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Abstract
Background: The role of Rac3 in cell proliferation in lung adenocarcinoma has been tackled in our
previous study. However, the role of Rac3 in cell invasion and migration of lung adenocarcinoma is still
not clear.
Methods: The expression of Rac3 in lung adenocarcinoma specimens and paired noncancerous normal
tissues were evaluated by immunohistochemistry. Lentivirus-mediated RNA interference (RNAi) was
employed to silence Rac3 in lung adenocarcinoma cell lines A549 and H1299. A p38 MAPK inhibitor
(LY2228820) was employed to inhibit activity of p38 MAPK pathway. Cell invasion and migration in vitro
were examined by invasion and migration assays, respectively. PathScan® intracellular signaling array kit
and western blot were employed in mechanism investigation.
Results: Rac3 expression was frequently higher in lung adenocarcinoma than paired noncancerous
normal tissues. Rac3 expression was an independent risk factor for lymphonode metastasis, and was
associated with worse survival outcome. Silencing of Rac3 inhibited cell invasion and cell migration in
lung adenocarcinoma cell lines. Knockdown of Rac3 decreased activity of p38 MAPK pathway.
LY2228820, which was an important p38 MAPK inhibitor, inhibited Rac3-induced cell invasion and
migration of lung adenocarcinoma. E-cadherin expression was increased and vimentin expression was
decreased after silencing of Rac3 or following the treatment of LY2228820.
Conclusions: Our findings suggest that Rac3 regulates cell invasion, migration and EMT via p38 MAPK
pathway. Rac3 may be a potential biomarker of invasion and metastasis for lung adenocarcinoma, and
knockdown of Rac3 may potentially serve as a promising therapeutic target for lung adenocarcinoma.
Key words: Rac3, lung adenocarcinoma, invasion, migration, p38, EMT.

Introduction
Lung cancer is one of the most frequent causes of
cancer-related deaths worldwide [1]. Non-small cell
lung cancer (NSCLC) accounts for approximately 85%
of lung cancer. The major histological subtype of
NSCLC is lung adenocarcinoma which has poor
5-year survival rate because of tumor invasion and
metastasis. There are many personalized treatments
that have been developed for lung adenocarcinoma,
such as gefitinib, erlotinib, crizotinib and ceritinib, but

less than 15% of patients with lung adenocarcinoma
are ideal candidates for these targeted therapies in the
world [2]. Therefore, it is crucial to understand the
molecular mechanism of invasion and migration of
lung adenocarcinoma and find a novel therapy target.
The small G protein Rac3 (ras-related C3
botulinum toxin substrate 3) belongs to Rho
subfamily of Ras proteins [3]. Rac3 proteins cycle
between an active state bound to GTP and an inactive
http://www.jcancer.org
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state bound to GDP. Rho and Rac-GTPases are known
to be involved in human carcinogenesis, cancer cell
proliferation, migration and aggression [4 -10]. Rac3 is
highly expressed in a wide range of tissues [3], and
correlates with poor prognosis of prostate cancer [11].
Rac3 gene has been mapped to chromosome 17q23-25,
a region that is frequently deleted in breast and
ovarian carcinomas [3,12]. Current studies indicate that
Rac3 promotes cell proliferation and cell
aggressiveness in breast cancer [9,10], and is also
involved in esophagus and ovarian cancer
development [13,14].
In our previous studies, we proved that Rac3
could promote cell proliferation and inhibit apoptosis
in lung adenocarcinoma cell lines [15,16]. However, the
role of Rac3 in lung adenocarcinoma cells invasion
and migration is not clear. In this study, we analyzed
clinical
lung
adenocarcinoma
samples
and
determined the relationship between Rac3 expression
and lymphonode metastasis. Furthermore, we
investigated the role and mechanism of Rac3 in lung
adenocarcinoma cells invasion and migration.

Materials and Methods
Patients and specimens
Eighty lung cancer specimens and paired
noncancerous normal tissues were obtained from
patients
pathologically
diagnosed
as
lung
adenocarcinoma. All patients underwent complete
surgical resections at the Department of Thoracic
Surgery in the First Affiliated Hospital of China
Medical University from 2008 to 2010. None of
patients received chemotherapy or radiotherapy
before surgery, and all patients received routine
chemotherapy after surgery. All patients had
completed survival follow-up data. The survival was
defined as the time from the day of surgery to the day
of death.

Immunohistochemistry
Eighty surgically excised lung adenocarcinoma
specimens and paired noncancerous normal tissues
were fixed in 10% neutral buffered formalin and
embedded in paraffin, and 4μm paraffin-embedded
sections were prepared. The sections were firstly
deparaffinized in xylene, and then dehydrated by
graded alcohol. After retrieval using sodium citrate
buffer (pH 6.0), the slides were washed with
phosphate buffered saline (PBS), and incubated with
rabbit anti-human Rac3 monoclonal primary antibody
(Abcam, USA, 1:100 dilution) overnight at 4 ℃ .
Biotinylated anti-rabbit secondary antibody was used
at 37 ℃ for 20min. Steptavidin peroxidase was
conjugated at room temperature for 20min. The
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sections were visualized using 3, 3’-diaminobenzidine
(DAB) solution, couterstained with hematoxylin, and
dehydrated in ethanol in the end. Two independent
pathologists examined the immune-stained slides
randomly. Cytoplasmic or nuclear immunostaining
was considered positive staining. The intensity of
Rac3 staining was graded as follows: 0 for no staining,
1 for light brown color, 2 for medium brown color,
and 3 for brown color. The percentage scores of
positive cells were as follows: 0 (≤5%), 1 (>5%-25%), 3
(>50%).The final scores of each sample were
multiplied to give a score ranging from 0 to 9. Rac3
expression levels were defined as follows: - (score 0),
+ (score 1-2), ++ (score 3-5), +++ (score 6-9). The Rac3
expression levels were categorized into negative
expression (-) and positive expression (+~+++).

Cell culture and reagents
The human lung adenocarcinoma cell lines, A549
and H1299, were obtained from Shanghai Cell Bank
(Chinese Academy of Sciences, Shanghai, China). The
cells were routinely maintained in Dulvecco’s
modified Eagle’s medium (DMEM Hyclon)
supplemented with 10% fetal bovine serum (FBS), 100
units/ml penicillin and 100μg/ml streptomycin at
37℃ in a humidified atmosphere of 5% CO2.
LY2228820 were purchased from selleck
company (Shanghai, China). The medium was
supplemented with 5 μM LY2228820 for inhibition of
p38 MAPK pathway, with DMSO as a control.

Recombinant lentivirus construction and
transfection
The complementary DNA (cDNA) sequence of
Rac3 was designed from the full-length Rac3 sequence
by Shanghai GeneChem Company (Shanghai, China).
After testing knockdown efficiencies, stem-loop
oligonucleotides were synthesized and cloned into the
lentivirus-based vector PscioR (Addgene, Boston,
MA, USA). A nontargeting scrambled RNA PscioR
vector was generated as a negative control. Lentivirus
particles were prepared as described previously [17].
Lung adenocarcinoma cells were infected with the
Rac3 siRNA-lentivirus or negative control virus at a
multiplicity of infection (MOI) of 20 at Day 7 and
examined at Day 10. Cells were incubated in
serum-free DMEM at 37oC for 4 h, then 10% DMEM
was added and incubated for the following
experiments.

RNA extraction and real-time qPCR
Total RNA was extracted from cells with Trizol
reagent (Invitrogen, Carlsbad, USA) according to
manufacturer′s protocol and converted to cDNA with
oligo dT using M-MLV reverse transciptase (Promega,
USA). Quantitative Real-time PCR was performed
http://www.jcancer.org
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using SYBR Premix Ex Taq (TaKaRa, Dalian, China)
on the Real-time PCR system (TaKaRa, Dalian,
China), as follows: 95℃ for 15 s, 45 cycles of 95℃ for 5
s and at 60℃ for 30s. A dissociation procedure was
performed to generate a melting curve for
confirmation of amplification specificity. The PCR
primers pairs were as follows: for Rac3, sense
5′-CTCCAAAGTCATCGTCCGGTT and antisense
5′-TGAGTTGCACGTCAAATCTGG; for GAPDH,
used
as
the
endogenous
control,
sense
5′-TGACTTCAACAGCGACACCCA and antisense
5′-CACCCTGTTGCTGTAGCCAAA. The relative
expression levels of Rac3 were normalized against
GAPDH and analyzed using the 2−ΔΔCt method
[ΔΔCt=(CtRac3-CtGAPDH)sample-(CtRac3-CtGAPDH)control]

Transwell invasion assay and transwell
migration assay
Transwell invasion assay was performed using
24-well invasion chambers (Corning, BioCoat, USA)
with an 8 micron pore size PET membrane that has
been treated with Matriel Matrx. Cells were
trypsinized and resuspended, then inoculated into the
upper Matrgel chamber in 500μl of serum-free DMEM
medium at a concentration of 1×105 cells/well, and
incubated for 24 hours in A549 cells or 36 hours in
H1299 cells. DMEM medium containing 30% fetal
bovine serum in the lower chamber served as the
chemoattractant. At the end of incubation, the
noninvading cells on the upper membrane surface
were erased with cotton swabs. The invasive cells on
the lower surface of the membrane were fixed and
stained with Giemsa for 5 min. Nine visual fields of
each chamber were randomly chosen under a X71
microscope (Olympus, Tokyo, Japan), and the number
of invading cells was counted. The invasion activity
was quantified by cell counter.
Transwell migration assay was performed
according the protocol of cell invasion assay, except
that the 24-well chambers (Corning, BioCoat, USA)
were not treated with Matriel Matrx. After 72h
transfection, A549 cells were incubated for an
additional 24 hours for migration, the H1299 cells
were cultured for 16 hours for migration. Nine
random fields of vision for each chamber were chosen
under a X71 microscope (Olympus, Tokyo, Japan),
and the number of migratory cells was counted. The
migration activity was quantified by cell counter.

Wound-healing assay
Cells
migration
was
determined
by
wound-healing assay. Cells were seeded in 96-well
plates at a concentration of 3×104 cells/well and
incubated overnight. The center of cell monolayers
was scraped with scratch instruments to create a
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scratch of constant width when the cultured cells
reached a density of ＞90%. Then cellular debris was
washed twice with serum-free DMEM medium, and
DMEM medium with 0.5%FBS was added. Cells were
cultured at 37℃ in a humidified atmosphere of 5%
CO2. Wound area was observed and photographed at
0h, 8h and 24h with X71 microscope (Olympus,
Tokyo, Japan). Quantitative analysis of cell migration
was performed by using an average gap length from
five random fields of vision and the percentage of
change in the wound area was calculated using the
following formula: % change = (average gap length at
time 0h) – (average gap length at time 8h/24h) /
average gap length at time 0h ×100%.

Intracellular signaling Array Kit
Cells were trypsinized and resuspended.
Intracellular signaling molecules were detected using
a PathScan® intracellular signaling antibody array kit
(Cell Signaling Technology, CST) according to the
manufacture’s procedure.

Western blot and simon automated western
blot analysis
Western blot analyses were performed 4 days
after lentivirus infection. Cells were harvested and
lysed in 2×Lysis Buffer (100mM Tris-HCl, 2%
mercaptoethanol, 20% glycerol, 4% SDS). Proteins
were quantified using a BCA Protein Assay Kit
(HyClone-Pierce, Cat no.). Equal amount of proteins
(20μg) were separated by 10% SDS-PAGE and
transferred onto PVDF membranes (Millipore,
Billerica, MA, USA) at 80 V for 150 min. The
membranes were blocked with TBST containing 5%
nonfat milk for 1h at room temperature and incubated
with primary antibodies overnight at 4℃. Secondary
antibodies were then incubated with membranes for
2h at room temperature. Signals were detected using
the ECL-PLUS/Kit (Amersham). GAPDH was served
as a loading control. The Primary antibodies used
were as follows: Rac3 (Rabbit, Abcam, 1:500 dilution),
E-cadherin (Mouse, CST, 1:500 dilution), vimentin
(Rabbit, CST, 1:500 dilution), GAPDH (Mouse, Santa
Cruz, 1:2000 dilution). The secondary antibodies were
anti-mouse IgG (Santa Cruz, 1:5000 dilution) and
anti-rabbit IgG (Santa Cruz, 1:5000 dilution).
Simon automated western blot was performed
by using the SimonTM machine (ProteinSimple, San
Jose,
CA,
www.proteinsimple.com/simon.html)
according the manufacture’s procedure. Briefly,
Samples were diluted to final concentration to
1-3μg/μl with sample buffer and master mix
(containing fluorescent standards and DTT) and then
heated at 95℃ for 5min. The samples, blocking
reagent, wash buffer, primary antibodies, secondary
http://www.jcancer.org
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antibodies and chemiluminescent substrate were
loaded into proper wells in microplates according the
manufacturer’s instructions. The procedures of plate
loading, the separation and immunodetection were
fully automated. The Primary antibodies used were as
follows: p38 (Mouse, Abcam, 1:50 dilution), p-p38
(Rabbit, CST, 1:50 dilution), β-actin (Mouse, Santa
Cruz, 1:20 dilution). The secondary antibodies were
anti-mouse IgG (ProteinSimple) and anti-rabbit IgG
(ProteinSimple). Data analysis was performed by the
Compass Software (ProteinSmiple).

Statistical analysis
All cell culture experiments were performed in
triplicate. The immunohistochemistry results and
univariate analysis of lymphonode metastasis were
performed by Chi-square test. Multivariate analysis of
lymphonode metastasis was performed by logistic
regression. The overall survival rate was estimated by
Kaplan-Meier method and was analyzed by log-rank
test. Other data were expressed as the mean±S.D. by
Student’s t test. Statistical analysis was performed
using SPSS 16.0 software (SPSS, IL, USA) and the level
of statistical significance was set at P<0.05.
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Results
High-expression of Rac3 in lung
adenocarcinoma is correlated with
lymphonode metastasis and poor survival
Rac3 was positively expressed mainly in the
cytoplasm, and significantly expressed in lung
adenocarcinoma tissues (Fig. 1A). Rac3 expression
was significantly higher expressed in lung
adenocarcinoma specimens compared with paired
noncancerous normal tissues (P<0.0001, Table 1). Rac3
expression in different tissues was shown in Fig.1 and
Table 1. The relationships between lymphonode
metastasis and clinical pathological features including
Rac3 expression were investigated, we found that
lymphonode metastasis was significantly associated
with Rac3 expression, gender, TNM stage,
differentiation and smoking history (P<0.05, Table 2)
in univariate analysis. Furthermore, Rac3 expression
and TNM stage are independent risk factors for
lymphonode metastasis in multivariate analysis
(P<0.05, Table 3). Rac3 positive expression group in
lung adenocarcinoma patients had lower overall
survival than Rac3 negative expression group (P<0.05,
Fig.2).

Figure 1. Immunohistochemistry staining of Rac3 expression in lung adenocarcinoma tissues (A magnification ×200, ×400) and paired noncancerous normal tissues
(B magnifcation ×200, ×400). Bar=50μm, 20μm
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Table 1. Rac3 expression in different tissues (n=80).
N

Lung adenocarcinoma
Paired noncancerous
normal tissues

80
80

Rac3 Expression
Positive (%) Negative
(%)
41 (51.3)
39 (48.7)
9 (11.3)
71 (88.7)

Chi-Square
Value

P Value

29.789

<0.0001

Table 2. Univariate analysis of influence of variables on
lymphonode metastasis
Total
(n=80)
Rac3 expression
Positive
Negative
Age
≤60
>60
Gender
Male
Female
TNM Stage
I-II
III-IV
T Stage
T1-2
T3-4
Differentiation
Well
Moderate/Poor
Smoking history
YES
NO

41
39
53
27
36
44
46
34
73
7
34
46
31
49

Lymphonode metastasis Chi-Square
Positive Negative
4.086
30
11
20
19
0.004
33
20
17
10
4.364
18
18
32
12
30.131
17
29
33
1
0.010
45
28
5
2
6.015
16
18
34
12
6.492
14
17
36
13

P Value
0.043

0.951

0.037

<0.001

0.919

Rac3 silencing inhibits cell invasion and
migration in A549 and H1299 cells
We performed transwell migration assay and
wound-healing assay for cell migration assays in vitro.
Compared with control group, the number of
migratory cells were significantly decreased after 16
or 24 hours incubation in transwell migration assay
(P<0.01 Fig. 4A-B). In wound-healing assay, cells
migrated into the wound area more slowly, and the
migration rate was significantly decreased than those
in control group at 24h (P<0.01 Fig. 4C-D). These
results indicated that Rac3 silencing inhibited the
migratory abilities of lung adenocarcinoma cells in
vitro.
To investigate the effect of Rac3 silencing on the
invasion of lung adenocarcinoma cells in vitro, we
performed invasion assay using 24-well invasion
chambers. The number of invading cells were
significantly decreased compared with control group
after 24 or 36 hours incubation (P<0.01 Fig 4E-F),
which indicated that Rac3 silencing inhibited the
invasive abilities of lung adenocarcinoma cells in vitro.

0.014

0.011

Rac3 is effectively knocked down by
lentivirus-mediated RNAi
Lentivirus-mediated RNAi technology was
employed for Rac3 knock-down. High infection
efficiency was confirmed by GFP fluorescence 3 days
after lentivirus infection (Fig. 3A). The effect of
lentivirus-mediated RNAi on the expression of Rac3
was examined by qRT-PCR and Western blot analysis
in A549 and H1299 cell lines. Compared with control
group, the mRNA level of Rac3 in Rac3-siRNA groups
was greatly decreased (P<0.001 Fig. 3B). A similar
decrease was found in protein expression in
Rac3-siRNA groups (Fig. 3C). The results indicated
that
the
down-regulation
of
Rac3
via
lentivirus-mediated RNAi was specific and efficient.

Figure 2. Overall survival curve according to Rac3 expression in 80 lung
adenocarcinoma patients. Kaplan-Meier method estimated overall survival. P
value was obtained by log-rank test.

Table 3. Multivariate analysis of influence of variables on lymphonode metastasis
Rac3 expression
TNM Stage
Differentiation
Smoking history
Gender
Constant

B
1.865
4.380
1.163
-0.596
0.306
-9.173

S.E.
0.741
1.164
0.692
0.871
0.941
3.715

Wald
6.343
14.155
2.825
0.467
0.106
6.096

P Value
0.012
<0.001
0.093
0.494
0.745
0.014

OR
6.457
79.822
3.199
0.551
1.358
0.000

95% CI
1.512-27.571
8.151-781.682
0.824-12.415
0.100-3.041
0.215-8.586
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Figure 3. RNAi-mediated knockdown of Rac3 in A549 and H1299 cell lines. A: Transfection efficiency was evaluated by GFP fluorescence in both cell lines. B: The
relative mRNA levels of Rac3 were detected by qRT-PCR in both cell lines. C: The protein expression of Rac3 was detected by western blot analysis in both cell lines.
GAPDH was used as internal control for western blot analysis. Bar=150μm. *** P<0.001

Rac3 knockdown inhibits activity of p38 MAPK
pathway
To further explore the molecular mechanisms by
which Rac3 affects lung adenocarcinoma cells
invasion and migration, a PathScan® intracellular
signaling antibody array kit was used to detect the
changes of signaling molecules in A549 cells before
and after Rac3 knockdown. The data indicated that
the phosphorylation of p38(Thr180/Thr182) was
down-regulated in Rac3-RNAi group (P<0.05 Fig.
5A-B). Furthermore, western blot analysis showed
that
knock
down
of
Rac3
significantly
down-regulated p-p38 expression (Fig. 5C). By
contrast, no Rac3 silencing-induced changes were
observed in p38 expression (Fig. 5C). The results
indicated that Rac3 knock down could significantly
inhibit
invasion
and
migration
of
lung

adenocarcinoma cells, possibly via p38 MAPK
pathway.

LY2228820 inhibited Rac3-induced cell
invasion and migration in lung
adenocarcinoma cells
LY2228820, which was an important p38 MAPK
inhibitor, was used to inhibit activity of p38 MAPK
pathway. Transwell migration assay and invasion
assay were performed to test cell migration and
invasion activities by the treatment with LY2228820,
with DMSO as a control. Our results showed that
compared with control group, the number of
migratory and invasion cells were markedly
decreased after 18 or 20 hours incubation following
the treatment of LY2228820 at 5μM in A549 cells
(P<0.01 Fig. 6A-B).
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Figure 4. Effect of Rac3 on cell migation and invasion in A549 and H1299 cell lines. A-B: Transwell migration assay was employed to detect migtation ability of
control cells and trasnfected Rac3-siRNA cells in both cell lines. C-D: Wound-healing assay was employed to detect migration ability of control cells and transfected
Rac3-siRNA cells in both cell lines. E-F: Transwell invasion assay was employed to detect invasion ability of control cells and trasnfected Rac3-siRNA cells in both cell
lines. **P<0.01

Figure 5. Effects of silencing of Rac3 on cell signaling molecules in A549 cells. A-B: PathScan® intracellular signaling antibody array kit was used to detect the changes
of signaling molecules in A549 cells before and after Rac3 knockdown. C: Simon automated western blot analysis was emplyed to detect the protein expression of
p38 and p-p38 in A549 cells before and after Rac3 knockdown. β-actin was used as internal control for western blot analysis. *P<0.05
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Figure 6. Effect of p38 MAPK pathway on Rac3-induced cell migation and invasion in A549 cells. A: Transwell migration and invasion assays were employed to detect
the ability of cell migration and invasion following the treatment of LY2228820 at 5μM. B: The numbers of migrated and invaded cells were counted. **P<0.01

Rac3 regulates EMT through p38 MAPK
pathway
Western blot analysis was performed to explore
the relationships of Rac3, EMT and p38 MAPK
pathway. Our results showed that E-cadherin
expression was markedly increased and vimentin
expression was decreased after silencing of Rac3 in
A549 cells (Fig.7A). Following the treatment of
LY2228820 at 5 μ M for 24h, the expressions of
E-cadherin and vimentin were similar to Rac3
knockdown (Fig.7B). These data strongly suggested
that Rac3 regulated EMT through p38 MAPK
pathway.

Discussion
The rapid progression, recurrence and
metastasis of lung adenocarcinoma which is the main
subtype of lung cancer are the main reasons for poor
prognosis and treatment rate. Therefore, it is of great
important to find the precise molecular mechanism
involved in lung adenocarcinoma invasion and
metastasis. Rac3 was highly expressed in several
malignant tumors, such as brain, breast and prostate
tumors, which played an important role in cancer
development [9-11,18,19]. Accumulating evidence has
suggested that Rac3 might act as an oncogene in
various human malignant tumors. Most studies were
mainly focused on the role of Rac3 in cell
proliferation, except for the report that Rac3
promoting cell aggressiveness in breast cancer cells
through Rac3/ERK-2/NF-κB signaling pathway [9].
The roles of Rac3 in tumor invasion and migration
were seldom investigated, especially in lung cancer.

To the best of our knowledge, our study reported for
the first time that silencing of Rac3 inhibited lung
adenocarcinoma cells invasion and migration.
We examined Rac3 expression in lung
adenocarcinoma patients, and found that Rac3 was
significantly
highly
expressed
in
lung
adenocarcinoma tissues than paired noncancerous
normal tissues. Rac3 expression was significantly
correlated with worse overall survival. These results
were similar to our previous study [16]. Moreover, we
identified that Rac3 expression was an independent
risk factor for lymphonode metastasis of lung
adenocarcinoma. These data suggested that Rac3
could be a potential biomarker of lung
adenocarcinoma for metastasis. The number of
patient specimens was small and there were no data
on recurrence and distant metastasis of lung
adenocarcinoma, which brought limitations to this
study. More patient specimens and clinical data on
metastasis of lung adenocarcinoma should be
involved in the future.
In this study, we detected modifications of some
signaling molecules in cancer cell growth, invasion
and migration by Intracellular signaling array kit.
Selected signaling molecules were further detected by
simon western blot analysis. We found that knock
down of Rac3 inhibited activity of p38 MAPK
pathway. In terms of the clinical importance of our
findings, we found that a selective p38 MAPK
inhibitor, LY2228820, reduced the Rac3-induced cell
invasion and migration in lung adenocarcinoma cells.
LY2228820 demonstrated antitumor activity of
various cancers in vitro and vivo, including NSCLC[20],
and the safety, tolerability and pharmacokinetics of
http://www.jcancer.org
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LY2228820 were acceptable for patients with
advanced cancer in phase I study[21]. LY2228820
enhanced the efficacy of standard chemotherapeutic
agents used in clinical treatment of ovarian cancer,
and was currently being investigated in combination
with gemcitabine and carboplatin for women with
platinum-sensitive ovarian cancer in phase II study
[22].
P38 MAPKs play important roles in tumor cells
invasion and metastasis [23]. Numerous studies have
suggested that P38 MAPK signaling regulates
epithelial-mesenchymal transition (EMT) [24-27], which
is associated with invasion and metastasis of tumor
[28-30]. Evidence in literatures implicates that p38
regulates EMT protein marker E-cadherin and
vimentin expression [31,32]. So we further detected
E-cadherin and vimentin expression, and found that
vimentin expression was decreased and E-cadherin
expression was increased by silencing of Rac3 or the
treatment of LY2228820. Previous studies have
proven that p38 downregulates E-cadherin induced
promotion of EMT in head and neck squamous cell
cancer [31], and plays an important role in
downregulation E-cadherin during gastrulation [33].
Evidence in the literatures indicates that E-cadherin
acts as a suppressor of invasion and metastasis in
various cancers, including lung cancer [34-37]. Silencing
the expression of P38 and JNK inhibited
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TGFβ1-mediated EMT of A549 cells, accompanied by
the down-regulation of vimentin [32]. Recent studies
have demonstrated that vimentin expression was
closely related with invasion and metastasis of
gallbladder carcinoma [38], prostate carcinoma [39],
breast cancer [40-42], cervical carcinoma [43] and NSCLC
[44]. Dauphin M et al. [45] reported that vimentin
expression was correlated with the distant metastasis
of NSCLC after surgery, although there was no
significant association between vimentin expression
and the lymphonode status in NSCLC. We speculated
that Rac3 was not only associated with lymphonode
metastasis, but also the distant metastasis of lung
adenocarcinoma since Rac3 regulated vimentin
expression
in
lung
adenocarcinoma
cells.
Additionally, in vivo experiments should be
performed to confirm the role of Rac3 on
tumorigenesis and metastasis of lung adenocarcinoma
in the future. The Walker MP et al. [46] found that Rac3,
as an estrogen receptor (ER)α co-activator, promoted
cell migration of ERα positive breast cancer. Recent
research showed that estrogen promoted lung
adenocarcinoma cell metastasis through ER-EMT
signaling pathway and reduced intercellular adhesion
force by PI3K/AKT signaling pathway [47]. Therefore,
it is worthy for us to explore the relationships of Rac3,
ER, ER-EMT and PI3K/AKT signaling pathways in
future studies.

Figure 7. Rac3 regulates EMT through p38 MAPK pathway. A: Western blot analysis was employed to detecte the protein expression of E-cadherin and vimentin
after sliencing of Rac3 in A549 cells. B: Western blot analysis was employed to detecte the protein expression of E-cadherin and vimentin following the treatment of
LY2228820 at 5μM for 24h in A549 cells. GAPDH was used as internal control for western blot analysis.
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In summary, we explore the role of Rac3 in
invasion and metastasis of lung adenocarcinoma. Our
results suggest that Rac3 was overexpressed in lung
adenocarcinoma tissue, and was closely associated
with the lymphonode metastasis and worse overall
survival rate. Furthermore, we demonstrate that Rac3
promotes cells invasion, migration and EMT of lung
adenocarcinoma through p38 MAPK pathway. Our
results indicate the crucial role of Rac3 in invasion and
metastasis of lung adenocarcinoma, and Rac3 is a
potential therapeutic target for lung adenocarcinoma.
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