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Purpose. -is study focused on determining the anticancer effect of paeoniflorin and geniposide mixture (PFGS) combined with
sorafenib (Sor) in hepatocellular carcinoma (HCC) and, in particular, whether PFGS increases the antitumor effect of Sor by
modulating the NF-κB/HIF-2α/SerpinB3 pathway. Methods. -e H22 hepatoma tumor-bearing mouse model was treated with
PFGS, Sor, and a combination of the two drugs for 12 days.-e effects of PFGS combined with Sor on tumor growth and apoptosis
and the expression of NF-κB, HIF-2α, and SerpinB3 in tumor tissue were assessed. In addition, Sor-resistant hepatoma cells were
treated with PFGS, Sor, and the combination of the two drugs in vitro. -e effects of PFGS combined with Sor on cell proliferation
and invasion and the protein expression of NF-κB p65, HIF-2α, and SerpinB3 were investigated. Results. PFGS combined with Sor
treatment synergistically inhibited tumor growth in HCC tumor-bearing mice. Immunostaining showed that PFGS combined
with Sor treatment significantly decreased the expression of Ki-67 and obviously induced apoptosis in the tumor compared with
a single treatment. Similarly, PFGS combined with Sor treatment significantly downregulated the expression of NF-κB, HIF-2α,
and SerpinB3 in the tumor compared with a single treatment. Additionally, PFGS combined with Sor markedly inhibited cell
proliferation and invasion and activation of the NF-κB/HIF-2α/SerpinB3 pathway in Sor-resistant hepatoma cells compared with
a single treatment. Conclusion. Our study demonstrated that PFGS synergistically increased the antiliver cancer effects of Sor by
lowering activation of the NF-κB/HIF-2α/SerpinB3 pathway. -ese findings provided a scientific foundation for clinical studies
using PFGS and Sor to treat liver cancer.

1. Introduction

Hepatocellular carcinoma (HCC) has a high mortality rate
and a proclivity for metastasis and recurrence. According to
statistics, 900,000 patients were diagnosed with liver cancer,
and there were 830,000 fatalities worldwide in 2020, making
liver cancer one of the leading causes of cancer-related death
[1]. Sorafenib (Sor) is a small molecule multikinase oral-
targeted medication that has been shown to be effective in
the first-line treatment of advanced primary liver cancer
[2, 3]. However, Sor may induce drug resistance in HCC
[4–6]. Relapse-free survival did not increase considerably in
patients who received Sor for a long period in clinical

studies, and the median survival time even deteriorated to
various degrees [6–8], restricting the drug’s use. Finding
a safe and effective treatment to reduce drug resistance of
liver cancer to Sor is therefore crucial for patients with this
disease.

Sorafenib resistance in HCC, whether acquired or pri-
mary, necessitates abnormal expression of certain molecules
or signaling pathways [7]. -e nuclear factor kappa-B (NF-
κB) pathway is involved in the development and incidence of
malignancies. -e NF-κB signaling cascade, when abnor-
mally activated, can boost tumor cell proliferation and
antiapoptosis, enhance epithelial-mesenchymal transition
(EMT) and invasion, and develop treatment resistance [9].
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Recent studies have shown that activation of NF-κB was
a key target in causing Sor desensitization in HCC [10].
Activated NF-κB acts by inhibiting cytochrome P450 1A2
[11] or promoting the expression of CD47 [12] and hypoxia-
induciblefactor-2α (HIF-2α) [13] and other pathways to
induce the development of Sor resistance. -e present
findings provided a theoretical basis for increasing the ef-
ficacy of Sor in the treatment of liver cancer by blocking the
NF-κB signaling cascade.

Shaoyao Ruangan Mixture is a traditional Chinese
medical preparation made by Zhejiang Cancer Hospital and
has been used in the adjuvant treatment of hepatitis, HCC,
and hepatic cirrhosis for more than 20 years. In a previous
clinical application, the Shaoyao RuanganMixture conferred
beneficial effects on chemically induced hepatic damage and
effectively inhibited the progression of primary liver cancer
[14, 15]. In addition, it was also found to inhibit the for-
mation of tumor tissue in HepG2 tumor-bearing nude mice
by suppressing NF-κB and its downstream Bax/Bcl-2 and
Caspase-3 [16]. -e primary components of the mixture,
according to drug analysis, are paeoniflorin (PF) and gen-
iposide (GS), and in Shaoyao Ruangan Mixture at the
concentration of 1 g/mL, there was approximately 0.235mg/
mL PF and 0.458mg/mL·GS, with a content ratio of roughly
1 : 2 [17]. Recent investigations have also shown that PF and
GS had considerable inhibitory effects on NF-κB, and
inhibiting NF-κB expression could cause anti-inflammatory
and antitumor effects [17–19]. We believe that the mixture
can improve Sor sensitization in liver cancer due to the
critical role of NF-κB axis activation in Sor resistance.
-erefore, to improve the antihepatoma effect of Sor, we
used the paeoniflorin and geniposide mixture (PFGS), which
was prepared based on the content ratio of the Shaoyao
Ruangan Mixture. -is was conducted to simplify the ex-
periments and maintain the traditional Chinese medicine
theory of increasing the effect with “assistance” (traditional
Chinese medicine formulation) [20].

We used H22 hepatoma tumor-bearing mice and a Sor-
resistant human hepatoma cell line to investigate the anti-
hepatoma effect of PFGS combined with Sor in vivo and
in vitro, as well as the correspondingmechanism centered on
the upstream and downstream target genes of the NF-κB
signaling pathway, laying the foundation for the clinical
application of Shaoyao Ruangan Mixture and Sor.

2. Methods

2.1. Reagents. Paeoniflorin (PF), with a purity >98.04%, was
purchased from MedChemExpress Inc. (Shanghai, China).
Geniposide (GS), with a purity >99.52%, was purchased
from MedChemExpress Inc. (Shanghai, China). -e ratio of
PF and GS was 1 : 2, which is close to the ratio of PF and GS
in the Shaoyao Ruangan Mixture, which was used to prepare
PFGS. Sorafenib, with a purity >99.08%, was purchased from
MedChemExpress Inc. (Shanghai, China). Rabbit mono-
clonal antibodies against Ki-67 (ab15580), NF-κB p65
(ab16502), HIF-2α (ab109616), and serine protease inhibitor
B3 (SerpinB3, ab201081) were obtained from Abcam Inc.
(Shanghai, China). A terminal deoxynucleotidyl transferase-

mediated dUTP nick end-labeling (TUNEL) test kit was
purchased from the Nanjing Jiancheng Biological Engi-
neering Institute (Nanjing, China). Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE),
phosphate-buffered saline (PBS), PVDF membranes, BCA
protein assay kit, penicillin/streptomycin (PS), dimethyl
sulfoxide (DMSO), and 0.25% trypsin-0.53mM EDTA were
purchased from Solarbio Biotechnology Co., Ltd. (Beijing,
China). Fetal bovine serum (FBS) was purchased from
Hyclone Bioscience Co., Ltd. (Beijing, China). Dulbecco’s
Modified Eagle’s Medium (DMEM) was purchased from
Gibco Biotechnology Co., Ltd. (Beijing, China). Cell
counting kit-8 (CKK-8) was obtained from Medchemex-
press Inc. (Shanghai, China). BD Matrigel Basement
Membrane Matrix (Matrigel) was obtained from Yes Service
Biotech, Inc. (Shanghai, China).

2.2. Cell Line and Culture. -e H22 cell line was purchased
from Procell Life Science and Technology Co., Ltd. (Wuhan,
China). Huh-7 and Huh-7Sor-resistant (SR) cell lines were
purchased from iCell Bioscience Inc. (Shanghai, China).
During resuscitation, the cells preserved in nitrogen were
melted in a water bath at 37°C, a DMEMhigh sugar complete
medium (89% DMEM high glucose medium+ 10% fetal
bovine serum+ 1% penicillin/streptomycin) was added, and
then it was centrifuged at 1000 rpm for 5min to remove the
supernatant. -e precipitated cells were resuspended in
a complete medium and inoculated into T25 culture flasks.
-e cells were maintained at a 37°C humidified incubator
containing 5% CO2. -e medium was replaced every
24 hours. When the cells were fused at about 80%, they were
digested and passaged with pancreatin.

2.3. Animals and Treatment. A total of 24 male C57BL/6
mice, 5 weeks old and weighing 18–22 g, were obtained from
SLAC Animal Inc. (Shanghai, China). -e Animal Experi-
ment Ethics Committee of Zhejiang Cancer Hospital ap-
proved all reported animal experiments (Registration No.
SYKX 2017–0012, date of approval: 2017-10-10). All mice
were housed in a controlled environment (12 h light/dark
cycle, temperature of 22± 2°C and humidity of 45± 10%).
After acclimatization, H22 cells (1× 106, viability ≥95%)
were subcutaneously injected into the back or neck of mice
to induce the H22 tumor-bearing mouse model. When the
tumor grew to about 50mm3, the mice were randomly
divided into four groups (n� 6 in each group): control group
(0.2mL normal saline, stomach irrigation i. g., once a day),
Sor group (30mg/kg Sor, stomach i. g., once a day), PFGS
group (25mg/kg PF and 50mg/kg·GS, stomach i. g., once
a day), and PFGS-Sor group (30mg/kg Sor, PF and 50mg/
kg·GS, stomach i. g., once a day). -e dose of PF and GS in
this experiment is closely equal to the content of PF and GS
in the clinical dose Shaoyao Ruangan Mixture.

-e tumor size was measured using calipers every 2 days,
and the tumor volume was evaluated using the following
formula: volume (mm3) = length (mm)× width (mm)×
width (mm)/2. All intervention treatments lasted 12 days,
and the mice were supplied with a standard rodent diet and
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water ad libitum during experimental periods. At the end of
the 12 days of treatment, all surviving mice were euthanized
by cervical dislocation, and the tumor tissue was removed
immediately and weighed. -e drug interaction coefficient
(CDI) was computed as follows:AB/(A× B). AB is the tumor
weight of the combination/control group, A or B is the
tumor weight of the single/control group, a CDI value less
than, equal to, or greater than 1 represents synergy, additive,
or antagonism, respectively, and CDI less than 0.7 indicates
significant synergy.

2.4. Immunohistochemistry. -e expression of Ki-67, NF-
κB, HIF-2α, and SerpinB3 in tumor tissue was detected by
immunohistochemistry. After deparaffinization and re-
hydration, the samples were embedded and processed with
trypsin for 10min or heated for 25min and subsequently
incubated with a primary antibody overnight. After in-
cubation with the primary antibody, a secondary antibody
was added, and the sections were incubated for 30min.
Staining was developed using peroxidase 3,30-dia-
minobenzidine (DAB) substrate and counterstained with
hematoxylin.-e integrated optical density (IOD) andmean
optical density (AOD) were quantified using Image-Pro Plus
6.0 software. AOD� IOD sum/area sum.

2.5. Tunel Analysis. Tissue paraffin sections were prepared,
dewaxed in xylene, and hydrated in ethanol. -e TUNEL
reaction solution was then added according to the TUNEL
kit instructions, followed by the DAB solution as the
chromogenic substrate to each section. Finally, apoptosis
was observed under a fluorescence microscope after rinsing
with PBS. -e ratio of apoptotic cells to total cells was
quantified by Image-Pro Plus 6.0 software based on the IOD.

2.6. Cell Viability Assay. Cells in logarithmic growth were
seeded into 96-well plates and cultured for up to 24 hours
until adherence. Subsequently, PFGS or Sor or both were
dissolved in DMSO (10Mm), and the concentration of
DMSO in the cell culture medium was <0.1%. -en, Huh-7
and SR cells were treated with different concentrations of Sor
(0, 2.5, 5, 10, 20, 40 μM); SR cells were treated with different
concentrations of PFGS (0, 6, 12, 24, 48, 96 μg/mL); and SR
cells were treated with PFGS (6 or 12 μg/mL) combined with
different concentrations of Sor (0, 2.5, 5, 10, 20, 40 μM) and
incubated for 24 hours. -en, 10 μL of CKK-8 solution was
added to the cells, which were further incubated at 37°C for
4 hours.-e optical density was then measured at 450 nm by
a microplate reader (Varioskan Flash, -ermo) to calculate
the IC50 and IC10 values. -e percentage of cell viability was
computed as follows: cell viability (%)�A450 (drug)/A450
(control)×100%. -e drug interaction coefficient (CDI) was
computed as follows: CDI�AB/(A×B). AB is the OD value
of the combination/control group, A or B is the OD value of
the single/control group, a CDI value less than, equal to, or
greater than 1 represents synergy, additive, or antagonism,
respectively, and CDI less than 0.7 indicates significant
synergy.

2.7. Transwell Assay. -e serum-free DMEM high glucose
medium was diluted with Matrigel at the ratio of 3 :1, and
30 μL Matrigel diluent was placed in the Transwell chamber
and incubated overnight at 4°C. -en, the Transwell
chamber was placed into 24-well plates, and the cells in
logarithmic growth were seeded into the upper chamber and
cultured for up to 24 hours until adherence. Huh-7 and SR
cells were treated with 5 μM Sor or 12 μg/mL PFGS or both
and incubated for 24 hours. -e cells in the bottom layer of
the upper chamber were wiped off with a cotton swab, fixed
with 4% paraformaldehyde for 10min, washed three times
with PBS, stained with 0.1% crystal violet for 30min, and
then photographed, and the number of cells invading the
lower chamber were counted.

2.8. Western Blot Analysis. In brief, protein samples, which
were extracted from Huh-7 or SR cells, were standardized
using a BCA protein assay kit, loaded onto 8–12% SDS-PAGE,
transferred to a PVDF membrane, and blocked with Tween-
Tris-buffered saline (TBST) solution supplemented with 5%
BSA. Subsequently, the membrane was incubated with
a primary antibody at 4°C overnight. -e next day, after
washing with TBST, these membranes were incubated with
a secondary antibody for 2 hours at room temperature, fol-
lowed by enhanced chemiluminescence. Blotting was visu-
alized using chemiluminescence (ChemiScope 3000mini,
Clinx Science Instruments Co., Ltd., Shanghai, China) fol-
lowing the manufacturer’s instructions. β-Actin was selected
as an internal control to compare protein levels. -e intensity
of the bands was determined based on Image J software.

2.9. Statistical Analysis. All values are expressed as the
mean± SEM. -e Student’s t-test was used for the com-
parison between groups and one-way ANOVA for the
comparison of multiple groups. A value of p< 0.05 was
considered to indicate a significant difference. GraphPad
Prism 8.0 was used to analyze all statistical data.

3. Results

3.1. Antitumor Effect of PFGS Combined with Sor in H22
Hepatoma Tumor-Bearing Mice. Following 12 days of
treatment with PFGS combination with Sor, the tumor
weight was significantly decreased in the Sor, PFGS, and
PFGS combined with Sor groups compared with that in the
control group.-e tumor weight was also significantly lower
in the PFGS combined with the Sor group compared with
the Sor group, and the CDI value was 0.59 (Figure 1(b)). In
addition, tumor growth in the control group was rapid,
whereas tumor growth in the Sor or PFGS or PFGS com-
bined with Sor treated groups was delayed. However, tumor
volume was higher in the Sor and PFGS groups compared
with that in the PFGS combined with the Sor group. -us,
compared with the control group, the Sor, PFGS, and PFGS
combined with Sor groups showed significant inhibition of
tumor volume over time (Figure 1(a)). -ese results show
that PFGS combined with Sor had a significant synergistic
effect on antiliver cancer.

Evidence-Based Complementary and Alternative Medicine 3



3.2. Effect of PFGS Combined with Sor on Proliferation and
Apoptosis in H22 Hepatoma Tumor-Bearing Mice In Vivo.
We performed immunohistochemical staining to evaluate
the expression of cell proliferative marker (Ki-67) in the
tumor tissues of tumor-bearing mice. Brown staining in-
dicates areas of positive expression, the shade of the color
represents the expression level of the target protein, and the
cell nuclei were stained blue by hematoxylin. Ki-67 was
positively expressed in the control group, whereas in the Sor,
PFGS, and PFGS combined with Sor treatment groups, the
expression of Ki-67 markedly decreased in tumors. How-
ever, the expression of Ki-67 was obviously lower in the
PFGS combined with Sor group compared with the Sor
group (Figure 2(a)). Moreover, the number of TUNEL-
positive cells was increased in the Sor, PFGS, and PFGS
combined with the Sor groups compared with the control
group, and the number of apoptotic cells was higher in the
PFGS combined with the Sor group compared with the Sor
group (Figure 2(b)). -us, PFGS enhanced the effect of Sor
in terms of proliferation inhibition and triggered apoptosis
in H22 tumor-bearing mice in vivo.

3.3. Expression of NF-κB, HIF-2α, and SerpinB3 in Tumor
Tissues. We performed immunohistochemical staining to
evaluate the expression of NF-κB, HIF-2α, and SerpinB3 in
the tissues of tumor-bearing mice. Brown staining indicates
areas of positive expression, the shade of the color represents
the expression level of the target protein, and the cell nuclei
were stained blue by hematoxylin. We found that the ex-
pression of NF-κB, HIF-2α, and SerpinB3 was decreased in
the Sor, PFGS, and PFGS combined with Sor groups
compared with the control group (Figures 3(a)–3(c)).
Furthermore, the expression of NF-κB and HIF-2α in the
PFGS combined with the Sor group was significantly lower
than that in the Sor group (Figures 3(a) and 3(b)), and the
expression of SerpinB3 in the PFGS combined with the Sor

group was lower than that in the Sor group, but there are no
significant difference between them (Figure 3(c)). -ese
findings suggested that Sor had a similar but more limited
effect on significantly decreasing the expression of NF-κB,
HIF-2α, and SerpinB3.

3.4. Detection of Resistance in SRCells to Sorafenib. -e effect
of Sor on cell viability was evaluated in Huh-7 and SR cells at
different concentrations (0, 2.5, 5, 10, 20, and 40 μm) by the
CKK-8 assay. -e results showed that Sor had a dose-
dependent effect on the viability of Huh-7 and SR cells.
Notably, after incubation for 24 hours, the number of Huh-7
cells was significantly reduced compared to SR cells at each
concentration of Sor. IC50 values were determined using
GraphPad Prism (GraphPad Software Inc. San Diego, CA,
USA.), and the IC50 values of Huh-7 and SR cells were
7.026 μM and 27.733 μM, respectively (Figure 4(a)). -e
effect of Sor on cell invasion ability was evaluated in Huh-7
and SR cells by Transwell assay, in which the chambers were
covered wasMatrigel. Following incubation for 24 hours, the
invasion of SR cells treated with 5 μm Sor, in the micro-
porous membrane of the Transwell chamber was signifi-
cantly lower compared to Huh-7 cells (Figure 4(b)).
Moreover, the protein expression of NF-κB p65 in Huh-7
cells was obviously lower than SR cells (Figure 4(c)). -us,
compared with Huh-7 cells, SR cells had greater resistance
to Sor.

3.5. Antitumor Effect of PFGS Combined with Sor on SR Cells.
-e effect of PFGS on cell viability was evaluated in SR cells
at different concentrations (0, 6, 12, 24, 48, 96 μg/mL) by the
CKK-8 assay. -e results showed that PFGS had a dose-
dependent effect on the viability of SR cells, and the maximal
nontoxic concentration of PFGS was 12.74 μg/mL (IC10)
(Figure 5(a)). As a result, we used 6 μg/mL or 12 μg/mL
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Figure 1: -e antitumor effect of PFGS combined with Sor in H22 tumor-bearing mice. (a) PFGS combined with Sor showed significant
inhibition of tumor volume (n� 6). (b) PFGS combined with Sor showed significant inhibition of tumor weight. Data are presented as the
mean± SD. ∗p< 0.05 compared with the control group; ∗∗p< 0.01 compared with the control group; ##p< 0.01 compared with the Sor
group; ++ CDI<0.7 had a significant synergistic effect.
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PFGS combined with different concentrations of Sor (0, 2.5,
5, 10, 20, and 40 μm) to study the effect on cell viability.
Following incubation for 24 h, the dose-dependent effect of
Sor on the viability of SR cells with 6 μg/mL or 12 μg/mL
PFGS was determined.-e IC50 values of Sor, 6 μg/mL PFGS
combined with Sor, and 12 μg/mL PFGS combined with Sor
treatment in SR cells were 27.733 μM, 18.493 μM, and
11.858 μM, respectively (Figure 5(b)). Notably, the number
of SR cells in the 12 μg/mL PFGS combined with the Sor
group was significantly reduced compared to SR cells at the
same concentration (0, 2.5, 5, 10, 20, and 40 μm) of Sor
treatment alone, and the CDI values of 12 μg/mL PFGS
combined with different concentrations of Sor were 1.02,
0.99, 0.91, 0.70, and 0.65, respectively.-e drug combination
showed a synergistic effect. -e 6 μg/mL PFGS combined
with the Sor group had a similar but more limited effect and
significantly decreased the number of SR cells (Figure 5(c)).
-e effect of PFGS combined with Sor on cell invasion ability
was evaluated in SR cells by the Transwell assay, in chambers
covered withMatrigel. It was shown that after incubation for

24 hours, the invasion of SR cells following treatment with
12 μg/mL PFGS or 5 μm Sor or both drugs combined, in the
microporous membrane of the Transwell chamber, was
significantly lower compared to the control group
(Figure 5(d)). Furthermore, the protein expression of NF-κB
p65, HIF-2α, and SerpinB3 in SR cells in the Sor, PFGS, and
PFGS combined with Sor groups wasmarkedly lower than in
the control group (Figure 5(e)). In addition, the expression
of these parameters in the PFGS combined with the Sor
group was lower than that in the Sor and PFGS groups.

4. Discussion

-e most frequent clinical malignancy is liver cancer, which
is one of the main causes of mortality among cancer patients
globally. Sor is the first-line treatment for liver cancer. Sor
has been shown in clinical research to improve survival in
individuals with liver cancer in various areas, phases, and
races [2, 3]. However, resistance due to long-term Sor usage
continues to be a serious obstacle in the treatment of HCC
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Figure 2: PFGS combined with Sor inhibited proliferation and triggered apoptosis in H22 tumor-bearing mice in vivo. (a) Immunostaining
indicated that PFGS combined with Sor treatment markedly decreased the expression of Ki-67 (n� 3). (b) TUNEL staining showed that
PFGS combined with Sor treatment increased the number of apoptotic cells in the tumor compared to the control group (n� 3). Data are
presented as the mean± SD. ∗p< 0.05 compared with the control group; ∗∗p< 0.01 compared with the control group; ##p< 0.01 compared
with the Sor group.
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patients [9, 21]. Sor-acquired drug resistance is linked to
aberrant signaling pathway activation, altered tumor mi-
croenvironment, and EMT transformation [9]. Due to the
intricacy of resistance mechanisms, a unique strategy is
required to increase Sor efficacy in HCC [22]. NF-κB sig-
naling pathway activation lowers the efficacy of numerous
anticancer treatments such as chemotherapy and radiation,
and it has been demonstrated to play a crucial role in Sor
desensitization in liver cancer [23].-e impact of Sor on NF-
κB was discovered to be conflicting. Expression of the NF-κB
p65 protein was greater in Sor desensitized hepatoma cells
than in normal hepatoma cells in our study, which was
consistent with earlier research. On the one hand, Sor may
decrease NF-κB expression and restrict nuclear

translocation [24, 25], but it can also trigger IκB-
independent activation of the NF-κB pathway [26]. Re-
cent research has shown that inhibition of NF-κB pathway
activation can significantly improve Sor efficacy in HCC,
Hep3B, or SR cells [11, 27]. As a result, combining NF-κB
pathway inhibitors is a feasible technique for sensitizing
HCC to Sor.

Shaoyao Ruangan Mixture is a traditional Chinese
medicine preparation, it is prepared in our hospital and is
based on a traditional Chinese medicine prescription that
has been used clinically for over 20 years with no adverse
effects and great safety [14]. A previous study demonstrated
that Shaoyao RuanganMixture had the capability to produce
antitumor effects by inhibiting NF-κB expression [16], the
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Figure 3: PFGS combined with Sor inhibited the expression of NF-κB, HIF-2α, and SerpinB3 in H22 tumor-bearing mice in vivo. (a) Immu-
nostaining indicated that PFGS combined with Sor downregulated the expression of NF-κB, HIF-2α, and SerpinB3 in tumor tissue (n� 3). (b–d)
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main active components detected by HPLC included
paeoniflorin (PF) and geniposide (GS) [28], which are the
main active ingredients of White Peony Root and Fructus
Gardeniae Praeparatus [29]. Modern research has revealed
that PF or GS has anti-inflammatory and antitumor action,
as well as the ability to reduce multidrug resistance of
chemotherapeutic medications by dramatically inhibiting
NF-κB and its upstream and downstream targets [17–19]. As
a result, we believe that PFGS is the main medicinal com-
ponent in Shaoyao Ruangan Mixture that inhibits NF-κB
andmay enhance the antiliver tumor effect of Sor. Moreover,
PFGS is a clear monomer mixture that not only embodies
the compatibility theory of the assistance of traditional
Chinese medicine but also simplifies the research goal of the
complex components of the Shaoyao Ruangan Mixture.
-erefore, we examined the antihepatoma effects of PFGS
combined with Sor.We discovered that PFGS could not only
synergistically increase the efficacy of Sor in H22 tumor-

bearing mice, enhance the hepatoma cell proliferation in-
hibition and apoptosis-promoting action of Sor in HCC
tissue, but can also restore SR cell sensitivity to Sor and
minimize SR cell invasion.-ese findings demonstrated that
combining PFGS and Sor had considerably enhanced effects
in both normal and drug-resistant HCC, suggesting that the
anti-HCC action of Sor might be greatly boosted by PFGS.
-erefore, we continued to investigate the mechanism of
PFGS in enhancing Sor’s antitumor activity.

It has been observed in recent years that NF-κB could
diminish HCC sensitivity to Sor by increasing activation of
the HIF-2α/SerpinB3 signaling pathway [30, 31]. -e stress
response generated by hypoxia in tumor tissue during Sor
treatment can boost the development and activation of HIF-
2α, which promotes aberrant tumor cell metabolism and
leads to desensitization to Sor [32, 33]. HIF-2α expression
and nuclear accumulation are controlled by NF-κB. HIF-2α
has a particular binding site for NF-κB in its promoter region
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and activated NF-κB can increase protein stabilization and
nuclear translocation [34, 35]. It was discovered that acti-
vating NF-κB in HCC cells resulted in a long-term elevation

in HIF-2α levels, which consequently lowered the suscep-
tibility of hepatoma cells to Sor [36, 37]. In addition, acti-
vated HIF-2α can connect to the SerpinB3 promoter and

1 10 100
40

60

80

100

120

Ce
ll 

V
ia

bi
lit

y 
(%

)

Concentration of PFGS (µg/mL)

IC10 =12.74 µg/mL

(a)

40

20

0

60

80

100

120

Ce
ll 

V
ia

bi
lit

y 
(%

)

1 10 100
Concentration of Sorafenib (µg)

12 µg/mL PFGS-Sor
6 µg/mL PFGS-Sor
Sora

(b)

0

20

40

60

80

100

120

Control 2.5 5 10 20 40

* **&&

**&&

**&&

+

+ +
+

+
++

+

Ce
ll 

V
ia

bi
lit

y 
(%

)

12 µg/mL PFGS-Sor
6 µg/mL PFGS-Sor
Sora

Concentration of Sorafenib (μM)

** **
**

**

(c)

0
50

100
150
200
250

In
va

siv
e c

el
ls 

pe
r fi

el
d

* *

**##

Control Sor

Co
nt

ro
l

So
r

PF
G

S

PF
G

S-
So

r

50μm 50μm

PFGS-Sor

50μm

PFGS

50μm

(d)

0.64 0.72 0.44

0.40

1.00 0.63 0.60

1.00

1.00 0.60 0.63

+
-
-

-
+
-

-
-
+

-
+
+

Control

PFGS
Sor

HIF-2α

NF-κBP65

SerpinB3

β-actin

0.33

-100 kDa

-65 kDa

-45 kDa

-42 kDa

(e)

Figure 5: -e antitumor effect of PFGS combined with Sor on SR cells. (a) PFGS inhibited the viability of SR cells in a dose-dependent
manner. Cell viability was investigated using the CKK-8 assay (n� 6). (b, c) PFGS combined with Sor inhibited the viability of SR cells in
a dose-dependent manner. Cell viability was investigated using the CKK-8 assay (n� 6). (d) Invasion of SR cells in the microporous
membrane of the Transwell chamber (n� 3). (e) -e protein expression of NF-κB p65, HIF-2α, and SerpinB3 in SR cells (n� 3). Data are
presented as the mean± SD. ∗p< 0.05 compared with the control group; ∗∗p< 0.01 compared with the control group; &&p< 0.01 compared
with the 6 μg/mL PFGS combined with the same concentration of Sor group; ##p< 0.01 compared with the control group; +CDI<1 had
a synergistic effect;++CDI<0.7 had a marked synergistic effect.

8 Evidence-Based Complementary and Alternative Medicine



enhance molecule synthesis, transcription, and expression
[38, 39].

SerpinB3 is a serine protease inhibitor, which is not
detectable in normal hepatocytes and has been found
progressively upregulated in liver cirrhosis, dysplastic
nodules, and hepatocellular carcinoma [40]. -e effects of
SerpinB3 have been reported to include induced neoplastic
cell apoptosis resistance, increased neoplastic cell pro-
liferation, and triggered EMT which has been proposed to
also contribute to increased invasiveness of cancer cells and
to the development of metastasis and cancer progression
[41]. SerpinB3 expression was highly elevated in primary
liver cancer tissues with a high degree of malignancy, and
SerpinB3 plays an important role in the upregulation of
TGF-β, which mediated EMT and contributes to sorafenib
resistance in HCC cells [42]. Recently, a study clearly showed
that hepatocellular carcinoma cells overexpressing SerpinB3
are more resistant to Sor treatment, and was associated with
the activation of caspase signaling [31].

-us, the degree of activation of the NF-κB/HIF-2α/
SerpinB3 pathway influenced HCC susceptibility to Sor. In
this investigation, we discovered that PFGS combined with
Sor could significantly decrease activation of the NF-κB/
HIF-2α/SerpinB3 pathway in H22 tumor-bearing mice and
SR cells compared with a single treatment, which led to
increased antitumor activity, reduced invasion ability of
hepatoma cells, and perhaps prevented EMT in hepatoma
cells, although further study is needed to validate this. -e
above results on the NF-κB/HIF-2α/SerpinB3 pathway
provide the rationale for PFGS combined with Sor for the
treatment of hepatocellular carcinoma.

5. Conclusion

Sor has demonstrated considerable therapeutic benefits in
animals and clinical trials, and the US Food and Drug
Administration has authorized its use in clinical liver cancer
first-line treatment [43]. However, drug resistance to Sor can
enhance the proliferation and invasion of liver cancer cells.
Effective control of Sor resistance has become critical for
achieving better therapeutic benefits. We found that PFGS
effectively enhanced the inhibitory effect of Sor on tumor
proliferation and invasion and promoted tumor apoptosis,
resulting in a significantly increased antitumor effect of Sor
in vivo and in vitro by suppression of the NF-κB/HIF-2α/
SerpinB3 pathway. Our findings supported the use of Sor in
combination with PFGS or Shaoyao Ruangan Mixture to
treat HCC patients. However, our research had many
limitations. Due to insufficient funds and other reasons, we
did not study the antitumor effect and mechanism of PFGS
combined with Sor in Sor-resistant cell tumor-bearing mice.
-us, the in vitro research results lacked in vivo experimental
verification. In addition, to minimize the impact of indi-
vidual differences on the experimental results, we used only
male mice to establish the tumor-bearing model. -erefore,
our experimental results may be biased in female animal
models.-e above limitations in this study will be the goal of
our continued research in the future. Our research findings
provide a new theoretical and experimental basis for the

clinical application of PFGS combined with Sor in the
treatment of liver cancer, enrich the research foundation of
traditional Chinese medicine combined with Sor in the
treatment of liver cancer, and benefit liver cancer patients.
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