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Abstract. ArfGAP with SH3 domain, ankyrin repeat and PH 
domain 3 (ASAP3), previously known as ACAP4, DDEFL1 
and UPLC1, is considered to be an important regulator in 
cancer cell migration/invasion and actin‑based cytoskeletal 
remodeling. However, the underlying mechanisms through 
which ASAP3 mediates these processes are not well‑eluci-
dated. This study reported that in certain types of cancer 
cells, loss of ASAP3 suppressed cell migration/invasion, in 
part by destabilizing γ‑actin‑1 (ACTG1), a cytoskeletal protein 
considered to be an integral component of the cell migratory 
machinery, essential for the rearrangement of the dynamic 
cytoskeletal networks and important in diseases, such as brain 
malformation, hearing loss and cancer development. The data, 
for the first time, link ASAP3 with ACTG1 in the regulation of 
cytoskeletal maintenance and cell motility.

Introduction

The ADP‑ribosylation factor GTPase‑activating proteins 
(ArfGAPs) are a family of proteins that catalyze the conver-
sion of the active GTP‑bound ADP‑ribosylation factors (Arfs) 
to the inactive GDP‑bound Arfs. ArfGAPs are proposed to 
function in fundamental biological processes, such as secre-

tion, endocytosis, phagocytosis, cytokinesis, cell adhesion, cell 
proliferation, cell migration/invasion, membrane trafficking, 
cytoskeletal remodeling and Ca2+ signaling (1‑8). Based on 
their protein domain structures and phylogeny, ArfGAPs were 
classified into several subgroups, including ASAPs [ArfGAPs 
containing Src‑homology‑3 (SH3), ankyrin (ANK) repeats 
and plekstrin homology  (PH) domain], ACAPs  (ArfGAPs 
containing coiled‑coil, ANK repeats and PH domain) and 
ARAPs (ArfGAPs containing Rho GAP domain).

Utilizing a genome‑wide complementary DNA (cDNA) 
microarray analysis, Okabe et al (9) identified a novel protein 
that was highly overexpressed in human hepatocarcinoma 
tissues. Due to its high amino acid sequence similarity with 
that of development and differentiation enhancing factor‑2, 
the newly identified protein was termed development and 
differentiation enhancing factor‑like‑1 (DDEFL1), which was 
previously known as upregulated in liver cancer‑1 (UPLC1). In 
addition to liver cancer cells and tissues, significant expression 
of DDEFL1 was identified in normal lung and liver tissues and 
leukocytes in humans. Moreover, overexpression of DDEFL1 
in two cell lines that have low endogenous expression of 
DDEFL1 (SNU423 and Alexander human hepatoma cells) 
appeared to promote cell growth, but antisense RNA‑mediated 
inhibition of DDEFL1 suppressed the growth of hepatoma 
SNU475 cells  (9). Subsequently, Fang et al  (10) identified 
an ArfGAP that utilizes Arf6 as the preferred substrate in 
HeLa cervical cancer cells, using a proteomic approach. 
This Arf6‑specific GAP was found to contain two coiled 
coils, one PH domain, one GAP motif and two ANK repeats, 
therefore, it was termed ACAP4. Notably, the depletion of 
ACAP4 by small interfering RNA (siRNA), or inhibition 
of Arf6 GTP hydrolysis by overexpressing GAP‑deficient 
ACAP4, suppressed Arf6‑dependent cell migration in 
wound‑healing assays, demonstrating that ACAP4 is required 
for Arf6‑mediated migratory activity in HeLa cells. It was 
also demonstrated that ACAP4 effectively interacts with 
ezrin, an important membrane‑cytoskeletal linker protein. 
The formation of ACAP4‑ezrin was demonstrated to be 
important in acid secretion in gastric parietal cells by orches-
trating H,K‑ATPase‑containing tubulovesicular trafficking 
to the apical plasma membrane (11). It was also shown that 
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ACAP4 regulates integrin‑β1 recycling in epidermal growth 
factor‑stimulated cell migration by interacting with growth 
factor receptor‑binding protein‑2 (Grb2) via Tyr‑733 phos-
phorylation (12). Ha et al (13) analyzed the primary sequence 
and phylogeny of the highly conserved Arf  GAP domain 
of the reported mammalian ArfGAPs and suggested that 
UPLC1/DDEFL1/ACAP4 is an ASAP‑type protein and should 
be named ASAP3; thus, in the present study, we have decided 
to use this name. Enzyme characterizations have indicated that 
ASAP3 is stimulated by phosphatidylinositol 4,5‑bisphosphate 
and is capable of using Arf1, Arf5 and Arf6 as substrates 
in vitro. ASAP3 has been demonstrated to be associated with 
focal adhesions and circular dorsal ruffles in MDA‑MB‑231 
breast cancer and U118 glioma cells. ASAP3, however, did not 
localize with invadopodia in MDA‑MB‑231 breast cancer cells 
or podosomes in NIH‑3T3 mouse fibroblasts. In MDA‑MB‑231 
cells transfected with plasmids overexpressing either the active 
or inactive ASAP3, the distribution of vinculin or paxillin in 
focal adhesions and invadopodia was not affected. However, 
in cells with reduced ASAP3 protein, a significant reduction 
in actin‑containing stress fibers was observed, although the 
expression of β‑actin was not significantly affected. With the 
disruption of the stress fiber network, the level of phospho-
myosin was significantly decreased (13). Phosphomyosin is 
able to bind to the fibers in the network to stabilize them (14). 
Similarly, reduced ASAP3 levels have been demonstrated to 
result in slowed migration and invasion in mammary carci-
noma cells (13).

Overall, the aforementioned studies suggest that ASAP3 
is essential in cytoskeletal remodeling and cancer cell migra-
tion/invasion. However, the underlying mechanisms remain to 
be further investigated. For instance, it is not clear how the 
stress fibers are disrupted and what particular cytoskeletal 
actins are affected by ASAP3. The present study reported 
that ASAP3 mediates cancer cell migration and invasion 
at least in part by controlling the expression of cytoskeletal 
γ‑actin‑1 (ACTG1) protein.

Materials and methods

Cell cultures, treatments and transient transfections. H1299 
human non‑small cell lung cancer cells and HepG2 hepato-
cellular carcinoma cells were purchased from the American 
Type Culture Collection (Manassas, VA, USA). The cells 
were normally maintained in Dulbecco's modified Eagle's 
medium supplemented with 10% (v/v) fetal bovine serum, 
unless indicated otherwise. For glucose or serum deple-
tion treatments, four types (serum free + 5  mM glucose, 
serum‑free + 25 mM glucose, 10% serum + 5 mM glucose 
and 10% serum + 25 mM glucose) of reconstituted DMEM 
media were prepared and used. Plasmid transfections were 
performed with Lipofectamine® 2000 reagent (Invitrogen Life 
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions.

Construction of recombinant adenoviral vectors carrying 
shRNAs against ASAP3, and of the plasmid overexpressing 
human ACTG1. Three gene cassettes containing short hairpin 
RNAs (shRNAs) against ASAP3, as well as a gene cassette 
containing a scrambled control sequence, were designed using 

an siRNA Select ion Program  (ht tp://ju ra.wi.mit.
edu/siRNAext/home.php) and chemically synthesized 
(Sangong Biotech, Co., Ltd, Shanghai, China). The 
BamHI‑  (Cat.  #FD0054)and HindIII [Cat.  #FD0504; 
Fermentas, Thermo Fisher Scientific (China) Co., Ltd., Beijing, 
China]‑digested (gene cassettes were inserted into the corre-
sponding restriction sites on pSilencer 3.0‑H1‑neo (Ambion, 
Austin, TX, USA), generating pSilencer‑shRNA‑1, ‑2 and ‑3 
and its control pSilencer‑shRNA‑CK. Subsequently, DNA 
fragments containing the shRNA cassettes, as well as the 
H1 promoter, were polymerase chain reaction (PCR)‑amplified 
using the four plasmids and the following primers: 
5'‑ACGGTACCTGATGACGGTGAAAACCTCT‑3' (forward) 
and 5'‑GACCTCGAGGGCTTTACACTT TATGCTTCC‑3' 
(reverse). The four KpnI/XhoI‑digested PCR‑amplified frag-
ments were used for subcloning into the Ad‑Track 
cytomegalovirus (CMV) vector and recombining into the 
Ad‑Easy adenoviral vector using the AdEasy‑XL Adenoviral 
Vector system  (Stratagene, Cedar Creek, TX, USA) as 
instructed by the manufacturer (15), which generated recombi-
na nt  adenovi r uses  cont a in ing  sh R NAs aga inst 
ASAP3  (Ad‑shRNA‑1, ‑2 and ‑3 respectively) and their 
control (Ad‑shRNA‑CK).

A 1,128‑bp human ACTG1  (GenBank accession 
no. NM‑00119995) cDNA was PCR‑amplified from cDNAs 
prepared from HepG2 human hepatoma cells using the 
following primers: 5'‑CGCGAATTCAGAAGAAGAGATCG
CCGC‑3'  (forward) and 5'‑CCCGGATC‑CTTAGAAGC 
ATTTGCGGTG‑3' (reverse). The PCR‑amplified DNA frag-
ment was digested with EcoRI and HindIII, and subcloned 
into the pFlag‑CMV2 vector (Addgene, Cambridge, MA, 
USA) to generate a human ACTG1‑overexpressing plasmid, 
pFlag‑ACTG1.

Analysis of mRNA expression. Total RNA was extracted from 
HepG2 or H1299 cells with TRIzol reagent (Invitrogen Life 
Technologies) according to the manufacturer's instructions. 
For the analysis of ASAP3 mRNA, semi‑quantitative analyses 
of mRNA expression by reverse transcription (RT)‑PCR was 
conducted according to previously described methods (16), 
u s i n g  t h e  f o l l o w i n g  p r i m e r  p a i r : 
5'‑AGCTGAGACATTTGTTCTCTTG‑3' (forward) and 
5'‑TATAAACCAGCTGAGTCCAGAG‑3' (reverse). GAPDH 
served as a control [5'‑ACAACAGCCTCAAGATCATCAG‑3' 
(forward) and 5'‑GGTCCACCACTGACACGTTG‑3' 
(reverse)] (9).

Western blot analysis of proteins. Lysates from cultured 
cells were mixed with the radioimmunoprecipitation assay 
buffer [25 mM Tris-HCl, pH 7.6, 150 mM NaCl, 1% NP‑40, 
1%  sodium deoxycholate, 0.1%  sodium dodecyl sulfate, 
1 ml protease inhibitor cocktails (Cat. #KGP603; Keygene, 
Nanjing, China) and 5  ml phosphatase inhibitor cocktail 
(Cat. #KGP602; Keygene) were added to 1 liter RIPA buffer 
immediately before use], boiled for 5 min and sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis was applied. The 
protein in the gel was electronically transferred to a nitrocel-
lulose membrane. Following blocking by 5% skimmed milk 
solution diluted in Tris‑buffered saline Tween 20  (TBST) 
for 1 h at room temperature, the membrane was incubated 
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with the primary antibody  (diluted 1:1,000 with coating 
buffer) solutions overnight at 4˚C and washed with TBST 
three times. The washed membrane was further incubated 
with secondary antibody in TBST for 1 h at room tempera-
ture. The primary antibodies used were rabbit polyclonal 
anti-Flag antibody (Octa-probe antibody, Cat.  #sc-807, 
1:1,000 dilution; Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA), rabbit polyclonal anti-ASAP3/DDEFL1/UPLC1 
antibody (Cat.  #200‑401‑990, 1:1,000 dilution; Rockland 
Immunochemicals Inc., Gilbertsville, PA, USA), mouse 
monoclonal anti-ACTG1 (1-24) antibody (Cat.  #sc-65635, 
1:1,000 dilution; Santa Cruz Biotechnology, Inc.), mouse 
monclonal anti-β-actin (C4) antibody (Cat. #sc47778, 1:1,000 
dilution; Santa Cruz Biotechnology, Inc.) and mouse mono-
clonal anti-α-tubulin antiody (Cat. #5286, 1:1,000 dilution; 
Santa Cruz Biotechnology, Inc.). Detection was achieved 
using the Immobilon Western Chemiluminescent Horseradish 
Peroxidase Substrate kit  (Millipore, Billerica, MA, USA). 
The western blot images were captured by the Biosense 
SC8108 Gel Documentation system with GeneScope V1.73 
software (Shanghai BioTech, Shanghai, China). The digital 
density values were acquired by Image‑Pro Plus 6.0 soft-
ware (MediaCybernetics, Rockville, MD, USA).

Cell proliferation, wound‑healing and transwell assays. For 
the cell proliferation assays, a total density of 4x103 cells were 

seeded in 96‑well plates and infected with the recombinant 
adenoviruses at a dosage of ~400 viral particles/cell. After 
48 h, 20 µl of 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl‑tetra-
zolium bromide (MTT; 5 mg/ml) was applied to each well and 
incubated for a further 4 h. Cells were lysed with the addi-
tion of acidic isopropyl alcohol (containing 0.04 M HCl) or 
dimethylsulfoxide for 15 min. The absorbance was measured 
at 570  nm using a POLARstar Omega microplate reader 
(BMG Labtech, Ortenberg, Germany).

For the cell migration assays, recombinant adeno-
virus‑infected cells or plasmid‑transfected cells were marred 
with a linear scratch by a sterile pipette tip. Wound healing 
was recorded by photographing at specified time points 
following the scratch. In addition, cell migration was analyzed 
by the transwell assays (BD Biosciences, Sparks, MD, USA) 
according to the manufacturer's instructions. The comparison 
of the rates of cell migration was achieved by direct visualiza-
tion of the recorded images.

Proteomic analyses of differentially expressed proteins 
by two‑dimensional gel electrophoresis and mass spec‑
trometry. H1299 cells were cultured and infected by 
recombinant adenovirus containing either pAd‑shRNA‑3 or 
pAd‑shRNA‑CK for 72 h. The cell lysates were collected for 
proteomic analyses by two‑dimensional gel electrophoresis 
and mass spectrometry analyses (4800 Plus MALDI‑TOF/

Figure 1. Treatment of human non‑small cell lung cancer H1299 cells and hepatocellular carcinoma HepG2 cells with adenoviruses containing ASAP3‑shRNAs 
caused significant downregulation of ASAP3 mRNA and protein. (A) Schematic graphs illustrating the design of three gene cassettes for shRNA against 
ASAP3. H, nucleotides in the helix regions; L, nucleotides in the loop regions. (B) Gel electrophoresis of RT‑PCR‑amplified ASAP3 complementary DNA and 
western blot analysis of ASAP3 protein expression illustrating significant adenovirus‑mediated knockdown of ASAP3 in H1299 and HepG2 cells. Cells were 
infected with the control AD‑shRNA‑CK or the recombinant Ad‑shRNA‑3, at a dosage of ~400 virus particles/cell. The cell cultures were incubated at 37˚C 
for 12 h and then the medium was replaced with virus‑free medium. Following 48 h of further incubation, cells were collected for ASAP3 mRNA and protein 
analyses. ***P<0.001, n=3. shRNA, short hairpin RNA; ASAP3, ArfGAPs containing Src‑homology‑3, ankyrin repeats and plekstrin homology domain 3; 
GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase.
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TOF™ Analyzer; Applied Biosystems, Foster City, CA, 
USA), that were performed by the Beijing Proteome Research 
Center (Beijing, China).

Statistical analyses. Numerical data were analyzed by 
Graphpad Prism 5.0 (GraphPad Software, La Jolla, CA, 
USA) and expressed as the means ± standard error of the 
mean. One‑way analysis of variance with Bonferroni's 
post hoc test was used for multiple comparisons and Student's 
t‑test (two‑tailed) was used for pair‑wise comparisons.

Results

Adenovirus‑mediated ASAP3 knockdown inhibits cancer cell 
migration but does not affect cell proliferation or the cell 
cycle. Based on bioinformatics analyses, four gene cassettes 
were designed, with three cassettes carrying shRNAs against 
human ASAP3 (GenBank accession no. NM‑017707) (Fig. 1A) 

and one cassette carrying a scrambled control sequence. 
The four chemically synthesized gene cassettes were used 
to create four recombinant adenoviruses carrying the 

Figure 2. Adenovirus‑mediated ASAP3 knockdown suppressed cell migration in H1299 human non‑small cell lung cancer cells and HepG2 hepatocellular carci-
noma cells, but did not affect cell proliferation in H1299 cells. (A) Effects of adenovirus‑mediated ASAP3 knockdown on cellular proliferation of H1299 cells. An 
appropriate number of cells were plated in 96‑well plates. MTT (20 µl, 5 mg/ml) was applied to each well 48 h after viral infection and incubated for a further 4 h. 
The cells were lysed with the addition of acidic isopropyl alcohol (containing 0.04 M HCl) overnight. The absorbance was measured at 570 nm with a microplate 
reader. NS, not significant; n=3. (B) Effects of adenovirus‑mediated ASAP3 knockdown on cell migration as determined by wound‑healing assays. The H1299 and 
HepG2 cells were infected with adenoviruses containing short hairpin RNAs against ASAP3 or their control, and at the dosage of ~400 viral particles/cell. Wound 
healing was recorded by photographing at specified time points. Results were representative of three independent experiments. OD, optical density; shRNA, short 
hairpin RNA; ASAP3, ArfGAPs containing Src‑homology‑3, ankyrin repeats and plekstrin homology domain 3.

Figure 3. Effects of serum and glucose concentration on ASAP3 protein 
expression in H1299 cells, as determined by western blot analysis. ASAP3, 
ArfGAPs containing Src‑homology‑3, ankyrin repeats and plekstrin 
homology domain 3; FBS, fetal bovine serum.
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corresponding shRNA (Ad‑shRNA‑1, ‑2 and ‑3) and their 
control (Ad‑shRNA‑CK). The infection studies demonstrated 
that infection with Ad‑shRNA‑1, ‑2 (data not shown) and ‑3 
significantly reduced the mRNA and protein levels of ASAP3 
in cultured H1299 and HepG2 cancer cells, compared with 
those in cells infected with Ad‑shRANA‑CK  (Fig.  1B). 
For instance, in comparison with cells infected with 
Ad‑shRNA‑CK, infection with Ad‑shRNA‑3 caused a signifi-
cant reduction of ~64% in ASAP3 mRNA expression in the 
HepG2 cells (P<0.001), as determined by semi‑quantitative 
RT‑PCR analyses. Simililarly, infection with Ad‑shRNA‑3 
led to 60 and 80% reductions in ASAP3 protein expression in 
HepG2 and H1299 cells, respectively (P<0.001). The results 
demonstrated the successful creation of recombinant viruses 
carrying shRNAs against ASAP3.

To determine the possible effects of adenovirus‑mediated 
ASAP3 knockdown on cancer cells, cell proliferation, the 
cell cycle and cell migration in H1299 and HepG2  cells 
were analyzed. ASAP3 knockdown in H1299 cells did not 
significantly affect the rate of cell proliferation  (Fig. 2A) 
and neither did the cell cycle appear to be affected (data not 
shown). By contrast, ASAP3 knockdown appeared to signifi-

cantly reduce the likelihood of cell migration in H1299 and 
HepG2 cells (Fig. 2B). The results, therefore, are consistent 
with the notion that ASAP3 is an important regulator of cell 
migration.

Effects of glucose and serum concentration on protein expres‑
sion of ASAP3. Okabe et al  (9) demonstrated that ASAP3 
may have growth‑promoting ability, particularly when under 
stressed conditions. Therefore the present study aimed to 
determine whether low glucose or serum deprivation affect 
ASAP3 expression. As shown in Fig. 3, among the four treat-
ment groups, H1299 cells grown in media containing 10% 
serum and 5 mM glucose had the lowest level of ASAP3 
protein expression. In comparison with this, ASAP3 expression 
appeared to be significantly increased in cells grown in media 
containing 10% serum and 25 mM glucose, while H1299 cells 
grown in media that were serum free also had high levels of 
ASAP3 protein expression, compared with that of H1299 cells 
grown in media containing 10% serum and 5 mM glucose. 
These results suggest that high glucose and serum deprivation 
are both capable of inducing ASAP3 protein expression in 
H1299 cells.

Figure 4. ASAP3 knockdown is associated with significant downregulation in the expression of cytoskeletal protein ACTG1. (A) Differentially expressed 
proteins between Ad-shRNA-3 infected H1299 cells and Ad-shRNA-CK infected cells as analysed by the two-dimensional gel electrophoresis. (B) Effects of 
adenovirus‑mediated ASAP3 knockdown on ACTG1 protein expression in H1299 and HepG2 hepatocellular carcinoma cells. *P<0.05, n=3. NS, not significant; 
shRNA, short hairpin RNA; ACTG1, γ‑actin‑1; ASAP3, ArfGAPs containing Src‑homology‑3, ankyrin repeats and plekstrin homology domain 3.
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ASAP3 may regulate cell migration through controlling the 
stability of cytoskeletal protein ACTG1. The demonstra-
tion that ASAP3 controlled cell migration in H1299 and 
HepG2 cells is largely consistent with previous findings in 
other cancer cell lines, including the HeLa cell line (10,13). 
However, the underlying mechanisms were not clear. Utilizing 
two‑dimensional gel electrophoresis and mass spectrometry 

analyses, proteomic analyses were performed with H1299 
cells infected with Ad‑shRNA‑3 and Ad‑shRNA‑CK. The 
two‑dimensional gel analyses identified 124 protein spots that 
were differentially expressed by at least two‑fold between the 
Ad‑shRNA‑3- and Ad‑shRNA‑CK‑transfected cells. Protein 
spot no. 1207 was significantly downregulated (Fig. 4A) and 
spot no. 8507 was significantly upregulated compared with 
the control (with the expression of Ad‑shRNA‑CK transfected 
cells being 1, the expression of Ad‑shRNA‑3 transfected 
cells for no. 1207 corresponding spot was 0.11 and no. 8507 
corresponding spot was 10.34). Mass spectrometry analyses 
indicated that the two proteins were non‑muscle cytoskeletal 
proteins, ACTG1 and GAPDH, respectively.

To verify the regulation of ACTG1 by ASAP3, protein 
expression analyses were performed in H2199 and HepG2 cells. 
Adenovirus‑mediated knockdown of ASAP3 caused down-
regulation of ACTG1 protein expression in the two cell lines 
compared with the control, although the difference was only 
statistically significant in the H1299 cells (Fig. 4B). These 
results suggested that ASAP3 may be able to regulate the 
stability or expression of ACTG1.

Overexpression of ACTG1 enhances cancer cell migration. 
To determine the potential effects of ACTG1 on cancer 
cells, wound‑healing and transwell assays were performed. 
Notably, overexpression of ACTG1 (Fig. 5A) significantly 
enhanced the likelihood of cell migration as assayed by 
wound‑healing (Fig. 5B) and transwell (Fig. 5C) assays in the 
H1299 cells. Similar results were observed for HepG2 cells 
(data not shown). Together these results suggested that ASAP3 
may regulate cell migration at least in part by downregulating 
the expression ACTG1, thereby disrupting the cytoskeletal 
fiber networks.

Discussion

Previous studies have suggested that ASAP3 is pivotal in 
cell migration (10,12,13). However, the mechanisms through 
which ASAP3 mediates cell migration were not clearly 
elucidated. Although, Yu et al (12) demonstrated that ASAP3 
may cooperate with Grb2 to regulate integrin β1 recycling 
in cancer cell migration. Grb2 is an adaptor protein impor-
tant for intracellular signal transduction, cell proliferation, 
actin‑based cell motility and endocytic trafficking, whereas 
integrins are transmembrane receptors that are important 
for cell signaling and the regulation of the cell cycle, shape 
and motility. Despite this, there may be other mechanisms 
involved. In breast cancer MDA‑MB‑231 cells, Ha et al (13) 
demonstrated that overexpression of wild‑type ASAP3 or of 
a GAP‑inactive mutant ASAP3, or ASAP3 knockdown did 
not affect the distribution of vinculin or paxillin, suggesting 
that ASAP3 does not affect focal adhesions. ASAP3 knock-
down, however, was demonstrated to significantly reduce 
actin stress fibers, although it is not clear which particular 
actins may be affected. Notably, using proteomic and other 
approaches in the present study, cytoskeletal ACTG1 was 
identified as one of the actins directly targeted by ASAP3 in 
H1299 lung cancer cells and appeared to contribute signifi-
cantly to ASAP3 knockdown‑induced disruption of the actin 
stress fibers.

Figure 5. Overexpression of human ACTG1 enhanced wound‑healing 
migration and transwell migration of human non‑small cell lung cancer 
H1299 cells. (A) Upregulation of human ACTG1 in H1299 cells as assayed 
by western blot analysis. H1299 cells seeded on 6‑well plates were trans-
fected with pFlag‑CMV2 or Flag‑ACTG1 and harvested 24 h later for 
protein analyses. (B) Overexpression of human ACTG1 in H1299 cells 
promotes cell migration as assayed by the wound‑healing assays. The 
H1299 cells seeded on 6‑well plates were transfected with pFlag‑CMV2 and 
pFlag‑ACTG1 to confluency. Cells were scratched with a sterile pipette tip 
and phase contrast images of cells were captured either immediately after 
wounding or 24 h after wounding. (C) Overexpression of human ACTG1 
in H1299 cells promotes cell migration as assayed by the transwell assays. 
H1299 cells seeded on 6‑well plates were transfected with pFlag‑CMV2 
and pFlag‑ACTG1. Following 12 h, cells were harvested and 1x105 cells 
were applied to transwell upper chambers. The lower compartments of 
the transwells were filled with Dulbecco's modified Eagle's medium con-
taining 10% fetal bovine serum bait. Following 24 h of incubation, cells 
that migrated out onto the lower surface of the membrane were stained 
in 0.1% crystal violet and photographed. CMV, cytomegalovirus; ACTG1, 
γ‑actin‑1.
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Actins are highly conserved proteins that are involved 
in cell motility and maintenance of the cytoskeleton, among 
other functions (17). In vertebrates, three main groups of actin 
isoforms, namely α, β and γ, have been identified. The α‑actins 
are found in muscle tissues and are a major constituent of the 
contractile apparatus. Conversely the β‑ and γ‑actins, co‑exist 
in the majority of cell types as components of the cytoskeleton, 
and as mediators of internal cell motility. A previous study 
associated alterations in the expression of ACTG1 with diseases, 
such as hearing loss and cancer (18). In auditory cells, multiple 
mutations in ACTG1 were demonstrated to be associated with 
dominant progressive deafness (19‑26). Certain studies have 
demonstrated that ACTG1 is important for cytoskeletal mainte-
nance but not for development (27,28). However, a more recent 
study suggested that a de novo mutation in ACTG1 causes a 
form of brain malformation in humans  (Baraitser‑Winter 
syndrome)  (29). Moreover, a study in ACTG1 null mice 
suggested that ACTG1 deficiency led to growth impairment and 
reduced cell viability (30). Using oligonucleotide microarrays, 
Sun et al (31) demonstrated that a group of microtubule proteins 
and intermediate filament proteins, including ACTG1, were 
significantly upregulated in the liver tissues of transgenic mice 
overexpressing the oncogenic hepatitis B virus X protein (HBx), 
suggesting that the dysregulation of ACTG1 and/or other cyto-
skeletal proteins may contribute significantly to HBx‑induced 
hepatocarcinogenesis.

Notably, Shum  et  al  (32) demonstrated that in SH‑EP 
neuroblastoma cells, ACTG1 knockdown resulted in a signifi-
cant decrease in wound healing and transwell migration. In 
contrast to ASAP3 knockdown in MDA‑MD‑231 cells, however, 
there was a significant increase in the size and number of 
paxillin‑containing focal adhesions, coupled with a significant 
decrease in phosphorylated paxillin in ACTG1 knockdown 
neuroblastoma cells. It is not clear whether this effect of 
ACTG1 knockdown is cell type‑specific. In addition, inhibi-
tion of the Rho‑associated kinase (ROCK) with the inhibitor 
Y‑27632 restored the ability of ACTG1‑knockdown cells to 
migrate, suggesting that ACTG1 is an upstream regulator 
of ROCK‑mediated cell migration. More recently, the same 
research group further demonstrated that ACTG1 can modulate 
microtubule dynamics (33). Largely consistent with the two 
aforementioned studies, the present study demonstrated that 
overexpression of ACTG1 enhanced cancer cell migration in the 
H1299 and HepG2 cells (Fig. 5). Concordant with a previous 
suggestion that ArfGAPs may function as upstream regulators 
of Rho family proteins (1), the results of the present study indi-
cate that in cancer cells, ASAP3 may positively regulate ACTG1 
to promote cytoskeletal remodeling and cell migration, particu-
larly ROCK signaling pathway‑mediated cell migration (34). At 
present, however, whether ASAP3 regulates ACTG1 directly 
or indirectly and the underlying mechanisms are not clear and 
awaits further investigation. Our demonstration that ASAP3 
controls cell migration at least in part by destabilizing cyto-
skeletal protein ACTG1, may aid future development of drugs 
aiming at cancer cell migration, invasion and metastasis.
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