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ABSTRACT

األهداف:  عرض أدوار االنكسني الثاني II في تطور سرطان الثدي، و 
دراسة أثره على تكاثر خلية سرطان الثدي و انتشاره.

الطب  تشخيص  مفتاح  مختبر  في  الدراسة  هذه  أجريت  الطريقة:  
وصممت هذه الدراسة من قبل وزارة التعليم – جامعة شوجنكني الطبية 
البداية، قمنا  الفترة من ديسمبر 2006 حتى يناير 2009م. في  خالل 
بعمل اختبار لطخة ويسترن، و PT-PCR الكتشاف ظهور االنكسني 
و  بشرية سرطانية  في مجموعة خطوط خاليا   S100A10 و   II الثاني 
فحص موضع االنكسني الثاني II و S100A10 بواسطة التألق املناعي. 
الذي   MDA-MB-435s الثاني في  بتهدئة ظهور االنكسني  ثم قمنا 
 siRNA بواسطة احلمض النووي املزدوج II انتشر فيه االنكسني الثاني
لالنكسني II املصنوع كيميائيًا )اشتملت املجموعات الثالثة على خاليا 
النووي  احلمض  مع  اخلاليا  انتشرت  و  الفارغة،   MDA-MB-435s
للحمض   II الثاني  االنكسني  مع  اخلاليا  و  السلبي   siRNA التحكم 
النووي siRNA. في النهاية، مت قياس تكاثر اخللية، و تولد البالزمني، 
c-Myc. كررت جميع  S100A10، و اكتشاف  املستويات اخللوية  و 

االختبارات 3 مرات.

في خطوط  منتشر   S100A10 و   ،II الثاني  االنكسني  كان  النتائج:  
املتداخل  النووي  احلمض  يقلل  لم  بالسرطان.  املصابة  الثدي  خلية 
siRNA االنكسني الثاني II املستهدف خلاليا MDA-MB-435s و 
 .c-Myc و S100A10 مستويات البروتني، و لكن نظم ايضًا مستويات
أغلقت اخلاليا املعاجلة بشكل ظاهر في طور G0/G1، كما قلت اخلاليا 
باحلمض  العالج  نتيجة  كانت  ذلك،  إلى  إضافة   .S/G2+M طور  في 
انتشار  قدرة  فقدان  و  البالزمني،  تكاثر  انخفاض  هي   siRNA النووي 

خاليا الثدي السرطانية.

خامتة:  أشارت نتائجنا أن االنكسن الثاني  II يعد مفتاح مساعد لتكاثر 
سرطان الثدي، و انتشاره.

Objectives: To explore the roles of annexin II in breast 
cancer progression, and to study the effect of annexin II 
on breast cancer cell proliferation and invasion.

Methods: This study was conducted in the Key 
Laboratory of Diagnostic Medicine Designated by the 
Ministry of Education, Chongqing Medical University, 
Chongqing, China from December 2006 to January 

2009. First, we employed Western blot and reverse 
transcriptase polymerase chain reaction to detect the 
expression of annexin II and S100A10 in a panel of 
well-characterized human breast cancer cell lines, and 
investigated the localization of annexin II and S100A10 
by use of immunofluorescence. We then silenced the 
expression of annexin II in MDA-MB-435s, which was 
found to over express annexin II, using the chemically-
synthetic annexin II small interfering RNA (siRNA) 
duplexes (including 3 groups: blank MDA-MB-435s 
cells, cells transfected with negative control siRNA, and 
cells transfected with annexin II-siRNA). Finally, the 
cell proliferation, invasion, and plasmin generation were 
assayed, and the cellular levels of S100A10 and c-Myc 
were also detected. All the tests were repeated 3 times.

Results: Annexin II and S100A10 were over expressed 
in invasive human breast cancer cell lines. The siRNA 
targeting annexin II of MDA-MB-435s cells did not 
only decrease annexin II messenger RNA and protein 
levels, but also down-regulated the levels of S100A10, 
and c-Myc. The treated cells were remarkably blocked 
in the G0/G1 phase, and cells in the S/G2+M phase 
decreased. Additionally, the treatment with siRNA 
resulted in reduction of plasmin generation as well as a 
loss of the invasive capacity of breast cancer cells. 

Conclusion: Annexin II might be a key contributor to 
breast cancer proliferation and invasion.
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Annexin II is a calcium (Ca2+)-dependent 
phospholipid-binding protein, and exists as a 

monomer as well as a heterotetramer (AIIt), which is 
composed of 2 copies of a 36 kilodalton (kDa) heavy 
chain (annexin II, ANX2/p36) and 2 copies of the 11 kDa 
light chain (S100A10/p11).1-3 Typically, the annexin II 
and S100A10 monomer localize intracellularly, whereas 
the membrane-associated A2 is part of a heterotetrameric 
complex.4,5 Annexin II is involved in diverse cellular 
processes such as cell motility, linkage of membrane-
associated protein complexes to the actin cytoskeleton, 
endocytosis, fibrinolysis, ion channel formation, and cell 
matrix interactions.6-9 In addition to these membrane-
related events, annexin II is also known to be not only 
a novel RNA-binding protein, but also associated 
with nuclear processes.10 There is a growing body of 
evidence suggesting the elevated expression of annexin 
II in different types of cancers,11-13 and indicating a role 
for annexin II in tumor cell proliferation, invasion, 
and metastasis.14-16 It has been reported that AIIt on 
the cell surface served as a receptor/binding protein 
for tissue plasminogen activator (tPA) as well as its 
substrate, plasminogen (PLG), and strongly yields the 
active serine proteases plasmin, which may result in 
activation of metalloproteases (MMPs).17,18 In addition, 
AIIt can also provide a structural linkage between 
proteases and potential substrates on the cell surface 
to facilitate extracellular matrix (ECM) degradation 
and tumor invasion and migration.8,9 Although it is 
convincing that membrane-associated AIIt appears to 
be involved in these processes, the exact roles of annexin 
II and S100A10 remain unclear. The subunit S100A10 
belongs to the S100 family of proteins, and it modulates 
some of the biological properties of another subunit, 
annexin II. For example, S100A10 was required for Src 
kinase-mediated tyrosine phosphorylation of A2, which 
translocated both proteins to the cell surface.19 Complex 
formation with S100A10 also increased the affinity 
of annexin II for calcium and phospholipid, thereby 
directing it to the membrane surfaces.20 Interestingly, 
some studies demonstrated that the membrane-
associated annexin II subunit failed to bind t-PA or 
PLG, but bound plasmin, while the S10A10 subunit 
bound t-PA, PLG, and plasmin, and it seemed that 
the S100A10 subunit functioned as a PLG receptor.21 
Contrary to these reports, some reports proposed that 
the phospholipid-binding sites of annexin II served to 
anchor AIIt to the extracellular surface of the plasma 
membrane.22 Others showed that annexin II was a key 
regulator of cellular levels of the S100A10 protein by a 
post-translational mechanism; S100A10 was expressed 
at very low levels in the absence of A2 both in vitro 
and in vivo, and annexin II stabilized intracellular 

S100A10 through direct binding, thus masking an 
autonomous S100A10 polyubiquitination signal that 
triggered proteasomal degradation.20 Herein, to explore 
the roles of annexin II and S100A10 in breast cancer 
progression, we studied expressions and roles of annexin 
II and S100A10 by use of a panel of well-characterized 
human breast cancer cell lines. 

Methods. This study was conducted in the Key 
Laboratory of Diagnostic Medicine Designated by the 
Ministry of Education, Chongqing Medical University, 
Chongqing, China from December 2006 to January 
2009. All tests were approved by the Ethical Committees 
of Chongqing Medical University.

Cell culture. The human breast cancer cell lines 
MDA-MB-435s and MDA-MB-231 were obtained 
from the Institute of Cell Research, Chinese Academy 
of Sciences, Shanghai, China. The ZR-75-30 and 
MCF-7 cell lines were donated by Chongqing Medical 
University, Chongqing, China. These cell lines were 
grown at 37oC in Dulbecco’s modified eagles medium 
(DMEM) with 10% fetal bovine serum (FBS) (Sijiqing 
Biological Engineering Material Co, Hangzhou, China) 
and in a humidified 5% CO2 incubator. All cells were 
washed 3 times in pH 7.4 phosphate buffer solution 
before harvesting for different experiments.

Reverse transcriptase polymerase chain reaction 
(RT-PCR). Total RNA was extracted using RNArose 
(Watson Biotechnologies, Shanghai, China). Purified 
RNA was reverse-transcribed using the 2-step RT-PCR 
system (Takara Co, Dalian, China). Subsequently, 
cDNA was PCR-amplified using annexin II, S100A10, 
and β-actin cDNA-specific primers. The band density 
was measured by the GEL DOC 2000 system (Bio-Rad 
Technologies, Hercules, CA, USA). The special primers 
for annexin II (forward: 5’-ACTTTGATGCTGAGC--
GGGATG-3’, reverse: 5’-CGAAGGCAATATCCT--
GTCTCTGTG-3’, 126bp); for S100A10 (forward: 
5’-GCTCATGAAATCCTTCTATGGG-3’, reverse: 
5’-AGCAGAAGGGAAAGAAGTAGGC-3’, 119bp); 
and for  β-actin (forward:  5’-TCATGAAGTGT--
GACGTGGACATC-3’, reverse 5’-CAGGAGGAG--
CAATGATCTTGATC-3’, 156bp) were designed and 
synthesized by TaKaRa (TaKaRa Co, Dalian, China).
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SYBR real-time fluorescent quantitative PCR. Real-
time fluorescent quantitative PCR was prepared using 
the SYBR premix Ex Taq kit (TaKaRa Co,  Dalian,  
China) according to the manufacturer’s protocol, and 
amplification was performed on an ABI Prism 7000 
detection system (Applied Biosystems, Foster, CA, 
USA) according to the conditions recommended by 
the manufacturer. The data was analyzed by ABI Prism 
7000 Sequence Detection System software (Applied 
Biosystems, Foster, CA, USA). The mRNA levels of 
targets (annexin II, S100A10) were analyzed using the 
comparative threshold cycle (Ct) method, and presented 
as 2ΔΔCt normalized to the endogenous reference (β-
actin).23 The human annexin II, S100A10 and β-actin 
primers of real-time fluorescent quantitative PCR were 
the same as RT-PCR.

Western blot. The total protein was extracted from 
the breast cancer cells using RIPA lysis buffer with a 
protease inhibitor, phenylmethanesulphonyl fluoride, 
25 micrograms protein were subjected to sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 
(12% for annexin II, c-Myc, β-actin, and 15% for 
S100A10) and transferred onto a polyvinylidene 
fluoride membrane (Bio-Rad Technologies, Hercules, 
CA, USA). Membranes were blocked in 5% non-fat 
dried milk and probed with antibodies against annexin 
II, S100A10, and β-actin (Santa Cruz, CA, USA). 
Following incubation with horseradish peroxidase 
conjugate antibodies, proteins were visualized with 
an enhanced chemiluminescence system according to 
the manufacturer’s instructions (Beyotime, Jiangshu, 
China). The band density was measured by the GEL 
DOC 2000 system (Bio-RadTechnologies, Hercules, 
CA, USA).

siRNA transfection. In this study, we used 
a validated siRNA duplex to target 3 annexin 
II variants sequence (NM_001002858, 
NM_001002857, and NM_004039), sense: 5’-
GCAGCAAUGCACAGAGACAdTdT-3’, anti-sense: 
5’-UGUCUCUGUGCAUUGCUGCTdTd-3’. A 
scrambled siRNA duplex was used as a negative control 
(siRNA-NC) (RiboBio, Guangzhou, China). Cells were 
split into 6-well culture plates at 2.0×105 cells per well. 
When cells confluent arrived at 60%, the transfection 
was carried out. The siRNA complexes were removed 
after transfection for 8 hours and replaced with DMEM 
supplemented with 10% FBS. Cells were analyzed at 48 
hours post-transfection. 

Flow cytometric analysis. The MDA-MB-435s cells 
were seeded at 2.0×105 per well in 6-well plates and 
transfected at 75 nmol/L siRNA when cell confluent 
arrived at 60%. At 48 hours post-transfection, the cells 
were harvested, then fixed in 70% ethanol for 12 hours 
at 4oC, and stained with propidium iodide (Sigma, St. 
Louis, MO, USA) for cell cycle analysis.

Cell proliferation assay in vitro. The cell viability 
was measured by  methylthiazol tetrazolium (MTT)  
assay. The MDA-MB-435s cells were seeded at 5×103 
per well in 96-well flat-bottom plates. After transfection 
for 24 hours, 48 hours, 72 hours, and 96 hours, 20 μL 
of 5 mg/mL MTT (Sigma, St. Louis, MO, USA) was 
added to each well, the cells were incubated for another 
4 hours, and 150 μL dimethyl sulfoxide (Sigma, St. 
Louis, MO, USA) was added, and then lysed for 15 
minutes. The absorbance value (A) was measured on an 
automated 96-well plate reader (Bio-RadTechnologies, 
Hercules, CA, USA) at 490 nm.

Plasmin generation assay. The MDA-MB-435s cells 
were seeded at 5×103 per well in a 96-well flat-bottom 
plates and transfected. After transfected for 48 hours, 
cells were washed twice with DMEM (without phenol 
red; Life Technologies, Carlsbad, CA, USA), then 200 
μl of reaction buffer (50% [vol/vol] 0.05 units/ml PLG 
[Calbiochem, LaJolla, Ca, USA] in DMEM [without 
phenol red], 40% [vol/vol] 50 mM Tris·HCl buffer 
pH 8.2, and 10% [vol/vol] 3 mM Chromozyme PL 
[Calbiochem, San Diego, CA, USA] in 100 mM glycine 
solution) was added. The plates were then incubated 
for 8 hours, at which time the color absorbance was 
measured by an automated 96-well plate reader at 405 
nm. The absorbance value (A) represented the amounts 
of plasmin generated.24 Percent inhibition of plasmin 
generation was calculated as follows: A (blank cells or 
negative control cells) – A (siRNA-annexin II cells)/ A 
(blank cells or negative control cells).

Chamber invasion assay. The cells invasive capacity 
was evaluated using a 12 μm pore size millicell 
chamber (Millipore, Billerica, MA, USA). The upper 
surface of the polycarbonate membrane was coated 
with 50 μl matrigel (1:6 [vol/vol] 1 mg/ml matrigel 
[BD Biosciences, San Jose, CA, USA] in DMEM 
[without serum]) and the lower surface with 30 μl 
fibronectin (10 μg/ml, Sigma, St. Louis, MO, USA). 
After rehydration of membrane, the millicell chamber 
was placed within a 24-well chamber filled with 600μl 
NIH-3T3 conditioned medium. The 2×105 cells were 
suspended with 400 μl free serum DMEM medium 
with or without 0.2 μM PLG and planted into the 
upper chamber. After incubation for 24 hours, the 
upper surface was scraped to remove non-invasive 
cells. Invaded cells on the bottom were fixed with 95% 
ethanol and stained with Hematoxylin & Eosin. For 
quantification, the average numbers of invasive cells per 
field were assessed by counting 5 random fields at 200× 
magnification under a light microscope. The numbers 
of penetrated cells represented invasive capacity.

Statistical analysis. The data were statistically 
valuated by ANOVA and presented as mean ± SD 
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from 3 independent experiments. Probability values of 
less than 0.05 were considered significant. All analyses 
were carried out using the Statistical Package for Social 
Sciences Version 10 (SPSS Inc, Chicago, IL, USA).

Results. Overexpression of annexin II, S100A10 in 
human breast cancer cell lines. Annexin II and S100A10 
were studied in 4 well-characterized breast cancer cell 
lines, and the invasive capacity of these breast cancer cell 
lines was confirmed by millicell chamber assay (data not 
shown). Western blot and RT-PCR analysis disclosed 
that annexin II and S100A10 were transcriptionally 
and translationally overexpressed in MDA-MB-231, 
MDA-MB-435s, and ZR-75-30 (Figures 1a & 1b), and 
they localized to the cytoplasm and plasma membrane 
of the breast cancer cells (data not shown). Moreover, 
there was an apparent correlation between annexin II, 
S100A10 levels, and the invasive potential of these cell 
lines.

Silencing the annexin II gene in MDA-MB-435s 
cells by siRNA. We silenced expression of Annexin II 
in MDA-MB-435s, which was found to overexpress 

Figure 1 - Overexpression of annexin II and S100A10 in human invasive breast cancer cell lines. a) Reverse transcriptase polymerase chain reaction 
analysis of annexin II and S100A10 mRNA levels. b) Western Blot analysis of annexin II and S100A10 protein expressions.

a b

Figure 2 - Annexin II gene silencing in MDA-MB-435s cells by siRNA. After MDA-MB-435s cells were transfected with annexin II siRNA for 
48 hours, a) annexin II and S100A10 mRNA levels were examined by real-time fluorescent quantitative polymerase chain reaction and 
normalized against β-actin. *p=0.0087. b) Annexin II, S100A10, and c-Myc protein expression levels were detected by western blot 
analysis. The results showed that annexin II mRNA and protein levels were reduced compared with control cells, B, and N (p=0.0092). 
Moreover, knockdown of annexin II resulted in down-regulation of S100A10 as well as c-Myc proteins (p=0.0089), but had no effect 
on S100A10 mRNA level. B - blank MDA-MB-435s cells, N - cells transfected with negative control siRNA, R - cells transfected with 
annexin II-siRNA.

a b

Figure 3 - Effect of annexin II siRNA on proliferation and cell cycle 
of MDA-MB-435s cells. The MTT assay indicated that 
the proliferation of cells treated with annexin II siRNA was 
remarkably inhibited at 48 hours and 96 hours compared with 
control cells B and N (p=0.0032). B - blank MDA-MB-435s 
cells, N - cells transfected with negative control siRNA, R - 
cells transfected with annexin II siRNA, A - absorbance value

annexin II in our study by using the chemically-
synthetic annexin II siRNA duplexes. It was shown 
that annexin II mRNA was reduced 5 folds (Figure 2a), 
and protein levels were reduced 3 folds compared with 
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Table 1 - Effect of annexin II siRNA on cell cycle of MDA-MB-435s. 

Groups G0/G1 S G2/M

 (%)

B (48.99 ± 4.61) (34.12 ±1.78) (16.89 ± 1.25)

N (49.41 ± 3.92) (30.79 ± 1.92) (19.80 ± 1.36)

R (48 hours)   (68.49 ± 4.21)*  (18.71 ± 1.99)*  (12.80 ± 1.18)*

 % - percentage of cell cycle phase, *p=0.0128 compared with B and 
N. B - blank MDA-MB-435s cells, N - cells transfected with negative 

control siRNA, R - cells transfected with annexin II siRNA 

a

Figure 4 - Role of annexin II in cellular invasiveness. Cell invasive capacity was examined with matrigel-coated invasion chambers (12 μm) in the 
absence or presence of 0.2 μM plasminogen. Invasive cells were stained with hematoxylin & eosin and were counted under a light microscope 
(magnification × 200). The results indicated that compared with control cells B and N, treatment with annexin II siRNA significantly decreased 
the invasive cells number whether in a) the presence of plasminogen, p=0.0089 or b) the absence of plasminogen (p=0.0135). Furthermore, in 
the presence of plasminogen, the siRNA control and blank control cells demonstrated increased invasive cell number compared with the absence 
of plasminogen (p=0.0065). B - blank MDA-MB-435s cells, N - cells transfected with negative control siRNA, R - cells transfected with annexin 
II siRNA. Arrows indicate the penetrated MDA-MB-435s cells. 

b

Table 2 - Effect of annexin II siRNA on invasive ability of 
MDA-MB-435s.

Groups Plasminogen (-) Plasminogen (+)

Numbers of penetrated cells

B 135 ± 5.56 215 ± 5.96
N 130 ± 4.35 209 ± 4.95
R (48 hours)     98 ± 2.70*    130 ± 3.21**

*p=0.0135, **p=0.0089 compared with B and N.
B - blank MDA-MB-435s cells, N - cells transfected with negative control 

siRNA, R - cells transfected with annexin II siRNA

negative control cells and blank controls (Figure 2b). The 
knockdown of annexin II resulted in down-regulation 
of S100A10 and c-Myc proteins, but had no effect on 
S100A10 mRNA level.

The effect of annexin II siRNA on proliferation 
and cell cycle of MDA-MB-435s cells. The MTT assay 
showed that compared with the blank and negative 
control groups, the cells proliferation was remarkably 
inhibited at 48 hours and 96 hours, with the highest 
inhibitory rate of 51.32% ± 3.35% at 48 hours post-
transfection (Figure 3). Flow cytometry indicated the 
treated cells were blocked in the G0/G1 phase, along 
with a decreased number of cells in S and G2/M phases 
(Table 1).

Role of annexin II in the invasion of MDA-MB-
435s cells. The results indicate that compared with 
blank and siRNA negative control, treatment with 

annexin II siRNA significantly decreased the numbers 
of invasive cells whether in the presence of PLG (Figure 
4a) or in the absence of PLG (Figure 4b). Furthermore, 
in the presence of PLG, both the siRNA-treated cells 
and control cells demonstrated increased numbers of 
invasive cells compared with that of the absence of PLG 
(Table 2). 

Plasmin generation assay. As expected, the annexin II 
siRNA treating cells down-regulated plasmin generation 
(Figure 5).

Discussion. Although prior studies described 
that annexin II was found in a diverse range of tumors 
including lung cancer, renal cell carcinoma, and 
pancreatic carcinoma,25-29 the mechanisms by which 
annexin II regulates tumor progression, metastasis, 
and angiogenesis are poorly elucidated. It is known 
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that annexin II appears to be involved in most 
cellular processes in its tetrameric form (annexin II)2- 
(S100A10)2. Typically, annexin II and S100A10 localize 
intracellularly, and the formation of an S100A10 
- annexin II complex results in its plasma membrane 
trans localization. To explore the roles of annexin 
II and S100A10 in breast cancer, we employed well-
characterized invasive and non-invasive human breast 
cancer cell lines, including MDA-MB-231, MDA-MB-
435s (highly invasive breast cancer cell lines), ZR-75-30 
(poorly invasive breast cancer cell line), and MCF-7 
(non-invasive breast cancer cell line). Western blot and 
RT-PCR analysis showed that annexin II and S100A10 
were transcriptionally and translationally overexpressed 
in invasive breast cell lines (MDA-MB-231, MDA-
MB-435s, ZR-75-30). Although both annexin II and 
S100A10 were overexpressed in invasive breast cancer 
cell lines, we thought that annexin II should be a more 
crucial molecule involved in breast cancer progression. 

Firstly, the cellular distribution of annexin II was 
more diffuse than S100A10. Annexin II and S100A10 
localized intracellularly as a monomer, and the formation 
of the AIIt complex resulted in its cytoplasmic face and 
submembranous cytoskeleton. More importantly, the 
annexin II monomer appeared to be nuclear, and was 
regarded as an effecter of DNA synthesis.29 Additionally, 
annexin II regulated cellular levels of the S100A10 
protein by a post-translational mechanism, and 
stabilized intracellular S100A10 through masking an 
autonomous S100A10 polyubiquitination signal that 

triggered proteasomal degradation.20 Finally, annexin II 
was also a novel RNA-binding protein that binds directly 
to c-Myc mRNA and up-regulates c-Myc protein, which 
was believed to participate in most aspects of cellular 
function, including replication, growth, metabolism, 
differentiation, and apoptosis.10 Owing mostly to its 
more multiple intracellular functions, it is convincing 
that knockdown of annexin II gene should be a better 
strategy. 

Our data showed that knockdown of annexin II 
of MDA-MB-435s resulted in down-regulation of 
annexin II and S100A10 proteins, but had no effect on 
S100A10 mRNA level, which indirectly verified previous 
observations20 that annexin II induced a stabilization 
of S100A10 by blocking S100A10 polyubiquitination 
signaling and a post-translational mechanism. In 
addition, knockdown of annexin II resulted in c-Myc 
reduction. On the basis of its roles in cell replication, 
growth, metabolism, differentiation, and apoptosis, it is 
reasonable to speculate that c-Myc might be responsible 
for the annexin II siRNA treated cells proliferation 
inhibition as well as cell cycle arrest. In addition to 
c-Myc, annexin II actin cytoskeleton distribution, and 
effector of DNA synthesis might account for the treated 
cells proliferation inhibition and cell cycle arrest. 

One of the most important properties of metastatic 
cells is their ability to degrade and move through 
extracellular ground substance. Tumor cell migration 
involves attachment of tumor cells to the underlying 
basement membrane, local proteolysis, and permeates 
the proteolytically modified region. There is extensive 
evidence suggesting that the plasminogen/plasmin 
system plays a critical role in tumor progression, 
angiogenesis, invasion and metastasis.30,31 Plasminogen 
is an inactive enzyme which is cleaved by PLG activators 
on the cell surface, and converts to the active plasmin 
which may lead to activation of MMPs, latent growth 
factors, and proteolysis of membrane glycoproteins and 
degradation of ECM.32 It has been reported that AIIt 
on the cell surface served as a receptor/binding protein 
for tPA as well as its substrate, PLG, and involved in cell 
surface plasmin generation. This contributed to ECM 
degradation, cellular invasion and tumor metastasis.26 
Here, we take advantage of annexin II siRNA to test 
whether annexin II promotes the activation of PLG in 
breast cancer. The MDA-MB-435s cells were transfected 
with annexin-siRNA for 48 hours, and then subjected 
to plasmin generation assay. The data revealed that the 
treated cells down-regulated plasmin generation, along 
with the decreased numbers of invasive cells in matrigel 
invasion assay. In addition, in the presence of PLG, the 
invasive cells were more, than in the absence of PLG. 
It suggested downregulation of annexin II resulted 

Figure 5 - Silencing of annexin II down-regulated plasmin generation. 
The MDA-MB-435s cells were transfected with annexin 
siRNA for 48 hours to determine plasmin generation assay. 
The cells were incubated with plasminogen and chromogenic 
substrate Chromozyme PL for 8 hours, the measurement 
of plasmin was monitored at 405 nm, and the absorbance 
value represents the amount of plasmin generation. The data 
revealed that the cells treated with annexin II siRNA down-
regulated plasmin generation compared with the controls, B 
and N (p=0.0096). B - blank MDA-MB-435s cells, N - cells 
transfected with negative control siRNA, R - cells transfected 
with annexin II siRNA, A - absorbance value
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in blockade of PLG conversion to plasmin, and the 
mechanism by which annexin II promoted breast cancer 
invasion might be related to stimulate PLG to convert 
into plasmin. However, it was not further elucidated in 
our study, whether the active serine proteases plasmin 
results in the activation of MMPs. 

In conclusion, annexin II was selectively overexpressed 
in breast cancer cells. Silencing the annexin II gene by 
siRNA contributed to the inhibition of breast cancer 
cells proliferation, invasion, and plasmin generation. 
Therefore, we suggested annexin II could be of value as 
a therapeutic target in breast cancer.

Acknowledgment. We thank Yangan Wen for providing the 
human breast cancer cell line ZR-75-30, and Dr Fang Li for MCF-7, 
and the kind donation of reagents from Dr Yangan Wen, Dr Weijia 
Wang, and Dr Dingan Zhou. 

References
  
  1. Ji NY, Park MY, Kang YH, Lee CI, Kim DG, Yeom YI, et 

al. Evaluation of annexin II as a potential serum marker for 
hepatocellular carcinoma using a developed sandwich ELISA 
method. Int J Mol Med 2009; 24: 765-771.

  2. Fitzpatrick SL, Kassam G, Choi KS, Kang HM, Fogg DK, 
Waisman DM. Regulation of plasmin activity by annexin II 
tetramer. Biochemistry 2000; 39: 1021-1028.

  3. MacLeod TJ, Kwon M, Filipenko NR, Waisman DM. 
Phospholipid-associated annexin A2-S100A10 heterotetramer 
and its subunits: characterization of the interaction with tissue 
plasminogen activator, plasminogen, and plasmin. J Biol Chem 
2003; 278: 25577-25584.

  4. Mai J, Finley RL Jr, Waisman DM, Sloane BF. Human 
procathepsin B interacts with the annexin II tetramer on the 
surface of tumor cells. J Biol Chem 2000; 275: 12806-12812.

  5. Choi KS, Fogg DK, Yoon CS, Waisman DM. p11 regulates 
extracellular plasmin production and invasiveness of HT1080 
fibrosarcoma cells. FASEB J 2003; 17: 235-246.

  6. Gerke V, Moss SE. Annexins: from structure to function. 
Physiol Rev 2002; 82: 331-371. Review.

  7. Girard C, Tinel N, Terrenoire C, Romey G, Lazdunski M, 
Borsotto M. p11, an annexin II subunit, an auxiliary protein 
associated with the background K+ channel, TASK-1. EMBO J 
2002; 21: 4439-4448.

  8. Mai J, Sameni M, Mikkelsen T, Sloane BF. Degradation of 
extracellular matrix protein tenascin-C by cathepsin B: an 
interaction involved in the progression of gliomas. Biol Chem 
2002; 383: 1407-1413.

  9. Esposito I, Penzel R, Chaib-Harrireche M, Barcena U, 
Bergmann F, Riedl S, et al. Tenascin C and annexin II expression 
in the process of pancreatic carcinogenesis. J Pathol 2006; 208: 
673-685.

10. Filipenko NR, MacLeod TJ, Yoon CS, Waisman DM. Annexin 
A2 is a novel RNA-binding protein. J Biol Chem 2004; 279: 
8723-8731.

11. Emoto K, Yamada Y, Sawada H, Fujimoto H, Ueno M, 
Takayama T, et al. Annexin II overexpression correlates with 
stromal tenascin-C overexpression: a prognostic marker in 
colorectal carcinoma. Cancer 2001; 92: 1419-1426.

12. Ohno Y, Izumi M, Kawamura T, Nishimura T, Mukai K, 
Tachibana M. Annexin II represents metastatic potential in 
clear-cell renal cell carcinoma. Br J Cancer 2009; 101: 287-
294.

13. Emoto K, Sawada H, Yamada Y, Fujimoto H, Takahama Y, 
Ueno M, et al. Annexin II overexpression is correlated with 
poor prognosis in human gastric carcinoma. Anticancer Res 
2001; 21: 1339-1345.

14. Bao H, Jiang M, Zhu M, Sheng F, Ruan J, Ruan C. Overexpression 
of Annexin II affects the proliferation, apoptosis, invasion and 
production of proangiogenic factors in multiple myeloma. Int J 
Hematol 2009; 90: 177-185

15. Sharma MR, Rothman V, Tuszynski GP, Sharma MC. 
Antibody-directed targeting of angiostatin’s receptor annexin 
II inhibits Lewis Lung Carcinoma tumor growth via blocking 
of plasminogen activation: possible biochemical mechanism of 
angiostatin’s action. Exp Mol Pathol 2006; 81: 136-145.

16. Díaz VM, Hurtado M, Thomson TM, Reventós J, Paciucci 
R. Specific interaction of tissue-type plasminogen activator 
(t-PA) with annexin II on the membrane of pancreatic cancer 
cells activates plasminogen and promotes invasion in vitro. Gut 
2004; 53: 993-1000.

17. Zhang Y, Zhou ZH, Bugge TH, Wahl LM. Urokinase-type 
plasminogen activator stimulation of monocyte matrix 
metalloproteinase-1 production is mediated by plasmin-
dependent signaling through annexin A2 and inhibited by 
inactive plasmin. J Immunol 2007; 179: 3297-3304.

18. Yuan YW, Sun AM, Lui Y, Chen LH, Banerjee AG. Rna 
interference of annexin II gene in PC3 cells by using small 
interference RNA synthesized with in vitro transcription. Chin 
Med Sci J 2007; 22: 33-37.

19. Deora AB, Kreitzer G, Jacovina AT, Hajjar KA. An annexin 2 
phosphorylation switch mediates p11-dependent translocation 
of annexin 2 to the cell surface. J Biol Chem 2004; 279: 43411-
43418.

20. He KL, Deora AB, Xiong H, Ling Q, Weksler BB, Niesvizky R, 
et al. Endothelial cell annexin A2 regulates polyubiquitination 
and degradation of its binding partner S100A10/p11. J Biol 
Chem 2008; 283: 19192-19200. 

21. MacLeod TJ, Kwon M, Filipenko NR, Waisman DM. 
Phospholipid-associated annexin A2-S100A10 heterotetramer 
and its subunits: characterization of the interaction with tissue 
plasminogen activator, plasminogen, and plasmin. J Biol Chem 
2003; 278: 25577-25584.

22. Zhang L, Fogg DK, Waisman DM. RNA interference-mediated 
silencing of the S100A10 gene attenuates plasmin generation 
and invasiveness of Colo 222 colorectal cancer cells. J Biol 
Chem 2004; 279: 2053-2062.

23. Livak KJ, Schmittgen TD. Analysis of relative gene expression 
data using real-time quantitative PCR and the 2(-Delta Delta 
C(T)) Method. Methods 2001; 25: 402-408.

24. Webb CP, Hose CD, Koochekpour S, Jeffers M, Oskarsson 
M, Sausville E, et al. The geldanamycins are potent inhibitors 
of the hepatocyte growth factor/scatter factor-met-urokinase 
plasminogen activator-plasmin proteolytic network. Cancer Res 
2000; 60: 342-349.

25. Bao HY, Jiang M, Ma ZN, Sheng F, Zhu MQ, Chen L, et al. 
Effects of Annexin II gene silencing by siRNA on proliferation 
and invasive potential of Jurkat lymphoma cells. Zhonghua Xue 
Ye Xue Za Zhi 2009; 30: 303-306.

26. Mai J, Waisman DM. Sloane BF Cell surface complex of 
cathepsin B/annexin II tetramer in malignant progression. 
Biochim Biophys Acta 2000; 1477: 215-230.

27. Brichory FM, Misek DE, Yim AM, Krause MC, Giordano 
TJ, Beer DG, et al. An immune response manifested by the 
common occurrence of annexins I and II autoantibodies and 
high circulating levels of IL-6 in lung cancer. Proc Natl Acad Sci 
U S A 2001; 98: 9824-9829.



381www.smj.org.sa     Saudi Med J 2010; Vol. 31 (4) 

Annexin II siRNA regulation of breast cancer cells ... Zhang et al

28. Zimmermann U, Woenckhaus C, Pietschmann S, Junker 
H, Maile S, Schultz K, et al. Expression of annexin II in 
conventional renal cell carcinoma is correlated with Fuhrman 
grade and clinical outcome. Virchows Arch 2004; 445: 368-
374.

29. Eberhard DA, Karns LR, VandenBerg SR, Creutz CE. Control 
of the nuclear-cytoplasmic partitioning of annexin II by a 
nuclear export signal and by p11 binding. J Cell Sci 2001; 114: 
3155-3166.

30. Kwaan HC, McMahon B. The role of plasminogen-plasmin 
system in cancer. Cancer Treat Res 2009; 148: 43-66.

31. Ulisse S, Baldini E, Sorrenti S, D’Armiento M. The urokinase 
plasminogen activator system: a target for anti-cancer therapy. 
Curr Cancer Drug Targets 2009; 9: 32-71.

32. McColl BK, Baldwin ME, Roufail S, Freeman C, Moritz RL, 
Simpson RJ, et al. Plasmin activates the lymphangiogenic 
growth factors VEGF-C and VEGF-D. J Exp Med 2003; 198: 
863-868.

Related topics

Zhao Y, Ai J, Zhang H, Zhu G. Polo-like kinase-1 regulates first cleavage of one-cell 
embryos in culture during assisted reproduction. Saudi Med J 2010; 31: 247-252.
   
Tang L, Sun H, Zhang L, Deng JC, Guo H, Zhang L, et al. Effects of the augmenter of 
liver regeneration on the biological behavior of hepatocellular carcinoma. Saudi Med J 
2009; 30: 1001-1009.
   
Hussain SS, Qattan AT, Nirmal MS, Al-Malik OA, Al-Tweigeri TA, Tulba AM, et al. 
Gene expression profiles of the fibroblasts from breast tumors and normal tissue compared 
with the tumor expression profiles. Saudi Med J 2006; 27: 463-469.

Al-Mansouri LJ, Alokail MS. Molecular basis of breast cancer. Saudi Med J 2006; 27: 
9-16.


