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Cutaneous Lymphadenoma Is a Distinct
Trichoblastoma-like Lymphoepithelial Tumor With
Diffuse Androgen Receptor Immunoreactivity,
Notch1 Ligand in Reed-Sternberg-like Cells,
and Common EGFR Somatic Mutations
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Abstract: The term “cutaneous lymphadenoma” was coined in this
journal for an unusual lymphoepithelial cutaneous adnexal neo-
plasm, possibly with immature pilosebaceous differentiation. Some
authors further proposed that cutaneous lymphadenoma was an
adamantinoid trichoblastoma. However, although a hair follicle
differentiation is widely accepted, the fact that this is a lymphoepi-
thelial tumor is not appropriately explained by the trichoblastoma
hypothesis. Our goal was to further clarify the phenotypic and
genotypic features of cutaneous lymphadenoma in a series of 11
cases. Histologically, a lobular architecture surrounded by a dense
fibrous stroma was present in all cases. The lobules were composed
of epithelial cells admixtured with small lymphocytes and isolated or
clustered large Reed-Sternberg-like (RS-L) cells. The epithelial cells
were diffusely positive for the hair follicle stem cell markers CK15,
PHLDALI, and for androgen receptor. No immunostaining for
markers of sebaceous differentiation was found. Intraepithelial
lymphocytes were predominantly CD3*, CD4*, FoxP3" T cells. RS-
L cells showed both strong Jagged-1 and Notchl cytoplasmic im-
munostaining. Androgen-regulated NKX3.1 nuclear immunostain-
ing was present in a subset of large intralobular cells in all cases.
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Double immunostaining showed coexpression of NKX3.1 and
CD?30 in a subset of RS-L cells. No immunostaining for lymphocytic
or epithelial markers was present in RS-L cells. EGFR, PIK3CA,
and FGFR3 somatic mutations were found by next-generation se-
quencing in 56% of the cases. We consider that cutaneous lym-
phadenoma is a distinct benign lymphoepithelial tumor with
androgen receptor and hair follicle bulge stem cell marker ex-
pression, RS-L cell-derived Notchl ligand, and common EGFR
gene mutations.

Key Words: cutaneous lymphadenoma, adamantinoid tricho-
blastoma, androgen receptor, Notchl, Jagged-1, EGFR
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n 1991, Santa Cruz et al! published in this journal, under
the label “cutanecous lymphadenoma,” the seminal de-
scription of an unusual and previously unrecognized
lymphoepithelial cutaneous tumor which the authors in-
terpreted as an adnexal neoplasm, possibly with immature
pilosebaceous differentiation.! Cutaneous lymphadenoma
is characterized by lobules of basaloid cells with peripheral
palisading and a dense fibrous stroma. Numerous small
lymphocytes are present within the lobules and a limited
number are found in the stroma.!”7 Intralobular Langer-
hans’ cells are usually numerous. An outstanding feature is
the presence of large Reed-Sternberg-like (RS-L) cells
with amphophilic cytoplasm, vesicular nuclei, and prom-
inent nucleoli.'”7 A few years later, other authors pro-
posed that cutaneous lymphadenoma was a variant of
trichoblastoma for which they proposed the term “ada-
mantinoid trichoblastoma.”8-!1
Although some authors have proposed that cuta-
neous lymphadenomas are trichoblastomas with regressive
features,!? the pathogenesis of aberrant llym6phoepithelia1
interactions in cutaneous lymphadenoma'*® represents a
challenge as this tumor is characterized by epithelial cells
with hair follicle bulge stem cell marker expression and it
is well known that the hair follicle bulge region is a site of
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TABLE 1. The Antibodies Used in the Immunohistochemical Study

Antibody Clone Source Dilution Retrieval

CK15 LKHI15 Diagnostic Biosystems 1/100 PTLINK high pH
CK7 OV-TL-12/30 Agilent Dako Prediluted PTLINK high pH
CK AE1-AE3 Agilent Dako Prediluted PTLINK high pH
PHLDAI — Sigma-Aldrich 1/50 PTLINK high pH
AR AR441 Agilent Dako 1/100 PTLINK high pH
CDla 010 Agilent Dako Prediluted PTLINK high pH
Langerin 12D6 Gennova 1/50 PTLINK high pH
CD45 2B11+PD7/26 Agilent Dako Prediluted PTLINK high pH
CD3 — Agilent Dako Prediluted PTLINK high pH
CD4 4B12 Agilent Dako Prediluted PTLINK high pH
CD8 C8/144B Agilent Dako Prediluted PTLINK high pH
CD20 L26 Agilent Dako Prediluted PTLINK high pH
CD30 BER-H2 Agilent Dako Prediluted PTLINK high pH
FoxP3 — Abcam 1/150 PTLINK high pH
Adipophilin — Cell Marque Prediluted PTLINK high pH
EMA E29 Agilent Dako Prediluted PTLINK high pH
Factor XIIla AC-1A1 Gennova 1/100 PTLINK high pH
Beta-catenin Beta-catenin 1 Agilent Dako Prediluted PTLINK high pH
NKX3.1 — Gennova 1/100 PTLINK high pH
Jagged-1 — Santa Cruz 1/100 PTLINK high pH
Notchl — Abcam 1/200 PTLINK high pH
CD34 QBEnd 10 Agilent Dako Prediluted PTLINK high pH
CD163 10D6 Biocare Medical 1/100 PTLINK high pH
CD68 KP1 Agilent Dako Prediluted PTLINK high pH

FoxP3 indicates forkhead box P3.

immune privilege.!*> Moreover, specific markers of this
tumor that would facilitate its differential diagnosis with
other benign and malignant cutaneous neoplasms are still
lacking.

Our goal was to analyze the immunophenotypic and
genetic features of cutaneous lymphadenoma in a series of
11 unpublished cases in an attempt to find useful markers
for this unusual tumor that may improve its differential
diagnosis with other cutaneous adnexal tumors.

MATERIALS AND METHODS

After institutional review board approval, 11 cases of
cutaneous lymphadenoma were retrieved from the authors’
institutional archives. These cases had been collected dur-
ing the period from January 1, 2000, to December 31,
2019. None of these cases have been reported previously.
These lesions were reviewed by 3 pathologists (C.M.,
R.J.B., and R.F.) following the histologic criteria from the
original description.!

Immunohistochemistry

The immunohistochemical study was performed on
4-um-thick sections from formalin-fixed paraffin-embedded
tissue with the antibodies and dilutions detailed in Table 1.

Next-generation Sequencing

Next-generation sequencing was performed on
formalin-fixed paraffin-embedded tissue sections from 9
cases of cutaneous lymphadenoma. DNA was extracted
using the QIAamp DNA FFPE Tissue Kit (Qiagen, CA)
and RNA was extracted using the Rneasy FFPE Kit
(Qiagen). Concentrations of DNA and RNA were de-
termined by fluorometric quantitation using Qubit 2.0

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

Fluorometer (Thermo Fisher Scientific, Waltham, MA)
with Qubit DNA dsDNA BR Assay, Qubit DNA 1X
dsDNA HS Assay, Qubit RNA BR Assay and Qubit
RNA HS Assay. RNA was reverse transcripted before
library preparation using SuperScript VILO ¢cDNA Syn-
thesis Kit (Thermo Fisher Scientific).

Starting from 10 ng DNA and RNA, samples were
evaluated by the Oncomine Focus Assay (Thermo Fisher
Scientific) in an Ion 520 Chip. Preparation of independent
libraries for DNA and RNA, and the template were
performed by the automated Oncomine Chef System
(Thermo Fisher Scientific).

Sequencing was analyzed with Ton Reporter, version
5.14 (Thermo Fisher Scientific). Variants were annotated
using Oncomine Focus Assay Annotations, v1.4 r0
(Thermo Fisher Scientific) and were expressed according to
the hgl9 reference genome (GRCh37; Genome Reference
Consortium Human Build 37; NCBI, Bethesda, MD).

RESULTS

Clinical data are summarized in Table 2. The most
common clinical appearance was that of a long-standing
papule or nodule, <10 mm in diameter, commonly located
on the head and neck and, particularly, on the face.

The most distinctive histopathologic features were
the presence of dermal lobules, nests, and/or cords of ep-
ithelial cells that were only occasionally connected to the
epidermis or adnexal epithelium, along with the presence
of numerous intraepithelial lymphocytes (Fig. 1). Some of
the lobules and nests had peripheral palisading with
columnar or cuboidal cells (Fig. 1C). In all cases, isolated
large pale and/or stellate cells with one to several large
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TABLE 2. Clinical Features

Case # Sex Age (y) Location Clinical Features
1 Female 78 Temple Papule
2 Male 38 Upper lip Nodule
3 Female 50 Forehead Nodule
4 Male 30 Upper lip Papule
5 Female 42 Glabella Papule
6 Male 63 Superciliary Papule
7 Male 49 Naso labial Papule
8 Female — Forehead Papule
9 Female 55 Front Papule
10 Female 61 Thigh Nodule
11 Female 34 Preauricular Papule

nuclei and prominent central nucleoli giving them a RS-L
appearance were also found within some of the epithelial
lobules (Figs. 1C, D). Mitotic figures were scarce in the
epithelial component and only occasionally found in large
RS-L cells. The epithelial nests were usually surrounded
by the desmoplastic stroma (Fig. 1B). When lymphocytes
were present in the perilobular stroma these were usually
fewer than those in the intralobular compartment.

Immunohistochemistry

The immunohistochemical findings are summarized
in Table 3.

The epithelial cell population of the lobules and nests
was diffusely positive for CK15, pleckstrin homology like
domain family A member 1 (PHLDA1) and androgen re-
ceptors (ARs) in all cases (Fig. 2), but while CK15 and
PHLDAI immunostaining were also present in cells that
exhibit peripheral palisading (Fig. 2B), AR was constantly
negative in cuboidal or columnar peripheral cells (Fig. 2D).
Large RS-L cells were negative for CK15 (Fig. 2B),
PHLDAI, and AR (Fig. 2D). No immunostaining for
adipophilin, factor XIlIla, and epithelial membrane antigen
(EMA) was found in the intralobular epithelial population.
CK?7 was only focally positive in 2 cases.

Intraepithelial lymphocytes were predominantly
CD3", with a higher number of CD4 than CDS, and the
majority being forkhead box P3 (FoxP3)-positive (Fig. 3).
A dense intralobular network of intraepithelial dendritic
CDla", Langerin® Langerhans’ cells was commonly
found. A limited number of macrophages were present,
with a predominance of CD68 in the intralobular
compartment, whereas CD163 was overrepresented in
the interlobular stroma.

Membranous CD30 immunoreactivity was present
in a subset of intralobular large RS-L cells (Fig. 4A), but
no immunostaining for CD45, CD3, CD4, CD8, or CD20
was found in this cell population. EMA immunoreactivity
was only present in few isolated cells within the tumor

FIGURE 1. Histopathologic features of cutaneous lymphadenoma. A, Scanning view of the lobulated dermal growth.
B, Lymphoepithelial tumor nests surrounded by desmoplastic stroma. C, Tumor nest with a RS-L cell and peripheral cuboidal cells.

D, Large and RS-L cells within the tumor lobules.
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TABLE 3. Immunohistochemical Findings
Immunostaining
RS-L Cells L

Antibody EC

CK15 +++
CK7 -
AE1-AE3 +++
PHLDAI +++
AR +++
CD45 -
CD3

CD4

CD8

CD20

CD30

FoxP3
Adipophilin
EMA

Factor XIIIa
Beta-catenin*
NKX3.1
Jagged-1
Notchl
CD34

CD163
CD68

Fr+++ 0000+
+
[ . N |

(I

Immunohistochemical score: negative (—), <5% of positive cells; +, 5% to 25%
positive cells; ++, 26% to 50% positive cells; +++, 51% to 100% positive cells.

*Only nuclear immunostaining for beta-catenin was considered.

EC indicates epithelial cells; FoxP3, forkhead box P3; L, lymphocytes.

lobules in 1 case. Interestingly, although RS-L cells were
negative for AR (Fig. 2D), nuclear immunostaining for
the AR-regulated NK3 homeobox 1 (NKX3-1) was
present in some RS-L cells in all cases. Double
immunohistochemistry showed coexpression of NKX3.1
and CD30 in some RS-L (Fig. 4A), but CD30"/NKX3.1™,
and CD307/NKX3.1" cells were also present. In a few
peripheral sebocytes of normal adjacent sebaceous glands,
NKX3.1 immunostaining was also found (Fig. 4B).

Notchl cytoplasmic immunostaining was present in
RS-L cells and in the epithelial stem cell population,
being much higher in the former (Fig. 4C). Moreover,
RS-L cells showed a strong cytoplasmic Jagged-1
immunostaining (Fig. 4D) whereas no significant
Jagged-1 immunoreactivity was found in intralobular T
cells. Coexpression of Jagged-1 and NKX3.1 was found
in RS-L cells (Fig. 4D).

Next-generation Sequencing

Next-generation sequencing analysis showed that 5
of the 9 analyzed cases of cutaneous lymphadenoma (56%)
presented gain-of-function missense EGFR, FGFR3, and
PIK3CA pathogenic somatic mutations (Table 4). In
addition, in 2 of the 9 cases (22%), ALK, MTOR, ERB3,
MET, and/or FGFR4 pathogenic mutations were found
(Table 4). All epidermal growth factor receptor (EGFR)
mutations are pathogenic'® and their variant allele
frequencies ranged from 4% to 21% (Table 5). Two
cases shared the same p.Asp761Asn EGFR mutation.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

DISCUSSION

Cutaneous lymphadenoma is a lymphoepithelial
cutaneous tumor of disputed histogenesis'®> and benign
clinical behavior.!*¢ Other lymphoepithelial cutaneous
lesions are heterotopic dermal thymus and lymphoepi-
thelial-like carcinoma.*® Although Kazakov et al'® re-
ported 1 case of cutaneous lymphadenoma with a
lymphoepithelial-like carcinoma component which meta-
stasized to regional lymph nodes, the former is distinct and
easily distinguished from the latter.®

With regard to the statement by the authors of the
seminal description that cutaneous lymphadenoma has
definite resemblance to desmoplastic trichoepithelioma and
might represent a close entity,! several authors considered
cutaneous lymphadenoma as an adamantinoid tricho-
blastoma and stated that “desmoplastic trichoepithelioma
and adamantinoid trichoblastoma are merely different
histopathologic expressions of a distinctive benign neo-
plasm composed of follicular germinative cells.”® !

Further studies reported that, similar to tricho-
blastoma, cutaneous lymphadenoma is positive for CK15
and PHLDA, which are markers of hair follicle bulge stem
cells.'”1° However, as trichoblastomas and desmoplastic
trichoepitheliomas are AR negative!”-20-23 our findings of a
diffuse strong AR immunostaining in cutaneous lympha-
denoma argues against considering it as a trichoblastoma.
In fact, AR is one of the immunohistochemical markers
proposed for the differential diagnosis between tricho-
blastoma and basal cell carcinoma (BCC), the latter
showing commonly focal AR immunoreactivity.!8 Tt is in-
teresting to note that fibroepithelioma of Pinkus usually
shows focal AR immunostaining,”* while PHLDA is only
positive in thin epithelial strands and not in basaloid nests,
which some authors consider to be the BCC component.?>
Therefore, despite the fact that cutaneous lymphadenoma
has similar histologic features similar to desmoplastic tri-
choepithelioma, our finding of strong and diffuse AR im-
munostaining in cutaneous lymphadenoma proves that the
2 are distinct tumors. Moreover, the invariable presence of
intraepithelial lymphocytes and RS-L cells in cutaneous
lymphadenoma, but not in trichoblastomas, also supports
this contention. Furthermore, the diffuse pattern of AR
immunostaining in cutaneous lymphadenoma is also dif-
ferent from the focal pattern (usually <5% of positive cells)
found in BCC.?

In normal pilosebaceous units, AR is generally ex-
pressed in the dermal papilla and sebaceous glands, but its
expression in the follicular epithelium is controversial.”® Al-
though most authors have not found AR expression in the
outer root sheath, hair bulb and bulge,’>’ Bayer-Garner
et al®® reported AR immunoreactivity in hair follicle basal
cells adjacent to the acrotrichium, and Kretzchmar et al®
found AR nuclear immunostaining in mice in the dermal
papillae and also in the adjacent hair bulb during the telogen,
catagen, and early anagen phases, but not during full anagen.
AR mRNA has been detected in the inner and outer root
sheath of male and female sexual hairs.® With regard to our
finding that no nuclear p-catenin immunostainin§ was found
in cutaneous lymphadenoma, Kretzchmar et al® found that
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FIGURE 2. A and B, CK15 immunostaining. Low-power view showing a strong difuse immunostaining in epithelial cells (A), no
immunoreactivity can be found in the large cell component (B). C and D, AR immunostaining. Most epithelial cells show nuclear
immunoreactivity (C), with the exceptions of peripheral cells and the large cell population (D).

AR and f-catenin display a reciprocal pattern of expression,
by which, when nuclear AR is present then nuclear p-catenin
is absent and vice versa. Therefore, these authors proposed
that AR acts as a negative regulator of p-catenin/Wnt-
dependent transcription.”” As we have shown that all cases of
cutaneous lymphadenoma show diffuse and strong nuclear
AR expression in the hair follicle epithelial stem cell com-
ponent, this feature explains the absence of nuclear p-catenin
Immunostaining,

NKX3.1 is an androgen-regulated homeobox protein
commonly expressed in prostate carcinomas,’ but which has
not been reported in the normal skin or in cutaneous
neoplasms.’? The strong AR expression in cutaneous lym-
phadenoma led us to check NKX3.1. We found a selective
nuclear immunostaining in a subset of large intralobular RS-L
cells. Only some of these cells coexpressed CD30, whereas
none coexpressed CD45, CD3, CD4, CD8, or cytokeratins.
Interestingly, in normal adjacent skin, NKX3.1 im-
munostaining was found in some peripheral sebocytes, an
observation not previously reported. This finding together with
that of diffuse AR immunostaining might support incomplete
sebaceous differentiation of cutaneous lymphadenoma as

1386 | www.ajsp.com

suggested in the original description.! However, no im-
munoexpression of adipophilin, factor XIlla and/or EMA,
which are currently considered the most sensitive and/or spe-
cific markers for sebaceous differentiation, was found, making
this hypothesis highly unlikely.

The characteristic presence of numerous lymphocytes
within the epithelial lobules was initially interpreted as
aberrant lymphoepithelial trafficking or interaction.!:>#
However, Magro’s group has recently proposed that cu-
taneous lymphadenoma should be considered tricho-
blastomas with regressive features.!? Nevertheless, in our
opinion, the absence of clinical evidence of inflammation,
the invariable presence, even in early stages, of intra-
epithelial T lymphocytes, including numerous regulatory T
cells (Tregs), and the constant finding of intraepithelial
large RS-L cells, argue against a degenerative regressing
phenomenon. Fujimura et al>* hypothesized that lympho-
cytes in cutaneous lymphadenoma may play roles in tuning
and maintaining the homeostasis of this tumor. In agree-
ment with this interpretation, current knowledge supports
the role of regulatory T lymphocytes in hair follicle
growth.?* Indeed, although the hair follicle bulge is an area

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 3. Immunoreactivity of intralobular lymphocytes. CD45 is positive in lymphocytes, but not in RS-L cells (A). CD3 (B—
magenta) is positive in most lymphocytes, whereas CD20 is only positive in a minor lymphocytic population (B—brown). CD4
immunostaining is present in most lymphocytes (C—magenta) whereas CD8 is minoritary (C—brown). Forkhead box P3 im-
munoreactivity in numerous intralobular lymphocytes (D) (A and D, Immunoperoxidase with DAB chromogen; B, double im-
munohistochemistry with CD3-magenta chromogen and CD20-DAB chromogen; C, double immunohistochemistry with

CD4-magenta chromogen and CD8-DAB chromogen).

of relative immune privilege,'>3 it is currently accepted

that mature hair follicles have a distinctive immune
system.>> Hair follicles are constantly interacting with in-
traepithelial T lymphocytes and Langerhans cells as well as
macrophages and mast cells located in the connective tissue
sheath.?>3% In fact, accumulation of Langerhans cell is
associated with Tregs expansion.3” Hair follicle stem cells
are essential for cyclic hair follicle growth (anagen), re-
gression (catagen), and quiescence (telogen).’® Hair follicle
entry into the anagen phase requires the activation of hair
follicle stem cells that expand to give rise to a new anagen
hair follicle.3®> Ali et al** demonstrated that suppression of
inflammation is not the major mechanism by which Tregs
promote hair follicle stem cell proliferation and differ-
entiation. Tregs promote hair follicle regeneration by
augmenting hair follicle stem cells proliferation and
differentiation.* Accumulation of activated Treg cells in
hair follicle stem cell niches is required for the activation of

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

the Jagged-1-Notch signaling pathway, which in turn me-
diates hair follicle regeneration.’® Tregs around the hair
follicle are activated in the transition from telogen to an-
agen. These activated Tregs produce the Notch ligand
Jagged-1 that stimulates the proliferation and differ-
entiation of hair follicle stem cells and progression to the
anagen phase.?*

Our findings of high Jagged-1 immunoexpression in
large RS-L cells and that of Notchl immunostaining in
both epithelial and RS-L cells support the role of the
Notch pathway in the proliferation of both cell types that
contribute to tumor growth. Interestingly, Notchl and
Jagged-1 are also immunodetected in Reed-Sternberg cells
of Hodgkin lymphoma in which they are known to block
the expression of B-cell differentiation markers*>*! and
are involved in Reed-Sternberg cell survival.*! Similarly,
RS-L cells present in the cutaneous lymphadenoma do not
express lymphocyte or epithelial markers. However, as a
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FIGURE 4. A, Nuclear NKX3.1 (magenta) is present in a subset of RS-L cells (center and inset), and membranous-cytoplasmic
CD30 (brown) reactivity is also found in a few of them. B, NKX3.1 immunostaining in some peripheral sebocytes (inset) of adjacent
normal sebaceous glands. C, Notch1 immunoreactivity in epithelial cells and in RS-L cells. D, Strong cytoplasmic Jagged-1
immunostaining (brown) in RS-L cells, some of which also exhibit nuclear NKX3.1 immunoexpression (center and inset; magenta)
(A, Double immunohistochemistry with NKX3.1-magenta chromogen and CD30-DAB chromogen; B and C, immunoperoxidase
with DAB chromogen; D, double immunohistochemistry with NKX3.1-magenta chromogen and Jagged-1-DAB chromogen).

TABLE 4. Gene Mutations

Case# EGFR FGFR3 PIK3CA ALK

MTOR YAK1/3 MET ERBB3 FGFR4

6 -

" ]

Pathogenic mutations: green; nonpathogenic (benign or unknown clinical
significance) mutations: brown.

1

2

3
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subset of RS-L cells in the cutaneous lymphadenoma are
positive for NKX3.1 and this androgen-regulated mole-
cule is associated with a dedifferentiated or stem cell state
and has been detected in hematopoietic stem cells and
double-negative T lymphocytes,*” there is a possibility that
RS-L cells, which are the main source of Notchl ligand in
cutaneous lymphadenoma, might be undifferentiated or
stem hematopoietic cells, a hypothesis that has been pre-
viously proposed.**:

No genetic analysis of cutaneous lymphadenoma has
been reported. Regarding our findings of EGFR, FGFR3,
and PIK3CA somatic mutations in most cases of cuta-
neous lymphadenoma, it must be emphasized that al-
though FGFR3 and PIK3CA mutations are common in a
variety of benign skin lesions*>*® and even in sun-exposed
normal skin,*’*8 EGFR mutations have not been reported
in either sun-exposed or non-sun-exposed normal skin*
or in benign cutaneous adnexal tumors and, moreover,
they are very unusual in cutaneous adnexal cancer.** In
fact, in cutaneous melanoma, the skin cancer with the

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.



Am | Surg Pathol » Volume 45, Number 10, October 2021

AR and EGFR in Cutaneous Lymphadenoma

TABLE 5. EGFR Mutations

Case # EGFR Mutation Coverage Allele Ratio (%) COSMIC

1 p-Asp761Asn 139 13 COSM21984
2 p-Ser768Asn 247 6 COSM12989
3 p-Cys797Tyr 455 4 COSM53104
4 p.Ala289Val 202 21 COSM21685
7 p-Asp761Asn 215 8 COSM21984

highest prevalence of EGFR mutations, only 6.5% of
cases have EGFR mutations, a rate which is much lower
than we have found in cutaneous lymphadenoma (56%).

The EGFR hotspot missense mutations we found in
cutaneous lymphadenoma are pathogenic.!* EGFR is in-
volved in both AR and Notch signaling.'* Moreover,
EGFR is required for the proliferation and appropriate
coordination of molecular pathways involved in hair fol-
licle development and adult hair follicle stem cell activation
and growth,’! and there is evidence for a role of EGFR
signaling in prevention of DNA damage in proliferating
cells and susceptibility of epidermal cells to TP53-mediated
apoptosis.®! Interestingly, although EGFR signaling is in-
dispensable for the initiation of hair growth, continuous
EGFR expression prevents entry into catagen phase.>
Therefore, we hypothesize that the EGFR gain-of-function
somatic mutations may provoke a continuous hair follicle
stem cell proliferation state and block entry into the cata-
gen phase, which together with the Notch pathway stim-
ulation, may be responsible for cutaneous lymphadenoma
tumor growth. An alternative explanation is that cuta-
neous lymphadenoma arises from a nonbulge hair follicle
stem cell keratinocyte progenitor that acquires genetic hits
(eg, EGFR mutations) which then endow it with hair fol-
licle bulge stem cell-like properties.

In summary, cutaneous lymphadenoma is a distinct
lymphoepithelial tumor characterized by a proliferation of
AR and Notchl-positive epithelial cells which express
markers of hair follicle bulge stem cells, with numerous
intralobular Tregs and Jagged-1-positive RS-L cells,
commonly associated with EGFR somatic mutations.
Furthermore, besides clear-cut differential histopathologic
features, the presence of diffuse AR immunostaining easily
allows its distinction from trichoblastoma.
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