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A B S T R A C T

Recently, we reported that HaCaT human keratinocytes secreted leucine-rich repeat LGI family member 3 (LGI3)
protein after exposure to ultraviolet B (UVB) irradiation. In the present study, we aimed to determine whether
LGI3 is also released in response to stimulation by lipopolysaccharides (LPS), membrane components of gram-
negative bacteria. Our results showed that LGI3 was indeed secreted by LPS-stimulated HaCaT cells. We also
found that LPS potently stimulated the induction of cycloxygenase-2 (COX-2), which is involved in the in-
flammatory response. In addition, LPS-induced LGI3 secretion and COX-2 expression were blocked by NS-398, a
selective COX-2 inhibitor. Moreover, LPS activated nuclear factor-κB (NF-κB) via a TRIF-dependent pathway,
and activated NF-κB led to LGI3 production in HaCaT cells. For the first time, we predicted the LGI3 promoter
sequence and demonstrated that NF-κB bound to the LGI3 gene promoter region. LPS treatment also increased
the expression of a disintegrin and metalloproteinase domain-containing protein 22 (ADAM22), a candidate
LGI3 receptor. Furthermore, co-immunoprecipitation, flow cytometry, and immunocytochemistry revealed that
LGI3 associated with ADAM22 in LPS-treated keratinocytes. Thus, ADAM22 may be an LGI3 receptor in human
keratinocytes. Taken together, these data suggest that the TRIF-dependent pathway is a novel regulator of LGI3
secretion in response to LPS stimulation in HaCaT cells and that keratinocyte-derived LGI3 interacts with
ADAM22 and mediates LPS-induced inflammation.

1. Introduction

Leucine-rich repeat LGI family member 3 (LGI3) is a secreted pro-
tein that contains a leucine-rich repeat (LRR) in its N-terminal region
and an epitempin (EPTP) repeat in its C-terminal region [1]. LGI3 is
markedly expressed in the brain, and thus, its role in the brain has been
preferentially investigated [1–4]. Recently, we reported that LGI3 is
also highly expressed in the skin and is secreted by epidermal kerati-
nocytes following ultraviolet B (UVB) stimulation, suggesting that LGI3
may be a novel cytokine secreted from the epidermis of the skin [5,6].
Furthermore, LGI3 stimulated the migration of human keratinocytes
following β-catenin accumulation, indicating that it may be an indis-
pensable factor in cutaneous wound healing processes [7].

Inflammation is a protective mechanism that is activated in re-
sponse to injurious stimuli and promotes the healing process.

Inflammation protects the body from various stimuli, including irri-
tants, pathogens, or damaged cells. In a variety of cells, it is induced by
inflammatory stimulators, such as lipopolysaccharide (LPS) [8,9]. LPS
is membrane components of gram-negative bacteria that acts as en-
dotoxins, inducing strong inflammatory and immune responses [10].
Several cells require LPS stimulation for cycloxygenase-2 (COX-2) ex-
pression, which regulates the inflammatory response [11]. COX-2 is
maintained at low basal levels but is induced by growth factors, tumor
promoters, and inflammatory stimuli, such as UV and LPS [12].

Toll-like receptor 4 (TLR4) is a receptor for LPS [13] that is ex-
pressed in human keratinocytes [14]. The TLR signaling pathway in-
volves the Toll/IL-1 receptor (TIR) domain-containing adaptor MyD88
and TIR domain-containing adaptor inducing IFN-β (TRIF) [15,16].
Stimulation of TLR4 by LPS triggers the activation of both the MyD88-
dependent and TRIF-dependent pathways [15,16]. In the TRIF-
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dependent pathway, receptor-interacting protein 1 (RIP1) and tumor
necrosis factor receptor-associated factor 6 (TRAF6) are essential for
the late phase of nuclear factor-κB (NF-κB) activation [17,18]. TAK1 is a
protein kinase involved in IκB kinase (IKK) activation [19]. IKK com-
plex activation results in the phosphorylation and degradation of IκB
protein, which leads to the activation of NF-κB [20]. NF-κB is a tran-
scription factor that is responsible for the production of various in-
flammatory cytokines [21]. In macrophages, NF-κB is activated by
microbial components, such as LPS [20]. However, LPS-mediated sig-
naling has been poorly studied in human keratinocytes.

A disintegrin and metalloproteinase domain-containing protein 22
(ADAM22) is a member of the ADAM family of proteins, which are
known to contain metalloproteinase-like and disintegrin-like domains
[22]. ADAM proteins play roles in cell–matrix and cell–cell interface-
related processes, including modulation of the neurogenic function,
muscle fusion, fertilization, and secretion of tumor necrosis factor-α
(TNF-α) [23]. ADAM22 belongs to a subfamily of ADAM proteins that
includes ADAM11 and ADAM23, which are expressed at high levels in
the brain [24–26]. Interestingly, ADAM22, like ADAM11 and ADAM23,
does not possess metalloproteinase activity; therefore, ADAM22 has
been suggested to function as an integrin receptor [25]. It has been
reported that LGI3 binds to ADAM22 and ADAM23 but not to ADAM11
in Schwann cells [24]. Recently, we reported that LGI3 associates with
ADAM23 in adipose tissues and 3T3-L1 cells and regulates adipocyte
differentiation [26]. In contrast, another report showed that LGI3 did
not bind to ADAM22-GFP-expressing neurons [27]. Although LGI3 has
been shown to bind to both ADAM22 and ADAM23 receptors in various
cell types, the expression of ADAM22 and ADAM23 in human skin
keratinocytes has not been studied.

Therefore, in the present study, we examined the hypothesis that
LGI3 acts as an inflammatory cytokine in response to LPS stimulation in
HaCaT human keratinocytes. Furthermore, we investigated whether
LGI3 binds to ADAM22 or ADAM23 following LPS treatment.

2. Materials and methods

2.1. Materials

LPS was purchased from Sigma (St. Louis, MO, USA). NS-398 was
purchased from Calbiochem (San Diego, CA, USA). The LGI3 antibody
was a rabbit polyclonal antibody raised against bacterially expressed
full-length mouse LGI3-His6 (LGI3-FL) [4]. Antibodies recognizing LGI3
(T-18, #sc-74730), ADAM22 (C-2, #sc-373931 for flow cytometric
analysis; T-19, #sc-25999 for immunocytochemistry), ADAM23 (I-19,
#sc-67410), TRAF6 (D-10, #sc-8409), phospho-IKKα/β (Ser 176, #sc-
21661), IKKα/β (H-470, #sc-7607), NF-κB p50 (NL5, #sc-114), NF-κB
p65 (A, #sc-109), IκB-α (C-21, #sc-371), lamin B (C-20, #sc-6216), α-
tubulin (DM1A, #sc-32293), MyD88 (HFL-296, #sc-11356), and actin
(sc-1616) were purchased from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA, USA). Antibodies recognizing TAK1 (#4505), phospho-TAK1
(Thr184/187, #4508), TRIF (#4596), and RIP1 (#4926) were pur-
chased from Cell Signaling Technology, Inc. (Beverly, MA, USA). Anti-
NF-κB p50 subunit antibody (NF-κB 1, AB1602 for electrophoretic
mobility shift assay) was purchased from Millipore (Billerica, MA,
USA). Pyrrolidine dithiocarbamate (PDTC) was purchased from Tocris
Bioscience (Tocris, Bristol, UK). Polyclonal anti-COX-2 (ab 6665) was
purchased from Abcam, Inc. (Cambridge, MA, USA).

2.2. Cell culture

HaCaT human keratinocytes [28] were purchased from Cell Lines
Service (Eppelheim, Germany). The cells were grown in DMEM sup-
plemented with 10% fetal bovine serum (FBS, Hyclone, Logan, UT,
USA), 50 μg/mL streptomycin, and 50 μg/ml penicillin in 5% CO2 at
37 °C.

2.3. Cell viability

To evaluate cell viability, HaCaT cells (5× 105 cells per well) were
seeded into 6-well plates. After serum starvation for 24 h, the cells were
treated with LPS. Cells were then cultured for another 24 h, and cell
viability was determined using a crystal violet assay [29]. After re-
moving the culture medium, cells were stained with 0.1% crystal violet
in 10% ethanol for 5min at room temperature and then rinsed four
times with distilled water. The crystal violet retained by adherent cells
was extracted with 95% ethanol, and the absorbance was determined in
lysates at 590 nm using an ELISA reader (VERSAMax; Molecular De-
vices, Sunnyvale, CA, USA).

2.4. Immunoprecipitation

Cells were prepared in radio immunoprecipitation assay (RIPA)
buffer (50mM Tris, pH 7.5, 150mM sodium chloride, 1% Nonidet P-40,
0.5% sodium deoxycholate, 0.1% SDS) containing a protease inhibitor
cocktail (Roche, Mannheim, Germany) and protein phosphatase in-
hibitors (2 mM PMSF, 50mM NaF, 1mM Na3VO4). Cell extracts (500 μg
protein) were immunoprecipitated by incubation with anti-LGI3 anti-
body (25 μg) overnight at 4 °C, followed by incubation with protein G-
agarose (40 μl of a 1:1 slurry) for 1 h at room temperature. Immune
complexes were washed five times with RIPA buffer, boiled for 5min in
Laemmli sample buffer, and analyzed by SDS-PAGE and western blot-
ting with the indicated antibodies.

2.5. Western blotting analysis

Protein samples were prepared in mammalian protein extraction
reagent (M-PER; Pierce, Rockford, IL, USA) containing a complete
protease inhibitor cocktail (Roche, Mannheim, Germany). Samples
were separated on 12% SDS-polyacrylamide gels and then transferred
to polyvinylidene fluoride (PVDF) membranes, which were blocked
with 5% dried milk in PBS containing 0.5% Tween 20. The blots were
incubated with the appropriate primary antibodies at a dilution of
1:1000. Membrane-bound primary antibodies were detected using
secondary antibodies conjugated with horseradish peroxidase (HRP)
and chemiluminescent substrate (Pierce). Images of the blotted mem-
branes were obtained using a LAS-1000 Lumino image analyzer (Fuji
Film, Tokyo, Japan).

2.6. Reverse transcription-polymerase chain reaction (RT-PCR)

After serum starvation, HaCaT cells were treated with LPS (0–5 μg/
ml). The cells were harvested, and total RNA was isolated using an
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Fig. 1. Effect of LPS on HaCaT cell viability. After serum starvation, cells were
treated with 0–20 μg/ml LPS for 24 h. The viability of the cells was measured by
crystal violet staining assay. Each measurement was made in triplicate, and the
data shown represent the mean ± S.D.
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RNeasy Mini Kit (Qiagen, Valencia, CA, USA). Then, 1 μg of RNA was
reverse-transcribed using AccuPower RT-PCR Premix (Bioneer,
Daejeon, Korea). The obtained cDNA was amplified with the following
specific primers for LGI3: forward: 5′ TGA AGT GGT TGG TGG AGT
GGC TGG 3′, and reverse: 5′ CAG TCC ACA AAC TCC AGG TCG GTG
TCA 3′. PCR products were visualized by electrophoretic separation on
1% agarose gels with ethidium bromide staining. Specific primers for
GAPDH (forward: 5′ TTC ATT GAC CTC AAC TAC ATG 3′, reverse: 5′
GTG GCA GTG ATG GCG TGG AC 3′) were used as a control.

2.7. Flow cytometric analysis

Serum-starved cells were stimulated with 5 μg/ml LPS for 24 h in
5% CO2 at 37 °C. Cells were washed once with PBS and then with 0.01%
EDTA before incubation in 0.025% trypsin for 3min. The detached cells
were transferred into tubes, and trypsin was inactivated by the addition
of 2% serum-containing PBS. Cells were then incubated with primary
antibodies diluted in 2% serum-containing PBS at 4 °C. The primary
antibodies used were those against LGI3 (T-18, #sc-74730) and
ADAM22 (C-2, #sc-373931). After washing cells with 2% serum-con-
taining PBS, cells were incubated with mouse anti-goat IgG-PE for LGI3
and goat anti-mouse IgG-FITC for ADAM22 (Santa Cruz Biotechnology,
Inc.) for 60min at 4 °C. Flow cytometric analysis was performed using a
FACSCalibur (Becton Dickinson, San Jose, CA, USA). The fluorescence
levels of the PE- and FITC-labeled cells were measured.

2.8. Immunocytochemistry

HaCaT cells were cultured in DMEM containing 10% serum and
antibiotics to 50–70% confluence on cover slips. Cells were fixed with
4% paraformaldehyde in PBS for 20min at room temperature and
washed with PBS three times, followed by blocking with 5% normal
goat serum (Vector Laboratories, Burlingame, CA, USA) in PBS. Cells
were then incubated with primary antibodies [LGI3-FL, 1:250 dilution;
ADAM22 (T-19, #sc-25999), 1:50 dilution] diluted in 5% normal goat
serum at 4 °C overnight. After washing cells with PBS three times, cells
were incubated with donkey anti-rabbit IgG-TRITC for LGI3 and mouse
anti-goat IgG-FITC (1:200 dilution) for ADAM22 (Santa Cruz
Biotechnology, Inc.) in 5% normal goat serum for 90min at room
temperature. Cover slips were rinsed with PBS three times and mounted
using Ultracruz mounting medium (Santa Cruz Biotechnology, Inc.).
Digital images were acquired with an Olympus BX51 microscope
(Tokyo, Japan).

2.9. Electrophoretic mobility shift assay (EMSA)

Biotin end-labeled and unlabeled complementary oligonucleotide
probes containing LGI3 sequence (5′-biotin-CGGAAATCCCTGCTGAT
ACC-3′, sense strand; 5′-biotin GGTATCAGCAGGGATTTCCG-3′, anti-
sense strand; and 5′-CGGAAATCCCTGCTGATACC-3′, sense strand;
5′-GGTATCAGCAGGGATTTCCG-3′, anti-sense strand) were purchased
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Fig. 2. LPS upregulated LGI3 mRNA and protein expression in HaCaT cells. Cells were treated with various concentrations of LPS (0, 1, 2.5, or 5 μg/ml) in serum-free
media for 24 h. (A) Cell lysates and media were analyzed by western blotting using antibodies against LGI3 and COX-2. LPS stimulated LGI3 secretion into the media.
Anti-actin antibody was used as a loading control. (B) Cells were harvested, and total RNA was isolated. RT-PCR analysis was performed using primers specific for
LGI3. GAPDH was used as a control.
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Fig. 3. Effect of NS-398 (COX-2 selective inhibitor) on LPS-induced secretion of LGI3. HaCaT cells were pretreated with 5 μM NS-398 for 1 h prior to 5 μg/ml LPS
treatment. (A) Media and cell lysates were analyzed by western blotting using antibodies against LGI3 and COX-2, respectively. Anti-actin antibody was used as a
loading control. (B) Expression levels of LGI3 mRNA were determined by RT-PCR. GAPDH was used as a control.
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from Integrated DNA Technologies (Coralville, IA, USA) and annealed
together by incubation at 95 °C for 5min to form double-stranded
EMSA probes. Nuclear proteins were extracted from HaCaT cells using
Nuclear Extract Kit (Active Motif Inc., #40010, Carlsbad, CA, USA).
EMSA was performed using a Lightshift Chemiluminescent EMSA Kit
(Thermo Scientific Inc., #20148, Waltham, MA, USA). Briefly, each 20-
μl binding reaction contained 2 pmol of biotin end-labeled target DNA,
10× binding buffer, 50 ng/μl of poly(deoxyinosinic-deoxycytidilic
acid), 2.5% glycerol, and 4 μl of nuclear extract. After 60min of in-
cubation at 4 °C, the sample was electrophoresed for 1 h at 100 V in a
4% polyacrylamide gel (0.5× Tris-borate-EDTA running buffer), fol-
lowed by electrophoretic transfer to Biodyne B Nylon Membrane
(#77016, Thermo Scientific Inc.) for 30min at 380mA. The biotin end-
labeled DNA was detected with a streptavidin-HRP conjugate using a
LAS-1000 Lumino image analyzer and developed according to the
manufacturer’s instructions.

2.10. Statistical analysis

The significance of differences between results was assessed using
the Student’s t-test.

3. Results

3.1. Effect of LPS on the viability of HaCaT cells

HaCaT cells were cultured with LPS (0–20 μg/ml) for 24 h, and cell
viability was measured by crystal violet staining assay. LPS was not
cytotoxic to HaCaT cells at the concentrations used (1–20 μg/ml)
(Fig. 1).

3.2. Expression of LGI3 mRNA and protein in LPS-stimulated HaCaT cells

It has been reported that LGI3 is secreted from human keratinocytes
upon stimulation by UVB [5]. Like UVB, LPS is also known to induce
inflammatory responses, as indicated by the upregulation of COX-2
levels in HaCaT cells (Fig. 2A). To examine whether LGI3 is also se-
creted upon LPS-induced inflammation, we treated HaCaT cells with
LPS and analyzed LGI3 levels using western blotting. As shown in
Fig. 2A, LPS stimulation did not alter the basal expression of LGI3, al-
though LGI3 was efficiently secreted into the media by the HaCaT cells.
We observed that the 60-kDa protein was the major secreted form of
LGI3. RT-PCR analysis was performed to investigate whether LPS in-
duces LGI3 transcription in HaCaT cells. In accordance with the secre-
tion of LGI3, LPS increased LGI3 mRNA levels in a dose-dependent
manner (Fig. 2B).

3.3. Suppression of LPS-induced LGI3 secretion by NS-398

Because LPS induced COX-2 expression, we sought to examine
whether COX-2 is involved in LGI3 secretion. Thus, cells were pre-
treated with NS-398, a COX-2 inhibitor, and LGI3 expression was in-
vestigated in the presence of LPS. Pretreatment with NS-398 clearly
blocked LPS-stimulated LGI3 secretion (Fig. 3A). Moreover, NS-398
markedly inhibited the expression of LGI3 mRNA (Fig. 3B). These re-
sults demonstrate that LPS-induced COX-2 expression is responsible for
LGI3 protein secretion and mRNA expression.

3.4. Involvement of the TRIF-dependent pathway in LGI3 secretion

We next examined the LPS-induced signal transduction pathways in
HaCaT cells. As shown in Fig. 4A, LPS markedly activated TRIF protein,
whereas MyD88 protein was not activated by LPS. RAW264.7 cells were
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Fig. 4. LPS activates a TRIF-dependent pathway in HaCaT cells. After serum starvation for 24 h, cells were incubated with 5 μg/ml LPS for another 24 h. (A) MyD88
and TRIF protein were analyzed by western blotting. RAW264.7 cells served as positive and negative controls for MyD88 and TRIF, respectively. (B) RIP1, TRAF6,
phospho-TAK1, and phospho-IKKα/β were analyzed by western blotting. Anti-actin antibody was used as a loading control.
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used as a positive and a negative control for MyD88 and TRIF, re-
spectively. We further tested whether TRIF signaling was activated after
LPS stimulation. As shown in Fig. 4B, RIP1, TRAF6, phospho-TAK1, and
phospho-IKKα/β were clearly activated in response to LPS. These re-
sults demonstrate that LPS activates the TRIF-dependent pathway in
HaCaT cells. Moreover, LGI3 may be secreted via NF-κB activation
through the TRIF-dependent pathway.

3.5. LPS-mediated activation of NF-κB and induction of LGI3 gene
expression

Based on the observed IKK activation, we next tested whether NF-κB
is activated upon LPS stimulation. IκB-α binds and inhibits NF-κB.
However, when IκB-α is affected by proteolytic degradation, free NF-κB
translocates to the nucleus. As shown in Fig. 5A, NF-κB p50 and NF-κB
p65 translocated to the nucleus, and IκB-α was degraded in the cytosol.
Lamin B and α-tubulin were used as markers for the nucleus and
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Fig. 5. Nuclear translocation of NF-κB and binding to LGI3 promoter. After serum-free starvation for 24 h, HaCaT cells were treated with 5 μg/ml LPS. (A) Cytosolic
and nuclear extracts were analyzed by western blotting with indicated antibodies for NF-κB subunits (NF-κB p50, NF-κB p65) and IκB-α. Anti-lamin B and anti-α-
tubulin antibodies were used as loading controls for the nucleus and cytosol, respectively. (B) An NF-κB binding site was predicted using the genomic sequences for
the human, mouse, and rat LGI3 genes. (C) The LightShift Chemiluminescent EMSA Kit was used as a non-isotopic method to detect LGI3 DNA and NF-κB protein
interactions. The triangular arrow indicates the position of the LGI3-NF-κB-specific complex. (D) NF-κB p50 supershift antibody at 0.5 μg per reaction was included in
the binding reaction for supershift analysis. The arrow indicates the position of the shifted NF-κB complex.
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cytosol, respectively. We further examined whether translocated NF-κB
bound to the LGI3 gene promoter after LPS stimulation. An NF-κB
binding site was predicted using the genomic sequence for the LGI3
gene obtained from the genome database (http://www.genome.ucsc.
edu; http://mbs.cbrc.jp/research/db/TFSEARCH.html) (Fig. 5B). Nu-
clear extracts of HaCaT cells treated with or without LPS were subjected
to EMSA using an oligonucleotide containing the predicted NF-κB
binding site as a probe. NF-κB completely bound to the LGI3 gene
promoter region after LPS stimulation (Fig. 5C). In addition, we per-
formed a supershift assay with an antibody directed against the NF-κB
p50 subunit. The presence of NF-κB in the NF-κB-LGI3 complex was
confirmed by a specific anti-NF-κB p50 antibody-induced supershift
(Fig. 5D). These results suggest that LGI3 secretion is mediated by NF-
κB translocation to the nucleus. The NF-κB subunit binds to the LGI3
promoter region, activating LGI3 gene expression, which leads to LGI3
protein secretion. We observed that LGI3 protein secretion was

markedly increased by LPS treatment in HaCaT cells (Fig. 2).

3.6. NF-κB inhibitor PDTC and induction of LGI3 secretion

The NF-κB inhibitor PDTC specifically inhibits the activation of NF-
κB. To further investigate whether NF-κB is involved in LPS-induced
LGI3 secretion, we examined LPS-induced LGI3 protein secretion in the
presence or absence of PDTC. Pretreatment with PDTC significantly
blocked LPS-induced LGI3 secretion (Fig. 6A). Moreover, an EMSA
showed that NF-κB-LGI3 promoter complex decreased after PDTC
treatment (Fig. 6B). These results indicate that LGI3 secretion is regu-
lated by LPS-induced NF-κB signaling.

3.7. Binding of LGI3 to ADAM22 following LPS treatment

ADAM22 and ADAM23 have been proposed to be LGI3 receptors
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[24,26]. Therefore, we tested whether ADAM22 or ADAM23 is involved
in LPS-induced inflammation. We found that LPS increased the ex-
pression of ADAM22 (Fig. 7A), while ADAM23 was not detected in
HaCaT cells (data not shown). To identify the receptor for LGI3, HaCaT
cells were cultured with or without LPS, and the cell lysates were im-
munoprecipitated with LGI3 antibody. Then, immunoprecipitation and
western blotting analysis were performed with ADAM22 and ADAM23
antibodies. Our results demonstrate that LGI3 bound to ADAM22 and
that LPS treatment increased the binding of LGI3 and ADAM22
(Fig. 7B).

3.8. Expression of LGI3 and ADAM22 in LPS-treated HaCaT cells

To determine the expression and association of LGI3 and ADAM22
in HaCaT cells, cells were treated with 5 μg/ml LPS and maintained in
serum-free medium. Cells were then collected and analyzed for LGI3
and ADAM22 using flow cytometry. As shown in Fig. 8A, LPS increased
the expression of LGI3 and ADAM22 in HaCaT cells. In addition, the
ADAM22-expressing cell population was almost identical to the LGI3-
expressing cell population, indicating that LGI3 binds to ADAM22.
Moreover, immunocytochemical analysis showed that LGI3 and
ADAM22 co-localized in HaCaT cells upon LPS treatment (Fig. 8B).
Based on these results together, we propose that LGI3 is secreted by NF-
κB activation via a TRIF-dependent pathway in human keratinocytes
and that it binds to ADAM22 after LPS treatment (Fig. 9).

4. Discussion

Epidermal keratinocytes play key roles in homeostasis and patho-
physiological processes of the skin. Keratinocytes are known to secrete

a number of cytokines, which can induce proliferation, migration, and
differentiation in an autocrine or paracrine manner [30,31]. Recently,
we suggested that LGI3 is a novel cytokine secreted from human ker-
atinocytes and that it has cytoprotective effects for keratinocytes
against UVB irradiation [5]. Cytokines are proteins that are released by
and act on a broad range of cell types [32]. They regulate cellular
signaling by binding to corresponding receptors, and cytokine-mediated
signals modulate a variety of cell activities, including growth, differ-
entiation, migration, and immune functions [32].

In the present study, we found that LGI3 is secreted from human
HaCaT keratinocytes in response to LPS treatment, and we thus pro-
posed that LGI3 is a potential mediator of inflammatory responses.
However, the mechanism by which LPS stimulates LGI3 secretion in
epidermal keratinocytes was unclear. It has been reported that LPS
induces the nuclear translocation of NF-κB in human oral keratinocytes
[33]. Nevertheless, LPS-induced signal transduction has not been in-
tensively studied in keratinocytes. As mentioned, the stimulation of NF-
κB by LPS includes the activation of the MyD88-dependent and TRIF-
dependent pathways. Our results showed that LPS stimulated the TRIF-
dependent pathway for NF-κB activation in HaCaT cells. In addition,
activated NF-κB translocated to the nucleus after LPS stimulation. Most
importantly, using information from a genomic database, we found that
the LGI3 promoter contains an NF-κB binding site, and we confirmed
that the NF-κB subunit bound to the LGI3 gene promoter region after
LPS stimulation. These results indicate that LPS induces LGI3 secretion
via NF-κB activation. Activation of NF-κB is necessary for the secretion
of a variety of inflammatory cytokines, such as TNF-α, IL-1, IL-6, and IL-
8 [21]. Therefore, we speculate that LGI-3 is an inflammatory cytokine
released in response to LPS stimulation.

However, it is known that inflammation can increase melanin
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Fig. 9. Diagram of LGI3 secretion through a TRIF-dependent signaling pathway following LPS stimulation.
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production, a process known as post-inflammatory hyperpigmentation
[34]. We have also reported that LGI3 promotes melanin synthesis in
normal human melanocytes [6]. Therefore, we postulate that LPS-in-
duced LGI3 secretion from keratinocytes may affect melanocytes in a
paracrine manner, leading to increased melanin synthesis. Thus, LGI3
may be one of the cytokines responsible for post-inflammatory hy-
perpigmentation.

Generally, the binding of cytokines to their receptors leads to the
activation of several signal transduction systems via protein phos-
phorylation [35]. ADAM22 and ADAM23 have been proposed as re-
ceptors for LGI3 in neurons [24]. ADAM23 is expressed in multiple cell
types, including preadipocytes, adipocytes, and macrophages [26,36].
Recently, we also demonstrated that ADAM23, but not ADAM22, binds
to LGI3 in adipose tissues and 3T3-L1 cells [26]. To investigate whether
ADAM22 or ADAM23 is involved in an LGI3-ADAM complex as part of
the LPS-induced inflammatory response, we first examined ADAM22
and ADAM23 protein levels after LPS treatment in human keratino-
cytes. While ADAM22 expression was induced by LPS, there was no
detectable expression of ADAM23. Expression of ADAM22 in kerati-
nocytes prompted us to investigate whether there is a physical asso-
ciation between LGI3 with ADAM22. Immunoprecipitation analysis
revealed that a 100-kDa form of ADAM22 interacted with LGI3 in re-
sponse to LPS, and flow cytometric analysis showed that LGI3 and
ADAM22 bind together following LPS treatment. In addition, im-
munocytochemistry showed that LGI3 and ADAM22 co-localized after
LPS treatment. These results indicate that keratinocyte-derived LGI3
binds to ADAM22 in human keratinocytes.

ADAM22 is a neuronal receptor for LGI family proteins in the brain
[24,37]. LGI3 is also mainly expressed in the brains of mice and ac-
cumulates in the brains of aged monkeys [1,38]. For these reasons, the
role of LGI3 in the brain has been quite well studied. Recently, we
found for the first time that LGI3 is also highly expressed in the human
skin [5]. Therefore, the expression of ADAM22 in the skin suggests its
role as a binding partner for LGI3 and as a signal mediator for in-
flammatory stimulation, such as the presence of LPS.

In conclusion, our results indicated that a novel cytokine, LGI3, is a
potent mediator of pathogen-induced inflammation of keratinocytes. In
the present study, we examined the signaling pathways by which LPS
regulates LGI3 expression and secretion. The binding of LGI3 and
ADAM22 may play an important role in maintaining skin homeostasis.
Therefore, the relevant downstream signaling pathways should be
elucidated to treat inflammatory skin diseases.
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