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A B S T R A C T

Background: Broussonetia papyrifera (L.) Ventenat, a traditional medicinal herb, has been applied as a folk
medicine to treat various diseases. Broussochalcone A (BCA), a chalcone compound isolated from the cortex of
Broussonetia papyrifera (L.) Ventenat, exhibits several biological activities including potent anti-oxidant, anti-
platelet, and cytotoxic effects.
Purpose: The purpose of this study is to elucidate the inhibitory effect of BCA against CYP2J2 enzyme which is
predominantly expressed in human tumor tissues and carcinoma cell lines.
Study design: The inhibitory effect of BCA on the activities of CYP2J2-mediated metabolism were investigated
using human liver microsomes (HLMs), and its anti-cancer effect against human hepatoma HepG2 cells was also
evaluated.
Methods: Two representative CYP2J2-specific probe substrates, astemizole and ebastine, were incubated in
HLMs with BCA. After incubation, the samples were analyzed using liquid chromatography-tandem mass
spectrometry. To investigate the binding model between BCA and CYP2J2, we carried out structure-based
docking simulations by using software and scripts written in-house.
Results: BCA inhibited CYP2J2-mediated astemizole O-demethylation and ebastine hydroxylase activities in a
concentration dependent manner with Ki values of 2.3 and 3.7 µM, respectively. It also showed cytotoxic effects
against human hepatoma HepG2 cells in a dose-dependent manner with activation of apoptosis related proteins.
Conclusion: Overall, this was the first report of the inhibitory effects of BCA on CYP2J2 in HLMs. The present
data suggest that BCA is a potential candidate for further evaluation for its CYP2J2 targeting anti-cancer ac-
tivities.

Introduction

Broussochalcone A (BCA) is one of the biologically active com-
pounds that are usually found in the cortex of Broussonetia papyrifera
(L.) Ventenat (Park et al., 2017a). Traditionally, BCA is used as a folk
medicine for diuresis, hemostasis and the relief of inflammation-related
disease such as edema and cough. Cheng et al have reported that BCA
could inhibit the production of nitric oxide in Raw264.7 mouse mac-
rophages activated by lipopolysaccharide resulting into the anti-in-
flammatory properties (Cheng et al., 2001). A recent report has de-
monstrated that BCA has cell cytotoxicity in HepG2 human

hepatocellular carcinoma cells (Sohn et al., 2004). However, it is not
fully understood about the exact working mechanism of BCA on anti-
tumor activity in hepatocellular carcinoma. CYP2J2 is the one of the
human 2J subfamily and mediates the conversion of arachidonic acid
into epoxyeicosatrienoic acids (EETs) (Wu et al., 1996). Unlike other
cytochrome P450 (P450) isozymes, it is noticed that CYP2J2 is highly
expressed in extra-hepatic tissues such as the heart, skeletal muscle,
placenta, small intestine, kidney, lung, pancreas, bladder, and brain
(Enayetallah et al., 2004; Zeldin et al., 1997, 1996). In the heart, EETs
has cardiovascular protection from ischemia reperfusion by regulating
electrical excitability (Seubert et al., 2004). Also, EETs displays the
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anti-inflammatory activity by down-regulating the expression of both of
VCAM1 and E-selectin in endothelial cells (Node et al., 1999). In tumor,
EETs have been reported to increase the tumor metastasis-related
phenotypes such as cancer cell invasion and migration. Furthermore,
antisense RNA or inhibitors against CYP2J2 reduced markedly these
neoplastic phenotypes (Jiang et al., 2005, 2007b). Thus, the recent
findings on the relationship between CYP2J2 and anti-cancer activity in
hepatocellular carcinoma suggest that inhibition of CYP2J2 enzyme
activity by small chemicals might introduce novel therapeutic options
for the treatment of human hepatocellular carcinoma via down-reg-
ulation of EETs biosynthesis. Previously, there have been lots of reports
on the possibility of the above concept including 17-octadecynoic acid
(Jiang et al., 2007a), terfenadine derivatives (Chen et al., 2009, 2011)
and let-7b (Chen et al., 2012). These all chemicals and miRNA could
down-regulate EET biosynthesis leading to inducing significant anti-
tumor activities in vitro and in vivo through inhibiting proliferation,
migration, invasion, adhesion, activating apoptosis in a specific cancer
cells (Chen et al., 2009, 2011; Jiang et al., 2007a; 2005; Nithipatikom
et al., 2010), and prolonging survival rate in tumor-bearing mice (Chen
et al., 2009, 2011). However, so far there are hardly known about the
availability of CYP2J2 enzyme inhibitors (Lafite et al., 2006; Lee et al.,
2012; Liu, 2011; Ren et al., 2013; Wu et al., 2013). To identify a po-
tential CYP2J2 inhibitor from natural products libraries separated from
medicinal plants, we screened BCA as novel CYP2J2 inhibitor using
astemizole as a CYP2J2 probe substrate that might contribute BCA to
suppressing cell proliferation in hepatocellular carcinoma Hep2 cells. In
addition, our current study demonstrates that BCA could increase the
expression level of FOXO3 and p27 that might cause cancer cell cycle
arrest. We further evaluated cancer cell-specific cytotoxicity for the
compounds that inhibited CYP2J2 to confirm the potential anti-cancer
effects.

Materials and methods

Chemical reagents and enzymes

BCA (purity, 95.8%; Fig. S2) was kindly donated from the Institute
for Korea Traditional Medical Industry (Daegu, Korea). Glucose-6-
phosphate (G6P), G6P dehydrogenase, mebendazole, β-nicotinamide
dinucleotide phosphate (NADP+), and mouse anti-β-actin antibody
(1:5000 dilution) were purchased from Sigma (St. Louis, MO). Rabbit
anti-FOXO3 (1:1000 dilution), rabbit anti-CYP2J2 (1:1000 dilution),
rabbit anti-p-p53(Ser15) (1:1000 dilution), rabbit anti-p-p53(Ser20)
(1:1000 dilution), rabbit anti-p-p53(Ser46) (1:1000 dilution), rabbit
anti-p-Akt (1:1000 dilution), rabbit anti-Akt (1:1000 dilution), rabbit
anti-p-Erk (1:1000 dilution), rabbit anti-Erk (1:1000 dilution), rabbit
anti-p-Jnk (1:1000 dilution), rabbit anti-Jnk (1:1000 dilution), rabbit
anti-p-p38 (1:1000 dilution), rabbit anti-p38 (1:1000 dilution), and
mouse anti-p53 antibody (1:1000 dilution) were from Santa Cruz
Biotechnology (Santa Cruz, CA). Rabbit anti-p27 (1:1000 dilution),
rabbit anti-cleaved caspase3 (1:1000 dilution), rabbit anti-p21 (1:1000
dilution), rabbit anti-Bax (1:1000 dilution), rabbit anti-cleaved PARP1
(1:1000 dilution), and rabbit anti-Bcl2 (1:1000 dilution) antibody were
from Cell Signaling (Danvers, MA). Goat anti-mouse and goat anti-
rabbit horseradish peroxidase-conjugated IgG were obtained from
Jackson ImmunoResearch (West Grove, PA). ECL Western Blotting
Detection Reagents were obtained from Genedepot (Barker, TX).
Astemizole, ebastine, hydroxyebastine (HEB), and O-desmethylastemi-
zole (DMA) were from Toronto Research Chemicals (North York,
Canada). Pooled human liver microsomes (HLMs, H0630, mixed
gender) were obtained from XenoTech (Lenexa, KS). Solvents were high
performance liquid chromatography (HPLC) grade, and all other che-
micals were of analytical grade.

CYP2J2 activity assays

All incubations were performed in triplicate, and data are presented
as average values. The inhibitory potential of BCA against CYP2J2-
mediated astemizole O-demethylation and ebastine hydroxylase ac-
tivity was determined using pooled HLMs in the absence and presence
of test compound. In brief, the incubation mixtures (final volume,
100 µl) containing pooled HLMs (0.25mg/ml), CYP2J2 probe substrate
(astemizole or ebastine), and BCA were preincubated for 5min at 37 °C.
The reaction was initiated by addition of NADPH-generating system
(1.3mM NADP+, 3.3 mM G6P, 3.3mM MgCl2, and 500 unit/ml G6P
dehydrogenase) after a pre-incubation. To determine the inhibitory
potentials (Ki values) of BCA for CYP2J2-mediated astemizole O-de-
methylation and ebastine hydroxylation in HLMs, BCA (0–20 µM) was
added to reaction mixtures containing different concentrations of as-
temizole (0.2, 1, and 5 µM) or ebastine (1, 5, and 10 µM). After pre-
incubation at 37 °C, the reactions were maintained for 20min in a
thermoshaker. The reactions were terminated by the addition of 50 µl of
cold methanol containing 100 nM mebendazole (internal standard, IS)
into the mixtures. After mixing and centrifuging at 13,000 g for 5min at
4 °C, aliquots of the supernatants were analyzed by liquid chromato-
graphy-tandem mass spectrometry (LC-MS/MS) as described previously
(Yoon and Liu, 2011; Lee et al., 2015).

An ensemble of structures by molecular dynamics simulation

The 3D structure of cytochrome P450 2J2 isoform was modeled
using I-TASSER server (Zhang, 2008). The modeled structure did not
contain heme moiety. Because the addition of the heme moiety to the
structure caused geometrical clashes with neighboring atoms, 10-ns
atomistic molecular dynamics (MD) simulation was repeated twice with
different random seed by AMBER package (ver. 14) (Case et al., 2015).
The purposes of MD simulation were two: one is to optimize the initial
geometry and the other is to find the best structure for the docking
simulation. The force field for the heme group was adapted from the
previous result (Oda et al., 2005). The protocol for MD simulation was
as follows. Once determining the protonation states of side chains with
pdb2pqr server (Dolinsky et al., 2004), the TIP3P water molecules
solvated the coordinate with a periodic truncated octahedron box
where its walls were at least 10 Å away from the protein. The ff99SB-
ILDN force field was used (Lindorff-Larsen et al., 2010). SHAKE con-
strained all bonds involving hydrogen atoms, permitting a time step of
2 fs. Non-bond interactions were truncated at 10 Å. A simulation con-
sisted of five stages: a 1000-step minimization, a 50 ps run for heating
from 0.1 to 300 K, a 50 ps run under a constant pressure of 1 atm and a
temperature of 300 K, a 500 ps run for equilibration, and a 15 ns run for
production. Positional restraints were applied at the first 3 stages.
Unrestrained equilibration and production runs were carried out at a
constant temperature (300 K) using a Langevin thermostat with a col-
lision frequency of 2 ps-1 and at a constant pressure (1 atm) using a
Berendsen barostat with a pressure relaxation time of 2 ps. The trajec-
tory was saved at every 10 ps for the later 10 ns production run, gen-
erating 1000 trajectories per run.

Selection of a structure for docking simulation

All the 2000 structures were aligned to have the same orientations
with the initial structure with TM-align (Zhang and Skolnick, 2005). To
select the best structure for docking, the 224 decoys of Broussochalcone
A, the compounds that are physicochemically similar to the inhibitor
but completely different in topology, were generated (Mysinger et al.,
2012). Of the 2000 structures, the one that prioritized Broussochalcone
A first and showed the lowest intermolecular energy was selected as a
template. Docking was done using Glide SP (Friesner et al., 2004;
Halgren et al., 2004) with the help of written in-house scripts.
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