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1. Introduction

Primary liver cancer ranks sixth in morbidity and second in mortality
in the world. Hepatocellular carcinoma is the most common primary
liver cancer, accounting for more than 85% of liver cancer cases
(Lee and Cheung, 2019). Patients at the early stage of HCC often need
liver transplantation and surgical resection. After surgery, the 5-year
recurrence rate is still higher than 70% (Tella et al., 2022). Sorafenib
and lovatinib are commonly used as targeted drugs for advanced
HCC, but their clinical efficacy is not perfect; they can prolong the sur-
vival time by only approximately three months (Kudo et al., 2018).
Although there are many other drugs for HCC on the market, the
treatment results of HCC are unsatisfactory, and the 5-year survival
rate of HCC is no more than 18% (Bruix et al., 2017, Abou-Alfa
et al., 2018). More effective treatment strategies and drugs with higher
efficacy remain urgent.

HCC has a strong vascular invasion and metastasis ability and is
one of the most common invasive malignant tumors. Its high recur-
rence rate is mainly due to the spread of intrahepatic metastasis
(Braun et al., 2022). There is increasing evidence that epithelial-
mesenchymal transformation (EMT) is a complex process that is clo-
sely related to the metastasis of HCC cells. EMT is the process that
epithelial cells lose the apical-basal polarity and cell-cell adhesion,
and transit to invasive mesenchymal cells. Usually, E-cadherin acts
as the marker protein of epithelial phenotype, while Vimentin, Snaill
and N-cadherin are the marker proteins of mesenchymal phenotype.
The changes in gene expression during EMT lead to numerous pheno-
typic changes, such as cell morphological changes, loss of adhesion and
gain of stem cell-like features (Huang et al., 2022). The existence of
VM in HCC is considered to be closely related to poor prognosis, high
invasion and metastasis and high recurrence rate of HCC. Previous
studies have shown that EMT is a necessary factor in the formation
of VM. From this point of view, EMT is a key factor in HCC invasion
and metastasis, and the inhibition of the EMT process will effectively
prevent the invasion and metastasis of tumor cells (Zheng et al., 2021).

Chloranthus japonicus Sieb. is a plant species of Chloranthaceae and is
distributed mainly in China. Its whole plants, namely, Yin-xian-cao, have
been used to treat various diseases, such as cold cough, carbuncles and
furuncles, in traditional Chinese medicine (Nanjing University of
Chinese Medicine, 2006). Sesquiterpenoid derivatives, especially linde-
nane sesquiterpenes, are rich in C. japonicus with multiple bioactivities,
such as anti-HIV, cytotoxic, and anti-inflammatory activities (Kim
et al., 2016, Yan et al., 2016, Zhao et al., 2016, Zhuo et al., 2017).

In our ongoing studies on bioactive ingredients from Chloranthus
plants (Xie et al., 2015), the chemical constituents of C. japonicus have
been studied. Seven compounds, including one new phenylpropenol
ester and three new sesquiterpenes, have been isolated from C. japon-
icus. The separation, structural elucidation, and evaluation of their
antimetastatic effects against human hepatocarcinoma HepG2 cells
for all isolates from C. japonicus are presented in this paper.

2. Materials and methods

2.1. General experimental procedures

The instruments and materials for the isolation and structural
identification were the same as those in our previous report
(Ding et al., 2020).

2.2. Plant material, extraction and isolation, and ECD
calculations

The details on the plant material, extraction and isolation, and
the calculations for the ECD spectra are provided in the
Supporting Information.

2.2.1. 2,3 4-Trimethoxycinnamyl senecioate (1)

Yellow oil; IR (KBr) vpay 2930, 1717, 1650, 1583, 1506, 1457,
1419, 1380, 1332, 1228, 1184, 1144, 1008, 968, 849 cm™'; 'H
NMR (400 MHz, CDCl;) and '*C NMR (100 MHz, CDCl;)
data, see Tables 1 and 2; HR-ESIMS m/z 307.1540
[M + I‘I]Jr (C’dlCd for C|7H2305 3071545)

2.2.2. Chlorajapolide J (2)

Yellow oili[«] — 21.9 (¢ 0.24, CH,Cl,); ECD (CH;CN) max
(Ag) 212 (=2.43), 241 (1.55) nm; IR (KBr) vmax 2954, 2927,
1731, 1436, 1376, 1312, 1272, 1224, 1174, 1110, 1083, 1047,
1019, 962, 938, 856 cm™'; 'H NMR (400 MHz, CDCls) and
13C NMR (100 MHz, CDCls) data, see Tables 1 and 2; HR-
ESIMS m/z 351.1441 [M + H]" (caled for CigH»;0;
351.1444).

2.2.3. Chlorajapolide K (3)

Colorless oil; [¢] — 16.0 (¢ 0.19, CH,Cl,); ECD (CH3CN) Zax
(Ae) 216 (—2.82), 234 (0.59), 255 (—2.28) nm; IR (KBr) vpax
3077, 2926, 2854, 2359, 1774, 1743, 1661, 1541, 1456, 1371,
1263, 1226, 1162, 1136, 1083, 1045, 1019, 970, 924, 896,
748 cm™!; '"H NMR (400 MHz, CDCl;) and '*C NMR
(100 MHz, CDCl;) data, see Tables 1 and 2; HR-ESIMS m/z
335.1490 [M + H]™ (caled for C sH,304 335.1495).

2.2.4. Chlorajapolide L (4)

White amorphous powder; [¢] — 258.9 (¢ 0.14, CH,Cl,); ECD
(CH3CN) Amax (Ag) 213 (12.47), 246 (4.57) nm; IR (KBr) vinax
3079, 2936, 2360, 1771, 1664, 1456, 1375, 1323, 1239, 1223,
1196, 1146, 1108, 1087, 1056, 1035, 1014, 986, 941, 921, 887,
794, 762 cm™!; '"H NMR (400 MHz, CDCl;) and '*C NMR
(100 MHz, CDCl;) data, see Tables 1 and 2; HR-ESIMS m/z
335.1490 [M + H]™ (caled for C;gH»306 335.1495).

2.3. Chemicals and reagents for biological evaluation

Antibodies to GAPDH, E-cadherin, Vimentin, Snail, N-
cadherin and Twistl were purchased from Affinity (USA).
Goat pAb to Rb IgG(HRP) was purchased from ImmunoWay
(China). Matrigel and transwell chambers were purchased
from BD Biosciences (San Jose, CA, USA). All cell culture
reagents were obtained from Hyclone Co. (Suzhou, China).

2.4. Cell lines and culture

Human liver cancer cells (HepG2, ATCC) and human gastric
cancer cell lines (HGC-27, ATCC) were stored in DMEM
(KeyGEN BioTECH, China) with 10% fetal bovine serum
(FBS, ExCell Bio, China) and 1% antibiotics (penicillin strep-
tomycin, Gibco). Human cervical cancer cells (Hela, ATCC)
and human ovarian cancer cells (SKOV3, ATCC) were stored
in RPMI 1640 (KeyGEN BioTECH, China). All cells were
stored in an incubator at 37 °C with 5% CO, humidification.

2.5. MTT assay

MTT assay was used to detect the cell survival rate after differ-
ent compound treatments. HepG2 cells, Hela cells and HGC-
27 cells were cultured at a concentration of 5 x 10* cells/mL in
a 96-well plate for 24 h, and different compounds with concen-
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Table 1 'H NMR Data for Compounds 1-4 (CDCl;, 400 MHz, § in ppm, J in Hz).

Position 1 2 3 4

1 6.62 s 1.68 m 2.15m 1.96 m

20 0.74 m 0.71 m 0.98 m

28 1.48 m 0.84 m 0.79 m

3 1.56 m 1.97 m 1.94 m

4

5 6.62 s 3.02 d (4.6) 3.52m 3.37d (12.4)
6 5.62 d (4.6) 5.74 d (10.7) 5.40d (12.4)
7 6.58 d (16.1)

8 6.23 dt (6.3, 16.1)

9 4.74 d (6.3) 9.50 s 3.84 d (6.8) 4.03 s

10

11

12

13 2.18 s 2.03s 1.92s

14 1.22's 0.58 s 0.96 s

15 1.58 s 470 br s, 5.02 br s 4.85brs, 5.07 brs
Iy 2.10's 2.09 s 221s

2! 573 s

3/

4 2.19s

5 191 s

1” 3.87 s 3.77 s 327s 3.28 s

2" 385s

3" 3.87 s

Table 2 '3C NMR Data for Compounds 1-4 (CDCl5, 100 MHz, 6 in ppm).

Position 1 2 3 4

1 103.7 25.1 23.1 24.1
2 153.3 5.1 15.9 16.4
3 138.1 27.3 23.5 23.3
4 153.3 91.4 149.3 147.8
5 103.7 47.4 56.5 58.9
6 132.1 66.5 63.2 69.5
7 133.8 127.4 150.9 153.5
8 123.3 165.2 105.8 109.7
9 64.1 200.8 79.2 74.7
10 58.1 43.8 42.8
11 140.9 133.9 126.3
12 169.3 170.4 171.0
13 16.6 9.4 8.5
14 15.2 20.8 17.3
15 31.9 107.5 109.1
I 166.4 21.2 20.7 20.6
2! 115.7 169.2 169.9 170.5
3/ 157.4

4 20.3

5 27.5

1" 56.1 52.8 50.1 50.8
2! 60.9

3" 56.1

tration of 50 pM were added after cell adherence. After 48 h of 2.6. Wound healing assay
incubation, 20 pLL MTT solution was added to each well and
incubated at 37 °C for 4 h. The absorbance of the solution
was quantified at 570 nm wavelength by using a microplate
reader (Mul-tiskan™FC, Thermo Scientific, Waltham, MA,
USA).

HepG?2 cells were grown on 24-well plates to 100% confluence.
The 100 um wounds were scratched using sterile pipette tips.
Then HepG2 cells were cultured with compounds 1-7
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5R = 5- OMe

Fig. 1

(50 uM). The scratch was observed at 0, 24, 48 h by a light
microscope (Nikon, Japan). After that, the drug with the
strongest inhibition of cell migration was selected and the con-
centration gradient was set for the wound healing assay again.
Subsequently, compound 4 was selected for follow-up experi-
ments. Compound 4 (30, 60 and 120 pM) were added to cells
cultured for 0, 24, 48 h. The images of the cells were acquired
with a light microscope (Nikon, Japan).

2.7. Three-dimensional culture assay

HepG?2 cells were seeded in 96-well culture plates prepared
with Matrigel (BD Biosciences). The cells were co-incubated
with various concentrations of compound 4 (30, 60, and
120 uM). After incubation for 24 h, cell images were captured
using the light microscope (Nikon, Japan).

2.8. Transwell assays

HepG?2 cells were seeded onto a chamber coated with matrigel
(BD, USA) and inserted into the wells of a 24-well plate. The
24-well plate were filled with FBS-containing complete med-
ium. Different concentrations of compound 4 were added into
the chamber, after 24 h HepG2 cells migrating to the lower
surface were fixed and stained.

2.9. Western blot analysis

Proteins were extracted from the HepG?2 cells treated with dif-
ferent concentrations of compound 4 and analyzed through
western blot analysis. Whole-cell lysates were analyzed with
sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE), transferred to polyvinylidene fluoride (PVDF)
membrane (Milan, Italy), then the membranes were blocked
with 5% fat free milk. The membrane incubated at 4 °C over-
night with monoclonal antibodies against GAPDH, E-
cadherin, Vimentin, N- cadherin, Snaill and Twistl. The mem-
brane was further incubated with secondary antibodies (Affin-

6 R = a- OMe

Chemical structures of compounds 1-7.

ity, 1:10000). Finally, the membrane was subjected to an
electrophoresis gel imaging system (ChemiScope 6000, CLIX,
Shanghai, China).

2.10. Statistical analysis

Statistical analyses were performed with GraphPad Prism 7.0.
The significance differences between groups were calculated by
student 7 test. Significant differences among multiple groups
were detected by one-way ANOVA. P < (.05 was considered
as statistically significance.

3. Results and discussion

3.1. Structural elucidation

Chemical research on C. japonicus resulted in one new phenyl-
propenol ester (1), three new sesquiterpenes (2-4) and three
known compounds (5-7) (Fig. 1). The known compounds were
identified as 8-epimer-chlorajapolide F (5) (Zhang et al., 2012),
chlorajapolide F (6) (Zhang et al., 2012), and shizukanolide (7)
(Kawabata et al., 2014), respectively.

Compound 1 was obtained as a yellow oil. Its HR-ESIMS
showed a [M + H]" peak at m/z 307.1540 and determined the
molecular formula of Cj;H,,05 (caled for C;;H,;0s5
307.1545). The carbonyl (1717 e¢m™') and double bond
(1650 cm ™) functional groups were found in the IR spectrum.
The "H NMR spectrum (Table 1) showed the presence of three
methoxy groups at oy 3.87 (s, 6H) and 3.85 (s, 3H), two methyl
groups at dy 2.19 (s, 3H) and 1.91 (s, 3H), five olefinic methi-
nes at dy 6.62 (s, 1H*2), 6.58 (d, J = 16.1 Hz, 1H), 6.23 (dt,
J = 6.3, 16.1 Hz, 1H) and 5.73 (s, 1H), and an oxygenated
methylene at oy 4.74 (d, J = 6.3 Hz, 2H). The '>*C NMR data
(Table 2) of 1 included 14 carbon signals. It was apparent that
one senecioyl group (dc 166.4, 157.4, 115.7, 27.5, and 20.3)
appeared in the NMR spectra (D’Ambrosio, et al., 2015).
The remaining resonances comprised a symmetrical 1, 3, 4,
S-tetrasubstitution benzene at dc 153.3 (x2), 138.1, 132.1,
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and 103.7 (x2), one oxygenated methylene at dc 64.1, two ole-
finic methines at ¢ 123.3 and 133.8, and three methoxy groups
at d¢ 56.1 (x2) and 60.9. According to the spectroscopic data,
compound 1 might be a phenylpropenol ester derivative (Fan
et al., 2009). Detailed comparison with the known compound
34’5 -trimethoxy cinnamyl caproate revealed that the NMR
data of 1 (Tables 1 and 2) resembled those of this compound
(Sun, et al., 2016), except for a senecioyl group in 1 instead
of a hexanoyl group attached to C-9 in 3',4',5'-trimethoxycinna
myl caproate, which was confirmed by the '"H-'"H COSY cor-
relations of H-7/H-8/H,-9 and HMBC correlation from H-9
(0 4.74) to C-1' (6¢ 166.4) (Fig. 2). The configuration of the
double bond A7 ® was established as E according to the cou-
pling constant (J = 16.1 Hz). The structure of 1 was therefore
elucidated as 2, 3, 4-trimethoxycinnamyl senecioate.

The molecular formula of compound 2 was deduced to be
CigH»0O; according to HR-ESIMS (m/z 351.1441
[M + H]", caled for CigH,307 351.1444). In the 'H NMR
spectrum, five methyl signals at oy 2.18 (s, 3H), 1.22 (s, 3H),
1.58 (s, 3H), 2.10 (s, 3H), and 3.77 (s, 3H), one oxygenated
methine at oy 5.62 (d, J = 4.6 Hz, 1H), and one formyl proton
at 833 9.50 (s, 1H) were observed (Table 1). The '*C NMR spec-
trum exhibited eighteen carbon resonances (Table 2). It was
obvious that an acetoxy group (dy 2.10 and dc 169.2, 21.2)
and a methoxy (oy 3.77 and oc 52.8) group were present,
which suggested 2 as a sesquiterpene with one acetoxy and
one methoxy groups. The '*C and 'H NMR data of 2 demon-
strated a resemblance with those of the known compound
chloranerectuslactone V isolated from C. erectus (Thu
Huong et al., 2014) except foran additional C-6 acetoxy
group. This deduction was further verified by the HMBC cor-
relation from H-6 (dy 5.62) to C-2' (6c 169.2) as shown in
Fig. 2. The relative configuration of 2 was established from
the NOESY spectrum (Fig. 3). The cross-peaks of Hs-15/H-

3 8a- OMe
4 8- OMe

Fig. 2 Selected "H-'"H COSY and HMBC correlations of compounds 1-4.

6, Hs-15/H-5, H-9/H-5, H-9/H-1, H-3/H-20,, and H-1/H-2a
indicated that they adopted an a-orientation, while Hs-14
was assigned as ff-oriented. Additionally, the NOESY correla-
tion of H-6/H3-13 suggested a Z-configuration of the A7 ' ole-
finic bond. The absolute configurations were assigned as 1R,
38, 48, 58, 6R, and 10S using the calculated and experimental
ECD comparison (Fig. 4). The structure of 2 was thus finally
elucidated and named chlorajapolide J. Compound 2 repre-
sented a rare example of the rearranged 8,9-seco-lindenanes
previously found in Sarcandra glabra (Chi et al., 2019), Chlo-
ranthus erectus (Thu Huong et al., 2014), Lindera strychnifolia
(Kouno et al., 2001; Liu et al., 2013; Sumioka et al., 2011), L.
chunii (Zhang et al., 2002), and L. aggregata (Gan et al., 2009).

Compound 3 was isolated as a colorless oil and assigned
the molecular formula of C;gH»,0¢ deduced from the HR-
ESIMS data. The "H NMR spectrum of 3 (Table 1) exhibited
signals typical of the cyclopropane ring of lindenane
sesquiterpenoids (Yan et al., 2013), including four upfield pro-
tons at oy 0.71 (1H, m, H-2b), 0.84 (1H, m, H-2a), 1.97 (1H,
m, H-3), and 2.15 (1H, m, H-1). Additionally, two terminal
olefinic protons at dy 5.02 (1H, br s, H-15a) and 4.70 (1H,
br s, H-15b) implied that 3 bore a 4(15)-en-lindane skeleton.
This induction was supported by the occurence of the
"H-'"H COSY correlations of H-1, H,-2 and H-3 and the cor-
relations of H»-15 to C-5 (d¢ 56.5) and C-3 (d¢ 23.5) in the
HMBC spectrum (Fig. 2). The carbon signals at dc 169.9,
20.7, and 50.1 in the *C NMR spectrum (Table 2) together
with the corresponding '"H NMR data suggested the existence
of an acetoxy and a methoxy groups. The '*C and 'H NMR
spectroscopic data of 3 were comparable to those of 8-epimer-
9-hydroxy-heterogorgiolide isolated from the same plant spe-
cies (Zhang et al., 2012), apart from an additional acetoxy
group. The significant down-field shift of C-6 revealed that
the acetoxy group was attached at C-6 (Jc 63.2,

2 3
Fig. 3  Selected NOESY correlations of compounds 2—4.
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Fig. 4 Calculated and experimental ECD spectra of compounds 2-4.

Ao + 40.4), which was sustained through the correlation of
oy 5.74 with 6¢c 169.9 in the HMBC spectrum (Fig. 2). The
relative configuration of 3 was elucidated through a NOESY
experiment (Fig. 3). The correlations of H-6/H-15a, Hs-13,
and Hs-14, H3-14/H-9 and H-2f, H-2¢/H-1 and H-3, H-5/8-
OMe indicated that the cyclopropane ring and H3-14 were
p-oriented, and that H-5, 6-OAc, 8-OMe and 9-OH were o-
oriented. The absolute configurations of (1R, 3S, 5S, 6R,

8S, 95, 10S) were determined for 3 by ECD analysis
(Fig. 4). The structure of 3 was thus elucidated and named
chlorajapolide K.

Compound 4 was isolated as a white amorphous powder.
Its molecular formula was determined to be C,gH»,0O¢ accord-
ing to the protonated molecular ion peak at m/z 335.1490
[M + H]" (caled for C,gH»304 335.1495) and 1D NMR data.
The 'H and '*C NMR spectroscopic data of 4 closely resem-
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Fig. 5 Compound 4 can significantly inhibit the migration but not the cell viability of HepG?2 cells in vitro. (A) Cell viability tests on
Hela, HepG2, HGC-27 and SKOV3 cells showed that compounds 1-7 did not inhibit the activity of cancer cells at the concentration of
50 uM within 48 h. (B, C) Compounds 1-7 were added to HepG2 cells for wound healing assays. Compound 4 had the strongest migration
inhibitory effect on HepG?2 cells at a concentration of 50 uM. (Data are represented as the means + SDs, n = 3. * P < 0.05, ** P < 0.01,

wkk P < 0.001, #***P < (.0001.).

bled those of 3 with the exception of the down-field shifted C-6
(0¢c 69.5) and C-7 (¢ 153.5) as well as the up-field shifted C-9
(6c 74.7) and C-11 (¢ 126.3) (Table 2). This indicated that
compound 4 bore a similar structure as 3 with a different stere-
ochemistry. In the NOESY spectrum (Fig. 3), the correlations
of 8-OMe/H-9, H;-14, H3-14/H-2f, H-6, H-9, H-2¢/H-3, and
H-1 suggested that the cyclopropane ring, 8-OMe and Hs-14
were f-oriented, and that H-5, 6-OAc, and 9-OH were o-
oriented. The absolute configuration was assigned as 1R, 38,
58, 6R, 8R, 95, and 10S because of the similarity between
the calculated and experimental ECD data (Fig. 4). Conse-
quently, the structure of compound 4 was determined to be a
C-8 epimeric isomer of 3 and named chlorajapolide L.

3.2. Compound 4 can significantly inhibits the migration and
invasion but not the cell viability of HepG2 cells in vitro

Cell activity detect is a classical research method for evaluat-
ing the antitumor effect of compounds. To explore the anti-
tumor activity of compounds 1-7, we evaluated the
inhibitory effects on the activity of liver cancer cells (HepG2),
cervical cancer cells (Hela), stomach cancer cells (HGC-27)

and ovarian cancer cells (SKOV3), which are common and
high incidence tumor types, by the MTT method. Different
cancer cells were treated with all compounds for 48 h. At a
concentration of 50 uM, none of the isolates showed obvious
antitumor activity on four cancer cells (Fig. 5A). The high
migration and invasion ability of tumor cells is an important
basis of tumor metastasis (Gundamaraju et al., 2022). HCC
has a strong vascular invasion and metastasis ability and is
one of the most common invasive malignant tumors. In order
to further explore the inhibitory activity of all compounds on
tumor cell migration, we evaluated the inhibitory effect of all
compounds on HepG2 cells migration. HepG2 cells were
treated with seven compounds with 50 uM for 48 h. The
results of migration inhibit rate showed that compound 4
exhibited the most obvious inhibitory effect on cell migration
(Fig. 5B, 5C), revealing that the C-8 configuration and the
substituents at C-6 might have an important effect on the
antimetastatic activities of lindenrane sesquiterpenoids.
Besides, we also detected the inhibitory effect of compound
4 on four cancer cells migration. The results showed that
HepG2 cells are the most sensitive to compound 4
(Fig. S38, Supporting Information).
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Fig. 6 Compound 4 inhibited the migration, invasion and tube formation of HepG2 cells in vitro. (A, B) Compound 4 inhibited the
migration of HepG2 cells in a dose-dependent manner. (C, D) The invasion of HepG2 cells was observed at 24 h, and compound 4 had an
inhibitory effect on the invasion of HepG?2 cells. (E, F) At the end of the 24th hour, compound 4 decreased the number of pipe-like
structures in HepG2 cells. (Data was represented as the means £ SD, n = 3. * P < 0.05, ** P < 0.01, *** P < 0.001).

Invasion and metastasis of cancer cells are the main factors of
poor prognosis and easy recurrence and metastasis of cancer.
Invasion and metastasis are multistep and complex process reg-
ulated by a series of genes, involving the adhesion of tumor cells,
matrix degradation, tumor cell migration, tumor angiogenesis
and so on (You et al., 2017, Prahl and Odde, 2018). To further
study the effects of compound 4 on the invasion, migration and
vasculogenic mimicry formation of liver cancer cells, we con-
ducted wound healing, transwell and 3D culture assays with dif-
ferent concentrations of compound 4. Wound healing assay
results showed that compound 4 can significantly inhibit the
migration ability of HepG2 cells in a dose-dependent manner
(Fig. 6A, 6B). In the transwell assay, the invasion ability of the
HepG2 cells was significantly inhibited by compound 4
(Fig. 6C, 6D). The 3D culture assay showed that compound 4
inhibited VM formation of HepG2 cells (Fig. 6E, 6F). These
results indicates that compound 4 will be a potential drug candi-
date for HCC invasion, metastasis and angiogenesis.

3.3. Compound 4 inhibits the invasion and metastasis of HepG2
cells by inhibiting EMT

Metastasis of hepatocellular carcinoma consists of multiple
processes, including EMT, characterized by loss of epithelioid

features and gain of mesenchymal properties (Babaei et al.,
2021). Epithelial-mesenchymal transformation (EMT) is con-
sidered a mechanism leading to tumor metastasis, and E-
cadherin, Snaill, N-cadherin and Vimentin are known as
EMT markers. E-cadherin is one of the epithelial markers,
while Snaill, N-cadherin and Vimentin are mesenchymal
markers (Loh et al., 2019). Recently, several articles have been
demonstrated the EMT involvement in cancer progression and
in metastasis formation, underlining that EMT is a significant
event for triggering metastatic process (Smith and Bhowmick,
2016). In tumor cells with epithelial-mesenchymal transition,
E-cadherin expression was decreased and N-cadherin, Vimen-
tin and Snaill expression were increased. In order to further
determine whether compound 4 inhibited the invasion and
migration of HCC cells by inhibiting EMT, we detected the
expression of EMT markers in HepG2 cells by western blotting
method. Western blotting results showed that compound 4
inhibited the expression of Snaill, N-cadherin and Vimentin
in a dose-dependent manner. The expression levels of E-
cadherin were increased by compound 4 (Fig. 7A, 7B). The
results showed that compound 4 can inhibits the EMT process
in HepG?2 cells. Twistl, a member of the basic helix-loop-helix
transcription factor family, is one of the important transcrip-
tion factors that induce EMT, cell migration and invasion dur-
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Fig. 7 Compound 4 inhibited the invasion and metastasis of HepG?2 cells by inhibiting EMT. (A, B) Western blot analysis showed that
E-cadherin expression was increased and Vimentin, Snaill, N-cadherin and Twistl expression were decreased in compound 4 treated
groups compared with the negative control. (Data was represented as the means = SD, n = 3. * P < 0.05, ** P < 0.01, *** P < 0.001).

ing embryonic development and in cancer cells. Ectopic
expression of Twistl in Twistl-negative cancer cells is suffi-
cient to induce EMT and cancer stem-like cell properties
(Greco et al., 2021). In this study, we also evaluated the effect
of compound 4 on the expression of Twistl in HepG2 cells.
The results showed that compound 4 inhibited the expression
of Twistl in a dose-dependent manner. These results indicate
that compound 4 inhibits the EMT process of HCC cells by
inhibiting the expression of Twistl. To our knowledge, this is
the first investigation of the mechanism of the antimetastatic
activity of lindenrane sesquiterpenoids. EMT plays an impor-
tant role in the migration and invasion of HCC. Inhibitors tar-
geting the EMT process will be used as adjuvant therapy for
chemotherapy or targeted drugs, which can improve the clini-
cal outcome of current cancer treatment.

4. Conclusions

Seven compounds, including one new phenylpropenol ester and three
new lindenrane sesquiterpenes, were separated and elucidated from
C. japonicus. The anti-migration potencies of all isolates were screened
with HepG2 cells through the wound healing assay and compound
4 exhibited the best antimigration activity. Furthermore, compound
4 inhibited cell migration, invasion, and vasculogenic mimicry in a
dose-dependent manner. The antimetastatic effect of compound
4 was associated with restraining the epithelial-mesenchymal transition
in HepG2 cells by down-regulating the expression of Twistl. Com-
pound 4 deserves further investigation as an anticancer candidate
against metastatic hepatic carcinoma.
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