
ONCOLOGY REPORTS  30:  2127-2136,  2013

Abstract. A hallmark of directional cell migration is local-
ized actin polymerization at the leading protrusions of the cell. 
The Arp2/3 complex nucleates the formation of the dendritic 
actin network (lamellipodia) at the leading edge of motile 
cells. This study was designed to investigate the role of the 
Arp2/3 complex in the infiltrative behavior of glioma cells. 
Immunofluorescence and western blotting showed a positive 
correlation between the expression of Arp2/3 and the malig-
nancy of glioma specimens (r=0.686, P=0.02) and confocal 
microscopy demonstrated localization of the Arp2/3 complex 
in lamellipodia of glioma cells. Furthermore, we examined 
the effects of Arp2/3 complex inhibition in U251, LN229 
and SNB19 glioma cells using CK666, an Arp2/3 complex 
inhibitor. Glioma cells lost lamellipodia and cell polarity 
after treatment with CK666. Inhibition of the Arp2/3 complex 
significantly affected the ability of glioma cells to migrate 
and invade. In the wound-healing assay, CK666 markedly 
inhibited cell migration, U251 cell migration was inhibited 
to 38.73±3.45% of control, LN229 cells to 57.40±2.16% of 
control and SNB19 cells to 34.17±3.82% of control. Also, 
CK666 significantly impaired Transwell chamber invasion 
capability of U251, LN229 and SNB19 cells compared with 
DMSO control by 72.70±4.86, 39.12±8.42 and 41.41±4.66%, 
respectively. The Arp2/3 complex is, therefore, likely to be a 
crucial participant in glioma cell invasion and migration, and 
may represent a target for therapeutic intervention.

Introduction

Glioblastoma multiforme (GBM) is one of the most common 
and malignant central nervous system (CNS) tumors in humans. 

Median survival of patients with GBM is usually less than 
1 year from the time of diagnosis, and most patients die within 
2 years even in the most favorable circumstances (1-3). Despite 
recent advances in diagnostics and clinical management 
regimens, the prognosis for patients suffering from malignant 
glioma remains very poor  (4,5). One important reason for 
treatment failure is the uncontrollable invasion and migration 
of glioma cells, which ultimately leads to diffuse growth and 
recurrence of the tumor. Therefore, new therapeutic strategies 
that effectively control the invasion and migration behavior of 
glioma cells are urgently required.

The Arp2/3 complex contains seven-subunit proteins and 
plays a major role in the regulation of the actin cytoskeleton. It 
consists of actin-related protein-2 (ARP2), ARP3, actin-related 
protein complex-1 (ARPC1) (p40), ARPC2 (p34), ARPC3 
(p21), ARPC4 (p20) and ARPC5 (p16). The activation of the 
Arp2/3 complex increases its binding to the sides of actin fila-
ments and induces the formation of an actin branch, which 
grows and is considered to push against the plasma membrane 
causing lamellipodial protrusions, which are predicted to be 
critical for cell motility (6-10).

In mammalian cells, the Arp2/3 complex requires activa-
tion by nucleation promoting factors (NPFs). When engaged 
by NPFs, it is activated to initiate the formation of a new 
(daughter) filament that emerges from an existing (mother) 
filament in a y-branch configuration with a regular 70˚ branch 
angle. NPFs are grouped into 2 categories. Type I NPFs, such 
as Wiskott-Aldrich syndrome protein (WASP) and suppressor 
of cyclic AMP repressor [SCAR; also known as WASP-family 
verprolin-homologous protein (WAVE); there are 3 WAVE 
homologues, WAVE1, WAVE2 and WAVE3, with WAVE2 
being crucial for lamellipodium formation] directly activate 
the Arp2/3 complex by inducing conformational changes in 
the complex and supplying the first actin monomer of the new 
filament. Type II NPFs, such as cortactin, are weaker NPFs 
on their own but potently synergize with type I NPFs (11,12). 
In addition, the signal transduction pathways of Rho-family 
GTPases, CDC42 and Rac, can activate NPFs (9).

In addition to its role in lamellipodia, the Arp2/3 complex 
also functions in other important processes. In mouse oocytes, 
the Arp2/3 complex takes part in maintenance of asymmetric 
meiotic spindle position  (13) and Arp2/3-dependent actin 
nucleation promotes nuclear movements in the zygote. Notably, 
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WAVE and Arp2/3 support MT organization in plants (14). In 
S. cerevisiae and S. pombe, inactivating or deleting genes that 
encode subunits of the Arp2/3 complex causes severe growth 
defects or lethality (6,15,16,18), while knockdown of Arp2/3 
subunits in C. elegans affects ventral enclosure in the devel-
oping worm and results in lethality (19). Inactivation of Arpc3 
in human HeLa cells by RNAi is lethal (20) and disrupting the 
activity of the Arp2/3 complex and its activators in yeasts or 
mammalian cells can affect endocytosis (21-25).

Previous data have confirmed the role of the Arp2/3 
complex in metastases of non-CNS tumors, and cell migra-
tion and invasion were significantly reduced after Arp2/3 
complex disruption by RNA interference  (26). Moreover, 
Suraneni et al (27) found that Arp2/3 complex played a critical 
role in the lamellipodia extension and directional fibroblast 
migration and Mariani  et  al  (28) found that Arp2/3 was 
upregulated in migrating glioma cells. However, it is unknown 
whether the Arp2/3 complex is also functionally important in 
glioma cells for lamellipodial protrusions and cell movement. 
In this study, we investigated the role of the Arp2/3 complex 
in the morphology and motility of glioma cells. We found that 
inhibition of the Arp2/3 complex by CK666 caused a signifi-
cant reduction in migration and invasion of human glioma 
cells.

Materials and methods

Reagents and specimens. The following reagents were used 
in this study. p34-Arc antibody (Millipore, CA, USA), which 
was specific for the Arp2/3 complex (in the former research, 
p34-Arc was usually mentioned as 1  subunit of ARP2/3 
complex, and we did not find any literature mentioning the 
freely available p34-Arc); rhodamine phalloidin (Invitrogen 
Life Technologies, Carlsbad, CA, USA), used for actin 
staining; Alexa Fluor 488 and 555-conjugated secondary anti-
bodies (Invitrogen Life Technologies); Triton X-100 (Solarbio, 
Beijing, China); 4% paraformaldehyde (Solarbio); CK666 
(inhibitor of the Arp2/3 complex) and CK689 (inactive control 
of CK666) (Merck KGaA, Darmstadt, Germany), which were 
dissolved in dimethyl sulfoxide (DMSO) (Solarbio); DAPI 
(Sigma, St. Louis, MO, USA); MTT (Sigma).

Fifty tumor specimens were obtained from patients 
with glioma by surgical resection in the Department of 
Neurosurgery, Tianjin Medical University General Hospital 
from July 2011 to December 2012. None of these patients had 
undergone radiation or chemotherapy before surgical therapy. 
The pathological diagnosis and grading for each glioma was 
assessed by neuropathologists according to the 2007 World 
Health Organization (WHO) Classification of Nervous System 
Tumors. Glioma specimens included 8  cases of pilocytic 
astrocytoma (WHO grade I), 6 cases of diffuse astrocytoma 
(WHO grade II), 8 cases of oligoastrocytoma (WHO grade II), 
10 cases of anaplastic oligodendroglioma (WHO grade III) and 
18 cases of glioblastoma (WHO grade IV). Eight specimens of 
non-tumor brain tissue were obtained from patients undergoing 
craniotomy for epilepsy. All tissue samples were collected in 
accordance with institutional review board‑approved protocols. 
After surgical resection, tissue specimens were immediately 
frozen and stored in liquid nitrogen until use. This study was 
approved by the institutional review boards of Tianjin Medical 

University General Hospital and written informed consent was 
obtained from all patients.

Cell culture. Human glioma cell lines, U251, LN229 and 
SNB19, were purchased from the Chinese Academy of Sciences 
Cell Bank. U251, LN229 and SNB19 cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS) (Solarbio), and maintained 
at 37˚C in an atmosphere of 5% CO2 and routinely passaged at 
2-3 day intervals.

Immunohistochemistry assay. Frozen sections were fixed, 
washed with PBS and incubated in 5% bovine serum albumin 
(BSA) to block non-specific binding, sections were then incu-
bated with p34-Arc antibodies (rabbit) at a dilution of 1:100 
overnight at 4˚C, washed in PBS, and then incubated with 
Alexa 555-conjugated goat anti-rabbit secondary antibody at 
a dilution of 1:1,000 for 1 h at 37˚C. Cell nuclei were stained 
by DAPI. Immunofluorescence was visualized using a fluores-
cence microscope (Olympus DP70, Tokyo, Japan).

Western blot analysis. For each specimen, 50 mg of tissue was 
broken into small pieces and transferred into a 1.5 ml micro-
centrifuge tube. A total of 500 µl cell lysis buffer was added to 
the tube. The tissue was homogenized on ice with 10-15 strokes 
(3-4 sec/stroke) of a mini-homogenizer and plastic pestle. The 
sample was centrifuged at 12,000 x g for 15 min at 4˚C and the 
supernatant then transferred to a fresh tube. A total of 50 µg 
protein and an equal volume of 2X sample buffer were heated 
at 94˚C for 5 min. Proteins were separated on an 8% sodium 
dodecyl sulfate-polyacrylamide gel and then transblotted onto 
a polyvinylidene difluoride (PVDF) transfer membrane. The 
blot was blocked in PBST and 5% skimmed dried milk at 37˚C 
for 1 h. The membrane was then incubated in primary antibody 
(p34, rabbit, 1:1,000) at 4˚C overnight, followed by treatment 
with mouse anti-rabbit secondary antibody (1:5,000). Blots 
were developed using enhanced chemiluminescence (ECL) 
reagents (Amersham Pharmacia, UK) and visualized using the 
GeneGenius Imaging System (Frederick, MD, USA). p34-Arc 
antibody was used to detect the expression of Arp2/3 and 
β-actin was used as the internal standard.

MTT assay. Briefly, tumor cells (5,000 cells/well) were seeded 
in 96-well plates. After 24 h, a different concentration of 
CK666, CK689 (50, 100 and 150 µM) or DMSO (0.4, 0.8 and 
1.2 µl/ml) was added to the cells for 0.5-4 h, then followed 
by a washout. Cells were then incubated in fresh medium for 
an additional 48 h. A total of 20 µl of MTT labeling reagent 
was then added to each well containing cells in 150 µl of 
medium, and cells were incubated for 4 h at 37˚C in a CO2 
incubator to allow the MTT to be metabolized. The medium 
was then removed and 200 µl of DMSO was added to each well 
to dissolve the formazan. The absorbance of the samples was 
measured at a wavelength of 570 nm by a microplate reader. 
Percent viability was calculated relative to DMSO treated cells.

Confocal microscopy analysis of F-actin. Glioma cells 
were grown on glass coverslips for 24-48 h. The cells were 
preincubated with CK666 (100 µM), CK689 (100 µM) or 
DMSO (0.8 µl/ml) for 30 min, washed and then fixed with 4% 
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paraformaldehyde for 25 min. Fixed cells were permeabilized 
by treatment with 0.5% Triton X-100 for 5 min and blocked 
by incubation with 5% BSA in PBS for 1 h. Cells were then 
incubated overnight at 4˚C with p34-Arc antibodies at a dilu-
tion of 1:100. Cells were washed 3 times with PBS and then 
incubated for 1 h with Alexa 488-conjugated goat anti-rabbit 
secondary antibody at a dilution of 1:1,000 for 1 h at 37˚C. 
Cells were washed with PBS and then counterstained with 
rhodamine phalloidin for 20 min to stain actin filaments and 
DAPI to stain DNA. The cells were imaged under a confocal 
microscope (Olympus FV1000S, Japan).

Morphological analysis and wound-healing assays. Glioma 
cells (1.0x105  cells/ml) were seeded in 6-well plates and 
allowed to spread for 24 h. Then cells in different wells were 
treated with CK666 (100 µM), CK689 (100 µM) or DMSO. 
The changes in morphology were recorded by a microscope 
(Olympus, Japan) equipped with a 37˚C, 5% CO2 incubator for 
a period of 30 min with frames captured every 2 min.

For the wound-healing assay, glioma cells were seeded 
in 6-well plates at a density of 2.0x105 cells/ml and allowed 
to reach confluency. Before a confluent monolayer was 
obtained, cells in different wells were preincubated with 
CK666 (100 µM), CK689 (100 µM) or DMSO for 30 min, and 
then wounds were created using a 200 µl sterile pipette tip. 
Subsequently, cell debris was removed by washing the plates 
twice with PBS and fresh DMEM supplemented with 3% FBS 
was added to each well. The cells were further cultivated for 
up to 48 h. The wound healing area was recorded by taking 
photomicrographs at different time points.

Transwell invasion assay. Glioma cells were preincubated with 
CK666 (100 µM), CK689 (100 µM) or DMSO for 30 min, and 
then seeded in the top chamber of a Matrigel-coated Boyden 
chamber (Millipore, USA) at 5.0x104 cells/well without serum. 
DMEM (600  µl) with 10% FBS was added to the lower 
chamber as chemoattractant. Following incubation for 48 h, 
non-invading cells were removed from the top chamber with 

Figure 1. Expression of the Arp2/3 complex in human gliomas. (A) Hematoxylin and eosin (H&E) staining was performed to confirm the WHO grading of the 
tumors. Immunofluorescence was visualized using a fluorescence microscope. Immunofluorescence of frozen sections revealed Arp2/3 complex location at 
the cell membrane and the fluorescence intensity increased with increasing malignancy of tumors. Nuclear (blue), Arp2/3 complex (red). NB, non-tumor brain 
tissue. (B) Western blot analysis performed on different grades of human glioma specimens confirmed the immunofluorescence data. The data indicated that the 
expression of Arp2/3 in the glioma specimens was significantly higher than in NB (P<0.05). (C) Pearson's correlation test was used to determine the relationship 
between the expression of Arp2/3 and the malignancy of glioma specimens. Moreover, there was a positive correlation between them (r=0.686, P=0.02). 
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a cotton swab. The cells on the lower surface were fixed by 
replacing the culture medium in the bottom with 4% form-
aldehyde. After fixation for 15 min at room temperature, the 
chambers were rinsed in PBS and stained with 0.2% crystal 
violet for 10 min. For each experimental condition, 10 image 
fields were photographed and quantified.

Statistical analysis of data. Statistical analyses were carried 
out using SPSS 17.0 (Chicago, IL, USA). One-way analysis of 
variance (ANOVA), least significant difference and Pearson's 
correlation tests were used. P<0.05 was considered to indicate 
statistically significant differences. Values are expressed as 
means ± standard deviation (SD). All in vitro experiments 
were repeated 3 times.

Results

Arp2/3 complex expression in human gliomas. Hematoxylin 
and eosin (H&E) staining was performed to confirm the WHO 

grading of the tumors. To determine Arp2/3 complex expres-
sion in human gliomas, both immunofluorescence and western 
blot analysis were employed. Immunofluorescence of frozen 
tissue sections revealed that the Arp2/3 complex was localized 
at the cell cytoplasm, and its fluorescence intensity increased 
with increasing tumor malignancy (Fig. 1A). Semi-quantitative 
assessment of Arp2/3 complex levels by western blot analysis 
validated the immunofluorescence results (Fig. 1B). Relative 
to β-actin, the level of Arp2/3 in tissue specimens was 
15.69±1.04% in non-tumor brain tissue (NB, n=8), 31.17±4.30% 
in WHO grade I (n=8), 40.51±2.12% in WHO grade II (n=14), 
48.68±2.69% in WHO grade III (n=10) and 55.42±3.45% in 
WHO grade IV (n=18) (Fig. 1C). The expression of Arp2/3 in 
the glioma specimens was significantly higher than in non-
tumor brain tissue (P<0.05) and there was a positive correlation 
between the expression of Arp2/3 and the malignancy of glioma 
specimens (r=0.686, P=0.02). These data indicate that levels of 
the Arp2/3 complex may be involved in malignant progression 
of glioma, including tumor cell migration and invasion.

Figure 2. Effects of CK666 on glioma cell viability assessed by the MTT assay. Glioma cells were preincubated for different exposure times with CK666 and 
different concentrations. CK689 served as a negative control and DMSO as a solvent control. The numbers at the top indicate the corresponding concentrations. 
After the reagents were given a washout, cells were incubated in fresh medium for an additional 48 h. Percent viability was calculated relative to DMSO-treated 
cells. The absorbance of the samples was measured at a wavelength of 570 nm by a microplate reader. The viability and proliferation of glioma cells was not 
evidently impaired (P<0.05) when treated with CK666 (50 or 100 µM) for 30 min. However, viability and proliferation decreased progressively with treatment 
over 30 min (50 or 100 µM) or within 30 min (150 µM), compared with inactive compound and solvent control. (*P>0.05, **P<0.05).
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Effects of inhibiting the Arp2/3 complex on cell survival and 
proliferation. The MTT assay, which is widely used to measure 
cell survival and proliferation, is based on reduction of the 
tetrazolium salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) by actively growing cells to produce 
a blue formazan product (29,30). To analyze the effects of the 
Arp2/3 complex inhibitor, CK666, on survival and proliferation 
of U251, LN229 and SNB19 human glioma cells, we performed 
an MTT assay (Fig. 2). CK689 and DMSO served as an inactive 
compound control and a solvent control, respectively. Glioma 

cells were preincubated with CK666, CK689 or DMSO for 
0.5-4 h. The viability and proliferation of glioma cells was 
not clearly impaired (P<0.05) by treatment with CK666 (50 or 
100 µM) for 30 min, but decreased gradually when treated for 
over 30 min or even within 30 min when the drug concentration 
was 150 µM, compared with inactive and solvent control. This 
observation demonstrated that CK666 (50 or 100 µM) treat-
ment for 30 min had no immediate cytotoxic effect on human 
glioma cells. In the subsequent experiment, we chose the higher 
drug concentration, 100 µM, to treat the glioma cells.

Figure 3. Localization of the Arp2/3 complex and actin in glioma cells following different treatments. Phalloidin staining of cells treated with CK689 or DMSO 
showed typical actin organization with F-actin enriched at the lamellipodia leading edge. Furthermore, staining with the anti-p34 antibody confirmed that 
the Arp2/3 complex localized to the actin-rich lamellipodia. Inhibition the Arp2/3 complex with CK666 led to the disappearance of lamellipodia. These data 
indicated that CK666 affected the formation of lamellipodia. Images were captured using a confocal microscope. Actin (red), Arp2/3 (green) and nuclei (blue).
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The Arp2/3 complex is localized in lamellipodia of glioma 
cells. To determine the localization of the Arp2/3 complex in 
lamellipodia, U251, LN229 and SNB19 cells were treated with 
CK666 (100 µM), CK689 (100 µM) or DMSO (0.8 µl/ml) for 
30 min, then fixed and stained with rhodamine phalloidin for 
actin and a p34-Arc subunit antibody, specific for the Arp2/3 
complex  (Fig. 3). Phalloidin staining of cells treated with 
CK689 or DMSO showed typical lamellipodia, with F-actin 
enriched at it. Staining with the anti-p34 antibody confirmed 
that the Arp2/3 complex was also localized in the actin-rich 

lamellipodia. By contrast, these staining patterns were absent 
in CK666-treated cells, suggesting that these protrusions may 
be formed through Arp2/3 complex-mediated actin assembly 
and that CK666 could inhibit the action of the Arp2/3 complex.

Inhibition of the Arp2/3 complex alters the morphology 
of glioma cells. Culture-activated glioma cells developed 
spreading lamellipodia and formed stress fibers. When treated 
with CK666 (100  µM) for 30  min, lamellipodia became 
increasingly smaller and finally disappeared (Fig. 4). Notably, 

Figure 4. CK666 induces morphological changes in glioma cells. Glioma cells were seeded in 6-well plates, allowed to spread for 24 h and treated with 
CK666, CK689 or DMSO. (Left) Representative phase-contrast images of the morphology of glioma cells treated without any reagent. (Right) Representative 
phase-contrast images of the morphology of glioma cells treated with different reagents for 30 min. (Middle) Representative phase-contrast images of the 
morphology of single glioma cells treated with CK666, CK689 or DMSO at different time points. When treated with CK666 (100 µM) for 30 min, lamellipodia 
became progressively smaller. The results confirmed the obligate role of the Arp2/3 complex in generating densely branched actin networks/lamellipodia in 
human glioma cells.
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CK666 treatment caused an attenuation of cell polarity. No 
such changes were observed in CK689- or DMSO-treated cells. 
Twelve hours after the cell culture medium was refreshed with 
DMEM supplemented with 10% FBS, cells recovered their 

morphology (data not shown). Overall, our results confirmed 
the obligate role of the Arp2/3 complex in generating densely 
branched actin networks/lamellipodia in human glioma cells.

Inhibition of the Arp2/3 complex reduces motility of human 
glioma cells. The wound-healing assay was one of the first 
methods to be developed to study cell migration in  vitro. 
Although not an exact duplication of cell migration in vivo, 
this method mimics to some extent migration of cells in wound 
healing. To evaluate the inhibitory effect of CK666 on migration, 
we performed the assay using human glioma cell lines (Fig. 5). 
Wound closure was monitored by capturing photomicrographs 
at 0 and 48 h after wound creation. CK666 pretreatment mark-
edly inhibited U251 cell migration to 38.73±3.45% of control, 
LN229 cells to 57.40±2.16% of control and SNB19 cells to 
34.17±3.82% of control. These data suggested that inhibition of 
the Arp2/3 complex by CK666 effectively reduced cell migra-
tion in all 3 human glioma cell lines.

Figure 5. Effects of CK666 on glioma cell migration analyzed by wound 
healing assay. Glioma cells were plated on a 6-well plate. After treatment 
with CK666, CK689 or DMSO for 30 min, wounds were created with a 200 µl 
sterile pipette tip and the medium was then changed. The cells were further 
cultivated for up to an additional 48 h and photographed. (A) Compared with 
cells treated with CK689 and DMSO, the cells treated with CK666 showed 
a wider wound area 48 h after wound generation in the 3 glioma cell lines. 
(B) Quantified data showed that CK666 had significantly inhibited glioma 
cell migration in vitro (U251, 38.73±3.45%; LN229, 57.40±2.16%; SNB19, 
34.17±3.82%). *P >0.05, **P<0.05.

Figure 6. CK666 inhibits glioma cell invasion in vitro. Glioma cells were 
preincubated with CK666, CK689 or DMSO for 30 min, and then sub-
jected to the Transwell invasion assay. After incubation for 48 h, cells 
that had migrated through the Matrigel were stained by crystal violet and 
photographed. (A) Representative images of glioma cells preincubated with 
CK666, CK689 or DMSO in the Millipore Matrigel-coated invasion chamber. 
(B) Quantification of invaded cells. CK666 significantly inhibited the inva-
sion of glioma cells in vitro (U251, 72.70±4.86%; LN229, 39.12±8.42%; 
SNB19, 41.41±4.66%). *P >0.05, **P<0.05.
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Part of the invasion cascade involves tumor cells attaching 
to and penetrating basement membranes. Therefore, basement 
membranes are critical barriers to the passage of disseminating 
tumor cells. The Transwell chamber with Matrigel has been 
used to evaluate the invasive capability of tumor cells (31). 
Since both cell migration and invasion are critical properties 
for the diffuse growth of gliomas, we further investigated 
the role of CK666 in suppressing tumor cell invasion using 
the Transwell invasion assay (Fig. 6). CK666 significantly 
impaired the invasion of U251, LN229 and SNB19 glioma 
cells across the Transwell chamber compared with DMSO by 
72.70±4.86 (P<0.05), 39.12±8.42 (P<0.05) and 41.41±4.66% 
(P<0.05), respectively (Fig. 6B).

These data strongly indicate that the Arp2/3 complex plays 
an important role in glioma cell migration and invasion, and 
that an Arp2/3 complex inhibitor, targeting lamellipodial actin 
assembly, is a potential treatment strategy for glioma.

Discussion

In the current study, we investigated the Arp2/3 complex in 
3 glioma cell lines using the inhibitor CK666. Our results 
demonstrated that the Arp2/3 complex may play an important 
role in human glioblastoma progression and suggested that 
targeting the Arp2/3 complex may be a potential anticancer 
strategy to treat glioma.

Cancer metastasis is the leading cause of mortality in 
most cancer patients due to tumor burden and organ dysfunc-
tion. The central, defining process of cancer metastasis is the 
ability of tumor cells to mobilize, invade and cross normally 
non‑permissive tissue barriers. During cancer metastasis, 
tumor cells gain the ability to migrate throughout the body, 
seed and proliferate in distant organs to establish secondary 
tumors within normal tissues  (32). Cell migration away 
from the site of the primary tumor is a hallmark of malig-
nant cancer metastasis, often leading to recurrence and the 
failure of existing therapies. This is particularly evident in 
malignant gliomas, which are the most challenging tumor 
of the central nervous system, characterized by an ability to 
disperse through normal neural tissue and recur after initial 
treatment (33,34). Histological evidence has shown that glioma 
cell dispersal in the brain occurs along preferential patterns, 
in many cases following the orientation of thin, elongated 
anatomical structures, such as capillaries, white matter fibers, 
and unmyelinated axons (35,36).

The biological features of aggressive infiltration into adja-
cent tissues generally make glioblastoma incurable, even in the 
absence of overt metastasis. Complete resection is virtually 
impossible due to the infiltrative nature of the disease (37,38), 
while conventional adjuvant therapies such as chemotherapy 
and radiotherapy may in fact trigger glioma cell disper-
sion (39,40). In addition, motile glioma cells are also more 
resistant than non-motile cells to apoptotic stimuli (30,41). 
Gliomas produce few metastases in extracranial organs, which 
is different from tumors in other organs that are prone to distant 
metastasis. If the control of migration/invasion of glioma cells 
can be realized, it may open the door for other directed thera-
pies against an anatomically-restricted neoplasia.

Over the past decades, marked progress has been made in our 
understanding of the mechanisms of cell migration. In general, 

cell migration involves leading edge protrusion (42,43) and 
adhesion to the extracellular matrix (ECM), cell body trans-
location, and posterior retraction (6,21,44). In the migrating 
cell, the leading edge contains 2  types of actin structure: 
branched networks of actin filaments that form lamellipodia 
and parallel bundles that form filopodia (45). Lamellipodia are 
sheet-like protrusions that contain a distinctive, extensively 
branched network of actin filaments and they are the main 
cellular engine for locomotion. Filopodia, meanwhile, are 
believed to be sensory and guidance organelles, responsible 
for ‘intelligent’ cell behavior (46,47). In lamellipodia, activa-
tion of the Arp2/3 complex nucleates new filaments on the side 
of preexisting F-actin filaments. The barbed ends of the actin 
filaments in this dendritic network push against the membrane 
at the leading edge and generate protrusive force by polymer-
ization (48-50).

Arp2/3 mRNA and protein levels, together with those of 
N-WASP, WAVE2 and other factors that are functionally asso-
ciated with cell motility, are upregulated in some tumor tissues 
and invasive cells. Breast cancer cells expressing both WAVE2 
and the Arp2/3 complex frequently appear at the invasive front, 
and coexpression of both has been shown to be correlated 
with poor clinical outcome (12). In this study, we detected 
Arp2/3 complex expression in human glioma tissues (WHO 
grade I-IV) and non-tumor brain tissues by immunofluorescent 
staining and western blot analysis. The expression level of the 
Arp2/3 complex was higher in gliomas than in non-tumor brain 
tissues and this elevation was strongly correlated with the tumor 
grades. Gliomas of higher grade are generally easier dispersed 
through normal neural tissue and have more opportunities to 
recur after initial treatment, thus patients with higher-grade 
gliomas often have a poor prognosis. This may be ascribed to 
glioma cells of higher-grade that have stronger capability of 
motility. However, lamellipodia play a critical role in the cell 
movement and the Arp2/3 complex mediates the formation of 
lamellipodia. We hypothesized that Arp2/3 complex is closely 
related to the cell motility and further selected 3 human glioma 
cell lines to determine whether the Arp2/3 complex was 
functionally important for cell migration in glioma cells. We 
first found the Arp2/3 complex is localized to lamellipodia of 
glioma cells through the immunofluorescence.

The subsequent steps in this study were designed to 
investigate whether lamellipodia and actin formation could be 
suppressed if we treated glioma cells with an Arp2/3 complex 
inhibitor and how migration and invasion of glioma cells was 
consequently affected. Wu et al (51) microinjected bovine 
Arp2/3 complex into Arp2/3-inhibited cells, and observed the 
reappearance of lamellipodia within 20 min after injection. 
Their experiment supplied evidence that the lack of lamel-
lipodia was solely due to the absence of Arp2/3 activity. The 
inhibitor of Arp2/3 complex mentioned for the first time is 
CK636 and CK548. However, CK666 and CK869 are more 
potent inhibitors related to CK636 and CK548. In particular, 
CK666 is a better choice to inhibit the Arp2/3 complex, which 
binds between Arp2 and Arp3, blocking the formation of an 
active conformation (52). Our study demonstrated that inhibi-
tion of Arp2/3 function by CK666 led to the disappearance 
of lamellipodia and the significant inhibition of migration 
and invasion capability of glioma cells. These results were 
consistent with previous findings in melanoblasts (51,53). The 
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data indicated that CK666 showed moderate effect in U251 
migration. However, it showed highest effect in U251 invasion. 
In the invasion assay, there were more factors involved in the 
process of cell movement except the lamellipodia, such as 
matrix metalloproteinases (MMPs). MMPs may have a more 
important role in the LN229 and SNB19 invasion assay than 
in the U251 invasion assay. This required further investigation. 
In addition to the effects of CK666 on lamellipodia, we also 
found it affected the polarization of glioma cells, which is also 
a requirement for cellular movement (43,54,55).

In summary, the Arp2/3 complex is known to play a 
crucial role in the formation of lamellipodia. Our data show 
that the Arp2/3 complex is overexpressed in human gliomas 
and is involved in the regulation of glioma cell morphology 
and motility. Inhibition of Arp2/3 reduced the migration 
rate and altered the morphology of glioma cells. These find-
ings encourage us to further evaluate the role of the Arp2/3 
complex in glioma cell migration and provide a basis for 
developing Arp2/3 complex therapeutic targets to inhibit 
glioma cell dissemination. In future studies, we will further 
assess the role of Arp2/3 complex activators, such as WAVE, 
in the motility of glioma cells, not only in vitro but also in vivo. 
Cell motility in vivo may also involve invadopodia, which are 
actin-rich membrane protrusions formed by invasive cancer 
cells and mediate the focal degradation of pericellular ECM 
by the localized proteolytic activity of MMPs. However, 
actin polymerization in invadopodia is also dependent on 
Arp2/3 (56,57). Targeting motility may improve therapy of 
glioma by preventing further infiltration and expansion into 
normal brain tissues.
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