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ARTICLE INFO ABSTRACT

Keywords: Thymic stromal lymphopoietin (TSLP), a master switch of allergic inflammation, plays an important role in the
02F04 pathogenesis of allergic diseases. Although many compounds upregulate TSLP expression in vivo or in vitro,
Thymic stromal lymphopoietin most of them are pollutants or toxicants. In the previous study, for the first time, we found that a steroid alkaloid
Gq/11

derivative 02F04, which has a unique skeletal structure compared with other TSLP-inducing chemicals, sig-
nificantly induced TSLP production in mouse keratinocytes. However, it is not investigated thoroughly that how
02F04 produces TSLP and why. In this study, we did a detailed investigation on the inducible effect and un-
derlying molecular mechanism of 02F04 on TSLP production. We found that the peak time of TSLP mRNA level
induced by 02F04 at 48h led to a slow and continuous TSLP production in PAM212 cells. Besides, 02F04-
induced TSLP production was significantly suppressed by inhibitors of Rho-associated protein kinase (ROCK),
guanine nucleotide-binding protein subunit alpha q/11 (Gq/11) and extracellular signal-regulated kinase 1/2
(ERK1/2) at not only protein but also mRNA levels, and by siRNA-mediated knockdown of Gq or G11. This
suggested that ROCK, Gq/11 and ERK1/2 signaling pathways were involved in 02F04-induced TSLP production.
Increase in the level of p-ERK1/2 induced by 02F04 was suppressed by both inhibitors of ROCK and Gq/11,
indicating that ROCK and Gq/11 molecules were located at the upstream of ERK1/2 to regulate 02F04-induced
TSLP production. Gg/11 was located at the upstream of ROCK because the specific Gq/11 inhibitor of YM-
254890 significantly reduced 02F04-induced actin stress fiber formation. Taken together, 02F04 upregulates a
slow and continuous TSLP production through a novel Gq/11-ROCK-ERK1/2 signaling pathway. The thorough
understanding the effect and mechanism of 02F04 on TSLP production is expected to supply it as a novel TSLP-
regulating compound and a potential new tool for investigating the role of TSLP in allergic disorders.

Rho-associated protein kinase
Extracellular signal-regulated kinase 1/2

1. Introduction and mast cells and exerts its biological functions through TSLP re-
ceptors on dendritic cells (DCs) [1], represents a key link between
Thymic stromal lymphopoietin (TSLP), a novel interleukin-7 (IL-7)- epithelial cells and DCs at the interface of allergic inflammation by

like cytokine that is mainly derived from epithelial cells, fibroblasts, participating in the programming of DC-mediated Th2 polarization [2].

Abbreviations: TSLP, thymic stromal lymphopoietin; IL-7, interleukin-7; DCs, dendritic cells; TNF-a, tumor necrosis factor-a; TPA, 12-O-tetradecanoylphorbol-13-
acetate; LXR, liver X receptor; MEMa, alpha minimal essential medium; FBS, fetal bovine serum; ELISA, enzyme-linked immunosorbent assay; MTT, thiazolyl blue
tetrazolium bromide; G11, guanine nucleotide-binding protein subunit alpha-11; Gq, guanine nucleotide-binding protein subunit alpha q; Gnall siRNA, G11-specific
small interfering RNA; Gnaq siRNA, Gg-specific small interfering RNA; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; F-actin, filamentous actin; ROCK, Rho-
associated protein kinase; MAPK, mitogen-activated protein kinase; ERK1/2, extracellular signal-regulated kinase 1/2; NF-xB, nuclear factor-kB; p-ERK1/2, phos-
phorylated ERK1/2
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TSLP expression has been reported to be increased at inflamed sites in
patients with asthma [3], allergic rhinitis [4] or atopic dermatitis [5],
and moreover, increased TSLP production in keratinocytes further ac-
celerates allergic skin diseases such as atopic dermatitis [6] and psor-
iasis [7]. Hence, TSLP, as a master switch of allergic inflammation,
plays an important role in the pathogenesis of allergic diseases espe-
cially inflammatory skin disorders.

TSLP production is known to be induced by exogenous and en-
dogenous factors [8]. Inflammatory cytokines, such as tumor necrosis
factor-a (TNF-a) and IL-1f3, and some proteases have been identified as
endogenous triggers for TSLP production [9,10]. Exogenous factors,
including allergen exposure [11], viral infection [12], ligation of Toll-
like receptor [13], treatment with physiologically active ligands of vi-
tamin D receptors [14], and exposure to some mixed compounds such
as diesel exhaust particles [15] and cigarette smoke [16], have also
been found to induce the production of TSLP in vivo or in vitro. In
addition, certain pure chemical compounds such as 12-O-tetra-
decanoylphorbol-13-acetate (TPA) [17], dibutyl phthalate [18], and
pentanoic acid [19] were demonstrated to significantly increase TSLP
expression and exacerbate allergic skin inflammation. Moreover, some
environmental compounds including xylene, toluene and tri-
methylbenzene [20], were also shown to trigger the production of TSLP
and exacerbate contact sensitizers in allergic dermatitis. Although these
compounds described above can upregulate TSLP expression in vivo or
in vitro, most of them are pollutants or toxicants. Whether the common
compounds have the potential to induce TSLP production remains un-
clear.

Recently, for the first time, we found that a steroid alkaloid deri-
vative named 02F04 (shown in Fig. 1), also as an analogue of the Liver
X receptor (LXR) endogenous ligand, induced a slow TSLP production
in murine keratinocytes by activating traditional signaling pathways
rather than nuclear receptors [21]. However, we didn't investigate
thoroughly how slowly 02F04 produce TSLP and why. Though 02F04
has a unique skeletal structure compared with other TSLP-inducing
chemicals, we didn't clarify clearly whether there is a novel molecular
mechanism involved in 02F04-induced TSLP production and what the
correlation between the novel and traditional signaling pathways is.
Hence, in this study, we focused on these problems and did a detailed
study on the inducible effect and the underlying novel molecular me-
chanism of 02F04 on TSLP production. The thorough understanding the
effect and mechanism of 02F04 on TSLP production might supply it as a
potential new tool for investigating the role of TSLP in inflammatory
skin disorders.

2. Materials and methods
2.1. Materials

02F04, U0126 and Y-27632 were purchased from InterBioScreen
LTD. (Cat. No. STOCK1N-53172; Moscow, Russia), Promega (Madison,
WI, USA), and Nacalai Tesque Inc. (Kyoto, Japan), respectively. YM-
254890 was a kind gift from Astellas Pharma Inc. (Tokyo, Japan) and
Taiho Pharmaceutical CO., LTD. (Tokyo, Japan).

Fig. 1. Chemical structure of 02F04.
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2.2. Cell culture

The murine keratinocyte cell line PAM212 [22] derived from BALB/
¢ mouse skin was kindly provided by Dr. Yuspa (National Institutes of
Health, Bethesda, MD, USA). Cells were cultured in alpha minimal es-
sential medium (MEMa) supplemented with 10% heat-inactivated fetal
bovine serum (FBS), penicillin G potassium (15 pg/mL), and strepto-
mycin (50 pg/mL) (Meiji Seika, Tokyo, Japan) in a humidified atmo-
sphere of 5% CO, and 95% air at 37 °C.

2.3. Cell seeding and treatment

Cells at different concentrations were seeded in various culture
plates (Thermo Fisher Scientific) according to experimental require-
ments: 1 X 10° cells/mL in 48-well or 24-well culture plates for RNA
interference; 1 x 10> cells/mL in 24-well culture plates for TSLP pro-
duction; 1 x 10° or 0.25 x 10° cells/mL in 12-well culture plates for
RNA extraction; 2 X 10* cells/mL in 12-well culture plates with gelatin-
coated cover glass in it for filamentous actin (F-actin) staining; 1 X 10°
cells/mL in 6-well culture plates for the preparation of cell lysates,
respectively. The volumes of the cell suspensions seeded were 0.25, 0.5,
1 and 2 mL for a well of 48-, 24-, 12- and 6-well plate, respectively. The
cells in different plates were then incubated at 37 °C, 5% CO- for 24 h
except 32h for RNA interference, and then stimulated with 02F04 in
the presence or absence of different inhibitors for appropriate periods.
All cells were used within 6 to 15 passaging cycles, and cell cultures
were passaged every 3 to 4 days.

2.4. RNA interference

Reverse transfection was performed using Lipofectamine™
RNAiIMAX reagent. Transfection complex was prepared and incubated
for 15min at room temperature according to the manufacturer's in-
structions when using. Then, the cell suspension was seeded in culture
plate with complete growth medium without antibiotics, followed by
addition of transfection complex. After incubated for 32h at 37 °C, cells
were washed twice with ice-cold PBS and then, cells in 24-well culture
plate were collected with RNAiso plus and stored at —80 °C for total
RNA extraction, while those in 48-well culture were firstly stimulated
for 24h by normal 10% FBS-MEMa with 02F04 in it and then, the
supernatants were collected and stored at —20 °C for TSLP ELISA.

2.5. Cell viability

The viability of PAM212 cells was assessed using the thiazolyl blue
tetrazolium bromide (MTT) cell proliferation assay. After removing the
supernatant from each well, culture medium containing 10% MTT so-
lution (5 mg/mL MTT in phosphate buffered saline) was added and the
cells were incubated for another 4h. Then, the resultant formazan
crystals were dissolved in dimethyl sulfoxide and absorbance was
measured at 570 nm using the iMark Microplate Absorbance Reader
(Bio-Rad, Hercules, CA, USA). The chemicals were considered non-
cytotoxic when cell viability was > 80%.

2.6. Engyme-linked immunosorbent assay (ELISA) of TSLP

PAM212 cells were treated with 02F04 for 24 h in the presence or
absence of YM-254890. At the end of the treatment time, supernatants
of the culture media were collected and TSLP concentrations were de-
termined with a DuoSet ELISA Development System (R & D Systems)
according to the manufacturer's instructions.

2.7. RNA extraction and real-time PCR

At the end of the treatment period, total RNA was extracted from
cells using RNAiso plus (Takara Bio, Shiga, Japan), and cDNA was
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synthesized from total RNA by reverse transcription with PrimeScript™
RT master mix (Takara Bio). Real-time PCR was carried out using SYBR
premix Ex Taq II (Takara Bio) in a TP800 Thermal Cycler Dice Real
Time System (Takara Bio). Primers sequences used were as follows:
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (forward:
5’-TGTGTCCGTCGTGGATCTGA-3’; reverse: 5-TTGCTGTTGAAGTCGC
AGGAG-3"), TSLP (forward: 5-AGCTTGTCTCCTGAAAATCGAG-3’, re-
verse: 5'-AGGTTTGATTCAGGCAGATGTT-3’), mGnaq (forward: 5-ACT
CTGGAGTCCATCATGG-3’; reverse: 5-TGTATGGGATCTTGAGCG-3),
and mGnall (forward: 5’-TCCTGCACTCACACTTGGTC-3’; reverse:
5’-GACAGGGACAGGAAGTGAGC-3"). After the reaction was completed,
melting points were checked to define the identity of the final product.
Cycle threshold values were calculated using the second derivative
maximum method, and relative quantification was carried out by nor-
malizing the expression of target genes to the reference GAPDH gene.

2.8. Western blotting

PAM212 cells were treated with 02F04 for 24 h in the presence or
absence of Y-27632 or YM-254890. At the end of the treatment time,
cells were lysed by ice-cold lysis buffer (20 mM HEPES buffer including
1% (v/v) Triton-X 100, 10% (v/v) glycerol, 1 mM EDTA, 50 mM NaF,
2.5mM p-nitrophenyl phosphate, 10mg/ml phenylmethylsulfonyl
fluoride,1 mM Na3VO,, and 10 mg/mL leupeptin). Cell lysates were
denatured, subjected to 10% (w/v) sodium dodecyl sulfate-poly-
acrylamide gel for electrophoresis (SDS-PAGE), and transferred to a
nitrocellulose (NC) membrane. After blocking with 4% (w/v) Block Ace
(DS Pharma Biomedical, Osaka, Japan), the NC membranes were in-
cubated with phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) rabbit
monoclonal antibodies (mAb) (1:1000, #9101s) or p44/42 MAPK
(Erk1/2) rabbit mAb (1:1000, #9102s) as primary antibodies at 4 °C
over night along with HRP-conjugated anti-rabbit IgG (1:2000,
NA934V, GE Healthcare Life Sciences, Buckinghamshire, England) as
secondary antibodies at 4°C for 3h, respectively. Then, blots were
detected with ECL™ Western blotting detection reagents.

2.9. F-actin staining

PAM212 cells were treated with 02F04 for 6 h in the presence or
absence of YM-254890. Then, the cells were fixed with 4% paraf-
ormaldehyde for 15min followed by permeabilization with 0.1%
TritonX-100 for 10 min at room temperature. Thereafter, F-actin was
labeled with rhodamine-phalloidin (Cytoskeleton. Inc., Denver, CO,
USA) at room temperature for 1h, and nuclei with 4/, 6-diamidino-2-
phenylindole (DAPI; Dojindo, Kumamoto, Japan) for 15min.
Fluorescence images were captured by a laser scanning confocal mi-
croscope (LSM700; Zeiss, Oberkochen, Germany) with Zen software
(Zeiss).

2.10. Statistical analysis

The data are expressed as means = standard errors of the mean
(SEMs). Results were analyzed using a two-tailed paired Student's t-test
to compare data between two groups and Dunnett's test for multiple
comparisons. Differences with p-values < .05 were considered statis-
tically significant.

3. Results

3.1. 02F04 induces a slow and continuous TSLP mRNA expression in
PAM212 cells, but not in human epithelial cells

In the previous study, we found that 02F04 significantly induced
TSLP production and elevated TSLP mRNA level at 24 h after treatment.
Here, we further investigated TSLP gene expression during a 72 h-sti-
mulation by 02F04. As shown in Fig. 2, mRNA level of TSLP was
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Fig. 2. Upregulation of TSLP mRNA expression by 02F04 in PAM212 cells.
PAM212 cells were stimulated with 02F04 for the indicated time at 10 uM, and
mRNA level of TSLP was determined by qRT-PCR. Data are shown as the
mean + SEM with three samples. Significance: **p < .01, ***p < .001 vs.

the corresponding control.

increased with the duration of 02F04 treatment at 10 uM until 48 h,
then decreased gradually, but there was always a significant increase in
the 02F04-stimulated group compared with the non-stimulated group
(p < .001 for 24 and 48h, and p < .01 for 72h). Hence, 02F04 up-
regulated a very slow and continuous TSLP expression with the peak
time of mRNA level at 48 h in PAM212 cells. However, when human
keratinocytes HaCaT and A431, or human bronchial epithelial cells
BEAS-2B were stimulated for 24 h with 02F04 at 0.3, 1, 3, 10, and
30 uM, TSLP production was not increased in any human epithelial cells
even at a high concentration of 30 pM (data not shown).

3.2. Gq/11 signaling pathway regulated 02F04-induced TSLP production

To investigate whether 02F04-induced TSLP production involved
Gq/11 signaling pathway, PAM212 cells were stimulated by 02F04 with
or without YM-254890 (a specific Gq/11 inhibitor) for 24 h, and then
protein and mRNA levels of TSLP were determined. Fig. 3A showed that
YM-254890 at 10-100 nM significantly inhibited 02F04-induced TSLP
production without any apparent cytotoxic effect. Similarly, 02F04-
induced increase in TSLP mRNA was also significantly suppressed by
YM-254890 (Fig. 3B). Furthermore, Fig. 3C demonstrated that mRNA
expression of Gnaq and Gnall can be suppressed specifically by Gq and
G11 siRNA, respectively. Accompanied by the decrease in gene ex-
pression of Gnaq and Gnall, 02F04-induced TSLP production was also
significantly reduced (Fig. 3D). Therefore, 02F04-induced TSLP pro-
duction was modulated by Gq/11 signaling pathway.

3.3. Extracellular signal-regulated kinase 1/2 (ERK1/2) and Rho-
associated protein kinase (ROCK) signaling pathways were involved in
02F04-induced TSLP production

In the previous study, we only demonstrated that at the protein
level, both Y-27632 (a ROCK inhibitor) and U0126 (an ERK1/2 in-
hibitor) significantly inhibited 02F04-induced TSLP production in a
concentration-dependent manner. Here, the effect of the inhibitors on
02F04-induced TSLP mRNA level was determined. Fig. 4 A and B
showed that both U0126 and Y-27632 significantly reduced TSLP ex-
pression induced by 02F04 at the transcriptional level (p < .05 for
U0126, and p < .001 for Y-27632). Hence, we further confirmed from
the gene level that ROCK and ERK1/2 signaling pathways participate in
02F04-induced TSLP production.

3.4. Gq/11 was the upstream of ROCK signaling pathway in 02F04-induced
TSLP production

Next, PAM212 cells were treated with 02F04 for 6 h in the presence
or absence of YM-254890, and F-actin staining was used to evaluate
whether there was a correlation between 02F04-induced Gq/11 and
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Fig. 3. 02F04-induced TSLP production involves the Gq/11 signaling pathway. PAM212 cells were stimulated with 02F04 (10 uM) for 24 h in the presence or absence
of YM-254890 at the indicated concentrations. TSLP levels in the culture supernatant and cell viability were determined by ELISA and the MTT assay, respectively
(A). TSLP mRNA level was determined by qRT-PCR (B). Additionally, PAM212 cells were transfected with siRNA of control, Gq or G11 at 50 nM for 32 h, then mRNA
levels of Gnaq and Gnall were determined directly by qRT-PCR (C), or cells were further stimulated with 02F04 (10 uM) for another 24 h (D) and then, TSLP levels in
the culture supernatant and cell viability were determined by ELISA and the MTT assay, respectively (D). Data are shown as the mean = SEM with four samples for A
and D, three for B and C. Significance: A, B: *p < .05, ***p < .001 vs. the non-stimulated group; **p < .01, *#*#p < .001 vs. 02F04 alone; C, D: *p < .05,
*##%p < 001 vs. the control siRNA group; *p < .05 vs. 02F04 plus control siRNA-stimulated group; ***p < .001 vs. the non-stimulated group; *p < .05 vs.
02F04 alone. (A,D: l: TSLP production; --: Cell viability).
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#*p < .01, ***p < .001 vs. the non-stimulated group; “p < .05, **#p < .001 vs. 02F04 alone.

61



Y. Weng, et al. Cellular Signalling 57 (2019) 58-64
02F04 (10 pM) . + . +
YM-254890 (10 pM) . . % 5

Fig. 5. Effect of Gq/11 inhibitor on 02F04-induced polymerization of actin fibers. PAM212 cells were stimulated for 6 h with 02F04 (10 uM) in the presence or
absence of YM-254890 (10 uM). F-actin expression was measured with a laser scanning confocal microscope.

ROCK signaling pathways. It was shown in Fig. 5 that compared with
the non-stimulated group, 02F04 induced the clear formation of dense
F-actin filaments surrounding the nucleus after stimulation for 6 h, but
exposure to YM-254890 for the same time significantly reduced 02F04-
induced polymerization of actin fibers. This result demonstrated that
Gq/11 was located at the upstream of ROCK signal transduction to
regulate 02F04-induced TSLP production.

3.5. ROCK and Gq/11 were the upstreams of ERK1/2 signaling pathway in
02F04-induced TSLP production

To understand the correlation between different signaling pathways
and ERK1/2 signaling cascade in 02F04-induced TSLP production,
PAM212 cells were stimulated with 02F04 for 24 h in combination with
the inhibitors of ROCK or Gq/11, and the protein level of phosphory-
lated ERK1/2 (p-ERK1/2) was determined. Fig. 6A and B showed that
Y-27632 at 10 or 30 uM, and YM-254890 at 30 or 100 nM, not only
inhibited basal p-ERK1/2 expression of PAM212 cells compared with
the control group, but also suppressed 02F04-induced phosphorylation
of ERK1/2. The inhibitory effects on p-ERK1/2 expression were con-
sistent with the reduction of TSLP expression produced by the two in-
hibitors in Figs. 4B and 3A, B. This indicated that intracellular signaling
molecules of ROCK and Gq/11 were the upstreams of ERK1/2 signaling
pathway in 02F04-induced TSLP production. Combining with the result
in 3.4 that Gq/11 was the upstream of ROCK signaling pathway in
02F04-induced TSLP production, we can draw a conclusion that 02F04
upregulates TSLP expression through a Gq/11-ROCK-ERK1/2 signaling
pathway.

4. Discussion

In the previous study, we reported, for the first time, that a steroid
alkaloid derivative 02F04 induced TSLP production in mouse epithelial
cells of keratinocytes including PAM212 and KCMH-1 cells. In this
present study, we further found that 02F04 can not increase TSLP
production in human epithelial cells, but upregulates a slow and con-
tinuous TSLP production with the peak time of TSLP mRNA expression
at 48h through a novel Gq/11-ROCK-ERK1/2 signaling pathway in
PAM212 cells. It is well known that there are both parallels and dis-
crepancies between mouse and human epidermal cells. Therefore, the

(A) (B)

different responses to 02F04 in mouse and human epidermal cells are
contributable to the species specificity.

Mitogen-activated protein kinase (MAPK) and nuclear factor-xB
(NF-kB) signaling transduction pathways are known to regulate TSLP
production. Our previous study indicated that 02F04 induced a slow
and long-term activation of p-ERK1/2, but NF-xB signaling pathway
only weakly involved in 02F04-induced TSLP production [21]. Re-
cently, we also found that the novel TSLP production pathways of
ROCK and Gq/11 signaling cascades were involved in pentanoic acid-
induced TSLP production in PAM212 cells [19]. Protein level in the
supernatants of the culture media reflected not only the production of
proteins in cells, but also their secretion and release from the cells.
When 02F04-induced TSLP protein level in the supernatants was de-
creased by an inhibitor of the intracellular signaling molecule, it is still
unclear that the reduced TSLP protein was attributable to the effect of
the inhibitor on decreasing TSLP mRNA expression, or suppressing the
secretion of TSLP from the cells. Hence, in order to investigate whether
a signaling pathway is involved in 02F04-induced TSLP production, not
only protein but also gene expression of TSLP should be determined. In
this study, the upregulation of TSLP by 02F04 treatment in PAM212
cells was significantly suppressed by inhibitors of Gq/11, ROCK and
ERK1/2 at not only protein but also mRNA levels. Besides, siRNA-
mediated knockdown of Gq or G11 also suppressed 02F04-induced
TSLP production. All of these results suggested that Gg/11, ROCK and
ERK1/2 signaling pathways are involved in 02F04-induced TSLP pro-
duction. In our previous study, we demonstrated that KCMH-1 cells,
another mouse keratinocytes, can produce 200-fold more TSLP than
PAM212 cells without stimulation and 02F04 also upregulates TSLP
expression in KCMH-1 cells [23]. Next, we found that TSLP protein
level in KCMH-1 cells wasn't inhibited by Y27632 (data not shown).
This indicated that Y27632 did not inhibit the translation and secretion
of TSLP. Therefore, the reduce in 02F04-induced TSLP protein by
Y27632 in PAM212 cells was totally contributable to the decreased
mRNA level of TSLP. In other words, 02F04 increased TSLP production
at a direct transcription level rather than by a secretion mechanism
even after treatment for a long time of 24 to 48 h, and Y27632 inhibited
02F04-induced transcription of TSLP directly. It was notable that the
inhibitors of ERK1/2, ROCK and Gq/11 also reduced basal expression of
TSLP, indicating that activation of these molecules was essential for
maintaining basal TSLP levels.

Fig. 6. Effect of ROCK and Gq/11 inhibitor on
02F04-induced phosphorylation of ERK1/2. PAM212

p-ERK | e o p-ERK |

e S ——

cells were stimulated with 02F04 (10 uM) for 24 h in
the presence or absence of Y-27632 (A) or YM-

—

IR ————— -

254890 (B) at the indicated concentrations.

ERK .- :.— : :_ : ERK | s it A Phosphorylation of ERK was measured by western
blotting.
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Various intracellular proteins can initiate the inflammatory re-
sponse. MAPK is a central molecule mediating signaling pathways in
innate immunity [24]. Activation of MAPK members, especially ERK1/
2, plays an important role in the induction of inflammatory [25].
Hence, the signaling molecules which involved in inflammation are
prone to relate to ERK1/2 signaling cascade. For example, four G pro-
tein subfamilies (Gq/11, Gi/0, G412,13, and Gs) influence the activity of
the ERK1/2 cascade, with stimulatory effect for the former three and
stimulatory or inhibitory effect for Gs [26]. Besides, there are also some
relevant but controversial signaling molecules. Some study demon-
strated that ROCK signal pathway activated ERK1/2 [27], while other
showed that inhibiting ERK1/2 activation blocked the fibronectin-in-
duced increase in F-actin protein expression [28]. We have previously
demonstrated that 02F04 induced phosphorylation of ERK1/2 after
stimulation at 2h and reached a maximum at 24 h [21]. In this study,
protein level of p-ERK1/2 produced by 02F04 was suppressed by both
inhibitors of ROCK and Gq/11 accompanied by the decreased protein
and mRNA levels of TSLP, indicating that ROCK and Gq/11 molecules
were located at the upstream of ERK1/2 signal transduction to regulate
02F04-induced TSLP production. Therefore, the slow activation of p-
ERK1/2 and the crosstalk between the above signaling pathways are
probably involved in the slow production of TSLP induced by 02F04.

A previous study showed that Rho can be activated by the Gq/11
signaling pathway [29]. Additionally, the Rho/ROCK signaling
pathway promotes actin polymerization in keratinocytes [30,31], and
Gq/11 proteins have been implicated in actin polymerization [32].
Thus, we investigated the relevance between Gq/11 and ROCK sig-
naling pathways in 02F04-induced TSLP production. We found that Gq/
11 was located at the upstream of ROCK because the specific Gq/11
inhibitor of YM-254890 significantly reduced 02F04-induced actin
stress fiber formation. Therefore, another possible reason for the slow
production of TSLP induced by 02F04 may derive from the complicated
crosstalk between Gq/11 and ROCK signaling pathways. Conclusively,
the unique skeletal structure of 02F04 contributes to a novel me-
chanism of Gq/11-ROCK-ERK1/2 signaling pathway to induce a slow
TSLP production, which is completely different from other stimulants
such as TPA.

Keratinocytes represent > 95% cells in the skin and are therefore
the predominant cell type. They have the potential to secrete a wide
variety of cytokines such as TSLP through nuclear receptors. Besides,
several membrane receptors, including protease-activated receptor 2
[33], epidermal growth factor receptor [10], TLR [34] and histamine
receptor [35], have also been shown to involve in TSLP production in
keratinocytes. Hence, keratinocytes might recognize different stimuli
probably via different receptors. We have previously reported that
pentanoic acid also induced a slow production of TSLP at mRNA and
protein levels in PAM212 cells [19], which was similar to 02F04. More
intriguingly, we also found that 02F04- and pentanoic acid-induced
TSLP production was not regulated by the receptors related to their
structures, in other words, NRs [21] or fatty acid receptors [19], re-
spectively, but by the similar molecular mechanisms of activating Gq/
11 and Rho/ROCK signaling pathways. Hence, we boldly speculate that
PAM212 cells might recognize 02F04 and pentanoic acid probably via
the similar but not unidentified membrane receptors. No matter whe-
ther the related receptors are consistent or not, a better understanding
of the specific receptor involved in 02F04-induced TSLP production
may allow us to develop novel therapeutic and preventive strategies for
allergic diseases. Although Gq/11 signaling pathway involved in
02F04-induced TSLP production, it is unclear whether 02F04 activates
Gq/11-coupled receptor, a subfamily of GPCRs. Thus, additional studies
are urgently required to confirm this mechanism.

5. Conclusions

02F04, with a unique steroidal skeletal structure which is different
from other TSLP-inducing chemicals reported previously, induces a
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slow and continuous TSLP production by a novel Gq/11-ROCK-ERK1/2
signaling pathway in PAM212 cells. The thorough understanding the
effect and mechanism of 02F04 on TSLP production is expected to
supply it as a potential new tool for investigating the role of TSLP in
allergic disorders.
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