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INTRODUCTION

ABSTRACT Dysregulation of the Wnt pathway causes various diseases including
cancer, Parkinson’s disease, Alzheimer’s disease, schizophrenia, osteoporosis, obesity
and chronic kidney diseases. The modulation of dysregulated Wnt pathway is abso-
lutely necessary. In the present study, we evaluated the anti-inflammatory effect and
the mechanism of action of Wnt-C59, a Wnt signaling inhibitor, in lipopolysaccharide
(LPS)-stimulated epithelial cells and macrophage cells. Wnt-C59 showed a dose-de-
pendent anti-inflammatory effect by suppressing the expression of proinflammatory
cytokines including IL6, CCL2, IL1A, IL1B, and TNF in LPS-stimulated cells. The dysreg-
ulation of the Wnt/B-catenin pathway in LPS stimulated cells was suppressed by Wnt-
C59 treatment. The level of B-catenin, the executor protein of Wnt/B-catenin path-
way, was elevated by LPS and suppressed by Wnt-C59. Overexpression of -catenin
rescued the suppressive effect of Wnt-C59 on proinflammatory cytokine expression
and nuclear factor-kappa B (NF-kB) activity. We found that the interaction between
B-catenin and NF-xB, measured by co-immunoprecipitation assay, was elevated by
LPS and suppressed by Wnt-C59 treatment. Both NF-kB activity for its target DNA
binding and the reporter activity of NF-kB-responsive promoter showed identical
patterns with the interaction between (-catenin and NF-«xB. Altogether, our findings
suggest that the anti-inflammatory effect of Wnt-C59 is mediated by the reduction
of the cellular level of B-catenin and the interaction between B-catenin and NF-«kB,
which results in the suppressions of the NF-kB activity and proinflammatory cytokine
expression.

types of cancers [10], and Wnt signaling is responsible for the
generation of cancer stem cells in many human tumors [11]. Ac-

The Wnt pathway plays essential roles in the regulation of
cellular proliferation, differentiation and tissue hemostasis [1].
Dysregulation of the Wnt pathway, however, causes various dis-
eases, including cancer [2], Parkinson’s disease [3], Alzheimer’s
disease [4], schizophrenia [5], osteoporosis [6], obesity [7] and
chronic kidney diseases [8]. Among these, most studies on the
Wnt pathway have focused on its role in cancer [9]: The overac-
tivation of the Wnt pathway constitutes the hallmarks of many

cordingly, numerous compounds targeting the Wnt pathway have
been developed as candidate anticancer drugs [9].

Wnt-C59, a Wnt signaling inhibitor developed as an anti-can-
cer drug candidate, was reported to inhibit the acylation of Wnt,
which is required for its secretion [12]. Wnt-C59 showed anti-
cancer activity by suppressing the proliferation of various tumor
cells [11,13,14]. It also suppressed the growth of nasopharyngeal
carcinoma in mice by inhibiting Wnt signaling in the tumor mi-
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croenvironment [11], and reduces tumor growth in a xenograft
mouse model of glioma [13]. The modulation of dysregulated Wnt
pathway in other diseases is also necessary, and Wnt-C59 may
be a candidate. Kidney-protective effect of Wnt-C59 has been re-
ported: Wnt-C59 was found to attenuate kidney fibrosis in a mu-
rine ureteral obstruction model [15], and suppress kidney injury
caused by ischemia-reperfusion [16]. Until now, however, the anti-
inflammatory effect of Wnt-C59 has not been evaluated.

Recently, it has been reported that Wnt pathway is involved in
inflammation: B-Catenin, the executor protein of Wnt pathway
was found to interact with nuclear factor-kappa B (NF-kB), the
major proinflammatory transcription factor [17-19]. B-Catenin
may activate and repress NF-kB depending on the context such
as cell and tissue types and the kinds of inflammatory stimula-
tors [20]. The interaction between B-catenin and NF-«xB has not
fully elucidated during lipopolysaccharide (LPS)-induced inflam-
mation in various cells.

In the present study, we evaluated the anti-inflammatory ef-
fect of Wnt-C59 along with its effect on the interaction between
B-catenin and NF-«xB in LPS-stimulated epithelial cells and mac-
rophage cells.

METHODS
Cell culture and reagents

BEAS-2B human bronchial epithelial cells (Cat. No. CRL-9609)
and RAW264.7 murine macrophage cells (Cat. No. TIB-71) were
purchased from the American Type Culture Collection (ATCC)
(Manassas, VA, USA) and cultured in Dulbecco’s modified Ea-
gle’s medium supplemented with 10% fetal bovine serum, 100 ug/
ml streptomycin and 100 units/ml penicillin at 37°C in a 5% CO,
atmosphere. Human umbilical vein endothelial cells (Cat. No.
CRL-1730) were purchased from ATCC and cultured in Vascular
Cell Basal Medium (ATCC; Cat. No. PCS-100-300) supplemented
with the Endothelial Cell Growth Kit (ATCC; Cat. No. PCS 100-
041).

Anti-LRP6 (Cat. No. #3395, 1:1,000), anti-phospho LRP6 (p-
LRP6) (Ser 1490) (Cat. No. #2568, 1:500), anti-Axin (Cat. No.
#2087, 1:1,000), anti-GSK-3p (Cat. No. #9315, 1:1,000), anti-
phospho GSK-3p (p-GSK-3p) (Ser 9) (Cat. No. #9336, 1:1,000),
anti-phospho B-catenin (p-f3-catenin) (Ser 33/37) (Cat. No. #2009,
1:500), and Anti-NF-kB p65 (Cat. No. #13681, 1:1,000) primary
antibodies and secondary antibodies (anti-mouse; Cat. No. #7076
, 1:1,000 and anti-rabbit; Cat. No. #7074, 1:1,000) were obtained
from Cell Signaling Technologies Inc. (Beverly, MA, USA). Anti-
B-catenin (Cat. No. 610153, 1:1,000) antibody was purchased from
BD Transduction Laboratories Inc. (Lexington, KY, USA). Anti-
B-actin (Cat. No. sc-47778, 1:1,000) antibodies were purchased
from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). LPS
from Klebsiella pneumoniae (Cat. No. L4268) was purchased
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from Sigma (St. Louis, MO, USA). Wnt-C59 (Cat. No. hy-15659)
was from Med Chem Express (Monmouth Junction, NJ, USA).

Quantitative reverse-transcription (RT) qPCR

Total RNA was isolated using a RNeasy Kit (Cat. No. 74106;
Qiagen, Hilden, Germany). One microgram of RNA was reverse
transcribed using a cDNA Reverse Transcription kit (Cat. No.
43-688-13; Applied Biosystems Inc., Foster City, CA, USA). RT-
qPCR reactions were conducted as described previously [21].
Assay-on-Demand Gene Expression Products (Applied Bio-
systems) were used for RT-qPCR reactions of IL6 (Cat. No.
Hs00174131_m1), CCL2 (Cat. No. Hs00234140_ml1), ILIA (Cat.
No. Hs00174092_m1), ILIB (Cat. No. Hs01555410_m1), TNF (Cat.
No. Hs01113624_g1) and 18S rRNA (Cat. No. Hs99999901_s1) in
BEAS-2B human bronchial epithelial cells and human umbilical
vein endothelial cells; IL6 (Cat. No. Mm00446190_m1), CCL2
(Cat. No. Mm00441242_m1), ILIA (Cat. No. Mm00439620_m1),
IL1B (Cat. No. Mm00434228_m1), TNF (Cat. No. Mm00443258_
ml), and 18S ribosomal RNA (Cat. No. Hs99999901_sl) were
used in RAW 264.7 murine macrophage cells. For each experi-
mental groups, the mRNA levels were normalized against the 18S
ribosomal RNA level and the ratios of normalized mRNA in each
groups were compared to that of an untreated group using the
comparative Ct method [22].

Cell viability test

The viability of cell was tested by a Cell CountEZ Cell Survival
Assay Kit (Cat. No. RKKLD-001, Rockland Immunochemi-
cals, Limerick, PA, USA), which measure the capability of vi-
able mammalian cells to convert hydroxyethyl disulfide into
f-mercaptoethanol [23].

Cell lysate preparation and Western blotting

Cells were lysed using RIPA buffer containing 25 mM Tris-
HCI (pH 7.6), 150 mM NaCl, 1% Nonidet P-40, 1% sodium de-
oxycholate, 0.1% sodium dodecyl sulfate, and protease inhibitor
cocktail (Cat. No. P8340, Sigma) for 30 min at 4°C. Total cell
lysates were obtained after removing the insoluble materials by
centrifugation at 20,000 x g for 20 min at 4°C. Western blotting
experiment was conducted as described previously [21]. The
protein band intensities of the western blots were quantified by
Image] (NIH, Bethesda, MD, USA).

pB-Catenin overexpression

Cells were seeded in 12 well plates at 5 x 10° cells/well, and, on
the following day, were transfected with control vector plasmid or
[3-catenin overexpressing plasmid [24] using lipofectamine 2000
reagent (Cat. No. 11668027; Invitrogen, Carlsbad, CA, USA). Af-
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Fig. 1. Suppressive effect of Wnt-C59 on lipopolysaccharide (LPS)-stimulated proinflammatory cytokine expressions in BEAS-2B human
bronchial epithelial cells. (A-F) Cells were treated with 0 or 50 uM of Wnt-C59, followed by LPS stimulation at 0.1 ug/ml for various time periods of 0.5
to 4 h. (A-E) Messenger RNA levels of proinflammatory cytokines were measured by RT-qPCR. (F) Cell viability was measured. Cells treated with 0 or
50 uM of Wnt-C59 with the same time period of LPS stimulation were compared. *p < 0.05, **p < 0.01, ***p < 0.001. (G-L) Cells were treated with 0 to
50 uM of Wnt-C59, followed by LPS stimulation at 0.1 ug/ml for 2 h. (G-K) Messenger RNA levels of proinflammatory cytokines were measured by RT-
gPCR. (L) Cell viability was measured. **p < 0.01, ***p < 0.001 compared with cells stimulated with LPS with 0 uM of Wnt-C59. **p < 0.001 compared
with unstimulated cells. Experiments were conducted in triplicate. Data are shown as mean + standard deviation, and statistical significance was mea-
sured by unpaired t-test.
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Fig. 2. Suppressive effect of Wnt-C59 on lipopolysaccharide (LPS)-induced proinflammatory cytokine expression in RAW264.7 murine mac-
rophage cells. (A-F) Cells were treated with 0 or 50 uM of Wnt-C59, followed by LPS stimulation at 0.1 ug/ml for various time periods of 0.5 to 4 h. (A-E)
Messenger RNA levels of proinflammatory cytokines were measured by RT-qPCR. (F) Cell viability was measured. Cells treated with 0 or 50 uM of Wnt-
C59 with the same time period of LPS stimulation were compared. *p < 0.05, **p < 0.01, ***p < 0.001. (G-L) Cells were treated with 0 to 50 uM of Wnt-
€59, followed by LPS stimulation at 0.1 ug/ml for 4 h. (G-K) Messenger RNA levels of proinflammatory cytokines were measured by RT-qPCR. (L) Cell
viability was measured. *p < 0.05, **p < 0.01, ***p < 0.001 compared with cells stimulated with LPS with 0 pM of Wnt-C59. **p < 0.001 compared with
unstimulated cells. Experiments were conducted in triplicate. Data are shown as mean + standard deviation, and statistical significance was measured
by unpaired t-test.

Korean J Physiol Pharmacol 2021;25(4):307-319 https://doi.org/10.4196/kjpp.2021.25.4.307



Anti-inflammatory effect of Wnt-C59

3

ter 24 h, cells were stimulated with LPS with or without Wnt-C59
for more analyses.

Measurement of NF-kB activity

Nuclear lysates were collected from cells using a nuclear ex-
traction kit (Cat. No. 40010; Active Motif, Carlsbad, CA, USA).
The binding activity of NF-xB to its target DNA sequence
(5-GGGACTTTCC-3") was measured using a TransAM NEF-
kB ELISA kit (Cat. No. 40096, Active Motif). Briefly, 10 ug of
nuclear protein extract was added to a 96 well plate coated with
oligonucleotides containing the target DNA sequence. After in-
cubation and washing, an anti-NF-kB antibody was added to the
wells, followed by sequential additions of horseradish peroxidase-
conjugated secondary antibody, peroxidase substrate solution and

Co-immunoprecipitation of B-catenin and NF-xB

Co-immunoprecipitation assay was performed using an im-
munoprecipitation kit (Cat. No. K286; BioVision, Mountain View,
CA, USA) according to the manufacturer’s instruction. Briefly,
cells were lysed with the non-denaturing lysis buffer provided
in the kit; the cell lysate was supplemented with 2 ug/ml anti-f-
catenin antibody or anti-NF-kB antibody, and incubated over-
night at 4°C. After the addition of protein-A/G bead slurry and
incubation, beads were collected by centrifugation at 2,000 x g
for 2 min. The collected beads were washed thrice with the wash
buffer provided in the kit and mixed with 2x SDS PAGE loading
buffer. The amount of NF-xB and B-catenin bound to the beads
was measured using Western blotting. Protein band intensities
were quantified using Image].

stop solution provided by the kit.
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Fig. 3. Suppressive effect of Wnt-C59 on lipopolysaccharide (LPS)-induced activation of the Wnt/B-catenin pathway in BEAS-2B human bron-
chial epithelial cells. Cells were treated with 0, 30, or 50 uM of Wnt-C59, followed by LPS stimulation at 0.1 ug/ml for 2 h. (A) Cellular protein levels
were measured by Western blotting. Original uncut Western blot images were shown in Supplementary Data 2. 3-Actin was used an equal loading
control. (B-F) Protein band intensities were quantified using ImagelJ. *p < 0.05, **p < 0.01, **p < 0.001 compared with cells stimulated with LPS with
0 uM of Wnt-C59. “p < 0.05, *p < 0.01, ™p < 0.001 compared with unstimulated cells. Experiments were conducted in triplicate. Data are shown as
mean =+ standard deviation, and statistical significance was measured by unpaired t-test. p-LRP6, anti-phospho LRP6; p-GSK-33, anti-phospho GSK-3;
p-B-catenin, anti-phospho B-catenin.
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Reporter assay of NF-xB-responsive promoter between experimental groups were detected using unpaired t-
tests, and p-values less than 0.05 were considered to be significant.

Cells were co-transfected with a pGL 4.32 vector (Cat. No. All analyses were performed using SPSS ver. 14 (SPSS, Chicago,

E8491; Promega, Madison, W1, USA) containing the NF-xB re- IL, USA).

sponse element linked to a firefly luciferase reporter gene and a

1:50 ratio of pGL 4.17 vector (Cat. No. E6721, Promega) contain-

ing the Renilla luciferase reporter gene. In the following day, cells RESULTS

were harvested after Wnt-C59 treatment and LPS stimulation,

and luciferase activities were measured using a Dual-Luciferase Wnt-C59 suppressed LPS-induced proinflammatory

Reporter Assay System (Cat. No. E1910, Promega). For each assay, cytokine expression in epithelial cells, endothelial
the activity of firefly luciferase was normalized to that of Renilla cells and macrophage cells

luciferase to control for variations in transfection efficiency.
When BEAS-2B human bronchial epithelial cells were stimu-

Statistical analysis lated with LPS for 0.5 to 4 h, the mRNA levels of proinflamma-
tory cytokines, such as IL6, CCL2, ILIA, IL1B, and TNEF, were
All data are expressed as the means + standard deviation of markedly elevated. Maximum mRNA expression of proinflam-
three replicate experiments. Statistically significant differences matory cytokines were observed after 2 h of LPS stimulation (Fig.
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Fig. 4. Suppressive effect of Wnt-C59 on lipopolysaccharide (LPS)-induced activation of the Wnt/B-catenin pathway in RAW264.7 murine
macrophage cells. Cells were treated with 0, 30, or 50 uM of Wnt-C59, followed by LPS stimulation at 0.1 ug/ml for 4 h. (A) Cellular protein levels were
measured by Western blotting. Original uncut Western blot images were shown in Supplementary Data 2. -Actin was used an equal loading control.
(B-F) Protein band intensities were quantified using ImagelJ. *p < 0.05, **p < 0.01, ***p < 0.001 compared with cells stimulated with LPS with 0 uM of
Wnt-C59. p < 0.05, “p < 0.01, *p < 0.001 compared with unstimulated cells. Experiments were conducted in triplicate. Data are shown as mean +
standard deviation, and statistical significance was measured by unpaired t-test. p-LRP6, anti-phospho LRP6; p-GSK-3f, anti-phospho GSK-3; p-B-
catenin, anti-phospho B-catenin.
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1A-E). We found that LPS-induced proinflammatory cytokine
expression was significantly suppressed by Wnt-C59 treatment.
However, the cell viability was not affected by Wnt-C59 (Fig. 1F),
showing that the reduction of the proinflammatory cytokine
mRNA levels by Wnt-C59 was not mediated by the decreased
cell viability. When BEAS-2B cells were stimulated with LPS for
2 h with various concentrations of Wnt-C59, the proinflamma-
tory cytokine mRNA level was suppressed in a dose dependent
manner (Fig. 1G-K). Wnt-C59 showed no cytotoxicity (Fig. 1L).
We found that Wnt-C59 also significantly suppressed proinflam-
matory cytokine mRNA expressions with no effect on cell vi-
ability in LPS-stimulated human umbilical vein endothelial cells
(Supplementary Data 1).

The anti-inflammatory effect of Wnt-C59 was confirmed in
RAW?264.7 murine macrophage cells. Stimulation of RAW264.7
murine macrophage cells with LPS for 0.5 to 4 h resulted in eleva-
tions of the proinflammatory cytokine mRNA levels which were
significantly suppressed by treatment of 50 uM Wnt-C59 with no
effect on cell viability (Fig. 2A-F). In turn, treatment with 0 to 50

>
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uM of Wnt-C59 suppressed the LPS-induced proinflammatory
cytokine expression in a dose-dependent manner with no effect
on cell viability (Fig. 2G-L). Our data showed that Wnt-C59 has
anti-inflammatory effects in various cell types such as epithelial,
endothelial and macrophage cells.

Wnt-C59 suppressed Wnt/p-catenin signaling
activated by LPS stimulation

LPS-stimulated BEAS-2B human bronchial epithelial cells were
treated with 0, 30, or 50 uM of Wnt-C59, then major proteins
of the Wnt/B-catenin pathway were analyzed by Western blot-
ting (Fig. 3A). Original uncut western blot images are shown in
Supplementary Data 2. Our data showed that LPS stimulation
activated Wnt/B-catenin signaling: LPS significantly increased
the level of phospho(p)-LRP6 and p-GSK3p, which are positive
regulators of Wnt signaling (Fig. 3B, D), whereas that of AXIN
(Axis Inhibition Protein 1), a negative regulator of Wnt signaling,
was significantly reduced by LPS (Fig. 3C) compared with un-
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Fig. 5. Rescuing effects of B-catenin overexpression on anti-inflammatory effects of Wnt-C59 in BEAS-2B human bronchial epithelial cells.
Cells grown in 12 well plate were transfected with control vector plasmid (1.5 pg/well) or B-catenin overexpressing plasmid (1.0 or 1.5 pg/well). After
one day, cells were treated with 50 uM of Wnt-C59, followed by lipopolysaccharide (LPS) stimulation at 0.1 ug/ml for 2 h. (A) Messenger RNA level of
B-catenin were measured by RT-qPCR. (B) Nuclear factor-kappa B (NF-kB) activity for target DNA binding was measured by ELISA. (C, D) Messenger
RNA levels of proinflammatory cytokines were measured by RT-qPCR. *p < 0.05, **p < 0.01, ***p < 0.001 compared with cells transfected with control
plasmid. *p < 0.01, *p < 0.001 compared with unstimulated cells. Experiments were conducted in triplicate. Data are shown as mean * standard de-
viation, and statistical significance was measured by unpaired t-test.
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treated control cells. LPS induced significant reduction of phos-
phorylated B-catenin (p-B-catenin) (Fig. 3E), and elevation of the
protein level of B-catenin, the executor protein of Wnt/f-catenin
pathway (Fig. 3F). The activation of Wnt/B-catenin pathway by
LPS was also found in RAW264.7 murine macrophage cells (Fig.
4A): LPS stimulation increased the levels of p-LRP6, p-GSK38
and f3-catenin, but decreased those of AXIN and p-B-catenin (Fig.
4B-F).

Our data showed that the Wnt/B-catenin pathway activated by
LPS was suppressed by Wnt-C59 in both human bronchial epithe-
lial cells and murine macrophage cells: Wnt-C59 reduced p-LRP6
(Figs. 3B and 4B) and increased AXIN (Figs. 3C and 4C). GSK3p,
a kinase which phosphorylates Ser 33/37 residues of 3-catenin,
is known to be inactivated by its Ser 9 phosphorylation [25,26].
Our data showed that Wnt-C59 reduced the Ser 9 phosphoryla-
tion of GSK3 (Figs. 3D and 4D), leading to the increase of Ser
33/37 phosphorylation of B-catenin (Figs. 3E and 4E). B-Catenin,
phosphorylated at Ser 33/37 residues is degraded via a destruction
complex containing AXIN [25,26]. Wnt-C59 increased both Ser

33/37 phosphorylation of B-catenin (Figs. 3E and 4E) and level of
AXIN (Figs. 3C and 4C), which resulted in the reduction in the
level of B-catenin (Figs. 3F and 4F). These data demonstrated that
LPS-activated Wnt/B-catenin pathway was suppressed by Wnt-
C59, resulting in the reduction of B-catenin, the executor protein
of Wnt/B-catenin pathway.

Anti-inflammatory effects of Wnt-C59 were rescued
by B-catenin overexpression

To confirm that anti-inflammatory effects of Wnt-C59
(shown in Figs. 1 and 2) were mediated by the inhibition of
Wnt/B-catenin pathway (shown in Figs. 3 and 4), we conducted
[3-catenin overexpression experiments. We transfected human
epithelial or murine macrophage cells with control vector plasmid
or B-catenin overexpressing plasmid. Measurement of §-catenin
mRNA level showed that transfection was well conducted (Fig.
5A). In the same experimental condition, we measured the tar-
get DNA binding activity of NF-kB, a major proinflammatory
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Fig. 6. Rescuing effects of B-catenin overexpression on anti-inflammatory effects of Wnt-C59 in RAW264.7 murine macrophage cells. Cells
grown in 12 well plate were transfected with control vector plasmid (1.5 pg/well) or B-catenin overexpressing plasmid (1.0 or 1.5 pug/well). After one
day, cells were treated with 50 uM of Wnt-C59, followed by lipopolysaccharide (LPS) stimulation at 0.1 ug/ml for 4 h. (A) Messenger RNA level of
B-catenin were measured by RT-qPCR. (B) Nuclear factor-kappa B (NF-kB) activity for target DNA binding was measured by ELISA. (C, D) Messenger
RNA levels of proinflammatory cytokines were measured by RT-qPCR. **p < 0.01, ***p < 0.001 compared with cells transfected with control plasmid.
"5 < 0.001 compared with unstimulated cells. Experiments were conducted in triplicate. Data are shown as mean + standard deviation, and statisti-
cal significance was measured by unpaired t-test.
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transcription factor responsible for the expression of proinflam-
matory cytokines. Our results showed that the NF-«B activity for
its target DNA binding , which was suppressed by Wnt-C59, was
rescued by B-catenin overexpression (Fig. 5B) in human bron-
chial epithelial cells, which suggested us that B-catenin might
play a role in the regulation of NF-kB activity. LPS-stimulated
proinflammatory cytokine expressions, which were suppressed
by Wnt-C59, were also rescued by B-catenin overexpression in
human bronchial epithelial cells (Fig. 5C, D). Same results were
observed in B-catenin overexpression experiments conducted
in murine macrophage cells (Fig. 6). These results confirmed
that anti-inflammatory effects of Wnt-C59 are dependent on its
modulations of the cellular -catenin level.

Wnt-C59 reduced the protein-protein interaction
between B-catenin and NF-«B along with the
activities of NF-xB and its responsive promoter

To find the regulatory role of 3-catenin on NF-«k B, we analyzed
the protein—protein interaction between B-catenin and NF-xB
via co-immunoprecipitation assays in human bronchial epithelial
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cells (Fig. 7A-D). The amount of -catenin co-immunoprecipi-
tated with NF-xB was increased by LPS-stimulation and reduced
by Wnt-C59 treatment (Fig. 7A, B). Input data of the co-immuno-
precipitation experiments were shown in Supplementary Data 3.
The comparison of Fig. 7A and Supplementary Data 3 suggested
that the amount of B-catenin bound to NF-«B is proportional to
the B-catenin level in the cells. The amount of NF-xB co-immu-
noprecipitated with B-catenin showed same pattern with that of
f3-catenin co-immunoprecipitated with NF-xB (Fig. 7C, D). These
results showed that protein-protein interaction between [-catenin
and NF-«B was elevated by LPS stimulation and reduced by Wnt-
C59 treatment. In the same experimental condition, NF-kB ac-
tivity for its target DNA binding (Fig. 7E) and reporter activity of
NF-«B-responsive promoter (Fig. 7F) were also elevated by LPS
and reduced by Wnt-C59.

The protein—protein interaction between B-catenin and NF-xB
was confirmed in LPS-stimulated murine macrophage cells: The
protein-protein interaction between B-catenin and NF-kB (Fig.
8A-D) showed identical patterns with NF-xB activity for target
DNA binding (Fig. 8E) and reporter activity of NF-kB-responsive
promoter (Fig. 8F). These results suggest that the protein-protein

p-Catenin/NF-xB
Fig. 7. Suppressive effect of Wnt-C59

on the interaction between B-catenin
and NF-kB along with the activities of
Nuclear factor-kappa B (NF-kB) and
its responsive promoter in BEAS-2B
. human bronchial epithelial cells. Cells
were treated with 0, 30, or 50 uM of Wnt-
C59, followed by lipopolysaccharide
(LPS) stimulation at 0.1 pug/ml for 2 h.
(A, C) The protein-protein interaction
between B-catenin and NF-xB p65 was
analyzed by co-immunoprecipitation
assays followed by Western blotting.
Original uncut Western blot images were
shown in Supplementary Data 2. Input
samples of co-immunoprecipitation as-
says are shown in Supplementary Data
3. (B, D) The amount of co-immunopre-
cipitated B-catenin or NF-xB p65 was
measured by Imagel. (E) NF-xB activity
for its target DNA binding was measured
by ELISA. (F) Transcriptional activity of
NF-kB-responsive promoter was mea-
sured by luciferase reporter assay. *p <
0.05, **p < 0.01, ***p < 0.001 compared
## with cells stimulated with LPS with 0
uM of Wnt-C59. “p < 0.01, *p < 0.001
% compared with unstimulated cells. Ex-
- periments were conducted in triplicate.
Data are shown as mean * standard
deviation, and statistical significance
was measured by unpaired t-test. IP, im-
munoprecipitation; WB, Western blot.
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interaction between B-catenin and NF-kB may modulate the tar-
get DNA binding of NF-«B and transcriptional activity of a NF-
kB-responsive promoter.

DISCUSSION

In this study, we found the anti-inflammatory effects of Wnt-
C59 in epithelial, endothelial and macrophage cells stimulated
by LPS: Wnt-C59 suppressed LPS-induced proinflammatory
cytokine mRNA expression significantly and dose-dependently
(Fig. 1, Supplementary Data 1, and Fig. 2). The expression of pro-
inflammatory cytokine mRNA are mediated by NF-kB binding
to target DNAs located near the promoters of their genes followed
by activation of transcriptional activities of their promoters [27].
Our data suggest a mechanism of action of the anti-inflammatory
effect of Wnt-C59: As a Wnt signaling inhibitor, Wnt-C59 re-
duced the cellular levels of B-catenin (Figs. 3F and 4F), resulting
in the decreased protein-protein interaction between [-catenin
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Fig. 8. Suppressive effect of Wnt-C59
on the interaction between B-catenin
and Nuclear factor-kappa B (NF-xB)
along with the activities of NF-xB and
its responsive promoter in RAW264.7
murine macrophage cells. Cells were
treated with 0, 30, or 50 uM of Wnt-C59,
followed by lipopolysaccharide (LPS)
stimulation at 0.1 pug/ml for 4 h. (A, Q)
The protein-protein interaction between
B-catenin and NF-kB p65 was analyzed
by co-immunoprecipitation assays fol-
lowed by Western blotting. Original
uncut western blot images were shown
in Supplementary Data 2. Input samples
of co-immunoprecipitation assays are
shown in Supplementary Data 3. (B, D)
The amount of co-immunoprecipitated
fB-catenin or NF-kB p65 was measured
by Imagel. (E) NF-kB activity for its target
DNA binding was measured by ELISA.
(F) Transcriptional activity of NF-kB-
responsive promoter was measured by
luciferase reporter assay. *p < 0.05, **p
< 0.01, ***p < 0.001 compared with cells
stimulated with LPS with 0 uM of Wnt-
C59. "p < 0.01, **p < 0.001 compared
with unstimulated cells. Experiments
were conducted in triplicate. Data are
shown as mean =* standard deviation,
and statistical significance was measured
by unpaired t-test. IP, immunoprecipita-
tion; WB, Western blot.
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Promoter activity

and NF-B (Figs. 7A-D and 8A-D) followed by the concomitant
reductions of both target DNA binding activity of NF-xB (Figs.
7E and 8E) and the transcriptional activity of a NF-xB responsive
promoter (Figs. 7F and 8F), which may explain the mechanism of
decreased proinflammatory cytokine mRNA expression by Wnt-
C59 (Figs. 1 and 2). Our data also showed that the anti-inflamma-
tory effects of Wnt-C59 were rescued by B-catenin overexpression
(Figs. 5 and 6), which showed that anti-inflammatory effects of
Wnt-C59 were caused by the reduction of B-catenin, the main
executor protein of Wnt/B-catenin pathway; These data suggested
that anti-inflammatory activity of Wnt-C59 is not an off-target
effect unrelated with the inhibition of the Wnt/f-catenin path-
way.

The findings of this study are supported by recent reports indi-
cating that B-catenin physically interacts with NF-«B [17-19] and
this interaction is strengthened following Wnt-induced stabiliza-
tion of B-catenin [28]. It was also reported that direct protein-
protein interaction between NF-xB and B-catenin is involved in
TNF-a-induced expression of C-reactive protein, a clinical maker
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of acute inflammation [29,30]. B-Catenin was also found to el-
evate the transcriptional activity of NF-«xB by interacting with
CREB binding protein [31]. The depletion of B-catenin by siRNA
reduces NF-kB activation [32]. It should be noted, however, that
the interaction between B-catenin and NF-xB may have diverse
effects : B-Catenin may activate or repress NF-xB depending
on the context such as cell and tissue types and the kinds of in-
flammatory stimulators [20]. The regulation of NF-kB by Wnt/
B-catenin pathway modulators may have different effects on di-
verse context.

In our previous study, we found that LPS-induced elevation of
NF-«B activity and proinflammatory cytokine expression were
suppressed by siRNA-mediated knockdown of B-catenin [32],
which suggests that B-catenin siRNA can be developed as an
anti-inflammatory agents. However, siRNA has difficulty in de-
livery without proper carriers to be developed into a therapeutic
agents [33]. In this study, we used Wnt-C59, a small molecule in-
hibitor of Wnt signaling, to reduce the cellular level of B-catenin
in LPS-stimulated cells (Figs. 3F and 4F). The effects of WNT-
C59 on NF-kB activity and proinflammatory cytokine expression
were similar to those of the siRNA-mediated 3-catenin knock-
down which can be rescued by B-catenin overexpression (Figs. 5
and 6).

The finding of this study was summarized in Fig. 9. LPS in-
duced Wnt signaling in both epithelial and macrophage cells
including the phosphorylation of LRP6 and GSK-3f3, degrada-

Without Wnt-C59

LPS
t

= D

NF-kB p65

NF-kB p65

tion of AXIN, and dephosphorylation and increase of 3-catenin.
f3-Catenin interacts with NF-«B to increase its activity and cyto-
kine expression. We found that Wnt-C59 inhibits LPS-induced
Wnt signaling resulting in the dephosphorylations of LRP6 and
GSK-3B, stabilization of AXIN, and phosphorylation and degra-
dation of B-catenin (Figs. 3 and 4). The protein-protein interac-
tion of B-catenin with NF-kB was reduced resulting in the de-
crease of NF-kB activity (Figs. 7 and 8) and cytokine expression
(Figs. 1 and 2).

The results of this study showed in vitro anti-inflammatory
effect of Wnt-C59. Further study is needed to confirm the anti-
inflammatory activity in vivo. In this study, we focused on the
cellular level of B-catenin and its interaction with NF-kB. Further
studies are necessary on the molecular characterization of the
protein-protein interaction between NF-xB and B-catenin as
well as the effects of Wnt-C59 on the movement of -catenin into
nucleus, the activity of B-catenin, and the shape of the inacti-
vated f-catenin.

In conclusion, Wnt-C59 showed an anti-inflammatory effects
in LPS-stimulated epithelial, endothelial and macrophage cells.
Anti-inflammatory effects of Wnt-C59 were mediated by the
downregulations of B-catenin and its interaction with NF-xB
followed by the reductions of target DNA binding of NF-xB and
transcriptional activity of NF-«B responsive promoter. LPS, also
called as endotoxin, the major virulence factor of gram negative
bacteria, is involved in diverse inflammatory disorders includ-

With Wnt-C59
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Fig. 9. Summary of the findings of this
study. The lipopolysaccharide (LPS)-
induced activations of Wnt signaling and
f3-catenin-NF-kB interaction were shown
in left panel. Wnt-C59 was reported to
inhibit Wnt signaling by suppressing
the secretion of Wnt. The inhibitory ef-
fects of Wnt-C59 on Wnt signaling and

Increase in
NF-kB activity &
Cytokine expression
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B-catenin-NF-kB interaction were shown
in right panel. NF-«B, nuclear factor-
kappa B.
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ing septic shock, atherosclerosis, metabolic syndrome, chronic
fatigue, and so on [34]. Further study on the anti-inflammatory
effect of Wnt-C59 may provide a possible treatment for the vari-
ous diseases caused by gram negative bacterial endotoxin.
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