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Abstract

Herein, we report the case of a 12-year-old female who noted the recent onset of an oval, cir-
cumscribed, 10-cm papillomatous plaque affecting the thigh and vulva that showed histolog-
ic signs of lymphedema without evidence of secondary lymphedema. The sequencing of genes
associated with a delayed onset of lymphedema or epidermal nevi (EN) — GATA2 and GJC2,
and HRAS and KRAS, respectively — showed wild-type alleles. Polymerase chain reaction for
human papillomavirus (HPV) DNA demonstrated infections with 15 HPV genotypes. Evidence
of productive HPV infection, HPV capsid expression, and cytopathic changes was detected. At
the 6-month follow-up, no evidence of recurrence was found after complete excision. The
analysis of a consecutive series of 91 EN excision specimens revealed that 76% exhibited his-
tologic evidence of lymphostasis. Notably, multiple acrochordon-like EN, which most closely
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resembled this case, showed similar signs of localized lymphedema. The late onset and evi-
dence of lymphedema favors the diagnosis of congenital unisegmental lymphedema. How-
ever, the clinical findings and epidermal changes point to the diagnosis of EN. Moreover, lo-
calized verrucosis also accurately describes this patient’s cutaneous findings. Based on the
above evidence, we postulate that an abnormal development of lymphatics may play a pri-
mary role in the pathogenesis of some types of EN and facilitate productive HPV infection.

© 2014 S. Karger AG, Basel

Introduction

Herein, we present an unusual case of tardive onset of an ostensible epidermal nevus
(EN) that shows the typical findings of keratinocytic EN but also concomitant findings of
localized primary lymphedema that has progressed to elephantiasis. Regional verrucosis also
accurately describes the plaque. To determine whether this combination of histopathologies
(lymphedema and papillomatosis) was happenstance or a common occurrence in EN, we
examined a consecutive series of EN, discovering that signs of lymphostasis were frequent
and abundant in the common types of EN. In addition, multiple human papillomavirus (HPV)
genotypes, mostly beta-PV, were detected in lesional tissue associated with HPV cytopathic
alterations and HPV capsid antigen expression, all signs of productive HPV infection and
supportive of an interpretation of verrucosis. Based on the aforementioned, we postulate that
the papillomatous and verrucous epidermal hyperplasias found in some EN and in elephan-
tiasis are the consequence of local immune suppression caused by lymphatic failure, which
permits the progression of latent to productive HPV infection.

Case Report

Clinical Findings

A 12-year-old, healthy adolescent female sought dermatologic consultation for an asymp-
tomatic, papillomatous groin lesion recently noted while showering a week or more previ-
ously. The patient had recently received an HPV vaccine and blamed this vaccine for the onset
of the plaque. She recalled having had a pimple in the region 1 month previously and reported
having had hand warts as a child. She denied any sexual activity and did not reportany episode
of trauma, irritation, rash such as hidradenitis, or infection at this site or elsewhere. On exam-
ination, the plaque was 10 cm in its greatest diameter and exhibited soft, gray-tanned papules
and polyps that formed a mosaic pattern with a textured surface. The plaque did not cross the
midline (fig. 1). The clinical differential diagnosis included EN, HPV infection, and acanthosis
nigricans. A biopsy was taken.

Histopathologic Findings

A 2-mm punch biopsy showed papillated epidermal hyperplasia that mimicked that of a
seborrheic keratosis in conjunction with dermal edema and dilated lymphatic spaces. About
10% ofthe spinous layer keratinocytes exhibited perinuclear halos, some of which surrounded
angulated, hyperchromatic nuclei, which fulfilled Meisels and Fortin’s criteria for HPV infection
[1]. Focally, clusters of epidermodysplasia verruciformis (EV)-like cells were present (round
or oval, balloon-like spinous keratinocytes with a granular, grayish, or clear cytoplasm, usually
located in the spinous layer in isolation or grouped in nests [2]). In addition, hyperkeratosis
and hypergranulosis similar to that of verruca plana (fine-to-large, irregular, clumped kerato-
hyaline granules [3, 4]) were found underlying a basket weave stratum corneum. Due to the
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Fig. 1. Unilateral segmental primary
elephantiasis versus multiple acro-
chordon-like EN. This 12-year-old fe-
male presented with an asymptom-
atic oval 9-cm plaque of the inner
thigh-buttock-vulva that shows ir-
regular but well-defined borders and
a cobblestone surface that is formed
by multiple soft-brown fibroepithe-
lial polyps and scattered red, firm
polypoid papules.

24

Fig. 2. Lymphedematous fibroepithelial polyp. The second biopsy (shave biopsy) demonstrated a histology
of chronic lymphedema [6]. a Marked papillomatous epidermal hyperplasia accompanied by an edematous
and fibrous dermis. b Features similar to an old wart with rounded papillations, slight inward bending of the
rete, and hypergranulosis in the dells between papillations. ¢ ‘Promontory sign’; in this case, a small artery
and vein protruding into a large lymphangiectasis. d Dermal edema, fibroplasia, dilated lymphatic vessels,
and uniformly distributed stromal cells characteristic of chronic lymphedema.

presence of these focal HPV cytopathic effects, tissue sections were tested for high-risk HPV
types (i.e. 16,18, 31, 33, 35, 39, 45,51, 52, 56, 58, and 66) by in situ hybridization; no high-risk
HPV DNAs were detected (the methods have previously been described [5]).

As the biopsy specimen was small and the distinction between EN and HPV infection
could not be confidently made, a second biopsy (shave biopsy) was performed 2 weeks later.
This second biopsy exhibited similar changes of papillated epidermal hyperplasia with focal
and regional HPV cytopathic changes. However, it also showed more extensive lymphatic
dilation coupled with dermal edema, fibroplasia (an increase in fine, widely spaced dermal
collagen bundles), and uniformly distributed spindle and dendritic cells (fig. 2). This constel-
lation of histologic features is diagnostic of localized lymphedema (elephantiasis) [6].
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Fig. 3. Seborrheic keratosis-like EN. In addition to features of acrochordon-like EN, the excision specimens
showed seborrheic keratosis-like changes with formation of horn pseudocysts and acanthosis [16]. Inset Stro-
mal change of dermal edema, fibroplasia, dilated lymphatic vessels, and uniformly distributed stromal cells.

Due to the circumscription, size, and location, the following management options were
recommended: observation, laser ablation, or local excision. The patient and family did not
return to the dermatology clinic, but 13 months later, they consulted a plastic surgeon and
agreed to have the papillomatosis plaque excised (after deliberation of the risks including
recurrence and scarring with vulvar contracture). An excision with a V-Y flap was performed
with normal margins of 2 mm.

The excisional biopsy showed both papillated epidermal hyperplasia with rare horn
pseudocysts similar to that exhibited by seborrheic keratosis and the formation of fibroepi-
thelial polyps (acrochordons). Similar to the prior punch and shave biopsies, HPV cytopathic
changes of koilocytes, EV-like cells, and hypergranulosis with altered keratohyaline granules
were identified. All of these epidermal changes occurred in the background of chronic lymph-
edema characterized by dermal edema, fibroplasia, dilated lymphatic vessels, and uniformly
distributed stromal cells. Compared to the biopsy specimens, the papillary and upper dermis
was more fibrotic. No inflammatory infiltrate was evident (fig. 3). While rare, sparse infil-
trates of lymphocytes could be focally seen around vessels, none of the specimens exhibited
significant perivascular or interstitial inflammatory infiltrates.

Immunohistochemistry Results

D2-40 Expression

D2-40 (antibody to podoplanin, which is expressed by lymphatic epithelium [7]) was
expressed by dilated, thin-walled dermal vascular spaces mostly throughout the upper and
mid-dermis (fig. 4). Dilated vessels significantly outnumbered collapsed, D2-40-positive,
thin-walled dermal vessels ataratio of 4-5to 1. No basal keratinocytes exhibited membranous
D2-40 expression (a pattern seen in some cases of chronic lymphedema [6]).
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Anti-HPV

Fig. 4. a, c D2-40 expression of thin-walled, dilated vessels in an edematous background, confirming a lym-
phatic origin. b, d HPV capsid expression that unexpectedly demonstrated weak-to-moderate intensity in
approximately half of the keratinocytic nuclei from the basal to spinous to granular layer. b Typical pattern
of nuclear HPV capsid expression in this patient. Our findings are not considered artifacts (e.g. overstaining),
because negative and positive controls showed the expected findings, not all keratinocytes expressed the
capsid antigen (both regional and fractional expression rather than diffuse expression by all cells), there was
a coexisting presence of HPV-associated histologies (papillated hyperplasia, koilocytes, and hypergranulo-
sis), and multiple HPV DNAs were recovered from these specimens. d Verruca plana-like epidermal hyper-
plasia with widespread nuclear staining. In conventional warts, strong nuclear expression by scattered sub-
corneal and granular keratinocyte nuclei is the expected finding [9].

Anti-HPV Antibody

Immunohistochemical studies were performed on 5-um, formalin-fixed, paraffin-
embedded tissue sections using a manual method (Dako LSAB+ System-HRP, No. K0690) and
a commercially available anti-HPV antibody (BPV-1/1H8 + CAMVIR, ab2417; Abcam,
Cambridge, Mass., USA) [8]. The slides were deparaffinized and rehydrated using a graded
alcohol series. Citrate buffer (pH 6.0; Dako No. S2369) was used for antigen retrieval. The
sections were incubated for 90 min with the anti-HPV antibody. This antibody is a mouse
monoclonal antibody that reacts with major capsid antigen and detects HPV types 1, 6,11, 16,
18, and 31 in formalin-fixed, paraffin-embedded tissue [8, 9]. With the use of appropriate
negative and positive controls, all samples were tested and found to show evidence of
productive HPV infection, where many keratinocytic nuclei expressed the HPV capsid
antibody in the mid and lower spinous layers of the epidermis in a spotty pattern. Regionally,
the percentage of nucleilabeled by the anti-HPV antibody varied from 25 to 75%. The intensity
of expression was mostly mild to focally moderate and accompanied by a faint blush of cyto-
plasmic labeling. Apart from melanophages, dermal nuclei were negative, arguing against
overstaining (table 1; fig. 4). These findings are in marked contrast to those of recent studies,
where a positive result indicating productive HPV infection was defined as atleast 1 intensely
staining keratinocyte nucleus, typically found in the granular layer [9, 10]. Many granular
layer keratinocytic nuclei showed this expected finding (fig. 4). These results - in light of the
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Table 1. Numerous novel and known beta-PV genotypes detected by nested PCR assays for beta-PV and
cutaneous HPV genotypes

Sample  B-Globin EV HPV PCR® FAP PCRP PGMY/GP ISH HRGMY [HC HPV®
PCR¢
Biopsy 1 + - HPV25, FAIMVS16/FA162f CTR146° - +
Biopsy 2 + HPV5 HPV119, FAIMVS13.1/ - ND +
FAIMVS13.2f
EXS 1 + - - - ND +
EXS 2 + HPV5, HPV37 HPV120, RTRX7f - ND +
EXS 3 + HPV23,HPV37, HPV49, HPV111 - ND +
HPV100, DL287f
EXS 4 + ]7¢ - - ND +
EXS5 + HPV25 HPV25, HPV49 - ND +

EXS = Excision sample; HRGM = high-risk (oncogenic) genital mucosal alpha-PV genotypes; IHC =
immunohistochemistry; ISH = in situ hybridization; ND = not done.

2 EV HPV-nested PCR systems are designed to primarily detect beta-HPVs related to infections in EV
patients [13].

bThe FAP-nested PCR system is designed to identify a broad spectrum of cutaneous HPVs [14].

¢ The PGMY/GP-nested PCR system is designed for the detection of HPVs primarily related to
mucocutaneous lesions in the anogenital area [15].

d1SH for HRGM alpha-HPV genotypes (i.e. 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 66) [5].

¢IHC for anti-HPV capsid antigen that detects HPV genotypes 1, 6, 11, 16, 18, and 31 in formalin-fixed
paraffin-embedded tissue [9, 52].

fClosest known HPV genotypes for putatively novel HPV isolates: FAIMVS13.1/FAIMVS13.2: HPV100
(87/87%); RTRX7: HPV12 (85%); DL287: HPV24 (74%); ]J7: HPV96 (83%); FAIMVS16/FA162: HPV96
(82/82%); CTR146: HPV107 (86%).

polymerase chain reaction (PCR) outlined below - indicate that this antibody is reactive with
more HPV genotypes than currently recognized.

Molecular Studies

DNA Extraction from Formalin-Fixed, Paraffin-Embedded Tissue

DNA was recovered from formalin-fixed, paraffin-embedded tissue of 7 skin samples
from this patient - specifically, the 2 biopsies and 5 samples of the excision specimen. These
DNA samples were used for the sequencing of genes related to congenital lymphedema and
EN as well as for HPV typing. The results are reported below.

Lymphedema and EN Mutant Testing

Sequencing of the GATAZ and GJC2 as well as of the HRAS and KRAS genes - known to be
involved in juvenile-onset congenital lymphedema and EN, respectively [11, 12] - showed
wild-type DNA. All coding exons of the GATAZ, GJC2, and HRAS genes were amplified via PCR
from DNA extracted from the sections of the 4 aforementioned formalin-fixed, paraffin-
embedded tissue samples. Direct sequencing of the obtained PCR products was performed
using an ABI 3130XL instrument. In case of the KRAS gene, only codons 12, 13, and 61 were
analyzed by reverse hybridization by a KRAS 12/13/61 StripAssay Kit (ViennaLab Diag-
nostics GmbH, Vienna, Austria).
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HPV PCR Testing

HPV PCR products were detected by using nested EV PCR, FAP PCR, and PGMY/GP PCR
systems in DNAs extracted from the sections (Puregene DNA extraction kit; Qiagen, Valencia,
Calif., USA) of 4 formalin-fixed, paraffin-embedded tissue samples [13-15]. The HPV PCR
products obtained from the samples were cloned and sequenced. The NCBI Basic Local
Alignment Search Tool (BLAST) analysis of the sequence information obtained from the
clones revealed the presence of different HPV types in the samples. Twenty HPV DNAs were
identified in 6 of the 7 lesional skin samples and found to represent 15 distinct genotypes,
mostly beta-PV and cutaneous HPV, and 1 putatively novel alpha-HPV genotype (table 1).
Two HPV genotypes, 5 and 25, were found to persist in lesional skin for over 16 months. In
the excised specimen, HPV genotypes 37 and 49 were found in 2 separate samples, suggesting
a wider regional infection than for the other HPV genotypes detected.

Outcome

At the 6-month follow-up, no evidence of recurrence was found. The patient and family
were lost to follow-up for 17 months, when they finally responded to a phone call requesting
a follow-up visit. However, they did not follow through with this scheduled visit to the clinic
and have not rescheduled any visit since.

Consecutive Case Series of EN Biopsies/Excisions

To determine whether our observation of localized lymphedema is unique to our patient
or a common, but underrecognized, phenomenon in EN, we took a consecutive series of EN
biopsied or excised at the Albany Medical College. Specifically, a natural language search for
the clinical and/or pathologic diagnosis of ‘epidermal nevus’ and ‘inflammatory linear
verrucous epidermal nevus’ was performed in the computer records from 2003 to 2013 of
the Department of Pathology at the Albany Medical College. Ninety-three cases of EN were
identified. Data on age, sex, site, and clinical differential diagnosis were extracted from the
pathology reports. All cases were pathologically reviewed and classified according to the
criteria for the subtyping of EN established by Su [16] with the addition of one more category:
multiple acrochordon-like EN, which is also known as nonepidermolytic EN of a soft, papil-
lomatous type [17]. This variant overlaps with seborrheic keratosis-like EN that additionally
show multiple polypoid segments of skin with a fibrovascular core and are also covered with
papillated epidermal hyperplasia. In addition to categorizing the histologic subtype of EN, the
number of dilated lymphatics per square millimeter and the maximal dilation of the lymphatic
vessels were measured (the methods have previously been described [18]). Statistical evalu-
ations were performed using the statistical package Stata (Stata Corp., College Station, Tex.,
USA). Two EN cases were excluded because of a lack of dermis to evaluate for lymphangiec-
tasis, leaving 91 cases for histopathologic assessment.

Overall, EN were biopsied or excised mostly from teenagers (mean/median age of 15
years), affected females and males relatively equally, and involved the head and neck more
frequently than the trunk, with a minority (<20%) affecting the extremities or anogenital
region. About half were clinically diagnosed as EN, with lower numbers suspected to be
melanocytic nevi, nevi sebacei, or warts (table 2). About three quarters of the EN exhibited
lymphangiectasis, showed a median/mean of 1.8/1.8 lymphangiectases per square milli-
meter, and a median/mean maximal lymphatic dilation of 40/47 um. These values are
significantly greater than those found in normal skin in a prior study demonstrating that
50% of normal skin samples had lymphangiectases with less than 1 lymphangiectasis (0.1)
per square millimeter and a mean dilation of 10 pm [18]. Thus, dilated lymphatic vessels, a
histologic sign of lymphostasis, are a common, but not an absolute, feature of most EN; a
finding that likely correlates with the histopathologic subtype and causative mosaicism.
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Fig. 5. Most EN are associated with underlying lymphangiectases, a surrogate marker of lymphostasis (yel-
low arrows marking the most overt examples) [18]. a A 5-year-old male with an acrochordon-like EN on the
neck. b Common EN on the leg of a 5-year-old female. ¢ Seborrheic keratosis-like EN on the neck of a 22-year-
old female. d Inflammatory linear verrucous EN from the neck of a 16-year-old male.

Figure 5 shows examples of the major subtypes of EN associated with underlying lymphan-
giectases.

Comparing the findings on our patient (pooled data from biopsy and excision specimens)
with all EN demonstrated significantly more lymphangiectases per square millimeter and a
greater lymphatic dilation (p = 0.004 and p = 0.03, respectively). However, comparing our
patient with the same category of multiple acrochordon-like EN did not reveal any significant
differences with respect to lymphatic measurements. Across categories, however, the differ-
ences between the subtypes were significant for age, lymphangiectases per square milli-
meter, and the maximal dilation of lymphatic vessels (ANOVA: p < 0.002). This finding is
further evidence that histologic subtypes represent unique entities that likely correlate with
specific mosaic (postzygotic) genomic aberrations. For example, epidermolytic hyperkera-
totic EN (mean age 5 years) showed rare, barely dilated lymphatics. This would be in keeping
with causative mutations affecting suprabasal keratin genes 1 or 10 [19, 20].

Discussion

Three diagnostic classifications are valid for this adolescent female’s papillomatous
plaque: EN, verrucosis, or localized primary elephantiasis [6, 17, 21, 22]. Vascular and
lymphatic anomalies occur significantly more frequently in Schimmelpenning (EN) syndrome
than in the general population (33 vs. <1%) [23]. Table 3 lists reports documenting lymphatic
abnormalities and/or HPV infection in association with EN, demonstrating that the spectrum
of findings seen in this patient is not an isolated phenomenon. Indeed, lymphangiectases
(signs of lymphostasis) were found in the majority of the EN histologic subtypes (table 2).
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Table 3. Reports of EN or EN-like hyperplasia with coexisting lymphatic abnormalities and/or HPV infection

Reference Age,years Sex Site EN type Comorbidities HPV genotype Lymphatic
No. anomalies
53 17 F forehead organoid nevus Schimmelpenning - LM
syndrome
54 5 M cheek organoid nevus Schimmelpenning - LM
syndrome
55 10 F back verrucous tissue overgrowth - LM
56 - F/M neck, trunk, keratinocytic Proteus syndrome - LM
or extremities
57 11 M trunk NOS EN syndrome - lymphedema
58,59 21 F arm ichthyosiform CHILD syndrome  AF322242 verruciform
xanthoma [60]
61 NR 2M  neck, chest, organoid nevus Schimmelpenning - LM, lymphedema
legs syndrome
5 8/13 2F  thigh/hand multiple none 16,alb-1/15, LA?%/none
acrochordon/ 16, 36
acrokeratosis
verruciformis-like
5 mean 35 20F: head and neck organoid nevus secondary skin 82% HPV+P LA?
(1-71) 24M (nevus sebaceus) tumors in 45% of
cases
62 57 F ileostomy site nevus sebaceus-like ovarian carcinoma 16 scar lymphedema
hyperplasia
This 12 F vulva multiple none 15 genotypes® lymphedema
report acrochordon-like

CHILD = Congenital hemidysplasia with ichthyosiform erythroderma and limb defects; F = female; LA = lymphangiectases;
LM = lymphatic malformation; M = male; NOS = not otherwise specified.

2 An informal review of this material revealed that LA are common.

b Genital mucosal HPV types in 52% of the cases (HPV 6, 16, and 33) and a diverse variety of EV-associated HPV types in 61%
of the cases, including well-known EV HPV types (5, 8, 15, 20, 22, 24, 36-38, and 80) and putatively novel EV HPV types (DL285,
DL287, DL436, and alb-1, -2, -3, -5, -6, -7, -8, -10, -11, -12, and -13).

¢Genotypes 5, 23,25,37,49,100,111,119,120,CTR146,DL287, FAIMVS13.1/FAIMVS13.2, FAIMS16 /FA162,]7,and RTRX7.

Even though we did not identify mutant KRAS/HRAS, GJC2, or GATAZ genes in out patients’
hamartoma, a mosaic gene mutation likely is present in the affected skin whose function
impacts the cutaneous developmental pathway and/or lymphogenesis. The epidermal hyper-
plasias (e.g. papillomatosis) found in some EN, elephantiasis, and verrucosis are indistin-
guishable; thus, the findings of numerous and diverse HPV genotypes and phenotypic evidence
of productive HPV infection are not unexpected. Lymphedema-associated immune depression
likely is the pathogenic factor that links these distinct diagnoses [18, 21].

Epidermal Nevus
EN is arelatively common cutaneous mosaic disorder [17]. EN are congenital and exhibit
a linear configuration that follows Blaschko’s lines. In most cases, they are visible at birth or
within the first years of life, but rarely late in life [24]. By their histopathologies, EN can be
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divided into an organoid type (also known as nevus sebaceus), which shows diverse aberrant
adnexal hyperplasias, and keratinocytic types, which only show epidermal anomalies or
hyperplasias [25].

Histopathologically, keratinocytic EN can be further categorized into many distinct types:
common EN (showing hyperkeratosis, papillomatosis, acanthosis, and elongation of rete
ridges), acrokeratosis verruciformis-like EN, epidermolytic hyperkeratosis, seborrheic kera-
tosis-like EN, (psoriasiform) inflammatory linear verrucous EN, verrucoid EN, porokeratosis-
like EN, focal acantholytic dyskeratosis, and nevus comedonicus [16]. EN are also known as
mosaic RASopathies, which are defined as the presence of at least 2 genetically distinct cell
populations in the same organism, one of which is a mutant gene that affects the Ras-Raf-
MEK-ERK signaling pathway [12]. While almost all organoid EN are the result of HRAS > KRAS
mosaic mutations [26], more than a third of keratinocytic EN are caused by RAS mosaic muta-
tions and another third by FGFR3 and PIK3CA mosaic mutations [27]. A third of keratinocytic
EN are wild types for the aforementioned genes that impact the Ras-Raf-MEK-ERK signaling
pathway, implicating other, unknown causative genes. To date, no clinical or histologic differ-
ences have been ascribed to FGFR3, PIK3CA, and RAS mutant-related keratinocytic EN.
However, epidermolytic hyperkeratotic EN and focal acantholytic dyskeratotic EN are caused
by distinct, non-Ras-Raf-MEK-ERK-pathway-related genes: specifically, mutant mosaic
keratin 1 or 10 genes [19, 20] and mutant mosaic ATP2ZA2 mutations [28], respectively.
Notably, RASopathies frequently present with lymphatic anomalies including fetal nuchal
edema, fetal hydrothorax, hydrops, and neonatal or postnatal lymphedema [29]. In mice, RAS
genes regulate lymphangiogenesis [30], as does the RAS activation gene RAS guanyl nucle-
otide-releasing protein (RasGRP1) in zebra fish [31]. Thus, one of the underlying defects in
EN could be aberrant lymphatic development.

Primary Lymphedema

Primary (congenital or hereditary) lymphedema occurs more frequently in women
(£80%) and presents with lymphedematous swelling at birth in 10%, before the age of 35
years (lymphedema praecox) in 80%, and after this age (lymphedema tarda) in 10% of the
cases [32]. Primary lymphedema is the result of genetic damage to key lymphangiogenesis
genes [11]. These genes impact lymphogenesis, lymphatic contractility, and the structure of
the lymphatic vessels. The list of genes implicated in lymphedema syndromes is growing [e.g.
FLT4 (VEGFR3)/hereditary lymphedema IA (Milroy disease), GJC2Z /hereditary lymphedema
IC,and GATAZ /Emberger syndrome], but the molecular pathogenesis of many of these condi-
tions is still poorly understood [11]. An improved, more accurate phenotypic characterization
thatis notrestricted to age at onset, as proposed by Connell et al. [22], is expected to facilitate
molecular investigations, our understanding of inheritance patterns, and the natural history
of different types of primary lymphedema. For example, unilateral, segmental (localized)
lymphedema is a recognized primary lymphedema phenotype and implicates a mosaic
(segmental) disorder [22]. Localized lymphedema can also be acquired due to trauma,
surgery, infection, and/or chronic inflammatory disorders [6]. Primary and secondary lymph-
edemas are associated with numerous complications including chronic inflammation,
infection, fibrosis, lipogenesis, lymphangiogenesis, neoplasia, tissue hyperplasias (e.g. papil-
lomatosis), and regional immune deficiency [11, 33, 34].

Lymphedema is characterized by regional immune suppression. To trigger an effective
immune response, antigen and antigen-presenting cells must travel to the lymph node. Thus,
lymphatic failure causes a disruption of cell-mediated (adaptive) immunity by decreasing or
obstructing immune trafficking of antigen, lymphocytes, macrophages, and dendritic/
antigen-presenting cells (Langerhans cells) to the lymph node, creating a cutaneous region
of immunosuppression [35-40]. All of these abnormalities lead to a condition termed
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‘lymphostatic dermopathy’, which is a failure of the skin as an immune organ [41]. This
immune failure could permit a latent HPV infection to progress to a productive HPV infection
(warts).

Verrucosis

Warts are caused by HPV, of which there are over 100 genotypes that typically affect
areas of minor trauma [42]. Most people have asymptomatic HPV infections of the normal
skin, which appear to have been acquired very early in infancy, suggesting that they may be
commensal [43-45]. During a lifetime, host immune factors likely inhibit the development of
an overt clinical disease [43-47]. A clinically evident HPV infection presents as solitary or
grouped verrucous papules and plaques with variations such as verruca plana, verruca
vulgaris, myrmecia, and condyloma acuminatum, depending on the HPV genotype, location,
and distribution. In immunocompetent individuals, common warts resolve due to natural
immunity within months or years [42]. In contrast, (generalized) verrucosis is a diffuse, clin-
ically recognizable HPV infection defined as a cutaneous HPV infection presenting with more
than 20 lesions that are chronic and progressive, resist conventional, localized, and systemic
therapies, and are associated with some form of underlying immunodeficiency [21]. Warts,
immunodeficiency, lymphedema, and dysplasia (WILD) syndrome [48] is an example of
generalized verrucosis associated with primary lymphedema.

Lymphangiectases are a histologic marker of decreased immune surveillance and
frequently found underlying warts [18]. If the late stage of lymphedema, i.e. elephantiasis,
characterized by papillomatosis and hyperkeratosis, can be a phenomenon affecting a circum-
scribed region [6], then its latent (clinically silent) stage [49] could also affect a small milli-
meter-sized region such as that of an individual wart, where scarring due to trauma puta-
tively facilitates clinically manifest HPV infections [18]. Clinically and microscopically, more
similarities than differences exist between disseminated warts, also known as verrucosis, and
the papillomatosis of elephantiasis. Indeed, the role of HPV infection in elephantiasis has not
been investigated.

Conclusion

It likely is more than coincidence that our patient’s EN shows lymphedema, verrucous
epidermal hyperplasia, and multiple HPV DNAs. In a study of 2 keratinocytic EN and multiple
organoid EN (nevus sebaceus), HPV DNA was found in the keratinocytic EN and in 82% of the
organoid EN, mostly HPV type 16 and multiple beta-PV types [5]. In many cases, by PCR and
in situ hybridization, an integration of HPV type 16 into the host keratinocytes was evident,
implicating maternal transmission of HPV DNA and infection of an ectodermal embryologic
stem cell, which explains the distribution of EN along Blaschko’s lines and the presence of
HPV-related histologies such as verrucous epidermal hyperplasia and koilocytosis [5].
However, recent studies which have established that postzygotic HRAS, KRAS, and MAP
kinase pathway-related gene mutations are the core genetic defect in EN and EN syndromes
argue against a role for HPV in these mosaic RASopathies [12, 26, 27, 50, 51]. Nonetheless,
the epidermal hyperplasias found in elephantiasis, EN (keratinocytic and organoid types),
and verrucosis are strikingly similar [5, 6, 21]. These overlaps suggest that mutant HRAS and
KRAS are insufficient in themselves to produce the diversity of clinical and pathologic
morphologies found in EN. Considering that lymphatic anomalies are a clinical phenotype of
RASopathies [29] and our finding that most keratinocytic EN show lymphangiectases, EN may
be localized sites of lymph-related immunodeficiency that permit a latent HPV infection to
progress to verrucosis, i.e. a clinically manifest HPV infection.
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