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Abstract
ANXA2 was reported as a multiple tumors relevant gene expressed excessively in many tumor tissue types, especially in the 
cancers from digestion system, and its aberrant expression enhances the malignant properties of cancer cells. We suppose that 
the microstructure heterogeneity is important to maintain the malignancy of cancer cells, and excessive ANXA2 expression 
enhance the malignancy by remodeling the microstructures of cancer cells. To validate the proposal, the ANXA2-/-caco2 cell 
line was generated and the changes of the microstructures in the ANXA2 deleted and wild type caco2 cells were observed 
under fluorescence microscope, laser scanning confocal microscope and electron microscope. We found that ANXA2 dele-
tion induced the pseudopodia shorted and spared, non-stained areas increased, mitochondria decreased, and the expression 
and polymerization of F-actin and β-tubulin changed. By the findings above, it is firstly reported in this paper that the ANXA2 
excessive expression induces the significant changes of the microstructures in cancer cells. Combining our previous data 
together, our results indicate that ANXA2 excessive expression enhances the malignancy of cancers partially by remodeling 
the cell microstructures.
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INTRODUCTION

ANXA2 (Annexin A2) is a 36-kDa member of the an-
nexin family that is Ca2+ binding phospholipid protein 
family involved in many diseases and tumor development 
(4). Published data (8, 17, 19, 21) and our previous data 
(9) indicate that ANXA2 is excessively expressed in nume-
rous tumor tissue types and enhances the malignancy of 
cancers for the proliferation, invasion, and metastasis of 
cancer cells.

The special appearances and structures, especially mi-
crostructures of cancer cells are usually changed as some 
morphological heterogeneity compared with normal cells. 
These changes are the basics for the malignant develop-
ment of cancers. The activation of the F-actin filament 
reorganization is one of the key events in the cancer cells 
with enhanced motility, and needs the interaction among 
the actin-binding proteins, regulatory proteins and actin 
cytoskeleton (1). ANXA2 mediates the F-actin reorgani-
zation by its binding to F-actin, thus ANXA2 is important 
to stabilize the membrane-associated protein complexes 
in actin cytoskeleton (6). ANXA2 functions as a platform 
so as to maintain the expression of membrane-associated 
actin cytoskeleton and promotes cell migration through 
the interaction with F-actin, and ANXA2 regulates F-actin 
polymerization by its affinity to the barbed end of actin mi-
crofilaments (16). Döppler et al reported that F-actin is im-
portant to pseudopodia formation and action, and increased 
reorganization of the actin cytoskeleton can enhance cell 
motility (5). Yu et al suggested that F-actin is crucial for 
extension of invasive pseudopods and for providing the 
correct cytoskeletal framework to couple matrix remode-
ling with protrusive invasion (20). The results introduced 
as above imply that the excessive ANXA2 expression may 
contribute to the enhancement of cancer malignant deve-
lopment by its interaction with F-actin. Microtubule may 

be also important to enhance the microstructure heteroge-
neity of cancer cells. The enhanced and stably reorgani-
zed microtubules promoted the microtentacles formation 
of cancer cells, and consequently facilitated cancer cells’ 
aggregation and reattachment in vitro (2, 13), so tubu-
lin expression and its reassembly may be a key event to 
maintain the malignancy of cancer cells. We proposed that 
the excessive ANXA2 expression may enhance the mali-
gnancy of cancer cells by its regulation for the expression 
and polymerization of F-actin and β-tubulin to remodel the 
microstructure heterogeneity of cancer cells. 

To remove the effects from the remained expression of 
the target gene, the correlation of the excessive ANXA2 
expression with the cell microstructure remodeling needs 
to be further studied in such an experimental environ-
ment without any ANXA2 expression. To explore the roles 
ANXA2 played to remodel cell microstructure objectively, 
in our study, ANXA2-/-caco2 cell line was successfully ge-
nerated, and the differences of cell malignancy relevant 
microstructures were observed and analyzed in ANXA2 

deleted and wild type caco2 cells.

MATERIALS AND METHODS

Generation of ANXA2-/-caco2 cell line
Cell culture and medium

Caco2 cells purchased from ATCC (Rockville, MD) 
were cultured with DMEM medium supplemented with 
10% fetal bovine serum at 37℃ and in 5% CO2. 

ANXA2 knockout recombinant construction
pPNT vector (Fig. 1A) was kindly obtained from Dr. Ye-

Shih Ho (Institution of Environmental Health Sciences, 
Wayne State University, Detroit, MI). The designated 
locus for human ANXA2 knockout is shown as Fig. 1B. 
The primers used for the recombinant (pPNT/ANXA2/
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EGFP) construction and positive cell clone identification 
are shown as Tab. 1.

Two genomic fragments (3.5kb) of ANXA2 were ampli-
fied from caco2 cell genomic DNA. The fragment 1 was 
inserted into the Not I/Xho I site at the upstream of neoR 
gene of pPNT. The fragment 3 was inserted into the Kpn 
I/EcoR I site at the downstream of neoR gene of pPNT. 
The fragment 2 amplified from pEGFP-C1 plasmid was 
inserted into the Asc I/SgrA I site rebuilt in fragment 1. The 
discover primers would be used to identify cell clones. All 
primers were synthesized by Sangon Biotech (Shanghai, 
China). 

Caco2 cell transfection
The recombinant (pPNT/ANXA2/EGFP) was digested by 

Not I to be linearized. Linearized recombinant was intro-
duced into caco2 cells by using a Bio-Rad Xcell-Electro-
porator (Bio-Rad China, Shanghai, China) and following 
the manufacturer’s instruction book. 

Selection for ANXA2-/-caco2 cell clone
Two days post transfection, add G418 (Calbiochem, 

German) into the transfected well and in another well that 
wild type caco2 cells were cultured with same density and 
conditions (G418 working concentration: 700µg/ml). Two 
weeks later, when wild type cells died all most, continue 
to culture the cells with G418 (700µg/ml) for four weeks. 
Then, clone the cells using limited dilution method: Make 
cell suspension in DMEM medium plus 20% FBS at 2.5 
cells/ml concentration, pipette the suspension and add into 
96-well plates (0.3ml/well). Check cell number for each 
well under a low resolution microscope and mark the wells 
containing single cell as “single clone”. When the cells in 
the wells marked as “single clone” grown up over 50% 
confluence, transfer them into the wells of 6-well plates to 
make expanded culture. 

Identification of ANXA2-/-caco2 cell clones
Identification by PCR

Each cell clone was identified using the previously desi-
gnated specific PCR (by using discover primers). Product 
lengths: 335bp for ANXA2+/+ cells; 335bp plus 2988bp for 
ANXA2+/- cells; 2988bp for the positive clone, ANXA2-/- 
cell. 

Identification by western blot
The PCR identified positive clones were confirmed 

using western blot. When the cell confluency was about 

90%, the cell lysate was collected to run a 10% SDS-
PAGE and nitrocellulose membrane (PALL, CA) transfer. 
The transferred membrane was incubated with polyclonal 
rabbit-anti human ANXA2 antibody (1:1000, Santa Cruz 
Biotech, CA) first, then with HRP labeled goat-anti rabbit 
antibody (1:3000, Biosynthesis Biotech, Beijing, China). 
The membrane was developed using an ECL Kit (Pierce, 
Shanghai, China) following the manufacture’s instruction. 
Experiment was repeated for three times independently. 

Observation for the microstructure changes
Observation under scanning electron microscope (SEM)  

The ANXA2 deleted and wild type caco2 cells were 
cultured on the slide cover-glasses in the wells of 6-wells 
plate for 24 hours. The cover-glass was rinsed using PBS 
and fixed for 1 hour at 4℃ using 2.5% Glutaraldehyde 
(Sigma, St. Louis, NY).  The fixed cells were dehydra-
ted using gradient diluted ethanol solutions (30%, 50%, 
70%, 80%×2, 90%×2, 95%×2, 100%×2, 15mins/each). 
The dehydrated cells were further treated following the 
instruction book of the environmental scanning electron 
microscope (Quanta2000, Philips-FEI, Netherlands) and 
observed under this microscope.

Observation under transmission electron microscope 
(TEM)

The cell grouping, fixing and dehydrating are same as 
the above. The cell samples were treated and observed fol-
lowing the instruction book of the transmission electron 
microscope (JEM-2100, Japan). 

Observation for the microstructure associated proteins 
F-actin

The ANXA2 deleted and wild type caco2 cells were 
cultured on the slide cover-glasses in the wells of 6-wells 
plate for 24 hours.  The cover-glass was rinsed using PBS 
for three times, fixed using 3.7% paraformaldehyde for 10 
minutes at 37℃ and treated with 0.1% TritonX-100 for 
10 minutes at 37℃. The cover-glass was firstly incubated 
with 10% normal goat serum (Ding-Guo Biotech, Beijing, 
China) for 45 minutes at room temperature, and then with 
FITC-labeled phalloidine (2μg/ml) (Ding-Guo Biotech, 
Beijing, China) for 60 minutes at room temperature. The 
cells were observed to check the F-actin changes under a 
fluorescence microscope (Leica, Germany) and laser scan-
ning confocal microscope (TCS SP5, Leica, Germany). 

Primer names Sequences (5’→3’) Lengths of amplified products

Upper I 1 Not I

Lower I 1 Xho I/SgrA I/Asc I

ATATATGCGGCCGCTTTGGGAAAACTACTTCCTTG 
ATTACAC
AGGCTCGAGCACCGGTGAAAGGCGCGCCCTGGTT 
GGTTCTGGAGCAGATGATCTCAATG

Insertion fragment 1 from genome 
(intron 5-6 + exon 6)

3542bp

Upper I 2 Asc I
Lower I 2 SgrA I

ATATATGGCGCGCCCGCCACCATGGTGAGCAAG
GCGCGCCACCGGTGTTATCTAGATCCGGTGGATCC

Insertion fragment 2 for EGFP
833bp

Upper I 3 Kpn I
Lower I 3 EcoR I

GAGAGAGGTACCGAGCTGCAGGAAATTAACAGAG
GTGCGCGAATTCTTCTAATAAACATTGCTGTCAG

Insertion fragment 3 from genome
(exon 6 + intron 6-7)

3524bp

Discover human ANXA2 Upper
Discover human ANXA2 Lower

GAAGTAGGCTAATGGTGGGGAAGC
AGGCAATGAGGAGGTGAAGGAGAG

ANXA2 +/+ cells: 335bp
ANXA2 +/- cells: 335/2988bp

ANXA2 -/- cells: 2988bp

Table 1. The primers used the knockout recombinant construction and cell clone identification.
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β-tubulin
The steps before antibody incubation are same with the 

steps before FITC-labeled phalloidine incubation in F-ac-
tin staining. After the normal goat serum was removed, 
the cover-glass was incubated with rabbit-anti-human 
β-tubulin polyclonal antibody (1:50) (Ding-Guo Biotech, 
Beijing, China) at 4℃ for overnight, and then with Cy3-
labeled goat-anti-rabbit IgG (1:100) at 4℃ for overnight. 
The cells were observed to check β-tubulin distribution 
under the fluorescence

RESULTS

Generation of the ANXA2-/-caco2 cell line
Insertion fragment1 was inserted into Not I /Xho I site of 

pPNT, insertion fragment3 was inserted into Kpn I /EcoR I 
site of pPNT, and insertion fragment2 was inserted into the 
Asc I /SgrA I site rebuilt in fragment1. The recombinant, 
pPNT/ANXA2/EGFP, was successfully constructed, and 

the success was confirmed by sequencing the recombinant. 
The recombinant plasmid, pPNT/ANXA2/EGFP, was 

linearized by the digestion with Not I. The linearized 
plasmid was induced into caco2 cells by using an elec-
troporator, and the transfection efficiency was over 80%. 
The transfected cells and wild type cells were continually 
cultured with G418 (700µg/ml) together for 6 weeks when 
the wild type cells died completely. The transfected and 
G418 selected caco2 cells were clonally cultured using a 
limitation dilution method to culture the single cell in each 
well of 96-well plates, and the grown up cells from each 
clone were transferred into each well of 6-wells plate for 
continual culture. The cell clone, 12B8, was identified as 
the positive clone, ANXA2-/-caco2 clone, by the result of 
the previously designated PCR (Fig. 1C), and confirmed 
by the result of western blot assay (Fig. 1D). The posi-
tive clone was expanded and stored as the ANXA2 deleted 
caco2 cell line in our lab.

Figure 1. The generation of ANXA2-/-caco2 cell line. A: The map of vector; B: The illustration of ANXA2 knockout approach; C: The ANXA2 
deleted cell clone identification using specific PCR (1, 2: ANXA2+/+caco2 cells; 3, 4: ANXA2+/-caco cells; 5, 6: ANXA2-/-caco2 cells; 7: DNA 
ladder); D: The ANXA2 deleted cell clone confirmation using western blot (1, 2: ANXA2+/+caco2 cells; 3, 4: ANXA2-/- caco2 cells).

Figure 2. The cultured cells under scanning electron microscope.The pseudopodia/filopodia of wild type caco2 cells is much more vigorous than 
those of ANXA2 deleted caco2 cells. The contact inhibition reappears in ANXA2 deleted cells.
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The cell structure changes after ANXA2 deletion
In order to explore the correlation of ANXA2 with can-

cer cell motility, the microstructures of pseudopodia/filo-
podia in ANXA2 deleted and wild type caco2 cells were 
observed under scanning electron microscope and trans-
mission electron microscope. The pseudopodia/filopodia 
of wild type caco2 cells were much more vigorous than 
those of ANXA2 deleted caco2 cells, and the contact in-
hibition among cells reappeared in ANXA2 deleted cells 
(Fig. 2).Much more cytosol transparent bubbles could be 
observed in ANXA2 deleted cells than in wild type caco2 
cells (Fig. 3). These findings indicate that ANXA2 expres-
sion is important to maintain the enhanced cell motility for 
the invasion and metastasis of cancers and the unlimited 
proliferation of cancer cells.

The F-actin changes after ANXA2 deletion
Any effect on F-actin bundles assembly or disassembly 

may be important to regulate the motility, invasion and 
metastasis of cancer cells. We compared F-actin expres-
sion in wild type and ANXA2 deleted caco2 cells by dis-
playing F-actin using FITC-labeled phalloidine staining. 
F-actin expression was significantly enhanced and vigo-
rously bundled along the inner face of membrane in wild 
type caco2 cells, but distinctly inhibited and disassembled 
in ANXA2 deleted caco2 cells (Fig. 4). The changes above 
indicate a close correlation between ANXA2 expression 
and F-actin changes in caco2 cells.

The β-tubulin changes after ANXA2 deletion
By the enhanced microtubule stability and assembly, 

cancer cells present an increased deformability to conquer 
the deforming force during their metastasis through micro-
capillary vessels system. Tubulin is important to increase 
cell deformability and motility. Using β-tubulin immu-
nofluorescence staining assay, the significantly inhibited 
β-tubulin expression and polymerization was observed 

in ANXA2 deleted caco2 cells comparing with wild type 
caco2 cells (Fig. 5). This result implies that caco2 cells 
may utilize ANXA2 to sustain their microtubule assembly 
for microtentacles formation and enhance their metastatic 
potential like what described by Matrone et al (13) and 
Chen et al (3).

DISCUSSION

ANXA2 is excessively expressed usually in malignant 
tumors and may play roles in cancer invasion and metas-
tasis (9, 10). The enhanced motility is necessary for the 
cancer cells with powerful migration behavior, and pseu-
dopodia/filopodia are essential structures for such a cell 
type. Pseudopodium is the thin, sheet-like protrusion filled 
with polymerized actin meshwork, and filopodia is the fin-
ger-like protrusion filled with tight bundles of filamentous 
actin (14). Filopodia promotes cell motility directly, so 
abundant filopodia bundles enhance cancer cells migra-
tion and metastasis (18). We observed much weaker and 
poorer developed pseudopodia/filopodia in ANXA2 dele-
ted caco2 cells than in wild type caco2 cells, the contact 
inhibition among cells reappeared in ANXA2 deleted cells 
(Fig. 2), and much more cytosol transparent bubbles in 
ANXA2 deleted caco2 cells than in wild type caco2 cells 
(Fig. 3). These findings indicate that ANXA2 is necessary 
to maintain the enhanced cell motility for the invasion and 
metastasis of cancers. F-actin expression and its polyme-
rization are essential for the development of pseudopodia/
filopodia (12), we hypothesize that ANXA2 may increase 
the F-actin polymerization when the pseudopodia/filopo-
dia sprouting and elongating is enhanced. ANXA2 dele-
tion inhibits F-actin polymerization and causes the poor 
development of pseudopodia/filopodia, and finally results 
in weak motility of cancer cells.

ANXA2-S100A10 heterotetramer enhances F-actin 
bundles in vitro (11) and orients F-actin to lipid rafts of cell 

Figure 3. The observation for cultured cells under transmission electron microscope. Much more cytosol transparent bubbles are formed in 
ANXA2 deleted cells than in wild type caco2 cells.
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membrane (22). Our results indicate that following ANXA2 
deletion, F-actin polymerization was decreased in ANXA2 

deleted cells (Fig. 4). This result indicates that ANXA2 is 
necessary for F-actin polymerization. Other factors, such 
as Rho GTPase (1), may function with ANXA2 together 
to enhance F-actin polymerization. ANXA2 orients signal 

molecules to specific membrane domain where actins 
will be polymerized (7), but the orientation is disrupted 
in ANXA2 deleted cells. It is easy to be understood that 
ANXA2 interacts with actins to maintain the enhanced 
motility so as to promote the invasion and metastasis of 
cancer cells.

Figure 5. Immunofluorescence staining assay for β-tubulin. DAPI staining is for nuclei. β-tubulin expression is significantly enhanced and 
vigorously bundled in wild type caco2 cells, and distinctly inhibited and disassembled in ANXA2 deleted caco2 cells.

Fiure 4. Immunofluorescence staining assay for F-actin. A: Under fluorescence microscope; B: Under laser confocal microscope DAPI staining is 
for nuclei. F-actin expression is significantly enhanced and vigorously bundled in wild type caco2 cells, and distinctly inhibited and disassembled 
in ANXA2 deleted caco2 cells.
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Microtubules are the essential elements to form the ac-
tive microtentacles (McTNs) (13) that facilitate the moti-
lity of cancer cells and enhance the malignancy of cancers 
consequently. Cancer cells are more deformable than nor-
mal cells depending on the enhanced stability of microtu-
bules (3), and the increased deformability facilitates can-
cer metastasis. Fig. 5 shows that ANXA2 deletion induced 
β-tubulin expression decreased and microtubules disas-
sembled. The enhanced microtubule disassembly may re-
sult in cell lamellipodia formation inhibited, cell motility 
decreased, and cell proliferation disrupted. Reported data 
explored that the microtubule disassembly destabilizes 
vascular vessels, and inhibits angiogenesis and VEGFR2 
expression (15), so the disassembly suppresses the inva-
sion and metastasis of cancer. Our results indicate that the 
expression and polymerization of F-actin and β-tubulin 
were evidently disrupted in ANXA2 deleted caco2 cells, 
and ANXA2 may play important roles for the expression 
and polymerization of F-actin and β-tubulin to enhance the 
motility, angiogenesis, invasion, and metastasis of cancer 
cells. 

In summary, we constructed ANXA2-/-caco2 cell line suc-
cessfully, observed the changes of the pseudopodia/filopo-
dia microstructures and the expression and polymerization 
of F-actin and β-tubulin after ANXA2 deletion. We found 
that the ANXA2 deletion resulted in the pseudopodia/filo-
podia weakened, loosed, and non-stained areas increased, 
the contact inhibition among cells reappeared, and caused 
the expression of F-actin and β-tubulin inhibited, and 
induced the polymerized F-actin and β-tubulin disassem-
bled. These findings indicate that ANXA2 plays important 
roles to maintain the enhanced motility and suppressed 
contact inhibition of cancer cells by increasing the expres-
sions of F-actin and β-tubulin, and assembling the bundles 
of F-actin and β-tubulin. By the roles above, the motility 
of cancer cells can be vigorously enhanced, consequently, 
the invasion and metastasis of cancers can be promoted. In 
conclusion, ANXA2 enhances the invasion and metastasis 
of cancers by increasing the expression and polymeriza-
tion of F-actin and β-tubulin, and suppressing cell contact 
inhibition, consequently, promotes the invasion and me-
tastasis of cancers. ANXA2 can be considered as an impor-
tant candidate to be used as a targeting gene for the gene 
therapy of cancers.
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