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Abstract: Oxymatrine (OM), an important active ingredient extracted from sophora flavescens, has attracted more 
attention for its anti-tumor effect in recent years, with pronounced effects on the development of multiple tumors, 
acting as a potential effective low toxic drug in clinical tumor treatment. In this study, CCK-8 and transwell experi-
ments were applied to detect cell proliferation and migration. Quantitative real-time polymerase chain reaction (qRT-
PCR) and Western blotting were used to test the expression of miR-367-3p and serum and glucocorticoid regulated 
kinase 3 (SGK3). The function of oxymatrine in non-small cell lung cancer (NSCLC) progression was also confirmed 
in vivo. Then, CCK-8 and transwell assays revealed that oxymatrine could repress NSCLC cell migration and prolif-
eration. qRT-PCR showed the striking promotion roles of oxymatrine in cancer suppressor gene miR-367-3p expres-
sion. The results of further dual luciferase reporter gene experiment demonstrated that SGK3 was a target gene 
of miR-367-3p and under the regulation of oxymatrine. The rescue experiments indicated that OM functioned via 
miR-367-3p, while miR-367-3p exerted its function by action on SGK3. Finally, in vivo studies showed that OM could 
also inhibit tumor growth. As a result, this study found that OM inhibited the development of NSCLC through reduc-
ing the expression of a downstream target gene SGK3 by promoting miR-367-3p expression.
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Introduction

In recent decades, lung cancer incidence and 
mortality have been overtly increased and it 
has become a major cause of death around the 
world. Non-small cell lung cancer (NSCLC), as 
the most prevalent cancer, accounts for about 
85% of all kinds of lung cancers [1]. The 5-year 
survival rate of NSCLC is still low, albeit the 
great progress in the diagnosis method, surgi-
cal technique, and the new lung cancer chemo-
therapy regimen in recent years [2, 3]. There- 
fore, it is of great importance to explore more 
effective therapeutic methods.

Oxymatrine (OM) is a natural alkaloid of tetracy-
clic quinolizidines, mainly extracted and puri-
fied from sophora flavescens. Oxymatrine is 
used for tumor diseases in clinical settings for 

its anti-inflammatory, analgesic effects, virus 
resistance, immunoregulation promotion, and 
prevention of arrhythmia and infection. In some 
studies, in vivo and in vitro experiments indi-
cate that oxymatrine may suppress the prolif-
eration of prostatic cancer cells while its 
Western blot analysis shows significantly higher 
expressions of p53 and bax, and a strikingly 
lower bcl-2 expression under the action of oxy-
matrine [4]. In addition, other studies suggest 
that oxymatrine activates caspase-3 and bax 
and downregulates the expressions of bcl-2 
and nuclear factor NF-κB to suppress the prolif-
eration of gallbladder cancer cells [5]. However, 
some studies find that after oxymatrine inter-
venes in human lung cancer cells (A549) and 
human breast cancer cells (MCF-7), oxymatrine 
induces the apoptosis of these cells and its 
mechanism is associated with the enhanced 
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expression of bax and caspase-3 proteins, and 
with a lower expression of bcl-2 proteins [6, 7]. 
Thus, it can be seen that oxymatrine exerts 
inhibitory roles in several tumors by virtue of 
tumor cell proliferation inhibition, cell apopto- 
sis induction, cell cycle blocking, cell invasion 
and metastasis suppression, and assistance  
in the synergism and attenuation of chemora-
diotherapy, thereby exhibiting a good clinical 
application prospect. It is necessary to further 
explore of the roles and possible mechanisms 
of oxymatrine in NSCLC, albeit the increasing 
studies on the anti-tumor effects and the me- 
chanism of oxymatrine.

MicroRNAs (miRNAs), a class of non-coding 
single stranded RNAs with about 22 nucleo-
tides, have regulatory effects on target gene 
expression via binding to downstream target 
genes. Studies have proven that miRNAs are 
intimately intertwined with the development of 
multiple tumors and it is widely involved in 
tumors [8, 9]. The results of previous studies 
have showed that miR-367-3p plays a certain 
role in multiple tumors. For instance, overex-
pressed microRNA-367-3p suppresses the in- 
vasion and proliferation of cervical cancer cells 
by downregulating SPAG5-mediated Wnt/β-ca- 
tenin signaling [10]. A study has demonstrated 
that miR-367-3p is a serum biomarker in me- 
tastatic testicular germ cell cancer before, dur-
ing, and after chemotherapy [11]. However, a 
study has also found that PIWIL3/OIP5-AS1/
miR-367-3p/CEBPA feedback loop presents 
regulatory effects on biological characteristics 
of glioma cells [12]. Nevertheless, there is no 
report on the research of miR-367-3p in NSCLC.

In this study, in the oxymatrine treated NSCLC 
cell lines, cell proliferation and migration were 
remarkably inhibited and miR-367-3p expres-
sion was notably increased, accordingly. There- 
fore, the objectives of this study were to ex- 
plore the functions of oxymatrine in the occur-
rence and development of NSCLC and further 
elucidate its possible mode of action.

Materials and methods

Cell culture

The cell bank of the Chinese academy of sci-
ences provided the NSCLC cell lines H1299 
and A549. The cells were cultured in Roswell 
Park Memorial Institute (RPMI) 1640 medium 

(GIBCO-BRL; Thermo Fisher Scientific, Walth- 
am, MA, USA) with 10% of fetal bovine serum 
(FBS; Hyclone, USA) in a constant temperature 
incubator with 5% CO2 and saturated humidity 
at 37°C.

Cell transfection

After seeding appropriate cells into a 6-well 
plate, cells were cultured in antibiotic-free 
medium and subjected to transient transfec-
tion until 60-70% of the culture dish was cov-
ered by cells. Cells were transfected with  
miR-367-3p inhibitor/mimics, SGK3 siRNA/
pcDNA3.1, and paired with a negative control, 
followed by mixing with lipo2000. Then, a com-
plex was formed after 20 min of homogeniza-
tion at room temperature, 100 μL of this com-
plex were slowly added into the medium for mix-
ing. After 4-6 h of co-culture, this complex was 
replaced by complete medium with 10% FBS 
and 1% streptomycin/penicillin for 24 h of cul-
ture for subsequent experiments.

Cell proliferation assay

Cell counting kit-8 assay (CCK-8, Dojin, Japan) 
was used to determine the proliferation of 
A549 and H1299 cells. Transfected cells were 
seeded into a 96-well plate at 2,000 cells/well. 
Seventy-two hours later, 10 μL of CCK-8 solu-
tion were dropped into each well, followed by 2 
h of incubation at 37°C. The absorbance was 
measured using a SpectraMax M5 microplate 
reader (Molecular Devices) at 450 nm.

Colony formation assay

After transfection, cells were seeded in a 
12-well plate and cultured for 15 days in com-
plete medium. Cells were then subjected to 
methanol fixation and 0.1% crystal violet stain-
ing (Sigma-Aldrich). Finally, a microscope was 
used to count the colonies containing at least 
50 cells.

Transwell assay

An in vitro cell migration assay was performed 
using 24-well chambers with an 8 μm pore size 
(Corning). Cells were re-suspended in 100 μL of 
serum-free medium at a concentration of 105 
cells/mL. Subsequently, for the cell migration 
and invasion assay, cells were seeded in the 
upper chamber, while 600 μL of 10% FBS medi-
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um were added to the lower chamber. A cotton 
swab was used for wiping off cells on the up- 
per membrane surface after 48 h of incuba-
tion. Cells that migrated to the lower mem- 
brane side were fixed in methanol, followed by 
10% Giemsa staining. Five fields were ran- 
domly selected under a microscope for cell 
counting and statistical analyses, and photos 
were taken.

Quantitative RT-PCR (qRT-PCR) analysis

Trizol reagent (Life Technologies Corporation, 
Carlsbad, CA) was utilized for the extraction of 
total RNAs from glioma cells and tissues, and  
a Nanodrop Spectrophotometer (ND-100, Th- 
ermo, Waltham, MA) was utilized for detect- 
ing RNA concentration and quality at 260/280 
nm. The primers and cDNA from miRNA were 
synthesized using Thermo Fisher and TaqMan 
miRNA Reverse Transcription kit (Thermo 
Fisher), respectively. One-Step SYBR Prime- 
Script RT-PCR Kit (Perfect Real Time, RR066A) 
(Takara Bio., Inc., Japan) was used for qRT-PCR. 
In the ABI 7500 Fast Real-Time PCR System 
(Applied Biosystems), TaqMan microRNA as- 
says of U6 and miR-367-3p (Applied Biosys- 
tems) were carried out using TaqMan Univer- 
sal Master Mix II. With expressions standard-
ized to endogenous control, the fold change 
was obtained using the relative quantification 
(2-ΔΔCt) method. The primers used are listed 
below: SGK3, F: 5’-CAGGCTGTAAGACTCACTCC- 
3’, R: 5’-TTGCTATTTCTGACACCACTA-3’; GAPDH, 
F: 5’-AGAAGGCTGGGGCTCATTTG-3’, R: 5’-AGG- 
GGCCATCCACAGTCTTC-3’.

Luciferase reporter gene assay

After construction of SGK3-3’UTR-mut and 
SGK3-3’UTR-wt plasmids and 24 h prior to 
transfection, cells were uniformly seeded onto 
a 24-well plate at 5 × 104 cells/mL. Lip2000 
was added according to the instructions of 
LipofectamineTM 2000 together with pRL-TK (20 
ng) and luciferase reporter vector (400 ng) at 
80% of cell confluence and in good cell state, 
followed by cell culture in an incubator with 5% 
CO2 at 37°C. Twenty-four hours later, with the 
medium discarded, cell washing was perform- 
ed once using ice PBS. To dissolve the cells, 
after the addition of 100 μL of PBS, cells were 
shaken at 150 rpm on a shaker at room tem-
perature for 20 min. After the chemilumines-
cence apparatus was started, 20 μL of LAR II 
solution and 20 μL of the above cell lysis buf- 

fer were successively added into the measur- 
ing tube for homogeneous mixing. Subsequ- 
ently, the fluorescence intensity (FI) of lucifer-
ase reporter system was measured. For the 
measurement of the FI internal reference 
(Renilla luciferase), 20 μL of Stop & Glo stop 
buffer were placed into the reaction tube for 
another measurement after detection. The FI  
of the reporter gene (internal reference) was 
utilized for the calculation of the relative ex- 
pression abundance of the reporter gene.

Western blotting

RIPA buffer with 1 mM EDTA (pH 8.0) and 50 
mM HEPES was used for extracting the total 
protein from frozen cells on ice. A bicincho-
nininc acid (BCA) protein assay kit (Beyotime, 
Shanghai, China) was utilized for determining 
the protein concentration of supernatant ex- 
tracts. Samples were subjected to sodium 
dodecyl sulfate-polyacrylamide gel electropho-
resis and electrophoretically transferred onto  
a PVDF membrane. Subsequently, the mem-
brane was incubated in tris-buffered saline 
with 5% nonfat milk at room temperature for 2 
h, and then incubated with primary antibodies 
(SGK3, ab126108, abcam. β-catenin, #8814, 
CST. GAPDH, ab181602, and abcam) for 18 h. 
Incubation with a paired secondary antibody 
(Santa Cruz, Dallas, TX) was done for 2 h. 
Enhanced chemiluminescence (ECL kit, Beyo- 
time, Shanghai, China) was used for observing 
the immunoblots and ChemImager 5,500 
V2.03 software (Alpha Innotech, San Leandro, 
CA) was utilized for their scanning. The relative 
integrated density value was calculated using 
GAPDH as an internal control.

Preparation of tumor-bearing mouse model

The oxymatrine-treated (50 and 100 μM) and 
untreated (control) groups were constructed  
by adjusting the density of logarithmically 
grown A549 cells to 1 × 106 cells/mL by using 
100 μL of DMEM medium. Before counting, 
cells were re-suspended into individual cells 
using PBS. The tumor was placed at the bilat-
eral rumps of each nude mouse on the clean 
bench until living cells accounted for over 90%. 
Pimples might form at the injection site. The 
oxymatrine-treated group was subjected to 
treatment using 50 and 100 μM Oxymatrine  
for 7 days. A seven-day interval was used for 
measuring tumor size. Mice were euthanatized 
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at 28 days to take tumors for measurement 
and weighing. The tumor volume was calculat-
ed as volume = length × width × height × 0.5. 
Tumor growth curves were drawn.

Immunohistochemical staining

The tumor tissues were placed into a 10% neu-
tral formalin solution with five times the tumor 
volume to fix them for 24 h. The necrotic parts 
of fixed tissues were trimmed at about 5 mm of 
thickness, followed by dehydration, permeabili-
zation, and waxing in an embedding box. These 
treated tissues were embedded in an embed-
ding mold for further application. Waxes were 
trimmed and cut into 4-µm-thick slices using a 
slicer, and then flattened and patched for 2 h, 
by baking them at 60°C. Before any immuno-
histochemical analysis and post dewaxing, 
staining, dehydration, permeabilization, and mo- 
unting, a reference immunohistochemistry kit 
(streptavidin-perosidase, SP method) was used 
for further experiments.

Statistical analysis

All the statistical analyses were conducted by 
using SPSS 18.0 statistical software (IBM, New 
York, NY, USA). For normally distributed data 
with equal variance, the difference was evalu-
ated by 2-tailed Student t test (2-group com-
parisons) or ANOVA followed by the post hoc 
Bonferroni test (multigroup comparisons) as 
appropriate. For nonnormally distributed data 
or data with unequal variances, the difference 
was evaluated by a nonparametric Mann-
Whitney U test (2-group comparisons) or the 
Kruskal-Wallis test followed by the post hoc 
Bonferroni test (multigroup comparisons). The 
data are presented as mean ± standard error 
of the mean (SEM). P < 0.05 was considered 
statistically significant.

Results

OM inhibited NSCLC cell proliferation and mi-
gration

Firstly, cell lines A549 and H1299, which were 
commonly utilized in NSCLC studies, were used 
in this experiment to detect whether OM par- 
ticipated in the progression of NSCLC cells. 
Different concentrations of OM and NSCLC 
cells were used in incubation for the detection 
of cell proliferation of each group based on a 

CCK-8 assay after 24 h. The detection revealed 
a concentration-dependent gradual decrease 
in cell proliferation with a lower OM concentra-
tion (Figure 1A, 1B). In subsequent experi-
ments, a 50 μM concentration was selected as 
the treatment concentration. Based on the 
CCK-8 assay results at 24 h intervals for three 
consecutive days, OM could significantly inhibit 
the proliferation of NSCLC cells (Figure 1C, 1D). 
Meanwhile, a plate cloning experiment was 
also conducted and indicated that the cell 
clone number in OM-treated group was also 
considerably lower, in comparison with the con-
trol group (Figure 1E). A transwell experiment 
was used for detecting the roles of OM in cell 
migration and showed a notable decrease in 
the migration of OM incubated NSCLC cells 
(Figure 1F).

OM promoted miR-367-3p expression

After treating the cells using OM at different 
concentrations, qRT-PCR was conducted for 
detecting miR-367-3p expression in cells of 
each group and revealed a significantly high 
expression of miR-367-3p post OM stimulation 
in a dose-dependent manner, relative to untre- 
ated cells (Figure 2A). To determine whether 
miR-367-3p had any effect on NSCLC cell prolif-
eration and migration, miR-367-3p mimics and 
their negative controls were transfected with 
A549 and H1299 cells for transfection efficien-
cy detection, and the results revealed a signifi-
cant increase in miR-367-3p expression (Figure 
2B). Subsequently, the CCK-8 assay suggested 
that the upregulated miR-367-3p expression 
considerably reduced the proliferation of A549 
and H1299 cells, relative to the control group 
(Figure 2C, 2D), as demonstrated by using a 
plate cloning experiment (Figure 2E). Mean- 
while, during the transwell experiment, the 
migration of A549 and H1299 cells was also 
notably inhibited after upregulation of miR-367-
3p (Figure 2F).

SGK3 was a target gene of miR-367-3p

Based on bioinformatics analysis, SGK3 was a 
possible target of miR-367-3p and possible 
binding sites existed between them (Figure 3A), 
as demonstrated by the dual luciferase report-
er gene experiment (Figure 3B). SGK3 expres-
sion was measured in A549 and H1299 cells 
with an miR-367-3p upregulation for further 
verification. The results uncovered that post 
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Figure 1. OM inhibited NSCLC cell proliferation and migration. (A, B) Treated with 10, 50 and 100 μM OM for 24 h, A549 and H1299 cells’ proliferation were inhibited 
and has a certain concentration effect. 50 μM concentration was selected for subsequent study. When cells treated with 50 μM OM, the cell proliferation (C, D) cell 
colony formation (E) and cell migration (F) was faded obviously. (*P < 0.05).
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Figure 2. OM promoted miR-367-3p expression. A. After treated with 10, 50 and 100 μM OM, miR-367-3p expres-
sion was up-regulated in concentration-dependent pattern in A549 and H1299 cells. B. Post transfection of A549 
and H1299 cells using miR-367-3p mimics, miR-367-3p was up-regulated apparently. C-E. The upregulation of miR-
367-3p significantly suppressed cell proliferation and clone in A549 and H1299 cells. F. Cell migration was notably 
suppressed by overexpressing miR-367-3p. (*P < 0.05).

Figure 3. SGK3 was a target gene of miR-367-3p. A. miR-367-3p and SGK3 existed possible binding sites. B. Dual 
luciferase reporter gene experiment confirmed the combination relationship between miR-367-3p and SGK3. C, D. 
After upregulation of miR-367-3p expression in A549 and H1299 cells, the mRNA and protein levels of SGK3 were 
significantly reduced. (*P < 0.05).
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transfection of miR-367-3p mimics, mRNA, and 
protein expressions of SGK3 were notably 
decreased, which also suggested the target 
actions of miR-367-3p on SGK3 (Figure 3C, 
3D). 

SGK3 was down-regulated by OM

Since OM increased miR-367-3p expression, 
we investigated whether OM decreased SGK3 
expression. Therefore, after cell treatment us- 
ing OM (50 μM), SGK3 expression was also de- 
tected, and the results suggested that mRNA 
and protein expressions of SGK3 in OM-treated 
cells were remarkably reduced versus the con-
trol group (Figure 4A, 4B). Meanwhile, we found 
that the downregulation of miR-367-3p could 
partly reverse SGK expression, which was de- 
creased by OM (Figure 4C, 4D). Thereby, OM 
could regulate SGK3 via miR-367-3p. Further- 
more, we detected that the active β-catenin 

expression was faded by downregulating SGK3 
(Figure 4E) and that OM could also inhibit the 
expression of active β-catenin (Figure 4F).

Roles of OM/miR-367-3p/SGK3 axis 

For an in-depth exploration, an experiment was 
carried out and uncovered that after cell treat-
ment using OM, the inhibiting effects of OM on 
cell migration and proliferation were partially 
recovered by the downregulation of miR-367-3p 
in A 549 and H1299 cell lines (Figure 5A-E).  
To explore the possible mechanism of action  
of miR-367-3p, both miR-367-3p and SGK3 
expressions were upregulated (Figure 5F, 5G) 
and the cell migration and proliferation in each 
group were also detected. The results indicated 
that an upregulation of SGK3 partially reversed 
the inhibition effects of upregulated miR-367-
3p on NSCLC cell migration and proliferation, 
suggesting that miR-367-3p might exert its 

Figure 4. SGK3 was down-regulated by OM. When cells treated with OM, the mRNA and protein level of SGK3 was 
reduced (A, B), but partly reversed by downregulating miR-367-3p expression (C, D). (E) After transfecting with si-
SGK3, the active β-catenin expression was decreased. (F) When cells treated with OM, the active β-catenin expres-
sion was attenuated. (*P < 0.05).
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Figure 5. Roles of OM/miR-367-3p/SGK3 axis. A, B. The negative effect of OM on the expression of SGK3 could be partly reversed by miR-367-3p inhibitor. C-E. 
Suppression effects of OM on cell proliferation and migration partially relieved by the downregulation of miR-367-3p. F, G. The up-regulated miR-367-3p inhibited the 
expression of SGK3, but partly reversed by transfecting SGK3 overexpression plasmid. H-J. Suppression on cell migration and proliferation by miR-367-3p mimics 
partially reversed by the upregulation of SGK3. (*P < 0.05).
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roles by targeting SGK3 (Figure 5H-J). There- 
fore, OM might play its role through miR-367-
3p/SGK3 pathway in NSCLC.

OM inhibited tumor growth in vivo

For the detection of the effects of OM on tumor 
formation and growth of NSCLC cells in vivo, 
A549 cells were transfected into nude mice of 
the OM-treated group (50 and 100 μM) and the 
control group (untreated group) by subcutane-
ous injection. Transfection started seven days 
post injection, and a seven-day interval was 
used for the measurement of tumor size until 
28 days had passed. The findings revealed that 
both tumor volume (Figure 6A) and final tumor 
weight and size (Figure 6B, 6C) of the control 
group from 14 days onward were significantly 
higher, relative to the OM-treated group. These 
findings uncovered that OM restrained tumor 
formation and growth of NSCLC cells in vivo in  
a certain concentration-dependent manner. To 
signify cell proliferation in tumors, an immuno-

histochemical method was utilized to detect 
Ki67 expression in tumors of each group. The 
results objectivized that the control group, the 
low-dose OM group, and the high-dose OM 
group had a lower Ki67 positive expression in 
cells and a lower positive staining degree in 
tumor tissues, in turn, suggesting that cell pro-
liferation in tumors was somewhat slowed 
down by the OM treatment (Figure 6D). Finally, 
miR-367-3p expression in the tumor was 
detected and the results showed that OM- 
treated group had a significantly higher miR-
367-3p expression (Figure 6E). We also detect-
ed that mRNA and protein levels of SGK3 were 
considerably reduced in the OM-treated group 
(Figure 6F, 6G).

Discussion

At present, lung cancer is mainly treated using 
surgery, radiotherapy, chemotherapy, and tar-
geted therapy; however, these therapeutic me- 
thods also have great side effects and com- 

Figure 6. OM inhibited tumor growth in vivo. A-C. In nude mice, tumor growth (tumor volume, tumor weight and the 
tumor size) was inhibited by OM in vivo and has a concentration dependent effect. D. Immunohistochemical assay 
revealed that the relative number of Ki67 positive expression cells in OM-treated group were considerably lower ver-
sus the control group in certain dose-dependent pattern. E. miR-367-3p expression in tumors of OM-treated group 
was considerably higher versus control group. F, G. The SGK3 expression in tumor of OM-treated group was notably 
lower relative to control group. (*P < 0.05).
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promise the patients’ quality of life. Charac- 
terized by less and less toxic side effects,  
convenient accessibility, low cost, sensitivity 
improvement of radiotherapy and chemothera-
py, enhancement of patients’ immunity, a lon-
ger life span, and a lower probability of drug 
resistance, traditional Chinese medicines gre- 
atly remedy the weaknesses of the existing 
tumor treatment drugs [13]. From the perspec-
tive of OM as a traditional Chinese herb, the 
present study revealed that OM considerably 
inhibited NSCLC cell migration and proliferat- 
ion in a certain concentration-dependent man-
ner; however, little is known on its possible 
mechanism.

Currently, although traditional Chinese medi-
cine against lung cancer has become a focus  
of attention, its mode of anti-tumor action is 
still unclear. Studies in recent years have sh- 
owed that miRNA is strongly associated with 
the anti-tumor action of active ingredients in 
traditional Chinese medicine, and miRNAs may 
be involved as an oncogene and cancer sup-
pressor gene [14, 15]. Therefore, research has 
been performed at the miRNA level. The mode 
of action for anti-tumor effects of active ingre- 
dients in traditional Chinese medicine is of gr- 
eat significance. miRNA, an endogenous non-
coding short interfering RNA molecule with ap- 
proximate 18~24 bases, is generated by Dicer 
enzyme, by shearing and processing a single 
stranded RNA with a hairpin structure and ap- 
proximately 70 bases. The expression level of 
mRNA is regulated to affect the efficiency of 
protein translation and enhance or suppress 
tumor development by matching with mRNA 3’ 
untranslated region (3’-UTR) and by binding to 
AGO proteins to generate the core elements of 
the RNA-induced silencing complex [16]. As 
reported before [17], there was a change in 
miRNA expression in ginsenoside Rh2 treated 
group versus the control group in human NSCLC 
A549 cells using miRNA microarray analysis, 
and the results showed 44 upregulated miR-
NAs and 24 downregulated miRNAs, with miR-
148a presenting the most significant upregula-
tion and miR-424 presenting the most notable 
downregulation. A miRNA target gene predic-
tion software found that these target genes 
were associated with cell differentiation, prolif-
eration, and apoptosis. Since previous studies 
have revealed that miR-367-3p is a cancer sup-
pressor gene, we raised the question on whe- 

ther OM affects miR-367-3p expression. The- 
refore, miR-367-3p expression was detected  
in OM-treated NSCLC cells, and the findings 
uncovered that miR-367-3p expression was 
notably increased and an upregulated miR-
367-3p significantly suppressed cell prolifera-
tion and migration, indicating that OM exerted 
its roles by suppressing miR-367-3p expres- 
sion.

Serum and glucocorticoid regulated kinase 3 
(SGK3), a newly discovered PI3K downstream 
signal molecule in recent years, may be as- 
sociated with a cell phosphorylation cascade 
reaction. Its expression can promote tumor cell 
proliferation, invasion, and metastasis; thus, 
SGK3 is crucial for differentiation, survival,  
and material transport. SGK3 is a member of 
SGK family associated with the occurrence of 
multiple human tumors [18, 19]. As reported 
before, SGK family (including SGK3) partici-
pates in the malignant transformation of cells, 
suggesting its vital role in tumor occurrence 
and development [20]. Further studies found 
that SGK3 is a key factor of the promotion of 
tumor occurrence and development in AKT-
independent PI3K/mTOR signal transduction 
pathway [21]. In addition, a study demonstrat-
ed that SGK3 is crucial for the occurrence and 
development of BRAF mutant malignant mela-
noma [22]. In this study, both bioinformatics 
analysis and the dual luciferase reporter gene 
experiment found that SGK3 was a possible 
target gene of miR-367-3p and in-depth verifi-
cation proved a lower SGK3 expression via 
upregulation of miR-367-3p. We found that OM 
also downregulated SGK3 expression, which 
could be partly reversed by the downregulation 
of miR-367-3p. Additionally, we found that miR-
367-3p exerted its roles by regulating SGK3, 
while OM played a role in promoting miR-367-
3p expression. Therefore, we demonstrated 
that OM might take part in the progression of 
NSCLC by regulating SGK3 via miR-367-3p.

As reported before, SGK3 could enhance the 
phosphorylation of GSK-3β on Thr9 (inactivat-
ed) to inhibit GSK-3β-mediated degradation of 
β-catenin [23]. Another study confirmed that 
down-regulating SGK3 decreases the level of 
active β-catenin and then attenuates cell 
migration and invasion [24]. In this study, we 
also found that, after down-regulating SGK3, 
the expression of β-catenin was also reduced 
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in NSCLC cells. Considering that OM decreased 
SGK3 expression, we further verified whether 
OM could also inhibit β-catenin activation. As 
results have shown, when NSCLC cells were 
treated with OM, β-catenin was inactive. Thus, 
OM may exert its functions through promoting 
miR-367-3p expression to downregulate SGK3 
expression and then inactive β-catenin.

To further verify the effects of OM on NSCLC, a 
tumor-bearing nude mice experiment was used 
for detecting the roles of OM in tumor growth 
and signified that OM notably restrained tumor 
growth, and both tumor volume and mass in 
OM-treated group were considerably lower, rel-
ative to the control group. Moreover, an immu-
nohistochemistry experiment detected that 
Ki67 expression in tumor tissues of OM-treat- 
ed group was significantly lower versus the  
control group. In addition, a significantly higher 
miR-367-3p expression and a remarkably low- 
er SGK3 expression in OM-treated group sug-
gested that the OM/miR-367-3p/SGK3 axis 
played a certain role in inhibiting the growth of 
tumor cells and tumors.

In conclusion, this study revealed and explored 
the roles of OM in NSCLC and its possible 
mechanism of action, first supposing that OM 
might promote miR-367-3p expression, down-
regulate SGK3 expression, and then inhibit 
active β-catenin expression during the proce-
dure of NSCLC. This not only enriches the 
NSCLC research contents, but also provides a 
novel theoretical foundation and therapeutic 
target for its prevention and cure.
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