarcinoma. Interestingly, NUTM]I fusion
in cutaneous poroid neoplasms was associated with nuclear
expression of nuclear protein in testis (NUT), while no positive
expression for this protein was observed in the other skin
tumors tested.!!"1? Indeed, apart from testis and ovary germ
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cells, NUT expression is lacking in normal adult tissues'

suggesting it constitutes a potential specific marker of poroid
tumors. In this context, our study aimed to evaluate the per-
formance of NUT immunohistochemistry to distinguish po-
roma and porocarcinoma from their potential mimics on a
large cohort of various cutaneous epithelial neoplasms.

METHODS

Patients and Samples

Cases of various cutaneous epithelial neoplasms
were selected from the consultation archives of the authors
(TK., M.B., EF., NM,, P.S.). Archived slides stained with
hematoxylin-eosin, and phloxine (HPS) were reexamined to
confirm diagnoses in accordance with the fourth WHO
Classification of Skin Tumors.! Adnexal neoplasms were re-
viewed by a group of expert pathologists from the French
Rare Skin Cancer Group (CARADERM). The study was
conducted according to the Declaration of Helsinki and
European RGPD (ID RCB2009-A01056-51).

A total of 835 tumors with available histologic ma-
terial was selected for investigation. Specifically, all 78
poroid tumor cases and 82 other neoplasms were eval-
uated on whole slide cuts, to demonstrate the homogeneity
of NUT expression and allow the use of a tissue micro-
array (TMA) approach for further analysis. Subsequently,
NUT specificity was evaluated in a second independent
cohort of 675 neoplasms embedded in TMAs.

Immunohistochemistry

Sections from the paraffin blocks from each case
and TMAs were stained using immunohistochemistry
detecting the NUT protein encoded by the NUTM]I gene
(anti-NUT, ozyme, clone C52BI1, rabbit monoclonal,
1:100 concentration) using the Ventana Benchmark Ultra
automated immunostainer (Ventana Medical Systems,
Tucson AZ) and revealed with the UltraView Universal
DAB Detection kit (Ventana Medical Systems). Appro-
priate external positive control (NUT-midline carcinoma
[NMC] and normal testis) was included on each slide.

Molecular Biology

Gene fusion analysis was performed using next-
generation sequencing on 15 samples with available formalin-
fixed paraffin-embedded (FFPE). Total RNA was extracted
from ten 10 um thick tissue sections, using the Maxwell RSC
RNA FFPE kit on a Maxwell RSC instrument (Promega).
The library was prepared using a custom FusionPlex Com-
prehensive kit (ArcherDx) including 30 targeted genes (AKT1,
ALK, AXL, BRAF, CCNDI, CCND3, CIITA, DUSP22,
EWSRI, FGFRI, FGFR2, FGFR3, MALTI, MAMIL2, MYB,
NRGI, NTRKI, NTRK2, NTRK3, NUTMI, PDCDILG2,
PLAGI, PPARG, RAF1, RET ROSI, SS18, THADA, TP63,
YAPI) and sequenced on a MiSeq System (Illumina). The
obtained data were analyzed using the Archer Analysis Suite,
v6.03.2. The AMP (Anchored Multiplex PCR) technology
allows the identification of fusion transcripts involving one of
the 30 genes of the panel, regardless of the fusion partner.

TABLE 1. NUT Expression in 78 Poroid Tumors
N NUT Positivity, n (%)

Poroid tumors 78 25 (32)

Benign 38 17 (44)
Poroma 23 4 (17)
Poroid hidradenoma 14 13 (93)
Dermal duct 1 0 (0)

Malignant 40 8 (20)
Porocarcinoma 35 4 (11)
Malignant poroid hidradenoma 5 4 (80)

RESULTS

NUT Expression Is Restricted to Poroid Tumors

To determine the diagnostic performance of NUT im-
munohistochemistry for the diagnosis of poroid neoplasms,
NUT expression was evaluated in a cohort of 835 skin neo-
plasms and 15 normal skin samples. Immunohistochemical
results are summarized in Tables 1 and 2.

TABLE 2. NUT Expression in 757 Other Cutaneous Epithelial
Neoplasms and 15 Normal Skin Samples

NUT Positivity,

Diagnosis N n (%)
Normal skin 15 0(0)
Nonporal skin adnexal neoplasms 301 0 (0)

Adenoid cystic carcinoma 5 0(0)

Adnexal carcinoma, not otherwise specified 4
Adnexal microcystic carcinoma 3
Apocrine carcinoma 1
Chondroid syringoma 4
Digital papillary carcinoma 2
Ductal squamoid carcinoma 2
Hidradenocarcinoma 1
Hidradenoma 16 0 (0)
Histiocytoid carcinoma 1
Malignant mixed tumor 1
Mucinous carcinoma 2
Myoepithelioma 2
Extramammary Paget disease 7
1
1
1
1

Pilar sheath acanthoma 0 (0)
Pilomatrical carcinoma 0 (0)
Pilomatricoma 2 0 (0)
Primary cutaneous cribriform carcinoma 0(0)
Proliferating tricholemmal tumor 3 0 (0)
Sebaceoma 35 0(0)
Sebaceous adenoma 96 0 (0)
Sebaceous carcinoma 23 0(0)
Sebaceous hyperplasia 10 0(0)
Sebocystoma 4 0 (0)
Secretory carcinoma 1 0 (0)
Spiradenoma/cylindroma 15 0 (0)
Syringocystadenoma papilliferum 1 0 (0)
Trichoblastoma/trichoepithelioma 29 0 (0)
Tricholemmal carcinoma 1 0 (0)
Tricholemmoma 8 0 (0)
Other skin neoplasms 456 0(0)
Actinic keratosis 10 0 (0)
Basal cell carcinoma 80 0(0)
Carcinoma in situ and Bowen 50 0 (0)
Clear cell acanthoma 5 0(0)
Inverted follicular keratosis 2 0 (0)
Neuroendocrine carcinoma (Merkel) 202 0(0)
Seborrheic keratosis 21 0 (0)
Squamous cell carcinoma 65 0(0)
Undifferentiated carcinoma 21 0 (0)




-

FIGURE 1. Nuclear expression of NUT in poroma and poroid hidradenoma. A-C, Poroma, showing a classic dome-shaped
silhouette with vascular stroma, with poroid cytology, diffuse nuclear expression of NUT. D-F, Poroid hidradenoma, composed of
dermal nodules with lobulation and cystic changes, NUT stains the majority of the neoplastic nuclei. G-I, Poroid hidradenoma with
cuticular cells, note that NUT positivity is expressed by the single layer of cells lining the cystic spaces.

First, we assessed NUT specificity in the skin by eval-
uating NUT expression in a set of 15 normal skin samples.
No expression of NUT was observed in these samples.

Thus, we evaluated NUT expression in poroid tumor
samples (n="78). In this setting, NUT positivity was observed
in 32% of the cases (n = 25/78). Importantly, most of the poroid
hidradenoma cases (93%, n = 13/14) were positive in contrast to
only 17% (n=4/23) of the classic poroma cases (Fig. 1).

Accordingly, among malignant poroid tumors,
NUT expression was observed in the majority of malig-
nant poroid hidradenoma (poroid hidradenocarcinoma)
cases (80%, n=4/5) and only in 11% of classic poro-
carcinoma cases (n=4/35) (Fig. 2). Thus, NUT was more
frequently expressed in benign and malignant poroid
hidradenoma cases within the poroid group of tumors
(x>, P<0.0001).

Finally, we investigated NUT expression in nonp-
oroid skin tumors. No expression of NUT was observed
among the 757 tumor samples tested (Table 2, Fig. 3),
suggesting NUT might constitute a highly specific marker.
NUT immunohistochemistry diagnostic performances are

summarized in Table 3. Accordingly, NUT displayed a
perfect specificity (100%) to diagnose benign and malignant
poroid tumors, albeit its overall sensitivity was 32.1%.
NUT sensitivity reached 89.5% for the diagnosis of poroid
hidradenoma and its malignant counterpart (poroid
hidradenocarcinoma) and dropped to 20.0% to diagnose
a malignant poroid tumor (porocarcinoma and poroid
hidradenocarcinoma) in general.

Identification of Fusion Partners in
NUT-expressing Poroid Tumors

To determine whether YAPI (NM_001130145.2) was
the preferential fusion partner of NUTM1 (NM_175741.2), as
previously described, RNA sequencing was performed on all
NUT-expressing tumors for which an FFPE sample was
available (15 cases). Three cases had extracted RNA of in-
sufficient quality for the analysis. Among the 12 contributive
analyses, RNA sequencing revealed a YAPI-NUTM] fusion
transcript in all cases tested (Table 4): exon 3 (5 cases, 41%),
exon 4 (5 cases, 41%), exon 7 (1 case, 8%), or intron 8 (1 case,
8%) of YAPI were fused with exon 3 (8 cases, 67%), exon 4



FIGURE 2. Nuclear expression of NUT in malignant poroid neoplasms. A-C, Malignant poroid hidradenoma: cuticular cells show
nuclear atypia and pleomorphism, with high mitotic activity and diffuse nuclear expression of NUT. D-F, Porocarcinoma arising
from a poroma: cell crowding and nuclei overlap, mild to high nuclear atypia, high mitotic activity with abnormal (tripolar) mitotic
figures, juxtaposed to a classic superficial poroma. NUT is expressed by both components. G-I, Invasive aggressive porocarcinoma:
invasive carcinoma composed of lobules surrounded by cleft artifacts, variable ductal differentiation, and diffuse expression of NUT.

(2 case, 17%), exon 5 (1 case, 8%) or intron 2 (1 case, 8%) of
NUTM]I. One case of malignant poroid hidradenoma (poroid
hidradenocarcinoma) showed 2 different NUTM]1 fusions,
namely YAPI (exon 7)—NUTMI (exon 5), and EMC7
(exon 1)—NUTM]I (exon 5).

DISCUSSION

In the present study, we have evaluated the perfor-
mance of NUT immunohistochemical staining for the
diagnosis of poroma and porocarcinoma, among a large
cohort of skin epithelial neoplasms. Our results showed
that NUT expression was restricted to poroid tumors
(specificity = 100%). Moreover, our study further high-
lighted NUT as a highly sensitive marker of benign and
malignant poroid hidradenoma (poroid hidradenocarcinoma),
while such positivity was only observed in 14% of classic po-
roma and porocarcinoma cases (n = 8/58). The strength of our
study was to refine NUT specificity by testing it on a large
cohort of various cutaneous epithelial neoplasms. We have also
confirmed that immunohistochemical expression was highly

correlated with a YAPI-NUTM!I fusion transcript in all cases
investigated. Also, we have highlighted that NUT was fre-
quently associated with a distinct poroid hidradenomatous
morphology.

In a physiological context, NUT protein expression
is restricted to the testis and appears critical for male
fertility.!* Indeed, NUT enhances histone H4K5 and
H4K8 acetylation by interacting with the histone acetyl-
transferases p300 and/or CBP, therefore contributing
to nuclear compaction and morphogenesis of the
spermatids.'# In 2003, French and colleagues brought the
first demonstration of the oncogenic abilities of NUTM1
fusion by identifying recurrent BRD4-NUTM1 fusions in
a subset of poorly differentiated, mostly lethal carcinoma,
later called NMC.!31>16 Further in vitro investigation
revealed that knock-down of the BRD4-NUTM] fusion
protein in NMC lead to cell cycle arrest and squamous cell
carcinoma differentiation, confirming the oncogenic po-
tential of the fusion protein.!” Indeed, expression of the
fusion product results in histone hyperacetylation that
affects chromatin compaction and cell transcription



FIGURE 3. Lack of NUT expression in nonporoid epithelial neoplasms. A-C, Seborrheic keratosis: the well-demarcated proliferation
of basaloid pigmented keratinocytes arranged in broad adjoining columns. Absence of NUT expression. D-F, Infiltrating basal cell
carcinoma: variably sized, reticular or jagged nests of basaloid neoplastic cells with an infiltrative pattern of invasion. Absence of
NUT expression. G-I, Spiradenoma: a round nodule of basaloid cells, with edematous stroma, composed of clear and dark cells
arranged in ductal structures. Absence of NUT expression. J-L, Bowen disease: full-thickness epidermal dysplasia with parakeratosis,
atypical pleomorphic squamous cells with increased mitotic figures. Absence of NUT expression. M—O, Nodular hidradenoma: a
dermohypodermal nodular neoplasm composed of solid aggregates of pale and clear cells, with ductal structures at the periphery.
Absence of NUT expression.



TABLE 3. NUT Diagnostic Performances to Diagnose Poroid Tumors, Malignant Poroid Tumors, and Benign or Malignant Poroid

Hidradenomatous Tumors

Sensitivity (OA)) 95% CI ((%) Speciﬁcity (OA)) 95% CI (%») PPV (0 o) NPV (0 0)
Poroid tumors* 32.1 21.9-43.6 100 99.5-100 100 93.5
Malignant poroid tumorst 20.0 9.1-35.7 100 99.6-100 100 96.0
Benign and malignant poroid hidradenomatous tumors} 89.5 66.9-98.7 100 99.6-100 100 99.8

*Poroma, dermal duct tumor, poroid hidradenoma, porocarcinoma, and malignant poroid hidradenoma (poroid hidradenocarcinoma).

tPorocarcinoma, malignant poroid hidradenoma (poroid hidradenocarcinoma).
1Poroid hidradenoma, malignant poroid hidradenoma (poroid hidradenocarcinoma).

CI indicates confidence interval; NPV, negative predictive value; PPV, positive predictive value.

profile.!”-18 Such dysregulation notably leads to TP63 and
MYC expression, which both are genes demonstrated as
crucial for NMC proliferation.!®!® Of note, additional
fusion partners of NUTM1I were later reported in NMC
such as BRD3 and BRDT, all harboring high homology
with BRD4.'6

In addition to NMC, NUT M1 rearrangements were
recently observed in several nonepithelial malignancies,
including sarcoma and leukemia, although the fusion
partners vary from one entity to the other (fusion partners
in sarcomas: CIC, MGA, MXD4, ZNF532; fusion }2)art-
ners in leukemias: SLC2A46, CUXI, IKZFI1, ACINI).?*%2

In this context, Sekine et al'! reported recurrent
YAPI-NUTM] rearrangements in benign and malignant
poroid tumors (n=27/115), such alterations being mu-
tually exclusive with YAPI-MAMIL?2 fusion (n=72/115).
In addition, a single case of poroma in their study har-
bored a WWTRI-NUTM] fusion (n=1/115)."" Two po-
rocarcinomas of the auditory canal harboring NUTM1-YAPI
translocation were further reported by Agaimy et al.>3 Al-
though our study confirmed the presence of recurrent
NUTM!1 fusion in poroid tumors as previously reported,
some subtle differences were observed. Indeed, Sekine and
colleagues detected more frequent NUT positivity in poro-
carcinoma cases than in benign poroid tumors (54% vs. 24%,
respectively) suggesting that NUT might constitute a relevant
marker for the diagnosis of porocarcinoma. Very recently,
Russell-Goldman et al'? also reported NUT expression in
porocarcinomas (41% of cases), but without expression in
poroma, squamous cell carcinoma, and hidradenocarcinoma
and also suggested an association between NUT expression
and porocarcinoma.!? By contrast, we observed NUT ex-
pression both in poroma and porocarcinoma, and in our

TABLE 4. RNA Sequencing of NUT-positive Cutaneous Poroid
Neoplasms (N=12)

n (%)
YAPI exon 3-NUTMI1 exon 3* 5(42)
YAPI exon 4-NUTMI1 exon 3 5(42)
YAPI exon 7-NUTMI1 exon 5 1(8)
YAPI intron 8-NUTM1 intron 2 1(8)
EMCT7 exon 1-NUTMI1 exon 5* 1(8)

*Both fusion transcript types present within the same tumor.

study, 16% of the porocarcinoma cases showed NUT pos-
itivity, suggesting a lower-than-expected NUT sensitivity for
the diagnosis of porocarcinoma, with a comparable frequency
to classic poroma (17%). Interestingly, 20% of porocarcino-
mas are associated with a poroma, suggesting in these cases a
malignant transformation of the benign component.?* In this
context, the similar frequencies of NUT expression observed
in classic poroma and porocarcinoma also suggest that
NUTM!I fusion might constitute one of the primary onco-
genic drivers that leads to poroma development, while sec-
ondary events such as KRAS, SETD2, TP53, and RBI
mutations, contribute to progression to malignancy, as pre-
viously reported.'!2?

In contrast to a lower-than-expected NUT positivity
frequency in porocarcinoma, we have found almost constant
NUT expression (93% of the cases) in a distinctive dermal
nodular morphologic subset, namely poroid hidradenoma,
and in 80% of its malignant counterpart. Indeed, poroid hi-
dradenoma harbors the cytologic features of a poroid neo-
plasm with a combination of poroid and cuticular cells, but
with architectural characteristics of hidradenoma, forming
dermal nodules, often with cystic changes.2® In this context,
poroid hidradenoma can be morphologically confused with
nodular hidradenoma, an entity that consistently lacked NUT
expression in the present study (n=16). Nodular hi-
dradenoma characteristically harbors CTRCI-MAMIL2 or
CRTC3-MAML2 oncogenic fusion, not found in poroid
hidradenoma.”’ Our data further confirms that poroid hi-
dradenoma is distinct from nodular hidradenoma, and that
NUT appears a sensitive and specific immunohistochemical
marker in their differential diagnosis.

All poroid neoplasms are expected to derive from basal
keratinocytes of the sweat duct ridge and the existence of four
morphologic variants has been proposed to be linked to var-
iation in the site of tumor initiation along the sweat duct ridge.>
Interestingly, much higher frequency of NUTM]I fusion is
observed in poroid hidradenoma than in any other poroid tu-
mor subtype, suggesting that its morphology might also be
driven by specific genetic alterations.

In addition to the 115 poromas and porocarcinomas,
Sekine et al'! investigated NUT expression in 97 other
cutaneous tumors (24 squamous cell carcinomas, 32 basal
cell carcinomas, 5 cutaneous adenocarcinomas, 9 Merkel
cell carcinomas, and 27 seborrheic keratoses) and did not
identify any NUT expression. These findings were parti-
ally confirmed by a recent study that reported NUT



expression in porocarcinomas, but lacking NUT ex-
pression in 10 poromas, 10 squamous cell carcinomas, and
6 hidradenocarcinomas.

In the present study, we have further confirmed these
results, on the largest cohort to date, by demonstrating the
lack of NUT expression in a large panel of cutaneous
epithelial and adnexal tumors (n=757) and in normal skin
(n=15). Therefore, NUT expression in a cutaneous epi-
thelial neoplasm is highly suggestive of a poroid neoplasm,
albeit NUT negativity cannot rule out this diagnosis. Of
note, NUT positivity in porocarcinoma should not lead
the pathologist to misdiagnose it as NMC, a highly ag-
gressive neoplasm occurring in children and young adults
with a completely different clinical presentation.

On molecular grounds, we have found a perfect
concordance between NUT immunohistochemistry and
gene fusion analysis, detecting YAPI-NUTMI fusion
transcript in all contributive cases (13 cases could not be
studied), thus paralleling previous results by Sekine et al.!!
Indeed, they also reported a high concordance between
immunohistochemistry and molecular biology, albeit 4
cases (12%) showed positive NUT immunohistochemistry
but lacked a detectable fusion involving NUTM1. Another
study investigating NUT immunohistochemistry on po-
roid neoplasm did not perform molecular biology.!?

Our study harbors some limitations, such as the lack
of rarer variants of poroid tumor and other adnexal neo-
plasms, notably benign and malignant dermal duct tumor
and hidracanthoma simplex. Also, molecular biology
could not be performed on all NUT-positive cases, as 10
FFPE samples were not available and 3 samples were not
contributive due to RNA quality.

CONCLUSIONS

To conclude, our study provided immunohistochemical
data on NUT expression in several cutaneous epithelial neo-
plasms, revealing a remarkable restriction of its nuclear ex-
pression to a subset of poroid neoplasms harboring a frequent
poroid hidradenomatous morphology and associated with
YAPI-NUTMI fusion transcripts. NUT immunohistoc-
hemistry is therefore a valuable tool for the diagnosis of this
specific group of poroid adnexal neoplasms, and for the
differential diagnosis of nodular hidradenoma and poroid
hidradenoma.
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