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Original Article
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Sebaceous Gland, Eccrine Duct and their Neoplasms
in Human Skin
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Abstract

OVOLI is an important transcription factor for epidermal keratinization, which suppresses
proliferation and switches on the differentiation of keratinocytes. A recent genome-wide association
study has revealed that OVOL1 is one of the genes associated with susceptibility to atopic dermatitis.
Although it is known to be expressed in murine skin and hair follicles, no investigations have focused
on its localization in human skin. In the present study, we thus immunolocalized the expression of
OVOLI in normal and diseased human skin. In normal human skin, OVOL1 was preferentially
expressed in the suprabasal layer of the epidermis, inner root sheath of hair, mature sebocytes and the
ductal portion of the eccrine glands. Compared to this, no remarkable change in the expression of
OVOL1 was observed among inflammatory skin diseases. The expression of OVOL1 was evident in
eccrine poroma and hidradenoma. Moreover, it was overexpressed in Bowen's disease and sebaceous
adenoma, in sharp contrast to its downregulation in their more malignant counterparts, squamous cell
carcinoma and sebaceous carcinoma. OVOL] may play an important role in human skin
morphogenesis and tumorigenesis.
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Introduction

The epidermis, mainly composed of keratino-
cytes, is a highly sophisticated barrier tissue that
protects the interior of the body against con-
tinuous external injuries. In the human epidermis,
basal cells are capable of self-renewal and of
producing transiently amplifying progenitor cells,
which subsequently exit the cell cycle and

embark on a terminal differentiation pathway as
they migrate toward the skin surface”. Ovoll is
an evolutionarily conserved family of genes
encoding C2H2 zinc finger transcription factors in
animals. Functional studies in Caenorhabditis
elegans, Drosophila melanogaster and mice sug-
gest that this gene family plays important roles in
the development of epithelial tissues and germ
cells? ™. Ovoll is expressed in multiple somatic
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epithelial tissues, including skin?. Recent studies
have revealed that it plays a key role in switching
off proliferation and turning on terminal
differentiation”. ITn keeping with this notion, Dai
et al. have demonstrated that murine Ovoll is
expressed in the suprabasal layer of the epidermis
and the inner root sheath of hair”. However, no
studies have demonstrated its localization in
human skin. In this study, we immunolocalized
OVOLI expression in normal and diseased human
skin.

Materials and Methods

Tissue samples

We examined 41 diseased skin samples, includ-
ing 3 psoriasis, 3 chronic eczema, 3 atopic
dermatitis, 3 systemic sclerosis, 2 Bowen's
disease, 3 basal cell carcinoma, 2 squamous cell
carcinoma, 2 Paget’s disease, 2 malignant melano-
ma, 3 basal cell carcinoma, 3 pilomatricoma, 2
trichilemmal cyst, 2 sebaceous adenoma, 2
sebaceous carcinoma, 3 eccrine poroma and 3
eccrine hidradenoma. We also immunostained 5
normal skin samples. All formalin—fixed and
paraffin—embedded tissues were obtained from
the archives of the Department of Dermatology of
Kyushu University Hospital, Japan. Clinical and
demographic data were retrieved from the
patient files.

Immunohistochemical analysis

All samples were fixed with 10% buffered
formalin. The archival paraffin-embedded tissue
blocks were cut into 4-um-thick tissue sections.
The sections were deparaffinized with xylene for
10 min and rehydrated through a graded ethanol
series. Antigen retrieval was performed using
Heat Processor Solution pH6 (Nichirei Biosciences
Inc, Tokyo, Japan) at 100 °C for 40 min, and
endogenous peroxidase was blocked by incubat-
ing the sections with 3 % H»0> (Nichirei Biosci-
ences Inc., Tokyo, Japan). The sections were then
incubated with rabbit antibody against human

OVOL1 (1 200, LifeSpan BioSciences, Inc.,

Seattle, WA, US.A)) at 4 °C overnight, followed by
incubation with secondary antibody, N-Histofine™
Simple Stain MAX-PO MULTI (Nichirei Biosci-
ences Inc.). Immunodetection was conducted
with 3,3-diaminobenzidine as a chromogen, fol-
lowed by light counterstaining with hematoxylin.
Sections stained without primary antibody served
as a negative control.

Results

Expression of Ovoll in normal skin and

inflammatory skin diseases

In normal epidermis, positive signals for
OVOLI1 were detected in the suprabasal keratino-
cytes, with mainly a cytoplasmic (partially nuc-
lear) dotted pattern (Fig. 1A). In the pilosebaceous
unit, the expression of OVOL1 was exclusively
confined to the inner root sheath of the hair follicle
(Fig. 1B, 1C), lipid-containing mature sebocytes
(Fig. 2A) and erector pili muscle (Fig. 2A). The
staining intensity was especially strong in the
inner root sheath (Fig. 2A). The expression of
OVOLI1 was also observed in the ductal portion of
the eccrine glands (Fig. 2B), with much less
positive staining in the secretory portion (Fig. 2C).
The epidermal staining intensity and pattern of
OVOLI1 were quite similar among samples from
cases of psoriasis, chronic eczema, atopic dermati-
tis and systemic sclerosis, as well as from normal

skin (data not shown).

Expression of OVOLI1 in skin tumors

Since no apparent differences in OVOLI1
expression were observed in inflammatory skin
diseases, we next examined its expression in
various skin tumors. In this case, we evaluated the
intensity of OVOLI expression in tumor cells by
comparison with that of adjacent normal skin. As
shown in Table 1, the expression levels of OVOL1
in basal cell carcinoma, squamous cell carcinoma,
extramammary Paget's disease and maligant
melanoma were similar to or lower than those of
adjacent normal skin. Interestingly, OVOLI1
expression was increased in Bowen's disease (Fig.
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Fig. 1 A :Normal skin epidermis. The expression of OVOL1 was identified as
a dotted pattern, mainly in the cytoplasm (arrow). B : Horizontal section
of hair. C : Vertical section of hair. The expression of OVOL1 was
confined to the inner root sheath.
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Fig. 2 A : The expression of OVOL1 was
detected in sebaceous gland (arrowhead)
and erector pili muscle (arrow). B : Ductal
portion of eccrine gland. C : Ductal
(arrowhead) and secretory (arrow) por-
tions of eccrine gland.
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Fig. 3 Tumor cells in Bowen's disease showed upregulated expression of
OVOLI compared with adjacent normal keratinocytes.
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Fig. 4 A : Upregulated expression of OVOLI1 in sebaceous
adenoma. B : High-power view of encircled area in
Fig. 4A. The expression of OVOLI1 was noted in the
mature sebocytes and sebaceous ductal cells as a
dotted cytoplasmic and nuclear pattern. C : In
pilomatricoma, the strongly positive area was
scattered (arrow). This area was considered to
represent differentiation into inner root sheath.
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Table 1 Expression of OVOLI1 in benign and malignant skin tumors

Overall expression level compared with adjacent normal epidermis

Decreased Similar Increased
Basal cell carcinoma (n=3) 3 0 0
Bowen'’s disease (n=2) 0 0 2
Squamous cell carcinoma (n=2) 1 1 0
Extramammary Paget’s disease (n=2) 1 1 0
Malignant melanoma (n=2) 1 1 0
Pilomatricoma (n=3) 34 0 0
Trichilemmal cyst (n=2) 2 0 0
Sebaceous adenoma (n=2) 0 0 2
Sebaceous carcinoma (n=2) 2 0 0
Eccrine poroma (n=3) 0 1 2
Hidroadenoma (n=3) 0 1 2

A : very focally, probably in areas with inner root sheath differentiation
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Fig. 5 Expression of OVOL] in eccrine poroma (A) and

hidradenoma (B).

3). In sharp contrast to the decreased expression
of OVOLI in sebaceous carcinoma, sebaceous
adenomas exhibited high OVOLI1 expression (Fig.
4A, 4B). Both trichilemmal cyst and pilomatrico-
ma were negatively or weakly stained with
OVOLI, whereas strongly positive areas were
scattered in pilomatricoma, probably indicating

that these areas had differentiated into the inner
root sheath (Fig. 4C). The expression of OVOL1
was observed in eccrine poroma (Fig. 5A) and
hidradenoma (Fig. 5B) as similar levels of normal
ductal portion of eccrine glands.
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Discussion

A previous study revealed that mRNAs of
murine Ovoll are first detected at embryonic day
14.5 in the suprabasal layers of developing
epidermisz>. This is the earliest embryonic stage
at which signs of epidermal differentiation are
observed, with early-differentiation—-specific mar-
kers appearing in suprabasal layer55> . As develop-
ment proceeds, the expression of murine Ovoll
becomes restricted to the inner root sheath?.
These findings indicate that the expression of
murine Ovoll occurs concomitantly with the
onset of terminal differentiation in the epidermis
and its appendages. In keeping with these
findings, Ovoll-deficient mice show fuzzy and
ruffled hair?. A recent study by Shin et al. proved
that Owoll gene expression accelerates hair
follicle neogenesis@

It has been shown that the c-myc proto—onc-
oprotein plays a pivotal role in keratinocyte
proliferation”. Nair et al. have demonstrated that
c-myc expression is upregulated in Ovoll-defi-
cient suprabasal cells and that Ovoll suppresses
c-myc transcription by directly binding to its
promoter4>. Taking these findings together, Ovoll
accelerates epidermal differentiation by suppres-
sing c-myc transcription. Another important line
of evidence has been reported by Hirota et al,
who showed that OVOLI is one of the genes
associated with susceptibility to atopic dermatitis,
although the precise role of OVOLI in the
pathogenesis of this disease remains largely
unknown®.

In this study, we demonstrated the immunolo-
calization of OVOLI in human skin. As in murine
skin, the expression of OVOLI1 was preferentially
detected in the suprabasal keratinocytes, the
inner root sheath of hair and mature sebocytes. In
addition, its expression was also detected in the
ductal portion of the eccrine gland. Although the
epidermal expression of OVOL1 was unchanged
among various inflammatory skin diseases, it was
altered in skin tumors originating from the

epidermis and skin appendages. As expected, its
expression was observed in eccrine gland tumors
(eccrine poroma and hidradenoma). Some area of
the pilomatricoma lesion was strongly positive for
OVOLI1, which was considered to represent
differentiation into the inner root sheath. The
overexpression of OVOL]1 in Bowen's disease and
sebaceous adenoma was in sharp contrast to its
downregulation in their more malignant counter-
parts, squamous cell carcinoma and sebaceous
carcinoma. However, the present preliminary
study on a small number of samples needs to be
confirmed by further investigation. In conclusion,
the expression of OVOLI1 may play critical roles in
human skin by regulating epidermal terminal
differentiation and hair generation.
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(FIsCipés)

OVOL1 (3t FERROAERS, EER, TREZTOEEBEICEBELTWVWS

VIR EE R B S 98 B R R B 247 B
DEACAERRTETT R BT T — A

=T RY, P EE D, N RD, fF R GEY, R E WY, T s RY,
WA BR —D, MENZSRESED, BRSERTD, WA Y, KA LR, mH R RY,
A &Y, BEERTY, R =Y, hEEAFY, IR H 8O,
EAERZEY, & LR D

OVOLL 3= Mg oM 2 i L AL 2 HE ST 2GR FLEXZ LN TS, KED
genome-wide association study Tl&, 7 b ¥ —1hfE %oEEEEEETO—2 LTOEE%
HOTVE, YTATIE Ovoll 3EERVTEBEICEHL TWLZEPHEEINTVE2 L FTO
iz THE SR TV AR, AR TIE, v MEFEEEEB X R EEET OVOLL O%8l%
FIERRR IS 2 L7, B Tk, OVOLL IZ3EEfE EE o R, EEONTERE,
B L 72 HRBRAIE, =27 ) SRR OEEIIEMIZEIL L Tz RIEMER EREED OVOLL D%
HTEE R E 2B L& RO % o 72, OVOLL O3B 1L eccrine poroma & hidradenoma TJT
HELTWiz, R—x ViR & RIE Tl OVOLL O FBUIITHE L T\ 7228, AR L IBIE Tl
L LAMA LTz, OVOLL i3t MEZE OB CHEE I EICHE 2 ZE 2 12% > T0bHDT
EZwmbEz 7.



