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	 Background:	 The purpose of our study was to determine the effects and mechanisms of honokiol on human epidermal 
growth factor receptor 2 (HER2)-positive gastric cancer cells by in vitro study.

	 Material/Methods:	 We measured HER2 expression in different gastric cancer cell lines by real-time quantitative polymerase chain 
reaction (RT-qPCR) and western blot (WB) assay. Cell proliferation, apoptosis, and cell cycle were evaluated by 
cell-counting kit 8 and flow cytometry assays. The invading cell numbers and wound-healing rates were mea-
sured by transwell and wound-healing assays. Phosphatidylinositol 3-kinase (PI3K), protein kinase B (AKT), P21, 
and matrix metalloproteinase (MMP)-9 proteins and messenger ribonucleic acid (mRNA) expression were mea-
sured by WB and RT-qPCR assay. HER2 protein expression was evaluated by cellular immunofluorescence.

	 Results:	 Honokiol suppressed cell proliferation via increasing cell apoptosis, invasion, and migration with dose depen-
dence. By WB and RT-qPCR assays, compared with the control group, PI3K, AKT, P21, and MMP-9 proteins and 
mRNA expression were significantly different (P<0.05). By cellular immunofluorescence, HER2 protein expres-
sion was significantly depressed in honokiol-treated groups compared with control groups (P<0.05).

	 Conclusions:	 Honokiol has suppressive effects on HER2-positive gastric cancer cell biological activities via regulation of 
HER2/PI3K/AKT pathways in vitro.
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Background

Gastric cancer is the fourth most common cancer and the third 
most common cause of cancer-related death [1,2]. At present, 
the treatment of gastric cancer includes surgery, radiotherapy, 
chemotherapy, immunotherapy, and targeted therapy. However, 
radical resection is still the only treatment of early gastric can-
cer. Preoperative neoadjuvant therapy, perioperative chemo-
therapy, and postoperative adjuvant chemoradiotherapy can 
reduce the recurrence rate and improve the disease-free sur-
vival of patients. Clinical trials have demonstrated that pre-
operative neoadjuvant therapy can significantly improve the 
5-year survival rate of patients and improve the radical resec-
tion rate and the efficacy of surgical treatment in patients with 
advanced gastric cancer [3–8]. Research on tumor pathogene-
sis has suggested that the occurrence and metastasis of gas-
tric cancer are related to the overexpression of some specif-
ic oncogenes or receptor genes [9]. Human epidermal growth 
factor receptor 2 (HER2) is one of the proto-oncogenes that 
has been extensively investigated and has protein overexpres-
sion and/or gene amplification at different degrees in gastric 
cancer, breast cancer, and ovarian cancer, and plays an impor-
tant role in the occurrence, development, and metastasis of 
tumors [10–12]. Basic experiments have confirmed that HER2 
can affect the biological activity of tumor cells by activating 
the mitogen-activated protein kinase and phosphatidylinositol 
3-kinase/protein kinase B (P13K/AKT) signaling pathways [13].

Honokiol (Hon) is one of the main components of Magnolia offi-
cinalis, a deciduous tree species that belongs to Magnoliaceae, 
with a wide range of pharmacological activities such as anti-
inflammation, antioxidation, antibacteria, and cardiovascular and 
cerebrovascular protection [14–16]. Hon also has a certain anti-
tumor effect, inhibiting the growth of lung, breast, and ovarian 
cancers [17–19]. However, the role of Hon in HER2-positive gas-
tric cancer cells is not clear. In this study, NCI-N87 and OE-19 cell 
lines, with the highest HER2 expression in gastric cancer, were 
selected as subjects for real-time quantitative polymerase chain 
reaction (RT-qPCR) analysis. The effect of Hon on HER2-positive 
gastric cancer cell lines by regulating HER2 expression and its rel-
evant mechanism were investigated through in vitro experiments.

Material and Methods

Material source

NCI-N87, OE-19, AGS, MGC-803, and SGC-7901 cells were pur-
chased from the Cell Bank of the Chinese Academy of Sciences 
in Shanghai. Dulbecco’s modified Eagle medium (DMEM) 
(HyClone, Logan, UT, USA) was used. Hon (purity ³98%) was 
purchased from Chengdu Best Reagent Co., Ltd. (Chengdu, 
China), dimethyl sulfoxide (DMSO, meeting the standard of 

the American Chemical Society) from Beijing Solarbio Science 
& Technology Co., Ltd. (Beijing, China), and cell-counting 
kit 8 (CCK-8) from Invitrogen (Carlsbad, CA, USA). Additionally, 
HER2 antibody (Abcam, Cambridge, UK), PI3K (CST, Danvers, 
MA, USA), AKT (CST), P21 (Abcam), matrix metalloproteinase 
(MMP)-9 (Abcam), and glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) (Abcam) were used.

Methods

Cell culture

Cells were cultured in DMEM (containing 10% fetal bovine se-
rum, 100 U/mL penicillin, and 100 μg/mL streptomycin) in a 
5% CO2 incubator at 37°C.

CCK-8 assay

Cells at the exponential growth phase were inoculated into a 
24-well plate and treated with 5.0, 10.0, and 20.0 μmol/L Hon. 
After 24 and 48 h, crystal violet staining was performed to de-
tect cell proliferation. The method was as follows: the plate was 
washed once with phosphate-buffered saline (PBS), saturated 
crystal violet solution was added (crystal violet in 500 μL of 
PBS and 10% formaldehyde), and then the plate was incubat-
ed at room temperature for 20 min. After washing with PBS 
three times, the plate was dried at room temperature for scan-
ning. Next, 500 μL of 10% acetic acid was added to dissolve 
crystal violet, with slight shaking. The absorbance was mea-
sured at 490 nm after CCK-8 treatment for 10 min. The meth-
od was repeated three times for each group.

Flow cytometry

Well-grown cells were inoculated into a 6-well plate. After the 
cells adhered to the wells, Hon at different concentrations or an 
equal volume of DMSO was added. After 48 h, the cells were 
collected and the cell cycle was analyzed according to the kit 
instructions, or the cells were digested and collected using 
trypsin without ethylenediaminetetraacetic acid, and apoptosis 
and the cell cycle were analyzed according to the kit instruc-
tions. The procedure was repeated three times for each group.

RT-qPCR assay

The expression of related genes was detected by RT-qPCR. 
Total ribonucleic acid (RNA) was obtained using Trizol and 
complementary deoxyribonucleic acid was obtained by a re-
verse transcription kit. After electrophoretic identification and 
quantitation by enzyme-linked immunosorbent assay (ELISA), 
the reaction system and conditions were set according to Takara 
(Shiga, Japan) SYBR Green fluorescence quantitative kit. With 
GAPDH as housekeeping gene, the relative expression of target 
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genes was calculated by the 2–DDCT method. The sequence of 
primers is seen in Table 1.

Wound-healing assay

The cells at the logarithmic stage of growth after correspond-
ing treatment were collected, digested with trypsin, resus-
pended, adjusted to a cell density of 1.0×104/mL, and inoc-
ulated into a 6-well plate. After the cells were continuously 
cultured until refusion under the same conditions, a straight 
line was drawn in the center of the 6-well plate using a 50-μL 
sterile tip. The cell fragments at the edge of the straight line 
were blown gently with buffer to ensure neat edges. The cells 
were cultured in complete medium for 24 and 48 h, and the 
cell migration rate was photographed and calculated.

Transwell assay

The cells at the logarithmic stage of growth in each group were 
collected and prepared in a single-cell suspension. The cup-
shaped transwell chamber was taken, with the filter membrane 
at the bottom of the chamber evenly coated with artificial me-
dium diluted with RPMI-1640 medium at 1: 10, and put in a 
constant-temperature incubator for drying. The supernatant 
of serum-free medium after cell culture for 24 and 48 h was 
collected and added to the lower chamber. Another single-cell 
suspension was collected and added to the upper chamber. 
Under the same conditions, the filter membrane at the bot-
tom of the chamber was cultured for 24 and 48 h, fixed with 

4% paraformaldehyde, and stained with crystal violet in the 
dark. Five visual fields were randomly selected and the num-
ber of cells passing through the membrane was counted un-
der a microscope. The experiment was repeated three times.

Western blot (WB) assay

Cells at the logarithmic stage of growth in each group were 
collected. Total protein was extracted and protein concentra-
tion determined by the Bradford method. The extracted total 
protein was mixed with gel-loading buffer, heated at 100°C for 
5 min, and then stored at –70°C. Next, 12.5% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis, semi-dry transfer 
at 1 mA/cm2 for 100 min, was performed, with sealing with 
skimmed milk powder for2 h. Rabbit anti-mouse PI3K, AKT, 
P21, MMP-9, and GAPDH primary antibodies at 1: 500 dilution 
were added and incubated overnight at 4°C. After rewarming 
at room temperature for 30 min, the mixture was washed with 
Tris-buffered saline with Tween 20 three times, and horserad-
ish peroxidase-labeled immunoglobulin G secondary antibody 
at 1: 2000 dilution was added and allowed to react at 37°C 
for 1 h. The color was developed with chemiluminescence. 
Scanning and analysis were performed using Quantity One.

Cell immunofluorescence

After washing with PBS, the cells at the logarithmic stage of 
proliferation in a 35-mm cell culture dish were fixed with tis-
sue fixative, permeabilized with Triton X-100, and sealed with 
5% bovine serum albumin. Then, the cells were diluted with 
HER2 primary antibody at 1: 200 and incubated at room tem-
perature for 2 h. The nuclei were stained with 4’,6-diamidino-
2-phenylindole. Observation was under a confocal laser scan-
ning microscope after sealing.

Statistical methods

Statistical analysis was carried out using SPSS 20.0. Enumerated 
data were expressed as percent and analyzed by the chi-square 
test. Measurement data were expressed as mean ± standard devia-
tion. Independent sample t test was used for comparison between 
two groups, analysis of variance for comparison among multiple 
groups, and least significant difference test for intragroup pair-
wise comparison. P<0.05 was considered statistically significant.

Results

HER2 messenger (m)RNA and protein expressions in 
different cell lines

Figure 1 shows that HER2 mRNA expression (A, by RT-qPCR as-
say) and protein expression (B, by WB assay) in NCI-N87 and 

Gene name Primer sequence

HER2a
F: 5’-CCATCAAAGTGTTGAGGGAAAC-3’

R: 5’-AATCTGCATACACCAGTTCAGCA-3’

PI3K
F: 5’-CATCACTTCCTCCTGCTCTAT-3’

R: 5’-CAGTTGTTGGCAATCTTCTTC-3’

AKT
F: 5’-GGACAACCGCCATCCAGACT-3’

R: 5’-GCCAGGGACACCTCCATCTC-3’

P21
F: 5’-CCATCGATGGCAGCTCTTGCAGAAGCTC-3’

R: 5’-GCTCTAGACTGGCCGGATTTGCGCGG-3’

MMP-9
F: 5’-GAGACCGGTGAGCTGGATAG-3’

R: 5’-TACACGCGAGTGAAGGTGAG-3’

GAPDH
F: 5’-GGTGAAGGTCGGAGTCAACG-3’

R: 5’-CAAAGTTGTCATGGATGACC-3’

Table 1. Relative primer sequences.

HER2 – human epidermal growth factor receptor 2; 
PI3K – phosphatidylinositol 3-kinase; AKT – protein kinase B; 
MMP – matrix metalloproteinase; GAPDH – glyceraldehyde-3-
phosphate dehydrogenase; F – forward; R – reverse.
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OE-19 cells were highest of all the gastric cancer cell lines test-
ed (AGS, NCI-N87, MGC-803, SGC-7901, and OE-19). Because 
of these results, we used NCI-N87 and OE-19 cells in our study.

Hon affected HER2-positive cell proliferation and apoptosis

By CCK-8 assay, the cell viabilities of Hon-treated groups were 
significantly depressed in NCI-N87 and OE-19 cell lines, with 
dose dependence at 12, 24, and 48 h (P<0.05, Figure 2A). By 
flow cytometry, the cell apoptosis rate of Hon-treated groups 
was significantly increased in NCI-N87 and OE-19 cell lines and 
was dose dependent (P<0.05, Figure 2B). Thus Hon had dose-
dependent suppressive effects on NCI-N87 and OE-19 cell pro-
liferation, with cell apoptosis increasing.

Hon affected cell cycle in NCI-N87 and OE-19 cell lines by 
flow cytometry

By flow cytometry, Figure 3 shows that G1 phase rates of Hon-
treated groups were significantly upregulated and G2 phase 
rates were significantly downregulated compared with those of 
the control group, with dose dependence (P<0.05), in NCI-N87 
and OE-19 cell lines. These results show that Hon kept the cell 
cycle in G1 phase, which might be the cause of the cell apop-
tosis rate increase.

Hon affects cell invasion and wound-healing rates in 
NCI-N87 and OE-19 cell lines

By transwell assay, compared with the control group, the num-
ber of invading cells of the Hon-treated groups was signifi-
cantly depressed with dose dependence in NCI-N87 and OE-19 
cell lines (P<0.05, Figure 4A, 4B); By wound-healing assay, 
the wound healing rate of Hon-treated groups was significantly 
suppressed compared with that of the control group in NCI-N87 
and OE-19 cell lines at 24 and 48 h (P<0.05, Figure 4C, 4D). 
These results show that Hon could suppress cell invasion and 
migration abilities in NCI-N87 and OE-19 cell lines in a dose-
dependent manner.

Hon affected relative protein and mRNA expression in 
NCI-N87 and OE-19 cell lines

By WB assay, the PI3K, AKT, and MMP-9 protein and mRNA ex-
pression of Hon-treated groups were significantly suppressed 
compared with those of the control group in a dose-dependent 
manner in NCI-N87 and OE-19 cell lines (P<0.05, Figure 5A–5D); 
and P21 protein and mRNA expressions of Hon-treated groups 
were significantly increased compared with those of the con-
trol group with dose dependence in these cell lines (P<0.05, 
Figure 5A–5D). The results show that Hon could depress PI3K, 
AKT, and MMP-6 proteins and gene expression, which might 
be correlated with cell invasion and migration ability, and 
increase P21 protein and gene expression, which might be 
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Figure 1. �Human epidermal growth factor receptor 2 (HER2) messenger ribonucleic acid (mRNA) and protein expression in different 
cell lines (A) by real-time quantitative polymerase chain reaction (RT-qPCR) assay and (B) by western blot (WB) assay. 
*** P<0.001, compared with AGS cell line.
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correlated with keeping the cell cycle in G1 phase, leading to 
an increase in cell apoptosis.

HER2 expression in different groups by cellular 
immunofluorescence

By cellular immunofluorescence, the HER2 expression of Hon-
treated groups was significantly depressed compared with that 
of the control group in NCI-N87 and OE-19 cell lines, with dose 
dependence (P<0.05, Figure 6A, 6B). The results of immuno-
fluorescence show that Hon affects antitumor activity by in-
hibiting Her2 nuclear protein.

Discussion

With continuous research on the pathogenesis of gastric can-
cer, molecularly targeted therapy is important for treatment, 
especially for patients with intolerance to surgery or with met-
astatic gastric cancer. At present, systemic chemotherapy is 
still the main treatment for these patients. However, there is 
no standardized treatment for advanced gastric cancer, and 
the effective rate of systemic chemotherapy is unsatisfactory. 
Therefore, targeted therapy for growth, proliferation, apopto-
sis, and metastasis of tumor cells has become an important 
research direction. Kolyadina et al. [20] found that the occur-
rence and metastasis of many tumors were related to cell over-
proliferation caused by overexpression of specific oncogenes 
or receptor genes. Usually, HER2 protein is expressed only in 
the fetal period, and in a few tissues at a low level or not ex-
pressed in adulthood, but it is overexpressed in many tumor 
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Figure 2. �Honokiol (Hon) affected HER2-positive cell proliferation and apoptosis. Control: Untreated cells. Hon-L: Cells treated with 
low-dose Hon. Hon-M: Cells treated with middle-dose Hon. Hon-H: Cells treated with high-dose Hon. (A) The cell viability of 
different cell lines at different time points by cell-counting kit 8 (CCK-8) assay. ** P<0.01, *** P<0.001 compared with control 
group; # P<0.05 compared with Hon-L group; & P<0.05 compared with Hon-M group. (B) Cell apoptosis rate of different cell 
lines by flow cytometry. ** P<0.01, *** P<0.001 compared with control group; # P<0.05 compared with Hon-L group; & P<0.05 
compared with Hon-M group.
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Figure 3. �Honokiol (Hon) affected cell cycle in NCI-N87 and OE-19 cell lines by flow cytometry. Control: Untreated cells. Hon-L: Cells 
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tissues. It has been confirmed that 12–35% of gastric cancers 
have HER2 overexpression, and HER2 is an independent prog-
nostic factor of gastric cancer [21]. The results of Roy et al. [22] 
showed that HER2 protein expression in patients with gastric 
cancer combined with lymph node metastasis was significant-
ly higher than that in those without lymph node metastasis; 
HER2 protein expression in patients with infiltration reaching 
beyond the serosa was significantly higher than in those with 
infiltration within the serosa, and HER2 protein in lymph node 
metastasis of gastric cancer was highly expressed. Patients with 
HER2-positive tumors had poorer prognosis and lower 5-year 
survival rate. Age, TNM stage, and high HER2 expression were 
all independent factors affecting the survival of the patients. 
In other words, more studies suggest that HER2 expression is 
related to the prognosis of gastric cancer, can promote the oc-
currence and development of tumors, and can be used as an 
independent factor to evaluate the prognosis of gastric cancer.

The HER2 gene is located on human chromosome 17q21 and 
encodes a transmembrane protein with a molecular weight of 

185 kDa. It has tyrosine protein kinase activity and belongs 
to the epidermal growth factor receptor (EGFR) family. HER2 
is always expressed during embryonic development and plays 
an important role in the growth and proliferation of normal 
cells. However, multiple studies have shown that overexpres-
sion of HER2 protein can promote the occurrence and devel-
opment of tumors [23]. HER2 and PI3K are closely related to 
each other. Usually, they are highly expressed in malignant ep-
ithelial tumor cells, and are related to tumor invasion, treat-
ment effect, and survival. They are important indicators of poor 
prognosis. Although HER2 and PI3K play different roles in the 
occurrence, development, and metastasis of tumors, there is 
much evidence that the HER2 and PI3K signaling pathways 
interact [24]. Basic experimental studies have demonstrated 
that the activation of the PI3K signaling pathway is caused by 
HER2/neu activation in various tumors [24].

Currently, the main chemotherapy drugs used in treatment are 
cytotoxic; thus it is urgent to explore low-toxicity and high-
efficiency drugs. It has been found that Hon can inhibit the 
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Figure 4. �Honokiol (Hon) affects cell invasion and wound-healing rate in NCI-N87 and OE-19 cell lines. Control: Untreated cells. Hon-L: 
Cells treated with low-dose Hon. Hon-M: Cells treated with middle-dose Hon. Hon-H: Cells treated with high-dose Hon. 
Invading cell numbers of different groups in NCI-N87 cell line (A) and in OE-19 cell line (B) by transwell assay (200×). Wound-
healing rate of different groups in NCI-N87 cell line (C) and in OE-19 cell line (D) by wound-healing assay (100×). ** P<0.01, 
*** P<0.001 compared with control group; # P<0.05 compared with Hon-L group; & P<0.05 compared with Hon-M group.

biological activities of tumor cells [25–27]. Related in vivo ex-
periments have shown that Hon can effectively prolong the 
survival of nude mice [28]. Our results showed that Hon could 
effectively inhibit the biological activities (proliferation, inva-
sion, and migration) of HER2-positive gastric cancer cell lines 
NCI-N87 and OE-19 and increase apoptosis by regulating the 
cell cycle. Moreover, the mechanism of Hon might be relat-
ed to the downregulation of HER2 and the inhibition of the 
PI3K/AKT signaling pathway.

Cyclin-dependent kinase (CDK) is a key molecule in the cell 
cycle. Its overactivation promotes cells to copy deoxyribonu-
cleic acid prematurely, which leads to genome instability and 
tumorigenesis [29]. Cip-Kip is one of the families of cell cycle 
inhibitors including P21, P27, and P57. They can bind to various 
CDK-cell cycle complexes and thereby inhibit their roles [30]. 
Studies have revealed that low P21 level is always correlat-
ed with poor prognosis of tumors [31,32]. In this study, after 
Hon intervention, P21 protein and gene expression increased 

significantly, resulting in a large number of cells staying in G1 
phase, which led to a significant increase in apoptosis.

MMP-9 is one of the most widely investigated MMPs and plays 
an important role in the invasion and metastasis of cancer cells. 
Human MMP-9 gene is located on chromosome 20q13.12 [33]. 
Related studies have shown that [34,35] MMP-9 overexpression 
is closely related to tumor invasion and migration. In our study, 
with Hon intervention, the invasion and migration of HER2-
positive gastric cancer cells were significantly inhibited, and 
MMP-9 protein and mRNA expression were also significantly 
inhibited. Therefore, we infer that the inhibitory effect of Hon 
on the invasion and migration of HER2-positive gastric can-
cer cells may be related to the decrease in MMP-9 expression.

In recent years, nanobiology has attracted more and more at-
tention [36,37]. Hon combined with nanomaterials to treat gas-
tric cancer is a new research idea for the future.
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Figure 5. �Relative protein and messenger ribonucleic acid (mRNA) expression by western blot (WB) and real-time quantitative 
polymerase chain reaction (RT-qPCR) assay. Control: Untreated cells. Hon-L: Cells treated with low-dose honokiol. Hon-M: 
Cells treated with middle-dose Hon. Hon-H: Cells treated with high-dose Hon. Relative protein expression by WB assay in 
NCI-N87 cell line (A) and in OE-19 cell line (B). Relative mRNA expression by RT-qPCR assay in NCI-N87 cell line (C) and in 
OE-19 cell line (D). ** P<0.01, *** P<0.001 compared with control group; # P<0.05 compared with Hon-L group; & P<0.05 
compared with Hon-M group.
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Figure 6. �Human epidermal growth factor receptor 2 (HER2) expression of different groups by cellular immunofluorescence. Control: 
Untreated cells. Hon-L: Cells treated with low-dose honokiol. Hon-M: Cells treated with middle-dose Hon. Hon-H: Cells 
treated with high-dose Hon. HER2 expression of different groups by cellular immunofluorescence in NCI-N87 cell line (A) and 
in OE-19 cell line (B). ** P<0.01, *** P<0.001 compared with control group; # P<0.05 compared with Hon-L group; & P<0.05 
compared with Hon-M group.

Conclusions

In conclusion, Hon can inhibit the biological activity of HER2-
positive gastric cancer cells, and its mechanism may be relat-
ed to Hon inhibiting HER2 expression and thereby inhibiting 
the overactivation of the PI3K/AKT signal pathway. However, 
the specific downstream mechanism is unclear, and still needs 
further study.
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