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Non-small cell lung cancer (NSCLC) accounts for approximately 85% of lung cancer-related mortality,
and it has a high risk of early recurrence and distant metastasis. The prerequisite for the deterioration of
NSCLC is the malignant proliferation and migration of cancer cells, and in this study Astragalus membra-
naceus polysaccharides (APS) was firstly showed that it could decrease the cell proliferation of A549 and
NCI-H1299. Through bioinformatics analysis, the up-regulation of miR-195-5p was positively correlated with
the survival rate of lung cancer patients. Real-time PCR indicated APS could increase the expression level
of miR-195-5p, and the miR-195-5p inhibitor was used to verify that it could reverse the inhibitory effect of
Astragalus polysaccharide on lung cancer cell migration and invasion. Therefore, we believe that APS could
inhibit the proliferation and migration of NSCLC cells by regulating miR-195-5p, which laid the foundation
for further research on the functional mechanism of miR-195-5p in NSCLC.
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INTRODUCTION

Traditional Chinese medicine substances come from herbal
plants have been widely used to treat various diseases."? A
large number of studies have showed that the herb polysaccha-
rides have important biological function such as anti-diabetic,
anti-cancer, anti-oxidant, antiviral, immunomodulatory, and
other activities with lower toxicity and side effects.>™ There-
fore, the separation, characterization and biological activity
detection of polysaccharides in Chinese herbal medicines have
become a research hotspot in China.® Astragalus membra-
naceus polysaccharides (APS) are found it possesses many
biological function such as immune regulation, anti-oxidant
stress, as well as the anti-apoptosis.”® The recent valuable
studies about the effects of APS rides on cancers treatment
have been attracted widespread attention.

Non-small cell lung cancer (NSCLC) accounts for
approximately 85% of lung cancer-related mortality,” and
early metastasis is the main cause of deaths from the dis-
ease.!”!Y Combined with a plastic and responsive microenvi-
ronment, random epigenetic and genetic mutations in cancer
support the metastatic evolution of tumors.'? Currently among
tested molecular factors in lung cancer patients, differential
expression and regulation of microRNA (miRNA) molecules
seem to be the most attractive.!” These small non-coding
RNA molecules do not carry information about the structure
of the protein but could regulate the gene expression by tar-
geting selected mRNA that belong to the epigenetic mecha-
nism.'"*'> MiRNAs, binding to untranslated region located
in 3’ tail (3-UTR) of mRNA, modulate its function through
the impact on translation process, therefore miRNAs regulate
gene expression post-transcriptionally.'® In mammals, many
researches have proved that miRNAs have important regula-
tion functions in multidrug resistance (MDR) such as miR-
125b, miR-491, miR-365, and miR-133a,'2? and several other
miRNAs have been proved to be differentially expressed in
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sensitive and resistant lung cancer cells through next-genera-
tion sequencing in the miRNA database.”” However, the anti-
cancer role of miRNA regulated by APS has rarely reported
in lung tumor.

In the present research, the anti-cancer effects of APS was
investigated in lung cancer cell. Combined with the miRNA
database screening, the miR-195-5p was found it could be up-
regulated by the APS in lung cancer cell, and the experiments
proved that miR-195-5p inhibitor could obviously promote
the cell proliferation and invasion of NSCLC. These results
supplied important insights into the regulation mechanism by
which APS regulates miR-195-5p expression and affects the
malignant phenotypic characteristics of lung cancer cells.

MATERIALS AND METHODS

Experimental Reagent Astragalus polysaccharides were
purchased from Macklin (Shanghai Macklin Biochemical,
CAS No. 89250-26-0). Unless otherwise stated, chemicals
purchased from Sigma (MO, U.S.A.) or domestic suppliers in
China.

Cell Lines and Cell Culture BEAS-2B, A549 and
NCI-H1299 cell lines were maintained in our laboratory. Cells
were cultured in minimum essential medium (MEM) (Gibco,
U.S.A)) supplemented with 1% streptomycin and penicillin
(Invitrogen, China) and 10% calf bovine serum (Gibco) in a
humidifed atmosphere with 5% CO, at 37°C. All the cells
were adapted to culture in the culture medium for 2 weeks
before being used in the experiment.

Cell Proliferation Detection The Cell Counting Kit 8
(CCK-8) was conducted for cell proliferation assay as follows.
Briefly, the culture plate was placed in 5% CO, conditioned
incubator at 37°C. After the cells adhere to the wall, they
are replaced with serum-free medium. After culturing for
24h, the cells were added with corresponding drugs and di-
vided into groups of 0, 5, 10, and 20 ug/mL, with 3 wells in
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Table 1. miRNA Primers Used for RT-PCR
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miRNAs

Primers

miR-195-5p: uagcagcacagaaauauugge

miR-195-5p-F: 5'-ACACTCCAGCTGGGTAGCAG CACAGAAAT-3’

miR-195-5p-R: 5'-CTCAACTGGTGTCGTGGA-3'

miR-30a-3p: cuuucagucggauguuugcage

miR-30a-3p-F: 5'-ACACTCCAGCTGGGCTTTCAG TCGGATGT-3'

miR-30a-3p-R: 5'-CTCAACTGGTGTCGTGGA-3’

miR-338-3p: aacaauauccuggugcugagug

miR-338-3p-F: 5'-ACACTCCAGCTGGGAACAA TATCCTGGTG-3'

miR-338-3p-R: 5'-CTCAACTGGTGTCGTGGA-3'

miR-30b-5p: uguaaacauccuacacucagcu

miR-30b-5p-F: 5'- ACACTCCAGCTGGGtGTAAACAT CCTAC-3'

miR-30b-5p-R: 5'-CTCAACTGGTGTCGTGGA-3'

each group. After drug treatment for 24, 48, and 72h, 10uL
solution of CCK-8 was supplemented to every well, and the
culture plate was incubated in an incubator for 4h. The absor-
bance at 450nm measured with a microplate reader.

Identification of Differentially Expressed miRNAs The
differentially expressed miRNAs was analyzed in lung cancer
by using the OncomiR website (http://www.oncomir.org/), the
gene expression omnibus (GEO) database used NSCLC and
miRNA to obtain the data set GSE135918, and then GEO2R
analysis was conducted to obtain the differential genes. Genes
were respectively corresponding to miRNAs for intersection,
and finally miRNAs differentially expressed in NSCLC were
obtained. Kaplan—Meier method was used to calculate sur-
vival curves, conducting with the R Bioconductor ‘survival’
package. Kaplan—Meier curves were generated using a data-
base of public microarray datasets (http://kmplot.com) via
website interface 2015.

Small RNA Transfection The miRNAs (miR-195-5p in-
hibitor: 5-GCCAAUAUUUCUGU GCUGCUA-3', NC inhibi-
tor: 5-CUAACGCAUGCACAGUCGUACG-3") were supplied
from Genepharma company (Shanghai, China). The cells were
seeded into a 6-well plate at a density of 1X10° cells/well.
Twenty four hours later, according to the manufacturer’s pro-
tocol, 80nM miRNA and its negative control were transfected
into the cells by using Lipofectamine 2000 reagent (Invitrogen).
The transfected cells were then harvested for research after 48h
in culture. Three independent experiments were performed.

Quantitative Real-Time RT-PCR (QRT-PCR) According
to the manufacturer’s instructions, small RNAs were extracted
from lung cancer cells by using RISO RNA ISOlation Reagent
(Biomics, U.S.A.). Then mature miRNAs were collected with a
stem-loop kit, and expression levels of miRNAs were conducted
by using TagMan Universal PCR Master Mix as described by
kit instruction. The U6 miRNA was employed as an endogenous
control for data standardization. All reactions were repeated
three times. The expression level of miRNA was tested by using
the ziAACt method, where AACt:(CtmiRNA_Ctintemal reference)'
experiment — (Ct,ixna — Clivcernal reference)control. - All - the qRT-
PCR primers used in qRT-PCR experiments were listed in
Table 1.

Cell Invasion Detection Seventy two hours after trans-
fection of miRNA or control RNA, cells were harvested and
resuspended in culture medium. Then the cells were seeded
at a density about 2.0 X 10° cells/mL. A total of 0.2mL cells
solution were loaded into the upper chamber of the transwell
chamber (24-well insert, 8 um pore size; Millipore, U.S.A.), and
0.6mL medium was added to the lower chamber containing
10% calf bovine serum as a chemical attractant.

Western Blot Analysis Approximately 3 X 10° to 5 X 10°
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Fig. 1. Astragalus Polysaccharides Inhibited the Proliferation of Non-
small Cell Lung Cancer Cells

Cells treated with different concentration APS at different time showed that APS
could obviously inhibited lung cancer cell proliferation of A549 and H1299, but the
APS has no effect to the human lung epithelial cell BEAS-2B. The data are shown
as means = S.D., and * means p <0.05.

liver cancer cells were collected by centrifugation at 1000 rpm
for Smin at 4°C, and lysed in Radio-Immunoprecipitation
Assay (RIPA) buffer (Beyotime, China) for 30min at 4°C.
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Fig. 2. Astragalus Polysaccharides Inhibited Cell Migration and Invasion in NSCLC Cells

A, the number of migratory cells in APS group were much less than those in the control group, and figures of transwell experimental plate were obtained by digital cam-
era, *represents p <0.05; B, the number of invaded cells in APS group were much less than those in the control group, and figures of transwell experimental plate were
obtained by digital camera, *represents p <0.05. C, Western blotting experiments indicated the APS could obviously inhibit the expression of MMP-2 and MMP-9 proteins

in lung cancer cells. The magnification of the microscope is 100X.

According to the reagent kit protocol, the supernatants con-
taining extraction protein were collected by centrifuge
at 12000rpm for 10min at 4°C. The concentration of the
proteins was detected by the bicinchoninic acid (BCA) kit
(KGPBCA, KeyGEN, China) based on the manufacturer’s
instruction. Western blot analysis was performed as following
described. Briefly, protein samples of the same quality were
separated by 15% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to polyvinylidene
difluoride (PVDF) membranes. After blocking with phosphate
buffered saline (PBS) Tween-20 (PBST) solution contain-
ing 3% skimmed milk powder overnight at 4°C, the mem-
branes were incubated with the primary indicated antibodies
(MMP-2, MMP-9 and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH), Invitrogen) (1:2000) for 1.5h at room temper-
ature. Following washing with PBST solution five times, the
membranes were incubated with HRP-conjugated secondary
antibodies (Sigma-Aldrich, St. Louis, MO, U.S.A.) (1:5000) at
room temperature for 1.0h. After washing with PBS solution
for three times, the blots were visualized usingthe enhanced

chemoluminescence (ECL) method (Thermo Fisher, Shanghai,
China).

Statistical Analysis The data are shown as mean * stan-
dard deviation (S.D.). SPSS PASW Statistics version 18 Mul-
tilingual (SPSS Inc., U.S.A)) used Student’s #-test to evaluate
statistical significance between groups. A p-value less than
0.05 is considered statistically significant.

RESULTS

Astragalus Polysaccharides Inhibited Cell Proliferation
in NSCLC Cells To identify the role of Astragalus poly-
saccharides in lung cancer, the control group of human lung
epithelial cells BEAS-2B and the experimental group of A549
and NIC-H1299 cell lines were incubated with different con-
centration APS. Compared with the control BEAS-2B cells,
the APS obviously suppressed cell proliferation of A549 and
NCI-H1299 (Fig. 1). Therefore, APS was confirmed that it
could obviously inhibit the cell proliferation of NSCLC.

Astragalus Polysaccharides Inhibited Cell Migration
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Fig. 3. Screening of Differentially Expressed miRNAs of Lung Cancer and Their Effects on Patient Survival

A, the up-regulated expressed miRNAs in lung cancer screened by the database OncomiR and GSE135918; B, the down-regulated expressed miRNAs in lung cancer
screened by the database OncomiR and GSE135918; C, Kaplan—Meier plots of recurrence-free survival (RFS) from data in the dataset GSE135918. The p value was cal-
culated using a log-rank test; D, the down-regulated expression miRNAs in lung cancer tissue verified by relative miRNA expression in dataset GSE135918, *represents

»<0.05.

and Invasion in NSCLC Cells To investigate whether the
Astragalus polysaccharides could affect the cell migration and
invasion of lung cancer, the human lung cancer cells A549
and NIC-H1299 were incubated with different concentra-
tion APS. Compared with the control group cells, the APS
obviously inhibited cell migration and invasion of A549 and
NCI-H1299 through transwell assays (Fig. 2). As a result, APS
was confirmed that it could obviously suppress the cell migra-
tion and invasion of NSCLC.

Screening of Differentially Expressed miRNAs of Lung
Cancer and Their Effects on Patient Survival According
to the methods mentioned above, the up-regulated miRNAs
(miR-154-3p, miR-224-3p, miR-369-3p and miR-671-5p)
and down-regulated miRNAs (miR-195-5p, miR-30a-3p,
miR-338-3p, miR-30b-5p and miR-451a) were obtained by the
intersection set base on the OncomiR and GSE135918 (Figs.
3A, B). In order to further determine the relationship between
these differentially expressed miRNAs and the clinical prog-
nosis of lung cancer patients, we evaluated the prognostic
value of miRNAs in the public clinical microarray database
of lung cancer cases. The expression level of miRNAs were
closely related to recurrence-free survival rate (RFS) in the

dataset GSE135918. As shown in Fig. 3C, Kaplan—Meier anal-
ysis of 504 lung cancer patients showed that highly expressed
miRNAs (miR-195-5p, miR-30a-3p, miR-338-3p, miR-30b-5p)
were significantly related to the high RFS rate compared with
low expressed miRNAs (p <0.05). And these miRNAs have
lower expression in the tumor tissue than that in the adjacent
non-tumor tissue of lung cancer patients in the GSE135918
(Fig. 3D).

Astragalus Polysaccharides Increased the Expression of
miR-195-5p in NSCLC Cells The miR-195-5p, miR-30a-3p,
miR-30b-5p and miR-338-3p were downregulated in the lung
tumor patients according to the database screening. To inves-
tigate the APS whether influence these miRNAs expressed
in lung tumor cells, BEAS-2B, A549 and NIC-H1299 cells
were incubated with different concentration APS, and real-
time PCR results indicated these miRNAs expression were
increased, but only the miR-195-5p showed the concentration-
dependent difference (Fig. 4), this indicated the APS mainly
regulated miR-195-5p to inhibit the proliferation and invasion
of lung tumor cells.

MiR-195-5p Inhibitor Reversed the Inhibitory Effect of
Astragalus Polysaccharides on Lung Cancer Cell Migration
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Fig. 4. Astragalus Polysaccharides Increased the Expression of miR-195-5p in NSCLC Cells

Real-time PCR was used to detect the expression of miR-30a-3p, miR-30b-5p, miR-195-5p, and miR-338-3p in BEAS-2B, A549, NCI-H1299 cells treated with APS at
different concentration, and the results indicated that only miR-195-5p was concentration-dependent on APS treatment in lung cancer cells A549 and NCI-H1299. *repre-

sents p <0.05, and “represents p < 0.01.

and Invasion According to the above experiments result,
Astragalus polysaccharides could obviously suppress cell mi-
gration and invasion of A549 and NCI-H1299, in which the
miR-195-5p could be up-regulated by the APS. To investigate
whether miR-195-5p influenced the NSCLC cell migration and
invasion, the miR-195-5p inhibitor was employed for transfec-
tion after NSCLC cells incubated with APS for 24h. As shown
in Fig. 5, the miR-195-5p inhibitor could obviously decrease
the expression level of miR-195-5p. And miR-195-5p inhibitor
could reverse the inhibitory effect of Astragalus polysaccha-
rides on lung cancer cell migration and invasion, which in-
dicated the downregulation of miR-195-5p could promote the
cell migration and invasion of A549 and NCI-H1299.

DISCUSSION

For thousands of years, Chinese medicine has been regard-
ed as an effective treatment method, which shows that Chinese
herbal medicine can be used as a suitable candidate drug for
drug development. More and more researches have begun to
pay attention to the specific mechanism of action of Chinese
medicine components on diseases.”?>¥ It is reported that APS
has a variety of biological function such as antioxidant, anti-

inflammatory, anti-aging and mitochondrial protection.?>2®

This is also the reason why Astragalus is most commonly
used in Chinese herbal medicine. APS can enhance innate
immunity by increasing the expression of Toll-like receptor
4 during mucosal bacterial infection in vivo and in vitro.*” It
was also used as an adjuvant for avian infectious bronchitis
virus vaccine.”® However, APS treatment could reduce the
cisplatin-induced apoptosis in mouse kidney cells and HK-2
cells,” and combination treatment with vinorelbine and cispl-
atin in patients with advanced NSCLC significantly improved
the QOL.*” Based on these characteristics of APS in many
pathological processes, we separately explored its inhibitory
effect on lung cancer cells in this research.

Traditional Chinese medicine has attracted widespread at-
tention due to its synergy and low side effects in treating lung
cancer.’” Jinfukang (JFK), a Chinese herbal formula consisted
of 12 herbs, has been used clinically in China for the treat-
ment of NSCLC for decades.’” However, the mechanism of
TCM treatment of tumors is very complicated. Among the
molecular markers of patients currently tested, microRNAs
molecules seem to be the most attractive in lung cancer
patients. MiRNAs, binding to untranslated region located in 3’
tail (3-UTR) of mRNA, modulate its function through the im-
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Fig. 5. MiR-195-5p Inhibitor Reversed the Inhibitory Effect of Astragalus Polysaccharides on Lung Cancer Cell Migration and Invasion

A, miR-195-5p inhibitor decreased the miR-195-5p expression level in A549 and NCI-H1299 cells; B, miR-195-5p inhibitor increased the proliferation of A549 and
NCI-H1299 cells; C, miR-195-5p inhibitor reversed the inhibitory effect of Astragalus polysaccharides on lung cancer cell migration; D, miR-195-5p inhibitor reversed the
inhibitory effect of Astragalus polysaccharides on lung cancer cell invasion. E, Western blotting experiments indicated the miR-195-5p inhibitor reversed the inhibitory
effect of Astragalus polysaccharides on lung cancer cell migration and invasion related proteins such as MMP-2 and MMP-9. *represents p < 0.05, the magnification of the
microscope is 100X.

pact on translation process, therefore miRNAs regulate gene miR-143-5p, which has been proved to be downregulated in
expression post-transcriptionally.’**? The expression of glyco- lung cancer through excessive activation of mammalian target
lytic enzyme Hexokinase 2 (HK2) was targeted regulated by of rapamycin (mTOR) signalling pathway.’® Similarly, the
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expression of miR-124-5p in NSCLC cells exerted its cancer
suppressor function by decreasing lung cancer cell prolif-
eration and migration.’® In addition, it has been demonstrated
that the expression of miR-210-3p is elevated in advanced lung
cancer cells with hypoxic characteristics.’” Therefore, several
miRNAs have been proved to be involved in regulating the
progression and deterioration of lung cancer, and in our ex-
periment, we proved the APS could increase expression level
of the miR-195-5p for inhibiting the lung cancer cell invasion
and migration.

In this paper, bioinformatic analysis indicated that the high
expression of miR-195-5p in lung cancer patients was closely
related to the RFS rate. Experiments indicate microRNA-
195-5p may regulate lung cancer growth and metastasis
through the regulation of Forkhead box k1.*® Moreover, our
experiments showed the APS could obviously increase the
miR-195-5p expression level in lung cancer inhibition experi-
ment. MiR-195 has been demonstrated that it could regulate
the immune evasion of breast cancer cells via targeting
CD274,* and study have indicated that miR-195-5p promoted
cardiac hypertrophy via targeting MFN2 and FBXW7.*” No-
tably, miR-195-5p inhibitor used in our experiments has been
demonstrated it could reverse the inhibitory effect of Astraga-
lus polysaccharides on lung cancer cell migration and inva-
sion, and this may provide promising therapeutic strategies for
interfering lung cancer.

In summary, we found that APS could inhibit cell prolif-
eration and migration of lung cancer. MiR-195-5p was found
to be diferentially expressed in lung cancer tissues and to
be closely correlated with prognosis of patients, which could
be up-regulated by the APS in lung cancer cells. Our results
firstly demonstrated the relationship between miR-195-5p ex-
pression level with APS used in lung cancer cell. Therefore,
our experimental research results provide new mechanistic
insights into the functions of miRNAs as potential therapeutic
targets for lung cancer treatment.
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