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Background: UV-irradiated keratinocytes secrete various proinflammatory cytokines. UV-induced skin
damage is mediated by growth factors and proinflammatory cytokines such as granulocyte macrophage
colony stimulating factor (GM-CSF). In a previous study, we found that the saponin of Korean Red
Ginseng (SKRG) decreased the expression of GM-CSF in UVB-irradiated SP-1 keratinocytes. In this study,
we attempted to find the inhibitory mechanism of SKRG on UVB-induced GM-CSF expression in SP-1
keratinocytes.
Methods: We investigated the inhibitory mechanism of SKRG and ginsenosides from Panax ginseng on
UVB-induced GM-CSF expression in SP-1 keratinocytes.
Results: Treatment with SKRG decreased the expression of GM-CSF mRNA and protein induced by
irradiation of UVB in SP-1 keratinocytes. The phosphorylation of ERK was induced by UVB at 10 min, and
decreased with SKRG treatment in SP-1 keratinocytes. In addition, treatment with SKRG inhibited the
UVB-induced phosphorylation of epidermal growth factor receptor (EGFR), which is known to be an
upstream signal of ERK. From these results, we found that the inhibition of GM-CSF expression by SKRG
was derived from the decreased phosphorylation of EGFR. To identify the specific compound composing
SKRG, we tested fifteen kinds of ginsenosides. Among these compounds, ginsenoside-Rh3 decreased the
expression of GM-CSF protein and mRNA in SP-1 keratinocytes.
Conclusion: Taken together, we found that treatment with SKRG decreased the phosphorylation of EGFR
and ERK in UVB-irradiated SP-1 keratinocytes and subsequently inhibited the expression of GM-CSF.
Furthermore, we identified ginsenoside-Rh3 as the active saponin in Korean Red Ginseng.
Copyright � 2015, The Korean Society of Ginseng, Published by Elsevier Ltd. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Keratinocytes (90%) and melanocytes (5e10%) are located in the
epidermis, which is the outermost layer of skin. UV radiation is
comprised of UVC (100e280 nm), UVB (280e320 nm), and UVA
(320e400 nm) [1].When skin is exposed to solar UV radiation [2], it
results in skin damage. UV-induced skin damage is mediated by
growth factors and proinflammatory cytokines [3] such as
gineering, College of Life Sciences,

ht � 2015, The Korean Society of G
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granulocyte macrophage colony stimulating factor (GM-CSF). GM-
CSF is a major immune regulator for the survival of a variety of
cell types such as granulocytes and macrophages [4]. GM-CSF
stimulates the proliferation, differentiation, transmigration, and
survival of various types of cutaneous cells including dendritic cells,
melanocytes, and keratinocytes [5,6].

The expression of GM-CSF is regulated by mitogen-activated
protein kinase (MAPK), extra cellular signal-related kinase (ERK)
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1/2, p38, and c-Jun terminal kinase (JNK) pathways [7,8]. The acti-
vation of the ERK signaling pathway is regulated by various stimuli
such as growth factors, cytokines, and UV irradiation [9].

The phosphorylation of EGFR and a number of other cell surface
receptors are also activated by UVB irradiation [10]. EGFR activation
is initiated through EGF-EGFR complex dimerization and auto-
phosphorylation by UV irradiation [11,12]. After UV exposure, EGFR
phosphorylation is detected within minutes in UV irradiated ker-
atinocytes [13,14]. It is known that UVB induces the phosphoryla-
tion of EGFR in keratinocytes [15]. In addition, EGFR is known to be
an important upstream modulator of GM-CSF [16].

Saponin of Korean Red Ginseng (SKRG) is an important
component in medicine and various health supplements because it
has antiaging, antioxidant, and immune modulating effects, and a
low rate of side effects [17,18].

We have previously demonstrated that expression of GM-CSF
increased in UV-irradiated SP-1 keratinocytes along with acti-
vated proliferation of melan-a cells (immortalized mouse mela-
nocytes). Also, treatment with SKRG decreased the GM-CSF
secreted from UV-irradiated SP-1 keratinocytes [17].

In this study, we attempted to elucidate the inhibitory mecha-
nism of SKRG on UV-induced GM-CSF expression in SP-1
keratinocytes.

2. Materials and methods

2.1. Materials

SKRG was provided by Korea Ginseng Corporation (Daejeon,
Korea). Newborn calf serum (NBCS) was purchased from Gibco
Invitrogen (Carlsbad, CA, USA).

2.2. Cell culture

Murine SP-1 keratinocytes were derived from SENCARmice and
were generously provided by Dr. Stuart H. Yuspa (Laboratory of
Cellular Carcinogenesis and Tumor Promotion, NCI, Bethesda,
Maryland 20892-4255, USA). SP-1 keratinocytes were generally
cultured in Eagle’s minimum essential medium (EMEM) containing
0.05mM Ca2þ, 8% Chelex treated heat-inactivated NBCS, 100 units/
mL penicillin, and 100 mg/mL streptomycin. Cells were incubated at
37�C in a humidified atmosphere of 10% CO2 and 95% air.

2.3. Cell viability assay

SP-1 keratinocytes cell were seeded in 96 well plates (2 � 104

cells/well). After 24 h, the media was replaced with media con-
taining various concentrations of (A) SKRG, or (B) ginsenoside Rh3.
Control cells were treatedwith dimethyl sulfoxide (DMSO) at a final
concentration of 0.1%. After 24 h, the media containing the com-
pounds or DMSOwas replacedwithmedia containing 10% EZ-Cytox
(Daeil Lab Service, Seoul, Korea). The cells were then incubated at
37�C for 1 h, and the absorbance was measured using a microplate
reader (Tecan, Mannedorf, Switzerland) at a wavelength of 450 nm.
All assays were performed in triplicate.

2.4. UVB irradiation of SP-1 keratinocytes

Keratinocytes were seeded in a 60 mm cell culture dish or 24
well plates. After 24 h, the cells were washed with Dulbecco’s
phosphate-buffered saline (DPBS) and replaced with serum-free
EMEM containing the SKRG for serum starvation. At 24 h after
starvation, monolayer cultures were washed with DPBS and
exposed to UVB by a UV irradiation system (VILBER Loumat, Marne
la Vallée, France). The cells were irradiatedwith the UVB after being
washed three times with DPBS. Immediately after irradiation, the
cells were cultured in a medium containing 2% serum with or
without SKRG for the indicated times.

2.5. Reverse transcription-polymerase chain reaction

Total RNA was isolated from SP-1 keratinocytes with TRIzol re-
agent (Takara, Shiga, Japan). The quality and quantity of the RNA
were determined using NanoDrop2000 (Thermo Scientific,
Loughborough, UK). To synthesize cDNA, 1 mg quantities of total
RNA was mixed with 100 pmol quantities of oligo(dT) (ELPIS,
Daejeon, Korea), followed by denaturation at 70�C for 5 min and
chilling on ice for 5 min. The annealed samples were then incu-
bated with reverse transcriptase (RT) and 2mM dNTPs (Fermentas,
Hanover, MD, USA) for 1 h at 42�C. RT was terminated by heating
for 10min at 70�C. For amplification, the cDNAwasmixed with HiPi
polymerase chain reaction (PCR) Mix (ELPIS) and each of the
following primer sets: GM-CSF forward: 50 - GCC ATC AAAGAAGCC
CTG AA - 30, reverse: 50 - GCG GGT CTG CAC ACA TGT TA - 30.

The resulting PCR products were visualized by electrophoretic
separation on 2% agarose gels with staining RedSafe Nucleic Acid
Staining Solution (cat. no. 21141, Intron Biotechnology, Sangdae-
won-Dong, Gyeonggi-do, Korea). Specific primers for b-actin were
added as a control.

2.6. Quantitative real-time RT-PCR

SP-1 keratinocytes were harvested and total RNA was isolated
using the TRIzol reagent (Takara, Shiga, Japan). Real-time RT-PCR
was performed using a FastStart Essential DNA Probe Master Kit
(Roche, Mannheim, Germany). The reaction was carried out ac-
cording to themanufacturer’s protocol. The probes for GM-CSFwere
designed with the Probe Library Assay Design Center (Universal
ProbeLibrary, Probe #79. ref 04 689 020 001, Roche, Mannheim,
Germany). The cycling conditionwas 600 s at 95�C, 40 cycles at 95�C
for 20 s, and 60�C for 40 s on Lightcycler Nano (Roche, Mannheim,
Germany). The mRNA expression level of the target gene was
normalized to b-actin (Universal ProbeLibrary Mouse ACTB Gene
Assay, ref 05 046 190 001, Roche, Mannheim, Germany). The ob-
tained cDNA was amplified with the following primer (Bioneer,
Daejeon, Korea): GM-CSF forward: 50- GGC CTT GGA AGC ATG TAG
AA -30; reverse: 50- TCT GCA CAC ATG TTA GCT TCT TG -30.

2.7. Western blot

SP-1 keratinocytes were harvested and lysed with RIPA solution
(Noble Bio, Suwon, Korea), protease inhibitor cocktail (Sigma-
Aldrich, St. Loius, MO, USA), and 1mM phenylmethanesulfonyl
fluoride (PMSF, Sigma) for 30 min. The lysates were sonicated with
ice and centrifuged at 13,000 � g and 4�C for 20 min. Then, the
supernatants were harvested and the protein concentration of each
sample was determined using a Pierce Protein Assay Kit (Pierce
Biotechnology, Inc., Rockford, IL, USA) with bovine serum albumin
(BSA) as the standard. The protein samples were stored at �20�C.
The samples were mixed with LDS sample buffer and sample
reducing buffer (Invitrogen, Carlsbad, CA, USA) and boiled at 95�C
for 5min. The reduced samples were loaded on NuPAGE 10% bis-tris
gel and run with MOPS SDS running buffer (Invitrogen). The pro-
teins were then transferred to a polyvinylidene fluoride transfer
membrane (PVDF membrane, PALL Corporation, Port Washington,
NY, USA). The membrane was blocked with 5% skim milk in TBS-T
buffer (0.1% Tween 20, 100mM NaCl, and 10mM Tris-HCl, pH 7.5)
or 3% BSA and incubated with primary antibodies using mouse
monoclonal anti-b-actin antibody (1/10,000, Sigma), rabbit poly-
clonal anti-GM-CSF antibody (0.02 mg/mL, Abcam, ab9741,
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Fig. 1. Effect of SKRG and ginsenoside-Rh3 on SP-1 keratinocyte viability. Cell viability
was measured in SP-1 keratinocytes. After incubation with various concentrations of
(A) SKRG or (B) ginsenoside-Rh3 for 24 h, cell viability was measured using an EZ-
Cytox assay kit (Daeil Lab Service, Seoul, Korea) based on the cleavage of the tetra-
zolium salt to water-soluble formazan by succinate-tetrazolium reductase. The
experiment was repeated three times. SKRG, saponin of Korean Red Ginseng.
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Fig. 2. Effect of SKRG on UVB-induced expression of GM-CSF in SP-1 keratinocytes. Before UV
(10 ppm and 20 ppm). After 24 h, SP-1 keratinocytes were irradiated with UVB at a dose o
containing SKRG Cells were collected at 3 h and 6 h for Western blot analysis of GM-CS
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Cambridge, UK), rabbit monoclonal anti-p42/44 MAPK (ERK1/2)
antibody (1/1,000, Cell Signaling, Beverly, MA, USA), rabbit mono-
clonal anti-Phospho-p42/44 MAPK (ERK1/2) antibody (1/2,000,
Cell Signaling), rabbit monoclonal anti-EGF receptor antibody (1/
1,000, Cell Signaling), rabbit monoclonal anti-phospho-EGF recep-
tor antibody (1/1,000, Cell Signaling), donkey anti-rabbit IgG anti-
body (1/5,000, Bethyl Laboratories, Montgomery, TX, USA), and
goat anti-mouse IgG antibody (1/10,000, Bio-Rad, Hercules, CA,
USA). Bands were detected with WEST-ZOL plus a Western blot
detection system (INtRON Biotechnology, Sungnam, Korea) and
visualized with ChemiDoc XRS (Bio-Rad).
2.8. Enzyme-linked immunosorbent assay

The production of cytokines in SP-1 keratinocytes cells was
measured by an enzyme-linked immunosorbent assay ELISA kit
(eBioscience, San Diego, CA, USA). SP-1 keratinocytes were seeded
in 24 well plates. After 24 h, the SP-1 keratinocytes in 24 well
plates were washed with DPBS and replenished with serum-free
EMEM containing ginsenosides. After starvation for 24 h, SP-1
keratinocytes in the 24 well plates were washed with DPBS and
exposed to a radiation dose of 30 mJ/cm2 of UVB by a UV irradi-
ation system. After irradiation, the cells were replaced with 2%
NBCS EMEM containing ginsenosides. After 24 h, conditioned
media of the UV-irradiated SP-1 keratinocytes were collected and
stored at �80�C until ELISA was used for the measurement of
cytokine production. 96-well immune plates were coated with the
cytokine capture antibody overnight at 4�C. The cytokine capture
antibody was removed, and the wells were washed five times with
washing buffer (0.05% Tween 20 in PBS) and blocked with 1X
assay diluent for 1 h at room temperature. The wells were washed
five times, 100 mL aliquots of standard (recombinant mouse cyto-
kine) and samples were added to each well, and the plates were
incubated for 2 h at room temperature. The plate was washed five
times with wash buffer, the cytokine detection antibody was
added, and then incubation was continued for 1 h at room tem-
perature. The solutions in the wells were removed and the wells
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B irradiation, SP-1 keratinocytes were treated with serum-free EMEM containing SKRG
f 30 mJ/cm2. Immediately, the cells were treated with 2% newborn calf serum EMEM
F. D, dimethyl sulfoxide (0.1%); EMEM, Eagle’s minimum essential medium; GM-CSF,
pm); SKRG, saponin of Korean Red Ginseng.
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Fig. 3. Effect of SKRG on the UVB-induced expression of GM-CSF mRNA in SP-1 keratinocytes. Before UVB irradiation, SP-1 keratinocytes were treated with serum-free EMEM
containing SKRG (10 ppm and 20 ppm). After 24 h, SP-1 keratinocytes were irradiated with UVB at a dose of 30 mJ/cm2. Immediately, the cells were treated with 2% newborn calf
serum EMEM containing SKRG. Cells were harvested at the times indicated and RNAwas isolated for RT-PCR of GM-CSF and b-actin. (A) Cells were treated with DMSO as the solvent
control. (B) Cells were treated with SKRG (10 ppm and 20 ppm). D, dimethyl sulfoxide (0.1%); DMSO, dimethyl sulfoxide; EMEM, Eagle’s minimum essential medium; RT-PCR,
reverse transcriptase polymerase chain reaction; GM-CSF, granulocyte macrophage colony stimulating factor; S 10, SKRG (10 ppm); S 20, SKRG (2 ppm); SKRG, saponin of
Korean Red Ginseng.
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were washed five times with wash buffer. Next, 100 mL of avidin-
HRP was added to each well and the plate was incubated for
30 min at room temperature. After the wells were washed seven
times, 100 mL aliquots of 1X TMB substrate solution were added to
each well, and the plate was incubated for 15 min at room tem-
perature. The color reaction was quenched with stop solution
(50 mL, 1N H2SO4). The absorbance was measured using a micro-
plate reader at a wavelength of 450 nm.
3. Results

3.1. Effect of SKRG or ginsenoside-Rh3 on SP-1 keratinocyte viability

EZ-Cytox assay (Daeil Lab) was used to assess the effect of SKRG
and ginsenoside-Rh3 on SP 1-keratinocytes viability. SKRG and
ginsenoside-Rh3 showed no cytotoxic effect at all concentrations
(Fig. 1).
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solvent control. (B) Cells were treated with the SKRG (20 ppm). DMSO, dimethyl sulfoxide; EMEM, Eagle’s minimum essential medium; SKRG, saponin of Korean Red Ginseng.
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3.2. Effect of SKRG on UVB-induced expression of GM-CSF in SP-1
keratinocytes

To elucidate the effect of SKRG on UVB-induced GM-CSF
expression in SP-1 keratinocytes, SP-1 cells were exposed to
30 mJ/cm2 UVB for 3 h and 6 h. At various times after UV
irradiation, the cells were collected for analysis of GM-CSF
expression in SP-1 keratinocytes. The expression of GM-CSF was
increased by UVB irradiation at 3 h until 6 h in SP-1 keratinocytes
(Fig. 2). Treatment with SKRG dose-dependently decreased the
expression of GM-CSF compared with the untreated irradiated
control.
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3.3. Effect of SKRG on UVB-induced expression of GM-CSF mRNA in
SP-1 keratinocytes

In a previous study, we found that SKRG decreased the
expression of GM-CSF in UVB-irradiated SP-1 keratinocytes. We
analyzed GM-CSF mRNA expression induced by UVB in SP-1 kera-
tinocytes. Cells were exposed to 30mJ/cm2 UVB for 0 h, 3 h, and 6 h.
Total RNAwas isolated from UVB-irradiated SP-1 keratinocytes and
GM-CSF mRNA expression was analyzed by RT-PCR. GM-CSF mRNA
expression was significantly increased at 3 h and 6 h after UVB
irradiation (Fig. 3A). Treatment with SKRG (20 ppm) decreased GM-
CSF mRNA expression induced by UVB in SP-1 keratinocytes at 3 h
and 6 h (Fig. 3B).

3.4. Effect of SKRG on UVB-induced phosphorylation of ERK in SP-1
keratinocytes

It has been reported that the expression of GM-CSF is regulated
by ERK. We examined the effect of SKRG on UVB-induced phos-
phorylation of ERK in SP-1 keratinocytes. SP-1 keratinocytes were
exposed to 30 mJ/cm2 UVB. The rapid activation of ERK was
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Fig. 5. Effect of SKRG on the UVB-induced phosphorylation of EGFR in SP-1 keratinocytes.
taining the SKRG (20 ppm). After 24 h, SP-1 keratinocytes were irradiated with UVB at a dos
containing the SKRG. Cells were harvested at the times indicated for western blot analysis of
JNK (JNK) (C), phospho-p38 (p-p38) and total-p38 (p38) (D). D, dimethyl sulfoxide (0.1%); EM
SKRG (20 ppm); SKRG, saponin of Korean Red Ginseng.
observed at 10 min after UVB irradiation and peaked at 15 min
(Fig. 4A). Treatment with SKRG decreased ERK phosphorylation
induced by UVB irradiation (Fig. 4B).
3.5. Effect of SKRG on the UVB-induced phosphorylation of EGFR in
SP-1 keratinocytes

To examine whether SKRG affects the phosphorylation of EGFR
which is a well-known main upstream signal of GM-CSF expres-
sion, SP-1 keratinocytes were irradiated with 30 mJ/cm2 UVB. At
various times after UVB irradiation, the SP-1 cells were collected for
analysis of the phosphorylation of EGFR. The phosphorylation of
EGFR rapidly increased after 10 min of UVB exposure, and then
dropped to the basal level within 60 min (Fig. 5A). SKRG treatment
decreased UVB-induced phosphorylation of EGFR in a
concentration-dependent manner (Fig. 5B). But, SKRG did not affect
the other MAPKs such as JNK and p38 at the same conditions. The
phosphorylations of JNK and p38 were increased by UVB exposure
in SP-1 keratinocyte, but SKRG had no detectable effect (Figs. 5C
and 5D).
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3.6. Effect of ginsenosides on the expression of GM-CSF in UVB-
irradiated SP-1 keratinocytes

To determine what kinds of ginsenosides affect UVB-induced
GM-CSF expression in SP-1 keratinocytes, we measured the pro-
duction of GM-CSF using an ELISA kit from 24 h culture superna-
tants. UVB irradiation increased GM-CSF expression in SP-1
keratinocytes compared with the non-irradiated control.
Ginsenoside-Rh3 decreased the expression of GM-CSF by 40%
compared with control (Fig. 6).
3.7. Effect of ginsenoside-Rh3 on the UVB-induced expression of
GM-CSF mRNA and protein level in SP-1 keratinocytes

We examined the effect of ginsenoside-Rh3 on GM-CSF
expression in UVB-irradiated SP-1 keratinocytes. Ginsenoside-Rh3
decreased expression of GM-CSF in a dose dependent manner
(Fig. 7A). We also examined the effect of ginsenoside-Rh3 on GM-
CSF mRNA expression in UVB-irradiated SP-1 keratinocytes. Using
RT-PCR and quantitative real-time RT-PCR, we measured GM-CSF
mRNA expression induced by UVB irradiation in SP-1 keratino-
cytes. After 3 h and 6 h, the GM-CSF mRNA expression induced by
UVB irradiation was decreased with ginsenoside-Rh3 (Fig. 7B).
4. Discussion

UVB irradiation can induce skin damage such as erythema,
wrinkles, cancer, and skin pigmentation through changes in
numerous signaling pathways [19e22]. Among the various cyto-
kines induced by UVB, GM-CSF is one of the leading promoters of
skin pigmentation by inducing the proliferation of melanocytes [6].
GM-CSF can be produced by various cells and regulates cell pro-
liferation, differentiation, and migration of cells [23].
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conditioned media was collected and granulocyte macrophage colony stimulating factor (GM
the materials and methods section. Data were analyzed using the Student unpaired t test (*p
CSF, granulocyte macrophage colony stimulating factor.
In our previous study, GM-CSF increased significantly when
irradiated with UVB in SP-1 keratinocytes and it had activated the
proliferation of melan-a cells. The content of GM-CSF in cultured
media from UV-irradiated SP-1 keratinocytes was higher than that
in non-irradiated keratinocytes [17]. We showed that the GM-CSF
protein levels decreased with treatment of SKRG in a
concentration-dependent manner at 3 h and 6 h (Fig. 2). GM-CSF
mRNA expression was increased by UVB in a time-dependent
manner (Fig. 3A). In addition, treatment with SKRG decreased
GM-CSF mRNA expression in UV-irradiated SP-1 keratinocytes
(Fig. 3B). UVB activates four major families of growth factor re-
ceptors: EGFR, platelet-derived growth factor receptor (PDGFR),
fibroblast growth factor receptor (FGFR), and insulin receptor (IR)
[24]. EGFR belongs to a receptor tyrosine kinase (RTK) and regulates
survival, proliferation, migration, differentiation, and the trans-
formation of the cell [25,26]. EGFR and its ligands participate in the
response to skin damage [16]. EGFR family ligands include trans-
forming growth factor (TGF)-a, amphiregulin, and epiregulin [13].
The complex of EGF family ligands and EGFR triggers diverse signal
transduction pathways [25]. The EGFR-ERK pathway mediates
survival and the proliferation of keratinocytes. It has been reported
that EGFR activates the phosphorylation of ERK [13], and phos-
phorylated ERK has been shown to contribute to the generation of
GM-CSF [27,28]. We found out UVB irradiation induced the phos-
phorylation of ERK (Fig. 4A) and treatment with SKRG reduced the
UVB-induced phosphorylation of ERK in SP-1 keratinocytes
(Fig. 4B).

Moreover, it has been reported that EGFR activated by UV irra-
diation enhanced the expression of GM-CSF [16]. We found that
EGFR phosphorylation increased when irradiating 10 min post-
UVB, with activity peaks at 30 min that lasted until approxi-
mately 1 h (Fig. 5A). Treatment with SKRG decreased EGFR phos-
phorylation induced by UVB irradiation (Fig. 5B). Although the
phosphorylation of JNK and p38 were also induced by UVB
7 8 9 10 11 12 13 14 15
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< 0.05). D, dimethyl sulfoxide (0.1%); EMEM, Eagle’s minimum essential medium; GM-
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reverse transcriptase polymerase chain reaction.
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irradiation in SP-1 keratinocytes, treatment of SKRG showed no
effect at all (Figs. 5C, 5D). From these results, we can conclude that
the effect of SKRG on GM-CSF expression was regulated more
specifically by EGFR pathway.

Ginsenosides isolated from ginseng have anti-tumor, anti-met-
astatic and anti-angiogenic activities that are related to the
inhibition of cell proliferation [18,29]. We showed that the secre-
tion of GM-CSF protein (induced by UVB) is suppressed by
ginsenoside-Rh3 (Fig. 6, 7A). Furthermore, ginsenoside-Rh3
decreased GM-CSF mRNA expression levels (Fig. 7B).

In conclusion, these results showed that SKRG inhibited UVB-
induced GM-CSF expression by blocking the EGFR-ERK signal
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pathway. We concluded that a major source of this SKRG could be
ginsenoside-Rh3 derived from Korean Red Ginseng.
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