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Abstract: Matrine has been proved to inhibit proliferation and induce apoptosis of human lung cancer cells. However,
less studies involved in evaluating the effects and mechanism of matrine in cell migration and invasion of lung can-
cer. This study was aim to investigate the involvement of miR-133a in matrine’s anti-invasion and anti-metastasis
in lung cancer. MTT assay was used to assess the inhibition of proliferation effects of matrine in NCI-H1299 cells.
Migration and invasion abilities of NCI-H1299 cells were investigated by Transwell assays. Expression of miR-133a
was detected by real-time PCR. Anti-miR technique was applied to inhibit miR-133a in matrine treated HCI-H1299
cells. Real-time PCR and Western blotting were performed to evaluate the activation of EGFR/Akt/MMP-9 pathway.
As results, matrine treatment significantly inhibited proliferation, migration and invasion of NCI-H1299 cells in a
concentration-dependent manner, accompanied by significantly elevation of miR-133a expression. However, ma-
trine failed to inhibit the metastatic ability when cells transfected with anti-miR-133a. Matrine treatment also sup-
pressed activation of EGFR/Akt/MMP-9 pathway. The inhibitory effects of matrine on activation of EGFR pathway
were also reversed by anti-miR-133a transfection in NCI-H1299 cells. In conclusion, matrine inhibited the invasion
and metastasis of lung cancer cell by elevating expression of miR-133a which further suppressed activation of
EGFR/Akt/MMP-9 pathway.
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major active component of Sophora flavescens,
has a long history in traditional Chinese herbal
medicine with ideal curative effects in treat-
ments of hepatic fibrosis, atherosclerosis,

Introduction

Lung cancer is among the most common can-
cers worldwide with a morbidity of approximate

50 per 100 thousand. Lung cancer is also the
leading cause of cancer-related deaths, Killing
around 1.5 million people every year [1]. To
date, advanced achievement has been made in
treatment of lung. However, many patients with
lung cancer showed resistance to exiting treat-
ments, such as chemotherapy and radiothera-
py [2]. Fortunately, there are many extracts
from Traditional Chinese Medicines showing
better therapies to human lung cancer, espe-
cially for non-small cell lung cancer (NSCLC) [3].
As referred as C15H24N20, matrine has a wide
spectrum of biological activities including anti-
virus [4], anti-inflammation [5], antifibrosis [6],
et al. Clinical application of matrine, as the

arrhythmias, infectious diseases and so on [7,
8]. Recent in vivo and in vitro studies verified
matrine’s anti-cancer activities in kinds of can-
cers such as gastric cancer, prostate cancer,
lung cancer, glioma and cervical cancer [9]. In
lung cancer, matrine has been proved to inhibit
proliferation and induce apoptosis of human
lung cancer cells [2, 3, 10]. However, less stud-
ies involved in evaluating the effects and mech-
anism of matrine in cell migration and invasion
of lung cancer.

Over 90% patients with lung cancer died
because of invasion and metastasis rather than
the primary malignant lesions [11]. Because
many biological processes take place during
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invasion and metastasis, the mechanisms are
still not completely clear. MicroRNAs (miRNAs)
have been considered playing critical roles in
regulating many cellular biological procedures
including cell migration and invasion by target-
ing the 3’-UTR of down-stream specific genes
for either degradation of mMRNA or inhibition of
translation [12]. Studies revealed the enrich-
ment or insufficiency of different kinds of miR-
NAs in malignant lung tumors due to their roles
in positively or negatively regulating oncogenes
or cancer suppressors to affect invasion and
metastasis [13]. In previous studies, miR-133a
was identified down-expression in malignant
lung cancer and inhibited cell migration and
invasion in NSCLC [14, 15]. In addition, it was
believed that miR-133a inhibited invasion and
metastasis of malignant cells by targeting
directly the epidermal growth factor receptor
(EGFR) [16].

Since matrine could change miRNA expression
profiles in human lung cancer cells [2], we
hypothesize that matrine may suppress migra-
tion and invasion of lung cancer cell through
miR-133a/EGFR pathway. Thus, in this study,
the effects of matrine and miR-133a on inva-
sion and metastasis capabilities of non-small
lung cancer cells NCI-H1299 were investigated.
Furthermore, the regulation effect of matrine
on expression of miR-133a, which then inhibit-
ed migration and invasion by attenuating the
EGFR signaling pathway in NCI-H1299 was also
examined to demonstrate that matrine sup-
presses invasion and metastasis of NCI-H1299
cells by increasing miR-133a expression.

Materials and methods
Cell culture and matrine treatment

Human non-small lung cancer NCI-H1299 cell
line (ATCC) was donated by Cancer Research
Center of Xi'an Jiaotong University. Cells were
maintained in RPMI 1640 culture medium
(Gibco, New York, USA) containing 10% fetal
bovine serum (FBS, Hyclone, Logan, USA), 100
ug/ml streptomycin (Sigma, St. Louis, USA),
100 U/ml penicillin (Sigma, St. Louis, USA) and
2 mmol/L gluatmine (Sigma, St. Louis, USA) in
cell culture flasks (Corning Inc., Corning, NY).
Cells were incubated in humidified environment
with 5% dioxide atmosphere at 37°C. Same
amount of cultured NCI-H1299 cells were treat-
ed by matrine (Sigma, St. Louis, USA) at serial
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concentrations of 0, 10, 20, 50, 100, 200 pg/
ml for 24 hours.

Cell transfection

5x10% NCI-H1299 cells were planted and main-
tained on a 6-well plate (Corning Inc., Corning,
NY) to achieve 80%-90% confluent, then pro-
ceed to transfection. Cells were transfected
with siRNA (100 pmol/well) using Lipofectamine
2000 Reagent (Life Technologies, Grand Island,
USA) according to manufacturer’s instruction.
miR-133a inhibitor (anti-miR-133a) and miR-
Inhibitors-Negative Control (Control) were pur-
chased from AngRang Inc. (Xi'an, China). After
48 hours of transfection, cells were starved for
migration and invasion assays. All siRNAs were
purchased from Santa Cruz Biotechnology
(Santa Cruz, USA).

Cell viability assay

Colorimetric  3-(4,5-dimethylthiazol-2-yl) 2,5-
diphenyltetrazolium bromide (MTT) assay was
applied to evaluate the cell viability of NCI-
H1299 cells. MTT (Sigma, St. Louis, USA) solu-
tion at concentration of 5 mg/ml was used to
incubate washed cells which were planted on a
96-well plate for 4 hours at 37°C. After wash-
ing, 150 pL dimethylsulfoxide (DMSO, Sigma,
St. Louis, USA) was added to the wells. 540 nm
absorbance (A;,,) value of each well was then
detected by a plate reader (Bio-Rad). The prolif-
eration inhibitory rate was calculated as [1-A,,

(experimental well)/A,,  (control well)] x100%.

Cell migration and invasion assays

The migration and invasion abilities of NCI-
H1299 cells were assessed by using: Transwell
plates with 8 um pore size membranes (Corning
Inc., Corning, NY) according to protocols
described previously [17]. Briefly, NCI-H1299
cells were cultured in RPMI 1640 medium for
24 hours and the medium were collected as
conditioning medium. For invasion assay,
Matrigel (0.1 mg/mL) was coated on the top
surface of the transwell chambers. Treated
cells were seeded to the chambers and incu-
bated in humidified environment with 5% CO,
at 37°C for 48 hours. The cells passed throu-
gh polyethylene membrane (migrated cells)
or passed through Matrigel (invaded cells) were
fixed by methanol. Then the crystal violet stain-
ing applied to indicate the migration or invasion
under a light microscopy (Motic, Xiamen, China).

Int J Clin Exp Med 2015;8(7):10714-10722
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Quantitative real-time PCR

Total RNA was extracted by using Trizol reagent
(Invitrogen, Carlsbad, USA) in accordance with
manufacturer’'s instructions. SuperScript |l
Reverse Transcriptase (Invitrogen, Carlsbad,
USA) was used to perform the reverse tran-
scription and synthesizes cDNA. All-in-one™
gPCR kit (GeneCopoeia, Rockville, USA) was
used to perform quantitative real-time PCR
according to protocols provided by the manu-
facturer. The primers for miR-133a, EGFR,
MMP-9 and GAPDH were designed and provid-
ed by TaKaRa. U6 and GAPDH were used as the
internal reference.

Western blotting analysis

NCI-H1299 cells were lyzed by RIPA lysis buffer
(Beyotime, Shanghai, China) on ice and total
protein was extracted by protein extraction kit
(Beyotime, Shanghai, China) according to the
manufacturer’s instructions. A BCA kit (Thermo,
Pittsburg, USA) was used to detect the concen-
tration of extracted protein. 50 ug proteins
were electrophoresed vertically through sodi-
um dodecylsulfate-polyacrylamide gels and the
separated proteins were transferred electroni-
cally to poly vinylidene difluoride (PVDF) mem-

10716

Migration
. L2 -— %2 o
A e R 2
s LA N~ SR
Matrine 0 pg/ml 10 pg/ml
@
=
E
3
c
T
Q
°
g
b
2
=

SR i e
Rty oA

Matrine Concentration (ug/ml)

200- Figure 1. Effects of matrine on proliferation, migration, and invasion
of lung cancer NCI-H1299 cells. (A) As demonstrated, MTT assay was
applied to assess the effects of matrine on proliferation of NCI-H1299
cells. The line chart shows the inhibition rates of NCI-1299 cells in-
cubated by serial concentrations of matrine (0O, 10, 20, 50, 100, 150
ug/ml respectively). Values are represented in a mean + SD manner

e of three independent experiments (**P<0.01, “***P<0.001). (B and C)

The effect of matrine on cell migration (B) and invasion (C) evaluated

by transwell assays in NCI-H1299 cells. The results are from three

independent experiments (“*P<0.01, "*P<0.001).

branes. Then the non-specific interactions were
blocked by 5% defatted milk-TBST solution
incubation at 37°C for 1 hour. After washing,
specific antibodies against EGFR (Abcam,
Cambridge, USA), AKT (Cell Signaling Tech,
Danvers, USA), phosphorylated AKT (Cell
Signaling Tech, Danvers, USA), MMP-9 (Abcam,
Cambridge, USA) and GAPDH (Abcam, Cam-
bridge, USA) were applied to incubate the mem-
branes at 4°C for 12 hours to detect corre-
sponding proteins. The membranes were then
washed and incubated with horseradish perox-
idase-conjugated second antibodies (Bioss) for
1 hour at 37°C. Immunoblots were then detect-
ed by ECL reagents (Invitrogen, Carlsbad, USA)
and finally exposed to X-ray films. Software
Quantity One (Bio-Rad) was used to analyze
relative protein expressions while GAPDH was
introduced as the internal reference.

Statistical considerations

The result values were expressed as mean *
standard deviation and further analyzed by
SPSS (ver.16.0, SPSS). The Student’s t-test was
utilized to assess the statistical significance
of the difference between two treatments. A
P value of less than 0.05 was considered
significant.
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Relative expression of miR-133a
(Normalized to U6)

Matrine 0 pg/mi

Control
anti-miR-133a

Results

Matrine inhibited NCI-H1299 cells prolifera-
tion, migration and invasion

Figure 1A demonstrated the effects of ma-
trine at serial concentrations (0, 10, 20, 50,
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Figure 2. The effect of down-regulation
of miR-133a on cell migration and inva-
sion inhibited by matrine. A. Reduced
miR-133a expression by anti-miR-133a
siRNA in NCI-H1299 cells detected by
real-time PCR. B and C. Transwell assays
were used to assess the effect of down-
regulation of miR-133a on cell migration
and invasion inhibited by matrine (20 ug/
ml). Values are represented in a mean +
SD manner of three independent experi-
ments ("P<0.01, "*P<0.001).

Migrated cell number

Invasive cell number

100, 200 pg/ml) on proliferation of NCI-
H1299 cells by MTT assay. Concentrations of
matrine above 50 pg/ml began to show
significant cytotoxicity, inhibiting the prolifera-
tion of NCI-H1299 cells. So concentrations
below 50 ug/ml were appropriate for the
subsequent experiments concerning invasion

Int J Clin Exp Med 2015;8(7):10714-10722
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Figure 3. Effects of matrine on expression levels of miR-133a in lung cancer NCI-H1299 cells. NCI-H1299 cells were
treated with different concentrations of matrine for 24 hr (A) or with matrine (20 ug/ml) for different times (B). Real-
time PCR was used to evaluate expression of miR-133a Representative results are shown from three independent

experiments. ("P<0.05, ""P<0.01, "*P<0.001).
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Figure 4. Effects of matrine and anti-miR-133a on activa-
tion of EGFR signaling pathway in NCI-1299 cells. A. Col-
umns in this part showed relative mRNA expression levels
of EGFR and MMP-9 in NCI-1299 cells treated by matine
at concentrations of O, 10 and 20 pg/ml, and 20 pg/ml
after anti-miR-133a transfection respectively. Values are
represented in a mean * SD manner. a differences are
significantly from 0.0 mg/ml; b differences are significant-
ly from 0.2 mg/ml; c differences are significantly from 0.4
mg/ml. (4P<0.05, *P<0.01, *P<0.005). B. demonstrated
the protein immunoblots of EGFR, MMP-9, p-AKT, t-AKT
and B-actin in NCI-1299 cells treated by matine at con-
centrations of 0, 10 and 20 yg/ml, and 20 ug/ml after
anti-miR-133a transfection, respectively. Columns repre-
sented relative protein expression levels of EGFR, MMP-9
and p-AKT/t-AKT in NCI-1299 cells. (*P<0.01, "P<0.005).

and metastasis. As shown in Figure 1B and
1C, matrine significantly inhibited migration
(Figure 1B) and invasion (Figure 1C) of NCI-
H1299 cells at the concentration of 20

ug/mi.
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MiR-133a involved in matrine’s anti-migration
and -invasion activities in NCI-H1299 cells

Since miR-133a has been proved to inhibit cell
migration and invasion in NSCLC [14, 18], we

Int J Clin Exp Med 2015;8(7):10714-10722
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further tested whether miR-133a also involved
in matrine’s anti-migration and -invasion activi-
ties in NCI-H1299 cells. A miR-133a inhibitor
(anti-miR-133a) was used to block miR-133a
expression in NCI-H1299 cells (Figure 2A).
Transwell assay was used to evaluate cells
migration and invasion. As results, down-regu-
lation of miR-133a reversed matrine’s anti-
migration (Figure 2B) and -invasion (Figure 2C)
effects in NCI-H1299 cells.

Matrine elevated expression of miR-133a in
NCI-H1299 cells

The present study analyzed the effects of
matrine on the expression levels of miR-133a.
As shown in Figure 3, after treatment of
matrine, the expression level of miR-133a
increased significantly in NCI-H1299 cells in a
concentration- (Figure 3A) and time- (Figure
3B) dependent manner according to the results
of quantitative real-time PCR.

Matrine attenuated EGFR signaling pathway
but reversed by anti-miR-133a

EGFR is one of the down-stream target of miR-
133a [14], therefore, we hypothesized that
matrine inhibited NCI-H1299 cells migration
and invasion through suppressing EGFR signal-
ing pathway. As shown in Figure 4, matrine
decreased the expression of EGFR and MMP-9
at both transcriptional (Figure 4A) and transla-
tional levels (Figure 4B), as well as the ratio of
p-AKT/t-AKT in NCI-H1299 cells in a concentra-
tion-dependent manner (Figure 4B). However,
the suppressive effects of matrine on EGFR sig-
naling pathway was then reversed by anti-miR-
133a transfection (Figure 4B), demonstrated
the effects of miR-133a on matrine inhibiting
activation of EGFR signaling pathway.

Discussion

In this study, we found evidences supporting
the mechanisms of matrine’s anti-invasion and
anti-metastasis effects were correlated with
miR-133a in NCI-H1299 cells. Accompanied by
invasion and migration inhibitions in NCI-
H1299 cells, the expression of miR-133a was
elevated by matrine treatment. Furthermore,
the EGFR signaling pathway was targeted and
inhibited by increased miR-133a. Notably, the
application of anti-miR-133a which was the
specific inhibitor of miR-133a, impaired the
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anti-invasion and anti-metastasis effects of
matrine. These results supported our hypothe-
sis that matrine inhibited invasion and metas-
tasis of non-small lung cancer cells by stimulat-
ing expression of miR-133a which down-regu-
lated EGFR pathway.

In recent years, monomers extracted from
Chinese herbs became research objects in
many studies because they exerted various
pharmacological activities in many pathological
conditions. It was suggested that some of the
monomers such as curcumin [19], baicalein
[20] and resveratrol [21] inhibited tumor malig-
nancy of many human cancers. Matrine, an
alkaloid compound which is extracted from
plants Sopora (Leguminosae), is among these
anti-cancer drugs [3]. Previous studies sug-
gested matrine had significant inhibition effect
on cancer cell proliferation and could induce
apoptosis in many different human malignant
cell lines [22, 23]. Matrine also inhibited the
invasion and metastasis of cancer cells via
multiple pathways such as cell adhesion and
extracellular matrix degradation [24]. However,
the exact molecular mechanisms of matrine’s
anti-metastasis and anti-invasion effects are
still unclear.

MiRNAs were recognized as a novel family of
biological regulators in recent years, which
could regulate specific gene expression mainly
by completely or incompletely targeting and
binding to corresponding mRNAs [25]. Various
biological processes under physiological and
pathological conditions including cell differen-
tiation, apoptosis, fibrosis, metabolism, are
highly related to the machinery of miRNAs [26].
A recent study conducted by Liu et al. suggest-
ed that matrine changed miRNA expression
profiles [2]. Their results suggested that signifi-
cant changes of 206 out of 730 miRNAs were
involved in apoptosis induced by matrine in
A549 cells [2]. Thus, if the expression miRNAs
involved in invasion and metastasis could be
regulated by matrine treatment became the
aim of the present study.

MiR-133a whose two copies are located
respectively on chromosome 18 and chromo-
some 20 belongs to the miR-133 family [27].
The miR-133 has long recognized as the mus-
cular specific regulators participating in differ-
entiation and myogenesis in skeletal and car-
diac muscles [28]. Nevertheless, results from

Int J Clin Exp Med 2015;8(7):10714-10722
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several recent studies indicated that miR-133
played an important role in human cancer [16].
As a cancer suppressor, the expression level of
miR-133a was found low in malignant tumors
including liver cancer, prostate cancer, tongue
squamous cell carcinoma and bladder cancer
[29]. It was reported that miR-133 showed its
inhibitory capacity against cancer cell prolifera-
tion by targeting and binding directly to an
oncogene pyruvate kinase type M2 [30]. Liu et
al.’s study found that miR-133a reduced migra-
tion and invasion of prostate cancer cells by
direct targeting and inhibiting expression EGFR
and its signaling pathway [16]. In this study, we
found that the treatment of matrine elevated
expression level of miR-133a in NCI-H1299
cells in a concentration- dependent manner,
suggesting that regulation of miR-133 expres-
sion may be correlated with matrine’s anti-can-
cer activity.

Belongs to the ErbB receptor family, EGFR was
described expressing in many kinds of normal
cells and cancer cell, playing a part in regulat-
ing cell mobility, adhesion, growth, invasion and
adhesion [31]. EGFR and its down-stream mol-
ecules phosphoinositide-3 kinase (PI3K) and
AKT form a signaling pathway [32]. MMP-9
which belongs to MMPs family, are among the
effectors of AKT. Over expression of MMP-9
were found in many different kinds of invasive
and metastatic cancers because of its role in
degradation of the extra cellular matrix (ECM)
[33]. Thus, activation of EGFR/AKT/MMP-9
pathway could initiate the invasion and metas-
tasis in malignant tumors. In the present study,
our result demonstrated that accompanied by
elevation of miR-133a in NCI-H1299 cells,
matrine treatment also down-regulated the
expression of EGFR pathway to inhibit the inva-
sion and migration. More importantly, matrine
failed to down-regulate the expression of EGFR
pathway in NCI-H1299 cells treated by anti-
miR-133a, which also impaired the inhibitory
effects of matrine against migration and in-
vasion.

In summary, the present study is the first study
reviling the involvement of miR-133a in ma-
trine’s anti-invasion and anti-metastasis effects
in lung cancer. Based on the results in this
study, we concluded that matrine inhibited
migration and invasion of NCI-H1299 cells via
elevating expression of miR-133a to suppress
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activation of EGFR pathway. However, how
matrine treatment regulated miR-133a expres-
sion level in lung cancer cells is still unknown.
Our further work would concentrate on that
mechanism.
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