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Tissue factor (TF) is expressed in vascular and nonvascular
tissues and functions in several pathways, including embryonic
development, inflammation, and cell migration. Many risk fac-
tors for atherosclerosis, including hypertension, diabetes, obe-
sity, and smoking, increase TF expression. To better understand
the TF-related mechanisms in atherosclerosis, here we investi-
gated the role of 12/15-lipoxygenase (12/15-LOX) in TF ex-
pression. 15(S)-hydroxyeicosatetraenoic acid (15(S)-HETE), the
major product of human 15-LOXs 1 and 2, induced TF expres-
sion and activity in a time-dependent manner in the human
monocytic cell line THP1. Moreover, TF suppression with neu-
tralizing antibodies blocked 15(S)-HETE–induced monocyte
migration. We also found that NADPH- and xanthine oxidase–
dependent reactive oxygen species (ROS) production, calcium/
calmodulin-dependent protein kinase IV (CaMKIV) activation,
and interactions between nuclear factor of activated T cells 3
(NFATc3) and FosB proto-oncogene, AP-1 transcription fac-
tor subunit (FosB) are involved in 15(S)-HETE–induced TF
expression. Interestingly, NFATc3 first induced the expres-
sion of its interaction partner FosB before forming the het-
erodimeric NFATc3–FosB transcription factor complex,
which bound the proximal AP-1 site in the TF gene promoter
and activated TF expression. We also observed that macro-
phages from 12/15-LOX�/� mice exhibit diminished migra-
tory response to monocyte chemotactic protein 1 (MCP-1)
and lipopolysaccharide compared with WT mouse macro-
phages. Similarly, compared with WT macrophages, mono-
cytes from 12/15-LOX�/� mice displayed diminished traffick-
ing, which was rescued by prior treatment with 12(S)-HETE,
in a peritonitis model. These observations indicate that
15(S)-HETE–induced monocyte/macrophage migration and
trafficking require ROS-mediated CaMKIV activation lead-
ing to formation of NFATc3 and FosB heterodimer, which
binds and activates the TF promoter.

Tissue factor (TF)2 is a transmembrane glycoprotein and
expresses in several cell types of vascular and nonvascular tis-
sues (1–3). In addition to its function in the extrinsic coagula-
tion pathway, TF plays a role in embryonic development,
wound repair, angiogenesis, inflammation, cell migration, and
tumor metastasis (4 –7). Furthermore, many risk factors for
atherosclerosis, including hyperlipidemia, hypertension, diabe-
tes, obesity, and smoking, all increase the expression of TF, and
atherothrombosis, which occurs following plaque rupture, is
the leading cause of death in the western world (8 –10). In addi-
tion, many reports have shown that TF in vascular cells and
macrophages within the atherosclerotic lesions is responsible
for the thrombogenicity associated with the plaque rupture (11,
12). Recent studies have also shown that TF, particularly of
monocytic origin, plays a role in various inflammatory diseases,
including glomerulonephritis, inflammatory bowel disease,
systemic lupus erythematosus, and sepsis (13–16). The findings
that although lipid molecules such as oxidized low density lipo-
protein (oxLDL) and oxidized 1-palmitoyl-2-arachidonoyl-sn-
glycero-3-phosphorylcholine (oxPAPC) induce TF expression
in endothelial cells, monocytes, and macrophages, and high
density lipoprotein (HDL) blocks its expression, provide addi-
tional lines of evidence for the possible role of TF in atheroscle-
rosis (17–19). The link between TF and atherogenesis is further
supported by studies demonstrating that HMG-CoA reductase
inhibitors, namely statins, reduce the expression of TF in
vascular smooth muscle cells, monocytes, and endothelial
cells (17, 20).

Since the discovery that human atherosclerotic plaques con-
tain abundant levels of both mRNA and protein levels of 15-li-
poxygenase (15-LOX), many studies using pharmacological
and genetic approaches have shown a role for this enzyme in
the pathogenesis of atherosclerosis (21–23). Because athero-
sclerotic plaques produce 15(S)-hydroxyeicosatetraenoic acid
(15(S)-HETE) as a predominant eicosanoid, a major arachi-
donic acid metabolite of 15-LOX1/2 (24, 25), we asked the
question whether there is any link between 15(S)-HETE and TF
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in the modulation of inflammation, an underlying factor in both
atherogenesis and atherothrombosis. In this study, we report
that 15(S)-HETE induces TF expression and its activity in
human monocytes and inhibition or depletion of TF levels
blocks 15(S)-HETE–induced monocyte migration. In addition,
we show that 15(S)-HETE–induced TF expression and its activ-
ity require reactive oxygen species (ROS)– dependent calcium/
calmodulin-dependent protein kinase IV (CaMKIV)–mediated
nuclear factor of activated T cells 3 (NFATc3) and FosB inter-
actions and their occupancy of AP-1 site in the TF promoter.
Our observations also suggest that the migration of monocytes
to inflamed peritoneum is dependent on 12/15 lipoxygenase
(12/15-LOX)–mediated TF expression. Thus, these findings
provide evidence for the role of TF in 12/15-LOX–induced
monocyte migration in vitro and monocyte trafficking in vivo.

Results

TF expression increases with the progression of atheroscle-
rotic lesions (10, 11). Because many studies including our own
have shown a role for 12/15-LOX in atherogenesis (21, 23, 26),

we asked the question whether there is any link between 12/15-
LOX and TF in the pathogenesis of atherosclerosis, particularly
monocyte/macrophage buildup in the vessel wall. To address
this notion, we tested the effect of 15(S)-HETE, a major arachi-
donic acid metabolite of human 15-LOX1/2, on TF expression
in THP1 cells, a human monocytic cell line. 15(S)-HETE not
only induced the expression of TF at both mRNA and protein
levels, but also increased its activity in a time-dependent man-
ner (Fig. 1A). The specificity experiments have revealed that
15(S)-HETE is the most potent HETE in inducing TF expres-
sion as compared with other HETEs (Fig. 1B). To understand
the functional significance of TF expression by 15(S)-HETE, we
tested its involvement in 15(S)-HETE–induced monocyte
migration, as it is a key player in vascular inflammation, athero-
genesis, and atherothrombosis. Neutralizing TF antibodies
(anti-human TF Ab-D3) (27) besides abolishing 15(S)-HETE–
induced Factor Xa generation also suppressed its effects on
monocyte migration (Fig. 1C). In addition, depletion of TF lev-
els by its antisense oligonucleotides (ASOs) attenuated 15(S)-
HETE–induced monocyte migration (Fig. 1C).
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Figure 1. TF mediates 15(S)-HETE–induced THP1 cell migration. A, quiescent THP1 cells were treated with vehicle or 15(S)-HETE (0.1 �M) for the indicated
time periods and either RNA was isolated or cell extracts were prepared. The RNA and cell extracts were analyzed by RT-PCR and Western blotting for TF mRNA
and protein levels using its specific primers and antibodies, respectively. TF activity in cell extracts was measured using a kit as described in “Materials and
methods.” B, quiescent THP1 cells were treated with vehicle or the indicated HETE (0.1 �M) for 2 h, and TF mRNA, protein, and activity were measured as
described in A. The mRNA and protein levels in A and B were normalized to �-actin mRNA and �-tubulin protein levels, respectively. C, quiescent THP1 cells were
incubated with IgG or TF neutralizing antibodies (anti-human TF Ab-D3, 5 �g/ml) for 30 min, treated with vehicle or 15(S)-HETE (0.1 �M) for either 2 h and TF
activity was measured or 8 h and cell migration was measured. Cells were also transfected with control or TF ASOs (100 nM), quiesced, and treated with vehicle
or 15(S)-HETE, and migration was measured. The bar graphs represent mean � S.D. values of three experiments. *, p � 0.01 versus vehicle control or control ASO;
**, p � 0.01 versus 15(S)-HETE, TF, or control ASO � 15(S)-HETE.
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We have previously demonstrated a role for NADPH oxidase
and xanthine oxidase–mediated ROS production in 15(S)-
HETE–induced THP1 cell migration (23). Therefore, to
explore the mechanisms underlying 15(S)-HETE–induced TF
expression, we have studied the role of NADPH oxidase and
xanthine oxidase. Apocynin, diphenyleneiodonium (DPI), and
allopurinol, the NADPH oxidase and xanthine oxidase inhibi-
tors, respectively (23), suppressed 15(S)-HETE–induced TF

expression and its activity (Fig. 2A). To confirm these findings,
we used an ASO approach. Depletion of either p47Phox, a com-
ponent of NADPH oxidase (28), or xanthine oxidase substan-
tially attenuated 15(S)-HETE–induced TF expression and its
activity (Fig. 2B). Inhibition or depletion of NADPH oxidase or
xanthine oxidase by pharmacological and ASO approaches,
respectively, also negated the effect of 15(S)-HETE on mono-
cyte migration (Fig. 2, C and D).

TF

β-Tubulin

15(S)-HETE
Allopurinol

DPI
Apocynin

– –
–

– + +
– –
– –

– –

– + +

– + + ––
+ + – –

– – – – + +
– –

TF

β-Tubulin

– –

XO ASO

+ + – –
p47Phox ASO ––– – + +

15(S)-HETE – + + – +–

Control ASO

– – ++––

A

C

B

D

TF

β-Actin

TF

β-Actin

0

2

4

6
7

1

3

5

8 Control
15(S)-HETE

Apocynin
DPI – –

–

Allopurinol – –
– –

– –– + + ––
+ + – –

– – – – + +

*

** **
** T

F 
pr

ot
ei

n 
le

ve
ls

 
(fo

ld
 s

tim
ul

at
io

n)

Apocynin
DPI – –

–

Allopurinol – –
– –

– –– + + ––
+ + – –

– – – – + +

*

** ** **

0

100

200

300

400

500

600

Fa
ct

or
 X

a 
(p

g/
m

g 
pr

ot
ei

n)

Apocynin
DPI – –

–

Allopurinol – –
– –

– –– + + ––
+ + – –

– – – – + +

0

20

40

60
70

10

30

50

*

**
**

**

M
ig

ra
tio

n 
(c

el
ls

/fi
el

d)

Control
15(S)-HETE

0

2

4

6
7

1

3

5

8

 T
F 

pr
ot

ei
n 

le
ve

ls
 

(fo
ld

 s
tim

ul
at

io
n)

9
*

**

**

p47Phox ASO
– –XO ASO

Control ASO – –
–+ +
– –

– –
+ +–

+ +

–
–

Control
15(S)-HETE

Control
15(S)-HETE Control

15(S)-HETE

p47Phox ASO
– –XO ASO

Control ASO – –
–+ +
– –

– –
+ +–

+ +

–
–

0

40
20

Fa
ct

or
 X

a 
 (p

g/
m

g 
pr

ot
ei

n)

60
80

100
120
140
160

*

**
**

0

20

40

10

30

M
ig

ra
tio

n 
(c

el
ls

/fi
el

d)

5

15

25

35

45 *

**
**

p47Phox ASO
– –XO ASO

Control ASO – –
–+ +
– –

– –
+ +–

+ +

–
–

Control
15(S)-HETE

Figure 2. NADPH oxidase and xanthine oxidase-dependent ROS production is required for 15(S)-HETE–induced TF expression and its activity in
mediating THP1 cell migration. A, quiescent THP1 cells are treated with vehicle or 15(S)-HETE (0.1 �M) in the presence and absence of apocynin (100 �M), DPI
(10 �M), or allopurinol (100 �M) for 2 h, and TF expression (mRNA and protein levels) and its activity were measured. B, cells were transfected with control,
p47Phox, or xanthine oxidase ASOs, quiesced, and treated with vehicle or 15(S)-HETE (0.1 �M) for 2 h, and TF expression (mRNA and protein levels) and its
activity were measured. C and D, all the conditions were the same as in A or B except that cells were treated with vehicle or 15(S)-HETE (0.1 �M) for 8 h, and cell
migration was measured. The mRNA and protein levels in A and B were normalized to �-actin mRNA and �-tubulin protein levels, respectively. The bar graphs
represent mean � S.D. of three experiments. *, p � 0.01 versus vehicle control or control ASO; **, p � 0.01 versus 15(S)-HETE or control ASO � 15(S)-HETE.
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A large number of studies have shown that ROS play a role in
the activation of both serine/threonine and tyrosine kinases in
modulating cellular signal transduction (29). In addition, a
recent study has shown that ROS mediate activation of calcium/
calmodulin-dependent protein kinases (CaMKs) (30). Because
nothing is known on the role of CaMKs in TF expression and
having found that 15(S)-HETE–induced TF expression and
activation require ROS production, we wanted to test the effect
of 15(S)-HETE on the activation of CaMKs. 15(S)-HETE, while

having no major effect on the phosphorylation of CaMKI or
CaMKII, induced the serine phosphorylation of CaMKIV in a
time-dependent manner with maximum effect at 30 min (Fig.
3A). Based on this observation, we tested the role of CaMKIV in
15(S)-HETE–induced TF expression and monocyte migration.
Our results showed that STO609, a potent inhibitor of CaMKIV
(31), suppressed 15(S)-HETE–induced TF expression and its
activity (Fig. 3B). In line with these observations, STO609 also
blocked 15(S)-HETE–induced monocyte migration (Fig. 3B).

Figure 3. 15(S)-HETE–induced TF expression and its activity require CaMKIV activation. A, quiescent THP1 cells treated with vehicle or 15(S)-HETE (0.1 �M)
for the indicated time periods, and cell extracts were prepared. Equal amounts of protein from control and each treatment were analyzed by Western blotting
for the phosphorylation of the indicated CaMKs using their specific antibodies and normalized to their total levels. B, quiescent THP1 cells were treated with
vehicle or 15(S)-HETE (0.1 �M) in the presence and absence of STO609 (10 �M) either for 2 h and TF expression (mRNA and protein levels) and its activity were
measured, or for 8 h and cell migration was measured. C, upper panel, THP1 cells were transfected with control or the indicated ASOs of CaMKIV, and 48 h later
cell extracts were prepared and analyzed by Western blotting for CaMKIV levels using its specific antibodies and normalized to �-tubulin levels. Lower panels,
THP1 cells that were transfected with control or the indicated CaMKIV ASO and quiesced were treated with vehicle or 15(S)-HETE (0.1 �M) either for 2 h and
analyzed for TF expression (mRNA and protein levels) and its activity or for 8 h and cell migration was measured. D, quiescent THP1 cells were treated with
vehicle or 15(S)-HETE (0.1 �M) in the presence and absence of apocynin (100 �M), DPI (10 �M), or allopurinol (100 �M) for 1 h or transfected with control,
p47Phox, or xanthine oxidase ASO and quiesced before subjecting to treatment with vehicle or 15(S)-HETE (0.1 �M) for 1 h and cell extracts were prepared.
Equal amounts of protein from control and each treatment were analyzed by Western blotting for pCaMKIV levels using its specific antibodies and normalized
to its total levels. The mRNA and protein levels in B and C were normalized to �-actin mRNA and �-tubulin protein levels. The bar graphs represent mean � S.D.
values of three independent experiments. *, p � 0.01 versus vehicle control or control ASO; **, p � 0.01 versus vehicle control � 15(S)-HETE or control ASO �
15(S)-HETE.
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To confirm these observations we also used an ASO approach.
Knockdown of CaMKIV by its ASOs inhibited 15(S)-HETE–
induced expression and enzymatic activity of TF, as well as
monocyte migration (Fig. 3C). To understand the link between
ROS and CaMKIV, we further examined the role of NADPH
oxidase and xanthine oxidase in 15(S)-HETE–induced CaMKIV
activation. Inhibition or depletion of either NADPH oxidase or
xanthine oxidase attenuated the effect of 15(S)-HETE on CaM-
KIV phosphorylation (Fig. 3D). These results indicate that
NADPH oxidase and xanthine oxidase–mediated ROS pro-
duction is required for CaMKIV activation in TF expression
facilitating monocyte migration in response to 15(S)-HETE.

Many studies have reported a role for various transcriptional
mechanisms in the regulation of TF expression in response to a
wide array of stimulants in a variety of cell types (18, 32, 33).
To find out which of these transcriptional mechanisms are
involved in 15(S)-HETE–induced TF expression, we cloned
�2.1 kb human TF promoter and performed TRANSFAC anal-
ysis. TRANSFAC analysis showed the presence of four SP1-
binding sites, three NFAT-binding sites, one NF�B-binding
site, one CREB-binding site, and three AP-1– binding sites (Fig.
4A). Using �2.1 kb TF promoter-luciferase construct, we
observed a 7-fold increase in the promoter activity in response
to 15(S)-HETE as compared with vehicle control (Fig. 4B). This
result infers a role for transcriptional mechanisms in 15(S)-
HETE–induced TF expression. To identify the regulatory ele-
ments involved in 15(S)-HETE–induced TF promoter activity,
we performed serial promoter deletion analysis. Promoter dele-
tion analysis revealed the presence of 15(S)-HETE–responsive
element(s) between 0.23 kb and 0.19 kb region of the promoter
from the transcription start site. Because two AP-1 sites are
present in this region and to find whether these sites are
involved in 15(S)-HETE–induced TF promoter activity, we per-
formed site-directed mutagenesis. We found that disruption of
the proximal but not the distal AP-1 site attenuates 15(S)-
HETE–induced TF promoter activity (Fig. 4B). These findings
reveal the importance of the proximal AP-1 site in 15(S)-
HETE–induced transcriptional regulation of TF expression. To
identify the AP-1 components mediating 15(S)-HETE–induced
TF promoter activity, we studied the time course effect of 15(S)-
HETE on the expression of the Fos and Jun family of proto-
oncogenes. 15(S)-HETE, although having little effect on cFos,
Fra1, cJun, and JunD levels, induced the expression of FosB,
Fra2, and JunB levels (Fig. 4C). Based on these observations we
tested the role of these proto-oncogenes in 15(S)-HETE–
induced TF promoter activity. Depletion of FosB but not Fra2
or JunB levels using their respective ASOs blocked 15(S)-
HETE–induced 0.23 kb TF promoter-luciferase activity (Fig.
4D). In accordance with these findings, depletion of FosB but
not JunB or Fra2 attenuated 15(S)-HETE–induced TF expres-
sion and its activity as well as monocyte migration (Fig. 4E). In
addition, pharmacological inhibition or ASO-mediated deple-
tion of NADPH oxidase, xanthine oxidase, or CaMKIV sup-
pressed FosB expression and 0.23 kb TF promoter-luciferase
activity (Fig. 4, F–K). These observations show that NADPH
oxidase and xanthine oxidase-mediated ROS production and
CaMKIV activation are required for FosB induction in enhanc-
ing AP-1– dependent TF expression at transcriptional level.

Although Jun proteins can form active AP-1 complex via
either homodimerization or heterodimerization involving the
Jun or Fos family of proteins, the Fos family members by them-
selves cannot form functional AP-1 and therefore require part-
nership with Jun proteins or another family of transcriptional
factors (34, 35). To identify the binding partner(s) for FosB in
15(S)-HETE–induced transcriptional transactivation of TF
promoter, we performed co-immunoprecipitation experi-
ments. As shown in Fig. 5A, FosB was found to exist in complex
with cFos, Fra1, cJun, JunB, JunD, ATF2, CREB, NFATc1,
NFATc2, NFATc4, p65, PPAR�, and STAT1 constitutively, and
15(S)-HETE had no effect on these interactions. However, FosB
association with NFATc3 was found to be increased in a time-
dependent manner in response to 15(S)-HETE (Fig. 5A). There-
fore, we next sought to study the role of NFATc3 on TF expres-
sion and activity. Blockade of NFATs by CsA, a potent inhibitor
of calcineurin (35), suppressed 15(S)-HETE–induced TF pro-
moter activity and its expression (Fig. 5B). Interestingly, block-
ade of NFATs also decreased 15(S)-HETE–induced FosB
expression (Fig. 5B). In line with these results, depletion of
NFATc3 levels using its ASOs attenuated 15(S)-HETE–
induced FosB and TF expression as well as TF activity (Fig. 5B).
Furthermore, depletion of NFATc3 levels reduced 15(S)-
HETE–induced TF promoter activity and monocyte migration
(Fig. 5, C and D). In addition, we observed that 15(S)-HETE
induces the translocation of NFATc3 from the cytoplasm to the
nucleus in a time-dependent manner and this translocation
requires NADPH oxidase, xanthine oxidase, and CaMKIV acti-
vation (Fig. 5, E and F).

To find whether both FosB and NFATc3 bind to the proximal
AP-1 site, we studied the time course effect of 15(S)-HETE on
AP-1 DNA– binding activity using proximal AP-1 element
as a biotin-labeled probe. 15(S)-HETE induced AP-1 DNA–
binding activity in a time-dependent manner with a maximum
effect at 2 h (Fig. 6A). In addition, supershift analysis indicated
that only FosB and NFATc3 but not Fra2 or JunB bind to this
AP-1 site (Fig. 6A). To confirm these observations, we per-
formed ChIP and chromatin re-immunoprecipitation (re-
ChIP) assays. ChIP assay showed that FosB and NFATc3 bind
to the same region of the TF promoter containing the proximal
AP-1 site (Fig. 6B). The re-ChIP analysis of anti-FosB or anti-
NFATc3 chromatin immunocomplexes for the presence
of NFATc3 and FosB, respectively, further confirmed that
NFATc3 and FosB bind to the same region (Fig. 6B). In addi-
tion, depletion of NADPH oxidase, xanthine oxidase, or CaM-
KIV using their ASOs blocked the recruitment of NFATc3 and
FosB to the TF promoter in response to 15(S)-HETE (Fig. 6, C
and D). Based on all these observations, it may be suggested that
NFATc3, by inducing and partnering with FosB, binds to AP-1
site on TF promoter and enhances its activity in a manner
that is dependent on NADPH oxidase and xanthine oxidase–
mediated ROS production and CaMKIV activation.

To explore the functional significance of 15(S)-HETE and TF
link in vivo, we isolated peritoneal macrophages from WT and
12/15-LOX�/� mice and subjected them to monocyte chemot-
actic protein 1 (MCP-1) and LPS-induced migration. It is inter-
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Figure 4. FosB mediates 15(S)-HETE–induced TF promoter activity. A, TF promoter encompassing from �2174 nt to �116 nt was cloned and sequenced.
B, TF promoter-luciferase constructs with serial 5� truncations or site-directed insertion of mutations into the indicated AP-1 site in the pGL3-hTFp (0.23 kb)-Luc
construct were made, transfected into THP1 cells, quiesced, treated with vehicle or 15(S)-HETE (0.1 �M) for 6 h and their activities were measured. AP-1p and
AP-1d represent the proximal and distal AP-1– binding sites located at �205, and �217 nt, respectively. C, quiescent THP1 cells were treated with vehicle or
15(S)-HETE (0.1 �M) for the indicated time periods, and the cell extracts were prepared and analyzed by Western blotting for the indicated proteins using their
specific antibodies. D, THP1 cells were transfected with control or the indicated JunB, FosB, or Fra2 ASOs and 48 h later cell extracts were prepared and analyzed
by Western blotting for JunB, FosB, or Fra2 levels using their specific antibodies and normalized to �-tubulin. THP1 cells were co-transfected with TF promoter-
luciferase construct in combination with or without control, JunB, FosB, or Fra2 ASOs, quiesced, treated with vehicle or 15(S)-HETE (0.1 �M) for 6 h, and analyzed
for luciferase activity. E, THP1 cells that were transfected with control, JunB, FosB, or Fra2 ASOs and quiesced were treated with vehicle or 15(S)-HETE (0.1 �M)
either for 2 h and analyzed for TF expression (mRNA and proteins levels) and its activity or for 8 h and cell migration was measured. F–I, the role of NADPH
oxidase, xanthine oxidase, and CaMKIV in 15(S)-HETE–induced FosB expression was determined using pharmacological and ASO approaches as described in
Fig. 2, A and B, and Fig. 3, B and C, respectively. The blots in F–I are reprobed with �-tubulin for normalization. J, THP1 cells were transfected with empty vector
or pGL3-hTFp0.23-Luc construct, quiesced, treated with vehicle or 15(S)-HETE (0.1 �M) in the presence and absence of apocynin (100 �M), DPI (10 �M), or
allopurinol (100 �M) for 6 h, and cell extracts were prepared and analyzed for luciferase activity. K, THP1 cells were co-transfected with empty vector or
pGL3-hTFp0.23-Luc in combination with and without control or CaMKIV ASO, quiesced, treated with vehicle or 15(S)-HETE (0.1 �M) for 6 h, and cell extracts were
prepared and analyzed for luciferase activity. *, p � 0.01 versus vehicle control or control ASO or empty vector; **, p � 0.01 versus vehicle control � 15(S)-HETE
or control ASO � 15(S)-HETE or pGL3-hTF � 15(S)-HETE.
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esting to note that both MCP-1 and LPS stimulate the migra-
tion of only WT and not 12/15-LOX�/� macrophages (Fig. 7A).
To substantiate the role of TF in macrophage migration in vivo,
we also measured MCP-1 and LPS-induced efflux of macro-
phages from the peritoneal cavity using the method described
by Cao et al. (36). In this assay, the number of macrophages
remaining in the peritoneal cavity following an intraperitoneal
injection of MCP-1 or LPS is determined and compared to that
of macrophages remaining after PBS injection. Both MCP-1
and LPS induced the efflux of macrophages from the peritoneal
cavity of WT mice but not 12/15-LOX�/� mice (Fig. 7B). We
also observed that inhibiting TF activity by injecting its neutral-
izing antibody into the peritoneum reduces the efflux of macro-
phages from the peritoneal cavity in WT mice (Fig. 7B). These
findings suggest that macrophage migration in vivo is also de-
pendent on 12/15-LOX–induced TF expression and its activity.
These results also suggest that MCP-1 and LPS-induced
macrophage migration depends on 12/15-LOX–mediated TF
expression. Consistent with this notion, both MCP-1 and LPS

induced TF expression only in WT but not 12/15-LOX�/�

mice (Fig. 7C).
To determine whether 12/15-LOX– dependent TF expres-

sion and activity are required for monocyte trafficking, we per-
formed adoptive transfer of mononuclear cells from blood to
peritoneum under the influence of thioglycolate-induced peri-
tonitis. We isolated mononuclear cells from both WT and
12/15-LOX�/� mice, treated with and without MCP-1, LPS, or
12(S)-HETE in the presence and absence of TF neutralizing
antibodies and labeled with cell tracker PKH67, injected via tail
vein into thioglycolate-treated WT mice; 24 h later the PKH67
and PKH67/Mac-1–positive cells in the peritoneum were
counted. It was found that the number of PKH67 and PKH67/
Mac-1–positive cells from WT mice were substantially higher
than those from 12/15-LOX�/� mice in the peritoneum of the
thioglycolate-treated WT mice (Fig. 7D). Furthermore, prior
treatment with MCP-1 or LPS enhanced the migratory capacity
of WT but not 12/15-LOX�/� macrophages into the perito-
neum of the thioglycolate-treated WT mice by several-fold, and
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these effects were found to be sensitive to inhibition by TF
neutralizing antibodies (Fig. 7D). However, mononuclear cells
from both WT and 12/15-LOX�/� mice treated with 12(S)-
HETE prior to their injection into the recipient WT mice exhib-
ited almost the same capacity of trafficking and incubation with
TF neutralizing antibodies before treatment with 12(S)-HETE
negated their mobility (Fig. 7D). These findings indicate that
12/15-LOX– dependent TF expression and activity play an
important role in the trafficking of monocytes from blood to the
inflamed tissue.

Discussion

Atherothrombotic complications are the leading causes of
death in the world (37, 38). Although the risk factors for these
diseases have been identified, the disease initiation and pro-
gression mechanisms appear to be complex, intertwined
with genetic and nutritional factors (39). Increased co-local-
ization of 15-LOX with the epitopes of the oxidized low-
density lipoprotein particles and the growing number of
studies using both pharmacological and genetic approaches
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provides convincing evidence for the role of lipoxygenases,
particularly 12/15-LOX, in these diseases (21, 22, 27). In
addition, a large body of literature supports a role for macro-
phages in the pathogenesis of both atherosclerosis and
atherothrombosis (40 – 42). It has been reported that TF
expression increases with the progression of atherosclerotic
lesions and plays a key role in thrombus formation following
plaque rupture (41, 42).

In the present study we show that 15(S)-HETE, the major
arachidonic acid metabolite of human 15-LOX1/2, induces the

expression and activity of TF in THP1 cells. This result suggests
that besides its role in atherosclerosis, 12/15-LOX via its effect
on TF expression may also play a role in thrombosis follow-
ing plaque rupture. A recent study supports this view as it
has demonstrated a role for 15(S)-HETE in thrombin gener-
ation and platelet aggregation (43). Because macrophages
appear to be involved in atherogenesis and atherothrombosis
and 15(S)-HETE–induced migration of monocytes is depen-
dent on TF expression, it is likely that 12/15-LOX and 12/15(S)-
HETE could be involved in these vascular lesions via TF expres-
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Figure 6. NFATc3 and FosB interact with each other and bind to AP-1 site in the TF promoter. A, nuclear extracts of control and the indicated time periods
or 2 h of 15(S)-HETE (0.1 �M)–treated cells were analyzed for AP-1 and DNA activity and for the presence of FosB, JunB, Fra2, or NFATc3 in the AP-1-DNA
complexes by EMSA and supershift EMSA, respectively, using AP-1– binding site at �205 nt in the TF promoter as a biotin-labeled probe. B, THP1 cells were
treated with vehicle or 15(S)-HETE (0.1 �M) for the indicated time periods and subjected to ChIP and re-ChIP assay of TF promoter using anti-FosB or
anti-NFATc3 antibodies. C and D, THP1 cells were transfected with control, p47phox, xanthine oxidase, or CaMKIV ASOs, quiesced, treated with vehicle or
15(S)-HETE (0.1 �M) for 2 h and subjected to ChIP and re-ChIP assays for FosB and NFATc3 binding to TF promoter as described in B. *, p � 0.01 versus control
ASO; **, p � 0.01 versus control ASO � 15(S)-HETE. FP, free probe.
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sion and monocyte migration. The finding that neutralizing TF
antibodies blocks 15(S)-HETE–induced monocyte migration
may imply that TF activity is required for the effect of 15(S)-
HETE on monocyte migration. This is a novel finding, as many
previous studies have suggested that TF-induced tumor cell
migration and invasion depend on its cytoplasmic domain rather
than its proteolytic activity (44). It is quite possible that both TF
expression and activity might be involved in cytoskeleton remod-
eling in the modulation of monocyte migration by 15(S)-HETE. In

fact, many studies have reported that TF in complex with Factor
VII binds and mediates PAR2 signaling in the modulation of cell
migration (45). Alternatively, TF and Factor VII–mediated throm-
bin generation could also play a role in 15(S)-HETE–induced
monocyte migration (46). It was also demonstrated that TF
directly binds to actin-binding protein 280, leading to activation of
focal adhesion kinase (FAK) and cell migration (47).

A large body of data suggests that oxidative stress plays a
notable role in atherogenesis and atherothrombosis (48). In this

Figure 7. 12/15-LOX/15(S)-HETE is required for monocyte/macrophage trafficking. A, peritoneal macrophages from WT and 12/15-LOX�/� mice were
isolated and subjected to MCP-1 (20 ng/ml) and LPS (100 ng/ml)–induced migration. B, in vivo migration of peritoneal macrophages induced by MCP-1 or LPS
in presence and absence of TF neutralizing antibodies (anti-mouse TF Ab-1H1) was performed using macrophage efflux model as described in “Materials and
methods.” C, peritoneal macrophages from WT and 12/15-LOX�/� mice were isolated and treated with and without MCP-1 (20 ng/ml) or LPS (100 ng/ml) for
2 h. Cell extracts were prepared and analyzed by Western blotting for TF levels using its specific antibodies, and the blot was normalized for �-tubulin. D, PBMC
from WT and 12/15-LOX�/� mice were isolated, incubated with TF nAb for 1 h at room temperature, treated with and without MCP-1, LPS, or 12(S)-HETE for 2 h,
labeled with PKH67, and injected via tail vein into peritonitis recipient WT mice. After 24 h, peritoneal cells were harvested and the number of PKH67-positive
as well as PKH67�Mac-1–positive cells were quantified by flow cytometry. *, p � 0.01 versus vehicle control; **, p � 0.01 versus WT � MCP-1 or WT � LPS or
WT � 12(S)-HETE or 12/15-LOX�/� � 12(S)-HETE.
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context, in the present study we found that 15(S)-HETE–
induced TF expression and activation require ROS production.
These observations also suggest that ROS production acts
upstream to TF expression in 15(S)-HETE–induced monocyte
migration. A large body of data shows that ROS, particularly
H2O2, plays a role as signaling molecule via its capacity to
enhance phosphorylation and activation of various kinases,
including the serine/threonine kinases and tyrosine kinases (30,
31). In the present study we found that 15(S)-HETE stimulates
serine phosphorylation of CaMKIV via NADPH oxidase and
xanthine oxidase– dependent ROS production in mediating TF
expression and monocyte cell migration. Actin cytoskeletal
remodeling is essential for cell motility, and CaMKIV via phos-
phorylation of cofilin and its inhibition plays a role in actin
polymerization (49). Based on these findings, it is likely that
NADPH oxidase and xanthine oxidase– dependent H2O2 pro-
duction via CaMKIV activation and TF expression may lead to
cytoskeleton remodeling facilitating monocyte migration. It
should be pointed out that we have reported previously that
15(S)-HETE induces ROS production in monocytes via an
interdependent activation of both NADPH oxidase and xan-
thine oxidase (23). In line with this observation, recently we
have also demonstrated a similar interdependency between
NADPH oxidase and xanthine oxidase activation in the pro-
duction of ROS by cholesterol crystals in mediating CD36
expression and foam cell formation (50). Many growth factors
and cytokines produce ROS in modulating cell proliferation,
migration, or apoptosis mostly via activation of NADPH oxi-
dase (51, 52). However, it is not clear whether any cross talk
exists between NADPH oxidase and xanthine oxidase in the ROS
production by growth factors or cytokines. Therefore, it would be
quite interesting to find whether interdependency exists between
NADPH oxidase and xanthine oxidase activation in the produc-
tion of ROS in mediating cell proliferation, migration, or apoptosis
in response to growth factors or cytokines and whether it is a
unique mechanism of ROS production.

Many studies have demonstrated a role for transcriptional
mechanisms in the regulation of TF expression in response to a
wide array of stimulants in several cell types (33). In addition, a
role for various transcriptional factors, including AP-1, Egr1,
NF�B, and STAT, have been reported in the regulation of TF
expression (18, 33, 34). Toward this end, our data show that
although 15(S)-HETE triggers the induction of JunB, Fra2, and
FosB only FosB was involved in 15(S)-HETE–induced TF pro-
moter activity and its expression. Various studies have shown
the importance of AP-1 sites and cFos-cJun or cFos-JunD het-
erodimers in mediating TF promoter activity in monocytes and
endothelial cells (33). Blockade of NADPH oxidase, xanthine
oxidase, or CaMKIV suppresses 15(S)-HETE–induced FosB
expression, which suggests that ROS-mediated CaMKIV acti-
vation is involved in 15(S)-HETE–induced FosB/AP-1 activa-
tion in TF promoter activity and its expression in mediating
monocyte migration. A role for ROS involvement in TF
expression has been reported previously (53). In addition, we
have reported previously that NADPH oxidase and xanthine
oxidase– dependent ROS production is required for CREB-
mediated IL-17A expression in 15(S)-HETE–induced mono-
cyte migration and their adhesion to endothelial cells (23).

Based on our previous and present observations, it may be spec-
ulated that ROS via TF and IL-17A expression might be
involved in modulating various aspects of cell motility such as
generation of local cellular guidance cues and promoting cyto-
skeletal remodeling in 15(S)-HETE–induced monocyte migra-
tion, as cell migration is a collective process of various cellular
events (54, 55). However, further studies are required to find
which of these various cellular events the TF and IL-17A are
targeting in the modulation of monocyte migration by
15(S)-HETE.

Although Jun proteins can form active AP-1 complex via
either homodimerization or heterodimerization involving the
Jun or Fos family of proteins, the Fos family members by them-
selves cannot form functional AP-1. When analyzed for the
association of transcription factors, whose binding sites are
present in TF promoter, with FosB, we found that NFATc3
forms a complex with FosB in response to 15(S)-HETE. Fur-
thermore, our results revealed that NFATc3 plays a role in
15(S)-HETE–induced TF promoter activity and its expression
in mediating monocyte migration. These findings are also con-
sistent with the upstream signaling events in TF expression as
depletion of NADPH oxidase, xanthine oxidase, or CaMKIV
blocked 15(S)-HETE–induced NFATc3 nuclear translocation,
indicating the role of ROS-CaMKIV signaling in NFATc3 acti-
vation by 15(S)-HETE. What is more interesting is that 15(S)-
HETE–induced FosB expression also requires NFATc3 activa-
tion. This result is indeed exciting as NFATc3 induces its
partner FosB levels and then forms a complex with it in enhanc-
ing TF expression in response to 15(S)-HETE. Previous studies
have shown that NFATs interact with the Fos or Jun family of
proteins and bind to AP-1 and NFAT composite DNA-binding
elements in enhancing gene expression (35). In this context, our
EMSA, supershift EMSA, ChIP, and re-ChIP analyses show
that NFATc3 in concert with FosB binds to a consensus AP-1
element rather than a composite AP-1 and NFAT element in
TF promoter and enhances its expression in response to
15(S)-HETE.

Monocyte/macrophage migration to, and their buildup in,
the vessel wall is a critical event in vascular inflammation and its
diseases (37). In this regard, our results demonstrate not only a
role for 15(S)-HETE–induced TF expression and its activity in
monocyte migration in vitro, but also the importance of 12/15-
LOX–12/15(S)-HETE–mediated TF expression in monocyte/
macrophage migration in vivo. The lack of the responsiveness
of 12/15-LOX�/� monocytes/macrophages to MCP-1 and
LPS-induced migration as compared with those from WT mice
and the capacity of 12(S)-HETE to restore their migratory
response in TF-sensitive manner suggests that 12/15-LOX-12/
15(S)-HETE–mediated TF expression is also required for a
chemokine and inflammatory molecules–induced migration of
these cells. This conclusion can be further corroborated by the
observations that both MCP-1 and LPS induce the expression
of TF only in WT but not 12/15-LOX�/� macrophages. The
defective trafficking of 12/15-LOX�/� monocytes/macro-
phages to thioglycolate-instilled peritoneum as compared with
those of WT monocytes/macrophages suggests that the mono-
cyte/macrophage trafficking to the inflamed peritoneum is de-
pendent on 12/15-LOX. Because prior treatment with 12(S)-
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HETE restores the capacity of 12/15-LOX�/� monocyte/
macrophage trafficking in TF-dependent manner further in-
dicates that 12/15-LOX–12/15(S)-HETE–mediated TF expres-
sion is required for the inflammatory responsiveness of these
cells. In summary, as depicted in Fig. 8, our findings suggest that
12/15(S)-HETE via NADPH oxidase and xanthine oxidase–
dependent ROS production and CaMKIV activation leads to
NFATc3 stimulation, which, in turn, by inducing and partner-
ing with FosB binds to and enhances TF promoter activity and
its expression in mediating monocyte/macrophage migration
and trafficking both in vitro and in vivo.

Materials and methods

Reagents

Anti-pCaMKI (ab62215), anti-pCaMKIV (ab59424), anti-
PE–Cy5–Mac-1 (ab25533), and anti-TF (ab104513) antibodies
were obtained from Abcam (Cambridge, MA). Anti-NFATc1
antibodies (MA3– 024) were purchased from Affinity Bio-
Reagents (Golden, CO). Anti-pCaMKII (3361) antibody was
bought from Cell Signaling Technology (Danvers, MA). Anti-
peroxisome proliferator-activated receptor � antibodies (NBP1–
39684) were purchased from Novus Biologicals (Littleton,

CO). Anti-ATF2 (SC-6223), anti-CaMKI (SC-33165), anti-
CaMKII (SC-9035), anti-CaMKIV (SC-166156), anti-CREB
(SC-186), anti-cFos (SC-52), anti-FosB (SC-48), anti-Fra1 (SC-
605), anti-Fra2 (SC-604), anti-HIF-1� (SC-12542), anti-cJun
(SC-44), anti-JunB (SC-46), anti-JunD (SC-74), anti-NFATc2
(SC-13034), anti-NFATc3 (SC-8321), anti-NFATc4 (SC-
271127), anti-p47Phox (SC14015), anti-p65 (SC-56735), anti-
PPAR� (SC7196), anti-STAT1 (SC-464), anti-STAT2 (SC-
476), anti-STAT5 (SC-836), anti-�-tubulin (SC-9104), and
anti-xanthine oxidase (H110) antibodies; normal mouse serum
(SC-45051); and normal rabbit serum (SC-3888) were obtained
from Santa Cruz Biotechnology (Dallas, TX). Tissue factor
chromogenic activity kit (CT1002b) was purchased from
Assaypro (St. Charles, MO). 5(S)-HETE (34230), 12(S)-HETE
(34570), 15(R)-HETE (34710), and 15(S)-HETE (34720) were
purchased from Cayman Chemicals (Ann Arbor, MI). Recom-
binant mouse MCP-1 (578406) was obtained from Biolegend
(San Diego, CA). Apocynin (A10809), allopurinol (A8003), LPS
(L2637), and PKH67 (PKH67GL) were procured from Sigma-
Aldrich. Diphenyleneiodonium chloride (BML-CN240) was
purchased from Enzo Life Sciences (Farmingdale, NY). STO-
609 acetate (1551) was bought from Tocris Bioscience (Bristol,
UK). Lipofectin transfection reagent (15596018) and SYBR
Green PCR Master Mix (4309195) were obtained from Invitro-
gen. pGL3 basic vector and Luciferase Assay System (E4530)
were purchased from Promega (Madison, WI). Biotin 3� End
DNA Labeling Kit (89818) and LightShift Chemiluminescent
EMSA Kit (20148) were procured from Pierce Biotechnology
(Rockford, IL). The Amersham ECL Western Blotting Detec-
tion Reagents (RPN2106) were obtained from GE Healthcare.
All the phosphorothioate-modified antisense oligonucleotides
(ASOs) and primers were synthesized by IDT (Coralville, IA).
The phosphorothioate-modified ASOs used in this study are as
follows: hControl ASO, 5�-GGGGGUTCTCTGCGTACGGT-
GCUAGU-3�; hCaMKIV ASO1 (NM_001744), 5�-GUGG-
AACCCCAGGGUACUGCGCACCTGAA-3�; ASO2, 5�-
AAUUCAATGCCCGGCGUAAGCUUAA-3�; hp47Phox ASO
(NM_000265), 5�-GUUGGGCTCAGGGTCTTCCGUCUC-
3�; and hXO ASO (NM_000379), 5�-GCCUCCTCCCAT-
TCTCTTCACUCG-3�.

Cell culture

THP1 cells were purchased from American Type Culture
Collection (Manassas, VA) and cultured in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bovine serum
(FBS), 50 units/ml penicillin, 50 �g/ml streptomycin, and 50
�M �-mercaptoethanol. Cultures were maintained in a humid-
ified 95% air and 5% CO2 atmosphere at 37 °C. Cells were qui-
esced in RPMI 1640 medium containing 50 units/ml penicillin,
50 �g/ml streptomycin, 50 �M �-mercaptoethanol, and 1%
heat-inactivated FBS for 12 h and used to perform the experi-
ments unless otherwise indicated.

Animals

WT and Alox15 knock-out (12/15-LOX�/�) mice (56) on
C57BL/6 background were bred and maintained according to
the Institutional Animal Care and Use Committee facility
guidelines. The experiments involving the use of animals were

Figure 8. Schematic diagram depicting the potential mechanism of 15(S)-
HETE–induced TF expression and monocyte migration/trafficking.
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approved by the Institutional Animal Care and Use Committee
of the University of Tennessee Health Science Center, Mem-
phis, Tennessee.

Transfections

Transfections were performed as described previously (23).
Briefly, cells were transfected with the indicated ASO at 100 nM

concentration using Lipofectin transfection reagent for 6 h fol-
lowing the manufacturer’s instructions. After transfection, cells
were maintained in complete RPMI 1640 medium for 36 h fol-
lowed by growth arresting in serum-free medium overnight
before being used for the experiments.

RT-PCR

Total cellular RNA was extracted from THP1 cells using TRI-
zol reagent according to the manufacturer’s protocol. Reverse
transcription was performed with a High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems). Complemen-
tary DNA (cDNA) was then used as a template for amplification
using the following primers: human TF (NM_1993), forward:
5�-ACCTCACCGACGAGATTGT-3� and reverse: 5�-TAC-
CTGGAGACAAACCTCGG-3�; human �-actin (NM_001101),
forward: 5�-AGCCATGTACGTTGCTAT-3� and reverse: 5�-
GATGTCCACGTCACACTTCA-3�. The amplification was
performed using GeneAMP PCR System 2400 (Applied Biosys-
tems). The amplified PCR products were separated on 1.5%
agarose gels and stained with ethidium bromide, and the images
were captured using a Kodak In-Vivo Imaging System.

Western blotting

Cell extracts containing an equal amount of protein were
resolved by electrophoresis on 0.1% (w/v) SDS and 10% (w/v)
polyacrylamide gels. The proteins were transferred electropho-
retically to a nitrocellulose membrane. After blocking in either
5% (w/v) nonfat dry milk or 5% (w/v) BSA, the membrane was
probed with appropriate primary antibodies followed by incu-
bation with horseradish peroxidase– conjugated secondary
antibodies. The antigen-antibody complexes were detected
using enhanced chemiluminescence detection reagent kit.

Tissue factor activity

Tissue factor activity was measured using a kit following the
supplier’s protocol.

Cell migration

A modified Boyden chamber method was used to measure
cell migration (23). After growth arresting overnight in serum-
free RPMI 1640 medium, THP1 cells were resuspended in
serum-free RPMI 1640 medium and plated on Matrigel-coated
cell culture inserts at 5 � 104 cells per insert well. 15(S)-HETE
was added to a final concentration of 0.1 �M to both the upper
and the lower chambers, and the cells were incubated for 8 h at
37 °C. The inserts were then lifted, nonmigrated cells on the
upper surface of the membrane were removed with a cotton
swab, and the membrane was fixed in methanol and stained
with 4�,6-diamidino-2-phenylindole (DAPI) to visualize the
nuclei. Whenever ASOs were used, cells were transfected first
with the indicated ASOs for 6 h in serum-free RPMI 1640

medium, recovered in complete medium for 36 h, and sub-
jected to synchronization in serum-free medium for overnight
before being analyzed for migration. Whenever pharmacologi-
cal inhibitors or neutralizing antibodies were used, cells were
exposed to the indicated inhibitor or neutralizing antibody for
30 min before the treatment. The DAPI-positive cells were
counted under an inverted microscope (Carl Zeiss AxioVision
Observer.Z1) and the cell migration was expressed as the num-
ber of cells per field of view.

TF promoter cloning

The human TF promoter sequence encompassing �2184 to
�116 nt relative to the transcription start site was amplified
from human THP1 cell genomic DNA using forward primer
(hTFpF1) 5�-GGTACCTTCTCAGAGCCTCCAAGAT-
AGA-3� incorporating a KpnI restriction enzyme site at the
5�-end and a reverse primer (hTFpR1) 5�-CTCGAGAGTCC-
ATGTCTACCAGTTGGCG-3� incorporating an XhoI restric-
tion enzyme site at the 5�-end. The boldface letters indicate
KpnI and XhoI sites in both the forward and the reverse prim-
ers, respectively. The PCR product was digested with KpnI and
XhoI, and the purified fragment was cloned into KpnI and XhoI
sites of the pGL3 basic vector (Promega) to yield pGL3-
hTFp2.1 kb plasmid. To generate 5�-truncated promoter frag-
ments starting from pGL3-hTFp1.6 kb, pGL3-hTFp0.68 kb,
pGL3-hTFp0.38 kb, pGL3-hTFp0.25 kb, pGL3-hTFp0.23 kb,
pGL3-hTFp0.19 kb to �116 nt, the following forward 5�-
GGTACCCAGCTGGCAGAGAGCTCAAAG-3�, 5�-GGT
ACCGTCACACCGTGGCTGACACC-3�, 5�-GGTACCAG-
AATTCTTCCAAGGCG-3�, 5�-GGTACCAGAATTCT-
TCCAAGGCG-3�, 5�-GGTACCGCTCGGTGGCGCGGTT-
GAAT-3�, 5�-GGTACCGCGGTTGAATCACTGGGGT-3�,
5�-GGTACCTCCCGGAGTTTCCTA-3�, and reverse 5�-
CGAGAGTCCATGTCTACCAGTTGGCG-3� primers were
used for PCR amplification using pGL3-hTFp2.1 kb plasmid as
a template. The PCR products were digested with KpnI and
XhoI and cloned into KpnI and XhoI sites of the pGL3 basic
vector. Site-directed mutations within the AP-1– binding sites
at �205 nt and �217 nt (pGL3-hTFp0.23-M1 and M2, respec-
tively) were introduced using the QuikChange Site-Directed
Mutagenesis Kit (Stratagene, La Jolla, CA) according the man-
ufacturer’s instructions using the following primers: forward,
5�-CTGGGGGCCGTCATCCCTTGC-3� and reverse, 5�-
GCAAGGGATGACGGCCCCCAG-3�, for the AP-1 site at
�205 nt and forward, 5�-TGGCGCGGCTCCATGACT-
GGGG-3� and reverse, 5�-CCCCAGTCATGGAGCCGC-
GCCA-3� for the AP-1 site at �217 nt, respectively. The italic
boldface letters indicate the mutated bases. The nucleotide
sequence of each construct was verified by DNA sequencing.

Luciferase assay

THP1 cells were transfected with pGL3 empty vector or indi-
cated TF promoter constructs using Lipofectamine transfec-
tion reagent in serum-free medium for 6 h. After 36 h recovery
in complete medium, cells were growth arrested in serum-free
medium for 12 h, treated with and without 0.1 �M 15(S)-HETE
for 6 h, washed with cold PBS, and lysed in 200 �l of lysis buffer.
The cell extracts were cleared by centrifugation at 12,000 rpm
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for 2 min at 4 °C. The supernatants were assayed for luciferase
activity using Luciferase Assay System (Promega) and a single
tube luminometer (TD20/20; Turner Designs, Sunnyvale, CA)
and expressed as relative luciferase units.

EMSA

Nuclear extracts of THP1 cells with and without the indi-
cated treatments were prepared as described previously (57).
The protein content of the nuclear extracts was determined
using a micro-BCA method (Pierce). Biotin-labeled dou-
ble-stranded oligonucleotides encompassing AP-1– binding
element at �205 nt (sense, 5�-CTGGGGTGAGTCATCCCT-
TGCAGGTCCCGGAGTT-3� and antisense, 5�-AACTC-
CGGGACCTGCAAGGGATGACTCACCCCAG-3�) were
used as a probe for the EMSA. Briefly, 5 �g of nuclear extract
was incubated in a binding buffer (10 mM Tris-HCl, pH 7.9, 50
mM KCl, 1 mM DTT, 15% glycerol) with 2.5 nM biotin-labeled
probe and 2 �g of poly(dI:dC) for 30 min at room temperature
in a total volume of 20 �l on ice, and the DNA-protein com-
plexes were analyzed by electrophoresis on 6% polyacrylamide
gels and visualized by chemiluminescence imaging. To perform
a supershift EMSA, the complete reaction mix was incubated
with 2 �g of the indicated antibody for 1 h on ice before sepa-
rating it by electrophoresis. Normal serum was used as a nega-
tive control.

ChIP and re-ChIP assays

ChIP assay was performed on THP1 cells with and without
the indicated treatments using a kit following the supplier’s
protocol (Upstate Biotechnology Inc., Lake Placid, NY). FosB
and NFATc3-DNA complexes were immunoprecipitated using
anti-FosB and anti-NFATc3 antibodies, respectively. Pre-im-
mune mouse serum or rabbit serum were used as negative con-
trols. For re-ChIP assay, the chromatin complexes were eluted
from the first ChIP with 10 mM DTT at 37 °C for 30 min and
diluted 20 times with ChIP dilution buffer (1% Triton X-100, 2
mM EDTA, 20 mM Tris-HCl, pH 8.1, 150 mM NaCl) and re-
immunoprecipitated with the indicated antibodies in a sequen-
tial manner. The immunoprecipitated DNA was uncross-
linked, subjected to proteinase K digestion, and purified using
QIAquick columns (28104, Qiagen, Valencia, CA). The ChIP
and re-ChIP samples were analyzed by quantitative PCR using
the following primers: forward, 5�-CTGGGGTGAGTCATC-
CCTTGC-3� and reverse, 5�-TATGCTGGGCGGCGAGT-3�
that would amplify a 94-bp fragment encompassing the AP-1–
binding site at �205 nt. Quantitative PCR was performed on
7300 Real-Time PCR systems (Applied Biosystems) using SYBR
Green PCR Master Mix. The reactions were carried out with
following conditions: 95 °C for 10 min followed by 40 cycles at
95 °C for 15 s with extension at 60 °C for 1 min. The test anti-
bodies (anti-FosB and anti-NFATc3) and control IgG Ct values
were normalized to input DNA Ct values to obtain 	Ct values.
Then the 		Ct values were calculated by subtracting the 	Ct
values of control from the experimental 	Ct values. The fold
enrichment of FosB and NFATc3-bound TF promoter is calcu-
lated by using 2(�		Ct).

Isolation of peritoneal macrophages

Mice were injected with 1 ml of 4% thioglycolate intraperito-
neally, and 4 days later the animals were anesthetized with ket-
amine and xylazine and the peritoneal lavage was collected in
RPMI 1640 medium. Cells were incubated in 100-mm Petri
dishes (3 � 105 cells/cm2) in RPMI medium containing penicil-
lin (50 units/ml) and streptomycin (50 �g/ml). After 3 h, float-
ing cells (mostly red blood cells) were removed by washing with
PBS and the adherent cells (macrophages) were collected and
used as required.

Isolation of peripheral blood mononuclear cells (PBMCs)

WT or 12/15-LOX�/� mice were anesthetized with ket-
amine and xylazine. Blood was collected by cardiac puncture in
a 1-ml syringe containing 0.05 ml of 0.5 M EDTA and diluted
with equal volume of PBS. Blood was then overlaid on the Lym-
phoprep and centrifuged at 1500 rpm for 30 min at 4 °C. PBMC
layer was collected, treated with RBC lysis buffer, washed twice
with PBS, resuspended in PBS, and used as required. Wherever
required, after isolation and appropriate treatments, cells were
washed with PBS and labeled with PKH67 according to the
manufacturer’s instructions.

In vivo monocyte/macrophage migration

In vivo monocyte/macrophage migration was measured
according to the method of Cao et al. (36). WT or 12/15-
LOX�/� mice were injected intraperitoneally (IP) with 1 ml of
4% thioglycolate, and 4 days later mice were administered with
and without MCP-1 (200 �g/kg body weight) or LPS (1.25
�g/mouse) in the presence and absence of neutralizing anti-
mouse TF antibody 1H1 (17) (20 mg/kg body weight) via IP.
Whenever antibodies were used, they were injected 1 h before
MCP-1 or LPS was introduced. Four h later, the peritoneal
macrophages were collected and counted using a Beckman
Coulter particle counter. The cells were then stained with
PE-cy5– conjugated anti-Mac-1 antibody and counted by flow
cytometer. Migration index was determined by using the fol-
lowing formula: [1-(number of peritoneal macrophages from
treatment group/number of peritoneal macrophages from con-
trol group)] � 100.

Adoptive transfer of mononuclear cells

Recipient mice (WT) were lightly anesthetized with ket-
amine and xylazine and injected with 4% thioglycolate into the
peritoneal cavity to stimulate peritoneal inflammation. Four
days after thioglycolate administration the mice received, via
tail vein injection, peripheral blood mononuclear cells (1.4 �
105 cells/mouse) isolated from WT or 12/15-LOX�/� mice;
treated with and without MCP-1 (20 ng/ml), LPS (100 ng/ml),
or 12(S)-HETE (0.1 �M); and labeled with PKH67. Whenever
the effect of neutralizing TF Ab was tested, cells were pre-
treated with the antibodies (2 �g/ml) for 1 h before the treat-
ments. After 24 h, peritoneal cells were isolated, washed,
re-suspended in FACS buffer, and stained with PE-cy5–
conjugated anti-Mac-1 antibody, and the number of PKH67-
positive macrophages were quantified by flow cytometer.
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Statistics

All the experiments were repeated three times and the data
are presented as mean � S.D. The treatment effects were ana-
lyzed by two-way analysis of variance (ANOVA) test, and the p
values � 0.05 were considered statistically significant. In the
case of EMSA, supershift-EMSA, and Western blotting, one
representative set of data is shown.
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