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Phenylethanol glycosides from Herba Cistanche improve
the hypoxic tumor microenvironment and enhance the effects
of oxaliplatin via the HIF‑1α signaling pathway
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Abstract. Liver cancer is one of the most common types of
malignant tumor, and is characterized by high malignancy, rapid
progression, high morbidity and mortality. Oxaliplatin (OXA)
has been reported to have marked efficiency against advanced
liver cancer with tolerable toxicity. In solid tumors, the hypoxic
microenvironment promotes epithelial‑mesenchymal transition
(EMT), which can also induce drug resistance of liver cancer
to platinum drugs. Herba Cistanche (Cistanche tubulosa) has
been frequently used in traditional Chinese medicine and the
phenylethanol glycosides from Herba Cistanche (CPhGs) are the
major active components. The present study aimed to investi‑
gate the effects of CPhGs on viability, apoptosis, migration and
invasion of liver cancer cells. HepG2 liver cancer cells were
divided into the control, DMSO, CoCl2, OXA, OXA + CoCl2
and CPhGs + OXA + CoCl2 groups. Subsequently, reverse
transcription‑quantitative PCR and western blot analysis were
performed to determine the expression levels of hypoxia‑induc‑
ible factor 1α (HIF‑1α), lysyl oxidase‑like 2 (LOXL2) and
EMT‑related genes and proteins (i.e., E‑cadherin and Twist), in
order to investigate the effects of CPhGs on liver cancer. The
results demonstrated that CPhGs could enhance the effects of
OXA on liver cancer, and inhibit the migration, invasion and
apoptotic rate of liver cancer cells. Additionally, CPhGs treat‑
ment effectively induced downregulation of HIF‑1α, LOXL2
and Twist, and upregulation of E‑cadherin. The present findings
indicated that CPhGs triggered a significant increase in sensi‑
tivity to OXA and suppression of hypoxia‑induced EMT in liver
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cancer by inhibiting the HIF‑1α signaling pathway. Therefore,
CPhGs may be considered an effective platinum drug sensitizer,
which could improve chemotherapeutic efficacy in patients with
liver cancer.
Introduction
Liver cancer is a malignant tumor that usually involves the
digestive system, and consists of primary and secondary types.
Primary liver cancer is divided into hepatocellular carcinoma
and intrahepatic cholangiocarcinoma (1,2). Notably, liver
cancer is associated with a high incidence and mortality rate
worldwide (3). According to the World Health Organization, it
is predicted that there will be >1,000,000 liver cancer‑related
deaths by 2030, and of the newly confirmed cases, those in
mainland China will account for 46.6%.
Oxaliplatin (OXA) has been reported to exert inhibitory
effects on the growth of liver cancer with tolerable toxicity
in clinical settings. Nevertheless, the overall efficiency of
platinum‑based drug therapy is hampered by tumor cell resis‑
tance (4). It is well acknowledged that liver cancer exhibits
lower sensitivity to chemotherapy compared with other types
of cancer. The multidrug resistance of liver cancer has contrib‑
uted to its resistance to numerous therapeutic agents (5). In
a previous study, Xie and Zhong (6) reported that HepG2
cells exhibited poor sensitivity to adriamycin, 5‑fluorouracil
and cisplatin under hypoxic conditions. Despite the fact that
platinum‑based chemotherapy agents are the major treat‑
ment options for cancer, resistance to these drugs does exist
among patients. Furthermore, the prognosis of patients with
liver cancer remains poor (7,8). To date, extensive efforts have
been made to investigate drug resistance and to improve drug
sensitivity in patients with liver cancer.
Under hypoxic conditions, revascularization occurs in
cancer cells, which can lead to epithelial‑mesenchymal
transition (EMT) and vascular mimicry (VM). EMT and
VM may subsequently promote invasion and distant metas‑
tasis. Moreover, EMT has been speculated to serve a role
as the driving force for cancer progression (9). In addition,
hypoxia‑inducible factors (HIFs) are involved in neovessel
formation, energy metabolism, cellular proliferation, invasion
and metastasis (10).
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Lysyl oxidase (LOX)‑like 2 (LOXL2) protein is a member
of the LOX family, and is closely related to the covalent
cross‑linking of collagen and elastin, which can result in
fibrosis and is crucial for the integrity of the extracellular
matrix (11). In a previous study, LOXL2 was considered
to be closely related to the metastasis of cancer cells (12).
Furthermore, LOXL2 has been shown to modulate the
pathogenesis and progression of numerous types of malignant
cancer though extra‑ and intra‑cellular pathways, which were
important indices for the evaluation of poor prognosis (13,14).
Herba Cistanche is a tonic herb commonly distributed in
desert regions, which has been frequently used in traditional
Chinese medicine (15,16). Cistanche tubulosa (C. tubulosa)
is a natural herbal medicine commonly planted in Xinjiang
Autonomous Region. The phenylethanol glycosides from
Herba Cistanche (CPhGs) serve as one of the major active
components of Herba Cistanche. Previously, Hu et al (17)
indicated that CPhGs could attenuate liver injury in H22
tumor‑bearing mice and inhibit the growth of cancer cells. It
was suggested that the underlying mechanism may be related
to a reduction in serum α‑fetoprotein and could enhance
immunity in the mice.
In the present study, a hypoxic model of HepG2 liver
cancer cells was induced using CoCl 2. On this basis, the
present study aimed to investigate the effects of OXA on the
proliferation, apoptosis, migration and invasion of cancer
cells in the presence of CPhGs under hypoxic conditions. In
addition, the mRNA and protein expression levels of HIF‑1α,
LOXL2, E‑cadherin and Twist were detected. Moreover, the
exact mechanisms underlying the effects of CPhGs on the
pathogenesis of liver cancer were investigated.
Materials and methods
Cell line. The liver cancer cell line HepG2, as identified using
the STR method, was provided by the Clinical Research
Institution, First Affiliated Hospital of Xinjiang Medical
University (Urumqi, China). The cells were cultured in
high‑glucose DMEM (HyClone; Cytiva) containing 10% fetal
bovine serum (FBS; Hyclone; Cytiva) at 37˚C in an incubator
containing 5% CO2.
Preparation of CPhGs. C. tubulosa extraction (CPhGs)
was obtained from Hetian Dichen Biotech Co., Ltd.. The
content of CPhGs was >80%, among which the content of
echinacoside and verbascose was 44.5 and 16.1%, respectively.
Stems of C. tubulosa (Schrenk) Wight were collected in
October 2016 from Xinjiang, China. The plant was identified
by Dr. Junping Hu. All these voucher specimens (no. 201610)
have been deposited at the Plant Herbarium, School of
Pharmacy, Xinjiang Medical University, Xinjiang, China.
Experimental design. HepG2 cells (5x10 4/ml) were treated
with various concentrations of CPhGs (5, 25, 50, 100, 200
and 500 µg/ml) for 48 h at 37˚C (24 h after seeding) to
screening CPhGs‑L/M/H dose. HepG2 cells (5x104/ml) were
divided into the following groups: i) Control group, cultured
in high‑glucose DMEM; ii) DMSO group, cultured in 0.1%
DMSO (v/v); iii) CoCl2 group (hypoxia model group), cultured
in serum‑free DMEM containing 100 µM CoCl 2; iv) OXA

group (positive control group), cultured in 5 µM OXA (Beijing
Solarbio Science & Technology Co., Ltd.); v) OXA + CoCl2
group, cultured in 5 µM OXA combined with 100 µM CoCl2;
and vi) CPhGs groups, treated with CPhGs‑L/M/H (25, 50
and 100 µg/ml, respectively) combined with 5 µM OXA and
100 µM CoCl2.
Cell viability assay. Cell viability was determined using a Cell
Counting Kit‑8 (CCK‑8) assay according to the manufacturer's
instructions (Beijing Solarbio Science & Technology Co., Ltd.)
and as previously described (18). Cells (2.0x103 cells/well)
were seeded in 96‑well plates. Subsequently, ~24 h after
seeding, cells were treated for 48 h according to the treatment
conditions in each group. The medium was then replaced
with 100 µl high‑glucose DMEM, followed by the addition
of 10 µl CCK‑8 reagent; the cells were incubated for 1 h at
37˚C. Optical density was measured using a multi‑detection
microplate reader (Thermo Fisher Scientific, Inc.) at 450 nm.
Six replicates were prepared for each condition.
Determination of apoptotic rate. Apoptotic rate was determined
using an Annexin V/PI Apoptotic Detection Kit (Beijing Solarbio
Science & Technology Co., Ltd.). HepG2 cells (5x105) were
inoculated in 6‑well plates at 37˚C in 5% CO2. Subsequently, ~24 h
after treatment, the cells were cultured in serum‑free DMEM for
4 h. The cells were then digested using 0.25% trypsinized (Gibco;
Thermo Fisher Scientific, Inc.), followed by at least three washes
with pre‑cooled PBS. Upon centrifugation at 167.7 x g for 5 min
at 4˚C, the cells were resuspended with 1X binding buffer and
the concentration was adjusted to 1~5x106/ml, and then stained
with 5 µl Annexin V‑FITC and 5 µl PI for 15 min at room
temperature. The cells then underwent flow cytometry using a
BD LSRFortessa flow cytometer (BD Biosciences) and FlowJo
10.6.2 software (Tree Star, Inc.).
Wound‑healing assay. The inhibitory effects of CPhGs on cell
migration were examined by wound‑healing assay (19). The cells
were seeded into 6‑well plates until a 100% confluent monolayer
was obtained. Subsequently, the cells were wounded using a
200‑µl pipette tip, washed with PBS and incubated with treatments
in serum‑free medium. After drug treatment, the wound‑healing
speed was measured at 0, 12, 24 and 48 h, respectively. Wound
images were obtained using a fluorescent microscope (Nikon
Ti‑S, Japan) under a magnification of x10. Wound closure was
measured by the wound distance in each period and expressed as
percentage of the initial wound distance at 0 h.
Transwell assays. Cell invasion was assessed by Transwell
assays. Cells (1x105 cells/ml) were suspended in 200 µl
high‑glucose DMEM without FBS. The cells were then seeded
onto Matrigel‑coated upper wells covered with a polyethylene
terephthalate filter membrane (pore size, 8.0 µm). A total of
500 µl high‑glucose DMEM containing 10% FBS was placed
in the lower chamber. Cotton swabs were used to remove the
cells on the upper surface of the filter after 48 h at 37˚C. The
cells that invaded through the membrane were fixed with 4%
paraformaldehyde for 30 min. Subsequently, cells were stained
with 0.1% crystal violet for 15 min at room temperature.
Invading cells were observed under a fluorescent microscope
(Nikon Ti‑S) at a magnification of x100.
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Table I. Primer sequences.
Gene
β‑actin

HIF‑1α
LOXL2
E‑cadherin
Twist1

Sequence (5'‑3')
F: TGGCACCCAGCACAATGAA
R: CTAAGTCATAGTCCGCCTAGAAGCA
F: CAAGAAACCACCCATGAC
R: GGCTCATAACCCATCAAC
F: ACAGAATGTGAAGGAGACATCC
R: TGATGTTGTTGGAGTAATCGGA
F: GACAGGCTGGCTGAAAGTG
R: TGGCTGACGATGGTGTAGG
F: GTACATCGACTTCCTCTACCAG
R: CATCCTCCAGACCGAGAAG

F, forward; HIF‑1α, hypoxia‑inducible factor 1α; LOXL2, lysyl
oxidase‑like 2; R, reverse.
Figure 1. Effects of different concentrations of CPhGs on HepG2 cell
viability after 48 h. *P<0.05, **P<0.01 vs. control group. CPhGs, phenylethanol
glycosides from Herba Cistanche.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA was extracted from HepG2 cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) and cDNA
synthesis was carried out using the PrimeScript RT reagent kit
(Takara Bio, Inc.) according to manufacturer's protocol. qPCR
was performed on a 7500 Real‑Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) using TB green™
Premix Ex Taq™ (Takara Bio, Inc.) according to manufactur‑
er's protocol. The primers used for qPCR are listed in Table I.
PCR conditions consisted of denaturation at 95˚C for 30 sec,
followed by 40 cycles of denaturation at 95˚C for 5 sec and
annealing at 60˚C for 30 sec. Finally, the amplification results
were analyzed using the 2‑ΔΔCq method (20).
Western blot analysis. Proteins were extracted from cells
treated for 48 h by homogenization in RIPA lysis buffer
(Thermo Fisher Scientific, Inc.) containing protease and phos‑
phatase inhibitors. Cell protein content was determined using
the BCA method. Proteins (40 µg) were then separated by
SDS‑PAGE on a 10% gel and transferred to a PVDF membrane.
The membrane was blocked in 5% nonfat milk for 1 h at 4˚C,
and incubated with the following primary antibodies: β‑actin
(1:5,000; cat. no. bs‑0061R; BIOSS), HIF‑1α (1:1,000; cat.
no. ab179483; Abcam), LOXL2 (1:500; cat. no. ab179810;
Abcam), E‑cadherin (1:1,000; cat. no. bs‑10009R; BIOSS) and
Twist1 (1:500; cat. no. bs‑2441R; BIOSS) overnight at 4˚C. The
membrane was then incubated with goat anti‑rabbit IgG H&L
secondary antibodies (1:2,000; cat. no. ab205718; Abcam)
for 4 h at room temperature. After washing with TBS‑0.05%
Tween‑20, the blots were visualized using the Enhanced
Chemiluminescence system (Amersham; Cytiva). The relative
intensity of the bands was semi‑quantified by densitometric
analysis using ImageJ2x software (version 2.1.4.7; Rawak
Software Inc.), and densitometric plots of the results were
normalized to the intensity of β‑actin.
Statistical analysis. SPSS 19.0 software (SPSS, Inc.)
was utilized for data analysis. Data are presented as the
mean ± standard deviation and were analyzed by one‑way
ANOVA followed by Tukey's post hoc test. P<0.05 was

Figure 2. Effects of CPhGs combined with OXA on the viability of HepG2
cells at 48 h. *P<0.05, **P<0.01; ##P<0.01. CPhGs, phenylethanol glycosides
from Herba Cistanche; H, high; L, low; M, moderate; OXA, oxaliplatin.

considered to indicate a statistically significant difference. All
experiments were performed at least in triplicate.
Results
Effects of CPhGs on cell viability. HepG2 cells were treated
with various concentrations of CPhGs (5, 25, 50, 100, 200 and
500 µg/ml) for 48 h (24 h after seeding). As shown in Fig. 1,
there was significant decline in the viability of cells treated
with 200 and 500 µg/ml CPhGs compared with that of the
control group (P<0.05). These findings indicated that CPhGs
could modulate cell viability in a dose‑dependent manner.
CPhGs enhances the effects of OXA on liver cancer. The
effects of CPhGs on OXA‑modulated HepG2 cell viability
were subsequently assessed (Fig. 2). After ~48 h, the
combination of CPhGs and OXA significantly decreased the
viability of HepG2 cells compared with that in the OXA +
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Figure 3. Inhibitory effects of CPhGs combined with OXA on the migration and invasion of HepG2 cells at 48 h. (A and B) Cell migration was measured
after treatment with various drugs for 48 h (magnification, x10). (C) Semi‑quantification of cell invasion. (D) Representative images of Transwell cell invasion
assays (magnification, x200). **P<0.01; ##P<0.01. CPhGs, phenylethanol glycosides from Herba Cistanche; H, high; L, low; M, moderate; OXA, oxaliplatin.

CoCl 2 group. Specifically, CPhGs‑M + OXA + CoCl2 and
CPhGs‑H + OXA + CoCl2 significantly inhibited the viability
of HepG2 cells compared with in the OXA + CoCl 2 group
(P<0.05 and P<0.01, respectively).
CPhGs inhibit migration and invasion of liver cancer cells.
To further study the invasive potential and migratory ability of
liver cancer cells following treatment with CPhGs and OXA,
wound‑healing and Transwell assays were performed. The
wound‑healing assay indicated that, compared with that in
the DMSO group, the migration of HepG2 cells was reduced
following treatment with CoCl 2, OXA and CPhGs (200 or
500 µg/ml) (P<0.05; Fig. 3A and B). For the Transwell assay, the
invasive ability of cells was markedly inhibited in the co‑treat‑
ment groups (CPhGs + OXA + CoCl2) compared with that in
the OXA + CoCl2 group (P<0.01; Fig. 3C and D). Conversely,
in the co‑treatment groups (CPhGs + OXA + CoCl 2), the
invasive potential and migratory ability of cells was markedly
inhibited.
Effects of CPhGs and OXA on apoptosis. Following
treatment with the combination of CPhGs and OXA for

48 h, the HepG2 cells were stained with Annexin V‑FITC
and PI, followed by flow cytometry to determine cellular
apoptosis. As shown in Fig. 4A, the co‑treatment groups
(CPhGs‑L/M/H + OXA + CoCl2) exhibited a gradual elevation
in the proportion of apoptotic cells with the increase in CPhGs
concentration. Most of the cells treated with CPhGs and
OXA were localized in the Q4 region, which indicated that
the combination of CPhGs and OXA induced apoptosis at
the early stage. Compared with in the OXA + CoCl2 group, a
significant elevation in the apoptotic rate of cells was detected
in the groups treated with OXA, CoCl2 and moderate or high
doses of CPhGs (P<0.01; Fig. 4B). These findings indicated
that the combination of OXA and CPhGs may contribute to the
apoptosis of HepG2 cells.
mRNA expression levels of HIF‑1α, LOXL2, E‑cadherin and
Twist following CPhGs and OXA co‑incubation. There were
no statistical differences in the mRNA expression levels of
HIF‑1α, LOXL2, E‑cadherin and Twist between the control
and DMSO groups (P>0.05; Fig. 5A‑D). Conversely, CoCl2
induced a significant increase in the mRNA expression levels of
LOXL2, HIF‑1α and Twist compared with those in the DMSO
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Figure 4. Effect of CPhGs combined with OXA on the percentage of apoptotic HepG2 cells at 48 h, as determined by Annexin‑V/PI double staining. (A) Flow
cytometry analysis was performed to determine the effect of CPhGs combined with OXA on cell apoptosis. (B) Quantification of cell apoptotic rates following
treatment with CPhGs combined with OXA. Cells were trypsinized and stained with Annexin‑V/PI followed by analysis using flow cytometry. Cells in early
apoptosis were Annexin‑V‑positive and PI‑negative (Q4). ##P<0.05; **P<0.01. CPhGs, phenylethanol glycosides from Herba Cistanche; H, high; L, low; M,
moderate; OXA, oxaliplatin.

group (P<0.01; Fig. 5A, B and D). Compared with those in the
OXA + CoCl2 group, the mRNA expression levels of LOXL2,
HIF‑1α and Twist were significantly enhanced in the CPhGs‑H
+ OXA + CoCl2 groups (P<0.01; Fig. 5A, B and D). By contrast,
CoCl 2 induced a significant downregulation in the mRNA
expression levels of E‑cadherin compared with those in the
DMSO group (P<0.01; Fig. 5C). All concentrations of CPhGs
combined with OXA and CoCl2 were able to upregulate the
mRNA expression levels of E‑cadherin compared with those
in the OXA + CoCl2 group (P<0.01; Fig. 5C). These results
indicated that the combination of CPhGs and OXA effectively
inhibited the EMT under hypoxic conditions.
Protein expression levels of HIF‑1α, LOXL2, E‑cadherin and
Twist following CPhGs and OXA co‑incubation. The results
of western blotting revealed that the protein expression levels
of HIF‑1α, LOXL2 and Twist were upregulated under hypoxic
conditions compared with those in the DMSO group. By contrast,

the protein expression levels of E‑cadherin were downregulated
under hypoxic conditions (P<0.01; Fig. 6A and B). Notably, the
protein expression levels of HIF‑1α, LOXL2 and Twist were
significantly decreased in the CPhGs‑M + OXA + CoCl2 or
CPhGs‑H + OXA + CoCl2 groups compared with those in the
OXA + CoCl2 group (P<0.01; Fig. 6A and B). Compared with
DMSO group, CoCl2 treatment significantly decreased the
expression level of E‑cadherin. In the CPhGs groups, the protein
expression levels of E‑cadherin were significantly increased
compared with those in the OXA + CoCl 2 group (P<0.01;
Fig. 6B). These findings indicated that CPhGs treatment could
effectively inhibit the downregulation of E‑cadherin, and the
upregulation of HIF‑1α, LOXL2 and Twist induced by CoCl2.
Discussion
Hypoxia is a common feature in the cancer microenvironment;
this is mainly associated with the fact that proliferation of
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Figure 5. Effect of CPhGs combined with OXA on the mRNA expression levels of HIF‑1α, LOXL2, E‑cadherin and Twist in HepG2 cells. Effect of CPhGs
combined with OXA on (A) HIF‑1α, (B) LOXL2, (C) E‑cadherin and (D) Twist gene expression in HepG2 cells. ##P<0.01; *P<0.05, **P<0.05. CPhGs, phenyl‑
ethanol glycosides from Herba Cistanche; H, high; HIF‑1α, hypoxia‑inducible factor 1α; L, low; LOXL2, lysyl oxidase‑like 2; M, moderate; OXA, oxaliplatin.

cancer cells is more rapid compared with vascular formation
of aberrant neovessels. In addition, other biological processes,
including proliferation, metastasis and drug sensitivity are
affected by hypoxia (21). The tumor hypoxic microenvironment
is crucial for the pathogenesis and progression of cancer, and
it is also important in the drug resistance and vascularization
of liver cancer (22).
In the present study, HepG2 cells were treated with various
concentrations of CPhGs, among which CPhGs (200 µg/ml)
could significantly induce a decrease in cell viability. Notably,
CPhGs could modulate cellular viability in a dose‑dependent
manner. Under hypoxic conditions, the combination of OXA
and CPhGs (50 or 100 µg/ml) significantly inhibited the
viability of HepG2 cells compared with OXA treatment alone.
A similar dose‑dependent trend was observed in the migration
and invasion assays of liver cancer cells. Currently, extensive
studies have been conducted to investigate the roles of cancer
cell apoptosis in the pathogenesis of liver disease (23‑26).
Several strategies have been developed for treating liver cancer
by promoting apoptosis (27‑29); therefore, interference in

HepG2 cell apoptosis may serve as a promising candidate for
the prevention and treatment of liver cancer. The apoptosis of
HepG2 cells was significantly enhanced following treatment
with the combination of CPhGs‑M/‑H and OXA compared
with that in cells treated with OXA alone. Therefore, it was
indicated that CPhGs could significantly enhance the anti‑
tumor affects of OXA.
HIF‑1α can upregulate the expression levels of E‑cadherin,
N‑cadherin and Vimentin, as well as some transcription
factors, such as Snail1/2, Zeb1 and Twist1. Subsequently, this
might lead to a loss of cellular polarity, loosening of cell‑cell
junctions, alterations in cytoskeletal protein, and the migration
and invasion of cancer cells, which could result in the
translocation of cancer cells to the circulatory system through
the basilar membrane and subsequent metastasis (30). In the
present study, CoCl2 was used to induce a model of hypoxia,
which triggered an increase in the viability of HepG2 cells, as
well as cell migration and invasion. Furthermore, the mRNA
and protein expression levels of HIF‑1α were significantly
increased, indicating that CoCl2 induced the generation of a
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Figure 6. Protein expression levels of HIF‑1α, LOXL2 and EMT‑associated biomarkers (E‑cadherin and Twist) after CPhGs and OXA co‑incubation.
(A) Protein expression levels of HIF‑1α and Twist in HepG2 cells following CPhGs and OXA co‑incubation. (B) Protein expression levels of LOXL2 and
E‑cadherin in HepG2 cells following CPhGs and OXA co‑incubation. ##P<0.01; **P<0.01. CPhGs, phenylethanol glycosides from Herba Cistanche; H, high;
HIF‑1α, hypoxia‑inducible factor 1α; L, low; LOXL2, lysyl oxidase‑like 2; M, moderate; OXA, oxaliplatin.

hypoxic microenvironment. Treatment with the combination
of CPhGs and OXA markedly inhibited the mRNA and protein
expression levels of HIF‑1α induced by hypoxia. These findings
suggested that CPhGs could attenuate the microenvironment
of liver cancer in a dose‑dependent manner.
E‑cadherin is a Ca2+‑dependent adhesion molecule, which
has a key role in cell‑cell adhesion, maintenance of integrity
of tissue structure and signaling transmission. In cases of
downregulation or even loss of adhesion function, cancer cells
may exhibit uncontrolled proliferation and dedifferentiation,
which may promote increased invasion of cancer cells and
subsequent metastasis (31). In addition, E‑cadherin is crucial for
inhibiting the EMT of cancer cells, which is closely associated
with the differentiation, invasion, metastasis and prognosis of
multiple epithelial malignancies. EMT‑inducing transcription
factors (EMT‑TFs), such as Twist, Snail and Zeb, are crucial
for EMT. Hypoxia has been reported to activate signaling
pathways that induce EMT‑TF expression; notably, it could
directly promote EMT via the transcriptional activation of
these factors (32). Twist is a highly conserved helix‑ring‑helix

transcription factor that has been newly identified in recent
years. High Twist expression has been detected in numerous
types of cancer cells (33). Therefore, it is essential to investigate
the association between Twist expression and the migration or
metastasis of cancer cells, as well as clinical prevention and
treatment of metastasis (34). In the present study, it was revealed
that the mRNA and protein expression levels of E‑cadherin
were downregulated in the presence of hypoxia, whereas the
mRNA and protein expression levels of Twist were elevated.
These findings were consistent with the results of invasion and
migration assays, which implied that hypoxia may contribute
to the occurrence of EMT. Following treatment with OXA, the
protein expression levels of E‑cadherin were downregulated;
this indicated that OXA exhibited poor efficiency in inhibiting
the growth of liver cancer cells, whereas it could promote the
EMT. However, in combination with CPhGs, the sensitivity
of HepG2 cells to OXA exhibited marked improvement in
the presence of hypoxia. Furthermore, cotreatment with
CPhGs and OXA could inhibit cellular viability, migration
and invasion of HepG2 cells. The present study only detected
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Twist and E‑cadherin expression; therefore, future studies aim
to focus on more EMT‑related markers, in order to evaluate
the inhibitory effect of CPhGs on hypoxia‑induced EMT in
liver cancer.
HIF‑1α has been reported to promote the expression
of LOXL2, and to enhance the migration and invasion of
hepatic cancer cells, which may be closely related to the
poor prognosis of liver cancer (30). In a previous study, the
expression levels of LOXL2 in adjacent liver cancer tissues
were markedly increased compared with those in the cancer
tissues (35). In addition, it was closely related to the invasion
and metastasis of liver cancer. LOXL2 gene silencing by
small interfering RNA inhibited the proliferation of HepG2
and SMCC‑7721 cells, which resulted in cell cycle arrest of
cancer cells and increased apoptosis (36). Shao et al (35)
investigated the correlation between LOXL2 in liver cancer
samples, and clinicopathological factors, VM and prognosis
among 201 cases that received surgery for treatment. It was
hypothesized that LOXL2 served important roles in the
pathogenesis and progression of liver cancer, which may serve
as a target for drug development. Furthermore, Peng et al (37)
demonstrated that LOXL2 could activate the Snail/E‑cadherin
and Src kinase/Focal adhesion kinase signaling pathways,
which may contribute to the pathogenesis and progression
of EMT of gastric cancer cells. In the present study, under
hypoxic conditions, the mRNA and protein expression
levels of LOXL2 were increased, whereas its expression was
downregulated following treatment with OXA. Furthermore,
treatment with a combination of CPhGs and OXA resulted in
obvious downregulation of LOXL2 expression, which may
effectively aid the antitumor effects of OXA on liver cancer.
There are some limitations to the present study. The
present study should have used two more liver cancer cell
lines, including the SMCC‑7721 cell line, but these could
not be used as it was not possible to purchase these cell
lines because they were misidentified and were derived from
HeLa cells. In addition, the present study did not analyze the
antioxidant effects of different concentrations of CPhGs in
the cells.
In conclusion, CPhGs could alternate the hypoxic tumor
microenvironment of liver cancer cells through modulating the
HIF‑1α signaling pathway. In addition, the sensitivity of liver
cancer cells to OXA was significantly elevated in response
to treatment with a combination of CPhGs and OXA. These
findings may provide a novel treatment strategy to improve the
sensitivity of liver cancer to chemotherapy.
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