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Psoriasis is a common skin disease, of which pathogenesis involves the increase of inflammatory reaction
in epidermal cells. In an attempt to find therapeutics for psoriasis, we found that cucurbitacin B has an
inhibitory potential on imiquimod-induced inflammation of keratinocytes. Cucurbitacin B significantly
inhibited imiquimod-induced expression of crucial psoriatic cytokines, such as IL-8 and CCL20, via down-

Keywords: regulation of NF-kB and STAT3 signaling pathway in human keratinocytes. In addition, keratinocyte
Cucurbitacin B proliferation was markedly inhibited by cucurbitacin B. The potential beneficial effect of cucurbitacin B
Imiquimod I . SR . L. .. R .
Keratinocytes on psoriasis was further validated in imiquimod-induced psoriasiform dermatitis of experimental ani-
NF-«B v mal. Topical application of cucurbitacin B resulted in significant reduction of epidermal hyperplasia and
STAT3 inflammatory cytokines production, and ameliorated the psoriatic symptom. Taken together, these re-

sults suggest that cucurbitacin B may be a potential candidate for the treatment of psoriasis.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Psoriasis is a common chronic inflammatory skin disease, of
which incidence is 0.5—3% of the population worldwide. The
characteristic features of psoriasis include keratinocyte hyper-
proliferation, altered keratinocyte differentiation, and inflamma-
tion [1]. For the past three decades, psoriasis has been regarded as
an adaptive immune-mediated disease, in which Th1-type immune
cells and their cytokines are critically involved in the pathogenesis
[2]. In addition, recent findings add new concept to the patho-
genesis of psoriasis, explaining the importance of keratinocytes as
the primary defense cells against environmental insults. That is,
psoriasis can be triggered and/or exacerbated by physical trauma
on the skin, suggesting that keratinocytes may be the potential
origin cells for psoriasis with a burst of innate immunity. Kerati-
nocytes interact with immune cells to expand the immune
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response. Besides, keratinocytes can contribute to immune sur-
veillance through the expression of a range of Toll-like receptors
(TLRs), the pattern recognition receptors (PRRs) in human innate
immunity [3—5]. Recognition of bacterial pathogen-associated
molecular patterns (PAMPs) by keratinocytes results in activation
of inflammation-related intracellular signaling such as nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-kB) and
production of inflammatory cytokines from keratinocytes. Thus,
therapeutics targeting the inflammatory reaction of keratinocytes
is one promising approach to develop novel therapeutics for
psoriasis.

Imiquimod is an analog of adenosine, which exerts its action as a
specific TLR7 agonist [6]. Stimulation of keratinocytes by imiqui-
mod leads to activation of NF-kB signaling and subsequent in-
flammatory reaction [7,8]. In addition, topical treatment of 5%
imiquimod cream induces psoriasiform dermatitis in human and
mouse [9,10]. Although there is an evidence that Aldara (5% imi-
quimod cream) induces inflammation independently of TLR7 [11],
imiquimod-induced inflammation model is widely used for psori-
asis research. Thus, we attempted to find therapeutics on psoriasis,
using this model. We found that cucurbitacin B has an inhibitory
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potential on imiquimod-induced inflammation of keratinocytes.
Cucurbitacin B is a phytochemical isolated from cucurbitaceae
plants. It has been shown that cucurbitacin B has anti-cancer and
anti-inflammatory effects [12]. However, the effect of cucurbitacin
B on inflammatory reaction in epidermal keratinocytes remains
unclear. In this study, we demonstrate that cucurbitacin B inhibits
imiquimod-induced inflammatory reaction in keratinocytes, sug-
gesting that cucurbitacin B may be developed for psoriasis
treatment.

2. Materials and methods
2.1. Cell culture

Human skin tissues were obtained under the written informed
consent of donors, in accordance with the ethical committee
approval process of the Institutional Review Board of Chungnam
National University Hospital. Primary keratinocytes were cultured
according to the method previously described [13]. For immortal-
ization, keratinocytes were transduced with the recombinant
retrovirus expressing simian virus 40 T antigen (SV40Tag) and
selected using G418 for 4 weeks [14]. SV40Tag-transformed human
epidermal keratinocytes (SV-HEKs) were routinely cultured in
keratinocyte-serum free medium (K-SFM) supplemented with
bovine pituitary extract (BPE) and recombinant human epidermal
growth factor (rhEGF) (Life Technologies Corporation, Grand Island,
NY). For treatment of SV-HEKs cultured in vitro, cucurbitacin B was
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purchased from Sigma—Aldrich (St. Louis, MO) and imiquimod was
purchased from Santa Cruz Biotechnology (Santa Cruz, CA).

2.2. Cell viability test

SV-HEKs were seeded in 6-well plate at a density of 2 x 10°,
treated with cucurbitacin B for 24 h. After treatment, cells received
2 mg/ml MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazol-
ium bromide) solution and were incubated for a further 4 h. Cell
viability was determined by measuring optical density at 540 nm
using an ELISA reader.

2.3. Cell growth analysis

SV-HEKs were seeded in 60-mm culture dish, treated with
cucurbitacin B in the presence of 1 uCi of [*H]thymidine (Perki-
nElmer, Boston, MA). Following incubation for the indicated time
points, cells were washed twice with PBS and incubated with 0.1 N
NaOH. Radioactivity in cell lysates was measured by liquid scintil-
lation counter.

2.4. Quantitative real-time polymerase chain reaction (qPCR)

Total RNAs were isolated using Easy-blue RNA extraction kit
(Intron, Daejeon, Korea). Two pg of total RNAs were reverse tran-
scribed with moloney-murine leukaemia virus (M-MLV) reverse
transcriptase (RTase) (ELPIS Biotech, Daejeon, Korea). Aliquots of RT
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Fig. 1. (A) Structure of cucurbitacin B. (B) Cytotoxicity of cucurbitacin B. SV40Tag-transformed human epidermal keratinocytes (SV-HEKs) were treated with cucurbitacin B at the
indicated concentrations for 2 d. Cell viability was measured by MTT assay. (C) Effect of cucurbitacin B on the cell growth. Cells were treated with 5 nM cucurbitacin B for the
indicated time points in the presence of 1 puCi of [*H]thymidine. Cells were lysed using 0.1 N NaOH and radioactivity was measured. Data are expressed as count per minute (CPM).
(D) Effect of cucurbitacin B on the expression of proliferation-related keratins. Cells were treated with 5 nM cucurbitacin B for 2 d. The mRNA level was determined by qPCR. Data
are expressed as fold induction. The mean values + SD are averages of triplicate measurements. P < 0.01. K14; keratin 14, K6; keratin 6, K16; keratin 16.
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mixture were amplified using SYBR Green real-time PCR master
mix (ELPIS Biotech). The following primers sequences were used:
human IL-8, 5'-TTTCCACCCCAAATTTATCA and 5'-TTTCTGTGTT
GGCGCAGTGT; human CCL20, 5-CCACCTCTGCGGCGAAT and 5'-
CGGTCTGTGTATCCAAGACA; human f-defesin-2, 5'-GCCTCTTCCAG
GTGTTTTTG and 5'-CTCCACTCTTAAGGCAGGTA; human -defesin-
3, 5-GGTGCCTGTTCCAGGTCATG and 5'-CGCCTCTGACTCTGCAA-
TAA; human keratin 14, 5-GGCCTGCTGAGATCAAAGAC and 5'-
GTCCACTGTGGCTGTGAGAA; human keratin 6, 5-TTTGTGACTCT-
GAAGAAGGA and 5'-GCCTTGGCTTGCAGTTCAAC; human keratin16,
5'-TGCTGGAGGGCGAGGAT and 5-ATAGGATTGGCCAGATGCTT;
mouse keratin 16, 5'-GCGGCCCACTGAGATCAA and 5'-CTTGCTCTTC
AGGTCCTCAA; mouse IL-8, 5'-GCTCCTGCTGGCTGTCCTTA and 5'-
CGTAGCTCTTGAGTGTCACA.

2.5. ELISA

Culture medium was collected, and secreted CCL20 and IL-8
were determined using commercial ELISA kits. CCL20 kit was pur-
chased from MyBioSource (San Diego, CA), and IL-8 kit was pur-
chased from Life Technologies Corporation (Grand Island, NY).

2.6. Luciferase reporter assay

SV-HEKs were seeded in 6-well dishes, then transduced
with 1 multiplicity of infection (MOI) of NF-kB reporter adeno-
virus for 6 h. After replenishing with fresh medium, cells were
treated with cucurbitacin B for 24 h. In some group, cells were
also treated with imiquimod 1 h after addition of cucurbitacin B.
Cells were harvested and luciferase activity was measured using
the dual luciferase reporter assay system (Promega, Madison,
WI).

2.7. Western blotting

Cells were lysed in Proprep solution (Intron, Daejeon, Korea).
Total protein was measured using a BCA protein assay kit (Pierce
Biotechnology, Rockford, IL). Samples were run on SDS-
polyacrylamide gels, transferred to nitrocellulose membranes and
incubated with appropriate antibodies. Blots were then incubated
with peroxidase-conjugated secondary antibodies, visualized by
enhanced chemiluminescence (Intron). The following primary an-
tibodies were used in this study: phospho-p65, phospho-IkBa, IkBa,
phospho-STAT3, and STAT3 (Cell Signaling Technology, Beverly,
MA), actin (Sigma—Aldrich).

2.8. Animal test

Male BALB/c mice at 6—8 weeks of age were purchased from
Orient Bio (Seongnam, Korea). The psoriasiform skin inflammation
was generated by topical application of 5% imiquimod cream
(Aldara; 3M Health Care Ltd., Leicestershire, UK) daily for 7 d [15].
Cucurbitacin B was dissolved in DMSO and diluted with acetone to
the desired concentrations, and pretreated 1 h before imiquimod
application.

2.9. Immunohistochemistry

Paraffin sections were incubated with H;O0, for 10 min to
block endogenous peroxidase and then soaked in 5% bovine
serum albumin for 30 min. Sections were incubated with
appropriate primary antibodies. Sections were incubated
sequentially with peroxidase-conjugated secondary antibody and
visualized with Chemmate envision detection kit (Dako, Carpin-
teria, CA).

2.10. Statistical analysis

Data were evaluated statistically using one-way analysis of
variance (ANOVA) with the SPSS software (v 22.0; IBM, Seoul, Ko-
rea). Statistical significance was set at p < 0.01.

3. Results

In an attempt to find potential therapeutics for psoriasis, we
found that cucurbitacin B may be a good candidate for that purpose.
Cucurbitacin B is a phytochemical isolated from cucurbitaceae
plants, and classified as a steroid molecule (Fig. 1A). We first
determined the cytotoxicity of cucurbitacin B on keratinocytes.
When SV-HEKs were treated with cucurbitacin B, it did not show
the cytotoxicity up to the dose of 5 nM (Fig. 1B). As psoriasis is a
disease related to the hyper-proliferation of keratinocytes, we next
tested whether cucurbitacin B affects cell growth. When SV-HEKs
were treated with 5 nM cucurbitacin B, cell growth was signifi-
cantly retarded (Fig. 1C). Concomitantly, cucurbitacin B treatment
resulted in down-regulation of proliferation-related keratins such
as keratin 14, 6 and 16 (Fig. 1D).

Imiquimod is an immune response modifier that is widely used
for the treatment of skin cancers such as basal cell carcinoma,
Bowen's disease, and actinic keratosis [16]. However, imiquimod
induces psoriasiform dermatitis in human and mouse, and it also
induces production of inflammatory cytokines from keratinocytes
[10,17]. We examined whether cucurbitacin B affects imiquimod-
induced immune response in keratinocytes. Imiquimod increased
the release of inflammatory cytokines CCL20 and IL-8 from SV-
HEKs, while cucurbitacin B pretreatment significantly inhibited
the imiquimod-induced cytokine release (Fig. 2A). Consistent with
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Fig. 2. Effect of cucurbitacin B on imiquimod-induced inflammatory reaction in ker-
atinocytes. (A) SV-HKEs were pretreated with 5 nM cucurbitacin B for 1 h, and then
stimulated with 5 pg/ml imiquimod for 24 h. Released cytokines were measured by
ELISA. (B) SV-HKEs were pretreated with 5 nM cucurbitacin B for 1 h, and then
stimulated with 5 pg/ml imiquimod for 6 h. The mRNA level was determined by qPCR.
Data are expressed as fold induction. The mean values + SD are averages of triplicate
measurements. ‘P < 0.01.
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Fig. 3. Effect of cucurbitacin B on imiquimod-induced intracellular signaling in keratinocytes. (A) SV-HEKs were transduced with adenovirus harboring NF-kB-luciferase reporter,
then treated with imiquimod (5 pg/ml) and cucurbitacin B (5 nM). Cells were lysed and assayed for luciferase activity. Data are represented as relative light unit (RLU). The mean
values + SD are averages of triplicate measurements. P < 0.01. (B) Activation of NF-kB signaling was determined by Western blot. The protein level for phoshorylated-p65 (p-p65)
and phosphorylated-IkBa. (p-IkBe.) was decreased by cucurbitacin B pretreatment. (C) Cucurbitacin B inhibited imiquimod-induced phosphorylation of STAT3 (p-STAT3).

these results, imiquimod increased mRNA levels for CCL20 and IL-8,
and cucurbitacin B pretreatment significantly inhibited cytokine
gene expression (Fig. 2B).

To investigate putative action mechanism, we examined the
effect of cucurbitacin B on NF-kB signaling, the central player in
inflammatory reaction. Imiquimod increased NF-«B activity, which
was significantly inhibited by cucurbitacin B (Fig. 3A). Consistent
with this result, Western blot showed that imiquimod-induced
phosphorylation of p65 and IkBa was markedly inhibited by
cucurbitacin B (Fig. 3B). As signal transducer and activator of
transcription 3 (STAT3) is another important player linked to pso-
riasis [18], we checked the effect of cucurbitacin B on this signaling
pathway. Similar to the results on NF-«B signaling, cucurbitacin B
markedly inhibited imiquimod-induced phosphorylation of STAT3
(Fig. 3C).

To further evaluate the potential effect of cucurbitacin B, we
performed animal test. Consistent with previous reports [15,19],
daily topical application of 5% imiquimod cream (Aldara) induced
psoriasiform dermatitis, in which epidermal thickness was
remarkably increased. When cucurbitacin B was pretreated, in-
duction of psoriasiform dermatitis was significantly inhibited.
Histochemistry study clearly showed that cucurbitacin B prevented
imiquimod-induced epidermal hyperplasia. And this result was
tightly linked to the decrease of proliferating cells in epidermis,
evidenced by reduction of Ki67 positive cells in cucurbitacin B-
treated group. In addition, imiquimod-induced STAT3 phosphory-
lation was also markedly inhibited by cucurbitacin B (Fig. 4A).
Quantification confirmed that imiquimod-induced epidermal
thickening was markedly inhibited by cucurbitacin B (Fig. 4B).

Finally, topical application of cucurbitacin B significantly inhibited
imiquimod-induced gene expression for keratin 16 and IL-8, the
characteristic molecules increased in psoriasis (Fig. 4C). Together,
these data suggest that cucurbitacin B can be applicable for the
treatment of psoriasis.

4. Discussion

Keratinocytes are the major cells of epidermis, and play a key
role to make skin barrier. The primary function of skin barrier is the
protection against environmental insults such as microbial infec-
tion, noxious chemicals and ultraviolet (UV). Keratinocytes provide
physical components of barrier structure, including cornified cell
envelope proteins and surrounding lipids [20]. In addition to this
essential role for providing building blocks of skin barrier, it has
been recognized that keratinocytes function as the primary defense
cells against non-self and/or self antigens. Evidence shows that
keratinocytes express many TLR molecules and engage in innate
immune response [4]. With respect to the pathogenesis of psoriasis,
keratinocytes produce a range of inflammatory cytokines, thereby
functioning to recruit and activate immune cells such as neutro-
phils and activated T cells [21]. In this regard, the approach that
inhibits inflammatory reaction in keratinocytes is one attractable
method for treatment of psoriasis. In this study, we demonstrated
that cucurbitacin B inhibited imiquimod-induced inflammatory
reaction in cultured keratinocytes. We also demonstrated that
cucurbitacin B inhibited imiquimod-induced psoriasiform derma-
titis in animal model.
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Fig. 4. Inhibition of imiquimod-induced psoriasiform dermatitis by cucurbitacin B. (A) BALB/c mice were topically applied with 5% imiquimod cream (Aldara) for 7 d. Cucurbitacin B
(100 nM) was pretreated 1 h before imiquimod application. Macroscopic appearance of the skin was observed at the end of the experiment, and skin specimens were further
investigated (H & E; hematoxylin and eosin staining). Immunohistochemistry analysis was performed to determine the cell proliferation in epidermis (Ki67 staining), and activation
of STAT signaling (p-STAT3). (B) Epidermal thickness was measured. Data are the mean values + SD (n = 5). “P < 0.01. (C) Total RNA was isolated from skin tissue, and then mRNA
level for keratin 16 (K16) was determined by qPCR. (D) The mRNA level for IL-8 was also determined. Data are expressed as fold induction. The mean values + SD are averages of
triplicate measurements. “P < 0.01.
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Cucurbitacins are biochemical compounds isolated from
cucurbitaceae plants, and classified as steroids. There are many of
cucurbitacin variants, from cucurbitacin A to cucurbitacin T. Mul-
tiple pharmacological activities, including neuroprotective, anti-
proliferative, and apoptosis-inducing effect, have been reported
[22—24]. With respect to cucurbitacin B, several studies have
demonstrated that cucurbitacin B has anti-cancer and anti-
inflammatory potential. For example, cucurbitacin B inhibits the
proliferation of BRCA1-defective breast cancer cells via up-
regulation of p21/"¥f and p27XP! [25]. Other evidence shows that
cucurbitacin B inhibits hepatocellular carcinoma cell growth via the
inhibition of phosphorylation of STAT3 [26]. Additionally, cucurbi-
tacin B shows inhibitory effect on TPA-induced inflammation in
mouse ear [27].

In this study, we demonstrated that cucurbitacin B reduced the
growth of keratinocytes cultured in vitro. In a previous study,
cucurbitacin B up-regulates the cyclin-dependent kinase (CDK)
inhibitors such as p21/"¥ and p27¥iP! thereby attenuating cell
growth in breast cancer cells. Similarly, there is a possibility that
cucurbitacin B inhibits the cell growth via the modulation of cell
cycle regulators in keratinocytes. The precise mechanism under-
lying cell growth inhibition should be investigated further. Never-
theless, the cell growth-inhibiting potential of cucurbitacin B
should be emphasized in the context of developing therapeutics,
because that hyper-proliferation of keratinocytes is a specific
character of psoriasis. It is expected that reducing the keratinocyte
growth helps to relieve the psoriatic symptom.

The intracellular signaling molecules such as NF-kB and STAT3
have long been recognized as the key players in the pathogenesis of
psoriasis. In this study, we demonstrated that cucurbitacin B
markedly inhibited imiquimod-induced activation of NF-kB and
STAT3. Thus, it can simply be speculated that anti-psoriatic effect of
cucurbitacin B may be due to its action on intracellular signaling
cascades. Interestingly, previous study indicates that steroid
molecule dexamethasone inhibits the activation of NF-kB and
STAT3 in acute pancreatitis model [28]. As cucurbitacin B is clas-
sified as a steroid, there is a possibility that cucurbitacin B exerts its
action in a similar way to glucocorticoids. Elucidation of precise
action mechanism will be an interesting further study.

In summary, we demonstrated that cucurbitacin B has a po-
tential for inhibiting imiquimod-induced inflammatory reaction in
keratinocytes. Our data suggest that cucurbitacin B would be a
promising candidate for the treatment of psoriasis.
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