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Pro-Inflammatory Responses and Protects against Oxidative

Damages
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Abstract

We attempted to examine anti-inflammatory and anti-oxidant effects of 4’-O-B-D-glucosyl-5-O-methylvisamminol (GOMV), the first
epigenetic inhibitor of histone phosphorylation at Ser10. While GOMV did not affect the viability of murine macrophage RAW 264.7
cells, it significantly suppressed lipopolysaccharide (LPS)-induced generation of prostaglandin E. (PGE.) and nitric oxide (NO)
through transcriptional inhibition of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS). GOMV also scavenged
free radicals in vitro, increased NF-E2-related factor 2 (NRF2), and activated antioxidant response element (ARE), thereby result-
ing in the induction of phase Il cytoprotective enzymes in human keratinocyte HaCaT cells. Finally, GOMYV significantly protected
HaCaT cells against 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced oxidative intracellular damages. Together, our results
illustrate that GOMV possesses anti-inflammatory and anti-oxidant activity.
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INTRODUCTION

Exogenous and endogenous ROS (reactive oxygen spe-
cies) impart significant oxidative damages on human kerati-
nocytes (Schieber and Chandel, 2014). To counteract oxida-
tive stress, organisms possess diverse anti-oxidant proteins,
including NF-E2-related factor 2 (NRF2) (ltoh et al., 1997).
Under basal condition, NRF2 is sequestered by Kelch-like
ECH-associated protein 1 (KEAP1) in the cytosol and consti-
tutively targeted for poly-ubiquitination. In response to oxida-
tive stress, NRF2 translocates into the nucleus, binds to the
antioxidant response element (ARE), and induces the expres-
sion of phase Il cytoprotective enzymes (Kundu and Surh,
2008). At present, NRF2 is considered as a master regulator
of drug metabolism, differentiation, proliferation, and inflam-
mation (Ma, 2013).

Histone H3 phosphorylation at Ser10 and Ser28 is respon-
sible for cell cycle progression during mitosis and transcrip-
tional activation of pro-inflammatory genes during interphase
(Baek, 2011). We have reported that transcriptional activation
by histone H3 phosphorylation at Ser10 and Ser 28 occurs
through recruitment of 14-3-3¢ and cyclin-dependent kinase

9 (CDK9) in the promoter of pro-inflammatory genes (Keum
et al., 2013). In addition, we have reported that 4’-O-B-D-
glucosyl-5-O-methylvisamminol (abbreviated as GOMYV, Fig.
1A) is the first epigenetic natural compound that interferes
with the interaction between histone H3 phosphorylation at
Ser10 and 14-3-3¢ (Kang et al., 2014).

In the present study, we have evaluated anti-inflammato-
ry and anti-oxidant effects of GOMV. More specifically, we
sought to investigate whether GOMV could inhibit lipopolysac-
charide (LPS)-induced pro-inflammatory responses in murine
macrophage RAW 264.7 cells. We also investigated whether
GOMYV could directly scavenge free radicals in vitro and pro-
tect human keratinocyte HaCaT cells against 12-O-tetradec-
anoylphorbol-13-acetate (TPA)-induced oxidative damages
through induction of NRF2/ARE.

MATERIALS AND METHODS

Cell culture, chemicals, plasmids, and antibodies
GOMV was purchased from Toronto Research Chemicals
(North York, ON, Canada). GOMV was dissolved in dimethyl
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Fig. 1. GOMV suppresses the production of pro-inflammatory cy-
tokines in RAW 264.7 cells. (A) Chemical structure of GOMV. (B)
GOMV does not affect the viability of RAW 264.7 cells. Cell viability
was measured by MTT assay. (C) GOMV inhibits LPS-mediated
generation of PGE, in RAW264.7 cells. Asterisks indicate statisti-
cal significance with ***p<0.01. (D) GOMV inhibits LPS-mediated
production of NO in RAW264.7 cells. Asterisks indicate statistical
significance with ***p<0.01.

sulfoxide (DMSO) (vehicle) and used in all in vitro experiments
at a dilution ratio of 1/1000. LPS and TPA were purchased
from Sigma (St. Louis, MO, USA). Dulbelco’s modified Eagle’s
media (DMEM), Roswell Park Memorial Institute (RPMI) me-
dia, feral bovin serum (FBS), and penicillin/streptomycin (Pen/
Strep) were purchased from WELGENE (Daegu, Korea).
RAW 264.7 cells and HaCaT cells were purchased from Ko-
rean Cell Line Bank (Seoul, Korea). They were maintained
in RPMI media supplemented with 10% FBS and Penicillin/
Streptomycin (100 U/ml). Polyclonal antibodies against NRF2,
total actin, and 8-hydroxy-2’-deoxyguanosine (8-OH-dG) were
purchased from Santa Cruz biotechnology (Santa Cruz, CA,
USA). 4-hydroxynonenal (4-HNE) antibody was purchased
from Abcam (Cambridge, MA, USA). 2’,7’-dichlorofluorescin
diacetate (DCF-DA) was purchased from Thermo Fisher Sci-
entific (Waltham, MA, USA).

DPPH and ABTS assay

2,2’-diphenylpicrylhydrazyl (DPPH) was purchased from
Cayman (Ann Arbor, MI, USA). 2,2’-azinobis diammonium salt
(ABTS) was purchased from Roche Diagnostics (Mannheim,
Germany). DPPH and ABTS assays were conducted as de-
scribed previously (Kim et al., 2002, 2003).

MTT assay

Cells were seeded into 96-well plates at density of 3x10*
cells/well and exposed to GOMV for 24 h. After washing with
1x PBS, cells were incubated with 100 pl 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) solu-
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Table 1. List of primers used for real-time PCR

Gene Primer Sequence

HO-1 Forword ~ 5-ATGCCCCAGGATTTGTCAGA-3’

Reverse 5-ACCTGGCCCTTCTGAAAGTT-3’
NQO1 Forword  5-ATGGAAGAAACGCCTGGAGA-3’
Reverse 5-TGGTTGTCAGTTGGGATGGA-3’
GCLC Forword  5-CATTGATTGTCGCTGGGGAG-3’
Reverse  5-CTGGGCCAGGAGATGATCAA-3’
GAPDH  Forword 5-CACAGTCCATTTGCCATCACTG-3’
Reverse  5-GTCCACCACTGACACGTTG-3

tion (10 mg/ml) for 4 h and incubated with 100 ul DMSO. The
resulting absorbance was measured at wavelength of 560 nm
using a spectrophotometer.

Measurement of prostaglandin E, (PGE,) and nitric oxide
(NO)

Levels of PGE, and NO were measured using PGE; ELISA
kit (Cayman) and nitric oxide detection kit (INTRON, Seoul,
Korea), respectively.

Western blot analysis

After chemical treatment, cells were collected and washed
with ice-cold 1x PBS buffer. Cells were lysed with RIPA lysis
buffer [50 mM Tris-HCI at pH 8.0, 150 mM NacCl, 1% NP-40,
0.5% deoxycholic acid, 0.1% sodium dodecyl sulfate (SDS), 1
mM NazVO4, 1 mM dithiothreitol (DTT), 1 mM phenylmethyl-
sulfonyl fluoride (PMSF)] on ice for 30 min. Cell lysates were
collected by centrifugation and protein concentration was mea-
sured using BCA Protein Assay Kit (Thermo Fisher Scientific).
Equal amounts of cell lysates were resolved by sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene fluoride (PVDF) membranes.
After 1 h of incubation in blocking buffer (5% skin milk in 1x
PBST) at room temperature, the membrane was incubated
with appropriated primary antibodies overnight at 4°C. After
washing with 1x PBST three times, the membrane was incu-
bated with horseradish peroxidase (HRP)-conjugated second-
ary antibodies (Thermo Fischer Scientific). After washing with
1x PBST three times, membranes were finally visualized by
enhanced chemiluminescence (ECL) detection system.

Real-time reverse transcription-polymerase chain
reaction (RT-PCR)

After treatment, cells were collected and total RNAs were
extracted using Hybrid-R RNA extraction kit (GeneAll, Seoul,
Korea). Total RNA was subject to cDNA synthesis using
PrimeScript RT-PCR kit (TAKARA Korea, Seoul, Korea). Re-
al-time RT-PCR analysis was performed using SYBR mix on
a CFX384 Real-time system (BioRad, Hercules, CA, USA).
Amplification protocol for PCR was: a single cycle at 95°C for
5 min, 40 cycles of 95°C for 10 s, 59°C for 10 s, and 72°C for
20 s, and a final cycle at 95°C for 10 s. Real-time PCR primers
used in the present study are listed in Table 1. The mRNA level
of individual genes was normalized to that of glyceraldehyde
3-phosphate dehydrogenase (GAPDH).

Measurement of intracellular reactive oxygen species
(ROS)
Intracellular ROS level was measured by DCF-DA stain-
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ing followed by observation under a fluorescent microscope.
HaCaT cells grown on glass slides were stained with DCF-
DA for 30 min. After washing with 1x PBS, fluorescent signals
were obtained with a C2 confocal microscope (Nikon Korea,
Seoul, Korea). The final image was captured with 400x am-
plification.

Measurement of luciferase activity

We have established HaCaT-ARE-GFP-luciferase cells
by lentiviral transduction as described previously (Lee et al.,
2018). HaCaT-ARE-GFP-luciferase cells were seeded into 24-
well culture plates at density of 2x10° cells/well and exposed
to GOMV for 24 h. After washing with 1x PBS three times,
HaCaT-ARE-GFP-luciferase cell lysates were collected using
luciferase lysis buffer [0.1 M potassium phosphate buffer at
pH 7.8, 1 % Triton X-100, 1 mM DTT, 2 mM EDTA] for 30 min
followed by centrifugation. Luciferase activity was measured
with a GLOMAX Multi-system (Promega, Madison, WI, USA)
and normalized by protein concentration.

Statistical analysis
Statistical analysis was conducted with Student’s t-test with
at least 5 samples per group.

RESULTS

GOMYV suppresses LPS-induced pro-inflammatory
responses in RAW 264.7 cells

After treatment of GOMV at different concentrations, we
measured the viability of murine macrophage RAW 264.7
cells by MTT assay. Our results show that GOMV did not affect
the viability of RAW 264.7 cells (Fig. 1B). We next examined
whether GOMV could inhibit LPS-induced pro-inflammatory
responses. Our results show that GOMV suppressed LPS-in-
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Fig. 2. GOMV transcriptionally inhibits LPS-induced COX-2 and
iNOS in RAW 264.7 cells. (A) GOMV inhibits LPS-induced COX-
2 and iNOS in RAW264.7 cells. RAW 264.7 cells were exposed
to LPS alone or in combination with GOMV for 18 h and then
Western blot was conducted using cell lysates. (B) GOMV inhibits
LPS-induced COX-2 at transcription level. RAW 264.7 cells were
exposed to LPS alone or in combination with GOMV for 6 h and
real-time RT-PCR was conducted. The relative level of COX-2
mRNA was measured by real-time RT-PCR. Asterisks indicate sta-
tistical significance with **p<0.01. (C) GOMV inhibits LPS-induced
iINOS at transcription level. RAW 264.7 cells were exposed to LPS
alone or in combination with GOMV for 6 h and real-time RT-PCR
was conducted. The relative level of INOS mRNA was measured
by real-time RT-PCR. Asterisks indicate statistical significance with
*p<0.05.

duced generation of pro-inflammatory cytokines such as pros-
taglandin E, (PGE.) (Fig. 1C) and nitric oxide (NO) in RAW
264.7 cells (Fig. 1D). GOMV also suppressed LPS-induced
cyclooxygenase-2 (COX-2) and inducible nitric oxide syn-
thase (INOS) in RAW 264.7 cells (Fig. 2A). Real-time RT-PCR
analysis showed that GOMV suppressed LPS-induced cyclo-
oxygenase-2 (COX-2) (Fig. 2B) and inducible nitric oxide syn-
thase (INOS) (Fig. 2C) at transcriptional level in RAW 264.7
cells. Taken together, our results demonstrate that GOMV ex-
hibits anti-inflammatory effects on macrophages by suppress-
ing transcription of pro-inflammatory genes.

GOMYV suppresses oxidative damages in HaCaT cells by
directly scavenging free radicals and by eliciting NRF2/
ARE-dependent gene expression

To examine whether GOMV could act as a direct antioxi-
dant, we conducted DPPH and ABTS assays. We found that
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Fig. 3. GOMV directly scavenges DPPH and ABTS free radicals
without affecting the viability of human keratinocyte HaCaT cells.
(A) DPPH assay demonstrates that GOMV can directly scavenge
DPPH free radicals in vitro. Asterisks indicate statistical signifi-
cance with *p<0.05, **p<0.01 and ***p<0.01. (B) ABTS assay dem-
onstrates that GOMV can directly scavenge ABTS free radicals in
vitro. Asterisks indicate statistical significance with **p<0.01 and
***p<0.01. (C) GOMV does not affect the viability of HaCaT cells.
Viability was measured by MTT assay.
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Fig. 4. GOMV activates NRF2/ARE to induce phase Il cytoprotec-
tive enzymes in HaCaT cells. (A) GOMV activates ARE-dependent
luciferase activity in HaCaT-ARE-GFP-luciferase cells. Sulfora-
phane (SFN) was included as a positive control. Asterisks indicate
statistical significance with *p<0.05, **p<0.01 and ***p<0.01. (B)
Western blot assay showing that GOMV induces NRF2 in HaCaT
cells. (C) Real-time RT-PCR assay showing that GOMV transcrip-
tionally activates phase Il cytoprotective enzymes such as heme
oxygenase-1 (HO-1, Left Panel), NAD[P]H:quinone oxidoreduc-
tase-1 (NQO1, Middle Panel), and Glutamate-Cysteine Ligase
Catalytic Subunit (GCLC, Right Panel) in HaCaT cells. Asterisks in-
dicate statistical significance with *p<0.05, **p<0.01 and ***p<0.01.

GOMV directly scavenged DPPH (Fig. 3A) and ABTS (Fig. 3B)
free radicals in vitro without affecting the viability of human ke-
ratinocyte HaCaT cells (Fig. 3C). Besides direct detoxification
of oxidants, the induction of phase Il cytoprotective enzymes
by NRF2 is another strategy to combat against oxidative
stress in keratinocytes (Keum and Choi, 2014). To this end,
we exposed GOMV to human keratinocyte HaCaT-ARE-GFP-
luciferase reporter cells and measured the luciferase activity.
Our results showed that GOMV significantly increased ARE-
dependent luciferase activity in HaCaT cells (Fig. 4A). GOMV
increased NRF2 (Fig. 4B) and NRF2-dependent phase Il cyto-
protective enzymes such as HO-1 (Left Panel), NQO1 (Middle
Panel), and GCLC (Right Panel) in HaCaT cells (Fig. 4C). In
addition, GOMV suppressed TPA-induced generation of intra-
cellular reactive oxygen species (ROS) (Fig. 5A), and inhibited
subsequent oxidative damages on nucleotides (Fig. 5B) and
lipids (Fig. 5C) in HaCaT cells. Together, our results illustrate
that GOMV protects keratinocytes against oxidative damages
by directly detoxifying free radicals as well as by activating
NRF2/ARE to induce phase Il cytoprotective enzymes.
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Fig. 5. GOMV inhibits TPA-induced generation of reactive oxygen
species (ROS) and suppresses oxidative damages on nucleotides
and lipids in HaCaT cells. (A) GOMV suppresses TPA-induced
ROS generation in HaCaT cells. HaCaT cells were exposed to TPA
alone (100 nM) or in combination with GOMV (10 uM). The level
of ROS was observed under a fluorescent microscope after DCF-
DA staining. (B) GOMV suppresses TPA-induced oxidative dam-
ages on nucleotides. HaCaT cells were exposed to TPA alone or in
combination with GOMV for 24 h. The level of oxidative damage on
nucleotide was monitored by staining with primary antibody against
8-OH-dG and subsequent observation under a fluorescent micro-
scope. (C) GOMV suppresses TPA-induced oxidative damages on
lipids. HaCaT cells were exposed to TPA alone or in combination
with GOMV for 24 h. The level of oxidative damage on nucleotide
was monitored by staining with primary antibody against 4-HNE
and subsequent observation under a fluorescent microscope.

DISCUSSION

Previously, we have demonstrated that GOMV interferes
with the binding between 14-3-3¢ and CDK9 to suppress pro-
inflammatory genes such as c-jun and c-fos, thereby attenuat-
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ing mitotic progression in keratinocytes (Kang et al., 2014).
In addition, Chang and Wu (2016) have demonstrated that
GOMV exerts neuroprotective effects against focal cerebral
ischemia in rats. In the present study, we provided evidence
that GOMV could suppress pro-inflammatory responses in
RAW 264.7 cells and inhibit oxidative damages on keratino-
cytes not only by directly scavenging free radicals in vitro, but
also by activating NRF2/ARE to induce phase Il cytoprotective
enzymes. These results imply that GOMV possesses diverse
beneficial pharmacological activities.

We have recently conducted a small-scale clinical study to
examine whether hot water extract of Saposhnikovia divari-
cate exhibits anti-inflammatory effects on human skin. GOMV
is a major component in Saposhnikovia divaricate, also known
as Fangfeng in Chinese, Bangpung in Korean, and Siler in
English. As a result, we found that hot water extract of Saposh-
nikovia divaricata suppressed isopropyl myristate-induced
pro-inflammatory responses in the skin of human subjects
without causing irritation (data not shown). Therefore, we as-
sume that hot water extract of Saposhnikovia divaricata could
be used for various pharmacological purposes as a source of
GOMV. Presently, we are attempting to establish an optimal
extraction condition to ensure that GOMV could be sufficiently
extracted from hot water extract of Saposhnikovia divaricata
without causing irritation in human skin.
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