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Abstract

Background: Defective adhesion seems to be involved in the chronic loss of melanocytes observed
in vitiligo. Recent findings showed an association of genetic variants of an adhesion gene with vitiligo and
reduced immunohistochemical expression of some adhesion molecules in vitiligo skin.

Aims: To compare CCN3 immunohistochemical expression in lesional and non-lesional epidermis of
individuals with vitiligo.

Methods: A total of 66 skin specimens from 33 volunteers with vitiligo were analyzed by
immunohistochemistry using anti-CCN3 antibodies. Absence of topical or systemic treatment for vitiligo
over the previous 30 days and availability of an area of non-lesional skin for biopsy at least 15 cm away
from any vitiliginous macules were the main inclusion criteria.

Results: A significant reduction of CCN3 expression was observed in lesional skin as compared to
non-lesional skin (P = 0.001).

Limitations: Paraffin embedded skin samples do not allow investigation by molecular biology methods.
Not all samples allowed analysis due to the lamina preparation technique. Complete clinical data was not
available for all patients.

Conclusion: Our results support the hypothesis of impaired cell adhesion in vitiligo suggested by
genetic studies. The pattern ofimmunohistochemical expression suggests that vitiligo might be an epithelial
disease and not just a melanocyte disorder.
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Vitiligo vulgaris is an acquired depigmenting disorder of
unknownetiology characterized by white, oftensymmetrical
skin patches caused by a loss of functioning epidermal
and sometimes hair follicle melanocytes.!?Among several
theories to explain the disease, one suggests that defective
cell adhesion is involved in the chronic loss of melanocytes
observed in vitiligo.**
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receptor 1) gene have been associated with vitiligo, and
DDR1 immunohistochemical expression in vitiligo skin was
found significantly reduced in comparison with non-lesional
skin, findings compatible with the adhesion hypothesis of
vitiligo pathogenesis.>”’
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DDRI1 is a tyrosine kinase receptor that was found responsible
for the adhesive properties of CCN3, a matricellular protein
required for the 3D organization of the melanocyte network
on the basal membrane of human skin equivalent that was
also shown to inhibit the proliferation of melanocytes and
stimulate the adhesion of melanocytes to the basal membrane
collagen V.2

Data linking CCN3 to vitiligo is scanty. Here, we present
histopathological data showing reduced CCN3 expression in
vitiligo skin.

Methods

The study was approved by the research Ethics Committee of
Pontifical Catholic University of Parand and was conducted
at the Santa Casa de Misericordia de Curitiba Hospital
according the principles of the Declaration of Helsinki.

Atotal of 33 patientsevaluated by asingledermatologist(CCSC)
were enrolled. The main inclusion criteria were: absence of
topical or systemic treatment for vitiligo over the previous
30 days and availability of an area of non-lesional skin
for biopsy within at least 15 cm away from any vitiligo
macules, since skin biopsies up to 15 cm have already shown
alterations not found in non-lesional skin.’

After obtaining signed informed consent, two skin specimens
from each volunteer (vitiligo lesional and non-lesional skin)
were obtained with a 3-mm punch. The vitiligo specimen was
obtained from a well-defined achromic area, without any clinical
sign of inflammation. Formalin-fixed paraffin-embedded
skin samples were prepared using the tissue microarray
technique. Immunohistochemistry was performed with CCN3
antibody (Abcam) at a dilution of 1:600 ul.

Out of the original 33, 30 pairs of samples were found
adequate for microscopic analysis — samples from the
other three patients were not included due to inappropriate
reaction. All the epidermal fields analyzed were first
separated with the Photoshop program, to ensure that corneal
and dermal deposition of CCN3 did not influence the results,
allowing the epidermal area to be correctly calculated.

One good quality section with immunohistochemical staining
for anti-CCN3 was chosento serve asa “mask’: in this field, the
observer manually selected the degrees of brown coloration
to be considered positive for CCN3 expression, establishing a
pattern to be followed in the analysis [Figure 1]. From within
the area of immunohistochemical positivity in each skin
specimen (%200), three fields underwent the morphometric
analysis, aiming to compare the expression of CCN3 between
vitiligo and nonlesional skin [Figures 1 and 2]. Analysis was
performed using the Image Pro Plus® software.

In order to exclude any influence due to skin thickness,
each field had its total epidermal area calculated; for each

CCN3 in vitiligo skin

Figure 1: Non-lesional skin from vitiligo patients. Image Pro Plus™ analysis
of non-lesional skin, showing positive immunohistochemical reaction in red,
the total area being expressed in um?2. Positive immunohistochemical reaction
has been identified by the software through a sample of brown coloration
considered appropriate by the observer, with the pattern being followed for
all fields analysed. The sum of the areas with positive epidermal reaction
represented the immunohistochemical expression of CCN3 for high-power
field in pm? (anti-CCN3, x200)

specimen evaluated, the percentage of CCN3 per arca was
used for the comparison.

Differences in the expression of CCN3 were analyzed using
the non-parametric Wilcoxon test for quantitative variables
as implemented in the Statistica software v. 8.0 [StatSoft,
Palo Alto, USA]. A P value < 0.05 indicated statistical
significance.

Results
Clinical characteristics and biopsy sites of all patients studied
are detailed in Table 1.

The cellular pattern of positive immunohistochemical
reaction observed for anti-CCN3 antibody was predominantly
cytoplasmic, mainly on keratinocytes and melanocytes.
The tissue pattern of staining was predominantly basal and
parabasal, areas near collagen IV.

Results of the comparative analysis of CCN3 expression
between vitiligo and non-lesional skin in 30 patients are
presented in Table 2. The mean area of immunohistochemical
positivity for CCN3 in vitiligo samples was lower than in
nonlesional skin (11181 wm? vs. 24397 um? respectively;
P =0.001). A comparison of the percentage area of CCN3
positivity in vitiligo and non-lesional skin also showed a
reduced expression in vitiligo. (2.91 vs. 7.04 respectively;
P=0.001).

There were no correlations between the total area of
immunopositive reaction or percentage of immunopositivity
with disease evolution period or DDR1 expression in vitiligo
and non-lesional samples.
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Table 1: Demographic and clinical details of the vitiligo
patients studied

Clinical parameters Number Percentage
Sex
Female 22 66.7
Male 11 333
Total 33 100
MeanxSD Median
Age and duration (years)
Age 42.8+15.1 41.0
Age at vitiligo onset 26.2+16.1 25.0
Duration of vitiligo 16.6+15.0 12.0
n Percentage
Clinical type
Vitiligo vulgaris 25 75.8
Acrofacial vitiligo 4 12.1
Segmental vitiligo 2 6.1
Focal vitiligo 2 6.1
Total 33 100.0
n Percentage
Autoimmune-comorbidity*
Present 11 355
Absent 20 64.5
Total** 31 100.0
n Percentage
Family history of vitiligo
Present 13 40.6
Absent 19 59.4
Total** 32 100.0
n Percentage
Koebnerisation
Present 15 46.9
Absent 17 53.1
Total** 32 100.0
Non-lesional skin Vitiligo
n Percentage n  Percentage
Biopsy location
Upper extremities 4 13.0 13 42.0
Lower extremities 9 29.0 11 36.0
Chest 1 3.0 2 6.0
Abdomen 8 26.0 1 3.0
Back 9 29.0 4 13.0
Total** 31 100.0 31 100.0

*Thyroid abnormalities, diabetes mellitus, alopecia areata, rheumatoid arthritis,
psoriasis. n: Number of individuals with available information, **Not all the
results sum 33 because of lacking clinical information of some patients,

SD: Standard deviation

Discussion

Vitiligo is an acquired depigmenting disorder characterized
by the loss of functioning epidermal melanocytes probably
by multiple and overlapping pathogenic mechanisms.'®

Lesional skin of wvitiligo patients lacks melanocytes.!" It has
been proposed that defective adhesion of melanocytes is a

Table 2: Immunohistochemical analysis performed on paraffin
specimens of biopsies from vitiligo lesions and nonlesional

skin
Specimen n MeanzSD Median P Value
CCN3*  Nonlesional skin 30 24,397+13,588 25,810  0.001
Vitiligo 11,181£14,540 4639
Difference —13,216+18,927 9135
(vitiligo-nonlesional)
CCN3** Non-lesional skin 30 7.04 6.34 0.001
Vitiligo 291 0.77
Difference —4.13 -2.57

(vitiligo-nonlesional)
*Results of positive immunohistochemical reaction area (um?), **Results of
mean percentage of positive immunohistochemical reaction out of the total
epidermal area of skin specimen. N: Number of individuals

Figure 2: Vitiligo skin. Image Pro Plus™ analysis of vitiligo skin, shows the
positive immunohistochemical reaction in red, the total area being expressed
in pm2. Positive immunohistochemical reaction has been identified by the
software through a sample of brown coloration considered appropriate
by the observer, with the pattern being followed for all fields analyzed.
The sum of the areas with positive epidermal reaction represented the
immunohistochemical expression of CCN3 for high-power field in pm?
(anti-CCN3, x200)

predisposing factor, and mechanical trauma, the main disease
trigger. This phenomenon, named melanocytorrhagy, is the basis
of a theory that considers vitiligo to be caused by the chronic
detachment and transepidermal loss of melanocytes.* According
to this hypothesis, in vivo friction of perilesional non-segmental
vitiligo skin induces the detachment of living melanocytes
from the basal layer, followed by transepidermal migration and
eventual death of the detached pigment cells.*!

Differentiated human melanocytes remain strictly localized at
the basement membrane and cannot survive within the upper
epidermal layers unless transformed as in nevi or melanoma.?
Melanocytes can occasionally change their characteristics
in vivo when they become migratory and proliferative
during re-epithelialization of wounds and repigmentation in
non-segmental vitiligo."* Recently, it has been demonstrated
that melanocytes from unstable vitiligo show significantly
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lower adhesion to collagen type IV than melanocytes in
controls and in stable vitiligo.*

In the epidermis, attachment of melanocytes to collagen
IV is mediated through DDR1, which is under the control
of CCN3."* CCN3 belongs to a group of structurally related
intracellular proteins which are also secreted and bound to
the extracellular matrix, indicating an important role for
members of this family in internal and external cell-signaling
pathways. CCN functions seem to be predominantly mediated
via extracellular cell adhesion receptors such as integrins. '

The CCN family consists of six members, cysteine-rich
61 (CYRG61, CCN1), connective tissue growth factor (CTGF,
CCN2), nephroblastoma overexpressed (NOV, CCN3),
and Wnt-induced secreted proteins (WISP1-3, CCN4-6),
which are involved in the regulation of various cellular
processes such as proliferation, adhesion, migration and
differentiation.'®

Fukunaga-Kalabis ef al. have demonstrated that
keratinocytes in culture or human skin did not express
CCN3, whereas melanocytes constitutively expressed it
at low levels; melanocytes overexpressing CCN3 were
localized to the basement membrane zone of human
skin reconstructs. Knockdown of CCN3 in melanocytes
increased their numbers and changed their localization
either upward to the suprabasal layers of the epidermis or
downwards into the dermis.®

The present study shows a decrease of CCN3
expression in vitiligo skin. Sampling in all 30 cases
was standardized requiring clinically depigmented skin
for lesional biopsies and normal non-lesional area selected
for biopsy at least 15 cm away from any achromic patch.
Ricard et al. found higher CCN3 expression in keratinocytes
of lesional skin than in normal control in 9 out of
12 patients, in a semi-quantitative assessment of CCN3 by
immunofluorescence. However they had a heterogeneous
group (8 patients’ biopsies were taken from non-lesional
and vitiligo areas, 3 patients’ from perilesional and
vitiligo areas, and 1 patient’s biopsy was performed at the
perilesional-lesional junction).'

We also observed CCN3 protein expression in a cytoplasmic
pattern in keratinocytes and melanocytes, as already
described."

Although in vivo CCN3 results are antagonistic, we also have
found reduced expression of DDR1 in vitiligo compared to
non-vitiligo skin.”*

In vitro results of the same authors confirm that CCN3
mediates adhesion of melanocytes to collagen IV and that
inhibition of CCN3 induces the detachment of melanocytes.'*
Studies involving CCN3 silencing in melanocytes in

CCN3 in vitiligo skin

epidermal reconstructs showed that basal melanocytes still
expressed CCN3, whereas the few detached melanocytes
found in all sections did not, suggesting that efficiently
silenced melanocytes did not attach during the adhesion
period of reconstruction.'

Our in vivo findings show a significant reduction of CCN3 in
achromic areas, while normal control skin exhibits basal and
parabasal expression of CCN3. Our results are in accordance
with other studies on normal human skin which demonstrated
CCN3 expression at the basal layer of the epidermis, where
melanocytes are positioned.®

Ricard et al. also showed that CCN3 exerts a regulating effect
on DDRI1 expression. This paper showed (using in vitro tests)
a significant inhibition of melanocyte adhesion to collagen IV
when DDR 1is silenced, suggesting that DDR1 is probably not
the only molecule regulated by CCN3 that is involved with
melanocyte adhesion.'*

A limitation of the present study is that paraffin-embedded
skin samples do not allow investigations involving molecular
biologic methods. Not all samples allowed analysis due to the
lamina preparation technique and complete clinical data was
not available for all patients.

CCN3 and CCNS proteins are prominent in epidermal
keratinocytes and are linked to keratinocyte differentiation.'”
Keratinocytes control the normal growth of melanocytes
and maintain a lifelong stable ratio; they regulate the
expression of cell surface molecules, and as shown by
Fukunaga—Kalabis, CCN3 production by melanocytes after
their contact with keratinocytes upregulates the DDRI
adhesion receptor for collagen I'V and influences melanocyte
localization, contributing to homeostasis of the skin.?

Vital interactions between normal human skin cells such
as melanocytes and keratinocytes are necessary for proper
tissue development and maintenance. We consider vitiligo to
be a disease not only of melanocytes, but of the epidermis
itself. Further investigation is necessary to elucidate how
lower CCN3 expression in vitiligo skin might influence the
expression of other molecules in keratinocytes and lead to
impaired epidermal adhesion.
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