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To further determine how BHE affected the growth of HCC cells, the proportion of each cell cycle phase was explored in HCC cells
by flow cytometry. Blue honeysuckle (Lonicera caerulea L.) is a species of bush that grows in eastern Russia. Blue honeysuckle
extract (BHE) is rich in bioactive phytochemicals which can inhibit the proliferation of tumor cells. The mechanism underlying
the anticancer activity of BHE in primary liver cancer is poorly understood. The purpose of this study was to evaluate the growth
inhibition mechanism of bioactive substances from blue honeysuckle on hepatocellular carcinoma (HCC) cells and to explore its
protein and gene targets. The compounds in BHE were determined by high-performance liquid chromatography (HPLC) and
liquid chromatography-mass spectrometry (LC-MS). Cell counting kit-8 (CCK8) assay was used to evaluate the effects of BHE on
HCC cell proliferation, and flow cytometry assay (FCA) was used to determine how BHE arrested the proportion of each cell cycle
phase in HCC cells. Western blot (WB) was performed to determine the expression of cell cycle-related proteins in HCC cells
treated with different concentrations of BHE. The xenograft tumor animal models were established by HCC cell implantation. The
results showed that cyanidin-3-o-glucoside and cyanidin-3-o-sophoroside which are the main biologically active components
were detected in BHE. BHE is highly effective in inhibiting the proliferation of HCC cells by arresting the HCC cell cycle in the G2/
M phase. BHE also downregulated the expression of conventional or classical dendritic cells-2 (cDC2) and cyclin B1 by promoting
the expression of myelin transcription factor 1 (MyT1) in HCC cells. The weight and volume of xenografts were significantly
decreased in the BHE treated groups when compared to the control group. BHE increased the expression of MyT1 in xenograft
tissues. These findings showed that blue honeysuckle extract inhibits proliferation in vivo and in vitro by downregulating the
expression of ¢cDC2 and cyclin Bl and upregulating the expression of MyT1 in HCC cells.

1. Introduction cancer-related mortality worldwide in 2018. There are about

841,000 new HCC cases and 782,000 HCC-related deaths
Hepatocellular carcinoma (HCC) is the most common  annually [1]. Worse yet is that both incidence and mortality
primary malignant tumor of the liver. It is the sixth most ~ of HCC show an upward trend worldwide in recent years,
common type of cancer and constitutes the fourth major  with a higher prevalence in Asia, accounting for nearly 70%
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of new cases worldwide [2]. 55% of all HCC cases are di-
agnosed in China [3, 4]. The early stage of HCC tends to be
asymptomatic, so the disease may have progressed to an
advanced stage by the time of diagnosis. The therapeutic
effects of current treatment approaches for HCC are also
compromised by high relapse rates, leading to the poor long-
term survival of HCC patients [5]. Surgery is a treatment
mainstay, but its invasiveness may affect the postoperative
quality of life and is associated with local recurrences. Thus,
early chemoprevention, detection, diagnosis, and treatment
are of great significance to enhance the prognosis of HCC
patients [6, 7].

Plant antioxidants play an important role in mitigating
the impact of oxidative stress on life genetic materials and
cell structures, reducing the damage of chronic diseases, and
facilitating the maintenance of the normal metabolism of
tissue cells and various biological characteristics. These bi-
ological activities include oxidative damage attenuation,
alleviation of radiation damage and inflammation, car-
diomyocyte protection, bacteriostasis, gastroprotection
[8, 9], hepatoprotection [10, 11], and other relevant prop-
erties [12, 13]. The chemoprophylaxis of blue honeysuckle
stems from its high concentration of highly active phyto-
chemicals and anthocyanins that have shown significant
benefits against various human diseases [14]. In the past few
decades, anthocyanins have captured great attention in the
treatment of diseases including infections, neurological
diseases, cancer [14-18], and diabetes [19, 20]. Blue hon-
eysuckle (Lonicera caerulea L.), a fruit grown worldwide, is a
nutrient-rich forest berry. The fruit of the blue honeysuckle
is rich in a variety of vitamins, minerals, amino acids, fla-
vonoids, carbohydrates, polyols, organic acids, and other
bioactive substances [21, 22]. The health benefits of blue
honeysuckle have been widely explored due to its rich
bioactive components. These components mainly include
phenolic acid, anthocyanin, and flavonoids, and vitamin B,
magnesium, phosphorus, calcium, and potassium are sec-
ondary blue honeysuckle components [23, 24]. Blue hon-
eysuckle contains great amounts of polyphenolic
compounds [25, 26], such as anthocyanins, pelargonidin,
peonidin, catechol, flavanols, and chlorogenic acid [27]. The
total anthocyanin contents in blue honeysuckle are higher
than that in other fruits [28]. Anthocyanins are the main
polyphenolic compounds in blue honeysuckle [29], and the
anthocyanin-3-glycoside is the main form of anthocyanin
present in blue honeysuckle [24, 30, 31]. The blue honey-
suckle contains higher contents of cyanidin-3-glucoside
than other berries, including blueberries, blackberries, and
raspberries [30]. Anthocyanins are mainly found in the peels
of fruits, with a broad range of well-recognized biological
activities including antimicrobial, anticancer, and anti-in-
flammatory activities [24]. Few studies have investigated the
antitumor mechanism of fresh blue honeysuckle at the
protein and molecular levels. In particular, efficient methods
to extract bioactive substances from fresh blue honeysuckle
and clarification of the molecular mechanisms underlying its
antitumor activity have been sparingly explored. Thus, the
aim of this study was to investigate the effects of blue
honeysuckle extracts (BHE) on the proliferation of HCC

cells by exploring its anti-neoplastic action and its molecular
protein mechanism, which may provide a basis for the use of
BHE as chemoprophylaxis and chemotherapeutic agents for
primary liver cancer.

2. Materials and Methods

2.1. The Extraction of Fresh Blue Honeysuckle. Fully-ripe
fresh blue honeysuckle was purchased from Greenfield
Berries Ltd., Shangzhi City, Heilongjiang Province. Blue
honeysuckles (200 g) were ground with 600 ml of 80% al-
cohol in a rough homogenate machine for 10 min, and the
procedure was performed thrice. The crude blended samples
were further mixed using a high rotary cutting homogenizer
in an ice bath for 5min. The homogenates were filtered
through a Buchner funnel and vacuum filtered through three
layers of Whatman#2 filter papers. The filtrate was rotary
evaporated at 40°C for approximately 90 min in an evapo-
rator to remove 95% of the solvent. Three replicates of blue
honeysuckle extracts (BHE) were stored in aliquots at —80°C
until required for further use.

2.2. The Content of Main Compounds in BHE by HPLC.
Quantitative analysis of cyanidin-3-o-glucoside and cyani-
din-3-o0-sophoroside in BHE was performed on High-Per-
formance Liquid Chromatography (HPLC) Surveyor
(Thermo Fisher Scientific, Waltham, MA, USA) with a
photo-diode array (PDA) detector scanning from 250 to
350 nm. The optimized mobile phases used were 0.1%
phosphoric acid in ultrapure water (A) and acetonitrile (B),
and the elution time was 30 min for equal concentration
degree (A)/(B) (90:10). Chromatography was carried out at
30°C wusing Supersil ODS2 chromatographic column
(4.6 mm x250mm, 5pm). The chromatograms were
recorded at 280 nm, and the 20 L of injection was applied to
the column.

2.3. Identification of Fresh BHE by LC-MS. The sample was
analyzed by the AB Sciex 5600-Triple-Tof system, which
consisted of surveyor autosampler, quaternary pump, online
degassing machine, and electrospray ionization (ESI) with
positive ionization mode. The flow-through analytical cell
used Waters UPLC HSS T3 column (2.1 mm x 150 mm,
1.8 ym) and HSS T3 column (2.1 mm x 5mm, 1.8 ym) with
column temperature of 35°C, sample room temperature of
10°C, and the injection volume of 5uL. The optimized
mobile phases used were 0.1% formic acid in water (A) and
0.1% formic acid in acetonitrile (B) with gradient elution
from 0 to 20 min at a flow rate of 0.3 ml/min. The ionization
temperature was increased to 350°C, with a nebulizer and
auxiliary gas at a pressure of 50 psi, and the capillary voltage
was controlled at 4500 V.

2.4. Animal Treatment. Four-week-old athymic BALB/c
female nude mice (weight 12~16g) were purchased from
Beijing Weitonglihua Laboratory Animal Technology Co.
Ltd (Beijing, China) and acclimated for 7 days in the animal
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Figure 1: Contents of cyanidin-3-o-sophoroside and cyanidin-3-o-glucoside in blue honeysuckle extract. The contents of A and B were
determined in blue honeysuckle extract (BHE) by HPLC. A for cyanidin-3-o-sophoroside and B for cyanidin-3-o-glucoside.

TaBLE 1: The contents of cyanidin-3-o0-sophoroside and cyanidin-3-o-glucoside in samples of blue honeysuckle (mg/g fresh weight).

Content Cyanidin-3-O-sophoroside Cyanidin-3-O-glucoside

1 0.568 0.543

2 0.577 0.556

3 0.589 0.533

Average 0.578 £0.011 0.544 +£0.012
TaBLE 2: The main components identified in BHE by LC-MS.

No tR (min) [M-H] Fragment ions Tentatively identification

1 1.353 447.0 339.0 283.9 (M-Glc-Glc) Cyanidin-3-O-glucoside isomer

2 2.873 375.1 213.0 (M-Glc), 168.0 —

3 3.359 447.0 284.9 (M-Rha-glc) Cyanidin-3-O-glucoside

4 5212 451.2 341.0, 162.8,61.9 —

5 5.509 609.0 564.3, 300.9, 61.9 Cyanidin-3-O-sophoroside

6 5.477 609.0 412.9, 315.0, 277.2 Cyanidin-3-O-sophoroside isomer

7 6.431 677.3 563.3, 451.2, 337.9, 225.1 —

8 6.797 791.1 563.3, 451.2, 337.9, 225.1, 146.9 —

9 7.080 903.3 695.3, 563.3, 451.2, 337.9, 225.1, 146.9 —

10 8.984 301 151.9, 61.9 Ellagic acid

11 9.350 421.0 197.7, 61.9 —

room. During the study, the mice were fed with sterilized
food and water and were housed in a barrier environment
under the standard light/dark cycle (12h light, 12h dark).
The mice were maintained under standard conditions and
cared for as per the institutional guidelines and ethical
regulations of the National Cancer Institute of China. All
protocols of animals were approved by the Committee of
Ethics from Harbin Medical University (Harbin, China).
HepG2 cells or Huh7 cells (5 x 10°%) mixed with Matrigel
(3:1) were placed subcutaneously on the right ventral
dorsum of five-week-old athymic BALB/c female nude mice
for a 7-days-of-growth to reach a tumor diameter of 5 mm.
The mice with xenografts were randomly divided into 4
groups (5 mice/group): (I) mice received 0.9% normal saline
daily by gavage as the control group; (II) mice received 7 g/
kg/d of BHE (equivalent to 7 g fresh blue honeysuckle) by
gavage; (III) mice received 40 mg/kg/d of anthocyanins by

gavage; and (IV) mice received 30 mg/kg of intraperitoneal
injection of 5-Fu alternately by gavage. The body weight and
volume of the tumor were measured every 4 days. The
activity of mice was also closely monitored. After 36 days of
treatment, tumor xenografts were excised, collected, and
weighed. Parts of xenografts were fixed for immunohisto-
chemistry, and the others were frozen at 80°C for Western
blot.

2.5. Cell Culture. HepG2 and Huh7 cells were donated by
the Key Laboratory of Surgery Ministry, Harbin Medical
University. Cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% FBS (fetal bovine serum,
v/v), 100 units/ml penicillin, and 100 yg/ml at 37°C in a
humidified incubator with 5% CO,. Cells were sub-cultured
every 2 days at 80-90% confluence for experiments.
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FIGURE 2: The total ion chromatogram and mass spectrograms of BHE. The compounds of BHE were identified by HPLC and LC-MS.

2.6. Cell Viability. The cell viability of BHE was assessed in
HepG2 and Huh7 using the CCK8 (Dojindo Laboratories,
Kumamoto, Japan) as in a previous study [32]. Cells were
inoculated at a density of 3 x 103 cells/well in a 96-well plate
and cultured in medium added with different BHE con-
centrations (0, 5, 10,15, 20, 30, or 40 mg/ml), anthocyanins
(150 pg/ml) (Harbin, China), and 5-FU (10 yg/ml) (Sigma,
USA) at 37°C for 24, 48, 72, or 96 h. Anthocyanins (150 ug/
ml) and 5-FU (10 yg/ml) were used as the positive controls to

evaluate the antitumor efficacy of blue honeysuckle extract
from multiple perspectives. After treatment, 10 L of CCK8
was added to each well and the cells were cultured for 2h at
37°C. The optical density (OD) of each well was measured at
450 nm using a microplate reader (Bio-Rad Laboratories,
Hercules, CA, USA). Cell viability was calculated using the
following formula. Relative percentage of cell viability = (OD
of the experimental group/OD of the control group) x 100%.
The assay was performed in triplicate.
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F1GURE 3: The cell viability of BHE in HepG2 and Huh?7 cells. HepG2 cells or Huh7 cells were treated with 20 mg/ml of BHE, 150 ug/ml of
anthocyanins, or 10 ug/ml of 5 FU for 24, 48, 72, or 96 h (1 = 6). The cell viability was determined by the CCK8 assay. (a) The cell viability of
BHE in HepG2 and Huh?7 cells for 24, 48, 72, or 96 h. (b) The cell viability of BHE in HepG2 and Huh?7 cells for 48 h. The data are expressed as
mean * standard deviation (S.D.). *P <0.05, **P <0.01, when compared to the negative control group.

2.7. Cell Cycle. The concentrations of BHE were selected for
flow cytometry based on the results from CCKS assay. The
cells were inoculated in a culture flask, treated with different
concentrations of BHE (0, 5, 10, or 20 mg/ml), anthocyanins
(150 pg/ml), and 5FU (10 ug/ml) at 5% CO, saturated hu-
midity incubator at 37°C. After 48 h, cells were seeded at
1x10° cells/well and harvested by trypsinization for cell
cycle analysis. After being rinsed with phosphate buffered
saline (PBS), the cells were fixed with 1 ml of ice-cold 70%
ethanol at —20°C overnight and were centrifuged (2, 000g) at
4°C for 10 min. Cell pellets were collected, rinsed with PBS,
and incubated in a 0.4 ml staining solution (PI: RNaseA, 5:
1) for 30 min at 37°C, followed by fluorescence-activated cell
sorting (FACS) using a FACSCalibur (FACSort, Becton-
Dickinson, CA, USA) as in the previous study [33].

2.8. Western Blot. Western blot was performed to deter-
mine the levels of cyclin B1, cDC2, and MyT!1 proteins as in
the previous studies [34-36]. Cells were treated with dif-
ferent concentrations of BHE (0, 5, 10, or 20 mg/ml),
anthocyanins (150 yg/ml), and 5FU (10 yg/ml) for 48h,
rinsed twice with ice-cold PBS, and harvested by scraping.
Total cellular protein was extracted using RIPA buffer (Cell
Signaling Technology, MA, USA) with phenylmethane
sulfonyl fluoride in the 1x proteinase inhibitor cocktail
(Roche, Basel, Switzerland) per the manufacturer’s in-
structions. Frozen xenograft tissues were soaked and lysed
in cold RIPA buffer (Cell Signaling Technology) with
phenyl methane sulfonyl fluoride in the 1x proteinase
inhibitor cocktail (Roche, Basel) on ice. After stirring, the
cells were homogenized with a high-rotation emulsifying
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FIGURE 4: (a) The distribution of cell cycle in HepG2 and Huh?7 cells. HepG2 and Huh?7 cells were treated with different concentrations of
BHE, 150 pug/ml of anthocyanins, or 10 ug/ml of 5 FU for 48 h. (b) The distribution of the cell cycle was determined in HepG2 and Huh7 cells
by flow cytometry (n=3). *P <0.05, **P <0.01, when compared to the negative control group.

homogenizer for 5min to break the walls. The cells were
then centrifuged (14000g, 4°C) for 10 min to obtain the
supernatant. Total protein concentrations were determined
using the BCA Protein Assay Kit (Beyotime, Shanghai,
China). Proteins (30 ug) were separated using SDS-poly-
acrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto polyvinylidene difluoride (PVDF) membranes.
The membranes were blocked with 5% nonfat milk in PBS
plus 0.05% Tween 20 (PBST) for 1h at room temperature.
Membranes were then incubated with primary antibodies
against cyclin Bl (1:1000, San Ying Biotechnology,
Wuhan, China), cDC2 (1:1000, San Ying Biotechnology,
Wuhan, China), MyT1 (1:1000, San Ying Biotechnology,
Wuhan, China), and S-actin (1:1000, San Ying Biotech-
nology, Wuhan, China) at 4°C overnight. Membranes were
rinsed with PBST 3 times and then incubated with
horseradish peroxidase-conjugated secondary antibodies
for 2h at room temperature. After being rinsed with PBST
three times again, the enhanced chemiluminescence (ECL)
reagents (Beyotime, Shanghai, China) were uniformly
applied to the PVDF membrane according to the manu-
facturer’s protocol for color development.

2.9. Immunohistochemistry. The expression of cyclin Bl,
cDC2, and MyT1 in xenografts was determined by immu-
nohistochemistry as in the previous studies [37, 38]. Briefly,
the sections of paraffin-embedded xenograft tumor tissue
were dewaxed by xylene and hydrated with a graded ethanol
solution. The sections were rinsed using PBS (pH 7.4) three
times. The antigen retrieval was performed using the sodium
citrate buffer (pH 6.0) at 95-100°C for 30 min, and the
sections were cooled at room temperature. Then, the sec-
tions were pretreated in a 3% (v/v) hydrogen peroxide so-
lution for 10 min to block endogenous peroxidase activity.
After being rinsed with PBS three times, nonspecific binding
serum was added to the sections for 10 min. Anti-cyclin B1,
anti-cDC2, and anti-MyT1 antibodies at a dilution of 1:100
were added to the sections and incubated at 4°C overnight.
After being rinsed with PBS three times, the sections were
incubated with biotinylated secondary antibodies (Zhong-
shanjingiao Biotechnology Inc, China) for 30 min at 37°C.
3,3-diaminobenzidine (DAB) solution was used for staining,
and hematoxylin was used for counterstaining. The ex-
pression of cyclin B1, cDC2, and MyT1 was determined by
light microscopy with a digital camera.
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FIGURE 5: (a) The expression of cyclin B1, cDC2, and MyT1 proteins in HepG2 and Huh?7 cells. HepG2 and Huh7 cells were treated with
different concentrations of BHE, 150 yg/ml of anthocyanins, or 10 yg/ml of 5 FU for 48 h. (b) The expression of cyclin B1, cDC2, and MyT1
proteins was explored in HepG2 and Huh7 cells by Western blot. *P <0.05, **P <0.01, when compared to the negative control group.

2.10. Statistical Analyses. Data are expressed by mean-
s+ standard deviation (S.D.). Difference analysis was per-
formed using GraphPad Prism 8.0 (GraphPad Software,
USA). Student’s t-test and variance analyses were performed
to analyze the significance of differences with inter-group
comparisons. Statistically significant results were defined as
P <0.05.

3. Results

3.1. The Components Identified in BHE. As shown in Fig-
ure 1, cyanidin-3-o-glucoside and cyanidin-3-o-sophoroside
were identified in BHE by HPLC. The average contents of
cyanidin-3-o-glucoside and cyanidin-3-o-sophoroside are
shown in Table 1. There were 0.544+0.012mg and
0.578 £0.011 mg per 100g of fresh blue honeysuckle for
cyanidin-3-o-glucoside and cyanidin-3-o-sophoroside, re-
spectively. Other components were also identified by LC-MS
(Table 2), and several unknown components were found in
BHE (Figure 2).

3.2. BHE Reduced the Proliferation of HCC Cells. To assess the
effect of BHE on antitumor activity, a CCK8 assay was
performed to determine the cell viability of HepG2 cells and
Huh?7 cells. BHE significantly inhibited the proliferation of
HepG2 cells and Huh7 cells in a dose- and time-dependent
manner (P <0.05 and P <0.01) (Figures 3(a) and 3(b)). The
50% inhibitory concentrations (ICsy) were 52.79 and
41.04 mg/ml in HepG2 and Huh?7 cells, respectively. The
positive controls, i.e., anthocyanins (150 yg/ml) and 5FU
(10 ug/ml), also showed potent inhibition of proliferation in
both HepG2 and Huh7 cells (Figure 3).

3.3. BHE Arrested the Proportion of Each Cell Cycle Phase in
HCC Cells. To further determine how BHE affected the
growth of HCC cells, the proportion of each cell cycle phase
was explored in HCC cells by flow cytometry as shown in
Figure 4. BHE could affect the distribution of the cell cycle in
HepG2 and Huh?7 cells. After being cultivated with BHE at
dose of 0, 5, 10, or 20 mg/ml or 150 yg/ml of anthocyanin for
48 h, the proportion of cell cycle at the G2/M phase increased
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F1Gure 6: BHE inhibited the growth of xenografts in the model of nude mice. The BALB/c female nude mice were implanted with HepG2
cells or Huh cells for 7 days. The mice with xenografts were randomly divided into the positive control group, 7 g/kg/d of BHE (equivalent to
7 g fresh blue honeysuckle) group, 40 mg/kg/d of anthocyanins group, and 30 mg/kg of 5 Fu group (5 mice/group). The tumor sizes were
measured every 4 days. After treatment for 36 days, xenografts were collected and weighted. (a) The size of HepG2 cell xenografts in nude
mice. (b) The size of Huh cell xenografts in nude mice. (c) The weight of tumor in HepG2 cell xenografts of nude mice. (d) The weight of
tumor in Huh cell xenografts of nude mice. (e) The changes of tumor volume in nude mice (HepG2 cells). (f) The changes of tumor volume
in nude mice (Huh cells). *P <0.05, **P <0.01, when compared to the positive control group.

gradually from 1.33+2.16% to 2.28 +0.04%, 4.39 +0.02%,
12.66 +£0.11%, and 2.11 £0.02% in HepG2 cells. However,
the share of cell cycle at the G2/M phase changed from
1.57£0.01% to 0.71 £0.01%, 2.93+£0.019%, 11.68 £ 0.03%,
and 4.89 +0.02% in Huh7 cells (Figure 4).

3.4. BHE Affected the Expression of Cell Cycle-Related Protein
in HCC Cells. To explore the molecular mechanism of the
BHE-arrested cell cycle at the G2/M phase, the expression of
protein related to the cell cycle was examined in HepG2 and
Huh7 cells by Western blot. After being cultivated with BHE
(0, 5, 10, and 20 mg/ml), anthocyanin (150 yg/ml), or 5FU
(10 ug/ml) for 48 h, the expression of cyclin B1, cDC2, and
MyT1 proteins was examined. The results are shown in
Figure 5. BHE at the concentration of 20 mg/ml significantly
upregulated the expression of MyT1 and downregulated the
expression of cyclin Bl and ¢cDC2 in both HepG2 and Huh7
cells (P<0.05 and P<0.01). However, the expression of
cyclin B1 and ¢DC2 differed in HepG2 and Huh7 cells after
treatment with anthocyanins or 5FU. Anthocyanins sig-
nificantly downregulated the expression of MyT1, cyclin B1,
and cDC2 in both cell lines. 5FU significantly down-
regulated the expression of MyTl, cyclin Bl, and ¢DC2 in
Huh7 cells and showed an opposite expression in HepG2
cells.

3.5. BHE Inhibited Growth of Xenografts in a Model of Mice.
To further investigate the effects of BHE on anticancer
activity, athymic BALB/c female nude mice were
implanted with HepG2 and Huh7 cells. As shown in
Figure 6, BHE significantly decreased the growth of xe-
nografts in both HepG2 and Huh7 cells. BHE decreased

both the weight of the tumor in the experimental ter-
mination and the volume of the tumor in a time-de-
pendent manner (P<0.05 and P<0.01) (Figure 6). The
weight of xenografts in the BHE group was 278 + 105 g and
1432 £ 212 g in HepG2 and Huh?7 cells, respectively, when
compared to the control group (936+178g and
2140+ 187 g) (P <0.05 and P <0.01). The final volumes of
xenografts in the BHE group were 568 +242mm”’ and
2499 + 545mm”’ in HepG2 and Huh?7 cells, respectively,
when compared to the control group (1629 + 529 mm? and
3575+ 485 mm?) (P <0.05 and P<0.01). The weight of the
mice in the BHE group did not differ from the control
group (data not shown). In addition, anthocyanins and
5FU also showed an inhibitory effect on the growth of
xenografts in this mouse model.

3.6. BHE Affected the Expression of MyT1, Cyclin B1, and cDC2
in Xenograft Tissues. To further investigate the possible
mechanism of BHE inhibiting hepatocellular carcinoma
growth in vivo, the expression of cyclin B1, cDC2, and MyT1
proteins was determined in xenograft tissues using Western
blot and immunohistochemistry. The results are shown in
Figures 7 and 8. BHE significantly decreased the expression
of cyclin Bl and ¢DC2 and significantly increased the ex-
pression of MyT1 in xenograft tissues when compared to the
group (P <0.05 and P <0.01).

4. Discussion

Cancer is one of the major causes of disease-related mor-
tality worldwide. The pathogenesis of cancer is complex and
involves alterations in cancer-related genes and tumor
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suppressor genes. Some cytokines also play roles in the
occurrence and development of cancer. The actions of genes
and cytokines lead to the malignant proliferation of cells, so
inhibition of the proliferation of malignant cells is the
cornerstone of tumor therapy. Our findings indicated that
BHE could inhibit the proliferation of HCC cells in a dose-
dependent manner.

Currently, the most common methods used to treat
malignant tumors are surgery, chemotherapy, and radio-
therapy. However, these approaches are associated with
multiple toxic side effects, high recurrent rates, and drug
resistance. Bioactive components from natural plants for
antitumor purposes that cause fewer side effects might be
another potentially effective approach for tumor therapy.
The blue honeysuckle is rich in nutrients and bioactive
substances, especially natural pigment anthocyanins, oxi-
dized scavenger flavonoids, and plant fungicide organic
phenolic acids. These bioactive components have strong

antioxidant activities [22, 27]. Phytochemicals that are rich
in BHE play an important role in inhibiting the develop-
ment of different cancers, including colon [39-41], oral
[42], lung [43], prostate [44], breast [45, 46], and skin
cancer [47]. In the present study, the main biologically
active components determined by HPLC in BHE were
cyanidin-3-o-glucoside and cyanidin-3-o-sophoroside. The
contents of cyanidin-3-o-glucoside and cyanidin-3-o-
sophoroside of BHE were 0.544+0.012mg and
0.578 £0.011mg per 100g of fresh blue honeysuckle.
Moreover, the compounds in BHE identified by LC-MS
were cyanidin-3-o-glucoside, cyanidin-3-o0-sophoroside,
ellagic acid, and some unknown components.

In this study, BHE inhibited cell proliferation of HCC
by arresting the cell cycle at the G2/M phase in HepG2
and Huh7 cells. The expression of the cDC2/cyclin Bl
pathway in HepG2 and Huh7 cells was also determined.
The ¢cDC2 is the most important cell cycle gene in
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FIGURE 8: (a) The expression of cyclin B1, cDC2, and MyT1 proteins in xenograft tissues. (b) The expression of cyclin B1, cDC2, and MyT1
proteins in xenograft tissues analyzed by immunohistochemistry. *P < 0.05, **P <0.01, when compared to the positive control group.

hematological malignant tumors [48, 49]. cDC2 inhibits
the progression of the cell cycle and potentially induces
apoptosis. The activation or over-expression of ¢DC2
promotes cell proliferation and imbalances the cell
proliferation and apoptosis, which suggests the role of
¢DC2 in multiple tumorigenesis processes. Additionally,
cyclin B-associated cDC2 regulates the G2/M phase [50].
The results of the present study suggested that BHE
arrested the progression of the cell cycle at the G2/M
phase by altering levels of MyT1, cyclin B1, and ¢cDC2 in
HepG2 and Huh?7 cells.

A model of nude mice was established in this study, and
the results showed that BHE inhibited the growth of

xenografts and affected the expression of MyTI, cyclin BI,
and cDC2. These findings confirmed that BHE inhibited the
proliferation of HCC by arresting the cell cycle of HCC and
affecting the expression of proteins related to the cell cycle.
However, further clinical trials are required for the clinical
application of blue honeysuckle extract.

5. Conclusion

BHE inhibits the cyclin B1/cDC2 signaling pathways to
achieve antitumor effects, which demonstrates its great
potential as a new anticancer drug for the treatment of
patients with HCC and provides a theoretical basis for the
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further development and utilization of blue honeysuckle in
tumor therapy.
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