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Silencing of ANXA3 expression by RNA interference inhibits
the proliferation and invasion of breast cancer cells
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Abstract. The present study aimed to explore the expres-
sion of Annexin A3 (ANXA3) in breast cancer cells and the
mechanisms involved in the regulatory effects of ANXA3 on
proliferation, invasion and migration of breast cancer cells.
Fluorescence quantitative reverse transcription-polymerase
chain reaction (QRT-PCR) and western blotting were used
to measure the expression of ANXA3 mRNA and protein
in two breast cancer cell lines (MDA-MB-231 and MCF-7).
Three ANXA3 silencing shRNA plasmids (ANXA3-sh1-3)
and one negative control plasmid were constructed, and the
Lipofectamine transfection method was used for transfecting
human breast cancer cell line MDA-MB-231. Flow cytometry
was used to measure the transfection efficiency. The expres-
sion of ANXAS3 protein was measured by western blotting.
Cell cycle distribution and apoptosis were assessed by flow
cytometry. Migration and invasion of the transfected cells were
evaluated using wound healing and Transwell assays, respec-
tively. The expression levels of ANXA3 mRNA and protein
were significantly higher in the MDA-MB-231 cells than levels
in the MCF-7 cells. Western blotting showed that the ANXA3
protein level was significantly lower in the MDA-MB-231-Sh
cells than that in the MDA-MB-231 and MDA-MB-231-NC
cells. In addition, the percentage of G, cells and the apoptosis
rate were significantly higher, while the cell proliferation rate
was significantly lower, in the MDA-MB-231-Sh cells when
compared with the MDA-MB-231-NC and MDA-MB-231
cells. The cell migration and invasion abilities were also
lower in the MDA-MB-231-Sh cells than these abilities in the
MDA-MB-231-NC and MDA-MB-231 cells. The present study
investigated the relationships between ANXA3 and prolifera-
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tion, apoptosis, migration and invasion of breast cancer cells
to elucidate the mechanisms involved in the development,
progression, invasion and metastasis of breast cancer.

Introduction

Breast cancer is one of the most common cancers among
women, and its incidence is increasing every year. Breast cancer
accounts for 25-30% of all the cases of malignancy among
women in Europe and the USA. In China, breast cancer is now
the first leading malignancy among women. The invasion,
metastasis and recurrence of breast cancer affect the survival
and the quality of life of patients. Therefore, it is important
to investigate the mechanisms involved in the development,
progression, invasion, metastasis and recurrence of breast
cancer for treating this disease and improving the survival
of patients. The Annexin A3 (ANXA3) family is a family
of Ca**-dependent phospholipid- and membrane-binding
proteins (1,2). ANXA3 plays a role in membrane transport
and other calmodulin-dependent activities on the membrane
surface. It is involved in regulating inflammatory responses,
cell differentiation, and interactions of cytoskeletal proteins.
The expression of ANXA3 is associated with multiple human
diseases. For instance, Annexin can mediate cell signaling
pathways, cell movement, tumor invasion and metastasis,
cell apoptosis, and drug resistance in the development and
progression of tumors (3-6). As a member of the Annexin
family, ANXA3 plays an important role in tumorigenesis, cell
proliferation, apoptosis, invasion, metastasis and drug resis-
tance (7,8). However, the effects and roles of ANXAS3 in breast
cancer are still unclear. The present study investigated the
relationships between ANXA3 and proliferation, apoptosis,
migration and invasion of breast cancer cells to elucidate the
mechanisms involved in the development, progression, inva-
sion and metastasis of breast cancer.

Materials and methods

Cell lines. MDA-MB-231 and MCF-7 cell lines were passaged
and cultured in RPMI-1640 medium containing 10% fetal
bovine serum (FBS) and 100 U/I of penicillin and strepto-
mycin. The cells were cultured in an incubator at 37°C in 5%
CO,.
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Reagents and equipment. Lipofectamine 2000 was purchased
fromInvitrogen (Carlsbad, CA,USA).Polyvinylidene difluoride
(PVDF) membrane and agarose were obtained from Bio-Rad
(Mississauga, ON, Canada). RPMI-1640 culture medium and
bovine serum albumin were procured from Gibco-BRL (Life
Technologies, Paisley, Auckland). Primers were obtained from
Sangon (Shanghai, China). The High Purity Plasmid Miniprep
kit was purchased from Tiangen Biochemical Technology
Co., Ltd. (Beijing, China). RNAiso total RNA extraction
reagent, HiScript II First Strand cDNA Synthesis kit, and
qPCR SYBR-Green Master Mix were procured from Vazyme
Biotech (Nanjing, China). The Annexin V-PE/7-AAD kit and
Matrigel matrix basement membrane were purchased from
BD (San Diego, CA, USA), and Transwell 3422 was obtained
from Corning (Tewksbury, MA, USA). The equipment used
in the present study included an Epics-XL flow cytometer
(Beckman Coulter, Miami, FL, USA), polymerase chain
reaction (PCR) instrument (Eppendorf, Hamburg, Germany),
and an Mx3000P fluorescence quantitative PCR instrument
(Agilent, Santa Clara, CA, USA).

Assessing the expression of ANXA3 mRNA using fluorescence
quantitative RT-PCR. MDA-MB-231 and MCF-7 cells that
grew well and were in the logarithmic phase were collected
and washed with cold phosphate-buffered saline (PBS) twice.
Then, 1 ml of RNA isolater was added to extract total RNA
using the one-step method. cDNA was obtained by reverse
transcription, which was used as the template for PCR. Human
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as the internal reference for standardization. SYBR-
Green I was used as the fluorescent dye. Real-time PCR was
performed according to the standard protocol. The experi-
ments for each sample were repeated thrice. The forward
primer for ANXA3 was, 5"“TCCGAAACATCTGGTGAC-3'
and the reverse primer was, 3'-TCAAGTTCTTCGTAAT
ACCGAT-5'; the forward primer for GAPDH was, 3'-CACT
ACCGTACCTGACACCA-5', and the reverse primer was
3-ATGTCGTTGTCCCACCACCT-5". The 22" method was
used to calculate the relative expression level of ANXA3
mRNA (ACt = CTxxxas - CToappn)-

Assessing the expression of ANXA3 protein using western
blotting. MDA-MB-231 and MCF-7 cells that grew well and
were in the logarithmic phase were collected and washed
with cold PBS twice. The cell lysis solution was added to
collect total protein, and the bicinchoninic acid assay was
used to evaluate the protein concentration. Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (10%, 50 pg/well)
was used for separation, and the protein was transferred
onto the PVDF membrane, which was then incubated over-
night at 4°C with 5% skimmed milk. Then, 1:500 diluted
mouse anti-human ANXA3 monoclonal antibody or 1:4,000
diluted rabbit anti-human f-actin monoclonal antibody was
added. After incubating at room temperature for 1 h, the
membrane was washed thrice. Next, 1:20,000 diluted fluoro-
chrome-labeled secondary antibody was added and incubated
at room temperature for 2 h. The membranes were imaged
using the infrared imaging system. f-actin was used as the
internal reference to analyze the relative expression level of the
ANXA3 protein. The experiment was repeated thrice.
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Table I. shRNA targets for the ANXA3 gene.

No. Target sequence

GGACAAGCAGGCAAATGAAGG
GCATTATGGCTATTCCCTATA
3 GAGATGACATTAGTTCCGAAA

ANXA3, Annexin A3.

Construction of the RNA interference lentiviral vector.
pGMIV-SCS was used for constructing the RNA interference
lentiviral vector. Restrictive endonucleases BamHI (GGATCC)
and EcoRI (GAATTC) were used to linearize the vectors, and
then target RNAIi sequences were connected to construct the
lentiviral vector with target RNAi sequences.

Selection of the shRNA target: the RNAi sequences for
ANXA3 gene were designed using the public network. Multiple
targeting RNAi sequences were designed in the present study,
and then the sequences with the best kinetic parameters were
selected, according to the experiences and the evaluation by
the software, for the consequent experiments. The shRNA
target sequences are listed in Table I.

Design of the shRNA primer: oligomeric single-stranded
DNA for the shRNA was designed and synthesized according
to the gene sequences. The oligo sequences are shown in
Table II.

Construction of the reconstructed RNAi lentiviral plasmid.
The oligomeric single-stranded DNA was annealed to obtain
a double-stranded shRNA oligo which was inserted into the
shRNA lentiviral vector to construct the reconstructed siRNA
lentiviral plasmid, and then competent DH5a cells were trans-
fected. Several single colonies were selected and cultured in
the flask. The positive clones were identified by sequencing.
The plasmids were extracted after the sequencing confirmed
that the plasmids were successfully constructed. After the
concentration was measured, the plasmids were stored at
-20°C until use.

Transfection of the MDA-MB-231 cells with small hairpin
RNA-containing plasmids. The MDA-MB-231 cells were
transfected with small hairpin RNA (shRNA)-containing plas-
mids to silence the ANXA3 gene. The reagents used were as
follows. i) Reagent 1: 6 ul of Lipofectamine 2000 was mixed
with 244 ul of RPMI-1640 culture medium (FBS- and anti-
biotic-free), and then placed at room temperature for 5 min;
ii) reagent 2: 10 ul of shRNA plasmid (containing 4 pg
plasmid; ANXA3-shl-3 and negative control plasmids) was
mixed with 240 ul of RPMI-1640 culture medium (FBS- and
antibiotic-free) and then placed at room temperature for 5 min.

The procedures for the cell transfection were as follows.
MDA-MB-231 cells in the logarithmic phase were collected
and cultured in 6-well plate at the density of 4x10%/well.
After the cells reached 85-90% confluence, transfection was
performed. The cells were washed with RPMI-1640 medium
(FBS- and antibiotic-free) twice, and 2 ml of FBS- and anti-
biotic-free RPMI-1640 culture medium was added into each
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Table II. Sequences of the oligo DNA for shRNA.
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Oligo

Sequence of the oligomeric single-stranded DNA (5' to 3')

5753H_ANXA3-sh1-T (BamHI)
5753H_ANXA3-sh1-B (EcoRI)
5754H_ANXA3-sh2-T (BamHI)
5754H_ANXA3-sh2-B (EcoRI)
5755H_ANXA3-sh3-T (BamHI)
5755H_ANXA3-sh3-B (EcoRI)

GATCCGGACAAGCAGGCAAATGAAGGTTCAAGAGACCTTCATTTGCCTGCTTGTCCTTTTTTG
AATTCAAAAAAGGACAAGCAGGCAAATGAAGGTCTCTTGAACCTTCATTTGCCTGCTTGTCCG
GATCCGCATTATGGCTATTCCCTATATTCAAGAGATATAGGGAATAGCCATAATGCTTTTTTG
AATTCAAAAAAGCATTATGGCTATTCCCTATATCTCTTGAATATAGGGAATAGCCATAATGCG
GATCCGAGATGACATTAGTTCCGAAACTCGAGTTTCGGAACTAATGTCATCTCTTTTTT
AATTAAAAAAGAGATGACATTAGTTCCGAAACTCGAGTTTCGGAACTAATGTCATCTCG

well. The reagents 1 and 2 were mixed gently, placed at room
temperature for 20 min, and then added into the wells. The
medium was changed to complete culture medium 6 h later,
and a fluorescence microscope was used to observe the cells
at 48 h after the transfection. Untreated cells (blank control
group) and cells treated with only Lipofectamine (liposome
group) were used as the controls.

Evaluating transfection efficiency using flow cytometry. The
cells were collected at 48 h after the transfection and washed
with PBS once. Then, the green fluorescence in the cells
was measured using flow cytometry. The percentage of cells
expressing green fluorescence (in all the cells observed) was
calculated as the transfection efficiency.

Evaluating the expression of ANXA3 mRNA using quantita-
tive reverse transcription-PCR. The cells were collected at
48 h after the transfection, washed with PBS twice, and then
treated (as described in the section ‘Measuring the expression
of ANXA3 mRNA using fluorescence quantitative RT-PCR”).
The 22 method was used to calculate the relative expression
level of ANXA3 mRNA (ACt = CTynxas - CTgappn), Which
was used to assess the silencing effects of the plasmids on the
ANXA3 gene. The plasmid with the best interference effects
was selected. The experiments were repeated thrice.

Identifying stably transfected cells with puromycin. The
experiments showed that the ANXA3 silencing effects of the
plasmid ANXA3-sh2 were the best. Thus, this plasmid was
chosen for the consequent siRNA experiments. After the
MDA-MB-231 cells were transfected with the ANXA3-sh2
plasmid and the negative control plasmid for 48 h, the cells
were 1:10 diluted with RPMI-1640 medium and cultured in
a 6-well plate at the density of 5x10*/well. Then, 600 ng/ml
of puromycin was added into each well. The non-transfected
MDA-MB-231 cells were used as the blank control. After
the cells were cultured for 14 days, the surviving cells were
considered as stably transfected cells. The cells transfected
with ANXA3-sh2 were named as MDA-MB-231-Sh, while
the cells transfected with the negative control plasmid were
named as MDA-MB-231-NC. Both the MDA-MB-231-Sh and
MDA-MB-231-NC cells were cultured in complete culture
medium containing 300 ng/ml of puromycin.

Assessing the expression of ANXA3 protein using western
blotting in the transfected cells. The MDA-MB-231,

MDA-MB-231-NC and MDA-MB-231-Sh cells that grew well
and were in the logarithmic phase were collected, washed with
cold PBS twice, and then treated (as described in the section
‘Measuring the expression of ANXA3 protein using western
blotting’) for western blotting.

Assessing cell cycle distribution using flow cytometry. The
MDA-MB-231, MDA-MB-231-NC and MDA-MB-231-Sh
cells that grew well and were in the logarithmic phase were
collected, washed with cold PBS twice, and fixed with 70%
ethanol at 4°C for 24 h. Then, the cells were again washed with
PBS twice, and the cell density was adjusted to 1x107/ml. Next,
100 pl of cell suspension was collected, and 1 ml of propidium
iodide was added. After incubating at 4°C for 30 min, flow
cytometry was performed and MultiCycle AV software
(Beckman Coulter) was used to analyze the cell cycle.

Assessing cell apoptosis using flow cytometry. The
MDA-MB-231, MDA-MB-231-NC and MDA-MB-231-Sh
cells that grew well and were in the logarithmic phase were
collected and washed with cold PBS twice. The cell density
was adjusted to 1x10"/ml. Then, 100 ul of cell suspension was
collected, washed with cold PBS once, and suspended in 100 u1
of 1X binding buffer. Afterwards, 10 pl of Annexin V-PE was
added, and the mixture was placed on ice for 15 min in the
dark. Next, 380 pl of 1X binding buffer and 10 ul of 7-AAD
were added, incubated on ice for 15 min in the dark, washed
with cold PBS once, and suspended with 1 ml of PBS. The
apoptosis of the cells was measured using flow cytometry.
The EXPO32 ADC software (Beckman Coulter) was used to
analyze the immunofluorescence data and evaluate the apop-
tosis rate.

Evaluating cell migration using the wound healing assay.
Transverse lines were drawn at the back of the 6-well culture
plate evenly with a marking pen, with the distance of 0.5 cm
between each two lines. Five lines were drawn for each well.
Then, ~5x10° cells were seeded in each well, which reached
100% confluence after overnight incubation. On the second
day, a 10-ul pipette tip was used to make scratches vertical
to the lines drawn by the marking pen (the same pipette tip
was used to make scratches for all the wells). The cells were
washed thrice with PBS to remove the unattached cells, and
then the serum-free culture medium was added. The cells were
cultured in an incubator at 37°C and 5% CO,. Images of the
cells were captured at 0 and 24 h.
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Figure 1. Assessment of the expression of ANXA3 mRNA in the MDA-MB-231 and MCF-7 cells using fluorescence quantitative RT-PCR. Expression of

ANXA3 mRNA in the MDA-MB-231 vs. the MCF-7 cells ("P<0.01).
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Figure 2. Assessment of the expression of ANXA3 protein in the MDA-MB-231 and MCF-7 cells using western blotting. (A) Western blotting showed that the
expression of ANXA3 protein was higher in the MDA-MB-231 cells than that in the MCF-7 cells. (B) Expression of ANXA3 protein in the MDA-MB-231 vs.

MCF-7 cells ('P<0.01).

Evaluating cell invasion using the Transwell assay. Matrigel
and serum-free RPMI-1640 culture medium were mixed
(1:8) and used to cover the upper well of the Transwell filter
apparatus. Then, 60 ul of diluted Matrigel was added into each
well and incubated at 37°C for 4 h to allow the Matrigel to
turn white. The residual fluid was removed from the culture
medium. Next, 50 1 of serum-free RPMI-1640 culture medium
was added into each well and incubated at 37°C for 30 min.
The MDA-MB-231, MDA-MB-231-NC and MDA-MB-231-Sh
cells that grew well and were in the logarithmic phase were
collected, starved in the serum-free medium for 12 h, and
then suspended in the serum-free RPMI-1640 medium. Then,
200 pul of cell suspension (containing 2x10* cells) was added
into the upper well, and 600 ul of complete culture medium
was added into the lower well of the Transwell filter apparatus.
The cells were cultured at 37°C in 5% CO, for 24 h, the upper
well was removed, the cells were cleared from the upper well
with a cotton swap, crystal violet staining was performed,
and the cells that migrated from the upper well to the lower
well were counted under a x200 microscope in five randomly
selected visual fields.

Results

ANXA3 mRNA and protein levels in the MDA-MB-231 and
MCF-7 cells. The ANXA3 mRNA and protein levels in the
MDA-MB-231 and MCF-7 cells were measured using fluores-
cence quantitative RT-PCR and western blotting, respectively.
The results showed that the relative expression level of the

ANXA3 mRNA was 0.0696+0.0248 in the MDA-MB-231
cells, which was significantly higher than the level in the
MCEF-7 cells (0.0236+0.0149; P<0.01; Fig. 1). The relative
expression level of ANXA3 protein was also significantly
higher in the MDA-MB-231 cells than that in the MCF-7
cells (P<0.01; Fig. 2). The expression of ANXA3 mRNA and
protein was in a parallel trend in the cells.

Construction of the shRNA interference lentiviral vector.
The lentiviral vectors were successfully constructed. The
sequencing results of the shRNA interference vector are shown
in Figs. 3 and 4. The comparison showed that the sequences
of the inserted segments were completely identical to the
sequences of the designed oligo, suggesting that the lentiviral
vectors were successfully constructed.

Silencing of the ANXA3 gene in the MDA-MB-231 cells
by the transfection of shRNA plasmid. After the cells were
transfected for 48 h, the observation using the fluorescence
microscope showed the expression of green fluorescence in
the cells transfected with H_ANXA3-shl, H ANXA3-sh2,
H_ANXA3-sh3, and negative control plasmid. However, the
non-transfected cells (blank control) and the MDA-MB-231
cells in the liposome group were found without the expression
of green fluorescence (Fig. 5).

Evaluating transfection efficiency using flow cytometry.
After the MDA-MB-231 cells were transfected for 48 h, flow
cytometry was used to evaluate the transfection efficiency.
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shRNA Sequencing results (shRNA primer ShRNA target site))

H_ANXA3 CCTGCAATACGATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATAC

-shl GTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTA
ACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAGGATCCGGACAAGCAGGCAAATGAAGGITTC
AAGAGACCTTCATTTGCCTGCTTGTCCTTTTITGAATTCTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGC
CCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACG
TCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACT
GCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGG
CATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGA
TGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCA
ATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCG
GTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGCGCTACCGGTCGCCA
CCATGGCCCAGTCCAAGCACGGCCTGACCAAGGAGATGACCATGAAGTACCGCATGGAGGGCTGCGTGGACGGCCACAA
GTTCGTGATCACCGGCGAGGGCATCGGCTACCCCTTCAAGGGCAAGCAGGCCATCAACCTGTGCGTGTGGAGGGCGGCCC
CTTGCCCTTCGCGAGGACATCTTGTCCGCCGCCTTCATGTACGGCAACGCGTGTTCACCGAGTACCCCAGGACATCGTCGA
CTACTTCAGAACTCCTGCCCCGCCGGCTACACCTGGGACCGCTTCTTCCTTGTTC

H_ANXA3  CTGGCATTACGATACAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGT

-sh2 GACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAAC
TTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAGGATCCIGCATTATGGCTATTCCCTATAITTCAAG
AGATATAGGGAATAGCCATAATGCTTTTTTGAATTCTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCA
TATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCA
ATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCC
CACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCAT
TATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGC
GGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATG
GGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTA
GGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGCGCTACCGGTCGCCACCAT
GGCCCAGTCCAAGCACGGCCTGACCAAAGGAGATGACCATGAAGTACCGCATGGAGGGCTGCGTGGACGGCCACAAGTTC
GTGATCACCGGCGAGGGCATCGGCTACCCCTTCAAGGGCAAGCAGGCCATCAACCTGTGCGTGGTGGAGGGCGGCCCCTT
GCCCTTCGCCGAGGACATCTGTCCGCGCCTCATGTACGGCAACGCGTGTTCACGAGTACCCCCAGACATCGTCGACTACTT
CAGAACTCTGCCCCGCGCTACACTGGACGCTCTTCTGTCGAGACGGCGCGTGGTGCATCTGCACGCGACATCA

H_ANXA3  CTTGGCAAATACGATACAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATA

-sh3 CGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGT
AACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAGGATCOGAGATGACATTAGTTCCGAAA|CT
CGAGTTTCGGAACTAATGTCATCTCTTTTTTAATTCTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCA
TATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCA
ATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCC
CACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCAT
TATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGC
GGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATG
GGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTA
GGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGCGCTACCGGTCGCCACCAT
GGCCCAGTCCAAGCACGGCCTGACCAAGGAGATGACCATGAAGTACCGCATGGAGGGCTGCGTGGACGGCCACAAGTTCG
TGATCACCGGCGAGGGCATCGGCTACCCCTTCAGGGCAAGCAGGCCATCATCTGTGCGTGTGAGGGCGGCTCCTTGCCCTT
CGCGAGGACATCTTGTCCGCGCCTTCATGTACGCACGCGTGTCACGAGTACCCCAGACATCGTCGACTACTTCAGACTCCT
GCCCGCGGCTACCCCTGGGACCGCTCCTTCCTGTTCGAGA

Figure 3. Sequencing results of the shRNA interference lentiviral vector.

The results showed that the transfection efficiency was H_ANXA3-shl, H_ANXA3-sh2, H_ANXA3-sh3 and nega-
82.97+0.37, 85.25+£1.07, 82.33+0.32 and 81.41+0.28% in the tive control groups, respectively. The transfection efficiency
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Figure 4. Sequences of the shRNA interference lentiviral vector (part).
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Figure 5. Observation of the expression of green fluorescence using the a fluorescence microscope (magnification, x100).
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Figure 6. (A) Evaluating the transfection efficiency using flow cytometry. (B) The percentage of cells expressing green fluorescence as determined using flow
cytometry represents the transfection efficiency. “P<0.01, compared with the cells transfected with H_ANXA3-sh2.
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Figure 7. Assessment of the expression of ANXA3 mRNA in the transfected cells using fluorescence quantitative RT-PCR; "P<0.05, compared with the expres-
sion of ANXA3 mRNA in the MDA-MB-231 cells transfected with H_ANXA3-sh2.
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Figure 8. Cells treated with 600 ng/ml puromycin for 14 days (magnification, x100).

in the H_ANXA3-sh2 group was the highest, and the differ-
ences from all the other groups were statistically significant
(P<0.01; Fig. 6).

Assessing the expression of ANXA3 mRNA in the trans-
fected cells using fluorescence quantitative RT-PCR.
The results showed that the ANXA3 mRNA level in the
MDA-MB-231 cells transfected with H_ANXA3-shl,
H_ANXA3-sh2, H_ANXA3-sh3, and negative control
plasmid was 0.0196+0.0002, 0.0085+0.0002, 0.0220+0.0035,
and 0.0661+0.0057, respectively, while the ANXA3 mRNA
level in the blank control group and liposome group was
0.0692+0.0050 and 0.0652+0.0118, respectively. The expres-
sion of ANXA3 mRNA was significantly lower in the

MDA-MB-231 cells transfected with H_ANXA3-sh2 than in
the other groups (P<0.05; Fig. 7), suggesting that the ANXA3
gene silencing effect of H_ANXA3-sh2 was the highest.
Therefore, H_ANXA3-sh2 was chosen for the consequent
experiments.

Identifying stably transfected cells using puromycin. After
treatment with 600 ng/ml puromycin for 14 days, all cells in
the blank control group died, while a large number of cells
transfected with ANXA3-sh2 and negative control plasmids
were viable (Fig. 8). The surviving cells were the stably
transfected cells. The cells transfected with ANXA3-sh2 and
negative control plasmids were named as MDA-MB-231-Sh
and MDA-MB-231-NC cells, respectively.
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Figure 9. (A) Assessment of the expression of ANXA3 protein in the transfected cells using western blotting. (B) The expression of ANXA3 protein in the
MDA-MB-231-Sh cells was significantly decreased, suggesting that the transfection of ANXA3-targeting shRNA significantly downregulated the expression

of ANXA3 protein. "P<0.01, compared with the MDA-MB-231-Sh cells.
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Figure 10. Evaluation of the cell cycle of the transfected cells using flow cytometry. (A) Assessment of the cell cycle in the transfected cells, negative control
cells, and blank control cells. Propidium iodide staining was used to measure the DNA concentration. The Muticycle AV software was used to perform the fit
analysis of the DNA cell cycle and calculate the percentage of cells in each phase. (B) The percentage of G, cells in the MDA-MB-231-Sh cells was signifi-
cantly higher, while PI was significantly lower, suggesting that the proliferation activity of the MDA-MB-231-Sh cells was significantly decreased. "P<0.05,

compared with the MDA-MB-231-Sh cells.

Assessing the expression of ANXA3 protein in the transfected
cells using western blotting. The results showed that the
expression of ANXA3 protein was significantly lower in the
MDA-MB-231-Sh cells than that in the MDA-MB-231-NC and
MDA-MB-231 cells (P<0.01; Fig. 9).

Evaluating the cell cycle of the transfected cells using
flow cytometry. The results showed that the percentage
of cells in the G, phase was significantly higher in the
MDA-MB-231-Sh group than in the MDA-MB-231-NC and
MDA-MB-231 groups (P<0.05), while the proliferation index
(PI; the percentage of the cells in the S and G,/M phases
among all the cells, which reflects the proliferation activities

of the cells) was significantly lower in the MDA-MB-231-Sh
cells than in the MDA-MB-231-NC and MDA-MB-231 cells
(P<0.05). However, the percentage of the cells in the G, phase
and PI in the MDA-MB-231-NC and MDA-MB-231 cells were
not significantly different (P>0.05; Fig. 10).

Evaluating the cell apoptosis rate using flow cytometry.
The results showed that the cell apoptosis rate was signifi-
cantly higher in the MDA-MB-231-Sh cells than that in
the MDA-MB-231-NC and MDA-MB-231 cells (P<0.01).
However, the apoptosis rate in the MDA-MB-231-NC and
MDA-MB-231 cells was not significantly different (P>0.05;
Fig. 11).
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Figure 11. Evaluation of the cell apoptosis rate using flow cytometry. (A) Assessment of the apoptosis rate in the transfected cells, negative control cells, and
blank control cells with flow cytometry. (B) The apoptosis rate in the MDA-MB-231-Sh cells was significantly increased. ‘P<0.05, compared with the MDA-
MB-231 and MDA-MB-231-NC cells.
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Figure 12. Evaluation of the cell migration ability using a wound healing assay by means of an inverted microscope (magnification, x100).
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Figure 13. Evaluation of the cell invasion of the transfected cells using the Transwell assay by means of an inverted microscope (magnification, x200).

Evaluating cell migration using the wound healing assay. Evaluating cell invasion using the Transwell assay. The
The wound healing assay showed that the migration ability =~ Transwell assay showed that the number of MDA-MB-231-Sh
of the MDA-MB-231-Sh cells was significantly lower cells invading the membrane was significantly lower than the
than those of the MDA-MB-231-NC and MDA-MB-231  number of invading MDA-MB-231-NC and MDA-MB-231

cells (Fig. 12). cells (Fig. 13).
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Discussion

Annexin A3 (ANXA3) is a member of the Annexin family.
Previous studies have shown that the ANXA3 gene is located
at the 4q13-q22 of the human chromosome, and consists of
323 amino acid residues (9,10). The change in expression of
ANXA3 has important effects on the development, progression,
drug resistance and metastasis of tumors. To date, only few
studies have investigated the relationships between ANXA3
and malignant tumors, and the depth of these studies was not
comparable with the investigations on other ANXA members
such as ANXA1 and ANXAZ2. Liu et al (7) used fluorescence
two-dimensional differential gel electrophoresis and liquid
chromatography-mass spectrometry to screen the gastric
cancer differentiation-associated protein, and found that
ANXA3 was closely related with the differentiation of gastric
cancer cells. Xie ef al (8) investigated the expression of ANXA3
in 60 patients with rectal cancer using immunohistochemical
technology and found that the expression of ANXA3 protein
in the rectal cancer tissues was upregulated. In addition, the
overexpression of ANXA3 protein predicted the poor prognosis
of the patients. Yip et al (6) used fluorescence quantitative
PCR to compare the expression of seven biomarkers in the
blood of North American and Malaysian patients with rectal
cancers, and found that the level of ANXA3 in the blood was
significantly higher in the patients with rectal cancer than the
level in the healthy controls. Specifically, the level of ANXA3
in the blood was increased 2.06-fold in the Malaysian patients
and 1.71-fold in the North American patients, both of which
were statistically significant. These findings suggest that
ANXA3 could be used as a biomarker for the diagnosis,
treatment and outcome prediction for colorectal cancer. In a
study performed by Lam et al (11), proteomic technologies
were used to compare rectal cancer tissues and normal
mucosa. The results showed that the expression of ANXA3
in the rectal cancer tissues was significantly upregulated. In
a study in China, Zhu et al (12) reported that the RNA and
protein levels of ANXA3 were higher in drug-resistant cell
lines than in parental HT-29 cells. Zong et al (13) also found
that the abnormal expression of ANXA3 was associated with
the resistance of colorectal cancer to oxaliplatin, suggesting
that ANXA3 could be used as a biomarker for drug-resistance.
However, these studies were non-comprehensive, and hence
further detailed studies are needed. Madoz-Gurpide et al (14)
found that the expression rate of ANXA3 in colorectal
cancers was as high as 63%, which was significantly higher
than the rate in normal tissues. Baine et al (5) found that the
expression of ANXA3 in pancreatic cancer tissues was 1.71-
fold of the level in healthy subjects. Liu et al (15) found that the
expression of ANXA3 in lung cancer tissues with lymph node
metastases was significantly higher than the expression in lung
cancer tissues without lymph node metastases. Liang et al (16)
reported that the expression of ANXA3 in the liver cancer cell
line Hca-F with a high metastasis potential to lymph nodes
was significantly upregulated, and the expression level was
2.3-fold of the expression in the Hca-P cell line with a low
metastasis potential to lymph nodes, suggesting that ANXA3
directly participates in the metastasis of liver cancer. Other
studies (17,18) also demonstrated that the expression of
ANXA3 was positively associated with the axillary lymph
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node metastasis of tumors. These findings suggest that ANXA3
could play an important role in the development, proliferation,
migration and metastasis of malignant tumors and/or tumor
cells, which is in agreement with the present findings
concerning the expression of ANXA3 in breast cancers. To
date, few studies have investigated the expression of ANXA3
in breast cancers. The present study mainly investigated the
effects of the expression of ANXA3 on the proliferation,
migration and invasion of breast cancer MDA-MB-231 cells.
The present study used fluorescence quantitative RT-PCR
and western blotting to measure the expression of ANXA3
mRNA and protein in two breast cancer cell lines (MDA-
MB-231 and MCF-7). The results showed that the expression
levels of ANXA3 mRNA and protein were significantly
higher in the MDA-MB-231 cells than these levels in the
MCEF-7 cells, suggesting that the expression of ANXA3
in highly invasive breast cancer cells is increased. Three
ANXA3 gene-targeting shRNA plasmids were successfully
constructed and used to transfect the MDA-MB-231 cells
for 48 h using the Lipofectamine transfection method. The
results showed that the ANXA3 mRNA silencing effect of
the ANXA3-sh2 plasmid was the highest (87.72%). Then,
puromycin was used to identify the stably transfected cells,
in which the expression of ANXAS3 protein was found to be
significantly lower than the expression in the MDA-MB-231
cells using western blotting. The results of the flow cytometry
showed that the percentage of the cells in the G, phase and
the apoptosis rate were both significantly higher, while the PI
was significantly lower in the MDA-MB-231-Sh cells than that
in the MDA-MB-231-NC and MDA-MB-231 cells, suggesting
that ANXA3 plays an important role in cell proliferation. The
results of the wound healing assay showed that the migration
ability of MDA-MB-231-Sh cells was significantly lower than
that of the MDA-MB-231 cells. The Transwell assay also
showed that fewer MDA-MB-231-Sh cells passed through the
membrane compared with MDA-MB-231 cells, suggesting
that ANXA3 also participated in the migration and metastasis
of breast cancer cells, indicating that inhibiting the expression
of ANXA3 significantly reduced the proliferation, migration,
and invasion of breast cancer cells, and thus induced cell
apoptosis and inhibited cell proliferation, migration and
invasion. The findings of the present study were in agreement
with the results reported by Zeng et al (17). The researchers
used RNA interference technology to reduce the expression
of ANXA3 in MCF-7 and MDA-MB-435 cells, and found
that the proliferation of cancer cells was effectively inhibited
and the apoptosis of the cells was evidently increased. In
addition, the findings also suggested that the effects on
cancer cell apoptosis could be associated with the effects of
ANXA3 on the regulation of the expression of BCL-2/Bax. In
a study performed in China, Zhang et al (19) upregulated the
expression of ANXA3 in gastric cancer MGC803 cells and
found that upregulating the expression of ANXA3 not only
enhanced the cell proliferation and colony formation ability,
but also significantly inhibited the apoptosis of gastric cancer
cells. These findings proved the participation of ANXA3 in
regulating the proliferation and apoptosis of cancer cells,
and thus in developing malignant tumors. However, the
exact mechanisms underlying these effects still need to be
investigated.
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The present study used RNA interference technology to
silence the ANXA3 gene in breast cancer MDA-MB-231 cells.
It found that ANXA3 could regulate the proliferation, apop-
tosis, invasion, and migration of breast cancer cells. Thus, this
study provides the experimental basis for investigating the
mechanisms involved in the development, progression, inva-
sion and metastasis of breast cancer.
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