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Angiotensin-(1-7) inhibits the migration and invasion of
AS549 human lung adenocarcinoma cells through inactivation
of the PI3K/Akt and MAPK signaling pathways
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Abstract. The local renin-angiotensin system (RAS) is one
of the crucial components in the tumor microenvironment.
Recent evidence suggests that the local RAS plays an important
role in tumor metabolism, survival, angiogenesis and invasion
processes. Angiotensin-(1-7) [Ang-(1-7)] is an endogenous
peptide of the RAS with vasodilator and anti-proliferative
properties. Previous studies have demonstrated that Ang-(1-7)
inhibits both the growth of human lung cancer cells in vitro
and tumor angiogenesis in vivo through activation of the
MAS receptor. This study investigated the anti-metastatic
effect of Ang-(1-7) in A549 human lung adenocarcinoma cells
in vitro. We found that Ang-(1-7) reduced the cell migratory
and invasive abilities by reducing the expression and activity
of MMP-2 and MMP-9. Furthermore, we demonstrated that
the anti-migration and anti-invasion effect of Ang-(1-7) was
mediated through inactivation of the PI3K/Akt, P38 and JNK
signal pathways. Our results suggest that Ang-(1-7) may have
therapeutic potential against advanced lung carcinoma as a
new agent.

Introduction

Lung cancer is the leading cause of cancer deaths worldwide
(1), and non-small cell lung cancer (NSCLC) accounts for
almost 80% of all lung cancers. Despite intense efforts to
improve lung cancer treatment, the overall 5-year survival
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in patients with advanced NSCLC remains approximately
10-15% (2). This grim prognosis is mainly attributed to its
early local advance and distant metastasis. The factors that
regulate the metastatic process of lung cancer, however, are
poorly understood. Thus, there is a need for new therapeutic
targets and a better understanding of the mechanisms involved
in the metastasis of lung cancer.

Emerging data suggest that, in addition to systemically
produced angiotensin, local RAS system contributes impor-
tantly to tumor angiogenesis and tumor progression, and
tumor environment contains all RAS components necessary to
produce angiotensin locally (3). Recent experimental and clin-
ical evidence indicated that the RAS components are involved
in the pathophysiology of tumors (4,5). In our previous studies
(6), we demonstrated that angiotensin-converting enzyme2
(ACE2) overexpression can decrease angiotensin II (Ang-II)
levels and suppress the proliferation in human lung adenocar-
cinoma cell lines. Ang-(1-7), mainly generated from Ang-II
by the ACE2, is an endogenous 7 aa peptide hormone with
vasodilator, antiproliferative and antithrombotic properties
(7). These physiologic effects are exerted through activation of
a unique G protein-coupled Ang-(1-7) receptor encoded by the
MAS gene (8). Furthermore, Ang-(1-7) was reported to cause
a marked decrease in DNA synthesis and cell proliferation of
human lung cancer cells in a dose- and time-dependent manner
and to inhibit tumor angiogenesis in vivo by reducing vascular
endothelial growth factor-A (9,10). These studies suggested
that Ang-(1-7), a component of RAS system, maybe a novel
therapeutic agent for lung cancer treatment. However, previous
studies of Ang-(1-7) have been mainly focused on the effect of
inhibiting tumor cell proliferation or angiogenesis, the role of
Ang-(1-7) in metastasis has not been addressed.

The formation of distant metastasis is the main cause of
mortality in patients with cancer. Tumor metastasis consists
of a complex cascade of interdependent steps, such as cell-
to-cell and cell-to-extracellular matrix (ECM) interactions,
degradation of ECM components, vessel formation, local
intravasation invasion, dissemination, extravasation and
metastasis formation, and is regulated by extremely compli-
cated mechanisms (11). MMPs are a group of zinc-dependent
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proteases that are produced by tumor cells or the surrounding
stroma cells and are involved in the degrading and remod-
eling of ECM (12). Among them, matrix metalloproteinase-2
(MMP-2) and matrix metalloproteinase-9 (MMP-9) (also
known as gelatinase A and B) efficiently degrade IV collagen,
the major component of basement membrane, have been
suggested to be critical factors for the invasive and metastatic
potential in lung cancer (13). Elevated expression of MMP-2
and MMP-9 has been detected in lung cancer tissues and
cancer cells in culture (14).

Numerous reports have demonstrated that MMP expression
is mediated by mammalian mitogen-activated protein kinases
(MAPK) members and the phosphatidylinositol 3-kinase
(PI3K)/Akt pathway (15,16). MAPK superfamily, activated by
growth factors, cytokines, and cell-matrix interactions, convert
signals from triggered cell membrane receptors into a wide
range of cellular responses, and play an important regulatory
role in cell growth, apoptosis, differentiation and metastasis.
Extracellular signal regulated kinase 1 and 2 (ERK1/2), c-Jun
N-terminal kinase 1 and 2 (JNK1/2), and p38 MAPK, these
three major mammalian MAP kinases play a central role in
regulating the expression of MMPs (17,18). In addition, PI3K/
Akt signal transduction pathway regulates cell metastasis
and is closely associated with the development and progress
of various tumors. The activation of PI3K/Akt and its down-
stream factors, have been reported to increase the expression
of MMPs and promote tumor invasion (19,20). Since these
signaling pathways mediate metastasis through the regula-
tion of MMPs expression, the regulatory pathways of MMPs
have been considered as promising targets for anti-metastasis
therapy agents.

Based on these observations, our study was performed to
investigate the inhibitory effects of Ang-(1-7) on the migra-
tion and invasion of human lung adenocarcinoma A549 cells
in vitro, and to examine the related signaling pathways that are
targeted in this context.

Materials and methods

Materials and chemicals. Ang-(1-7) and specific Ang-(1-7)
receptor antagonist [D-Ala’]-Ang-(1-7) (A-779) were purchased
from Bachem. Ham's F-12 was purchased from Invitrogen Life
Technologies. Matrigel was purchased from BD Biosciences.
MMP-2, MMP-9, p38, INK, ERK1/2, and B-actin polyclonal
antibodies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Antibodies against PI3K, phospho-
PI3K, Akt, phospho-Akt, phospho-p38, phospho-JNK, and
phosphor-ERK1/2 were from Cell Signaling Technology
(Beverly, MA, USA). A549 lung cancer cells were obtained
from Shanghai Institute of Cells.

Cell culture. A549 human lung adenocarcinoma cells, were
grown in Ham's F-12 medium with 10% fetal bovine serum,
100 pg/ml penicillin and 100 units/ml streptomycin. Cell
preparation was carried out at 37°C with a humidified
atmosphere of 5% CO,. Culture medium was changed
every 3 days, and the treatment of Ang-(1-7) and A-779
was renewed each day. The cells were plated onto 6-well
culture plates for the measurement of the mRNA and
protein expression.
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Wound-healing assay. For cell migration determination, A549
cells, treated with Ang-(1-7) at various concentrations (25,
50, 100 nM) or with Ang-(1-7) (100 nM) in the presence of
A-779 (100 nM), or with PBS as control, were grown to 80%
confluence in 6-well dishes for 48 h (three dishes per group).
The cells in monolayer were disrupted by scraping them with
a P100 micropipette tip, after scraping, the cells were washed
twice with PBS (pH 7.4). At the indicated times (0-48 h), the
number of cells in the denuded zone of each dish was counted
and photographed at x100 magnification (Olympus IX71,
Nikon DS-UI camera, Japan) in a blinded fashion. Migrated
cells across the white lines were counted in six random fields
from each triplicate treatment, and the data are presented as
mean + SD.

In vitro cell invasion assay. The ability of A549 cells on
invasion to pass through Matrigel™ Matrix-coated filters was
measured by the Boyden chamber invasion assay (Corning,
NY, USA). Polycarbonate filters (pore size, 8 ym) were
precoated with Matrigel, which was diluted to 200 pg/ml
with cold filtered distilled water and applied to the top side of
the polycarbonate filter. In brief, A549 cells were incubated
with Ang-(1-7) at various concentrations (25, 50, 100 nM) or
with Ang-(1-7) (100 nM) in the presence of A-779 (100 nM),
or with PBS as control for 48 h. Subsequently, the cells were
detached by trypsin, and were seeded onto the upper chamber
in 200 pl serum-free medium containing different treatment.
Medium containing 10% FBS-medium was applied to the
lower chamber as chemoattractant, and then the chamber were
incubated in a humidified atmosphere with 5% CO, at 37°C
for 48 h. At the end of incubation, cells that invaded across the
Matrigel and migrated to the lower surface of the filter were
fixed and stained with 2% crystal violet in 2% ethanol. The
cells on the upper side of the filter were carefully removed by
wiping with a cotton swab. The invasive cells on the under-
side of the filter were counted in randomly selected fields
and recorded with an Olympus BX50 inverted microscope
and Nikon DS-Ril camera at x100 magnification. The data
are presented as the average number of cells attached to the
bottom surface from randomly chosen fields. Each experiment
was repeated three times.

Gelatin zymography. The activities of MMP-2 and MMP-9 in
the conditioned medium were measured by gelatin-zymogram
protease assays. Briefly, the prepared samples (20 pg total
protein) from each treatment group were mixed with loading
buffer and electrophoresed on 8% SDS-polyacrylamide gel
containing 0.1% gelatin. After electrophoresis, gels were
washed twice with zymography washing buffer (2.5% Triton
X-100, 50 mM Tris-HCI, 5 mM CacCl,, pH 7.6) on a gyra-
tory shaker for 30 min at room temperature to remove SDS,
followed by incubation at 37°C for 12 h in zymography reaction
buffer (40 mM Tris-HCI, pH 8.0, 10 mM CacCl,, 0.02% NaN,).
The gels were stained with Coomassie blue R-250 (0.125%
Coomassie blue R-250, 0.1% amino black, 50% methanol,
10% acetic acid) for 2 h, and destained with destaining solu-
tion (20% methanol, 10% acetic acid, 70% double-distilled
H,0). Non-staining bands representing the levels of the latent
form of MMP-2 and MMP-9 were quantified by densitometer
measurement using a digital imaging analysis system.
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Real-time quantitative reverse transcription analysis. Total
RNA of treated cells was extracted using TRIzol™ reagent
(Promega Corp.) according to the supplier's instructions. RNA
was quantitated by optical density measurement at 260 and
280 nm using a spectrophotometer (all RNA samples had an
A260/A280 ratio >1.8), and integrity was confirmed by
running RNA on a 1.2% agarose gel. Reverse transcription
was performed with 1 ug of total RNA using Reverse
Transcription System (Takara Shuzo, Shiga, Japan). Real-time
PCR was performed using SYBR-Green Supermix with an
iCycler® thermal cycler (Bio-Rad). Primers were obtained
from Shanghai Sangon Biological Engineering Technology
and Services (Shanghai, China) and their sequences were:
MMP-2 forward: 5'-CCCTGATGTCCAGCG-3', reverse:
5'-AGCAGCCTAGCCAGTC-3'; MMP-9 forward: 5'-CAC
TGTCCACCCCTCAGAGC-3, reverse: 5-GCCACTTGT
CGGCGATAAGG-3'; P38 forward: 5-GGTCTGTTGGA
CGTTTTTAC-3', reverse: 5-TAGGTTTTAGGTCCCTG
TGA-3'; INK forward: 5“TGAGAAACTCTTCCCTGATG-3,
reverse: 5'-GCTTCAGAAGGATCATACCA-3'"; ERK forward:
5'-GGAAGCATTATCTTGACCAG-3, reverse: 5'-CTCT
TGTGTGCGTTGAATGT-3"; PI3K forward: 5'-AGGTT
CATGTGCTGGATACT-3', reverse: 5'-TGGGCTCCTT
TACTAATCTC-3'"; Akt forward: 5'-~ACGATGAATGAGGT
GTCTGT-3, reverse: 5S'-TCTGCTACGGTGAAGTTGTT-3';
GAPDH forward: 5'-GGTCGGAGTCAACGGATTTG-3',
reverse: 5'-“ATGAGCCCCAGCCTTCTCCAT-3" The thres-
hold cycle (Ct) for each PCR product was calculated with the
instrument's software, and obtained Ct values were normal-
ized by subtracting the Ct values of GAPDH. The resulting
ACt values were then used to calculate the relative change in
mRNA expression as a ratio (R) according to the 224 equa-
tion method.

Western blot analysis. Expression of MMP-2, MMP-9,
MAPK and PI3K/Akt signaling protein (P38, p-P38, INK1/2,
p-JNK1/2, ERK1/2, p-ERK1/2, PI3K, p-PI3K, Akt, p-Akt,
[-actin) levels in A549 cells was studied by Western blot anal-
ysis. A549 cells in F12K medium were placed in culture plates,
and then treated with Ang-(1-7) at various concentration (25,
50, 100 nM), or with Ang-(1-7) (100 nM) in the presence of
A-779 (100 nM), or with PBS as control for 48 h. For total cell
protein extracts, control and treated cells were washed in PBS,
suspended in lysis buffer containing 50 mM Tris-HCI (pH 7.5),
1% NP-40, 2 mM EDTA, 10 mM NacCl, 10 pg/ml aprotinin,
10 ug/ml leupeptin, 1 mM DTT, 0.1% SDS, 1 mM PMSF and
placed in ice for 30 min. After centrifugation for 15 min at
4°C, the supernatant was collected. Protein concentrations
were determined using the BCA assay (Pierce, Rockford, IL,
USA). For Western blot analysis, equal amounts of proteins
(50 ug) were separated by SDS-polyacrylamide gel electro-
phoresis and transferred to a nitrocellulose membrane. The
blot was blocked in blocking buffer (5% non-fat dry milk and
1% Tween-20 in PBS) for 1 h at room temperature, and then
incubated with appropriate primary antibodies in blocking
buffer overnight at 4°C. The blot was then incubated with
appropriate secondary antibody alkaline phosphatase (AP)
conjugated and detected in 5 ml AP buffer containing 16.5 pul
BCIP and 33 ul NBT at room temperature for 10-20 min, and
then photographed. [3-actin was used as a loading control.
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Statistical analysis. Data are presented as means + SD.
Student's t-test was used to compare the differences between
two groups. Differences were considered statistically signi-
ficant at P<0.05 (two-tailed). All statistical analyses were
conducted using SPSS version 11.0 (SPSS Inc., Chicago, IL).

Results

Effects of Ang-(1-7) on cell migration. To evaluate the anti-
metastatic activity of Ang-(1-7) in vitro, we first assessed
the inhibitory effect of Ang-(1-7) on A549 cell migration by
wound-healing assay. As shown in Fig. 1, according to the
quantitative assessment, A549 cells exposed to 50 and 100 nM
Ang-(1-7) expressed a significantly reduced ability to migrate
and fill the wounded area as compared with the control, and
the anti-migration effect was blocked by the combination
treatment of 100 nM Ang-(1-7) and 100 nM A-779, the MAS
receptor antagonist. These results revealed that Ang-(1-7)
significantly inhibited the migration ability of A549 cells in a
dose-dependent manner.

Effects of Ang-(1-7) on the cell invasion. One important char-
acteristic of metastasis is the migratory and invasive ability
of tumor cells. We used Boyden chamber assay to evaluate
the effect of Ang-(1-7) on the invasive ability of A549 cells.
The results showed that the number of cells invaded to the
lower chamber was significantly reduced by treatment of
Ang-(1-7) in a dose-dependent manner (Fig. 2). According to
the quantitative assessment, A549 cells treated with 50 and
100 nM of Ang-(1-7) expressed a reduced ability of invasion
as compared with the control, and the anti-invasive effect of
Ang-(1-7) was reversed by the combination of A-779. These
results demonstrated that Ang-(1-7) significantly inhibited
the invasive ability of A549 cells in a dose-dependent
manner.

Effects of Ang-(1-7) on the MMP expressions of A549 cells.
Real-time quantitative RT-PCR analysis and Western blotting
was performed to determine the effect of Ang-(1-7) on MMP
expression. An analysis of qRT-PCR data of MMP-2 and
MMP-9 mRNA, corrected for GAPDH as an internal control
(Fig. 3A), showed that the expression of MMP-2 mRNA in 50
and 100 nM Ang-(1-7) treated A549 cells was significantly
lower than in control cells, however, there was no change in the
expression of MMP-9. In the Western blot analysis (Fig. 3B),
we found the same result, Ang-(1-7) significantly suppressed
the expression of MMP2 protein in a dose-dependent manner,
but not for MMP-9, and A-779 blocked the active effect of
Ang-(1-7).

Effects of Ang-(1-7) on the MMP activities of A549 cells. Since
the activation of MMPs, which is required for the cell migra-
tion and invasion processes, is crucial for ECM degradation,
the effect of Ang-(1-7) on the gelatinase activity was further
investigated. The conditioned medium in each treatment group
was collected, concentrated and assayed for MMPs activity
by gelatin zymography. As shown in Fig. 4, MMP-2 and
MMP-9 activities were greatly reduced by Ang-(1-7) at 50 and
100 nM concentrations, and A-779 blocked the active effect
of Ang-(1-7). The results indicated that the enzyme activities
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Figure 1. Effects of Ang-(1-7) on A549 cell migration. (A) Monolayers of A549 cells in each treatment group were scraped and the number of cells in the
denuded zone was photographed and quantified 48 h after wound-healing. White lines indicate the wound edge. (B) The mean number of migrated cells across
the white lines in the denuded zone was counted in six random fields from each treatment. Values are expressed as mean + SD of three independent experi-
ments. ‘P<0.05 vs. control. “P<0.05 vs. 100 nM Ang-(1-7) treatment group.
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Figure 2. Effects of Ang-(1-7) on A549 cell invasion. (A) In vitro invasion assay was performed by using Boyden chamber coated with Matrigel. Invaded cell
number was determined at 48 h after cell seeding. (B) Migration and invasion ability of A549 cells were quantified by counting the number of the cells that
invaded to the underside of the porous polycarbonate membrane. Values are expressed as mean + SD of three independent experiments. "P<0.05, “P<0.01 vs.
control. “P<0.05 vs. 100 nM Ang-(1-7) treatment group.
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Figure 3. Effects of Ang-(1-7) on MMP expression in A549 cells. (A) Real-
time quantitative RT-PCR was performed for MMP-2 and MMP-9, the
relative mRNA levels were normalised to GAPDH mRNA expression and
then compared to control group. The expression levels of these mRNAs are
presented relative to the value of control (mean + SD, "P<0.05, “P<0.01 vs.
control. #P<0.01 vs. 100 nM Ang-(1-7) treatment group). (B) In Western blot
analysis, expression of MMP-2 and MMP-9 protein in cultured A549 cells
treated with different concentrations of Ang-(1-7) and with a combination of
100 nM Ang-(1-7) and 100 nM A-779. B-actin served as an internal control
of protein level.

of MMP-2 and MMP-9 were inhibited by Ang-(1-7) in a dose-
dependent manner.

Effects of Ang-(1-7) on PI3K/Akt and MAPK signaling pathway
in A549 cells. PI3K/Akt and MAPK signaling pathway are
involved in the expression of MMPs and inducing metastasis.
In order to investigate the anti-metastasis mechanism of
Ang-(1-7), the effects of Ang-(1-7) on the expression and phos-
phorylated status of PI3K/Akt and MAPK signaling in A549
cells were investigated by real-time quantitative RT-PCR and
Western blot analysis. The mRNA expression of PI3K/Akt and
MAPK signaling was not affected with Ang-(1-7) treatment
(Fig. 5A and B). The total protein levels of PI3K/Akt and
MAPK signaling were not changed with Ang-(1-7) treatment,
while the phosphorylation of PI3K/Akt, INK1/2 and p38
MAPK signaling were significantly inhibited by Ang-(1-7) as
compared with the control (Fig. 5C and D). In addition, these
active effects were blocked by the combination with A-779.
The data revealed that the inhibition of the expression and
activity of MMP-2 and MMP-9 by Ang-(1-7) on A549 cells
could partly occur through PI3K/Akt, JNK and p38 MAPK
inactivation.

Discussion

To our knowledge, the present study is the first to demonstrate
the anti-metastasis effect of Ang-(1-7) in vitro. We found that
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Figure 4. Effects of Ang-(1-7) on the gelatinolytic activity of MMPs in A549
cells. (A) Gelatin zymography assay was performed to analyze the MMP
activity, gelatinolytic activity of MMP-2 and MMP-9 was visualized as clear
bands against the dark background of stained gelatin. (B) MMP-2 and MMP-9
activities were quantified by densitometric analysis. The densitometric data
were expressed as mean + SD of three independent experiments. “P<0.05,
“P<0.01 vs. control. “P<0.05, #P<0.01 vs. 100 nM Ang-(1-7) treatment group.

Ang-(1-7) inhibit human lung adenocarcinoma A549 cell
migration and invasion through reduction of the expression
and enzymatic activity of MMPs, which was regulated by
inactivation of PI3K/Akt and MAPK signaling pathways, and
the active effects of Ang-(1-7) were blocked by the special
MAS receptor antagonist A-779. Our findings strengthen the
potential of Ang-(1-7) and its MAS receptor as a novel strategy
for anti-cancer therapy.

Local RAS is one of the components of the tumor micro-
environment. Recent advances in the understanding of cancer
metastasis suggest that the ability of cancer cells to metastasis
is acquired early in tumorigenesis and is regulated to a large
extent by the tumor micro-environment (21). There is evidence
that angiotensin-converting enzyme (ACE) also participates
locally in the pathology of carcinomas. ACE is differentially
expressed in several tumor types and Ang-11, generated from
angiotensinogen by ACE, influences tumor cell proliferation,
migration, angiogenesis, and metastatic behavior (22,23).
ACE2 is a newly identified component of RAS, with 42%
amino acid homology to ACE. Our previous study confirmed
that ACE2 protein expression was decreased in NSCLC tissues
in which Ang-II was higher than the matching non-malignant
tissues, and the statistical analysis of ACE2 expression and
the clinical features of patients with NSCLC showed that
ACE2 expression was closely correlated to clinical stage
and smoking status, we further found that overexpression of
ACE2 has antitumor effects via inhibition of angiogenesis
and tumor cell invasion in vivo and in vitro (5,24). ACE2
converts Ang-II to Ang-(1-7), which, contrary to Ang-II, has
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Figure 5. Effects of Ang-(1-7) on PI3K/Akt and MAPK signaling in A549 cells. (A) Quantitative real-time PCR was performed for PI3K/Akt signaling, NAPDH
served as an internal control. Values are expressed as mean + SD of three independent experiments. (B) The protein levels of PI3K/Akt (PI3K, phospho-PI3K,
Akt, phospho-Akt) were determined by Western blot analysis. B-actin served as an internal control. (C) Quantitative real-time PCR was performed for MAPK
signaling (p38, JNK and ERK). (D) The protein levels of MAPK signaling (p38, phospho-p38, JNK1/2, phospho-JNK1/2, ERK1/2, phospho-ERK1/2) were

determined by Western blot analysis. f-actin served as an internal control.

an antiproliferative and anti-angiogenic activity. As proposed,
the local RAS can be envisioned as a dual function system,
which is primarily driven by the ACE/ACE2 balance (3).
Based on these studies, we first explored effect of Ang-(1-7) as
a regulator of cell migration and invasion, and as a potential
pathway regulator.

Cancer cell-matrix interaction is an initial and critical step
for promoting cell migration and invasion, excess ECM degra-
dation is one of the hallmarks of tumor invasion and migration
(25). MMPs play an important role in ECM degradation for
tumor growth, invasion and tumor-induced angiogenesis. In
the present study, wound-healing assay and Boyden chamber
assay were applied to investigate the migration and invasive
ability of A549 cells in vitro. The result demonstrated that treat-
ment with Ang-(1-7) at 50 and 100 nM concentration exerted
an inhibitory effect on the migration and invasion of the highly
metastatic human lung adenocarcinoma cells. To investigate
the possible mechanisms, we performed real-time RT-PCR
and Western blot assays to detect the effect of Ang-(1-7) on
the expression of MMP-2 and MMP-9. Furthermore, gelatin
zymographic assays were used to examined the detection of
collagenase activities. Our result demonstrated that Ang-(1-7)

inhibited MMP-2 through different mechanisms, which
include reduced expression of MMP-2 genes and inhibition
of the enzymatic activity. It is also noteworthy that the gela-
tinase activity of MMP-9 was inhibited, whereas its mRNA
and protein level was not affected. Since the activity of MMPs
is controlled by naturally endogenous inhibitors the tissue
inhibitors of matrix metalloproteinases (TIMPs), TIMP-1
selectively binds MMP-9 and inhibit its activity (26). There is
evidence that, as opposed to Ang-II, Ang-(1-7) treatment leads
to decrease the ratio of expression of MMPs/TIMPs in human
cardiocytes (27). Ang-(1-7) may inhibit A549 cell migration
and invasion through a complex regulation of MMPs/TIMPs,
which is worth further investigation.

MMP expression is critically mediated by MAPK and
PI3K/Akt pathway (15). Identifying the key proteins involved
in these processes is vital for understanding carcinogenesis
and to devise new therapies. A recent study showed that
the metastasis process of NSCLC cells is regulated by
PI3K/Akt signaling pathway (28). In agreement with these
reports, we observed that Ang-(1-7) caused a dose-dependent
decrease in cellular level of phosphorylated PI3K and Akt.
In addition, our result demonstrated that Ang-(1-7) inhibited
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phosphorylation of JNK and P38 signaling, which indicated
a potential mechanism of the inhibition of MMP synthesis.
JNK and p38 MAPK pathways, also called stress activated
protein kinase pathways, are activated by environmental stress
and have important roles in inflammation, as well as in tissue
homeostasis (29,30). There is evidence that Ang-(1-7) may
inhibit lung tumor growth through decreasing COX-2 activity,
and COX-2 is considered as a procarcinogenic agent which
attribute to inflammation, angiogenesis, and tumor growth
(31). Combined with these data, we suggest that Ang-(1-7), a
peptide with anti-inflammatory properties, plays an important
role in the regulation of tumor micro-environment, and the
inactivation of PI3K/Akt and MAPK signaling pathway might
be responsible for the inhibitory effect of Ang-(1-7).

Two different ways contribute to the Ang-(1-7): inhibition
of the activity of ACE or upgrade of the expression of ACE2. A
number of epidemiological evidence suggests protective effects
of ACE inhibitors (ACEI) on certain types of cancer (32-34).
Another clinical observational study showed that ACEI leads
to a longer overall survival in patients with advanced NSCLC
undergoing chemotherapy (35). ACEI, currently in widespread
use for the treatment of hypertension, causes a reduction in
Ang-II and a significant elevation in both tissue and circulating
Ang-(1-7) (36). Based on this evidence, the reduced cancer risk
observed in patients after administration of ACEI may be due,
at least in part, to the elevated levels of Ang-(1-7). Ang-(1-7)
exerts its antiproliferative and anti-invasive effects through
activation of the special MAS receptor, and A-779, a selec-
tive antagonist for MAS receptor, blocks most responses to
Ang-(1-7) (37). Our results suggest that the regulators of RAS
such as ACEI, ACE2, MAS receptor may provide a clue for the
development of novel therapeutic strategies to advanced lung
cancer. Further studies using animal models may be helpful
to investigate the anti-metastasis effect of Ang-(1-7) in lung
cancer.

In summary, we have demonstrated for the first time
that Ang-(1-7) inhibited A549 cell migration and invasion
through inactivation of JNK, P38 and PI3K/Akt signaling
pathway. It reduced the expression of MMP-2 and decreased
the enzyme activity of both MMP-2 and MMP-9. Given our
previous studies that ACE2 is down-regulated in lung cancer,
we suggest that local RAS is an important regulator in lung
cancer micro-environment, ACE2-Ang-(1-7)-MAS receptor
axis might be a promising target for anti-cancer drugs and
chemopreventive agents.
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