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MiRNA-125a-3p is a negative regulator of the
RhoA-actomyosin pathway in A549 cells
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Abstract. MicroRNAs (miRNAs) function as genetic modula-
tors that regulate gene expression, and are, thus, involved in a
wide range of biological roles, including tumor cell migration
and invasion. MiR-125a-3p is a mature form of miR-125a,
derived from the 3'-end of pre-miR-125a. Our group has
previously reported that miR-125a-3p functions as a tumor
suppressor gene that inhibits the migration and invasion of lung
cancer cells. Here, we report the discovery of a new regula-
tory layer of the RhoA-actomyosin pathway through which
miR-125a-3p controls tumor cell migration. Overexpression of
miR-125a-3p by transfection of sense-miR-125a-3p resulted in
decreased RhoA protein levels, while the levels of RhoA mRNA
remained constant. The concentrations of both RhoA-GTP
protein and actin filaments decreased after miR-125a-3p
overexpression in the A549 lung cancer cell line. Conversely,
knockdown of miR-125a-3p by transfection of antisense-miR-
125a-3p resulted in increased RhoA protein levels while the
levels of RhoA mRNA remained unchanged. However, the
concentration of both RhoA-GTP protein and actin filaments
increased. To further demonstrate that RhoA is a potential
target of miR-125a-3p, luciferase reporter constructs containing
the RhoA 3'UTR demonstrated reduced reporter activity
after ectopic expression of miR-125a-3p. Moreover, luciferase
reporter constructs containing the RhoA 3'UTR mutant did not
show significantly changed reporter activity. Furthermore, A549
cells demonstrated reduced migratory capacity after treatment
with the Rho inhibitor CT04. Our results indicate that the loss
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of miR-125a-3p-controlled regulation of the RhoA-actomyosin
pathway can lead to increased migration of tumor cells because
of the upregulation of RhoA expression. In particular, an
increased intracellular concentration of RhoA-GTP protein in
A549 cells leads to the accumulation of actin filaments. These
results provide new insights into the role of the miR-125a family
in lung cancer.

Introduction

Most patients with malignant tumors do not die of the primary
neoplasia, but of secondary tumors known as metastases. As
early as 1996, Sporn reported that more than 90% of cancer
deaths resulted from the development of metastatic lesions (1).
Metastasis depends upon the processes of tumor cell migration
and invasion. Today, the molecular and cellular fundamentals
of migration and invasion are recognized as complex multistep
biological processes, most probably regulated by distinct genes
and signaling pathways at every step. The various cytoplasmic
proteins and transcription factors mediating these processes
have already been identified (2). It was recently discovered
that miRNAs can affect a wide range of biological functions,
including tumor cell invasion and metastasis (3-7). MiRNAs are
small, endogenous, non-protein-coding single-stranded RNAs
of 20-25 nucleotides that post-transcriptionally regulate the
expression of hundreds of target genes. MiRNAs bind target
mRNA sequences through canonical base pairing between
the seed sequence, which includes nucleotides 2-8 from the
5'-end, and the complementary sequence found in the 3'UTR
of its target mRNA (8). In mammals, mature miRNAs are
integrated into an RNA-induced silencing complex, which can
suppress translation and occasionally also induce degradation
of a targeted mRNA. MiRNAs are primarily negative gene
regulators of post-transcriptional repression, and targets include
tumor suppressors and oncogenes. For example, miR-21 was
found to be highly expressed in colorectal cancers, and induced
metastasis and invasion by inhibiting the tumor suppressor gene
PDCD4 in colorectal cancer cells (9). Thus, as an oncogene,
miR-21 exhibited regulatory effects. However, when expressed
at lower levels in tumors, miRNAs have also demonstrated
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tumor suppressor functions. For example, the action of let-7
miRNA as an antioncogene was found to be absent in lung
cancers by inhibiting downstream translation of MYC (10).

MiR-125a has been reported to control the differentiation of
the embryonic cancer cell line P19 by negatively regulating the
3'UTR of 1in-28 mRNA (11). It was found to inhibit translation
of the target gene t-trkC and thereby modulating proliferation
of neuroblastomas (12). In addition, during the process of
epithelial-mesenchymal transdifferentiation (EMT) in ovarian
cancer, miR-125a was found to negatively regulate the target
gene ARID3B and inhibit EMT (13).

MiR-125a-3p, a member of the miR-125a family, is derived
from the 3'-end of pre-miR-125a. However, there are few
reports on the function of miR-125a-3p. Our research group
has shown that miR-125a-3p is poorly expressed in non-small
cell lung cancers (NSCLCs) (14). Real-time polymerase chain
reaction (PCR) assays showed that miR-125a-3p expression
was significantly decreased in NSCLCs compared to corre-
sponding adjacent normal tissue. Therefore, we hypothesized
that miR-125a-3p may act as a tumor suppressor by negatively
regulating some oncogenes. Importantly, Spearman's correlation
tests demonstrated a negative relationship between miR-125a-3p
expression, pathological tumor stage and lymph node metastasis.
In addition, downregulation of levels of miR-125a-3p expression
in A549 cells resulted in higher rates of invasion and migration.
These previous results led us to hypothesize that miR-125a-3p
may be involved in the migration and invasion of NSCLC tumor
cells. To the best of our knowledge, there have not been any
reports on the mechanisms involved in the regulation of migra-
tion and invasion by miR-125a-3p.

The metastatic sequence of primary tumor cells includes
detachment, local migration and invasion of stromal tissue,
intravasation and transit through blood vessels, capillary bed
arrest and extravasation, further local crawling and invasion,
attachment, formation of micrometastases, survival, perhaps
dormancy and eventually additional proliferation (15,16).
Cellular migration is an essential function of tumor cell invasion
and metastasis. Accordingly, the purpose of this study was to
explore how miR-125a-3p affects the migration of cells of the
A549 lung cancer cell line.

Materials and methods

Cell culture. A549 cells were propagated in DMEM (Gibco,
Carlsbad, CA, USA) supplemented with 10% fetal bovine
serum (FBS), 100 U/ml penicillin and 100 U/ml streptomycin.
The cells were incubated at 37°C in a 5% CO, humidified atmo-
sphere until 75% confluent.

Transfection. All transfections were carried out using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions. The following
2'-O-methyl oligonucleotides were synthesized by Integrated
DNA Technologies and purchased from Shanghai GeneChem:
2'-O-Me-sense-125a-3p: 5'-"ACA GGU GAG GUU CUU GGG
AGCC-3',2'-O-Me-antisense-125a-3p: 5'-GGC UCC CAA GAA
CCU CAC CUGU-3', and 2'-O-Me-scramble-125a-3p: 5'-GGU
CGG UGC UCG AUG CAG GUAA-3'". Twenty-four hours
prior to transfection, the cells were plated into 6-well plates for
RNA extraction and into 10-cm dishes for protein extraction.
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A549 cells were transfected with 20 uM of 2'-O-methyl oligo-
nucleotides, and RNA and protein were extracted 24 h after
transfection. In addition, RhoA small interfering RNA (siRNA)
or the negative control was used in co-transfection with or
without antisense-125a-3p. The sequences of the RhoA siRNAs
were: 5'-GAAGUCAAGCAUUUCUGUCTT-3' (sense) and
5-GACAGA AAUGCUUGACUUCTT-3' (antisense) (17).

To block the function of RhoA, the Rho inhibitor CT04
(Cytoskeleton, Denver, CO, USA), was added to the culture
medium at a final concentration of 2.0 ug/ml, as described previ-
ously (18). Migration was investigated in the presence of CT04
using a Transwell chamber as described in the following section.

Cell migration assay. A549 cells (5x10* cells/chamber) were
trypsinized, washed, resuspended in serum-free DMEM, and
placed in the top portion of the chamber. The lower portion of
the chamber contained 10% FBS as a chemoattractant. The
chambers were incubated at 37°C, 5% CO, for 12 h, and then the
cells remaining on the membrane were washed with PBS, fixed
in 100% methanol, stained with haematoxylin, photographed
and counted. Five random fields were selected randomly, then
analyzed for each chamber. Each of 3 independent experiments
was carried out in duplicate.

Luciferase assays. The plasmid used for these assays contained
a full-length RhoA 3'UTR coupled to a luciferase reporter, and
was a kind gift from Dr William Kong and Dr Jin Q. Cheng
(H. Lee Moffitt Cancer Center and Research Institute, Tampa,
FL, USA). The following primers were used to amplify the
3'UTR of the RhoA gene from human cDNA (NM_001664.2):
forward primer 5-GAC TAG TCA ATC TGG GTG CCT TGT
CTTG-3, reverse primer 5-CCC AAG CTT GGG TGC CTT
TAT TCT ATT AGT AGT TGG AAA-3'. The PCR fragment
were digested and cloned into the pMIR-Report vector (Ambion)
at the Spel and HindlIII sites. The mutant plasmid containing a
full-length RhoA 3'UTR mutant coupled to a luciferase reporter
was constructed by Sauer Biotechnology Inc. (China).

A549 cells were seeded onto 24-well plates the day prior to
transfection. They were transfected with 0.4 ug of the luciferase
expression construct, 20 yM 2'-O-methyl sense or scramble
oligonucleotides, and 0.02 ug of the Renilla luciferase vector
pRL-TK (Promega) for normalization. Mock transfected cells
were transfected with the luciferase constructs alone. After 24 h,
luciferase assays were performed using the Dual-Luciferase
Reporter Assay System (Promega). Firefly luciferase activity
was normalized to Renilla luciferase activity. All transfection
experiments were conducted in triplicate.

RNA isolation and quantitative real-time polymerase chain
reaction (qRT-PCR). Total RNA was prepared using TRIzol
(Invitrogen). RhoA cDNA was generated by PrimerScript
RT reagent kit (Takara, Dalian, China) and amplified using
RhoA primers with SYBR Premix EX Taq II (Takara). The
primer sequences for RhoA were: 5'-CGA CAG CCC TGA
TAG TTT A-3' (forward) and 5'-GTG CTC ATC ATT CCG
AAG A-3' (reverse), and the primer sequences for (3-actin
were F: 5'-AGCACAGAGCCTCGCCTTTG-3' (forward), R:
5'-ACATGCCGGAGCCGTTGT-3' (reverse). The relative quan-
tity of RhoA, normalized to [-actin, calculated based on the
following equation RQ = 24,
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Western blot analysis. Cells were washed twice with ice-cold
phosphate-buffered saline (PBS) and lysed using the M-PER
reagent (Pierce Biotechnology) containing 1 mM PMSF and
phosphatase inhibitors for 1 h at 4°C. The supernatants were
centrifuged at 12,000 x g for 30 min at 4°C, and collected
for analysis. Aliquots of supernatant containing 80 ug of
total protein were separated on 12 or 10% SDS-PAGE gels
and transferred to PVDF membranes. The membranes were
blocked using 5% fat-free milk, and incubated with mouse
anti-RhoA (1:200, Santa Cruz Biotechnology, Santa Cruz,
CA, USA), or mouse anti-GAPDH (1:1,000, Santa Cruz
Biotechnology). Membranes were incubated at 4°C overnight
and incubated with corresponding secondary antibodies
(1:4,000, Chemicon, Temecula, CA, USA) at room tempera-
ture for 1 h. Immunoreactive bands were identified using
Super ECL reagent (Pierce Biotechnology), according to the
manufacturer's protocol. Specific bands for RhoA, F-actin and
GAPDH were identified using prestained protein molecular
weight markers (SM0441, MBI Fermentas). The ECL Imaging
System (UVP Inc.) was used to visualize the specific bands
and the optical density of each band was measured using
Image J software.

Wound healing assay. When cell confluence was less than 90%
at 48 h after transfection, wounds were created in confluent
cells using a 200-ml pipette tip. The cells were then rinsed
with medium to remove any free-floating cells and debris.
Medium was then added, and culture plates were incubated at
37°C. Wound healing within the scrape line was observed at
different time points, and representative scrape lines for each
cell line were photographed. Duplicate wells for each condi-
tion were examined for each experiment, and each experiment
was repeated 3 times. The optical the distance of wound were
measured using Image J software.

Rho-GTP pull-down assay. The Rho-GTP pull-down assay
was performed using an RhoA/Racl/Cdc42 Activation Assay
Combo Kit (STA-405, Cell Biolabs Inc., San Diego, CA,
USA). Medium was aspirated off cells cultured to approxi-
mately 80 to 90% confluence, and the cells were rinsed twice
with ice-cold PBS before being treated with ice-cold lysis
buffer (0.5-1 ml per 100-mm tissue culture plate). The cell
culture plates were subsequently placed on ice for 10-20 min.
The cells were centrifugated at 14,000 x g for 10 min at 4°C,
and then 20 ul of 0.5 M EDTA was added to each aliquot
sample. The positive and negative controls received 10 ul of
100X GTPyS and 10 ul of 100X GDP, respectively. All tubes
were incubated with agitation for 30 min at 30°C. Reactions
were stopped using 65 ul of 1.0 M MgCl,. Rhotekin RBD
or PAK PBD Agarose beads were added to the cell lysates
and incubated for 1 h at 4°C. After centrifugation for 10 sec
at 14,000 x g, the beads were washed with lysis buffer and
Rho-GTP was eluted in Laemmli sample buffer. Antibody
against RhoA was used to analyze eluted sample on western
blots.

Immunofluorescence. When cell confluence was less than
5x10° cells at 48 h after transfection, cells were serum-starved
for 4 h and fixed in 2% formaldehyde/PBS for 7 min at room
temperature. After permeabilization with 0.1% Triton X-100 and
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Figure 1. Predicted and confirmed miR-125a-3p target. RhoA 3'UTR contains
conserved regions that may serve as a binding site for miR-125a-3p as deter-
mined by the miRanda algorithm.

blocking with 1.5% normal goat serum, the cells were stained
with rhodamine-phalloidin for 30 min at 37°C to label F-actin,
and mounted using Gelvatol mounting medium.

Statistical analysis. All data are presented as mean + SD of
3 independent experiments. A p-value <0.05 was considered
significant. All statistical analyses were performed using the
SPSS13.0 software package.

Results

RhoA is a potential miR-125a-3p target gene. To study how
miR-125a-3p might regulate migration, we first proceeded to
identify potential targets known to play a role in cell mobility.
Among the candidates surveyed previously (14), we found
that the 3'UTR of the RhoA gene contains highly conserved
regions that may serve as binding sites for miR-125a-3p, as
determined at microrna.org (Fig. 1).

Effects of miR-125a-3p on RhoA expression. Since results
of our previous study showed that miR-125a-3p expressed
moderately in A549 NSCLC cells, we chose A549 cells for
this study. To confirm whether suppression of migration by
miR-125a-3p is associated with changes in RhoA expression,
we measured the level of both RhoA mRNA and protein
using qRT-PCR and western blot analysis in the pres-
ence of upregulation and downregulation of miR-125a-3p.
Upregulation of miR-125a-3p was achieved using transfected
sense-miR-125a-3p; while RhoA mRNA remained unchanged
(p=0.309, Fig. 2A), the RhoA protein concentration decreased
(p<0.001, Fig. 2B). Downregulation of miR-125a-3p was
achieved using transfected antisense-miR-125a-3; while RhoA
mRNA remained unchanged (p=0.942, Fig. 2C), the RhoA
protein concentration increased (p<0.001, Fig. 2D). These
results indicate that miR-125a-3p may post-transcriptionally
regulate RhoA expression.

MiR-125a-3p directly regulates the expression of the target
gene RhoA. To further demonstrate that RhoA is a potential
target of miR-125a-3p, we generated luciferase reporters that
contained the 3'UTR of the RhoA gene (Fig. 3A). Results from
3 independent experiments showed that reporter activity was
reduced by the ectopic expression of miR-125a-3p (p<0.001,
Fig. 3B). We also generated luciferase reporters that contained
a mutated sequence within the predicted target sites of the
3'UTR of the RhoA gene (Fig. 3A) to further demonstrate the
interaction between miR-125a-3p and the 3'UTR of RhoA.
Data showed that reporter activity was not reduced by the
ectopic expression of miR-125a-3p (Fig. 3B). Taken together,
these results indicated that in A549 cells, the RhoA gene was
a functional target of miR-125a-3p.
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Figure 2. Effects of miR-125a-3p on RhoA expression. (A) qRT-PCR analysis showed that the expression levels of RhoA mRNA remained unchanged, when
cells were transfected with sense-miR-125a-3p (sense-3p). The relative quantity of RhoA, normalized to 3-actin, were compared to untreated group based on the
equation RQ=2"2“, (B) Western blot analysis showed that the expression levels of RhoA protein in the sense-miR-125a-3p transfected group was significantly
lower than in the untransfected group (p<0.001). (C) gRT-PCR analysis indicated that the expression levels of RhoA mRNA remained unchanged, when cells were
transfected with antisense-miR-125a-3p (antisense-3p). The relative quantity of RhoA, normalized to 3-actin, were compared to untreated group based on the equa-
tion RQ=2"44"", (D) Western blot analysis showed that the expression levels of RhoA protein was higher in cells transfected with antisense-miR-125a-3 (p<0.001).

A 3. ccgaggguncuUGGAGUGGA(‘Ia 5" miR-125a-3p
861:5' -uggcavaaccuGUCUCACCUGg-3' RhoA

ccgaggguucuUGGA(]}UGGA;hCa 5' miR-125a-3p
861:5' -uggecauaaccuGUCACUCGUCg- 3' RhoA 3° UTR-Mut

B 13

2
- f R R R

, f,f

& & F

Figure 3. Interaction of miR-125a-3p and the 3'UTR of RhoA. (A) A luciferase reporter containing bioinformatics predicted interactions of miR-125a-3p and their
binding sites at the 3'UTR of RhoA. A luciferase reporter containing bioinformatics predicted interactions of miR-125a-3p and their binding sites mutated at the
3'UTR of RhoA (lightgrey font). (B) miR-125a-3p inhibits the luciferase activity of a reporter containing the 3'UTR of RhoA (p<0.001) when sense-miR-125a-3p
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Figure 4. Effects of a Rho inhibitor on the migratory ability of A549 cells by Transwell assay. (A and C) Migration assay results show that the number of A549
cells migrating through a microporous membrane were significantly decreased after transfected sense-miR-125a-3p and increased after transfected anti-sense-
miR-125a-3p. (B and C) Migration assay results show that the number of A549 cells migrating through a microporous membrane were inhibited after treatment
with the Rho inhibitor, CT04, as compared with the untreated group (p<0.001).
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Figure 5. Effects of a Rho inhibitor on the migratory ability of A549 cells by wound healing assay. (A and C) Wound healing assay results showed that the
distance of migration in A549 cells were significantly decreased after transfected sense-miR-125a-3p and increased after transfected anti-sense-miR-125a-3p.
(B and C) Wound healing assay results showed that the distance of migration in A549 cells were inhibited after treatment with the Rho inhibitor, CT04, as
compared with the untreated group (p<0.001).
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Figure 6. Effects of RhoA siRNA on the migratory ability of A549 cells. Western blot analysis shows that the expression levels of RhoA protein in the siRNA trans-
fected group was significantly lower than in the negative control group (p<0.001). (B) The upregulation of RhoA expression mediated by antisense-miR-125a-3p
was abrogated in the co-transfection with RhoA siRNA (anti+si). (C and E) Migration assay results showed that knockdown of RhoA expression abolished
antisense-miR-125a-3p induced A549 cell migration. (D and F) Wound healing assay results show that knockdown of RhoA expression abolished antisense-miR-

125a-3p induced A549 cell migration.

MiR-125a-3p inhibits migration via the Rho-dependent pathway.
Previously we found that downregulation of miR-125a-3p
induced increased migration of A549 cells in transwell experi-
ments (14). Fig. 4A shows that the number of migrating cells
decreased after transfection with sense miR-125a-3p. In contrast,
the number of migrating cells increased after transfection
with antisense miR-125a-3p. A similar trend was seen in the
wound healing assays (Fig. 5A). To further validate whether
miR-125a-3p inhibits migration in a Rho-dependent manner, we
blocked RhoA activity using the Rho inhibitor CT04 at a final
concentration of 2.0 ug/ml. The number of migrating cells was
significantly decreased after treatment with CT04 compared
with the untreated cells in a Transwell experiment without

matrigel (p<0.001, Fig. 4B and C), and as seen in the wound
healing assay (p<0.001, Fig. 5B and C). Moreover, after treat-
ment with CT04, the migratory ability of A549 cells transfected
with the antisense-miR-125a-3p or the sense miR-125a-3p was
neither decreased nor increased (p<0.001, Fig. 4B and C, Fig. 5B
and C). These results suggest that miR-125a-3p cannot regulate
RhoA when the Rho pathway is blocked.

Downregulation of RhoA by the inhibitor CT04 may directly
affect the function of RhoA, independent of the concentration
of protein. To rule out this effect, siRNA was used for specific
downregulation of the expression of RhoA to confirm that
miR-125a-3p mediated NSCLC cell migration through RhoA.
The knockdown efficacy was identified using western blot
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analysis (p<0.001, Fig. 6A). Knockdown of the expression of
RhoA (p<0.001, Fig. 6B), abolished the effect of antisense-miR-
125a-3p on cell migration (Fig. 6C and D).

Effects of RhoA expression on activated RhoA (RhoA-GTP)
and intracellular actomyosin. We investigated whether
RhoA expression affected the migration of A549 cells via
organization of the actin cytoskeleton, and also affected the
levels of RhoA-GTP. The levels of RhoA-GTP were quanti-
fied using a pull-down assay after transfecting A549 cells
with sense-miR-125a-3p or antisense-miR-125a-3p. The
results showed that the levels of RhoA-GTP were decreased
(p<0.001, Fig. 7) along with decreased expression of RhoA
when sense-miR-125a-3p was transfected. In addition immu-
nofluorescence microscopy demonstrated that accumulative
actin filaments were lower (Fig. 8). By contrast, the levels of
RhoA-GTP increased (Fig. 7) with increase in RhoA expres-
sion when antisense-miR-125a-3p was transfected. Moreover,
immunofluorescence microscopy results demonstrated that the
accumulative actin filaments had grown (Fig. 8).

Discussion

MiRNAs negatively control downstream targeted genes
to interfere with cell activities. Therefore, the functions of
miRNAs are very important, especially with regard to their
modulation of target genes. In this study, we first used bioinfor-
matics to determine that RhoA is closely associated with cell
migration and is a target gene regulated by miR-125a-3p. By
manipulating miR-125a-3p expression levels in A549 NSCLC
cells, we found that miR-125a-3p can post-transcriptionally
regulate the expression of RhoA mRNA and repress expression
of the RhoA protein. Luciferase reporter assays using reporter
constructs containing the RhoA 3'UTR or specific mutated sites

of RhoA 3'UTR indicated that miR-125a-3p directly targets the
RhoA 3'UTR in A549 cells.

RhoA was the first identified member of the Rho family of
GTPases (19). It shuttles between an inactive GDP-bound state
and an active GTP-bound state and exhibits intrinsic GTPase
activities, mainly involved in forming stress fibers and assem-
bling focal adhesion complexes. Results of research using stable
transfectants of active RhoA have demonstrated that the RhoA-
actomyosin pathway plays a pivotal role in transmigration (20).
RhoA regulates the signal transduction from cell surface recep-
tors to intracellular target molecules and is involved in a variety
of biological processes, including cell morphogenesis (21),
motility (22), cytokinesis (23,24) and tumor progression (25,26).
The inconsistency of the degree of RhoA transcription and
levels of protein expression suggest that RhoA may be subject
to post-transcriptional regulation by microRNAs. Fritz er al
first detected the expression of Rho GTPases in human tumor
tissues, including lung cancer. They proposed that RhoA may
be overexpressed in certain tumors (27). RhoA has also been
demonstrated to play an important role in tumor invasion and
metastasis by its mediation of the cytoskeletal reorganization
of key regulatory proteins. Results of our previous and current
Transwell experiments suggest that miR-125a-3p directly targets
RhoA, and may be involved in migration of NSCLC cells.

Thus, miR-125a-3p may act as an anti-oncogene by
suppressing cell migration via the post-transcriptional repres-
sion of RhoA. To the best of our knowledge, this is the first
study to demonstrate that miR-125a-3p impacts migration by
regulating the 3'UTR of RhoA in human lung cancer A549
cells. After we blocked RhoA activity with the Rho inhibitor
CTO04, we found that miR-125a-3p could not regulate RhoA.
In addition, the expression of RhoA was knocked down using
siRNA. We found that downregulation of RhoA expression
by siRNA significantly abrogated antisense-miR-125a-3p-
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Figure 8. Effects of GTP-RhoA expression on accumulative actin filaments. As compared to the accumulative actin filaments in untransfected cells or transfected
scramble cells, the results from immunofluorescence assays showed that accumulative actin filaments were more reduced with transfection of sense-miR-125a-3p.
Accumulative actin filaments increased with transfection of antisense-miR-125a-3p.

induced cell migration. These results further validated the
possibility that miR-125a-3p inhibited migration via a
Rho-dependent pathway.

The effects of RhoA protein levels on activated RhoA
have been reported. There is a report (28) that the stable RhoA
transfectant of the ovarian cancer cell line SKOV3 resulted
in overexpression of RhoA, which did not alter proliferative
activity, but significantly increased invasiveness. The inva-
siveness was suppressed by the addition of a Rho inhibitor.
A nude mouse model was used to show that the frequency
of dissemination and the number of disseminated lesions
were significantly increased in mice inoculated with RhoA
transfectants compared tocontrol mice. The investigators also
revealed that overexpression of RhoA mRNA and protein were
associated with the spread of ovarian cancer, and believed
that overexpression of RhoA had facilitated the accumulation
of RhoA protein in the cell membrane and further to activate

RhoA (28). A similar conclusion was also demonstrated from
work using a rat liver cell model of MM1 (29). Overexpression
of RhoA had also resulted in increased levels of activated
RhoA, and further enhanced tumor cell motility.

The results of our study led us to conclusions similar to
these earlier reports. Upregulated expression of miR-125a-3p
negatively inhibited the expression of RhoA protein because
of incomplete complementation to nucleotides within the
3'UTR of the target gene RhoA. At the same time, the level
of RhoA-GTP decreased in A549 cells, along with decreasing
accumulative actin filaments, as shown by immunofluorescence.
Downregulation of miR-125a-3p expression led to increased
levels of RhoA-GTP and increased expression of RhoA protein.
In addition, accumulative actin filaments increased.

We suggest that in the lung cancer cell line A549, miR-
125a-3p directly regulates the target gene RhoA by incomplete
complementation with the 3'UTR, ultimately inhibiting the
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expression levels of the RhoA protein. The level of RhoA-GTP
is directly correlated with the level of RhoA protein, as well as
the accumulation of actin filaments in A549 cells, which affects
cell motility. MiR-125a-3p may indirectly affect the level of
RhoA-GTP by direct regulation of RhoA, and thereby controls
the migration of cells.

In this study, we demonstrated that miR-125a-3p post-
transcriptionally regulates the 3'-UTR of RhoA mRNA and
inhibits expression of RhoA protein, which indirectly decreases
the levels of RhoA-GTP. Furthermore, downregulation of
miR-125a-3p led to increasing accumulation of actin filaments,
ultimately leading to increased migratory capacity of A549
cells. It is likely that miR-125a-3p is involved in the RhoA-
actomyosin pathway, which affects the migration of the lung
cancer cell line A549.
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