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Abstract

Purpose: To investigate the anti-tumor effect of engelharquinone (Eng) on human liver cancer
SMCC7721 cells.

Methods: GFP-labeled SMCC7721 cells were used to establish a tumor-bearing mice model used for
determination of the effect of different concentrations of Eng on tumor growth. The effect of Eng on
SMCC7721 cell viability was determined with MTT assay and cell cycle analysis. The anti-inflammatory
effect of Eng on lipopolysaccharide (LPS)-treated SMCC7721 cells were determined through assay of
pro-inflammatory cytokines. Besides, the effect of Eng on the expressions of mitogen-activated protein
kinase (MAPK), toll-like receptor 4 (TLR4), and nuclear factor kappa B (NF-kB) was determined.
Results: Cell proliferation was suppressed by different concentrations of Eng in LPS-treated
SMCC7721 cells. Treatment of nude mice with Eng at high and low doses resulted in significant
suppression of tumor growth and marked increases in percentage survival. Treatment of SMCC7721
cells with LPS upregulated the expressions of NF-kB, p65 and MAPK. However, pre-treatment of the
cells with Eng suppressed the LPS-induced upregulation of the NF-kB, p65 and MAPK signaling
pathways, and further downregulated the production of inflammatory cytokines in SMCC7721 cells.
Conclusion: These results indicate that Eng inhibits LPS-induced inflammation and proliferation of
human liver cancer SMCC7721 cells via a mechanism involving regulation of NF-kB and MAPK
signaling pathways. Thus, Eng has potentials for the clinical management of inflammatory diseases and
liver cancer
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INTRODUCTION

Liver cancer constitutes a challenge to public
health due to the unpredictability and high
mortality associated with it [1, 2]. Approximately

40 % of liver cancer cases arise from hepatitis or
liver injury induced by other reasons; chronic
hepatitis is caused by persistent inflammation
[3,4]. Increasing evidence have shown that
chronic inflammation is implicated in the
etiologies of carcinogenesis in different organs
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such as colon and liver [4]. Several studies have
reported that TLR4 plays a key role in LPS-
induced inflammation [5]. The LPS receptor is
important in the development of most human
tumors such as liver cancer, lung cancer and
gastric cancer [5,6]. The interaction between
TLR4 and MyD88/TAK1, and the activation of
MAPK and NF-kB signaling pathways, are
stimulated by lipopolysaccharide [7]. Thus, the
effective inhibition of TLR4-mediated
inflammatory pathway is an important target for
drug screening. It is generally accepted in
modern  clinical medical practice that
chemoprevention is a significant strategy for
protection against liver cancer [8]. Due to the
high safety and potential benefits of plant-derived
compounds such as curcumin, resveratrol, and
vitamins, they have been widely used as major
chemo-preventive agents [9-11].

Engelharquinone (Eng) is a plant which has been
demonstrated to possess potent anti-
mycobacterial and antitumor properties [12,14]. It
is a major source of naphthoquinone drugs. In
China, the roots of Eng have been widely used
for prevention of various human cancers,
including breast cancer and esophageal cancer.
However, not much is known about the anti-
tumor effects of Eng, and the mechanism
involved. The present study was designed to
investigate the anti-tumor and anti-inflammatory
effects of Eng on human liver cancer SMCC7721
cells.

EXPERIMENTAL
Ethical statement

All procedures used in this study were carried out
in line with international guidelines [15]. The
protocols used in the animal study received
approval from the Institutional Animal Care and
Use Committee at Henan University of Chinese
Medicine.

Reagents

Human liver cancer SMCC7721 cells and DMEM
medium were bought from Zhengzhou Yizeng
Biotech Company. The culture medium used
contained 10 % fetal bovine serum, 10 pg/mL
streptomycin  and 100 units/mL  penicillin.
Lipopolysaccharide was obtained from Sigma—
Aldrich  (Shanghai, China) and prepared in
DMEM at a concentration of 100 ng/mL.
Engelharquinone (Eng, formula: C20H120s; MW:
348.06338812; CAS: 942502-92-3) (Figure 1 A)
was isolated and purified from green walnut
husks as previously described by Tianjin Meilun
Pharmaceutical Co. Ltd [13, 14]. The purity of

Eng (> 98 %) was confirmed using high
performance liquid chromatography.
Engelharquinone (Eng) was dissolved in DMSO
to produce a 1M stock solution.

Animals and drug administration

Green fluorescent protein  (GFP)-labeled
SMCC7721 cells were purchased from
Shijiazhuang Wankai Bio-Technology Co. Ltd.
Male SPF BALB/c nude mice (6 - 8 weeks old)
weighing 20 - 25 g were bought from Animal
Centre in Zhengzhou University (Zhengzhou,
China). They were raised in specific pathogen-
free cages at Henan University of Chinese
Medicine at a temperature of 25 £ 2 °C in an
environment with a 12-h light/12-h dark cycle.
The mice were randomly divided into 3 groups:
control group, high-dose Eng (6 mg/kg) group
and low-dose Eng (2 mg/kg) group. Then, 150 uL
of cell suspension in RPMI 1640 containing 2 x
10”7 SMCC7721-GFP cells, was subcutaneously
injected into the right axilla area of each mouse.
Two weeks before the cancer cell inoculation, the
mice in the treatment groups were administered
Eng. Tumor growth was observed on the 35
day. Mice in control group were injected with an
equivalent volume of SMCC7721-GFP in place of
Eng. The growth of tumors was determined in
terms of fluorescent intensity using Berthold
LB983 real-time in vivo bioluminescence
molecular imaging system (Berthold
Technologies, Germany).

Cell culture and cell cycle analysis

The cells were plated in 24-well plates at a
density of 1 x 105 cells/well, and pretreated with
150 uM Eng for 12 h. Thereafter, they were
incubated with or without 10 ng/mL LPS for 48h.
After drug administration, the cells were
incubated with RNase A (20 pg/mL), followed by
treatment with propidium iodide (25 pg/mL).
Then, the intensities of propidium iodide
fluorescence at different stages of the cell cycle
were measured using a flow cytometer with an
argon laser and 570 nm band pass filters.

MTT assay and measurement of SMCC7721
cell apoptosis

Cell viability was determined with MTT assay
according to a protocol described in a previous
study [15]. Cell apoptosis and cell cycle were
determined using flow cytometry (FC), following
Annexin V-FITC/ and propidium iodide (PI)
double staining using eBioscience kits (USA), in
line with the manufacturer’s protocol.
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ELISA and quantitative real-time polymerase
chain reaction (QRT-PCR)

After treatment of SMCC7721 cells with LPS for
48h, the cells were recovered from culture
medium through centrifugation. Then, the major
inflammatory cytokines (NO, iNOS, TNF-q, IL-18,
IL-6, IL-8, IL-18, CCL-2, CCL-22, HGF, TGFp1,
TGFB2, EGFR and NF-kB) were determined
using their respective ELISA kits (eBioscience,
USA). In addition, the mRNA expression levels of
the pro-inflammatory cytokines were determined
with gRT-PCR using SYBR Green (Bio-Rad) in
ABI PRISM 7900HT detection systems (Applied
Biosystems). The primers were designed by
Nanjing Jiancheng Biotechnology (Nanjing,
China). The PCR procedure was carried out
strictly according to the manufacturer’s protocol.
Western blot
analysis

and NF-kB DNA-binding

Total proteins were extracted with RIPA lysis
buffer (Boster Biological Technology, Wuhan,
China). Then, BCA protein Assay Kit (Abcam,
Cambridge, MA, USA) was used to quantify the
proteins. Equal amounts of protein samples were
electrophoresed on 10 % SDS-polyacrylamide
gels. The separated protein bands were then
transferred to polyvinylidene fluoride (PVDF)
membrane (Fengxiang Biotechnology,
Zhengzhou, China). The PVDF membrane was
sealed for 1 h to block non-specific binding.
Then, the membrane was incubated overnight at
4°C with primary antibodies for p27, p53, PCNA,
Ki67, p21, iNOS, COX-2, TNF-a, IL-1B, p38,
ERK, JNK, NF-kB, IkB, TLR4, MyD88, TAK1 and
GAPDH (Abcam, CST), each at a dilution of
1:1000, followed by washing and incubation with
secondary antibody for 1h. Thereafter, the PVDF
membrane was washed in methanol, and then
transferred into an Invitrogen E-Gel Image
system, prior to exposure to chemiluminescent
HRP Substrate (Thermo Fisher, MA, USA). The
signals were captured using Image Lab Software
(Bio-Rad, Shanghai, China). In this assay,
GAPDH was used as an endogenous reference.

Immunoprecipitation (IP) assay

Immunoprecipitation assay was conducted with
kits in line with the guideline of the
manufacturers. Analyzed was done using
Western blot method.

Statistical analysis
Data are presented as mean * SD. Differences

between Eng-treated groups and the controls
were compared with One-way ANOVA. The

SPSS 19.0 software was used for data collation
and statistical analysis. Graph Pad PRISM 7 was
used as the mapping software. Dunn’s least
significant difference test was used to compare
amongst different groups. Statistical significance
was fixed at p <0.05.

RESULTS
Effect of Eng on cell proliferation

The effect of different concentrations of Eng (25,
50, 75, 100, 125 and 150 uM) on the proliferation
of LPS-treated SMCC7721 cells was
investigated. The results demonstrated that 150
UM Eng decreased the viability of LPS-treated
human liver cancer SMCC7721 cells in a time-
dependent manner (Figure 1 B). Likewise, Figure
1 C shows that LPS significantly upregulated the
proliferation of the SMCC7721 cells, but this
effect was inhibited by treatment with various
concentrations of Eng. In this study, the lowest
effective inhibitory concentration of Eng in LPS-
treated cancer cells was 50 pM. In addition,
Annexin V-FITC/PI flow cytometric analyses
demonstrated no obvious changes in apoptosis
in SMCC7721 cells in LPS- and/or Eng-treated
group(s) (Figure 1 D). Cell cycle analysis showed
that LPS improved cell cycle progression by
downregulating cell count in GO/G1 phase, and
upregulating cell count in S and G2/M phases in
SMCC7721 cells, which effects were partially
suppressed by pretreatment of the cells with 150
UM Eng for 12 h (Figure 1 E). Moreover, high-
dose and low-dose Eng treatments of nude mice
significantly suppressed tumor growth and
increased their percentage survival (Figures 1 F
and 1 G). It is noteworthy that results from real-
time bioluminescence molecular imaging system
showed that Eng markedly inhibited tumor
volume and growth in vivo, as reflected in
decreased fluorescence intensities (Figure 1 H).

Engelharquinone inhibited mRNA and protein
expressions of major inflammatory cytokines

The effect of Eng on mRNA and protein
expressions of NO (iNOS), TNF-a, IL-1B, IL6, IL-
8, IL-18, CCL-2, CCL-22, EGFR, TGFpB1, and
TGFB2 was determined using ELISA and gRT-
PCR. The results from ELISA and qRT-PCR are
shown on Figure 2 A - K, and Figures 3A-3J,
respectively. The inflammatory cytokines were
significantly upregulated in SMCC7721 cells, but
were downregulated by pretreatment of the cells
with Eng. There was no obvious inhibitory effect
on HGF expression. Western blot analysis for
p27, p53, PCNA, Ki67, p21, iNOS, COX-2, TNF-
a, and IL-1B also demonstrated that the
expressions of the cell proliferative markers
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(PCNA and Ki67) were suppressed by Eng in
LPS-treated SMCC7721 cells. The presence of
LPS significantly upregulated the cancer
eliminator factors p27, p53 and p21 (Figure 4 A).
These findings showed that Eng markedly
exerted inhibitory effect on the proliferation of
SMCC7721 cells.

Engelharquinone suppressed NF-kB, p65 and
MAPK pathways in LPS-treated liver cancer
SMCC7721 cells

Results from Western blot showed that LPS
significantly increased expressions of
phosphorylated IkB and NF-kB p65 proteins in
SMCC7721 cells in model group. In contrast,
pretreatment with Eng downregulated

phosphorylated NF-kB and IkB (Figure 4 B).
Similarly, the inhibitory effect of Eng on MAPK
pathways in LPS-treated SMCC7721 cells was
investigated. The results demonstrated that LPS
stimulated the phosphorylation levels of p38,
ERK and JNK.
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Figure 1: Effect of Eng on the proliferation of LPS-
treated human liver cancer SMCC7721 cells. (A)
Chemical structure of Eng. (B) Effect of treatment with
LPS+150uM Eng on cell viability. (C) Viabilities of cells
pretreated with different concentrations of Eng (25, 50,
75, 100, 125 and 150 pM) for 12 h. (D) Effect of
treatment with LPS+150uM Eng on SMCC7721 cell
apoptosis, as determined with Annexin-V and PI
assay. (E) Effect of treatments on cell cycle, as
determined using flow cytometry. (F) Tumor growth
curves for treated cells and control. (G) Effect of Eng
on % survival of nude mice. (H) Bioluminescence
molecular imaging analysis of tumor-bearing mice and
tumor volume in terms of relative fluorescence

intensity. #p < 0.05, #p < 0.01 vs control; *p < 0.05, **p
< 0.01 vs LPS. (ns: not significant; con: control)
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Figure 2: Effect of Eng on the protein expressions of
major inflammatory cytokines. (A-K): Following
treatment of SMCC7721 cells with LPS for 48 h, the
protein expressions of INOS, TNF-a, IL-1B, IL-6, IL-8,
IL-18, CCL-2, CCL-22, EGFR, TGFB1, and TGFp2
were determined by ELISA; #p < 0.05; #p < 0.01 vs
control; *p < 0.05; **p < 0.01 vs LPS; ns: not
significant

However, pretreatment with Eng significantly
suppressed the LPS-induced upregulation of
these factors. These results are shown in Figures
4 C - E. These findings suggest that LPS
upregulated NF-kB and MAPK pathways, leading
to expressions of genes for inflammatory factors
in SMCC7721 cells. In contrast, pre-treatment
with Eng suppressed the NF-kB and p65
pathways, thereby downregulating the generation
and release of inflammatory cytokines.

Engelharquinone suppressed the expression
of TLR4 and its interactions with MyD88/TAK1
in LPS-treated SMCC7721 cells

As shown in Figure 5 and Figure 6 A - D, LPS
administration led to significant upregulation of
TLR4/MyD88 and TLR4/TAK1 protein
complexes, as well as marked increases in the
downstream factors of NF-kB and p65/IkB.
However, as expected, pretreatment of the cells
with Eng resulted in significant inhibitory effect on
the protein complexes. Therefore, consistent with
findings from Western blotting, the results from
immunoprecipitation studies indicated that Eng
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treatment inhibited the levels of TLR4/MyD88,
TLR4/TAK1 and NF-kB p65/IkB.
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Figure 3: Effect of Eng on the mRNA expression of
major inflammatory cytokines. (A-J): After treatment
with LPS for 48h, qRT-PCR was used to assay the
mRNA expressions of inflammatory cytokines in
SMCC7721 cells; #p < 0.05, #p < 0.01 vs control; *p <
0.05, **p < 0.01 vs LPS; ns: not significant

DISCUSSION

Increasing evidence have demonstrated that
chronic inflammation is a major cause of several
cancers, as well as diseases such as hepatitis,
lung injury and atrophic gastritis [3,4,17,18]. In
addition, many inflammatory responses are
primarily mediated by the classic NF-kB/MAPK
signal pathways via upregulated expressions of
inflammatory cytokines [5,6,19]. Studies have
shown that Eng, a novel natural compound
isolated from green walnut husks, exerts potent
antitumor effects [12-14]. However, there are no
related reports in the literature on whether Eng
treatment suppresses inflammatory responses
and proliferation in SMCC7721 cells treated with
LPS. Thus, the present study was carried out to
determine the anti-inflammatory and anti-
proliferative effects of Eng on human liver cancer
SMCC7721 cells stimulated with LPS, and the
underlying  mechanism(s).  Methyithiazolyldi-
phenyl-tetrazolium bromide (MTT) and cell cycle
analysis were used to determine the influence of
LPS or/and Eng on cell viability.
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Figure 4: Effect of Eng on the NF-kB and MAPK
signaling pathways in LPS-treated SMCC7721 cells.
(A) Cell proliferative markers (PCNA and Ki67) and
cancer eliminator factors (p27, p53 and p21) were
assayed in LPS-treated SMCC7721 cells using
Western blot analysis. At the same time, the
expressions of major inflammatory cytokines were
determined in SMCC7721 cells. (B-E): Results of
Western blotting showing that Eng treatment had a
significant effect on the activation of MAPK pathway
proteins (ERK1/2, p38 and JNK); #p < 0.05, #p < 0.01
vs control; *p < 0.05, **p < 0.01 vs LPS; ns: not
significant

The results showed that various concentrations
of Eng (25, 50, 75, 100, 125 and 150 pM)
suppressed the proliferation of SMCC7721 cells.
In previous studies, it was demonstrated that
LPS treatment affected the cell cycle and
promoted cell proliferation in various cancers [20-
22].

In this study, LPS promoted cell cycle
progression in SMCC7721 cells by decreasing
the population of cells in GO/G1 phase, while
increasing the population of cells in S and G2/M
phases. In contrast, pretreatment with Eng
significantly reduced the population of cells in the
S and G2/M phases. These findings suggest that
Eng inhibited cell proliferation by regulating cell
cycle. In addition, two different concentrations of
Eng suppressed the growth of transplanted
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tumor, and enhanced the percentage survival of
mice.
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Figure 5: Effect of Eng on the expressions of TLR4,
MyD88 and TAK1; #p < 0.05, #p < 0.01 vs control; *p <
0.05, **p < 0.01 vs LPS; ns: not significant
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Figure 6: Effect of Eng on the expression of TLR4 and
its interactions with MyD88/TAK1 in LPS-treated
SMCC7721 cells. (A-D): Immunoprecipitation method
was used to determine the protein interactions of
TLR4/MyD88, TLR4/TAK1 and NF-kB p65/IkB; #p <
0.05, #p < 0.01 vs control; *p < 0.05, **p < 0.01 vs
LPS; ns: not significant

Studies have shown that LPS, a very important
endotoxin, stimulates inflammatory responses
and release of pro-inflammatory cytokines via the
TLR4/NF-kB and MAPK signaling pathways [23-
25]. In present study, it was found that LPS
treatment induced proliferation, and upregulated
the mRNA and protein expressions of pro-
inflammatory factors in SMCC7721 cells.
However, these effects were reversed by
pretreatment with Eng for 12 h through a
mechanism involving inhibition of the NF-kB/
MAPK signaling pathways, as evidenced through
the Eng-induced activation of MAPK pathway
proteins such as ERK1/2, p38 and JNK.
Moreover, the LPS-induced upregulations of
phosphorylation of ERK1/2, p38 and JNK in
SMCC7721 cells were markedly blocked by
administration of Eng. In addition, Eng
pretreatment  significantly  decreased the
expression of another important pro-inflammatory
pathway i.e. NF-kB pathway, relative to LPS-
treated cells.

The TLR4/MyD88/TAK1 complex, a key
upstream pathway, regulates relative level of
inflammation induced by LPS via activation of the
NF-kB, p65 and MAPK pathways, which have
been regarded as important targets for inhibition
by various drugs [26]. Lipopolysaccharide (LPS)
significantly activates inflammatory pathways by
binding TLR4, and TLR4 mediates activation of
NF-kB/MAPK  pathway, thereby producing
inflammatory responses [27]. Western blot and
immunoprecipitation methods were used to
determine the involvement of TLR4/MyD88/TAK1
signaling complex in the inhibition of LPS-
induced inflammation in SMCC7721 cells by
Eng. The results revealed that TLR4 expression
was upregulated in LPS-treated group, and it
combined with its special adaptor MyD88.
Moreover, TAK1, another major member of
upstream pathway, was found to be involved in
the recruitment of TLR4. This signaling complex
was significantly inhibited in the presence of Eng,
which showed that CXC195 blocked the
combination of TLR4 with MyD88 and TAK1,
resulting in deactivation of TLR4 in LPS-treated
SMCC7721 cells.

CONCLUSION

The results obtained in this study suggest that
engelharquinone markedly inhibits LPS-induced
inflammation and proliferation in SMCC7721
cells through a mechanism involving regulation of
the NF-kB and MAPK signaling pathways. Thus,
Eng has the potentials to be further developed
for the treatment of inflammatory diseases and
liver cancer.
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