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Background: Psoriasis is characterized by uncontrolled hy-
perproliferation, aberrant differentiation, and dermal infiltra-
tion of immune cells. Recent studies have reported that
Whnt5a and Notch1 signaling are altered in psoriatic skin
lesions. Objective: We aimed to investigate the interaction of
Whnt5a with Notch 1 with respect to inflammation-mediated
epidermal hyperproliferation in psoriasis. Methods: Expres-
sion of Wnt5a and Notch1 signaling-related proteins were
examined in psoriatic skin biopsies. Wnt5a was upregulated
in human keratinocytes by treating the cells with its recombi-
nant form (rWnt5a). Results: In psoriatic lesions, expression
of Wnt5a increased while that of Notch1 decreased when
compared to that in non-lesional and normal skin. Treatment
with rwWnt5a increased the proliferation of keratinocytes and
increased their secretion of interleukin (IL)-23, IL-12, and tu-
mor necrosis factor (TNF)- @ . Further, exposure of keratino-
cytes to IL-1 @, TNF-«, transforming growth factor- @ , and
interferon- 7 downregulated Notch1 as well as HES 1, which
is downstream to Notch1, but increased the Wnt5a levels.
The upregulated Wnt5a in keratinocytes downregulated
both Notch1 and HES1. Conclusion: Our data suggest that
Whntb5a and Notch1 signaling exert counteracting influences

Received October 8, 2014, Revised May 7, 2015, Accepted for
publication May 19, 2015

*These authors contributed equally to this work.

Corresponding author: Sung Eun Chang, Department of Dermatology,
Asan Medical Center, University of Ulsan College of Medicine, 88
Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea. Tel: 82-2-3010-
3460, Fax: 82-2-486-7831, E-mail: csesnumd @gmail.com

This is an Open Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

on each other and are involved, in part, in the pathomechan-
ism of psoriasis. (Ann Dermatol 28(1) 45~54, 2016)
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INTRODUCTION

Psoriasis, a common chronic inflammatory skin disease, is
characterized by abnormal proliferation and differentiation
of keratinocytes. Further, an abnormality in the Th17 path-
way is the immunologic contributor to keratinocyte pro-
liferation'. Recent reports® have described the upregula-
tion of Wnt5a in psoriasis, but the underlying mechanisms
have not been elucidated. In this context, previous studies
have reported negative regulation of Wnt canonical signal-
ing, and suggested Notch1 to be a tumor suppressor in
mouse skin>®.

Wnt5a is the prototypical non-canonical Wnt family
ligand. Apart from its complex role in development, Wnt5a,
which is expressed in a variety of adult tissues, promotes
cell proliferation’” as well as adhesion of fibroblasts'®'".
Recent evidences support the involvement of Wnt5a in in-
flammatory responses and innate immunity'>">. Meanwhile,
the Notch system plays a crucial role in epidermal cell
growth and differentiation'*". It consists of four trans-
membrane receptors (Notch1~4), five transmembrane li-
gands (Jagged-1 and -2; and Delta-like-1, -3, and -4), and
three regulatory proteins (lunatic, radical, and manic
fringe) that modulate ligand-receptor-induced signals'®.
Previous studies have suggested the possible involvement
of Notch1 in psoriasis'”'®.

Whnt and Notch signaling are involved in several pathways
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depending on the cell line and disease. However, the in-
teraction between the Wnt5a and Notch1 in psoriasis has
not yet been studied. Moreover, although aberrant differ-
entiation and uncontrolled proliferation is a key feature of
the psoriatic epidermis, the role of these processes and
their possible association with immune cells are obscure.
Therefore, in this study, we investigated the interaction be-
tween Wnt5a and Notch1 signaling in the pathogenesis of
psoriasis.

MATERIALS AND METHODS
Study subjects

Ten patients with psoriasis were recruited for the study.
All donors provided written informed consent, and all pro-
cedures were conducted upon approval by the ethics
committee of Asan Medical Center (No. 2004-0161).

Quantitative reverse transcription-polymerase chain
reaction analyses of psoriatic lesional and non-lesional
skin samples

Two punch biopsies (3~5 mm diameter) were obtained
from lesional and non-lesional skin samples of each
patient. Total RNA from the biopsy tissues was isolated us-
ing an RNeasy isolation kit (Qiagen, Hilden, Germany).
cDNA was synthesized using SuperScript Il reverse tran-
scriptase (Invitrogen, Carlsbad, CA, USA). Quantitative re-
verse transcription-polymerase chain reaction (qRT-PCR)
was performed using SYBR green PCR reagents (Roche
Applied Science, Indianapolis, IN, USA). GAPDH was used
as endogenous reference gene, and all experiments were
performed thrice. The following specific primers were
used: Wnt5a, 5'-TAG CAG CAT CAG TCC ACA AA-3'
(sense) and 5'-CAA AAC ACG GCA TCT CTC TT-3'
(antisense); Notch1, 5'-TGC GAG GTC AAC ACA GAC
GAG-3' (sense) and 5' TGT AAG TGT TGG GTC CGT CCA
G-3' (antisense); HES1, 5'-ATG GAG AAA AAT TCC TCG
TCC C-3' (sense) and 5'-TTC AGA GCA TCC AAA ATC
AGT GT-3' (antisense); and GAPDH, 5'-ATG GGG AAG
GTG AAG GTC G-3' (sense) and 5'-GGG GTC ATT GAT
GGC AAC AAT A-3' (antisense).

Immunohistochemistry

Acetone-fixed cryostat sections and formalin-fixed paraf-
fin-embedded sections were immunostained using an Elite
ABC Kit (Vector Laboratories, Burlingame, CA, USA). The
primary antibodies used in this study are listed in Table 1.
Positively stained cells were scored as follows: 0, no activ-
ity; 1, <10%; 2, 10% to <25%; 3, 25% to <50%; 4,
50% to <75%; 5, >75%.
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Cell culture

Neonatal normal human keratinocytes (NHKs; Invitrogen)
were cultured in keratinocyte growth media (Epilife;
Invitrogen) supplemented with Human Keratinocyte
Growth Supplement (HKGS; Invitrogen). Human dermal
fibroblasts (HDFs) from abdominal skin samples were cul-
tured in Dulbecco’s Modified Eagle Medium with 10% fe-
tal bovine serum. All cells were maintained at 37°C in a
humidified atmosphere at 5% CO,.

Bromodeoxyuridine-incorporation assay

NHKs (5x 10*well) were incubated in a 96-well microtiter
plate with culture medium at a final volume of 100 « I/well.
Next day, the cells were treated with rWnt5a (100 ng/ml)
and transfected with Wnt5a-specific and negative control
siRNAs (3 pmol; Bioneer, Daejeon, Korea) using Lipofec-
tamine RNAIMAX transfection reagent (Invitrogen). Cell
proliferation was determined after 2 and 3 d using Cell
Proliferation enzyme-linked immunosorbent assay (ELISA),
Bromodeoxyuridine (BrdU) (Roche Applied Science) follow-
ing the manufacturer’s instructions.

Migration assay

The migration of HDFs and NHKs were assayed using
Boyden chambers with 8 #m pore membranes (Trans-
well; Coster, Boston, MA, USA). Lower surfaces of the tran-
swell membranes were coated with gelatin B (10 2 g/ml),

Table 1. Primary antibodies used for immunohistochemistry

Antibody Commercial source Dilution
used
DKK1 Abcam, Cambridge, UK 1:300
FZD2 Abcam 1:200
FZD5 R&D Systems, Rochester, MN, USA  1:100
IL-17a R&D Systems 1:40
IL-22 R&D Systems 1:150
IL-23 R&D Systems 1:50
IL-27 R&D Systems 1:500
Notch1 Santa Cruz Biotechnology, 1:50
Santa Cruz, CA, USA
Delta-like 1 Santa Cruz Biotechnology 1:100
HES1 Millipore, Billerica, MA, USA 1:100
Jagged-1 Santa Cruz Biotechnology 1:100
Jagged-2 Santa Cruz Biotechnology 1:100
WIF1 R&D Systems 1:100
Whnt10a ProSci Inc., Poway, CA, USA 1:200
Wnt3a Abcam 1:300
Whnt5a Imgenex, San Diego, CA, USA 1:100

DKK: dickkopf, IL: interleukin, HES: hairy and enhancer of split,
WIF: WNT inhibitory factor.



following which the membranes were allowed to dry at
25°C for 1 h. The transwells were assembled in a 24-well
plate, and the lower chambers were filled with either con-
trol- or Wnt5a-conditioned media containing 100 ng/ml
basic-fibroblast growth factor. Cells were cultured in either
control- or Wnt5a-conditioned media for 3 d, following
which 5x10* cells were added to the upper chambers.
The plate was then incubated at 37°C for 24 h. The cells
that migrated to the lower surface of the filters were
stained, and enumerated in four randomly selected fields.

Western blotting

NHKs (5x 10°) were seeded onto 60-mm plates 24 h be-
fore the treatments and cultured in media without supple-
ments (except antibiotics) for another 24 h. They were
then stimulated with 10 ng/ml of tumor necrosis factor
(TNF)- 2 (Invitrogen), 20 ng/ml of interferon (IFN)-7 (LG
Life Sciences, lksan, Korea), 25 ng/ml of transforming
growth factor (TGF)-a (Millipore, Billerica, MA, USA),
and 10 ng/ml of interleukin (IL)-1 @ (R&D Systems, Ro-
chester, MN, USA) and a mixture of four cytokines for 24
h. Total proteins (20 «g) were resolved by sodium do-
decyl sulfate polyacrylamide gel electrophoresis (SDS
PAGE) and probed with anti-Wnt5a (1:500; Imgenex, San
Diego, CA, USA), -Notch1 (1:200; Santa Cruz Biotechnology,
Santa Cruz, CA, USA), and -HES1 (1:500; Millipore)
antibodies. B -actin (Sigma-Aldrich, St. Louis, MO, USA)
was used as a loading control.

For analyses of phosphorylated proteins, NHKs were
stimulated with 100 ng/ml of recombinant mouse Wnt5a
(rWnt5a) (Millipore) for 15 min, 30 min, 1 h, and 3 h.

Roles of Wnt and Notch Signaling in Psoriasis

Total proteins (30 1« g) were resolved by SDS PAGE and
probed with anti-phospho-AKT (Ser473) (Cell Signaling,
1:500) and -AKT antibodies (Cell Signaling, 1:500). Densi-
tometric analyses were performed using a VersaDoc
Imaging System (Bio-Rad, Hercules, CA, USA).

Enzyme-linked immunosorbent assay

Cytokines secreted by the Wnt5a-treated NHKs were de-
tected using specific ELISAs. Cells were treated with
rWnt5a (100 ng/ml) for 6, 24, 48, and 72 h. The culture
media were harvested and ELISAs for TNF-a@ (Invitrogen)
and IL-1 @ (R&D Systems) were performed according to
the manufacturer’s instructions. Optical densities were
measured using a microplate reader (Molecular Devices,
Sunnyvale, CA, USA).

Reverse transcription-polymerase chain reaction for
rWhnt5a-treated cells

Whnt5a-downregulated genes were investigated in NHKs
previously starved in serum-free media for 24 h and treat-
ed with 100 ng/ml of rWnt5a for 1, 3, 6, 24, and 72 h.
PCR reactions were performed using the following cycling
conditions: 94°C for 5 min followed by 25~ 30 cycles of
94°C for 30 s, 60°C for 30 s, and 72°C for 30 s.

Statistical analyses

Statistical analyses were performed by SPSS ver. 12.0 (SPSS
Inc., Chicago, IL, USA). All values are expressed as
means +standard deviation. Statistical significance be-
tween groups was analyzed by the Student’s £test. Paired
Student’s ttest was performed to analyze the results ob-
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Fig. 1. Wnt5a expression in psoriasis. (A) Quantitative reverse transcription polymerase chain reaction results show that Wnt5a is
upregulated approximately 2.4-fold in psoriatic lesional skin compared with that in non-lesional samples (n=10, paired samples).
The box plot represents the log ratio of the expression levels in lesional and non-lesional psoriatic skin samples. Upper and lower
borders of the boxes indicate 75th and 25th percentiles, respectively, whereas horizontal lines within boxes denote medians. (B)
Immunohistochemical analyses show that Wnt5a is increased in all the layers of psoriatic lesions (left) compared with non-lesional
skin (right). Samples were stained with DAB (3,3’-diaminobenzidine; brown color) and counterstained with hematoxylin (purple).
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tained from paired lesional and non-lesional psoriatic skin
samples from each patient. A p-value<0.05 was consid-
ered significant.

RESULTS

Whntba is increased in psoriatic lesions

gRT-PCR analyses showed that Wnt5a mRNA levels in-
creased about 2.4-fold (p<0.001) in the psoriatic lesions
compared with that in non-lesional skin samples (Fig. 1A).
These results were confirmed by immunohistochemistry
(IHC), which showed increased Wnt5a staining in all the
layers of lesional skin compared with that in non-lesional
skin samples (Fig. 1B, Table 2).

HES1 is decreased in lesional psoriatic skin

The mRNA levels of several Notch signaling components
were evaluated by RT-PCR. There was no change in
NOTCHT mRNA expression in the psoriatic skin biopsies,
while that of HES7 was decreased (Fig. 2). IHC analyses
confirmed the decrease in Notch1 and HES1 expression at
their protein levels in psoriatic lesions compared with that
in non-lesional skin samples. Notch1 was distributed from
spinous to granular layers of the normal epidermis, but

>

Lesion

Table 2. Immunohistochemical scoring

Antibody  Psoriatic skin Non;llfisr:onal Normal skin
Whntha 3.44+1.24 1.50+0.52 -
Whnt3a 2.16+1.5 1.66+0.57 -
Notch1 2.20+0.57 3.60+0.55 3.50+0.70
HES1 2.33+0.58 3.33+0.58 -
Delta-like1 2.22+0.84 - 4.40+0.55
Jagged-1 1.60+0.55 - 3.40+0.55
Jagged-2 1.20+0.45 - 1.60+0.55
FZD2 2.50+0.50 1.33+£0.58 1.00+0.00
FZD5 2.00+1.73 1.33+0.58 0.00+0.00
DKK1 1.56+0.80 1.20+0.83 1.00+0.00
WIF1 0.67+0.58 0.67+1.15 0.00+0.00
Wnt10a 2.33+0.58 1.33+£0.58 2.00+0.00
IL-22 2.66+0.51 1.83+0.75 1.00+0.00
IL-17a 2.00+1.26 0.50+0.84 0.50+0.71
IL-23 2.83+0.41 1.16+1.33 0.50+0.71
IL-27 2.00+1.90 1.33+1.51 1.50+£0.71

Definition of scores: 0, no activity; 1, <10%; 2, 10% to <25%;
3, 25% to <50%; 4, 50% to <75%; 5, >75%. HES: hairy and
enhancer of split, FZD: frizzled, DKK: dickkopf, WIF: WNT
inhibitory factor, IL: interleukin.
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Fig. 2. Notch1 and hairy and enhancer of split (HES) 1 expression in psoriasis. (A) Quantitative reverse transcription polymerase chain
reaction results did not yield any difference in the mRNA levels of NOTCHT between psoriatic lesional and non-lesional skin samples,
but revealed a decrease in HES7 mRNA expression in the former. (B) Immunohistochemical analyses (DAB [3,3'-diaminobenzidine]
staining, x400) showed that protein levels of Notch1 (upper panel) were decreased in all the layers of psoriatic lesions (left) compared
with non-lesional skin samples (right). HES1 (lower panel) was also decreased at the protein level in psoriatic lesional samples.
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was markedly decreased in psoriatic lesions. IHC staining
scores for Notch2, Delta-like 1, and Jagged-1 were also
decreased in the psoriatic skin samples, whereas Jagged-2
expression remained unaltered (Table 2).

Whnt5a induces proliferation of keratinocytes

Treatment with rWnt5a stimulated the proliferation of cul-
tured NHKs, as demonstrated by BrdU-incorporation
assays. The percentage of BrdU-positive NHKs increased
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to 110.1% and 126.0% after treatment with rwWnt5a for 2
and 3 d, respectively (Fig. 3A). The number of cells de-
creased to 82.8% and 43.0%, respectively, 2 and 3 d after
transfection with siRNAs against Wnt5a (Fig. 3B).

Whnt5a expression in keratinocytes induces fibroblast
but not keratinocyte migration

Treatment of NHKs with Wnt5a did not induce keratino-
cyte migration, as assessed using Boyden chamber assays.
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Fig. 3. The effects of Wnt5a on normal human keratinocyte (NHK) proliferation. NHKs were treated with (A) rWnt5a (100 ng/ml)
and (B) siRNAs against Wnt5a for 2 and 3 d, and then examined by Cell Proliferation Bromodeoxyuridine (BrdU) enzyme-linked
immunosorbent assay. The graph shows the percentage of BrdU-positive cells with respect to the control. Data represent the
mean +standard deviation. Con: control, d: day. *pvalue<0.05, determined by the Student’s ttest.
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Fig. 4. Migration assays in neonatal normal human keratinocytes (NHKs) and human dermal fibroblasts (HDFs). NHKs (A) and HDFs
(B) were cultured in either Wnt5a-conditioned or control media for 3 d, following which the cells (A: 1x10° B: 5x10% were incubated
on transwell membranes (8- 1#m pore size) for 24 h. Migrated cells were stained with hematoxylin and eosin, and then enumerated

under a microscope (x 100).
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However, treatment of HDFs with conditioned media
from Wnt5a-treated NHKs induced a 1.4-fold increase in
the migration of HDFs (Fig. 4).

Counteracting expression of Wnt5a and Notch1 in the
milieu of proinflammatory cytokines

To model the effects of a proinflammatory cytokine envi-
ronment on Wnt5a expression in keratinocytes, we stimu-
lated NHKs with TNF-a@, IFN-7 , TGF-@, and IL-1 a for
24 h. This decreased the Notch1 and HES1 protein levels
while increasing that of Wnt5a (Fig. 5A). Moreover,
ELISAs demonstrated that treatment of NHKs with rWnt5a
increased the levels of TNF-2 and IL-1 @ in the super-
natant compared with that in controls (Fig. 5B). Notch1
and HES1 were downregulated in rWnt5a-treated NHKs,
as demonstrated by RT-PCR (Fig. 5C).
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Intracellular signaling is activated in Wnt5a-treated
keratinocytes

Silver staining and western blotting with anti-phosphory-
lated-AKT (p-AKT) antibody revealed the presence of a 50
kDa tyrosine-phosphorylated protein (consistent with the
molecular weight of AKT) in NHKs infected with Wnt5a
adenovirus (data not shown). This suggested that intra-
cellular AKT signaling was substantially activated in the
Whnt5a-overexpressing cells. To rule out possible signaling
effects due to adenoviral infection alone, we tested the ef-
fects of exogenously applied rWwnt5a. Similar to the results
obtained with adenoviral-mediated Wnt5a infection, west-
ern blot analyses showed an increase in p-AKT in the
rWntb5a-treated cells (Fig. 6).
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Fig. 5. Association of Wnt5a and Notch1 expression with the cytokine environment. (A) Neonatal normal human keratinocytes (NHKSs)
were stimulated with tumor necrosis factor (TNF)-«, interferon (IFN)-7, transforming growth factor (TGF)- @, and interleukin (IL)-1«a,
either alone or with a cytokine mixture containing TNF-@, IFN-7, TGF-a@, and IL-1 @ for 24 h. Western blot analyses detected
the expression of Notch1, hairy and enhancer of split (HES) 1, and Wnt5a. (1) Untreated NHKs (control), (2) IL-1a (10 ng/ml), (3)
TNF-a (10 ng/ml), (4) TGF-a (24 ng/ml), (5) IFN-7 (20 ng/ml), (6) cytokine mixture of IL-1 @ (10 ng/ml), and TNF-a (10 ng/ml),
(7) IL-1a (10 ng/ml), TNF-@ (10 ng/ml), TGF-a (24 ng/ml), and IFN-7 (20 ng/ml)-treated NHKs. (B) Analysis of rWnt5a-treated
NHK culture media by enzyme-linked immunosorbent assay (ELISA). Cells were treated with rWnt5a (100 ng/ml) for 6, 24, 48, and
72 h, following which the culture media were harvested. TNF-2 and IL-1 @ production (pg/ml) were determined by ELISA. Data
represent the mean +standard deviation. * p-value<0.05, **pvalue<0.01; determined by the Student’s ttest. (C) NHKs were treated
with rWnt5a (100 ng/ml) for 1, 3, 6, 24, and 72 h, following which the expression levels of NOTCHT and HEST were determined

by reverse transcription polymerase chain reaction.
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Fig. 6. Phospho (p)-AKT signaling in rWnt5a-treated neonatal
normal human keratinocytes (NHKs). NHKs, serum-deprived for
24 h, were either treated with 100 ng/ml of rWnt5a or left
untreated, and harvested after 15 min, 30 min, 1 h, and 3 h.
Proteins in the cell lysates were resolved by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), and
analyzed by western blotting using antibodies against p-AKT and
total AKT. (A) Representative western blot for total AKT and
p-AKT, showing an increase in the phosphorylated (activated)
form of AKT in rWnt5a-treated NHKs. (B) Intensities of p-AKT
and total AKT signals were determined using the BioRad
VersaDoc Imaging System. The p-AKT/total AKT ratio is indicated
for each time point.

DISCUSSION

Psoriasis is a chronic inflammatory disease accompanied
by hyperproliferation of keratinocytes. Although the un-
controlled proliferation of keratinocytes has been much
emphasized upon, deregulated differentiation is also an
important aspect of psoriatic keratinocytes'. Proteins asso-
ciated with early differentiation, including involucrin, are
highly expressed in the early layers, whereas the ex-
pression of late-differentiation markers, including loricrin
and filaggrin, are markedly diminished in psoriasis'.
Psoriasis, therefore, involves immune-deregulated kerati-
nocytes.

In the skin, the fate of keratinocytes- proliferation versus
differentiation- is determined by the action of Notch ver-
sus p63'>%°. Notch signaling is a “direct” determinant of

Roles of Wnt and Notch Signaling in Psoriasis

keratinocyte growth arrest and entry into terminal differ-
entiation in NHKs and skin’'. Thus, the Notch signaling
pathway is important for cell-cell communication, and is
involved in gene regulatory mechanisms that control a
number of cellular processes, including cell fate decisions,
stem cell maintenance, proliferation, differentiation, and
survival. Notch reporters undergo successive cleavages,
leading to the release of their activated form, the Notch in-
tracellular domain (NID). The NID translocates to the nu-
cleus and forms a complex with DNA-binding proteins,
thereby activating transcription””**. This interaction results
in the expression of various target genes, including HES
and HES-related repressor protein (HEY**. A major down-
stream effector of Notch1 in human keratinocytes and fi-
broblasts is HES1?>?°. Notch activation also upregulates
early-differentiation markers such as keratin1 and in-
volucrin®'.

In normal skin, Notch1 is distributed in all the layers,
while Notch2 is present only in the basal layer, though
their ligands exhibit similar distribution patterns®*’. Here,
we found that Notch1 protein levels were decreased in le-
sional skin samples, together with decrease in both HES1
mRNA and protein. It is notable that we did not separate
the epidermis and dermis of the psoriatic lesion. Therefore,
dermal components including fibroblasts and vascular
structures, might have countervailed the decrease in epi-
dermal NOTCHT7 mRNA in lesional skin?®**°. Immunohis-
tochemical analyses further showed that expression of the
Notch1 ligand, Delta-like-1, was also decreased in le-
sional psoriatic epidermis compared with that in both
non-lesional and normal skin samples. Downregulation of
Notch1 and HES1 in psoriatic epidermis suggests de-
fective Notch1 signaling in psoriasis, which is likely attrib-
utable to deregulation of the normal keratinocyte differ-
entiation process.

Whnt signaling directs growth and morphogenesis during em-
bryonic development, and continues to regulate stem cell
proliferation and differentiation throughout adult life.
Classically, Wnt5a, a prototypical non-canonical Wnt family
ligand, is involved in pathways other than Wnt/ 3 -catenin
signaling. It has been shown to promote proliferation of
glioblastoma cells, as well as adhesion of fibroblasts and
breast cancer cells. Cheng et al.” demonstrated that
Whnt5a-mediated signaling regulates human endothelial
cell proliferation and migration. Accumulating evidences
also suggest the involvement of Wnt5a in IL-1 @ - and TNF-
a -related innate immunity. Further, Wnt5a is induced by
Toll-like receptors, eliciting the secretion of IL-12 and
TNF-2 in response to mycobacterial infection. Further-
more, Wntba is dramatically upregulated in macrophages
by lipopolysaccharides and IFN-7, and induces the pro-
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duction of the pro-inflammatory cytokines IL-1, IL-6, and
IL-8. In fact, increased expression of Wnt5a might be a
common mechanism underlying chronic inflammation®.
Recent studies suggest a link between Wnt5a and
psoriasis. Elevated Wnt5a expression has been reported in
psoriatic plaques®®. Importantly, expression profiling
studies by Gudjonsson et al.* provided evidence for al-
tered Wnt signaling in psoriatic skin, demonstrating differ-
ential expression of several genes in the Wnt pathway in
lesional psoriatic versus uninvolved skin. However, they
could not prove the effect of Wnt5a on either cellular pro-
liferation or differentiation and focused epidermal
inflammation. Romanowska et al.® reported that Wnt5a
exhibits layer-specific expression in adult skin and is upre-
gulated in psoriasis. They further demonstrated the syn-
ergy between Wnt5a and type 1 interferon as a patho-
mechanism underlying psoriasis.

Recent evidences suggest that canonical and non-canon-
ical ligands act through cross-reactive pathways. Thus, it is
likely that individual Wnt proteins activate multiple path-
ways, depending on the receptors expressed on the cell
surface™'. Initial insights into Wnt/Notch interactions
were obtained from studies in Drosophila, which showed
that Notch is required for wingless signaling in epidermal
development®®. Furthermore, in Wnt1-transformed mouse
mammary epithelium cells, Notch signaling is upregulated
and is required for expression of the tumorigenic pheno-
type®. In human skin, Wnt4, a canonical Wnt pathway li-
gand, has been shown to counteract Notch1 in NHKs.
Conversely, Notch1 suppresses Wnt4 signaling, as evidenced
by an increase in Wnt4 signaling in Notch1-knocked out
mice'”. Meanwhile, previous studies have also reported
positive regulation between Wnt5a and Notch1 in differ-
ent cell lines***°. These results conclude that Wnt ligands
interact with Notch signaling through various pathways.

In order to elucidate the Wnt5a/Notch1 signaling pathway
in psoriasis, we explored the crosstalk between Notch1
and Wnt5a, and sought to identify molecular targets in
psoriasis. Interestingly, /n vitro studies showed that rWnt5a
treatment enhanced the migration of HDFs and enhanced
the proliferation of both NHKs and HDFs. Unfortunately,
it was not possible to study the effects of Wnt5a signal di-
rectly in these native cells, which were scant in the psori-
atic dermis. However, we did find another evidence for
the effect of Wnt5a signaling on cellular behavior and
interaction. Importantly, treatment of NHKs with TNF-«,
IL-1 @, IFN-7, or TGF-a increased Wnt5a and decreased
Notch1 and HES1 levels. Treatment with rWnt5a sub-
stantially decreased Notch1 and HES1 and increased
TNF-a and IL-1 levels. This corroborates the idea that
Whntba is an important link between immunologic alter-
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ations and deregulation of psoriatic keratinocytes in the
pathomechansim of the disease. The current data thus sug-
gest that Wntba is responsible for abnormal proliferation
and differentiation of keratinocytes as well as epidermal
inflammation through negative regulation of Notch1
signaling. It is, therefore, an important player in the patho-
physiology of psoriasis.

A recent study reported that transgenic mice over-
expressing epidermal Wnt5a possessed normal, not psori-
atic hyperproliferative epidermis®’. Therefore, it is still un-
clear whether increased Wnt5a in psoriatic lesions is the
causal pathomechanism or simply an attempt by the or-
ganism to restore normal skin phenotype”. Based on our
results, we propose that Wnt5a participates in two patho-
mechanisms of psoriasis. The first relates to similarities be-
tween events associated with psoriatic keratinocytes and
wound healing. Wnt5a is mostly involved in fibroblast ac-
tivation, and we previously reported an association be-
tween Wnt5a upregulation and wound healing of la-
ser-treated skin®®. Proliferation and aberrant differentiation
of psoriatic keratinocytes might involve modification of
Whnt5a signaling in the psoriatic epidermis. In our study,
the psoriatic epidermis showed increased and decreased
expression of Wnt5a and Notch1, respectively. rWnt5a al-
so stimulated the proliferation of NHKs in our study, and
increased the levels of activated AKT.

The second possible pathomechanism involves the link
between increased Wnt5a in psoriatic epidermis and
inflammation. A recent study showed that genetic ex-
pression of Wnt5a did not return to the baseline after re-
storing psoriatic epidermis to normal-appearing skin.
Although epidermal inflammation was relieved by >75%
in treated psoriatic patients, dermal CD8 + cells were not
fully resolved. These findings suggest that Wnt5a is asso-
ciated with a network of cytokines and inflammatory re-
sponses in psoriasis’ .

In conclusion, Wnt5a/Notch signaling serves a counter-
balancing function in the pathomechanism of psoriasis.
This study highlights the potential therapeutic application
of Notch-enhancing and/or Wnt5a-inhibitory peptides in
psoriasis. Further studies are warranted, including in-
vestigation of a wide range of cytokines affected by
Whnt5a/Notch signaling and large-scale genetic studies of
patient skin biopsy samples.
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