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Abstract

ANXA2 was reported as a multiple tumors relevant gene expressed excessively in many tumors, especially in cancers from the digestion system, and its aberrant
expression enhances the malignant properties of cancer cells. We suppose that microstructure heterogeneity is important to maintain the malignancy of cancer cells,
and ANXA2 excessive expression enhances the malignancy by remodeling the microstructures of cancer cells. To validate the proposal, we studied the effects of ANXA2
expression on the remodeling of motility-associated microstructures in SGC-7901 cells by a series of morphological display methods. The results showed that the
cell motility microstructures, such as pseudopodia/filopodia and microvilli, were weaker and poorer in ANXA2-silenced SGC-7901 cells than in wild type cells, and the
malignancy was significantly decreased in ANXA2 silenced SGC-7901 cells. These findings indicate that ANXAZ2 is necessary to maintain the changed cytoskeleton
of cancer cells, especially the highly polymerized cytoskeleton protein, actin, and tubulin, which leads to the alteration of the cell microstructures that are closely
correlated with cell motility. Our results indicate that ANXA2 plays an important role in enhancing the malignancy of gastric cancer cells by remodeling the cytoskeleton
microstructures of polymerization. In this short article, we will try to shed light on this very important problem helping chronic pain patients to understand the nature of
their pain and advising them how to deal with it.

Gastric cancer (GC) is the fifth most common cancer in the organization, actin remodeling, signal transduction, protein
digestive system and the third cause of cancer death globally assembly, transcription and mRNA transport, as well as DNA
[1). Despite the promise of cancer medicine, major difficulties replication and repair [4]. Published and our previous data
currently confront the treatment of cancer patients by indicate that the interactions of ANXA2 with other proteins
chemotherapy resistance and recurrence [2]. ANXA2 (Annexin function to maintain the tumor microenvironment and enhance
A2) is a multifunctional Ca>* and phospholipid-binding protein tumor growth [5].

that is expressed in a wide spectrum of cells, including those The special appearances and structures, especially
participating in the 1nf1amma.tory r?sponse .[3]' ANXA? l‘S a microstructures of cancer cells are usually changed as some
36-kDa member of the annexin family that is a Ca** binding morphological heterogeneity compared with normal cells. The
phospholipid protein family involved with tumor development, cytoskeleton is the major mechanical structure of the cell, and
and involved in endocytosis, exocytosis, membrane domain dynamically polymerized skeleton comprised of microtubules,
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actin, and intermediate filaments [6]. ANXA2 expression
inhibition in HCC cells caused cancer cell malignancy to
improve, which may benefit HCC therapy [7].

To study the significance of ANXA2 on the malignancy of
GC cells by remodeling motility-associated microstructures,
we silenced the expression of ANXA2 in SGC-7901 cells and
then detected or displayed the changes in the microstructure,
especially the cytoskeleton.

Materials and methods
Cell culture

The SGC-7901 cell line was purchased from ATCC (Rockville,
MD). The cells were cultured in DMEM medium purchased from
Invitrogen (New York, NY) supplemented with 10% fetal bovine
Serum (FBS), 100U/ml penicillin, and 50 pg/ml streptomycin
at 37 °C in a humidified incubator with 5% CO,. Cells in the
exponential phase of growth were used in each experiment.

siRNA vector construction and transfection

ANXA2 targeting siRNAs was designed following the
description by Vert, et al [8]. The vectors of targeting siRNAs
and siRNAscr (negative control) were constructed using
pU6H1-GFP by Biomics Biotech (Nantong, China). siRNAs
were induced into SGC-7901 cells using the calcium phosphate
transfection method described by Mostaghaci, et al [9]. The
medium was replaced with the medium containing antibiotics
at 16 h post-transfection.

RT-PCR analysis

To confirm the inhibition efficiency of the siRNAs to ANXA2
at mRNA level, the transcriptome of the cells siRNA transfected
at 72 h post-transfection were isolated using a Biozol reagent
kit (BIOER, Hangzhou, China) following the manufacture
instructions, and then RT-PCR was used to evaluate the
inhibition efficiency.

Western blot analysis

A 10% SDS-PAGE was run, and the lysate containing 20
ng protein was loaded into each lane unless stated otherwise.
The gel was transferred onto the NC membrane (PALL,
Washington, USA) at 4°C overnight, blocked with 4.5% fat-free
milk in TBST buffer containing 0.1% tween-20 (TBST) for 1 h,
incubated overnight at 4°C with rabbit anti-ANXA2 and GAPDH
purchased from Santa Cruz Biotechnology, Inc. or Cell Signaling
Technology, Inc. (CA, USA) (1:300 and 1:500.), washed 3 times
in TBST, re-incubated with HRP-conjugated Goat anti-rabbit
(1:3000. Bioss, Beijing, China) for 2 h at room temperature, re-
washed 3 times in TBST, and finally developed using enhanced
chemiluminescence (ECL) kit (Pierce, Shanghai, China).

MTT assay

MTT assay was used to detect the cell proliferation. 3 x
104cells/well were seeded into a 96-well plate, the lysate of
each group was prepared at 24 h, 48 h, 72 h and 96 h post-
transfection using 20 nl MTT [3-(4, 5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide](Sigma, USA) at 5 mg/
ml working concentration, and incubated at 37°C for s5rs,
finally added 150 pl dimethyl sulfoxide (DMSO) into each well
and incubated for 10 mins at room temperature to dissolve
formazan crystals. The absorbance of each well was measured
with an ELISA reader (BIO-TEK, New York, USA) at 562 nm.
The DMSO-treated group was used as a control.

Wound healing assay

Wound healing assay is a popularly used method to
estimate cell motility. When the transfected cells were cultured
to subconfluent density (80%) in a 30 mm dish, a hole wound
area was created with a pipette tip linked to a pump. The hole
wound area was photographed at 0 h, 24 h, and 48 h post hole
making, and measured using a software, Gene Tools, supplied
with a gel imager together (Junyi, Beijing, China). The cell
motility (migration rate) was evaluated using the formula as
follows: migration rate = (1 - At/A0) x 100%. Ao = the wound
area at 0 h, and At = wound area at 24 h or 48 h.

Transwell chamber assay

Briefly, cells were seeded into the top chamber with 8um
pores (Corning Costar Incorporated, New York, NY, USA) by 8 x
103 cells/200 pL serum-free medium, and the bottom chamber
was filled with RPMI1640 medium supplemented with 10%
FBS. The top chamber membrane was fixed with methanol,
stained with 0.1% crystal violet solution, then imaged and
counted under an inverted optical microscope.

Coomassie brilliant blue staining

Cells were cultured on coverslips in 30 mm dishes,
transfected using the same protocol as above, fixed in 4%
paraformaldehyde at 72 h post-transfection, permeabilized
with 0.1% triton X-100, and finally stained with 0.2% coomassie
brilliant blue R-250 (Dingguo, Xi’an, China) for45mins at
room temperature. Slips were imaged under a fluorescence
microscope (Zeiss, Germany).

Observation of the microstructure changes

Scanning Electron Microscope (SEM): Cells were cultured
on the coverslip in 30 mm dishes for 72 h after transfection. The
slip was rinsed using PBS, fixed in 2.5% glutaraldehyde(Sigma,
St. Louis, NY) for 1 h at 4 0C, dehydrated ingredient diluted
ethanol solutions (30%, 50%, 70%, 80%, 90%, 95%, 100%),
and finally imaged under a SEM (Quanta2000, Philips-FEI,
Netherlands) following the instruction book supplied with this
microscope together.

Transmission Electron Microscope (TEM): The slips’
treatment was the same as above and imaged under a TEM
(JEM-2100, Japan) following the instruction book supplied
with this microscope together.

Display of the microstructure-associated proteins

The slip treatment was the same as above and incubated in
2% BSA for 1 h. The treated slips were respectively incubated
with FITC-labeled phalloidine (1:200) and the rabbit anti-
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human antibodies against p-tubulin or Lamin B (1:50) in a
blocking buffer overnight at 4°C. After washing 3 times in PBS,
the slips incubated respectively with Cy3-labeled goat-anti-
rabbit for B-tubulin display, HRP goat anti-rabbit for Lamin
B display, 49-6-Diamidino-2-phenylindole (DAPI, Roche,
Germany) or Hoechst 33342 (kaiji, Nanjing, China) diluted in
blocking buffer (1:500) for 2 h for nuclei display. Finally, the
slips were imaged under the fluorescence microscope or laser
scanning confocal microscope (TCS SP5, Leica, Germany).

Statistical analysis

The statistical software, SPSS13.0, was used for all statistical
analyses. Each grouped experiment was repeated 3 times, and
the result data averages of each group were compared to each
other and shown as M + SD.

Ethical considerations

This study did not involve any sample of tissue from
humans or animals.

Results

The inhibition of ANXA2 expression suppressed the
development of motility-associated microstructures in
gastric cancer cells

To evaluate the inhibition efficiency of the siRNAs to
ANXA2, the Western blot and RT-PCR were used to detect
ANXA2 expression at protein and mRNA levels. Results
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indicated that ANXA2 expression was significantly inhibited at
levels of protein ((Figure 1A a,b) by 70% (siRNA1, p < 0.05)
and mRNA (Figure 1A c) by siRNA1 (The continued experiments
used siRNA1 only).

The pseudopodia/filopodia of each group were observed by
Coomassie brilliant blue staining or under scanning electron
microscopes, their developments in the siRNA1 group were
significantly inhibited and contact inhibition enhanced (Figure
1B, C). These findings indicate that ANXA2 expression is
important to maintain cell motility for enhancing invasion and
metastasis of cancer cells.

The inhibition of ANXA2 expression remodeled the
cytoskeleton by alternating the polymerization of F-actin and
B-tubulin in gastric cancer cells

Any effect on F-actin bundle assembly or disassembly may
be important to regulate the motility, invasion, and metastasis
of cancer cells. Using FITC-labeled phalloidine staining,
F-actin expression was significantly enhanced and vigorously
bundled and polymerized along the inner face of the membrane
in control group cells, but distinctly inhibited and disassembled
in the cells of the interfered group (Figure 2A,C), the results
above indicate that ANXA2 enhances the polymerization of
F-actin in SGC-7901 cells.

Microtubule is one of the exoskeleton basic proteins
associated with cell proliferation, motility, and material
transportation, so it is closely relevant to the malignancy
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Figure 1: The inhibition of ANXA2 expression remodeled the motility-associated microstructures in gastric cancer cells. A: (a, b) Inhibition efficiency to ANXA2 protein
expression by siRNA in SGC-7901 cells; (c) ANXA2 expression inhibition by RNAi. B: The coomassie brilliant blue staining observation shows that the microfilament
structure development was significantly inhibited in interfered group cells (siRNA1); C: The scanning electron microscope observation shows that the pseudopodia/
filopodia development was significantly inhibited and contact inhibition increased in interfered. Group cells (siRNAT1, scale bar: 10 um).
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maintenance of cancer cells. The polymerization of g-tubulin
was moderately inhibited in the interfered group (Figure 2B,D),
and no significant difference between both control groups.
This result implies that ANXA2 may enhance the microtubule
assembly for microtentacles formation in cancer cells to sustain
their proliferation and metastasis potentials.

The inhibition of ANXA2 expression suppressed the ma-
lignancy in gastric cancer cells

Down-regulation of ANXA2 inhibited cell proliferation:
High or active motility is an important malignant phenotype
of cancer cells. We used migration rate to evaluate cell motility
and designated a hole wound area healing assay (Figure 3A, B)
and a transwell assay (Figure 3C) for it. The results indicated
that down-regulation of ANXA2 expression inhibited cell
migration significantly.

MTT assay was used to evaluate the cell proliferation of
ANXA2 down-regulated cells. The result explored that the
proliferation of ANXA2 down-regulated cells was significantly
suppressed (Figure 3D).
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Discussion

Epithelial or endothelial cancer cells metastasize in a series
of linked, sequential steps initiated by extracellular matrix
remodeling followed by local tumor invasion. Elucidation
of the molecular processes contributing to an invasive cell
phenotype is critical to understanding tumor cell metastasis
[10]. The cancer cell motility enhancement of ANXA2 is possibly
programmed by activated EGFR-Src [11], JNK/c-Jun [12], NF-
xB [13], and Akt1-mTOR-ULK1/2 [14] signal pathways for the
increased expression and polymerization of cell microstructure
associated proteins, such as F-actin [15] and p-tubulin [16].

Our results showed that the inhibited expression of ANXA2
induced the decreased polymerization of F-actin and p-tubulin,
particularly for F-actin (Figure 2), subsequently the weak
motility associated plasticity of cancer cell dynamic cytoskeleton
modeled by the polymerization of F-actin and p-tubulin
following the increased cell contact inhibition (Figure 1), an
important phenotype of cancer cell malignancy, and caused a
dramatic effect on cells properties with statistically significant
reduction of cell migration and proliferation (Figure 3). The
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Figure 2: Immunofluorescence staining assay for the expression and polymerization of F-actin and B-tubulin at 96 h post-transfection (Scale bar: 25 pm). A, C: F-actin
expression and polymerization are inhibited or disassembled significantly in interfered group cells. B, D: B-tubulin expression is significantly enhanced and vigorously

bundled in wild-type and siRNAscr cells, and distinctly inhibited and disassembled in interfered group cells. E, F: The relative fluorescence intensity was computed using the
software supplied with a gel imager and graphpad prism together.
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Figure 3: Down-regulation of ANXA2 inhibits the motility of SGC-7901 cells. A: Cell migration assay. B: The migration rates were computed using the software supplied with

a gel imager together. C: Transwell assay. D: MTT assay.

subsequently inhibited expression of F-actin and p-tubulin
resulted in the poor development of cell pseudopodia/filopodia
with suppressed contact inhibition (Figure 1), and finally led to
the inhibited malignancy of cancer cells. Our results are also
supported by previous publications [17-20].

ANXA2 was reported as a malignant enhancer of GC
cells [16], and it is possibly intermediated by the activated
RhoAEGFR-Src, JNK/c-Jun [21] or Rho/ROCK/LIMK/Cofilin
[22] signal pathways [23]. Our previous study [24] reported
that ANXA2 changes GC cell malignancy as a cancer enhancer,
but current study further focused on ANXA2 critical role
in maintaining the malignancy in GC cells by remodeling
motility-associated microstructures, especially in enhancing
cell motility by remodeling cytoskeleton in GC cells.

In summary, our results explored that ANXA2 plays
important roles in maintaining the enhanced malignancy of GC
cells by enhancing the polymerization of F-actin and p-tubulin,
especially F-actin, and subsequently causes the cell motility
associated microstructures and cytoskeleton remodeled for the
vigorously enhanced malignancy of GC cancer cells. Therefore,
ANXA2 can be considered as a potential bio-marker or target
candidate for the diagnosis and therapy of GC in the future.
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