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Abstract
Introduction—Autoantibodies including anti-human protein S antibody (anti-hPS Ab) and anti-
human protein C antibody (anti-hPC Ab) can be detected in patients with autoimmune diseases
with hypercoagulability. The objective of the present study was to determine the effects and
molecular pathways of these autoantibodies on tissue factor (TF) expression in human coronary
artery endothelial cells (HCAECs).

Materials and Methods—HCAECs were treated with anti-hPS Ab or anti-hPC Ab for 3 hours.
TF expression was measured by real-time PCR and Western blot. TF-mediated procoagulant
activity was determined by a commercial kit. MAPK phosphorylation was analyzed by Bio-Plex
luminex immunoassay and Western blot. The potential proteins interacting with anti-hPS Ab were
studied by immunoprecipitation, mass spectrometry and in vitro pull-down assay.

Results—Anti-hPS Ab, but not anti-hPC Ab, specifically induced TF expression and TF-
mediated procoagulant activity in HCAECs in a concentration-dependent manner. This effect was
confirmed in human umbilical endothelial cells (HUVECs). ERK1/2 phosphorylation was induced
by anti-hPS Ab treatment, while inhibition of ERK1/2 by U0216 partially blocked anti-hPS Ab-
induced TF upregulation (P<0.05). In addition, anti-hPS Ab specifically cross-interacted with
platelet phosphofructokinase (PFKP) in HCAECs. Anti-hPS Ab was able to directly inhibit PFKP
activities in HCAECs. Furthermore, silencing of PFKP by PFKP shRNA resulted in TF
upregulation in HCAECs, while activation of PFKP by fructose-6-phosphate partially blocked the
effect of anti-hPS Ab on TF upregulation (P<0.05).

Conclusions—Anti-hPS Ab induces TF expression through a direct interaction with PFKP and
ERK1/2 activation in HCAECs. Anti-hPS Ab may directly contribute to vascular thrombosis in
the patient with autoimmune disorders.
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Introduction
Protein S is a vitamin K-dependent plasma protein that is mainly synthesized by both
hepatocytes and megakaryocytes and serves as a cofactor for the anticoagulant reaction
catalyzed by activated protein C [1]. Deficiency of protein S is associated with an increased
risk of vascular thrombosis [2]. Acquired deficiency of protein S has been reported in
systemic autoimmune disorders [3-7], and many other diseases including HIV infection
[8,9], estrogen treatment [10] and malignancies [11]. Anti-protein S autoantibodies are
present in a large proportion of patients with acquired protein S deficiency in the
antiphospholipid syndrome (APS) and systemic lupus erythematosus (SLE) [12-15]. The
patient with infection of chickenpox generated an autoantibody directed against protein S,
leading to the thromoembolic complication [16,17]. The autoantibodies directly against a
combination of phospholipids with prothrombin, protein C or protein S have been proposed
to play a critical role in the vascular thrombosis [13,18]. In addition, these autoantibodies
may directly regulate expressions and/or activities of many coagulation factors including
tissue factor (TF) in the vascular system.

TF is a transmembrane protein constitutively expressed in many cell types outside of the
vasculature, but is not normally expressed on endothelial cells or peripheral blood cells.
However, in response to stimulation with certain agents, endothelial cells and monocytes
express TF via transcription activation [19,20]. Increased TF activity has been implicated as
a mechanism of thrombosis in a number of thrombotic conditions including atherosclerosis
[21, 22]. There is growing evidence that autoantibodies could stimulate cellular TF
expression in patients with systemic autoimmune disease [23-25]. However, it is not known
how these autoantibodies regulate TF expression. Autoantibodies may cross-react with
different autoantigens, which share certain structural features [26-29].

Since autoantibody against human protein S is clinically associated with increased
thrombosis [13], we hypothesized that anti-human protein S antibody (anti-hPS Ab) may
contribute thrombosis through specific molecular pathways. In this study, we have
demonstrated that anti-hPS Ab, but not anti-human protein C antibody (hPS Ab),
specifically increases TF expression through direct interaction with platelet
phosphofructokinase (PFKP) in human coronary endothelial cells (HCAECs). PFKP is a key
regulatory enzyme of glycolysis in most mammalian tissues. It is a new function for PFKP
mediating TF expression. This study provides a new molecular mechanism of autoantibodies
contributing vascular thrombosis.

Materials and Methods
Chemicals and reagents

TNF-α, anti-hPS Ab (polyclonal), anti-hPC Ab, anti-human IgG Ab (anti-hIgG Ab),
monoclonal mouse anti-human β-actin Ab, and fructose-6-phosphate (F-6-P) were purchased
from Sigma (St. Louis, MO, USA). Anti-hPS Ab (monoclonal) and a tissue factor human
chromogenic activity assay kit were obtained from Abcam (Cambridge, MA, USA).
Monoclonal anti-human TF Ab, IMUBIND TF ELISA Kit and human protein S (as a part of
the Protein S - IMUCLONE™ Free Protein S ELISA kit) were purchased from American
Diagnostica Inc (Stamford, CT, USA). Anti-phospho- and total-ERK1/2 antibodies were
purchased form Cell Signaling (Danvers, MA, USA). PFKP recombinant protein with GST
and mouse anti-PFKP Ab were purchased from Novus Biologicals Inc (Littleton, CO, USA).

Cell cultures
HCAECs and human umbilical endothelial cells (HUVECs) were purchased from Cambrex
(Walkersville, MD, USA) at passage three. Cells were cultured in serum starvation medium
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(EBM-2 supplemented with 0.5% FBS, CA-1000, heparin, and ascorbic acid, and no growth
factors added) for 12-16 hours. The cells were treated with anti-hPS Ab or anti-hIgG Ab for
an indicated amount (0-100 μg/mL) and time point (0-7 hours). TNF-α treatment (5 ng/mL)
was used as a positive control.

Real time PCR
Total RNA form HCAECs was extracted, and cDNA was synthesized. Quantitative real-
time PCR was performed using iQ SYBR Green Supermix Kit (BioRad) following the
manufacturer's instruction. The PCR primer sequences are: TF forward: 5′-
GTGATTCCCTCCCGAACAGTT-3′; reverse: 5′-CTGGCCCATACACTCTACCG-3′; β-
actin forward: 5′-CTGGAACGGTGAAGGTGACA-3′, reverse: 5′-
AAGGGACTTCCTGTAACAATGCA-3’. GAPDH forward: 5′-
CGTGCCGCCTGGAGAAACC-3′, reverse: 5′-TGGAAGAGTGGGAGTTGCTGTTG-3′.
PFKP forward: 5′-GGGGATGCTCAAGGTATGAAC-3′, reverse: 5′-
TCGGCCTCTGCGATGTTTG-3′. iCycler software was used to analyze the calibration
curve by plotting the threshold cycle (Ct) versus the logarithm of the number of copies for
each calibrator. The relative amount of mRNA for each gene was normalized based on that
of the house-keeping gene β-actin or GAPDH calculated as
[2(Ct[β-actin or GAPDH] - Ct[gene of interest]) ].

Western blot
Cells were lysed in a Cell Lysis buffer (Sigma). The total protein concentration was
determined with the protein assay kit (Bio-Rad). Twenty five micrograms of protein samples
were separated on 10% SDS-PAGE gels, which were then transferred to the nitrocellulose
membrane. The membrane was blocked in 5% nonfat powdered milk. The membrane was
incubated with the primary antibody at 4°C overnight, followed by incubation with HRP
conjugated secondary Ab and detected with SuperSignal West Pico Chemiluminescent
Substrate (Pierce, Rockford, IL, USA).

TF protein level and activity
Serum-starved HCAECs were treated with different concentrations of anti-hPS Ab (20, 40
or 100 μg/mL). Isotype control IgG, heat-inactivated anti-hPS Ab, and TNF-a were included
as controls. Cellular TF protein levels and TF-mediated procoagulant activity were
measured by commercial IMUBIND Tissue Factor ELISA Kit and Tissue Factor Human
Chromogenic Activity Assay Kit, respectively, according to manufacturer's instructions.

Bioplex luminex immunoassay
Serum-starved HCAECs were treated with anti-hPS Ab (20 μg/mL) and the cell lysates were
harvested at different time points (0, 10, 20, 40, 60 and 120 minutes) with Bio-Plex Cell
Lysis Kit. The phosphorylation levels of MAPKs were analyzed by Bio-Plex
phosphoprotein and total target protein assays (Bio-Rad) according to manufacturer's
instructions.

Immunoprecipitation and protein sequencing
The proteins of HCAECs were extracted with Mem-PER Eukaryotic Membrane Protein
Extraction Reagent Kit (Pierce). HCAEC protein lysates were incubated with rabbit anti-
hPS Ab for 2 hours at 4°C. Protein G sepharose was then added. The suspension was mixed
for 1 hour at 4°C and then subjected to centrifugation (12,000 × g) for 2 minutes. The
supernatant was discarded and the Laemmli sample buffer (BioRad) was added to the beads
and boiled for 5 minutes, and then subjected to centrifugation for 5 minutes. The resultant
supernatant fluid was run in SDS-PAGE. The gel was stained with 0.5% Coomassie Blue R
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for 30 minutes and destained with 5% acetic acid and 10% methanol. The protein band was
cut out and sent to the Protein Chemistry Core Lab at the Baylor College of Medicine for
protein sequencing. The protein was digested by trypsin and sequenced with MALDI-TOF
instrument.

PFKP activity
HCAECs were homogenized in 50 mM Tris-HCl buffer (pH 8.0) containing 50 mM-
potassium fluoride and 2.5 mM-EDTA with a homogenizer. The homogenate was
centrifuged for 15 minutes (at 10,000g) and the supernatant was collected for PFKP activity
assay. PFKP crude extract was incubated with Ab for 15 minutes at room temperature before
starting PFKP activity assay. PFKP activity assay was performed in 50 μL reaction mixture
containing 33 mM Tris/HCl buffer, 50 mM KCl, 5 mM MgCl2, 1 mM DTT (dithiothreitol),
20 mM fructose-6-P, 2.4 mM DPNH, 2.0 mM ATP, 0.36 units of aldolase, 15 units of Triose
phosphate isomerase, 5.1 units of glycerol phosphate dehydrogenase, 10 μL of the PFKP
homogenate and 1 μL of Ab. The assay was run in a spectrophotomoter at room
temperature. PFKP activity was represented as percent loss of DPNH in the reaction at A340.

PFKP shRNA silencing
The 29mer shRNA constructs against PFKP and control construct plasmid were purchased
from Origen Technologies, Inc (Rockville, MD). The sequences of the two PFKP shRNAs
are AAGTACAAGGCCAGCTATGACGTGTCGGA and
CCACAGGATGCTCGCCATCTATGATGGCT. The shRNA constructs and control
construct were transfected into Phoenix Ampho packaging cells (Orbigen, San Diego, CA,
USA) to produce recombinant retroviruses. HCAECs were then infected by the viral
supernatant and selected in growth medium containing 1 μg/mL puromycin for 1 week. All
uninfected cells were killed by puromycin. The shRNA silencing effects in stably
transfected HCAECs were verified by measuring PFKP mRNA abundance.

Statistical analysis
Data are presented as mean ± SEM. Statistical significance was determined by one-way
analysis of variance (ANOVA) or Student's t-test (two tailed). A value of P < 0.05 was
considered significant.

Results
Anti-hPS Ab specifically induces TF expression and TF-mediated procoagulant activity in
HCAECs and HUVECs

To determine the specific effects of anti-hPS Ab on TF expression in HCAECs, we
performed real-time PCR, ELISA and Western blot to measure TF mRNA and protein
levels, respectively. Both TF mRNA and protein levels in HCAECs were increased in a
concentration-dependent manner in response to anti-hPS Ab treatment (Fig. 1A, and Fig.
2A, 2B). As a negative control, anti-hIgG Ab had no effects on TF mRNA and protein
expression. The same concentrations of anti-hPC Ab did not show any significant effect on
TF expression in HCAECs (Fig. 1B). The time course analysis of anti-hPS Ab-induced TF
mRNA expression in HCAECs was shown in Fig. 1C. Treatment with anti-hPS Ab resulted
in a 2.5-fold increase in TF mRNA levels that reached the maximal at 3 hours. Commercial
source of anti-hPS Ab (polyclonal, Sigma) was used to generate above data. In order to
establish such a unique role of anti-hPS-Ab in TF expression, we used another anti-hPS Ab
(monoclonal) from different source (Abcam) for assaying the TF-mediated procoagulant
activity in both HCAECs and HUVECs. As expected, anti-hPS Ab (monoclonal)
significantly increased TF-mediated procoagulant activity in both HCAECs and HUVECs in
a concentration dependent manner (Fig. 2C and 2D). Western blot confirmed that anti-hPS
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Ab (monoclonal) also specifically increased TF protein levels in HUVECs (Fig. 2E). These
data indicate that anti-hPS Ab, but not anti-hPC Ab, could mimic the effects of patient
autoantibodies in terms of inducing TF expression.

ERK1/2 activation is involved in anti-hPS Ab-induced TF expression in HCAECs
Since MAPKs are able to mediate TF expression in human endothelial cells [30-32], we
determined whether MAPKs are also involved in anti-hPS Ab-induced TF expression. The
activation status of 3 major MAPKs (ERK2, JNK and p38) was analyzed by Bio-Plex
luminex immunoassay. Anti-hPS Ab treatment (20 µg/mL) for 40 minutes substantially
increased the phosphorylation of ERK2 in HCAECs by 5.5-fold compared with untreated
cells (at 0 minute). However, there were no changes of phosphorylation in JNK and p38 in
response to anti-hPS Ab treatment (Fig. 3A). Meanwhile, Western blot also revealed a
significant increase of phosphorylation of ERK1/2 in HCAECs at 40 minutes of anti-hPS Ab
treatment compared with untreated cells at 0 minute (Fig. 3B). Moreover, anti-hPS Ab-
induced increase of TF mRNA and protein levels was effectively blocked by co-incubation
of anti-hPS Ab with the specific ERK1/2 inhibitor U0216 (P < 0.05, Fig. 4A and 4B). As a
control, anti-human TF Ab was included in the study and did not show any effect on TF
expression. Thus, ERK1/2 activation is involved in anti-hPS Ab-induced TF expression in
HCAECs.

Anti-hPS Ab specifically interacts with PFKP in HCAECs
Since autoantibodies may cross-react with a wide spectrum of antigens, we performed
immunoprecipitation and protein sequencing to identify the potential anti-hPS Ab-binding
protein in HCAECs. The protein sequencing results showed that the anti-hPS Ab-binding
protein is PFKP. To confirm that anti-hPS Ab could directly bind to PFKP, we performed
immunoprecipitation assay using purified PFKP-GST and anti-hPS Ab, and we found that
anti-hPS Ab immunoprecipitated the PFKP, while the negative control Abs (anti-hPC Ab
and anti-hIG Ab) had no such effects (Fig. 5A). Furthermore, we found that the binding
activity between PFKP-GST and anti-hPS Ab was effectively abolished by adding an excess
amount of hPS (Fig. 5B), suggesting that hPS might block the domain on anti-hPS Ab. hPS
used in the current study is a part of the Protein S - IMUCLONE™ Free Protein S ELISA
kit; and it is a highly purified free protein with a full biological activity. hPS interacting with
anti-hPS Ab competitively inhibited PFKP-GDT interacting with anti-hPS Ab. These
findings demonstrate the cross-reactivity between anti-hPS Ab and PFKP.

PFKP is directly involved in anti-hPS Ab-induced TF expression in HCAECs
Since anti-hPS Ab could bind with PFKP, we performed PFKP activity assay to observe the
effects of anti-hPS Ab on PFKP activity. Fig. 6A showed that anti-hPS Ab significantly
reduced the PFKP activity compared with control groups. To study the effects of PFKP
levels on TF expression, we knocked down the expression of PFKP around 30% in HCAECs
by PFKP shRNA (Fig. 6B). In the PFKP shRNA transfected HCAECs, the TF mRNA
expression was significantly increased for more than 80% compared with control shRNA
vector transfected cells (Fig. 6C). These data suggest that anti-hPS Ab might increase TF
expression through inhibiting PFKP activity in HCAECs. To further confirm this concept,
we incubated HCAECs with anti-hPS Ab in the presence or absence of fructose-6-
phosphate, which is a PFKP activator. As shown in Fig. 6D, fructose-6-phosphate partially
abolished the effect of anti-hPS Ab on TF mRNA expression (P < 0.01), which indicate that
PFKP could mediate the effects of anti-hPS Ab on TF expression.
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Discussion
In the current study, we have found that anti-hPS Ab specifically induces TF expression
through a direct interaction with PFKP in HCAECs and ERK1/2 activation. Previous studies
have shown that anti-hPS Abs were present in a large proportion of patients with acquired
protein S deficiency, who are positive for the lupus anticoagulant or positive for HIV
infection, by measuring their binding activities to hPS or specific peptides [4,8]. However,
concentrations (ng/mL) of anti-hPS Abs in human plasma or serum are currently not
available, although we know that the concentration of PS in normal plasma is ∼25 μg/ml
[33]; and the mean level of serum IgG is 111.8 mg/ml [34]. It has been proposed that
autoantibodies might directly contribute to high thrombosis events in the patients [18]. There
is growing evidence that increased TF activity on vascular endothelial cells or monocytes is
an important mechanism of hypercoagulability in APS and SLE [35-40]. TF is the
physiological initiator of normal coagulation as well as clotting observed in thrombotic
disease. Autoantibodies and/or immune complexes circulating in APS patients appear to
enhance the expression of TF activity on monocytes and endothelial cells [36-38,41]. Our
data have shown that TF mRNA and protein expression levels as well as TF-mediated
procoagulant activity in human endothelial cells were significantly increased by anti-hPS Ab
treatment in a concentration-dependent manner. The time course analysis has shown that
stimulation with anti-hPS Ab resulted in a 2.5-fold increase in TF mRNA levels in
endothelial cells and the maximal stimulation was at 3 hours. These data suggest that anti-
hPS Ab-induced TF expression on vascular endothelial cells may contribute to
hypercoagulability in the patients with protein S deficiency.

MAPKs are activated by bacterial lipopolysaccharide and other signaling molecules, and are
critical in signaling pathways mediating cellular activation [42]. In our current study, we
found that anti-hPS Ab transiently increased ERK2 phosphorylation levels, but not p38 and
JNK, and peak response was at 40 minutes after treatment of anti-hPS Ab by both Bio-Plex
luminex immunoassay and Western blot analyses. Furthermore, we found ERK2
phosphorylation had a functional significance because the specific ERK1/2 inhibitor U0216
significantly inhibited the promoting effect of anti-hPS Ab on TF mRNA and protein
expression. These data indicate that the activation of the ERK signaling pathway is essential
for anti-hPS Ab-induced TF expression. Vega-Ostertag et al. reported that the
phosphorylation of p38 MAPK was involved in the up-regulation of TF on endothelial cells
by antiphospholipid antibodies [30]. López-Pedrera et al. showed that antiphospholipid
antibodies induces TF expression in monocytes isolated from APS patients by activating
ERK1/2 and p38 [43]. Several reports described the signal transduction pathways activating
TF expression in endothelial cells, including ERK1/2 and transcription factors AP-1, NFκB,
early growth response factor 1 (EGR-1), and nuclear factor of activated T cells (NFAT)
[44-46]. It is possible that anti-hPS antibody may activate these transcription factors
mentioned above in these studies.

PFKP catalyzes the irreversible conversion of fructose-6-phosphate to fructose-1,6-
bisphosphate and is a key regulatory enzyme in glycolysis [47,48]. Our immunoprecipitation
experiments and enzymatic assays have shown that anti-hPS Ab could cross-react with
PFKP, reducing PFKP activity. The consequence of PFKP downregulation was to increase
TF expression in HCAECs. Furthermore, the PFKP activator fructose-6-phosphate
significantly attenuated the effects of anti-hPS Ab on TF mRNA expression, which confirms
the participation of PFKP in anti-hPS Ab stimulating TF expression. To the best of our
knowledge, our current study is the first report that PFKP is involved in autoantibody-
induced TF expression, which suggests a novel molecular mechanism in autoimmune
disease.
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In conclusions, our results have shown that anti-hPS Ab, but not anti-hPC Ab, induces TF
expression as well as TF-mediated procoagulant activity through reducing PFKP function
and increasing ERK1/2 activity in human endothelial cells, which might help designing new
therapies for autoantibody-triggered thrombosis in patients with autoimmune disorders.
Further studies need to be done to determine the interaction mechanisms between anti-hPS
Ab and PFKP, as well as the anti-hPS Ab-related transcription factors in the endothelial
cells.
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Fig. 1.
Effect of anti-hPS Ab on TF mRNA levels in HCAECs. (A). Concentration-dependent
response of anti-hPS Ab (polyclonal, Sigma) in TF mRNA expression. (B). Concentration-
dependent response of anti-hPC Ab in TF mRNA expression. HCAECs were serum-starved
for 12-16 hours, and then treated with 20-100 μg/mL anti-hPS Ab or anti-hPC Ab, 100 μg/
mL anti-hIgG Ab or 5 ng/mL TNF-α for 3 hours. (C). Time course of anti-hPS Ab-induced
TF mRNA expression. HCAECs were serum-starved for 12-16 hours, and then treated with
20 μg/mL anti-hPS Ab for indicated time points. TF mRNA expression was measured by
real-time PCR. The relative amount of TF mRNA was normalized to β-actin. Data shown
are the mean + SEM of triplicate determinations. **P < 0.01 versus untreated controls.

Chen et al. Page 10

Thromb Res. Author manuscript; available in PMC 2015 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Effect of anti-hPS Ab on TF protein levels as well as TF-mediated procoagulant activity in
HCAECs and HUVECs. (A). Concentration-dependent response of anti-hPS Ab-induced TF
protein levels (ELISA) in HCAECs. Serum-starved HCAECs were treated with 20-100 μg/
mL anti-hPS Ab (polyclonal, Sigma), 100 μg/mL anti-hIgG Ab or 5 ng/mL TNF-a for 3
hours. The cellular TF protein levels were measured by IMUBIND Tissue Factor ELISA
Kit. (B). Concentration dependent response of anti-hPS Ab-induced TF protein levels
(Western blot) in HCAECs. Serum-starved HCAECs were treated with 20-100 μg/mL anti-
hPS Ab, 100 μg/mL anti-hIgG Ab or 5 ng/mL TNF-α for 3 hours. TF protein expression was
detected by Western blot. β-actin was used as a loading control. (C). Effect of anti-hPS Ab
(monoclonal, Abcam) on TF-mediated procoagulant activity in HCAECs. Serum-starved
HCAECs were treated with 20-100 μg/mL anti-hPS Ab, 40 μg/mL anti-hIgG Ab, 5 ng/mL
TNF-a or heat-inactivated anti-hPS Ab (100 ng/mL) for 3 hours. The TF activity levels were
measured by a tissue factor human chromogenic activity assay kit (Abcam). (D). Effect of
anti-hPS Ab (monoclonal, Abcam) on TF-mediated procoagulant activity in HUVECs. (E).
Effect of anti-hPS Ab (monoclonal, Abcam) on TF expression (Western blot) in HUVECs.
Data shown are the mean + SEM of triplicate determinations. **P < 0.01 versus untreated
controls.
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Fig. 3.
Effect of anti-hPS Ab on MAPK phosphorylation in HCAECs. (A). The activation status of
MAPKs (ERK2, JNK and p38) was analyzed by Bio-Plex immunoassay. Serum-starved
HCAECs were treated with anti-hPS Ab (20 μg/mL) and the cell lysates were harvested at
different time points with Bio-Plex Cell Lysis Kit. The phosphoprotein and total proteins of
MAPKs were analyzed by a Luminex 100TM analyzer and Bio-Plex Manager software
(BioRad). (B). Phosphorylation of ERK1/2 was detected by Western blot. Serum-starved
HCAECs were treated with anti-PS Ab (20 μg/mL) for different time points. The
phosphorylated and total ERK1/2 proteins were detected by Western blot. β-actin was used
as a loading control. Representative results from 3 experiments are shown.
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Fig. 4.
Effect of ERK1/2 inhibitor on anti-hPS Ab-induced TF expression and activity in HCAECs.
(A). Effect of ERK1/2 inhibitor on anti-hPS Ab-induced TF mRNA expression in HCAECs.
Serum-starved HCAECs we incubated with anti-hPS Ab or anti-hTF Ab, with the presence
or absence of ERK1/2 inhibitor (U0126) for 3 hours. TF mRNA expression was measured
by real-time PCR (BioRad). The relative amount of TF mRNA was normalized to β-actin.
Data shown are the mean + SEM of triplicate determinations. (B). Effect of MEK1/2
inhibitor on anti-hPS Ab-induced TF protein activity in HCAECs. Serum-starved HCAECs
were incubated with anti-hPS Ab or anti-hTF Ab, with the presence or absence of ERK1/2
inhibitor (U0126) for 3 hours. The cellular TF activity was measured by IMUBIND Tissue
Factor ELISA Kit. Data shown are the mean + SEM of duplicate determinations. **P < 0.01
versus untreated controls. #P < 0.01 versus anti-hPS Ab group.
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Fig. 5.
Specific interaction between anti-hPS Ab and PFKP. (A). Immunoprecipitation assay.
Purified recombinant human PFKP-GST (0.5 μg) was mixed with anti-hPS Ab (2 μg) or
control Abs (anti-hPC Ab and anti-hIgG Ab) (2 μg) at 4°C for 2 hours, followed by
incubation with protein A agarose beads for additional 1 hour. Bound proteins were
subjected to SDS-PAGE and immunoblotted with anti-PFKP Ab. (B). Human protein S
abolished the binding activity between PFKP-GST and anti-hPS Ab. Purified recombinant
human PFKP-GST (0.5 μg) was mixed with anti-hPS Ab (2 μg) and human protein S (20
μg) at 4°C for 2 hours, followed by incubation with protein A agarose beads for additional 1
hour. Bound proteins were subjected to SDS-PAGE and immunoblotted with anti-PFKP Ab.
Representative results from 3 experiments are shown.
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Fig. 6.
Role of PFKP in anti-hPS Ab-induced TF expression in HCAECs. (A). PFKP activity assay.
The PFKP crude extract from HCAECs was incubated with anti-hPS Ab, heat denatured-
anti-hPS Ab or isotype control Ab for 15 minutes, and then the PFKP activity was analyzed
in the reaction mixture for 3 minutes at room temperature. The PFKP activity was
represented as percent loss of DPNH in the reaction at A340. (B). PFKP mRNA expression
in stably transfected HCAECs. The 29mer shRNA constructs against PFKP and control
construct plasmid were transfected into Phoenix Ampho packaging cells to produce
recombinant retroviruses. HCAECs were then infected by the viral supernatants and selected
in growth medium containing 1 μg/mL puromycin for 1 week. The PFKP mRNA expression
in stably transfected HCAECs was measured by real-time PCR. (C). TF mRNA expression
in stably transfected HCAECs. The TF mRNA expression in stably transfected HCAECs
was measured by real-time PCR. (D). Fructose-6-phosphate blocked the effects of anti-hPS
Ab. Serum-starved HCAECs were incubated with anti-hPS Ab in the presence or absence of
PFKP activator (fructose-6-phosphate) for 3 hours. TF mRNA expression was measured by
real-time PCR. The relative amount of specific gene mRNA was normalized to GAPDH.
Data shown are the mean + SEM of triplicate determinations. *P < 0.05 and **P < 0.01
versus untreated controls. #P < 0.01 versus anti-hPS Ab group.
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