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Proinflammatory cytokine plays a central role in host defense and acute inflammatory responses. Both positive
and negative correlations of NF-kB and Wnt/p-catenin pathways have been reported depending on cell types in
response to inflammatory stimuli for IL-6 cytokine production. Macrophages are vital to the regulation of im-
mune responses and the development of inflammation, but the crosstalk between two pathways has not been
elucidated so far in macrophages. We observed a positive cross-regulation between the NF-kB and Wnt/p-catenin

pathways for IL-6 production in human macrophages. To verify the functional validity of this interaction,
LY294002 or PNU74654, representative blockers of each pathway, were treated. IL-6 secretion was reduced to
the basal level by both inhibitor treatments, even when stimulated by LPS. We also found that NF-kB p65
migrated to the nucleus and interacted with the transcription factor TCF-4 in macrophages upon LPS stimulation.

1. Introduction

The innate immune system, which recognizes and responds to
pathogens, is primarily composed of macrophages, dendritic cells, nat-
ural killer cells, T cells, and B lymphocytes [1,2]. Macrophages are vital
to the regulation of immune responses and the development of inflam-
mation. When macrophages are exposed to inflammatory stimuli, they
secrete cytokines [3,4]. IL-6 is a keystone cytokine that plays a central
role in host defense for controlling local or systemic acute inflammatory
responses [5,6]. IL-6 stimulates the inflammatory and autoimmune
processes in many diseases, such as diabetes, systemic lupus erythema-
tosus, and rheumatoid arthritis [7-9].

The NF-kB transcription factor plays a key role in regulating the
immune response to infection in mammalian cells [10,11]. It is found in
an inactive state in the cytoplasm, bound to its inhibitor IkB (Inhibitor of
k¥B). Stimulation with inducers, such as LPS, activates the IxB kinase
(IKK) complex that phosphorylates IkB-a, triggering its degradation by
the proteasome and allowing free NF-kB to translocate to the nucleus
[12-14]. Glycogen synthase kinase-3 beta (GSK-3p) has been shown to
regulate TLRs/NF-kB activation for inflammatory responses [15]. As
fB-catenin is a major substrate of GSK-3, it might serve as a mediator for
cross regulation between these two pathways. In support of this
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hypothesis, physical interactions of Wnt/p-catenin and NF-kB pathway
components have been previously observed [16].

Regarding the cross-regulation of the NF-xB and Wnt/f-catenin
pathways, a number of articles suggest both positive and negative cor-
relations [16-20]. In LPS-treated BEAS-2B human bronchial epithelial
cells, the siRNA knockdown of f-catenin attenuated not only the
Wnt/p-catenin pathway, but also the NF-kB pathway [20]. In other re-
ports, negative cross-regulation of these two signaling pathways has
been observed [16,19]. Multiple components are believed to be involved
in the pathway interaction. Inflammation-associated carcinogenesis has
exhibited a complex role of p-catenin, NF-kB p65, and inducible nitric
oxide synthase (iNOS) signaling [21]. Also, regulation of NF-xB p65
activity directly correlates with the p-catenin/TCF pathway in human
adipose tissue-derived stem cells and human bone marrow-derived
mesenchymal stem cells [22]. However, the crosstalk between NF-«kB
and Wnt/p-catenin pathways in macrophages, the key player in the
regulation of inflammatory immune responses, has not been elucidated
so far.

In this study, we sought to determine how NF-kB and Wnt/p-catenin
pathways interact in an innate immunity environment using an LPS-
stimulated human macrophage cell model.
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2. Materials and methods
2.1. Cell lines and differentiation

Human THP-1 monocyte-like cell lines and TERT-immortalized
human embryonic microglial HME3 (CRL-3304) cell lines were pur-
chased from ATCC (Manassas, VA, USA) [23]. All cells were grown in
RPMI 1640 medium with 10 % FBS (Corning, Manassas, VA, USA) and 1
% penicillin-streptomycin. For differentiation into macrophages, THP-1
cells were cultured in a medium containing 12.5 ng/mL
phorbol-12-myristate 13-acetate (PMA) in 1.75 x 10° cells per 100 mm
dish for 72 h in 5 % CO; at 37 °C. After fresh media replacement, the
cells were further cultured for 48 h until a complete macrophage
appearance was observed. Lipopolysaccharide (LPS, 0.125 pg/mL) was
inoculated to induce the in vitro inflammatory response (Fig. S1) [9,26],
and LY294002 or PNU74654 was inoculated to suppress the inflam-
matory response [25]. Signal transduction inhibitors were added 30 min
before LPS treatment, and neither stimulant nor inhibitor treatment was
included in the control group. Unless otherwise stated, reagents,
chemicals, and supplies were purchased from Thermo-Fisher Scientific
(Waltham, MA, USA).

2.2. Immunocytochemical staining

For immunocytochemical staining, THP-1 macrophages were seeded
at 2 x 10* cells/well in a 6-well plate containing a 22 x 22 mm coverslip
and were incubated at 37 °C and 5 % CO-, for 24 h [30]. To observe the
IL-6 cytokines present in the cytoplasm, cells were stimulated with LPS
and treated with a protein transport inhibitor cocktail (eBioscience, San
Diego, CA, USA). The LPS-induced cells were fixed with PBS solution
containing 3.7 % paraformaldehyde for 3 min at room temperature,
permeabilized with 0.02 % Triton X-100 for 1 min on ice, and blocked
with 2 % bovine serum albumin (BSA) overnight at 4 °C. Next, the
samples were incubated with primary anti-IL-6 (Clone D3K2N) rabbit
mAD (vol/vol 1:200, Cell Signaling Technology, Danvers, MA, USA) for
2 h at room temperature (RT). Subsequently, the cells were incubated in
Alexa Fluor® 488 Phalloidin for 30 min, and the nuclei were stained
with 4',6-diamidine-2"-phenylindole dihydrochloride (DAPI, 1 pg/ml,
Roche Applied Science, Mannheim, Germany) for 5 min at RT. After
washing several times with PBS, the slides were mounted in the
mounting medium. The cells were imaged using a confocal laser scan-
ning microscope (LSM 510 META, Carl Zeiss, Zena, Germany) [30].

2.3. Engyme-linked immunosorbent assay (ELISA)

Human inflammatory cytokines IL-6, TNF-a, and IL-1p were quan-
tified in the THP-1 macrophage supernatants using ELISA according to
BioLegend’s MAX™ kit protocol (BioLegend, San Diego, CA, USA).
Briefly, 100 pl of capture antibodies were added to the wells of a 96-well
plate and were incubated overnight (16-18 h) at 4 °C. The plates were
washed three times with 200 pl PBS with 0.05 % Tween-20 (PBST), and
200 pL 1X Assay Diluent A per well was added to block non-specific
binding. In addition, 100 pL/well of the standard or sample was added
to the appropriate wells, and 100 pL of the diluted detection antibody
solution was added to each well and incubated for 1 h at RT. After four
washes, 100 pl/well of substrate solution was added, and the plates were
incubated for 30 min at RT in the dark. The reaction was terminated by
the addition of 100 pl of stop solution. The optical density at 450 nm was
measured using an ELISA Plate Reader within 15 min. The standard
curve was created with recombinant human IL-6 at different ranges of
concentrations [9].

2.4. RT-PCR

For RT-PCR, THP-1 macrophages were cultured at 1.75 x 10° cell
numbers per 100 mm cell culture dishes at 37 °C and 5 % CO2. Then, it
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was treated with LPS at 0, 10 min, 1 h, 6 h, and 36 h. Then, the cells were
recovered, and total RNA was isolated and quantified. The amount of
total RNA was about 450ng/ul ~550ng/ul, and the purity ratio was
about 1.7 or more (data not shown). Of these, 5 pg each time point was
used and converted into 20 pl of cDNA. In the PCR reaction, 4 pl of each
c¢DNA was used as a template to obtain a final reaction product of 50 pl.

The mRNA expression levels of IL-6, TNF-a, and IL-1f in THP-1
macrophages were examined by RT-PCR. Total RNA was prepared
using the Trizol® reagent (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s protocol. The first-strand ¢cDNA was synthesized
using a synthesis kit (Takara Bio, Tokyo, Japan). The primer set se-
quences for PCR of IL-6, TNF-a, IL-1f, and GAPDH (glyceraldehydes-3-
phosphate dehydrogenase) were recorded in Table 1. The reaction
mixture was denatured at 98 °C for 30 s and then cycled 35 times at
98 °C/10 s, 58 °C/30 s, and 72 °CA30 s, followed by a final 10 min
extension at 72 °C. These products were separated by electrophoresis on
a 1 % agarose gel and visualized by ethidium bromide staining in
ultraviolet-induced fluorescence [30].

2.5. Western blotting

Cells were lysed with RIPA Lysis Buffer containing protease and
phosphatase inhibitors (Sigma-Aldrich, Saint Louis, MO, USA). Subcel-
lular fractionation was performed using NE-PERTM Nuclear and Cyto-
plasmic Extraction Reagents (Thermos Fisher Scientific, Waltham, MA,
USA) as described previously [30]. The protein concentration was
quantified by the Bio-Rad Protein Assay Kit (Bio-Rad, Hercules, CA,
USA). The lysates were separated by SDS/PAGE in a 10 % acrylamide gel
and transferred onto a nitrocellulose membrane for immunoblotting.
The membrane was blocked with 3 % bovine serum albumin (BSA) and
incubated for 12 h at 4 °C with primary antibodies (all from Cell
Signaling Technology), including those for Phospho-Akt (Ser473
#9271), Phospho-IkB (Ser32/36 #5210), IkB (#4812), Phospho-NF—«B
p65 (Ser536 #3033), NF-xB p65 (#4764), p-Catenin (#9562), TCF-4
(#2569), a-Tubulin (#2144) and fibrillarin (Abcam, Cambridge, UK).
The membrane was washed three times with PBST and incubated for 30
min with the appropriate horseradish peroxidase-conjugated secondary
antibodies at RT. Finally, vigorous washing was performed with the
same washing solution (PBST). After treatment with enhanced chem-
iluminescence substrate (PerkinElmer, Waltham, MA, USA), the protein
bands were sensitized and visualized on X-ray films (Agfa, Mortsel,
Belgium) [9,30]. Band intensities were measured using ImageJ [31].

2.6. Immunoprecipitation (IP)

IP was performed with 2.0 pg of antibodies against p-catenin or TCF-
4 (GFP as a negative control) in 0.8 mg of whole protein lysates (LPS
treatment for 6 h at 0.125 pg/ml). Lysates were first pre-cleared with a
nonspecific IgG antibody for 2 h at 4 °C. The pre-cleared lysates were
then incubated with antibodies either to -catenin or TCF-4 overnight at
4 °C and then incubated for 2 h at 4 °C with protein G agarose. The
samples were washed three times with PBST and then subjected to
immunoblotting as indicated. Cell lysates were separated by SDS/PAGE

Table 1

Sequences of the primers.
Name Sequence
hIL6 F 5'-ATCTCAGCCCTGAGAAAGGA-3'
hIL6 R 5-GAGATGAGTTGTCATGTCCT-3'
h TNF a F 5'-AGGCAGTCAGATCATCTTCT-3'
hTNF a R 5-AGATAGATGGGCTCATACCA-3'
hIL1BF 5'-ATGGCAGAAGTACCTGAGCT-3'
hILIBPR 5-GAGGTGGAGAGCTTTCAGTT-3'
h GAPDH F 5'-AGCCGCATCTTCTTTTGCGTC-3'
h GAPDH R 5-TCATATTTGGCAGGTTTTTCT-3'

h, human; F, forward; R, reverse.
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ina 10 % acrylamide gel and transferred onto a nitrocellulose membrane
for immunoblotting. Antibodies to p-catenin, NF-kBp65, TCF-4, or IkB
were used. Performance of IP and loading control was confirmed with
precipitating antibody heavy chains [19].

2.7. Statistical analysis

Values in each graph are expressed as the mean + standard devia-
tion. The data were analyzed using Student’s t-test and two-way analysis
of variance (ANOVA), followed by Bonferroni’s post hoc test. The sta-
tistical analysis was performed using the GraphPad Prism software
(version 9.0; GraphPad, Inc., La Jolla, CA, USA). The statistical signifi-
cance was defined as p < 0.05.

3. Results
3.1. Establishment of an in vitro macrophage model with LPS stimulation

Human monocyte THP-1 cells grow in suspension culture and are
originally isolated from an acute monocytic leukemia patient (Fig. 1A)
[23]. Treatment with phorbol 12-myristate 13-acetate (PMA) for several
days causes the cells to differentiate into a macrophage-like phenotype
[24]. In concordance with previous reports, the five-day stimulation
resulted in elongated spindle-shaped cells firmly adhered to the sub-
stratum, characteristic of macrophages (Fig. 1B). For inflammatory
stimulation, fully differentiated macrophage-like THP-1 cells were
treated with lipopolysaccharides (LPS). Immunofluorescence staining
confirmed the intracellular expression of inflammatory cytokine IL-6
when stimulated by LPS (Fig. 1C). The level of IL-6 in the control
THP-1 macrophage culture supernatant was less than 0.16 ng/ml, or
160.0 pg/ml, when measured by ELISA. After LPS stimulation, however,
IL-6 level increased rapidly at 6 h and reached 0.9 ng/ml at 36 h,

12 1 —@— Endogenous
—#@— Stimuli

h IL-6 (ng/mL)

0.0 + T T T
0 1 6 12 24

LPS (100ng/mL)

36 (hr)
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approximately 5.5 times higher than the basal level (Fig. 1D). On the
other hand, when THP-1 macrophages were stimulated with EGF, a
well-known cell growth stimulant, no significant increase in IL-6
secretion was observed (Fig. 1E).

3.2. Expression patterns of proinflammatory cytokines

RT-PCR was performed to examine the mRNA expression patterns of
major proinflammatory factors IL-1f, IL-6, and TNF-« in LPS-stimulated
THP-1 macrophages. Peak IL-6 mRNA expression was observed at 6 h.
The housekeeping gene was glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) (Fig. 2A). The amount of mRNA expression was quantified by
the intensity fold of the agarose gel (A) as a bar graph (Fig. 2B). When
confirmed by ELISA, the secretion pattern of each of the three inflam-
matory factors increased similarly to the gene expression pattern and
lasted up to 36 h (Fig. 2C-E). Compared to IL-6, the level of TNF-a or IL-
1p was relatively low, suggesting that IL-6 could be a major cytokine
affected by LPS stimulation in the THP-1 macrophage model.

3.3. Positive correlation of NF-xkB and Wnt/f-catenin pathways in LPS-
stimulated macrophages

LPS stimulation led to activation of the NF-xB pathway in LPS-
stimulated THP-1 macrophages, initiated as early as 10 min post-
stimulation. Phospho-AKT, which operates upstream of the NF-xB
signaling pathway, appeared 10 min after LPS stimulation and gradually
decreased until 36 h. Phosphorylated IkB was observed at 10 min but
with a significantly decreased IxB protein level. Simultaneously, phos-
phorylated NF-xB p65 expression level increased markedly and lasted
for 1 h (Fig. 3A). The amount of protein was quantified by the intensity
fold of the blot (a) as a bar graph (Fig. 3B). In our experimental model,
the NF-kB pathway was positively correlated with the Wnt/f-catenin

0.0 ~+ T T .
1 6 12 24

EGF (10ong/mL)

36 (hr)

Fig. 1. Establishment of macrophages using human monocytic cell lines and confirmation of IL-6 cytokine secretion by established macrophages by ELISA. (A) THP-1
monocyte cell shape before PMA inoculation. (B) Differentiated into macrophages after five days of PMA inoculation. (C) IL-6 cytokine (red) and cell skeletal
structure (green) observed in the cytoplasms by the administration of protein transport inhibitors. (D-E) The amount of IL-6 cytokine secreted from macrophages
over time for each stimulating factor by ELISA. LPS stimulated at a concentration of 100 ng/mL. EGF stimulated at a concentration of 10 ng/mL. Statistical sig-
nificance of differences between groups was assessed using Student’s t-tests (*p < 0.05). PMA: Phorbol-12-myristate-13-acetate, LPS: lipopolysaccharides, EGF:
epidermal growth factor. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. Identification of gene expression patterns and protein secretion patterns of several pro-inflammatory cytokines by inflammation induction from established
THP-1 macrophages. (A) Time-dependent gene expression patterns of proinflammatory cytokines by RT-PCR, and (B) the amount of mRNA expression was quantified
by the intensity fold of the agarose gel as a bar graph. (C-E) Time-dependent secretion patterns of proinflammatory cytokines by ELISA. Data are expressed as the
mean + standard deviation of at least three independent experiments. Statistical significance of differences between groups was assessed using Student’s t-tests (*p

< 0.05).

pathway. Upon LPS stimulation, protein levels of both p-catenin and
TCF-4 were increased at 10 min, peaked at 6 h, and decreased until 36 h,
indicating activation of the Wnt/p-catenin pathway (Fig. 3A and B).

LY294002 was originally developed as a PI3K pathway inhibitor but
is also known to inhibit the NF-xB pathway. In a previous report using
THP-1 cells, LY294002 specifically decreased the NF-kB expression level
in the nucleus, resulting in inhibition of the NF-kB pathway [25]. In
concordance with previous findings, LY294002 reduced LPS-mediated
IL-6 secretion to the basal level. Additionally, the Wnt/p-catenin
pathway inhibitor PNU74654, which blocks the binding of p-catenin and
TCF-4, also decreased IL-6 secretion, exhibiting a positive contribution
of the Wnt/p-catenin pathway to LPS-mediated NF-kB activation
(Fig. 3C). Positive cross-regulation of the two pathways may be specific
to IL-6 secretion in our macrophage model, as expression of TNF-a,
another proinflammatory cytokine, was not affected by LY294002 or
PNU74654 (Fig. 3D).

For molecular level confirmation of NF-xB and Wnt/f-catenin
pathway crosstalk, NF-kB p65, B-catenin, and TCF-4 were analyzed by
immunoblotting. Both pathway inhibitors reduced the expression levels
of NF-kB p65 and TCF-4. p-catenin expression was diminished only by
PNU74654 but not by LY294002 (Fig. 3E). The amount of protein was
quantified by the intensity fold of the blot (E) as a bar graph (Fig. 3F). A
positive correlation of the NF-xB and Wnt/p-catenin pathways was also
confirmed in a human microglial cell line HMC3. Blockage of IL-6
secretion but not TNF-a secretion was observed by treating LPS-
stimulated HMC3 cells with LY294002 or PNU74654, indicating the
involvement of both signaling pathways in LPS-driven IL-6 expression
(Fig. 3G and H).

3.4. NF-xB p65 and TCF-4 form a complex in the nucleus upon LPS
stimulation

For an inflammatory response to the stimuli, NF-kB translocation to

the nucleus is an important feature of canonical NF-kB pathway acti-
vation. In line with this, LPS-stimulated cells respond by secreting
proinflammatory cytokines, requiring NF-kB nuclear translocation [26].
In our macrophage cell line model, increased expression levels of
B-catenin and TCF-4 proteins were observed in response to LPS stimu-
lation. Based on this finding, we sought to see if any interactions with
the NF-xB complex occurs with f-catenin or TCF-4 proteins upon LPS
stimulation. Since NF-xB nuclear translocation is a leading event of
NF-xB pathway activation, we performed an immunoprecipitation assay
in each subcellular fraction. Interestingly, NF-xB p65 and TCF-4 binding
was observed in the nuclear fraction only when LPS stimulation was
present. Additionally, the LPS-independent cytosolic ~NF-«xB
p65/p-catenin complex was observed. The LPS-independent p-cat-
enin/TCF-4 nuclear complex was also found, indicating canonical
Wnt/p-catenin pathway activation (Fig. 4A and B).

4. Discussion

Crosstalk between NF-kB and Wnt/p-catenin pathways in inflam-
mation has been suggested previously by various groups [17,18].
However, both positive and negative correlations have been observed
depending on the cell or tissue types or inflammation status [27]. In our
in vitro model, a positive correlation between the two pathways was
observed. Both NF-xB blockers and Wnt/B-catenin blockers attenuated
LPS-induced IL-6 production, indicating positive cross-regulation be-
tween the two pathways in our cell model. PNU74654, the Wnt/p-ca-
tenin pathway inhibitor used in this study, acts as a blocker by
disrupting f-catenin/TCF-4 binding downstream of the pathway.

In this study, the relationship between proinflammatory cytokines
(IL-1B, IL-6, and TNF-a) and NF-kB-WNT/p-Catenin signaling pathway
was well known in Figs. 2 and 3. Fig. 2 showed a significant increase in
the same time as the IL-6 cytokine secretion of macrophages caused by
LPS stimuli was more than two IL-1p and TNF-a. However, if the
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Fig. 3. Cell signaling transduction assay of THP-1 macrophages and microglial cell line. (A) Western blot assay of time-dependent expression patterns of major
signaling molecules in the NF-kB signaling pathway and the Wnt/p-catenin pathway onto THP-1. (B) The amount of protein was quantified by the intensity fold of the
blot as a bar graph. (C-D) Patterns of IL-6 and TNF-a secretion using phosphatidylinositol 3 (PI3) kinase inhibitors (LY294002) and Wnt/p-Catenin pathway in-
hibitors (PNU74654) by ELISA onto THP-1. (E) Western blot assay of the expression patterns of signaling transduction molecules over time using cell signaling
pathway inhibitors onto THP-1. (F) The amount of protein was quantified by the intensity fold of the blot as a bar graph. (G-H) Effects of the above cell signaling
inhibitors on the regulation of IL-6 and TNF-a secretion onto microglial cell lines. The molecular weight (kDa) is indicated in parentheses on the left of each blot. Data
are expressed as the mean =+ standard deviation of at least three independent experiments. Statistical significance of differences between groups was assessed using
§tudent’s t-tests (*p < 0.05).
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Fig. 4. Immunoprecipitation analysis (IP) using subcellular fractions to confirm cross-talk between NF-kB and WNT/p-Catenin signaling pathway. After 6 hours of
stimulation with LPS, THP-1 macrophages were divided into nuclear and cytoplasmic proteins, and IP was performed for each component protein. (A) IP was
performed with an anti-p-Catenin antibody, and (B) IP was performed with an anti-TCF-4 antibody. The molecular weight (kDa) is indicated in parentheses on the left

of each blot. The protein fractions used for IP are shown in Fig. S2 supplementary data. Ab: antibody, C: cytosolic fraction, N: nuclear fraction.

inhibitory factor of the two signaling systems, LY294002 and
PNU74654, is present, the amount of IL-6 cytokine secretion is signifi-
cantly reduced, while the amount of secretion of TNF-a is not affect. This
suggests that the signaling pathway of NF-kB-WNT/B-catenin is specif-
ically involved in the IL-6 cytokine secretion control.

A previous in vivo study using LGK294, an upstream Wnt/p-Catenin
pathway inhibitor LGK294, reduced the NF-kB target gene expression
and rescued mice from LPS-associated death. This finding also supports
the positive correlation of NF-xB and Wnt/f-catenin pathways and the
full involvement of the Wnt/p-catenin pathway from upstream to
downstream [28]. These knockdown/inhibition studies, including ours,
collectively support the functional role of the Wnt/B-catenin pathway in
the cross-activation of the NF-kB pathway. Additionally, a higher
fB-catenin expression level upon LPS stimulation was observed in our cell
model; in concordance, liver tissue p-catenin expression was increased
in the above-mentioned LPS-injected mice [28].

Of the protein binding complexes screened by immunoprecipitation,
NF-kB p65/TCF-4 was the only protein complex that appeared upon LPS
stimulation. As expected, the binding was in the nucleus, where acti-
vated NF-kB p65 initiates its target gene expression in the canonical NF-
kB pathway. Of our IP-tested protein binding targets, the NF-xB p65/
B-catenin complex was the only one found in the cytosol. As this inter-
action was independent of LPS stimulation and was not observed in the
nuclear fraction, therefore, the event seems irrelevant to the cellular
inflammatory response. There is an existing report on the NF-xB p65/
B-catenin complex, and the interaction is believed to inhibit the NF-xB
pathway [19]. Briefly, in HEK 293 human embryonic kidney cells, the
NF-kB p65/p-catenin complex has been observed but was present only
when whole cell lysate was provided, implying indirect binding
involving other proteins.

The NF-kB p65/TCF-4 complex, however, behaved differently

compared to the NF-kB p65/p-catenin complex. The binding was only
present when stimulated by LPS, indicating a potential role of the
complex in the NF-kB pathway. It is important that the complex was
observed only in the nucleus, where activated NF-kB p65 and p50
translocation occurs. In support of this, the NF-kB p65/TCF-4 complex
has been recently observed in human lung carcinoma cells, contributing
to more efficient binding to the NF-kB binding sites of the DNA and
increasing MMP-15 expression following NF-kB activation. Further-
more, in this human lung carcinoma model, TCF-4 knockdown pre-
vented the translocation of NF-kB p65, suggesting the possible
involvement of TCF-4 in cellular trafficking [29]. During the inflam-
matory response of macrophages, a similar NF-kB p65/TCF-4 inter-
action-driven mechanism may play a positive role in connecting the
NF-kB and Wnt/p-catenin pathways. We plan to conduct more detailed
experiments to discover how this nuclear complex contributes func-
tionally to the positive crosstalk of the NF-kB and Wnt/B-catenin
pathways.

The B-catenin/TCF-4 interaction observed in our model may not be
related to NF-kB pathway crosstalk but may represent the activation of a
canonical Wnt/p-catenin pathway. In our experimental model, the small
molecule PNU74654 successfully inhibited the LPS-induced secretion of
IL-6. Interestingly, we determined that PNU74654 disruption also led to
decreased protein levels of p-catenin and TCF-4 in the cell. There is a
previous report of xenopus egg extracts that p-catenin and TCF-3 bound
to each other, and disruption of the complex led to the degradation of
B-catenin [30], suggesting mutual stabilization of f-catenin and TCF-4
proteins in the binding form in our cell model.

However, the use of NF-kB pathway blocker LY294002 did not affect
LPS-induced B-catenin expression but diminished TCF-4 expression in
our immunoblotting experiments. To our knowledge, there is no report
of reduced TCF-4 expression triggered by NF-kB pathway inhibition. We
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suspect that this phenomenon further supports our hypothesis that LPS
independent NF-kB p65/p-Catenin binding is irrelevant to the NF-xB
pathway, whereas LPS-dependent NF-kB p65/TCF-4 binding plays an
important role in NF-«xB pathway activation. In other words, NF-xB
pathway blockage may lead to reduced translocation of NF-kB p65 into
the nucleus and less interaction between NF-kB p65 and TCF-4. Mutual
stabilization of the two proteins by binding may be a mechanism to keep
the TCF-4 level constant in the nucleus, as with f-catenin and TCF-3.
Even a scenario where TCF-4 is involved in activated NF-kB p65 nu-
clear translocation is possible, as suggested previously in lung carci-
noma cells [29].

In conclusion, a human macrophage model was developed using a
PMA-induced THP-1 cell line, and this cell model secreted IL-6 upon LPS
stimulation. A positive correlation of NF-kB and p-catenin pathways to
include IL-6 expression was suggested. LPS-stimulated NF-xB p65/TCF-4
binding was also observed in the nucleus, suggesting that this protein
complex may play a pivotal role in linking NF-kB and f-catenin path-
ways in macrophage responses to inflammatory stimuli.
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