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ABSTRACT

Pachydermoperiostosis is a rare hereditary disease, which presents with the cutaneous manifestations of pachydermia
and cutis verticis gyrata. Histological findings in pachydermia frequently include dermal edema, mucin deposition, elastic
fiber degeneration, dermal fibrosis and adnexal hyperplasia. However, the severity of these findings varies between clini-
cal reports, and a systematic multiple-case clinicopathological correlative analysis has not been performed to date. In
the present study, we reviewed the skin biopsy specimens obtained from the pachydermia of six pachydermoperiostosis
patients. The severity of the characteristic histological features was semiquantitatively evaluated and correlated with the
grade of pachydermia. Dermal edema, mucin deposition and elastic fiber degeneration were observed in all cases.
Patients with severe pachydermia had sebaceous gland hyperplasia and fibrosis. These results suggest that the triad of
mucin deposition, dermal edema and elastic fiber degeneration are found from very early stage pachydermia, and could
be considered diagnostic findings. To ensure an earlier diagnosis of pachydermoperiostosis, a biopsy should be taken

when a patient has grade 1 pachydermia to determine the presence of this histological triad.

Key words:
sebaceous hyperplasia.

INTRODUCTION

Pachydermoperiostosis (PDP, Online Mendelian Inheritance in
Man no. 614441) is a rare hereditary disease diagnosed by the
presence of digital clubbing, periostosis and pachydermia,
including cutis verticis gyrata (CVG).! Recent genetic analysis
revealed that homozygous or compound heterozygous muta-
tions in the solute carrier organic anion transporter family
member 2A1 (SLCO2A1) gene, which is associated with pros-
taglandin (PG) metabolism, are significantly associated with
PDP.2® Clinically, three distinct forms of this syndrome have
been proposed in accordance with the intensity of symptoms:
the complete form, characterized by prominent furrowing of
the face, CVG, digital clubbing, and primary hypertrophic
osteoarthropathy; the incomplete form, in which CVG is
absent; and the fruste form, characterized by one or more
main skin changes and minimal skeletal involvement."

dermal edema, clastic fiber degeneration, fibrosis,

mucin deposition, pachydermoperiostosis,

Several studies have reported the following histopathological
findings of pachydermia: sebaceous gland hyperplasia, dermal
edema, mucin deposition in the dermis, elastic fiber loss and der-
mal fibrosis.*® However, the severity of these findings varies
among clinical reports, and a multiple-case clinicopathological cor-
relative analysis of pachydermia has not been performed to date.
To gain insight into the pathogenesis of pachydermia and CVG
development, we histologically examined skin biopsy specimens of
six PDP patients with known clinical information. We evaluated the
degree of each of the histological findings semiquantitatively, and
correlated these data with the severity of pachydermia.

PATIENTS AND TECHNIQUES

This study was approved by the ethics committee of the
National Center for Child Health and Development and Keio Uni-
versity School of Medicine, and conformed to the provisions of

Correspondence: Hironori Niizeki, M.D., Ph.D., Department of Dermatology, National Center for Child Health and Development, 2-10-1 Okura,

Setagaya-ku, Tokyo 157-8535, Japan. Email: niizeki-h@ncchd.go.jp
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the Declaration of Helsinki. Six patients who were diagnosed
with PDP were included. All samples were collected after obtain-
ing written informed consent. Although these patients’ clinical
features had been previously reported, none of the histological
findings had been evaluated precisely.?*" All patients had the
complete form of PDP by the end of the study, although two
patients had initially been diagnosed with the incomplete form
and gradually developed CVG during the observation period
(patients 1 and 2). All samples were obtained from the forehead
and stained with hematoxylin—eosin, Alcian blue and elastica
van Gieson. Normal skin from the forehead of a healthy individ-
ual, which was obtained from the area surrounding benign
tumors, was used as a control. The slides were independently
interpreted by two investigators (K. T. and A. |.) without any
knowledge of the clinical data. Any discrepancies in the findings
were subsequently reconciled by a third investigator.

The clinical and histological findings in each case are pro-
vided in Figures S1 and S2.

Patient 1

This 24-year-old male? initially had no CVG on his scalp and
was diagnosed with incomplete PDP. CVG gradually devel-
oped, changing the diagnosis to complete PDP.” The biopsy
we studied had been taken at the age of 19 years when he
was diagnosed with incomplete PDP, although he already had
slight pachydermia on his forehead. Histologically, focal edema
and weak but diffuse mucin deposition were observed. Elastic
fiber degeneration affected approximately 40% of the entire
dermis. However, sebaceous gland hyperplasia and dermal
fibrosis were not observed.

Patient 2
This 19-year-old male” initially had no CVG on his scalp and
was diagnosed with incomplete PDP. CVG gradually devel-

Pathological analysis of pachydermia

oped, changing the diagnosis to complete PDP. The biopsy we
studied was taken when he was diagnosed with complete
PDP, and had mild pachydermia on his forehead. Histologi-
cally, dermal edema affected approximately 50% of the entire
dermis, and diffuse and strong mucin deposition was
observed. Elastic fiber degeneration affected approximately
10% of the entire dermis. In the upper dermis, slight fibrosis
around the folliculosebaceous unit and mild sebaceous gland
hyperplasia were observed.

Patient 3

This 53-year-old male* had CVG on his scalp as well as mod-
erate pachydermia on his forehead. Histologically, focal edema
and weak but diffuse mucin deposition were observed. Elastic
fiber degeneration affected approximately 10% of the entire
dermis. Moderate sebaceous gland hyperplasia and slight
fibrosis around the sebaceous glands were also observed.

Patient 4

This 21-year-old male’ had CVG on his scalp and moderate
pachydermia on his forehead. Histologically, dermal edema
affected approximately 50% of the entire dermis, and diffuse
and strong mucin deposition was observed. Elastic fiber
degeneration affected approximately 10% of the entire dermis.
Moderate sebaceous gland hyperplasia and slight fibrosis
around the sebaceous glands were also observed.

Patient 5

This 45-year-old male® had severe CVG and pachydermia. His-
tologically, dermal edema affected the entire dermis, and focal
mucin deposition was noted. Elastic fiber degeneration
affected the entire dermis. Moderate sebaceous gland hyper-
plasia was observed, and fibrosis surrounding the folliculose-

baceous unit and in parts of the dermis was noted.

Table 1. Scoring criteria of the clinical and histological findings used in this study

Grading

Features 0 1

Clinical features

Pachydermia of
the forehead

Histological features

Not furrowed

Not furrowed but shallow

ditch between slight
swellings is seen

Dermal edema Absent Limited to part of the
upper dermis or
lower dermis

Mucin deposition Absent Focal deposition

in the dermis

Elastic fiber degeneration ~ Absent <20% of entire dermis

Fibrosis Absent Restricted around the
folliculosebaceous unit

Sebaceous hyperplasia <10% 10-25%

(sebaceous
gland occupation rate*)

Furrowed but the
bottom of furrow is visible

Limited in the entire
upper dermis or
lower dermis

Weak deposition in the
entire dermis

20-50% of entire dermis

Extended around
folliculosebaceous unit
and part of the dermis

26-40%

Deeply furrowed so that
the bottom of furrow
is invisible

Extended to the entire

upper and lower dermis

Strong deposition

in the entire dermis
>50% of entire dermis
Extended to entire dermis

>40%

*For each specimen, the total sebaceous gland area was divided by the area of dermis and the sebaceous gland occupation rate was calculated.

© 2015 The Authors. The Journal of Dermatology published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Dermatological Association.
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Grade 0 1 2 3

Pachydermia
of the
forehead

Dermal
edema

Mucin
deposition in
the dermis

Elastic fiber
degeneration

Fibrosis

Sebaceous
hyperplasia

Figure 1. Representative clinical and histological manifestations of pachydermia. Representative pictures of each clinical and histo-
logical grading. Pachydermia of the forehead: grade 1 (patient 1), grade 2 (patient 2) and grade 3 (patient 5). Dermal edema (hema-
toxylin—eosin [HE], whole image): grade 0 (control), grade 1 (patient 3), grade 2 (patient 1) and grade 3 (patient 5). Mucin deposition
in the dermis (Alcian blue, whole image): grade 0 (control), grade 1 (patient 5), grade 2 (patient 1) and grade 3 (patient 4). Elastic
fiber degeneration (elastica van Gieson, whole image): grade 0 (control), grade 1 (patient 4), grade 2 (patient 1) and grade 3 (patient
5). Fibrosis (HE, original magnification 920): grade 0 (control), grade 1 (patient 3), grade 2 (patient 5) and grade 3 (patient 6). Seba-
ceous gland hyperplasia (HE, 940): grade 0 (patient 1), grade 1 (patient 2), grade 2 (patient 3) and grade 3 (patient 6).

712 © 2015 The Authors. The Journal of Dermatology published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Dermatological Association.
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2g 2 08 8 8 N < E tologically, focal dermal edema and weak but diffuse mucin
S 2loa = N N &N o™ S deposition were noted. Elastic fiber degeneration affected the
E entire dermis. Sebaceous gland hyperplasia was prominent,
% § and fibrosis affected the entire dermis.
[ kS
K] [}
Llee — = ~ & ®|g RESULTS AND DISCUSSION
12}
.5 g In the present study, we semiquantitatively scored the severity
8 = g of the pachydermia and characteristic histological findings
© e © (dermal edema, mucin deposition, elastic fiber degeneration,
= [}
o % - sebaceous gland hyperplasia and dermal fibrosis) according to
Uo|loN = +« +« ® E % the criteria described in Table 1. Representative pictures of
8 8 each clinical and histological finding are shown in Figure 1.
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» .5 @ g 5 trol, are shown in Figure S3. Thereafter, we correlated the
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© §§ and elastic fiber degeneration were also noted. In contrast,
£ §®. the sample obtained from the pachydermia of incomplete
'ac; E 2 § PDP (patient 1) showed milder histological changes com-
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£ § eration were observed (Table 2, Figs S1,S2). This sample was
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= g S t.g bg T "g ‘g g L =& fibrosis and sebaceous gland hyperplasia in addition to the
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2 7 izf - né._ = %_%ﬂé_ al %_g i 3 degeneration (Table 2, Figs S1,52). The difference between
® ';§ these two samples implies that fibrosis and sebaceous gland
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G wlis=s = = = = = 3‘6 accordance with the development of pachydermia and CVG.
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5] s € Correlation between the severity of pachydermia and
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® 5 % ‘2’: ® v g © ~ 2 % E greater number of cases. However, the homozygous or com-
:'E_ E'g pound heterozygous mutations underlie loss of function or
; = g% would be degraded by nonsense-mediated mRNA decay.
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g 3 2198 2 8 T 92 % é < severity of the disease as shown in our patients 4 and 5.

»n - % We speculate that the incomplete and complete clinical sub-
. c = . . . .
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% % ‘g‘ g % development is already initiated even in the early incomplete

= Q
= a|lo+ " v v b Y| 5« form. The histological triad of mucin deposition, dermal edema
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and elastic fiber degeneration are found from very early stage
pachydermia, and may reflect the pathogenesis of PDP. To
ensure an earlier diagnosis of PDP, a biopsy should be taken
when a patient has grade 1 pachydermia, and has clubbing and
periostosis, to determine the presence of this histological triad.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:

Figure S1. Clinical and histological manifestations of dermal
edema and fibrosis. Left column, clinical manifestations of the
forehead. Middle column, hematoxylin—eosin (HE) staining, low-
power magnification. Right column, HE staining, high-power
magnification.

Figure S2. Histological manifestations of mucin deposition and
elastic fiber degeneration. Left column, Alcian blue staining.
Middle column, elastica van Gieson (EVG) staining, low-power
magnification. Right column, EVG staining, high-power magnifi-
cation. The histological features in the biopsy from patient 1
are milder than those of the other patients. Only mucin deposi-
tion, focal edema and partial elastic fiber loss were observed.
These three histological findings were also present in the sam-
ples obtained from all other patients. The histological features
in the biopsies of patients 2—6 showed fibrosis and sebaceous
gland hyperplasia, which tended to become more prominent
as the severity of pachydermia increased.

Figure S3. Representative histological findings of the control
used in this study. The sections were stained as indicated. The
histological scores were as follows: dermal edema (0), mucin
deposition (0), elastic fiber degeneration (0), sebaceous gland
hyperplasia (0; occupation rate of 3.33%) and dermal fibrosis

(0).
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Figure 1. Patient clinical and histological findings. Physical
examination revealed (a) sparse, thin hair and eyebrows, a
prominent forehead, periorbital pigmentation, a saddle nose,
(b) hypodontia and (c) lichenificated erythema on the nuchal
region. (d) A biopsy specimen showed the absence of hair folli-
cles and sweat glands (hematoxylin—eosin, original magnifica-
tion 9100). Detection and segregation of the EDA gene
mutation. (e) The patient has a missense mutation at nucleotide
146 (c.146T>A) resulting in p.L49H. His mother and sister are
heterozygosis for the same mutation. (f) The Mse | digestion
patterns of the polymerase chain reaction (PCR) products for
the patient (lane 2), mother (lane 3), sister (lane 4) and normal
controls (lanes 5-9); lane 1 shows the molecular weight mark-
ers. The 262-bp band indicates a normal allele, whereas the
205- and 57-bp bands indicate mutant alleles. PCR products
from 30 healthy controls were analyzed.
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Case of pachydermoperiostosis with solute carrier organic
anion transporter family, member 2A1 (SLCO2A1) mutations

Dear Editor,

The major diagnostic criteria for pachydermoperiostosis (PDP),
or primary hypertrophic osteoarthropathy (Mendelian Inheri-
tance in Man no. 167100), are finger clubbing, periostosis,
pachydermia and cutis verticis gyrata."” Additional reported
symptoms include sebaceous hyperplasia, hyperhidrosis and
arthropathy."? A diagnosis of PDP is usually made in patients
aged older than 20 years. Here, we report a case of PDP diag-
nosed at puberty.

A 15-year-old Japanese boy was referred to Hirosaki Uni-
versity School of Medicine and Hospital. His symptoms
included clubbing of the fingers and toes, and greasiness of
the facial skin, although only faint pachydermia was noted
(Fig. 1a,b). His sibling and parents did not display associated
symptoms. He started to notice enlargement of his fingers and
toes at the age of 12 years. Subsequently, he experienced pain
in his shoulder and knee joints. Endocrinological examinations
showed no notable evidence of acromegaly. Radiological
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Figure 1. Clinical features from radio-
graphic and laboratory findings. (a) Digital
clubbing. (b) Furrows in the forehead and
greasiness of the facial skin. (c) Periosto-
sis of the diaphysis in the ulna. (d) Mag-
netic resonance imaging showed marked
thickening of the scalp (between arrows).
(e,f) A skin biopsy specimen from the fore-
head skin showed thickening of the der-
mis. Interwoven collagen bundles,
hypertrophic  sebaceous glands and
increased density of sweat glands were
also evident (hematoxylin—eosin, original
magnification [e] 920; Alcian blue, [f]
940). (g) A chromatogram demonstrated
the mutations (c.940+1G>A p.R288Gfs*7,
€.1279_1290del12 p.E427_P430del) in a
family of solute carrier organic anion
transporters, member 2A1 (SLCO2A1) gene,
that encodes the prostaglandin transporter.

examination showed periostosis of the diaphysis in the radius,
ulna, tibia and fibula (Fig. 1c). Marked thickening of the scalp
was also evident (Fig. 1d).

Biopsy of the skin from the forehead showed the dermis
was thickened. Interwoven collagen bundles, hypertrophic
sebaceous glands and increased density of sweat glands were
detected in the dermis (Fig. 1e,f). These observations are com-
mon pathological features of PDP.’

The clinical findings indicated the manifestation of some types
of PDP. Therefore, we performed a mutational analysis for HPDG
and SLCO2A1, which have been previously described to be the
genes responsible for PDP.2 This study was approved by the eth-
ics committee of the National Center for Child Health. We identi-
fied compound heterozygous mutations at c¢.940+1G>A and
¢.1279_1290del12 in the SLCO2A1 gene (Fig. 1g). We measured
serum and urinary prostaglandin E2 levels, which were
940.99 pg/mL and 139 ng/mmol creatinine, respectively. These

© 2015 Japanese Dermatological Association
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AT1;UAAAC ‘.AACJUGAC C.940+1G>A
p.R288Gfs*7
8 Exon7  Intron7
BMICTGTGGCCNANANCTAACGNN
. & .| €.1279_1290del12
12 bp deletjon
p.E427_P430del

observations confirmed the PDP diagnosis; moreover, both
mutations have been reported in Japanese patients with PDP."+?

The ¢.940+1G>A splice site mutation is located in the splice
donor site on intron 7 and results in the loss of exon 7 along
with truncation of the prostaglandin transporter protein." This
mutation has been identified in six Japanese,'? two Chinese®*
and one African® patient, all of whom were unrelated cases.

The amino acid sequence containing the p.E427 P430del
mutation is located in the extracellular region between the 9th
and 10th transmembrane domains.! This mutation could have
a less severe effect on PG transport activity, which may be
consistent with the faint pachydermia in the present case. The
initial diagnosis of the other two cases with an identical
SLCO2A1 genotype was an incomplete form of PDP."2

Phenotypes of PDP are not simply determined by SLCO2A1
genotypes because PDP with SLCO2A1 mutations is a sex-
dependent autosomal recessive disease.? Because the expla-
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Accelerated nail elongation speed in psoriasis patients during
treatment

Dear Editor, tis. While nail lesions are commonly resistant to treatment
Psoriasis is characterized by scaly erythematous plaques, before biologics," it is not clear whether sustained nail lesions
particularly on the body areas subjected to repeated minor are mainly due to insufficient therapeutic effect or impaired nail
trauma, such as extensor sites of extremities. Symptoms elongation. Here, we compared nail elongation speed (NES) of
involving the nails are important lesions associated with arthri- psoriasis patients with that of healthy individuals.
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