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Summary

Our previous study demonstrated that annexin A2 (ANX2) on cell surface
could function as a mediator and stimulate tissue factor (TF) expression of
monocytes by anti-b2-glycoprotein I/b2-glycoprotein I complex (anti-b2GPI/
b2GPI). However, ANX2 is not a transmembrane protein and lacks the intra-
cellular signal transduction pathway. Growing evidence suggests that Toll-like
receptor 4 (TLR-4) might act as an ‘adaptor’ for intracellular signal transduc-
tion in anti-b2GPI/b2GPI-induced TF expressing cells. In the current study, we
investigated the roles of TLR-4 and its related molecules, myeloid differentia-
tion protein 2 (MD-2) and myeloid differentiation factor 88 (MyD88), in
anti-b2GPI/b2GPI-induced TF expressing human monocytic-derived THP-1
(human acute monocytic leukaemia) cells. The relationship of TLR-4 and
ANX2 in this process was also explored. Along with TF, expression of TLR-4,
MD-2 and MyD88 in THP-1 cells increased significantly when treated by
anti-b2GPI (10 mg/ml)/b2GPI (100 mg/ml) complex. The addition of pacli-
taxel, which competes with the MD-2 ligand, could inhibit the effects of
anti-b2GPI/b2GPI on TLR-4, MD-2, MyD88 and TF expression. Both ANX2
and TLR-4 in THP-1 cell lysates could bind to b2GPI that had been conjugated
to a column (b2GPI-Affi-Gel). Furthermore, TLR-4, MD-2, MyD88 and TF
expression was remarkably diminished in THP-1 cells infected with ANX2-
specific RNA interference (RNAi) lentivirus (LV-RNAi-ANX2), in spite of
treatment with a similar concentration of anti-b2GPI/b2GPI complex. These
results indicate that TLR-4 and its signal transduction pathway contribute to
anti-b2GPI/b2GPI-induced TF expression in THP-1 cells, and the effects of
TLR-4 with ANX2 are tightly co-operative.
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Introduction

Anti-phospholipid syndrome (APS) is a disorder caused by
the production of anti-phospholipid antibodies (aPL) which
contributes to thrombosis [1]. In addition to anionic phos-
pholipids, aPL also recognizes phospholipid binding pro-
teins, including b2-glycoprotein I (b2GPI) and prothrombin
[2]. b2GPI has emerged as a common antigen for aPL. Anti-
b2GPI antibodies are found abundantly in the plasma of APS
patients, suggesting its important role in the pathological
mechanisms of APS [3]. Growing evidence suggests that
anti-b2GPI antibodies may have procoagulant effects, and
stimulate blood cells and vascular endothelium to express
tissue factor (TF) activity [4]. TF is a specific and high-

affinity receptor for factor VII/VIIa and functions as a
co-factor for factor VIIa enzymatic activity. Exposure of TF
to blood triggers physiological blood coagulation and
thrombosis in a wide variety of thrombotic diseases [5].
Under normal physiological conditions, blood monocytes
do not express functional TF constitutively; however, they
are capable of TF synthesis and expression when stimulated
with lipopolysaccharide (LPS) or certain inflammatory
cytokines [6]. Our previous study showed that certain aPL
(mainly anti-b2GPI) with its antigen could induce mono-
cytes TF activity in APS [7].

Currently, the cell surface molecules involved in the inter-
action between anti-b2GPI/b2GPI and blood monocytes, and
the signal transduction pathways leading to TF expression
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are not understood thoroughly [8]. b2GPI does not bind to
cells through a simple positive charge domain, but via spe-
cific binding molecules. Previous studies have shown that
annexin A2 (ANX2) on certain cell surfaces is capable of
binding to b2GPI, which mediates the pathogenic effects of
aPL in vivo and in vitro [9–11]. However, ANX2 is not a
transmembrane protein, thus it is unlikely to be involved in
intracellular signal transduction. It has been proposed that
other transmembrane ‘adaptor’ proteins may exist to associ-
ate with ANX2 on cell surfaces. Toll-like receptor 4 (TLR-4)
was suggested to act as an ‘adaptor’ for ANX2 leading to
intracellular signal transduction [12]. TLR-4 and its signal
transduction pathway may also play vital roles in the mecha-
nism of aPL-mediated thrombosis in APS.

TLR-4 is a type I transmembrane glycoprotein expressed
mainly on the cells of the innate immune system, which is
the first line of host defence against pathogens [13].
Lipopolysaccharide (LPS), the main ligand of TLR-4, can
activate the innate immune system via TLR-4, and lead ulti-
mately to gene transcription and induce the release of some
proinflammatory cytokines [14]. It is widely known that
myeloid differentiation protein 2 (MD-2) is the key co-factor
of TLR-4 in LPS-induced signalling transduction [15].
TLR-4, together with MD-2, forms a receptor complex for
LPS and induces an intracellular signalling cascade through
the common adaptor protein–myeloid differentiation factor
88 (MyD88) [16,17]. However, the effects of anti-b2GPI/
b2GPI-induced TF expression on TLR-4, MD-2 and MyD88
expression in human monocytic-derived THP-1 human
acute monocytic leukaemia (cells) are unknown. In this
study, we investigated whether TLR-4, as well as its related
proteins, modulate the expression of TF on THP-1 cells and
explored the relationship between TLR-4 and ANX2.

Materials and methods

Cell lines and cell culture

The human monocytic-derived THP-1 cell line was from
Shanghai Institutes Biological Sciences (Shanghai, China).
The cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco BRL, Grand Island, NY, USA)
with low-glucose medium supplemented with 1%
glutamine, 1% penicillin/streptomycin and 10% fetal bovine
serum (FBS) (Gibco BRL). The cells were cultured at 37°C
and 5% CO2 in a humidified incubator to near confluence
and were deprived of serum for 16 h before they were used in
the experiments. All experimental data were obtained for
cells passaged between 3 and 10.

Real-time quantitative reverse
transcription–polymerase chain reaction
(qRT–PCR) analysis

The THP-1 cells were seeded at 2 ¥ 106 cells per ml into
six-well plates and were serum-starved for 16 h prior to

stimulation with monoclonal anti-b2GPI (10 mg/ml; Chemi-
con, Temecula, CA, USA)/b2GPI (100 mg/ml; US Biological,
Swampscott, MC, USA) complex, isotype control rabbit
immunoglobulin G (R-IgG), (10 mg/ml; Santa Cruz Biotech-
nology, Santa Cruz, CA, USA)/b2GPI (100 mg/ml), anti-
b2GPI (10 mg/ml)/bovine serum albumin (BSA) (100 mg/ml;
Sigma, St Louis, MO, USA) or 500 ng/ml of LPS (Sigma) for
2 h. Some experiments involved pretreating cells with 1 mM
paclitaxel (Tauto Biotech, Shanghai, China) for 1 h. Total
RNA was extracted from cells using Trizol (Invitrogen, Carls-
bad, CA, USA), according to the manufacturer’s protocol.
Oligo dT-primers were used for reverse transcription with
2 mg of total RNA in a 25 ml reaction volume (Applied Bio-
systems, 2720 Thermal Cycler, USA). The levels of target
mRNA on cells were analysed by quantitative RT–PCR using
SYBR Green I dye (Takara Biotec, Kyoto, Japan) detection.
The primers used for PCR were as follows: TLR-4, forward:
CCTGTGCAATTTGACCATTG, reverse: AAGCATTCCCA
CCTTTGTTG, 263 base pairs (bp); MD-2, forward: ATTGG
GTCTGCAACTCATCC, reverse: AATCGTCATCAGATCCT
CGG, 240 bp; MyD88, forward: TGCAGAGCAAGGAATGT
GAC, reverse: AGGATGCTGGGGAACTCTTT, 121 bp; TF,
forward: TCAGGTGATCCACCCACCTT, reverse: GCAC
CCAATTTCCTTCCATTT, 132 bp; ANX2, forward: ACC
TGGAGACGGTGATTT, reverse: TGCTCTTCTACCCTT
TGC, 260 bp; b-actin, forward: CACGAAACTACCTTCAAC
TCC, reverse: CATACTCCTGCTTGCTGATC, 262 bp. The
PCR assays were performed in triplicate on a Rotor-Gene
2000 qRT–PCR system (Corbett Research, Sydney,
Australia). The amplification run was performed for 35
cycles under the following conditions: denaturation (94°C
for 30 s), annealing (TLR-4, MD-2, MyD88, TF at 60°C for
30 s and b-actin, ANX2 at 56°C for 30 s), extension (72°C for
30 s). The relative levels of target mRNA were detected using
standard curve calculations by control values of b-actin (%).

Western blotting analysis

THP-1 cells (2 ¥ 106/ml) were incubated with anti-b2GPI
(10 mg/ml)/b2GPI (100 mg/ml) complex for 6 h. When nec-
essary, the cells were pretreated with 1 mM paclitaxel for 1 h.
For total cellular protein, cells were collected and lysed in
buffer containing 20 mM Tris-HCl, pH 7·4, 1% Triton
X-100, 2·5 mM ethylenediamine tetraacetic acid (EDTA),
1 mM phenylmethylsulphonyl fluoride (PMSF). The lysates
were centrifuged at 93 g for 30 min (Kubota 6930, Tokyo,
Japan) to remove unbroken cells, nuclei and other
organelles. The supernatant containing plasma membrane
was recovered and stored at -80°C for analysis. Equal
amounts of protein sample (5 mg) were electrophoresed in
12% of sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis gels (SDS-PAGE) and transferred to a polyvi-
nylidene difluoride (PVDF) membrane (Bio-Rad, Hercules,
CA, USA). The membrane was blocked in fresh 5% dry
defatted milk in Tris-buffered saline/0·05% Tween-20
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(TTBS) for 1 h at room temperature (RT), washed three
times with TTBS, and then incubated with the primary anti-
bodies recognizing TLR-4 (eBioscience, San Diego, CA,
USA), MD2 (eBioscience), MyD88 (Santa Cruz), ANX2
(Abnova Cor, Taipei, Taiwan) and b-actin (Proteintech
Group, Chicago, IL, USA) overnight at 4°C. Following three
washes with TTBS, the membrane was incubated with horse-
radish peroxidase (HRP)-conjugated goat anti-mouse and
goat anti-rabbit secondary antibodies (Santa Cruz) for 1 h at
RT. Finally, the immunoblots were developed, imaged using
enhanced chemiluminescence (ECL) Western blotting detec-
tion reagents (GE Healthcare, Buckinghamshire, UK), and
quantitated using a Bio-Rad Fluor-S MultiImager (Typhoon
9400, Amersham, Sweden).

Analysis of b2GPI binding with molecules on THP-1
cell membrane

To investigate whether b2GPI can bind to the specific mol-
ecules on THP-1 cell surface membrane, the b2GPI-affinity
column (b2GPI-Affi-Gel) was first prepared using cyanogen
bromide (CNBr)-activated Sepharose® 4B (Amersham Phar-
macia Biotech, Uppsala, Sweden). Briefly, human b2GPI
(3 mg) was added to 1ml of CNBr-activated Sepharose 4B
and agitated overnight at 4°C, following the manufacturer’s
instructions. The coupled gel was then washed with a block-
ing buffer and equalization buffer. Finally, about 2 mg of
b2GPI was coupled to column.

The THP-1 cells (1 ¥ 107) were incubated with anti-b2GPI
(10 mg/ml)/b2GPI (100 mg/ml) complex for 6 h, lysed with
1 ml of lysate buffer (mentioned above) and centrifuged at
93 g for 30 min. The supernatant (cell surface membrane)
was dialyzed overnight by 20 mM Tris-HCl buffer, pH 7·4
and then added to the b2GPI-Affi-Gel column. The column
was washed with 20 mM Tris-HCl, pH 7·4/30 mM NaCl and
proteins were eluted using 20 mM Tris-HCl, pH 7·4/350 mM
NaCl. Each step was monitored by the optical density (OD)
value of the fractions up to zero. Three portions of the frac-
tions (flow solution, the washed solution and eluted solu-
tion) were collected and analysed by Western blotting using
anti-ANX2 or anti-TLR-4 antibodies.

ANX2 RNA interference assay

To evaluate the relationship of ANX2 and TLR-4 in anti-
b2GPI/b2GPI complex-induced TF expression on THP-1
cells, the effect of ANX2 RNA interference of THP-1 cells
was analysed. The lentiviral expression vector containing
ANX2 siRNA gene or the empty vector (Genechem, Shang-
hai, China) was constructed and packed into HEK 293T
cells according to the manufacturer’s instructions. The
recombinant lentivirus containing ANX2 siRNA (LV-RNAi-
ANX2) or empty lentivirus (LV-GFP) harvested from HEK
293T cells were then added into target THP-1 cells at mul-
tiplicity of infection (MOI) equal to 100 with enhanced

infection solution (ENi.S; Genechem, Shanghai, China) and
5 mg/ml polybrene. After 72 h, the ANX2 mRNA and its
protein expression on THP-1 cells were detected by qRT–
PCR or Western blot in order to confirm the knock-down
of ANX2. The cells were then collected and stimulated by
anti-b2GPI (10 mg/ml)/b2GPI (100 mg/ml) for 2 h or 6 h.
The mRNA and protein levels of target molecules were
finally assayed.

TF activity measurement

TF activity on cells was determined as factor X activation by
TF/VIIa complex. The above cell lysates were collected and
assayed using TF activity kits (Assaypro, Greenwich, CT,
USA), according to the manufacturer’s instructions. Factor
VIIa and factor X were, respectively, diluted in the assay
diluent, and 60 ml of the mixture (containing VIIa and X)
was added to each well of the 96-well plate. Twenty microli-
tres of lysate samples was then added and incubated at 37°C
for 30 min. The activity of TF/FVIIa complex was quanti-
tated by the amount of factor Xa generation, which reacts
with a highly specific factor Xa substrate (20 ml/well),
releasing a yellow para-nitroaniline (pNA) chromophore.
Colour development was monitored by the absorbance at
405 nm using a kinetic microplate reader (Gene Company
Limited, Hong Kong, China). The concentration of gener-
ated factor Xa was calculated from Vmax (mOD/min) using a
standard curve.

Statistical analysis

Normally distributed variables were expressed as
means � standard error of the mean. One-way analyses of
variance were used to compare three or more means. Two-
factor treatment results were analysed by two-way analyses
of variance. All statistical analyses were performed using spss
statistical software package version 17·0 (SPSS Inc., Chicago,
IL, USA) and the level of significance was set at P < 0·05.

Results

Anti-b2GPI/b2GPI complex induces TF expression in
THP-1 cells

Treatment of THP-1 cells with anti-b2GPI (10 mg/ml)/b2GPI
(100 mg/ml) complex increased TF expression significantly
at the mRNA level (Fig. 1a) and enhanced its activity
(Fig. 1b) compared to untreated cells (P < 0·05). The effects
of anti-b2GPI/b2GPI complex were comparable to that of
LPS (500 ng/ml). However, TF expression did not increase in
cells when treated with R-IgG at the same concentration as
b2GPI or anti-b2GPI (10 mg/ml)/BSA (100 mg/ml). These
results were similar to that of our previous study in human
peripheral blood monocytes [7].

TLR-4 and anti-b2GPI/b2GPI
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Anti-b2GPI/b2GPI complex stimulates TLR-4, MyD88
and MD-2 expression in THP-1 cells

We investigated the effects of anti-b2GPI/b2GPI treatment on
TLR-4, MyD88 and MD-2 levels in THP-1 cells. Treatment
with the anti-b2GPI/b2GPI complex increased TLR-4,
MyD88 and MD-2 expression significantly at both the

mRNA (Fig. 2a) and protein levels (Fig. 2b) compared to
untreated cells (P < 0·05). The observed effects of anti-
b2GPI/b2GPI complex were similar to that of LPS (positive
control). However, R-IgG treatment of THP-1 cells did not
stimulate TLR-4, MyD88 and MD-2 levels.

ANX2 and TLR-4 interacts with b2GPI in THP-1 cells

Our previous data showed that b2GPI could interact with
ANX2 on monocyte surfaces and mediate anti-b2GPI/b2GPI
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Fig. 1. Tissue factor (TF) expression of THP-1 (human acute

monocytic leukaemia) cells induced by anti-b2-glycoprotein

I/b2-glycoprotein I (anti-b2GPI/b2GPI) complex. The THP-1 cells

(2 ¥ 106) were treated with anti-b2GPI (10 mg/ml)/b2GPI (100 mg/ml)

complex, isotype control rabbit immunoglobulin G (R-IgG)

(10 mg/ml)/b2GPI (100 mg/ml), lipopolysaccharide (LPS) (500 ng/ml)

and anti-b2GPI (10 mg/ml)/bovine serum albumin

(BSA) (100 mg/ml) for 2 h (a) or 6 h (b). TF mRNA (a) and

TF activity (b) were detected by real-time quantitative reverse

transcription–polymerase chain reaction (qRT–PCR) and TF activity

kits, respectively, as described in Materials and methods. Data shown

are from three independent experiments. *P < 0·05 versus control of

untreated cells.
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Fig. 2. Toll-like receptor (TLR)-4, myeloid differentiation factor 88

(MyD88) and myeloid differentiation protein 2 (MD-2) secretion

in THP-1 (human acute monocytic leukaemia) cells stimulated

with anti-b2-glycoprotein I/b2-glycoprotein I (anti-b2GPI/b2GPI)

complex. The THP-1 cells (2 ¥ 106) were treated with anti-b2GPI

(10 mg/ml)/b2GPI (100 mg/ml) complex, isotype control rabbit

immunoglobulin G (R-IgG) (10 mg/ml)/b2GPI (100 mg/ml) and

lipopolysaccharide (LPS) (500 ng/ml) for 2 h (a) or 6 h (b). TLR-4,

MyD88 and MD-2 mRNA levels (a) were detected by real-time

quantitative reverse transcription–polymerase chain reaction

(qRT–PCR), and their protein levels (b) were analysed by Western

blotting. Data shown are from three independent experiments.

*P < 0·05 versus control of untreated cells.
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complex-induced TF expression of THP-1 cells. Because
ANX2 is not a transmembrane protein and not involved in
intracellular signal transduction, we then studied whether
b2GPI could bind with ANX2 as well as TLR-4. THP-1 cells
were incubated with anti-b2GPI (10 mg/ml)/b2GPI (100 mg/
ml) complex for 6 h, and cell lysates were prepared. The
supernatant from the cell lysates was flowed through a
b2GPI-Affi-Gel column, and the fractional sample was analy-
sed by Western blotting using anti-ANX2 or anti-TLR-4
antibodies. As shown in Fig. 3, both ANX2 (approximately
36 kD) and TLR-4 (approximately 100 kD) were detectable
in the samples eluted in 20 mM Tris-HCl, pH 7·4/350 mM
NaCl solution. However, ANX2 and TLR-4 were undetect-
able in the flow-away and washed solutions. These data indi-
cate that both ANX2 and TLR-4 could interact with b2GPI
on the membranes of THP-1 cells.

Paclitaxel inhibits the effects of anti-b2GPI/b2GPI in
THP-1 cells

We used paclitaxel, which competes with the MD-2 ligand, to
confirm further the effects of the TLR-4 axis in anti-b2GPI/
b2GPI-induced TF expression in THP-1 cells. Paclitaxel
(1 mM) could decrease TLR-4 (Fig. 4a1,a2), MyD88
(Fig. 4b1,b2) and MD-2 (Fig. 4c1,c2) secretion in THP-1
cells treated with anti-b2GPI/b2GPI complex or LPS. Fur-
thermore, the TF mRNA level and activity were also reduced
in the presence of 1 mM paclitaxel, despite cells being pre-
treated by anti-b2GPI/b2GPI complex or LPS (shown in
Fig. 5). Treatment of paclitaxel alone did not affect the
expression of TF and TLR-4, MyD88 and MD-2. These data
indicate that TLR-4 and its signal transduction pathway are
associated with anti-b2GPI/b2GPI-induced TF expression in
THP-1 cells.

Effects of ANX2 knock-down in THP-1 cells

To study further the relationship between ANX2 and TLR-4
in anti-b2GPI/b2GPI-induced TF expression, we used

LV-RNAi-ANX2 to knock down ANX2 in THP-1 cells. The
RNA interference efficiency was examined by qRT–PCR and
Western blot analysis. ANX2 mRNA levels were almost abol-
ished in THP-1 cells compared to the cells transfected with
the control siRNA or LV-GFP (Fig. 6a). Meanwhile, ANX2
protein was not detectable in these cells by Western blot
analysis (Fig. 6b).

Furthermore, ANX2 knock-down of anti-b2GPI/b2GPI
complex-treated THP-1 cells decreased TLR-4, MyD88 and
MD-2 expression significantly at both the mRNA and
protein levels (Fig. 7). These results indicate that TLR-4
and its related molecules could be linked or regulated via
ANX2 in THP-1 cells. Finally, a remarkable decrease was
observed of TF mRNA expression (Fig. 8a) and TF activity
(Fig. 8b) on ANX2 RNAi-cells treated with anti-b2GPI/
b2GPI complex. The effects of LPS on TF expression
in THP-1 cells were not affected by LV-RNAi-ANX2
transfection.

Discussion

APS is a devastating disease with significant morbidity and
mortality; aPL antibodies, such as anti-b2GPI, are associ-
ated closely with thrombotic events (recurrent venous and
arterial thrombosis and/or repeated fetal loss) in APS. A
large number of evidence demonstrates that b2GPI is the
most common target for aPL [18]. de Laat et al. demon-
strated that anti-b2GPI antibodies binding to a cryptic
epitope on domain I of b2GPI (G40-R43) mediated the
pathophysiology of APS [19]. Anti-b2GPI/b2GPI can bind
at the surface membranes of monocytes and endothelial
cells, promoting TF activity on these cells and thereby
increasing the risk of thrombosis. Therefore, TF is consid-
ered as an important factor that contributes to hypercoagu-
lability in APS [20]. It has been shown that b2GPI interacts
with cell surfaces through negatively charged phospholip-
ids. In addition, b2GPI is able to bind membrane receptors
involved in activation of endothelial cells, monocytes and
platelets, which includes b2GPI cell receptors, ANX2,

Fig. 3. Analysis of b2-glycoprotein I (b2GPI)

binding with annexin A2 (ANX2) and Toll-like

receptor (TLR)-4 on THP-1 (human acute

monocytic leukaemia) cell membrane. The cell

lysates were extracted from 1 ¥ 107 of THP-1

cells and subjected to affinity chromatography

on b2GPI-Affi-Gel column, then the column

was washed and eluted as described in Materials

and methods. The proteins in each solution

were analysed by Western blotting using

anti-ANX2 or anti-TLR-4 antibodies. The

protein bands of approximately 36 kD (ANX2)

(a) and 100 kD (TLR-4) (b) were found only in

Tris/350 mM NaCl-eluted solution.
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megaline and apolipoprotein E receptor 2′ (apoER2′)
[9,10,21,22].

ANX2 (formerly called annexin II) is a member of the
annexin superfamily proteins which share structural and
functional features [23]. Surface expression of ANX2 has
been found in a variety of cells, and as a receptor, ANX2
mediates the binding of tissue-type plasminogen activator or
plasminogen to cells, contributing to plasminogen activa-
tion, fibrinolysis and extracellular matrix degradation [24].
It was reported recently by Zhang et al. that ANX2 also medi-
ates anti-b2GPI/b2GPI complex binding to endothelial cell
surfaces, stimulating endothelial activation and increasing
the levels of TF, vascular cell adhesion molecule 1 (VCAM-1)
and other inflammatory molecules in circulation [9]. Our
previous study showed that ANX2 could be expressed on the
surface membranes of peripheral blood monocytes and the
monocytic THP-1 cells. ANX2 could mediate the binding of
anti-b2GPI/b2GPI complex to monocytes and induce TF

expression. Furthermore, TF expression was reduced dra-
matically in ANX2 knock-down cells [25].

Annexins are calcium-dependent phospholipid binding
proteins that lack a hydrophobic signalling sequence, thus it
is unlikely to be involved in intracellular signal transduction
mediated by anti-b2GPI/b2GPI. TLRs are part of the innate
immune response that bridge innate and specific immunities
[26]. Recently, it has been presumed that TLRs and its related
signalling molecules are associated with the pathological
mechanisms of APS [27,28]. In particular, Raschi et al.
reported that MyD88, an adaptor molecule for TLR-4, could
transduce the TLR-mediated intracellular signalling trig-
gered by aPL or anti-b2GPI antibodies in vitro [29]. Morever,
TLR-4 also interacts with aPL in endothelial cells in vivo
[30].

In the present study, we showed that TF expression in
THP-1 cells could be induced by anti-b2GPI/b2GPI complex
(Fig. 1). The effects of anti-b2GPI/b2GPI were not
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Fc-mediated, which has been demonstrated previously by
our group [7]. The levels of TF expression induced with LPS
(as a positive control) in our assays seemed lower than pre-
viously reported studies, suggesting that THP-1 cells may not
respond to LPS.

ANX2 is involved in anti-b2GPI/b2GPI-induced TF
expression of monocytes [10,25]. Whether TLR-4 can act as
a co-repressor for ANX2 in anti-b2GPI/b2GPI-induced TF
expression of monocytes is not known. In this study, the

anti-b2GPI/b2GPI complex could increase the secretion of
TLR-4, MD-2 and MyD88 in THP-1 cells (Fig. 2). Increased
TLR-4 expression may be due to binding of a specific ligand
or stimulation of specific reagents (such as anti-b2GPI/b2GPI
complex) that activates a signal transduction pathway.

We used paclitaxel to confirm further the effects of anti-
b2GPI/b2GPI on TF expression in THP-1 cells. Paclitaxel
could decrease TLR-4, MD-2 and MyD88 expression signifi-
cantly at both the mRNA and protein levels (Fig. 4). Mean-
while, TF mRNA and TF activity were also reduced in the
pretreated cells with paclitaxel (Fig. 5). Paclitaxel has been
reported as a novel approach to block LPS-induced TLR-4
expression in monocytes by binding to MD-2 [31,32]. The
inhibition of paclitaxel on the effects of anti-b2GPI/b2GPI in
THP-1 cells demonstrated further that TLR-4 and its signal
transduction pathway were associated with the b2GPI or
anti-b2GPI/b2GPI complex. These results suggest that pacli-
taxel might be used as an inhibitor of TF expression and as a
novel therapeutic approach in APS.

The relationship between TLR-4 and ANX2 was investi-
gated further in our study. The results showed that, along
with ANX2, TLR-4 in THP-1 cell lysates could bind to b2GPI
which had been conjugated to the CNBr-activated-
sepharose-4B column (Fig. 3). Furthermore, ANX2 knock-
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down showed that the expression of TLR-4, MD-2 and
MyD88 stimulated by anti-b2GPI/b2GPI complex was
remarkably reduced in LV-RNAi-ANX2-transfected THP-1
cells (Fig. 7). Interestingly, anti-b2GPI/b2GPI-induced
TLR-4, MD-2 and MyD88, as well as TF expression was
modestly higher in LV-RNAi-ANX2 transfected THP-1 cells
than in unstimulated cells. These findings may suggest that
other membrane receptors besides ANX2, such as TLR-4,
may mediate the effects of anti-b2GPI/b2GPI in cells. It was
reported recently that TLR-2, but not TLR-4, interacted with
b2GPI on the membrane of endothelial cells [33].

Taken together, our current study demonstrated that anti-
b2GPI/b2GPI-stimulated TF expression is mediated by
TLR-4, ANX2 and their signalling proteins in THP-1 cells,
which may contribute to the pathological processes in APS.
Further studies are needed to understand the intracellular

signalling transduction pathway activated by TLR-4, which
may include interleukin-1 receptor-associated kinases
(IRAKs), tumour necrosis factor receptor-associated factors
(TRAFs), mitogen-activated protein kinases (MAPKs) and
nuclear factor kappaB (NF-kB).
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