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ARTICLE INFO ABSTRACT
Keywords: Background: Qizhu Anti-Cancer Recipe (QACR) is a traditional Chinese medicine widely used in
Qizhu Anti-Cancer Recipe treating several liver diseases. However, its function and the relevant mechanism underlying its
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effect in treating hepatocellular carcinoma (HCC) remain unknown. The aim of this study was to
explore the effect of QACR in HCC, which are expected to be a potential therapeutic scheme for
HCC.

Materials and methods: The chemical compositions of QACR were determined by liquid chroma-
tography/quadrupole time-of-fight mass spectrometry (LC-QTOF-MS). The anoikis-resistant HCC
cell proliferation and angiopoiesis were detected using the cell counting kit 8 (CCK8) assay,
trypan blue, calcein AM/EthD-1, flow cytometer, Western blot, and tube formation assays. An
orthotopic xenograft mouse model was established to evaluate the in vivo effects of the QACR. The
expression of proliferating cell nuclear antigen (PCNA), Bcl-2, CD31, caspase-3, caspase-8,
caspase-9, PARP-1, DFF40, phospho-c-Jun NH2-terminal kinase (p-JNK), and JNK was assessed
using Western blot and immunohistochemical analysis.

Results: QACR reduced the growth and tube formation of anoikis-resistant HCC cells and enhanced
cell apoptosis in vitro. In the orthotopic xenograft mouse models, QACR suppressed the tumori-
genesis of HCC in vivo. Mechanistically, QACR modulated the JNK pathway. The JNK inhibitor
(SP600125) reverses the inhibitory effects of QACR on anoikis-resistant HCC cell proliferation
and angiopoiesis.

Conclusion: Our study suggests that QACR suppresses the proliferation and angiopoiesis of
anoikis-resistant HCC cells by activating the JNK pathway. Therefore, QACR is a promising new
therapeutic strategy for treating hepatocellular carcinoma.

1. Introduction

Hepatocellular carcinoma (HCC), the primary tumor of the liver, is the sixth most prevalent cancer and the second leading cause of
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cancer-related mortality worldwide [1]. According to data from Global Cancer Statistics 2020, HCC accounted for about 906,000 new
cases and 830,000 deaths globally in 2020 [2]. Despite significant advances in therapeutic approaches, including local ablative
therapy, surgical resection, and liver transplantation, the overall survival rate of patients with HCC remains unsatisfactory due to high
recurrence and metastasis rates [3,4]. Therefore, understanding the molecular mechanisms underlying HCC pathogenesis could help
develop novel strategies to improve the prediction, prevention, and treatment of HCC.

Anoikis is programmed cell death caused by cells separating from the extracellular matrix (ECM) or neighboring cells. Anoikis is a
crucial defence mechanism against adherent-independent cell proliferation or reattachment to new matrices, inhibiting the coloni-
sation of distant organs [5,6]. Tumor cells can acquire anoikis resistance, enabling them to survive during local dissemination, sys-
temic circulation, and distant colonisation [3,7]. Acquiring anoikis resistance is an important prerequisite for intra-hepatic spread and
extra-hepatic metastasis of HCC [8]. Additionally, anoikis-resistant tumor cells overexpress endothelial growth factor A (VEGFA) and
display angiogenesis compared with their parental cells, which is necessary for anoikis-resistant cells to metastasise [7,9]. Therefore,
the mechanistic role of anoikis in HCC needs to be investigated and could be important in developing effective new therapeutic
strategies.

Currently, sorafenib is the only first-line systemic therapy recommended for advanced HCC [10]. Previous studies have demon-
strated that sorafenib exerts its anticancer effect by inducing apoptosis and inhibiting the growth and angiogenesis of HCC cells [11].
However, due to its low response rate (2 %) and a poor prognosis (5.5 months) [12], new therapies for HCC are urgently needed.
Traditional Chinese medicine (TCM) is a distinct diagnostic and therapeutic approach with a long history [13]. Studies have reported
that TCM was effective in treating cancer [14]. For example, Dihydroartemisinin exerts anti-angiogenic effects during tumor growth
through inducing anoikis of endothelial cell by activating the c-Jun N-terminal kinase (JNK) signaling pathway [15]. Moreover,
Extracts of Qizhu decoction inhibit hepatitis and hepatocellular carcinoma in vitro and in C57BL/6 mice by suppressing NF-kB signaling
[16]. Qizhu Anti-Cancer Recipe (QACR) is a Chinese herbal compound extracted from ten species of medicinal herbs: Bupleurum root,
Radix Paeoniae Alba, Curcuma zedoaria, Astragalus membranaceus, Radix Glycyrrhizae, Roasted rhizoma atractylodis macrocephalae, semen
coicis, Common Yam Rhizome, Spreading Hedyotis Herb, and Endothelium Corneum Gigeriae Galli (ECGG) extract. ECGG is a traditional
Chinese drug consisting of the dried gizzard membrane of Gallus gallus domesticus Brisson. With potent liver-dredging and
stasis-dispersing effects, QACR is a potential resource for creating novel HCC medications. However, experimental research investi-
gating the therapeutic potential of HCC remains scarce. In addition, the molecular mechanisms underlying the effect of QACR in
tumorigenesis and metastasis remain largely unknown.

The c-Jun N-terminal kinase (JNK), belonging to the MAPK family (also known as stress-activated protein kinase SAPK), is acti-
vated in response to various stimuli, such as infection, oxidative stress, cytotoxic drugs, cytoskeletal changes and DNA damage [17]. Xu
et al. reported that inhibiting JNK expression reversed MT189-mediated inhibition of endothelial proliferation, migration, differen-
tiation, and angiogenesis [18]. In colorectal cancer, norcantharidin induces cell anoikis by activating the JNK signaling pathway [19].
Its role and the corresponding downstream signaling in liver cancer need to be further explored. This study investigated whether QACR
suppresses the proliferation, metastasis, and angiopoiesis of anoikis-resistant HCC cells. The mechanism underlying the efficacy of the
QACR in treating HCC was identified.

2. Material and methods
2.1. Cell culture

HCC cell lines (MHCC97-L and SK-Hep-1) and HUVECs were purchased from Jennio Biotech (Guangzhou, China). The HCC cell
lines and HUVECs were cultured in Dulbecco’s modified Eagle medium (DMEM) (Life Technologies, Gaithersburg, USA) supplemented
with 10 % fetal bovine serum (FBS) (Sigma Aldrich, St. Louis, MO, USA), 100 U/mL penicillin (Life Technologies, Carlsbad, CA, USA),
and 100 pg/ml streptomycin (Life Technologies, Carlsbad, CA, USA). The cells were maintained in a humidified chamber at 37 °C
under 5 % CO».

2.2. In vivo model of anoikis

All in vivo experiments were performed according to the Care and Use of Laboratory Animals guidelines of Peking University
Shenzhen Graduate School. This study was approved by the Institutional Animal Care and Use Committee (IACUC) of Peking Uni-
versity Shenzhen Graduate School (Approval No. 92153). MHCC97-L cells infected with lentivirus encoding luciferase gene were
implanted into the left hepatic lobe of BALB/c male nude mice (four-week-old). After 4 weeks of implantation, tumor development was
monitored using a bioluminescence imaging system (IVIS Lumina XR, Caliper, USA). All mice were randomly assigned to five groups (6
mice per group) and treated once daily by intragastric injection as follows: The control group was treated with saline solution; the low-
dose group was treated with 10.4 g/kg of Anti-Cancer Recipe; the middle-dose group was treated with 20.8 g/kg of Anti-Cancer Recipe;
the high-dose group was treated with 41.6 g/kg of Anti-Cancer Recipe; and the positive group was treated with 0.096 g/kg of sorafenib.
After 30 days of intragastric injection, tumor growth was evaluated using a bioluminescence imaging system (IVIS Lumina XR). After
mice were sacrificed, tumor tissues from the liver were harvested for hematoxylin and eosin (H&E) staining and immunohistochemical
analysis.
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Table 1
Active compounds of Qizhu Anti-Cancer Recipe.
Name Formula Calc. MW RT mzCloud MS2 Reference Ion
[min] Best Match
Oleanolic acid C30H48 03  456.35978  22.171 100 DDA for M +
preferred ion H-H20]+1
Adenosine C10H13 N5 267.09632 4.484 99.9 DDA for [M+H]+1
04 preferred ion
D-(+)-Proline C5H9NO2 115.06353  1.392 99.9 DDA for [M-+H]+1
preferred ion
Daidzein C15H10 04 272.06849 14.131 99.9 DDA for other [M-H-H20]-1
ion
Formononetin C16H12 04 286.08423 14.63 99.9 DDA for other [M-H-H20]-1
ion
2,3,4,9-Tetrahydro-1H-p-carboline-3-carboxylic acid C12H12 N2 216.08967 8.55 99.9 DDA for [M+H]+1
02 preferred ion
L-Phenylalanine C9HI11N 148.05236 5.232 99.9 DDA for other [M + NH4]+
02 ion 1
Benzoic acid C7 H6 02 122.03551 9.714 99.9 DDA for [M - H]-1
preferred ion
Nicotinic acid C6H5NO2  123.0323 2.014 99.8 DDA for [M+H]+1
preferred ion
2,3-Dihydro-1-benzofuran-2-carboxylic acid C9 H8 03 164.04626  11.477 99.8 DDA for [M — H]-1
preferred ion
Dibutyl phthalate Cl16H2204  278.15128  18.582 99.7 DDA for [M-+H]+1
preferred ion
Isoliquiritigenin C15H12 04 256.07289 11.893 99.7 DDA for [M+H]+1
preferred ion
Citraconic acid C5 H6 04 130.02551  5.756 99.7 DDA for [M — H]-1
preferred ion
Salicylic acid C7 H6 03 138.03047  12.997 99.6 DDA for [M — H]-1
preferred ion
4-Indolecarbaldehyde COH7NO 145.05151 11.863 99.6 DDA for [M — H]-1
preferred ion
Chlorogenic acid Cl6H1809  372.10573  9.813 99.6 DDA for other ~ [M-H-H20]-1
ion
Genistin C21H20 432.10564 12.217 99.6 DDA for [M+H]+1
010 preferred ion
Trigonelline C7H7NO2 137.04761 1.475 99.6 DDA for [M-+H]+1
preferred ion
Ferulic acid C10H10 04 194.0574 11.837 99.6 DDA for [M - H]-1
preferred ion
Adenosine 5-monophosphate C10H14N5  347.0627 2.254 99.6 DDA for [M+H]+1
o7 P preferred ion
Salicylic acid C7 H6 03 138.03082  9.078 99.6 DDA for [M — H]-1
preferred ion
Di(2-ethylhexyl) phthalate C24H38 04 390.27599 23.072 99.6 DDA for [M+H]+1
preferred ion
pL-Homoserine C4H9NO3 119.0584 1.335 99.6 DDA for [M+H]+1
preferred ion
4-Oxoproline C5H7NO3  129.04133  2.648 99.5 DDA for [M — H]-1
preferred ion
Azelaic acid C9 H16 04 188.10405 13.419 99.5 DDA for [M - H]-1
preferred ion
5-Hydroxymethyl-2-furaldehyde C6 H6 O3 126.0319 5.947 99.5 DDA for [M+H]+1
preferred ion
5'-S-Methyl-5-thioadenosine C11H15N5 297.08934 7.95 99.5 DDA for [M+H]+1
03s preferred ion
Bis(4-ethylbenzylidene)sorbitol C24H3006  414.20369 17.619 99.5 DDA for [M-+H]+1
preferred ion
Isoliquiritigenin C15H1204  256.0731 13.682 99.4 DDA for [M+H]+1
preferred ion
(11,3R,4s,55)-4-{[(2E)-3-(3,4-dihydroxyphenyl)prop-2-enoyl] C16H18 09 354.09472 9.813 99.4 DDA for [M+H]+1
oxy}-1,3,5-trihydroxycyclohexane-1-carboxylic acid preferred ion
[(3R,5R,6S,85)-3-(B-D-Glucopyranosyloxy)-6-hydroxy-8-methyl- C23H28 480.16247  10.073 99.4 DDA for [M + FA-H]-1
9,10-dioxatetracyclo[4.3.1.02,5 03,8]dec-2-yllmethyl 011 preferred ion
benzoate
Bis(4-ethylbenzylidene)sorbitol C24H3006  414.20339  17.198 99.4 DDA for [M+H]+1
preferred ion
Ononin C22H22 09 430.12561 13.419 99.4 DDA for [M+H]+1

preferred ion

(continued on next page)
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Table 1 (continued)

Name Formula Calc. MW RT mzCloud MS2 Reference Ion
[min] Best Match
L-Glutamic acid C5H9NO4  147.05301  1.327 99.4 DDA for [M-+H]+1
preferred ion
Daidzin C21H20 09 416.11059 11.252 99.4 DDA for [M+H]+1
preferred ion
(+)9,10-dihydroxy-12Z-octadecenoic acid C18H3404  296.23521  19.468 99.4 DDA for [M — H]-1
preferred ion
Isoliquiritigenin C15H12 04 256.07292 11.487 99.4 DDA for [M+H]+1
preferred ion
{(3R,5R,68,85)-3-[(6-0-Benzoyl-p-p-glucopyranosyl)oxy]-6- C30H32 584.18805  14.451 99.3 DDA for [M+H]+1
hydroxy-8-methyl-9,10-dioxatetracyclo[4.3.1.02,5.03,8]dec- 012 preferred ion
2-yl}methyl benzoate
2-0-Methyladenosine CI1H15N5  281.11235  5.937 99.3 DDA for [M+H]+1
04 preferred ion
Bis(4-ethylbenzylidene)sorbitol C24H30 06 414.20346 16.762 99.3 DDA for [M+H]+1
preferred ion
Quercetin C15H1007  302.04201  11.649 99.3 DDA for [M-+H]+1
preferred ion
7-hydroxy-3-(4-methoxyphenyl)-4H-chromen-4-one Cl6H1204  268.07315  15.88 99.3 DDA for [M+H]+1
preferred ion
4-Coumaric acid C9 H8 O3 164.04712 11.489 99.3 DDA for [M+H]+1
preferred ion
Daidzein C15H1004  254.05753  14.136 99.3 DDA for [M-+H]+1
preferred ion
Phenylacetaldehyde C8H8 O 120.05618 11.474 99.2 DDA for [M — H]-1
preferred ion
Formononetin C16H12 04 268.07285 13.383 99.2 DDA for [M+H+
preferred ion MeOH]+1
N6-Me-Adenosine C11H15N5  281.11257  6.552 99.2 DDA for [M-+H]+1
04 preferred ion
Palmitic acid C16H32 02 256.24027 22.667 99.2 DDA for [M - H]-1
preferred ion
Daidzein C15H1004  272.06835  16.303 99.2 DDA for other ~ [M-H-H20]-1
ion
Gallic acid C7 H6 05 124.01498  5.208 99.2 DDA forother  [M + FA-H]-1
ion
Isoliquiritigenin C15H1204  256.07339  9.816 99.1 DDA for [M-+H]+1
preferred ion
Methyl palmitate C17H3402  287.28191  15.109 99.1 DDA for [M-+H]+1
preferred ion
Isoliquiritigenin C15H12 04 256.07331 15.662 99.1 DDA for [M+H]+1
preferred ion
B-Muricholic acid C24H4005  816.57539  18.936 99.1 DDA for [M — H]-1
preferred ion
2-(Acetylamino)hexanoic acid C8 H15 N 173.10432 10.577 99.1 DDA for [M — H]-1
03 preferred ion
Anthranilic acid C7H7NO2 137.04651 12.173 99 DDA for [M - H]-1
preferred ion
Quercetin-3p-D-glucoside C21H20 464.09514 12.12 99 DDA for [M+H]+1
012 preferred ion
3-{[(2S,3R,4S,5S,6R)-6-({[(2R,3R,4R)-3,4-dihydroxy-4- C17H24 210.06329 7.375 99 DDA for other [2M + H]+1
(hydroxymethyl)oxolan-2-yl]oxy}methyl)-3,4,5- 012 ion
trihydroxyoxan-2-yl]oxy}-2-methyl-4H-pyran-4-one
Asperulosidic acid C18H24 449.15251 9.299 99 DDA for [M+H]+1
012 preferred ion
Glucose 1-phosphate C6 H13 09 260.02956  1.649 99 DDA for [M+H]+1
P preferred ion
Quercetin-3p-D-glucoside C21H20 464.09487 11.649 99 DDA for [M+H]+1
012 preferred ion

2.3. Screening of active ingredients of Qizhu Anti-Cancer Recipe

The chemical composition of QACR was measured by liquid chromatography/quadrupole time-of-fight mass spectrometry (LC-
QTOF-MS), All the reagents, including polydatin, corilagin, ethanol, and other reference standards, were obtained from Sigma-Aldrich
(St. Louis, MO, USA). Active compounds of Qizhu Anti-Cancer Recipe are shown in Table 1.
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2.4. The cell counting kit 8 assay

Cells were seeded in the ultra-low attachment 6-well plates (Corning Inc., Corning, NY, USA) overnight at a density of 2 x 10° per
well. Then, they were treated with varying concentrations of Anti-Cancer Recipe. After 72h, 200 pl of cell counting kit 8 (CCK8)
reagents (Sigma Aldrich, St. Louis, MO, USA) were added to each well and incubated for 3 h at 37 °C. The optical absorbance was
measured at 450 nm using a Microplate Reader (Thermo Fisher Scientific, Waltham, MA, USA).

2.5. Trypan blue exclusion assay

MHCC97-L and SK-Hep-1 cells ( 2 x 10° per well) were seeded overnight in the ultra-low attachment 6-well plates (Corning Inc.).
The cells were treated with 20 pg/ml, 40 pg/ml, and 200 pg/ml QACR or 3.72 pg/ml sorafenib. After 14 days, the cells were harvested
and stained with 0.4 % trypan blue (Gibco BRL, Grand Island, NY, USA). The stained cells were analysed under a light microscope
(Olympus Corp., Tokyo, Japan).

2.6. AM/ETHD-1 assay

Studies have shown that the calcein AM/EthD-1 dual-fluorescent dying assay can simultaneously stain live cells green and dead
cells red. Briefly, MHCC97-L and SK-Hep-1 cells were cultured overnight in the ultra-low attachment 6-well plates (Corning Inc.).
Then, they were treated with 20 pg/ml, 40 pg/ml, and 200 pg/ml QACR or 3.72 pg/ml sorafenib for 14 days. To dilute serum-
containing esterase that may cause false positives, 100 pl of PBS was added into each well to wash the cells. Thereafter, 0.5 ml of
dual fluorescence calcein AM/EthD-1 assay reagents were added to each well and incubated at room temperature for 15 min. Samples
were examined using a FACSAria II flow cytometer (BD Biosciences, San Jose, CA, USA).

2.7. Flow cytometry assay of apoptosis

MHCC97-L and SK-Hep-1 cells were seeded overnight in the ultra-low attachment 6-well plates (Corning Inc.). Then, the cells were
treated with 20 pg/ml, 40 pg/ml, and 200 pg/ml QACR or 3.72 pg/ml sorafenib for 14 days. Next, the cells were harvested, washed
twice with PBS, and resuspended in 200 pL binding buffer. Afterward, cells were stained with 5 pL of annexin V (0.5 mM/L) and 5 pL
propidium iodide (1 pg/ml). The cells were examined using a FACSAria II flow cytometer (BD Biosciences).

2.8. Western blot

The cells were lysed in ice-cold RIPA lysis buffer containing protease inhibitors (Beyotime Biotechnology, Shanghai, China). The
protein concentration was determined using BCA™ Protein Assay Kit (Thermo Scientific, Rockford, USA). Equal amounts of protein
were separated using SDS-PAGE and transferred to the polyvinylidene fluoride (PVDF) membrane. After blocking for 1 h, the mem-
brane was incubated overnight at 4 °C with primary antibodies against the following proteins: mouse anti-proliferating cell nuclear
antigen- (PCNA) (1:2000; Abcam), rabbit anti-Bcl-2 (1:2000; Abcam), rabbit anti-Caspase-3 (1:500; Abcam), rabbit anti-Caspase-8
(1:1000; Abcam), rabbit anti-Caspase-9 (1:2000; Abcam), rabbit anti-CD31(1:1000; Abcam), rabbit anti-phosphor-JNK (p-JNK)
(1:1000, Cell Signaling Technology), rabbit anti-JNK (1:1000, Abcam), rabbit anti-PARP-1(1:1000; Abcam), rabbit anti-DFF40
(1:1000, Abcam) and rabbit anti- f-actin (1:5000; Abcam). The membrane was then probed with horseradish-peroxidase conju-
gated secondary antibody goat anti-rabbit IgG (1:2000; Abcam) or rabbit anti-mouse IgG (1:2000; Abcam) at room temperature for 1 h.
The immunoreactive bands were visualised using an enhanced chemiluminescence (ECL) detection system.

2.9. Tube formation

Matrigel was dissolved at 4 °C overnight. Then, the thawed matrigel was added to a 12-well plate and incubated at 37 C for 30 min.
Thereafter, 3 x 10* HUVECs and MHCC97-L cells were seeded on matrigel-coated 12-well plates and treated with 20 pg/ml, 40 pg/ml,
and 200 pg/ml QACR or 3.72 pg/ml sorafenib. After 24h, the tube branches and length were analysed using ImageJ software (http://
rsb.info.nih.gov/ij/).

2.10. Hematoxylin and eosin staining

Tumor tissues were fixed in a 10 % neutral formaldehyde, embedded in paraffin, and cut into 5 pm slices. After deparaffinisation
and rehydration, sections were stained with hematoxylin and eosin (H&E) solution. Then, the cell morphology was observed using a
light microscope (Olympus Corp.) equipped with an Olympus DP70 digital camera.
2.11. Immunohistochemical analysis

Formalin-fixed and paraffin-embedded tissue specimens were cut into thin 5 pm slices. The tissues were dewaxed and rehydrated

using graded ethanol, followed by incubation at 4 °C overnight with primary antibodies against mouse anti-PCNA (1:10000; Abcam),
rabbit anti-Bcl-2 (1:100; Abcam), rabbit anti-Caspase-3 (1:100; Abcam), rabbit anti-Caspase-8 (1:250; Abcam), rabbit anti-Caspase-9
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(1:300; Abcam), rabbit anti-CD31 (1:250; Abcam), and rabbit anti-p-JNK (1:50; Cell Signaling Technology). The sections were washed
with PBST and then incubated with secondary antibodies goat anti-rabbit IgG (1:1000; Abcam) or rabbit anti-mouse IgG (1:500;
Abcam) at room temperature for 1 h. Protein expression was detected using the DAB Kit (Beyotime Biotechnology, Shanghai, China).
At the same time, the nuclei were counterstained using hematoxylin (Sigma Aldrich, St. Louis, MO, USA). Images were captured using a
light microscope (Olympus Corp.) with an Olympus DP70 digital camera.

2.12. Statistical analyses

All statistical analyses were performed using SPSS21.0 (SPSS Inc., Chicago, IL, USA). Data were expressed as the mean =+ standard
deviation (sd). Differences among multiple groups were analysed using a one-way or two-way analysis of variance (ANOVA). P < 0.05
was considered statistically significant.
3. Results

3.1. Qizhu Anti-Cancer Recipe suppresses the growth and angiopoiesis of anoikis-resistance hepatocellular carcinoma cells

To explorethe potential roles of QACR in anoikis-resistant HCC cells, we first detected the working concentrations of QACR by
measuring the cell viability of Lx2 cells administrated with different doses of QACR, a notable reduction of cell viability was observed
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Fig. 1. The effects of Qizhu Anti-Cancer Recipe on anoikis-resistance hepatocellular carcinoma cell proliferation and apoptosis (A) Viable MHCC97-
L and SK-Hep-1 cells treated with 3.72 pg/ml sorafenib or varying concentrations (0 pg/ml; 20 pg/ml; 40 pg/ml; 200 pg/ml) of Qizhu Anti-Cancer
Recipe (QACR) in the ultra-low attachment 6-well plates according to cell counting kit 8 (CCK8) assay. (B) Viable cells in sorafenib or varying
concentrations of QACR groups according to trypan blue assay. (C) Viable cells in sorafenib or varying concentrations of QACR groups according to
calcein-AM/EthD-1 assay. (D) Cell apoptosis after sorafenib or varying concentrations of QACR treatment according to flow cytometry analysis with
Annexin V/PI-staining. Data are presented as the mean + SD of triplicate experiments, one-way ANOVA and two-way ANOVA were used for sta-
tistical test. Compared to the NC group, *P < 0.05, **P < 0.01, ***P < 0.001.
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at 400 pg/ml (Supplementary Fig. 1A). Then MHCC97-L and SK-Hep-1 cells were treated with varying doses of QACR or sorafenib in
the ultra-low attachment 6-well plates. As shown in Fig. 1A, sorafenib or QACR inhibited the growth of HCC cells. Furthermore, trypan
blue exclusion assay revealed that QACR or sorafenib reduced the number of viable HCC cells (Fig. 1B). The inhibitory effect of
sorafenib or QACR on the proliferation of anoikis-resistant HCC was further identified using calcein-AM/EthD-1 assay (Fig. 1C). The
flow cytometry assay revealed that sorafenib or QACR significantly increased the apoptosis rate of HCC cells (Fig. 1D). Similar to cell
growth and apoptosis results, sorafenib or QACR significantly reduced the expression of PCNA, Bcl-2, and CD31. At the same time,
sorafenib or QACR significantly increased the expression of apoptosis-related proteins, including caspase-3, caspase-8, caspase-9, and
DFF40 (Fig. 2A-G, Supplementary Fig. 1E). Next, the tube formation assay was performed to detect the effect of sorafenib or QACR on
the angiopoiesis of anoikis-resistant HCC cells and HUVECs. The results showed that sorafenib or QACR reduced the angiogenesis of
anoikis-resistant HCC cells and HUVECs (Fig. 2H). Our results suggested that QACR plays a role in the proliferation, apoptosis, and
angiopoiesis of anoikis-resistant HCC cells.

3.2. Qizhu Anti-Cancer Recipe suppresses the tumor progression in vivo

Sorafenib or QACR was intragastrically administered to an orthotopic xenograft mouse model to validate further the anti-tumor
effect of sorafenib or QACR on the growth of anoikis-resistant HCC cells in vivo. Compared with the control group, QACR treatment
effectively inhibited tumor growth in vivo (Fig. 3A and B). Furthermore, the QACR treatment reduced the expression of the prolif-
eration marker (PCNA and Bcl-2) and angiogenesis marker (CD31). At the same time, immunohistochemical analysis revealed that
sorafenib or QACR treatment increased the expression of apoptosis markers, including caspase-3, caspase-8, and caspase-9 (Fig. 3C and
D). Consistent with the results from the immunohistochemical analysis, the expression of PCNA, Bcl-2, and CD31 was downregulated
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Fig. 2. The effects of Qizhu Anti-Cancer Recipe on apoptotic proteins and angiopoiesis in hepatocellular carcinoma cells. (A-G) The effects of 3.72
pg/ml sorafenib or QACR (0 pg/ml; 20 pg/ml; 40 pg/ml; 200 pg/ml) on the expression of proliferating cell nuclear antigen (PCNA), Bcl-2, caspase-3,
caspase-8, caspase-9, and CD31 according to Western blot analysis. (H) Angiogenesis in MHCC97-L or SK-Hep-1 cells and HUVECs according to tube
formation assay. Data are presented as the mean =+ SD of triplicate experiments, one-way ANOVA and two-way ANOVA were used for statistical test.
Compared to the NC group,*P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 3. The effects of Qizhu Anti-Cancer Recipe on tumor growth and angiopoiesis in vivo (A) The effects of QACR (0 g/kg; 10.4 g/kg; 20.8 g/kg;
41.6 g/kg) in vivo tumor growth according to Bioluminescence imaging. (B) Representative image of liver tumor obtained from mice in each group.
(C) The expression of PCNA, Bcl-2, CD31, caspase-3, caspase-8, and caspase-9 in each group according to immunohistochemical analysis. (D) The
positive rate of PCNA, Bcl-2, CD31, caspase-3, caspase-8, CD31, and caspase-9 in each group. Data are presented as the mean + SD of five inde-
pendent experiments, one-way ANOVA was used for statistical test. Compared to the control group,*P < 0.05, **P < 0.01, ***P < 0.001.

in the sorafenib or QACR group. At the same time, the expression of caspase-3, caspase-8, caspase-9, DFF40 was upregulated in the
sorafenib or QACR (Fig. 4A-D, Supplementary Fig. 1F). Based on the above results, QACR inhibits the progression of HCC in vivo.

3.3. Qizhu Anti-Cancer Recipe modulates the c-Jun N-terminal kinase pathway

The stress-activated c-JUN NH2-terminal kinase (JNK) pathway plays a crucial role in cell anoikis, growth, and tube formation
[20-22]. Previous Studies have reported that the JNK pathway plays a role in the development and progression of several cancers [23].
Therefore, we hypothesised that sorafenib or QACR regulates the JNK pathway. We examined the JNK pathway in HCC tumor tissues
to validate this hypothesis using the immunohistochemical and Western blot analysis. As shown in Fig. 5A, 0.096 g/kg of sorafenib or
41.6 g/kg of QACR treatment increased the positive rate of p-JNK. Western blot (Fig. 5B) and Elisa analysis (Supplementary Fig. 1B)
revealed similar results. Western blot and Elisa assays were performed to validate whether sorafenib or QACR impacts the protein
levels of the JNK pathway in anoikis-resistant HCC cells. Consistent with the above results, QACR administration with concentration of
200 pg/ml dramatically upregulated the expression of p-JNK (Fig. 5C, Supplementary Figs. 1C and 1D). In summary, these data
validated that QACR could modulate the expression of p-JNK in hepatocellular carcinoma cells.

3.4. SP600125 reversed the inhibitory effects of Qizhu Anti-Cancer Recipe on the growth and angiopoiesis of anoikis-resistance
hepatocellular carcinoma cells

We designed rescue experiments to clarify whether sorafenib or QACR suppresses the anoikis resistance, growth of HCC cells, and
tube formation of anoikis-resistant HCC cells by the activation of the JNK signaling pathway. As shown by Western blot, SP600125 (10
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Fig. 4. The effects of Qizhu Anti-Cancer Recipe on proliferation, apoptosis, angiopoiesis -related proteins in vivo (A) The expression of PCNA, Bcl-2,
CD31, caspase-3, caspase-8, and caspase-9 in tumor tissues obtained from each group according to Western blot. (B-D) The densitometry analysis of
PCNA, Bcl-2, CD31, caspase-3, caspase-8, and caspase-9. Data are presented as the mean + SD of five independent experiments, one-way ANOVA
was used for statistical test. Compared to the control group,*P < 0.05, **P < 0.01, ***P < 0.001.

pM), a c-Jun N-terminal kinase inhibitor, successfully reversed the expression of p-JNK increased after sorafenib (3.72 pg/ml) or QACR
(200 pg/ml) treatment (Fig. 6A). CCK-8 and Trypan blue assays revealed that SP600125 significantly increased the number of viable
cells after sorafenib or QACR treatment (Fig. 6B and C). These findings were further validated using calcein-AM/EthD-1 analysis
(Fig. 6D). In addition, SP600125 effectively inhibited cell apoptosis after sorafenib or QACR treatment (Fig. 6E). Furthermore,
SP600125 enhanced tube formation inhibited in the sorafenib or QACR group (Fig. 6F). Consistent with the above results, SP600125
reversed the inhibited expression of PCNA, Bcl-2, and CD31 and the enhanced expression of caspase-3, caspase-8, caspase-9, and
DFF40 induced by sorafenib or QACR (Fig. 6G, Supplementary Fig. 1G). Taken together, the JNK inhibitor could regulate the pro-
liferation, apoptosis, and tube formation of anoikis-resistance hepatocellular carcinoma cells impacted after QACR treatment.

4. Discussion

JNK pathway plays critical roles in cell death, survival, differentiation, proliferation, and tumorigenesis in hepatocytes [24-26]. In
this research, we found that QACR can remarkably restrain the proliferation, metastasis, and angiopoiesis in anoikis-resistant HCC cells
and BALB/c nude mice by activating the JNK pathway. And the inhibitory effects of QACR in liver cancer was markedly reversed by
administration with JNK inhibitor.

As a traditional Chinese medicine (TCM), the main ingredients of QACR including Bupleurum root, Radix Paeoniae Alba, and
Rhizoma zedoariae have been demonstrated to nourish blood and liver and been broadly utilized for treating several liver diseases in
eastern Asian countries [27,28]. Several active compounds of QACR including oleanolic acid, asperulosidic acid, ononin, daidzein,
formononetin have been reported to exert significant hepatoprotective effects. For example, oleanolic acid suppressed the migration
and invasion of the liver cancer cells via regulating of the JNK/p38 signalling pathway [29]. Asperulosidic acid restrains hepatocellular
carcinoma development and enhances chemosensitivity through inactivating the MEKK1/NF-kB pathway [30]. Moreover, ononin,
daidzein, formononetin were identified as active compounds in TCM that affect the development of liver fibrosis by regulating
inflammation, immunity, angiogenesis, antioxidants [31]. The underlying mechanisms might be related to their effects of inhibiting
proliferation, inflammation and angiogenesis. In this study, we first explored the inhibitory effects of QACR on anoikis-resistant HCC
cells and mice model. It was discovered that QACR treatment effectively restrained the proliferation and angiopoiesis of
anoikis-resistant HCC cells in vitro as well as the tumor growth in vivo, while promoting the apoptosis, which were in consistent with the
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Fig. 5. The effects of Qizhu Anti-Cancer Recipe on the c-Jun N-terminal kinase pathway (A-B) Immunohistochemical and Western blot analysis of
phospho-c-Jun NH2-terminal kinase (p-JNK) protein expression in tumors from each group. (C) The expression of p-JNK in anoikis-resistance
MHCC97-L and SK-Hep-1 cells treated with sorafenib or varying concentrations of QACR according to Western blot. For cell experiments, data
are reported as the mean + SD of three experiments, while for animal experiments, data are presented as the mean + SD of five independent
experiments. one-way ANOVA and two-way ANOVA were used for statistical test. Compared to the NC or control group,*P < 0.05, **P < 0.01, ***P
< 0.001.

previous findings. Anoikis could impede detached cells from reattaching to new matrices and developing dysplasia [32]. Resistance to
anoikis, an important step in metastasis, promotes the survival of cancer cells while migrating to secondary sites [3]. Therefore, it is
critical to understand the cellular characteristics and molecular mechanisms of anoikis in HCC, which could be helpful with the
development of therapy and prognosis of HCC. We are the first to investigate the effects of the QACR on the proliferation and apoptosis
of anoikis-resistant HCC both in vivo and in vitro. Flow cytometry analysis indicated that QACR significantly increased the apoptosis
rate of HCC cells, and the expression of apoptosis-related proteins, including caspase-3, caspase-8, caspase-9, PARP-1, DFF40, were
markedly changed, indicating that QACR can activate the cell apoptosis in anoikis-resistant HCC cells.

The c-Jun N-terminal kinases (JNKs), members of the mitogen-activated protein kinase (MAPK) family, regulates various physi-
ological processes, including cell proliferation, survival, death, DNA repair, metabolism, anoikis, and angiogenesis [3,33,34]. Here, we
found that QACR administration upregulated the expression of p-JNK in anoikis-resistant HCC cells and tumor tissues. Moreover, the
addition of SP600125 reversed the positive effects of QACR on inhibiting the HCC cell proliferation, tube formation as well as tumor
growth. These results suggested that the inhibitory effects of QACR in liver cancer are connected with the regulation of JNK signaling.

In conclusion, QACR can inhibit the anoikis-resistant HCC cells proliferation and tumors growth, and might exert this effect by
regulating the JNK pathway, suggesting that QACR may serve as a new therapeutic strategy in HCC.
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