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MEK. ERK and NFxB pathways, which are activated by the
membrane-bound CD14 and 1oll-like receptors (TLR )4 [13].

The aim of the present study was to evaluate i vive changes
i the plasma C4BP and PS-C4BP complex antigen levels, and
i the liver expression of CABPz und CABPE mRNA afler
Lreatment of rals with lipopolysacchande (LPS) and IL-6, In
addition, we evaluated the in virro effect of LPS and 1L-6 on
CABP production and the CABPx and C4BPP mRNA
expression in hepatocyies isoltted from normal vats, and the
signal transduchion pathways that mediate the effect of LPS
and 1L-6 1 hepatocyies

Materials and methods

Maternals

LPS (from fxcherichi coli 020 B6) was purchased from Sigima
Chemical (St Loms. MO, USAL Collagenase was from Wiko
Pure Chameal Indusinies, Osaka, Japan, and fetal bovine
serum (FBS) from BoWhittaker. Walkersville, MD. USA.
Trypsu inbubitor, Willism’s medium I and SuperScript First
Strand ¢DNA- Synihesis Systemy kit were from Invitrogen,
Carlshad. CA, USA. Type | collagen-couted dishes and 12-well
plates were from Becton Dickinson Labware, Bedford, MA.
USA. Protem A-Sepharose FF was from Amersham Biosci-
ence, Uppsaky, Sweden. RNAzol B for extraction of total RNA
from rat whole liver and hepatocytes was from TEL-TEST,
Friendswood. TX. USA. Tag DNA polymerase was from
Roche Dingnostics, Basel. Swatzerland. Strepravidin-horserad-
sl peroxdase (POD) conugate was from GE Healtheare,
Piscataway. NJ. USA. MPL + TDM + CWS Eoulsion was
from RIBI Immunochenncal Research, Hamilton, MT, USA
ACTICLOT protein 8 was purchased from Amernican Diag-
nostica, Stamford, CT, USA, Rag IL-4, [L-6, 1L-10 and protein
kmase C(PKC)mhibitor, Calphostin C, were from Wako Pure
Chenucal Industries, Rat 1L-13 was from R&D System.
Minneapolis. MN, USA. NFxB mhibitor and NFxB conirol
were from Santa Cruz Biotechnology, Sama Cruz, CA, USA
Anti-pdd 42 MAPK  (MEK). anti-phosphorylated  pdd 42
MAPK. ant-STAT-3 and anti-phosphorviated  STAT-3
(Ser727y annibodies were from Cell Signaling, Boston, MA.
USA. BOA protein assay reagents were from Therma Fisher
Scientific Inc.. Rockford, 1L, USA. Peroxidase (POD comu-
gate antirabbin 12Gogoar 126G was lrom BIO-RAD, Hercules,
CA. USA. Immobilon-P. polyvinslidene fluoride (PVDF)
membrane was from Millipore Corp, Bedford. MA, LISA.
MEK inhubitor, PDYS0SY, and STAT-3 inhibitor were from
CALBIOCHEM. Darmsidi. Germany Jun kinose (INK)
mhibitor. SPAN12S. was trom Touris Biosclence. Ellisville.
MO, USA. All other chemicals and reagents were of the highest
quality commercilly avinlihle

Proteins and antibodies

CABP was purified trom pat plisma as desenbed previously
[14] Antiserumi agnst CHBP was prepared by subcutaneous
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mection of o masture of ot C4BP anbgen  with
MPL + TDM + CWS Emulsion inlo mbhils every two -
weeks for two months. Rabbit anii-CABP 1gG was isolated
from antisera of rabbil using Protein A-Sepharose FF aceord-
ng to the manufacturer’s instruction, Rabbit antirat PS 1gG
was also-obtained as descnbed previously [14)

Ariimals and LPS or IL-6 treatment to the rals

The male Wistar-Hannover rats used in this study were
purchased from CLEA Japan (Osaka, Japan), The ammals
were housed under a constant ight and dark cyele, and allowed
free uccess 1o stundard food and water. The experiments were
approved by the Mie University Review Board for animal
experiments and were conducted sccording to the guidelines of
the National Institute of Health, LPS and TL-6 were dissolved
in sterle, pyrogen-free saline at concentrations of 1 mg mL™'
and 10 g mL™", respectively. To examine the etfect of LPS or
TL-6 tjection om C4BP expression in the liver and plasma levels
of CABP, PS CABP complex, 1oml IS and free PS. LPS
(2mg kg™ and IL-6 (10 pg ke™") were ajected in rats
intsapernoneilly and intravenously, respectively. Under anes
thesia (intraperitoneal injection of sodium  pentobarbital;
10 mg ka™"), blood samples were collected by cardiac punciure
after performing thoracotomy o plistic tbes containing 4
1210 volume of 3.8% sodium arrate at each time point from
Ihree rats (time 0. 2,4, 6.8, 12, and 24 h afier LPS or JL-6
injection), Citrated plasma wias separated by centrifugation and
stored at =30 °C until use. Liver samples for preparation of
totul RNA for real-time polymierase chamn reaction (PCR)
analyses were also collected at each time point. nmediately
frozen in hquid Na. and stored at =80 “C unnl use.

Isalation and culture of hepatocytes from rats

Hepatoeytes were isolited from male rats (weight 200-220 g)
using the two-step collagenase pertfusion method as described
previously [13]. Prmary culture of hepatocytes wiss performed
using 60-mm culture dishes or | 2-well plates coated with tvpe |
callagen. After isolation. hepatoeytes were plated at 10" cn™
all density, and nuintained in William's medium E contanmng
penicillin G (100 pe mL"), kanamycin (10 pe mL "), and
msulin (20 U L"), supplemented with 10% FBS [13] He-
pitocytes were then cultured at 37 °C im0 moist imcobalor
under 3% CO; atmosphere. Every experiment was performied
alter 12 1 of cell cullure 1o fucilitate cell spreading, und with
immedinle substtution of fresh serum-contining medm, Afler
24 I of culture wath or without LIS, evlokine or varving siznal
transduction mmbitors, expression of CABPs and CA4BP)
mRNA i hepatocyies. or CABP angen level m the medium
were detenmined

Enzyme-linked immunosarbent assay

The CH4BP antigen level in plasmi and in culture medinm
wis  deiermined by enzyme-linked  immunosorbent nssay
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(ELISA) using polvelenal antrm CABP 1eG. Wounylated
anurat CABP 1gG. and strepuvidin-horseradish peroxidase
comjugate as described  previously [13]. To measure PS
CABP complex. antirut PS IgGoowas used a8 o coaling
antibody and biotmvlated antirat C4BP 1gG oas o detection
antibody, following the procedure as described previously
[13]. The total and free PS anngens in plasma were
deternuned by ELISA a8 described previously [13] When
the free PS level in plasma was measured. plasma was
mixed with the same volume of 10% polvethvene glyeol,
centrifuged, and the supernatant after centrifugation was
used as the sample for mensunng the PS antigen [I5] The
medn valie of plasma CABP, PS CABP complex, total PS
or free PS level 10 normal rats was measured using these
ELISAs and taken us 100%.

Assay of APC cofactor activity of rat plasma

The APC cofactor aetivity of plasmi obtained from normal,
and LPS- or IL-6-reated rats was determined by the activated
partial thromboplastin time (APTT) assay [15] using ACT1-
CLOT Protein 8. The cloming ume was measured usmg 2
coagulometer CA-30 (Sysmex, Kobe, Japan).

Isolation of total RNA

Total RNA was extructed from hepatocyies and whole liver by
a modification of the method of Chomezynski and Saech [16]
using RNAzol B, and then quantitated spectrophotometrically.
Aliquots of RNA were electrophoresed  on formaldehyde
agarose gels and stned wath ethidium bromide to confirm the
dmount and quality of totsl RNA,

Real-time polymerase chain reaction

Total RNA (5 pgh extracted from hepatocytes or whole liver
was used tor first-strand ¢cDNA synthesis using the SuperScript
First Strand ¢DNA Synthesis System kit according to the
nunufacturer’s mstructions. To evaluate the expression of
CABPy and CABPP mRNA in hepatocytes and whole liver,
weal-ime PCR[17] was pedormed using rCABP=-F (5%
ACCAGCAGCTOCACAGTGTAAAR residue 1359 1380)
and fCABPR-F (S TCCTGTCCATGGCTATTTTGAAG-3
residue 6897100 as forward  primers.  (C4BPa-R (5%
TCCTGCTCACATCTGOGGCACCT-3 residue 1559 1338)
and fCABPRR (SSTGOAAAGGTCCTTACTCTCCTG-R,
residue 917 890) as revense prmers. and rC4BPa-TogmanP
(FAMCOAAAGOATCACTTGTTCGGAGAATG-TAM-
RA; residue 1497 1422) and fCIBPE-TagmanP (FAM-ACA-
CAGAAGGTGOAGTGCAGTGATGG-TAMRA:  residue
776 801 18] us TagMan probes. A TagMan rodent glveel-
aldehyde-3-phosphate dehydrogenase (GAPDID contral re-
agents VIC probe tApplied Biosystems, Foster City, CAL USA)
wits wed 1o determine GAPDIT mRNA expression, amd thas
wits wsed for correction of C4RPy and CABPE mRNA expres-
ston. The resulung reltive inerease m reporter Muonesea

dye emission was monitored by taydler (BEO-RAD). Thermal
eveling was inttiated by 2-nnn incubation w50 °C followed
by a prelmmary denaturation step at %3 °C for 13 nun and
40 cveles of 95 7C for 15 s and 60 °C for | .

Sodium dodecylsulfate polyacrylamide gel electrophoresis
and Western blot analysis

Evaluation of total and phosphoryvlated pdd/42 MAPK. or
total amd phosphorylated STAT-3 was  performed by
Western blot analysis using specific antibodies. Afler rat
hepatocytes were treated with LPS (100 pg mL™') i the
presenice or  absence  of MEK  inhibitor  (PDYR05Y;
S0 g mL~") for 10 min, or with IL<6 (100 TU mL™") in
the presence or absence of STAT-3 inhibitor (10 pmol L™
for 10 min, they were washed twice with phosphate-buftered
saline (PBS) and treated with lysis buffer (20 ms Tris- HICIL
pH7.S,  Smwm  ethylene  glyeokbis  (fFamino-cthyletheri-
NNN Netrancetic aad, 0.5% Triton X-100, 50 ma 2-
glvcerophosphate, 6 my dithiothreitol, 0.1 ma Nak, 1 mu
N VO, 0.01% leupeptin, | ma phenylmethylsulforyl Auo-
rde) Cell tysates were centrifnged ar 15000 ¢ for 15 min
to discard cell debris, and the protem concentration of each
supernatant was determined usmg the BCA protein assay.
Equul amounts of proleins were subjected 10 sodium
dodecybulfute  polvaerylamide gl clectrophoresis  (SDS-
PAGE) followed by transfer to PVDEF membrane. Then,
pdd/d2 MAPK  protems were detected  using anti-pdd 42
MAPK antibody or antiphosphorylated pdh42 MAPK
antihody as a first antibody. and POD-conjugate antirabbil
TeGoogoar IgGi as the second anubody, while STAT-3
proteins were  detected  using anti-STAT-3 amtibody  or
antiphosphorvlated STAT-3 unuibody as the first antibody,
and POD-conjugate antirabbit 1gGoogoat 1gGoas a second
antibody. Finally, protem bands were visualized by chemi-
luminescence using Chemilumi One reagent (Nacalai Tesque,
Kyoto, Japan), and the imensity of the bands was quantitied
by densitometric analysis using LAS-1000° lmage Analyzer
(Fujifilm, Tokyo, Japan),

Eftect of inhibitors of NF&B, INK, MEK, p38 MAPK, and PKC
o LPS-induced decreased expression of C48P in hepatocytes

Hepatoeytes isolated from normal s were treated with LPS
(10 pz k™" to reduce expression of C4BP. and were co-
ncubated with NFxB control (5 and 50 pg mL™"), NFxB
whibitor (5 and 50 pg mL "), INK inhibitor SPE00125 (5 and
50 pmol L'y, MEK inhibitor PD98059 (5 and 50 pmol L7,
P38 MAP kinase inhihitor SB203580 (5 and 50 jumol L~') or
PKC inhibitor Calphostin € (5 and 50 nimol L") for 24 b
Culture medinm was collected and cemnfuged ot 15 000 = g
for 10 min 16 exclude cell debris before determmation of CABP
antigen kevels by ELISA as desnibed above. Totl RNA was
extracted from the cells, and C4BPg and CHBPE mRNA
expression. was determined by real-time PCR analysis as
desenibed wbove,
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Effect of STAT-3 inhibjtar on IL-6-induced increased
expression of C4BPH in hepalocytes

Hepatoeytes isolated from normal rats were ireated with 1L-6
(10 and 100 1U mL™") in the presence of STAT-3 inhibitor
(10 junol L™ for 24 h. Total RNA was extructed from the
cells. before determining C4BPa and C4BPI mRNA expres.
sion by real-time PCR analysis as deseribed above.

Statistical analysis

All values were expressed as mean + standard deviation of the
mean. All experiments were repeated al least three times.
Ditferences between the means of two groups were detenmined
by Student’s i-1est. and differences for multiple comparisons by
analysis of varianee with post hoc analysis. Values of 2 < 003
were considered as stanstically significant.

Results
C48F and PS antigen levels in plasma and C48P mRNA
expression in the liver of LPS-treated rats

Plasman C4BP antigen level o LPS-treated mals was tran-
siently decreased until 12 b but was increased 24 b after LPS

inpection (Fiz. 1A) while mjecnon of the saline vehicle had no
effeet on plasma C4BP antigen level (data not shownk the
plasma  PS C4BP  complex level remained  unchanged
(Fig. 1B). However, the plasma total PS level was signifi-
cantly altered. with the free P8 level being drastically
decreased i LPS-treated rats (Figs. 1€ and 1D); in addinon.
a decrease of plasma APC cofactor activity was observed
even al 2 hoafter LPS treatment (data not shown), Real-time
PCR analysis revealed that C4BPa mRNA level in the liver
was transiently decreased from 2 10 8 h after LPS mjection
and then recovered 12 h after LPS imjection: C4BPE mRNA
level did not change 4 h after LPS injection. and then
mereased up 1o 24 b after LPS myection (Fig. LE),

Eftect of LPS on C4BP expression in hepatocytes from normal
rats

The direct effect of LPS on C4BP expression was examined i
hepatocytes isolated from normal rmits. LPS dose-dependently
decreased C4BP antigen levels in medium from culiured
hepatocytes (Fig. 2A). Real-time PCR analysis showed that
LPS dose-dependently decreased both CABPa and CABP
mRNA expression in hepalocytes; interestingly. with a stronger
reduction m the mRNA level of C4BPx than of C4BP)
(Fig. 2B).
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Hi 2 The effect of ipopolysiceharnde (1LP5) on Cdb-binding probein
(CHBP) expression wy bepsitocytes isolited from nomal ruts. Hepatocvies
isolated from pormal rits were treted for 24 howith the indicated con-
centrations of 1PS in the presence of fetal bovine serum, (A) CSBP antigen
levels in the culture medium ind (B) mRNA expression of C4ABPa (open
arcle and CIBPR (closed arcle) in hepatocytes after 24 b of LPS treate
ment. *# = 005 v 0 pe ml ' LPS (control),

C4BP and PS antigen levels in plasma and C4BP mRNA
expression in the liver of IL-6-treated rats

The TL-6 Tevel was transiently increased | h after IL-6igection
{data not shown). As shown in Fig. 3A, the plasma CABP level
nereased gradually after TL-6 injection. The PS-CABP complex
also gradually moreased in proportion to the increase in the
plasma level of CABP, wath the maximum increase observed 8
atter IL-6 mjection (Figs. 3A and 3B). However, the plasnia
total PS level in [L-6-treated rats wits unchanged (Fig. 3C), ond
the free PS level gradually decreased after 1L-6 njection
(Fig. 3Dy, Furthermore, us shown m Fig. 35, C4BP4 expres-
sion remuined unchanged. but CABP[ expression was signif-
wanly inereased 24 B after 1L-6 ingecuon. In addibon, saline
injection as control did not affect the plasni C4BP levels.

APC cofactor activity of plasma from rats treated with IL-6

APC cofactor activity of plagma isokited from rats treated with
IL-6 was also evaliaed by APTT. As shown in Fig 3F.
phisia obtained from rats 24 loatier IL-6 treatment prolonged
the APTT signiticantly less than plasmn trom control ruts

Effect of IL-6 on C4BP expression in hepatocytes from
normal rats

IL-6 dose-dependently increased C4BP antigen level in culture
medium of hepatocytes (Fiz. 4A) 1L-6 also dose-dependently
increased CABPP mRNA expression, but exerted no effect on
C4BPx mRNA expression in hepatocytes (Fig. 4B) However,
ant-imflammatory cytokines (such as 1L, IL-10, and 1L-13)
had no effect on CABP expression in rat hepistocytes (data not
shown).

Effect of NFnB inhibitor on C48P expression In hepatocytes

The effect of NFxB inhibitor on LPS-induced decreased
expression of CABP in liepatocyles was evaluated, As shown in
Fig. 5A, CABP expression in hepatoeytes from normal rats
decreased after LPS treatment, and this decrease was sup-
pressed by the NFxB inhibitor, but not by the NFxB control.
Real-time PCR analysis showed that LPS decreased both
C4BPa and C4BP} mRNA expression - hepatocytes: the
dacrease of both mRNAs was blocked by the NFxB inhibitor
(Fig. 5B} but not by the NFxB control (data not shown).

Effect of inhibitors of INK, MEK, p38MAFK, and PKC on
LPS-induced decreased C4BP expression in hepatocytes

We examined the effect of the INK inhibitor (SP600125), the
MEK inhibitor (FD28059), p38 MAPK inhibitor (SB203580),
and the PKC inhibitor (Calphostin C) on C4BP expression in
hepatocytes treated with LPS. The inhibitors  themselves
showed no effect on C4BP expression in hepatocyies (data
not shown). As shown in Fig. 6A, SP600125, SB203580, and
Calphostm € did not atfect the LPS-induced  decreased
expression of C4BP; however, PDYRDSY significantly Blocked
LPS-nduced decreased production of C4BP in hepatocyles.
Real-time PCR analysis showed that the MEK inhibitor blocks
LPS-medinted decrensed mRNA expression of both CABPa
and CABPf. and that the recovery of expression of C4BP)
mRNA s greater than that of CABPx (data not shown) In
additon. Western blot analysis showed that phosphorylation
of MEK in rat hepatocytes is observed after LPS treaiment.
and that this LPS-induced phosphorylution of MEK s
inhibited by PD9SOSY (Figs. 6B and 6C),

Effect of STAT-3 inhibitor on IL-6-mduced increased C48P
expression in hepatocytes

The effect of o STAT-3 inhubitor on 1L-6-induced increased
CABPR expression m hepatocyles was exanined. First, we
confirmed usig Western blon analysis that phosphorylation of
STAT-3 oecurs after 1L-6 treatment of rat hepatocyies, and
thut thes 1L-6-induced phosphoryiation of STAT-3 is mlubited
by STAT-3 inhibitor (Figs. 7A and 7B). Subsequently, os
shown in Fig. 7C. neither 1L-6 nor the STAT-3 nhibitor
affected CABPx mRNA expression; in addition, the STAT-3
mhibior did not atfect C4BPz mRNA - expression m
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Fig 3. Changes in plasaa kevels of Cab-hinding protein (C4BPY protein S (PS)-CABE complex, totd PS iind free PS antigen, liver mRNA expression of

CABPaand CABP. and inticoagulant activity of plasmia PS in rats treaded with interieskin (1L 6. tA) Plasia CABP

tgen topen trangle), (B) PS~CARP

comples fdosed trangler, 00 total PS topen dismond) and (1) free IS felosed dinmond ) levels in atrsied s plesimi obtained from three T 6-treated ritls
(10 pe kg "ot each tme point were measured using ELISAs, D e expressed as the mean # S1 (B) C4BPa (open hur) and CIBPR (closad bary
mRNA expression in the lver of rats 24 hafter -6 treatment (10 pg kg ' owere determined by real-time polymerse chain reaction, T i sire expressed is

the mean + SE), 1)

P o< 08 vs me 0

IL-6-treated hepatocytes. However, L6 increased CABPR
MRNA expression i hepatocyies, which was decreased by
STAT-3 inhibitor treatment.

Discussion

CABP s an important wofactor of serine protease Fl for
degradation of C4b m the ¢lassic complement pathway. In
addition, CABP also egulates the anticoagulant activity of
PS. because PS bound to CABP is unable 1o serve as a
colactor for APCL or o inhilnt FXa [6.9,10] Sepsis and oral
contimeeptives have been reported 1o decresse plasma PS
Plasma C4BP

mereased o patients with an acue phase response ||‘J :'||

leading 1o a thromhbotic  tendency levels
and the moreased plasiy concantration of CABP continime
PS CABP complex level [19)
however. 1t 15 unknown whether  the caBp
coitaming b chams affects PS-CABP complex levels and
hence the AT Also, undet
phase condition, levels of vanous cytokimes were elevated.
and smong these eytokmes, 1L-6 and TNF-2 mereased C4BP

B} chamn correlated  with

moreast i

colctor activity of S icuke

MR bermitiona] Sodiety on Theombosis mmd 1 laemosias

005 vs e 00 (F) PS activity in plasma of rads inssted with 11-60 Datiare expressed as the mean + SDim - b

expression in human and mt hepatoma cell lines [22 25

Whether CABP expression is directly affected by LPS. and
how CABPa and C4BPH mRNA expression change during
sepsts had not bheen explored. In the present study, we
exanmned the effect of LPS and 1L-6 on CABP expression
i vivo in the liver of rats and o vitro nsolated hepatocyies
The results have shown that LPS transiently decreases the
plasma level of C4BP antigen: the maximum decrense was
between 4 und 6 b after LPS injection. which recovered by
24 houlter LPS imection. CABPa mRNA Tevels transiently
decreased, and the CABPE mRNA level remained unchanged
il 4 hoomd then incressed. These resulls sugigest that the
carly decrease of plasma CABP 15 caused by a direct eftect of
LPS. and that the relatvely Tate mercase in the plasma level
of CIBP s ciused by 16, Towever. the Lotal and free PS
antigen levels i plasma were deerensed  immediately afer
LIS peatment and the plasma APC cofuctor wetivaty was
also decreased cven ol 2 h alter LPS weatment (data not
showit). These results indicate that LPS-nduced decrease of
plasmia 'S 45 also an mportant mechansm of thrombotic
tendeney observed o opatients with sepsis. Subsequently, we
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Fig. 4. The effect of inferleukin (1L 0 on CAb-binding protein (CAIY
expression in hepatocytes isoluled from normial mats, Hepatocytes
tailitedd from nonmal rats wore treated for 24 b with the indicated
conceninitions of 1L-6in the presence of féal hovine scrum, (A C4BP
antigen levels in culture medivm and (R mBENA expression of C4BPa
(open tnangle) and CEBPA (closed tringhe) in hepatocytes after 24 hool
16 freatment. *# < 005w 00 mb ' 1=6 feoninol)

exammed the effect of LPS on CABPy and CABPf} mRNA
expression in hepatoeytes Jsolated from normal rats, and
found that LPS directly decreases the mRNA expression of
hoth CABPa and CABPP. and this decrease might be the
canse of 1he decreased CABP production by hepatocytes.
Recently, it has been reportad that hepatocytes express
CDI4 and TLR-, and that the expression of both proteins
depends on NExB activiation induced by LPS [13.26.27). We
also found that LPS decreases PS expression from hepato-
avtes vin CD - andd TLR-4-medisted NFxB activation [13)
In the present study. we found that NFxB activation also
medintes LPS-induced  decreased  expression of CABP in
hepatoeytes simularly to PS. These findings suggest that LPS
downregulates both PS and C4BP in hepatocytes, and that
this effect occurs by NFkB actvation. Further, mlubtors of
INK, p38 MAP kinase, and PKC did not affect expression
of CABP m hepatocyies. but o MEK mhubitor blocked the
decreased i CABP expression induced by LPS. These results
are consistent with previous studies showing that i hepalo-
evles LIS induces MEK activation, which subsequently leads
to NExB activation [27.28) These results indicite that the
PO pathway s ol hnked 1o the LPS signaling pathway in
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Fig. 5. The effectof NFxB inhibitor on lipopolysaccharide (LPS inducad
Uiereass! C4ab-binding protein (CABP) expresion in heputocytes
olated from nommal mts. (A) Hepatocytes isolited from nomal nits
were incubuted with fnediv alone onteal), TPS (0 g mb. ') LPS
(i peml '+ NFxB control (5 or 50 pg ml') or LIPS

g mb o NEFxB inhibitor (5 or 50 g ml 'y for 24 b Al
wcubation, culiune medinm was collectad anid C4BE antigen Jevel was
defenmined usimg o specitic ELISA. *# = D08 vsocomtrol, P < 0005 v
1 pp ml ' LPS, (B) Hepatocytes isokited from normal nits were
pnctibated with medium alone feontroll, LIS (10 jig mL '), or LPS

(10 pg ml "y + NECB mbobor (50 g ml ) for 24 b Aler ncubie
tion, mRNA expression of C4BPa (apen bar) and C4BPR telosed bar
i hepsitocytes wits evalualed By real-time polymenise clwiin resction
dilysis. = < 008

rat hepatocytes. and that the MEK ERK pathway mediates
the LPSinduced NExB  activation with o subsequent
decrease of CABI expression. Further studies are required
to charify whether NFxB directly decreases C4BP expression
n hepatocyies.

In our ral medel of endotoxemin, the plismi concentra-
ton of LIPS rapidly increased after LPS injeciion followed by
increased circulating levels of inflammntory eviokines such as
TNFa 16, and TEN-y [13] The present study has
demuonstrated that TL-6 specitically increases CABPR mRNA
m the Tiver. resulting in increased plismia concentritions of
CABP, more IS CABP complex, Jess avinlubibity of free PS
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Fig. 6. The effect of inhibitors of INK. MEK. p38 MAPK. and PRC on popalysaccharide (LPSknduead decredsad expression of Cdb-bunding
profein (CABP) in hepatocytes isolated from normal mis, and MEK activation by LPS: (A) Hepatocytes solited from normul rats were incubated in
the presence of medium alone (eontrol), LPS (10 pe mL '), LPS (10 peml ')+ SP600I25 15 or 50 pmol L '), LPS (10 pgml ') 1 PD9RIS (S
S0 pmol 100 LPS (10 pemb )+ SBI03S80 (5 or S0 ol L' or LIS (10 pg mb ')+ Calphostin C (5 or 20 pmol L") for 24 h. Al
incubsition, cultured medium wis collected and the C4BP antigen level was deternined by specific ELISA. Pata are expressed a8 the men + 8D
o= 3L < 008 s control. “P < 0008 ve. 10 pp bl ' LPS (B) The levels of taral and phosphorybyied MER were determmed by Western
blot wnitlysis using whole cell lysates prepared 10 min after LPS (100 g mL ") or LES (100 pp ml') + PDYS0OSY (S0 pmol 1 "} treatment

1) Intividul band intensities were delermined by densitometsic analysis ind expressed as the sino of phosphorylared MER o total MER. Band
infensity ratio o the absence of LPS was considered s |,

and therefore decreased APC cofactor activity of PS. which first report showing that 1L-6 specifically increases CABP[
nuay explun the mereased thrombotic tendency observed m mRNA via the STAT-3 pathway
patients with sepsis. It s unknown whether synthesis of In brief, the results of the present study show tha LPS
CABP[ is the rate limiting step in C4BP secretion. Based on directly decreases CABP expression in hepatocytes, and tha
our results, we hypothesized that some C4BP Jacking C4BPB this effect s mediated via the MEK and NFkB pathways winle
constitutively  exists i plasma, ond  that when C4BPJ L6 specifically increases CABPE mRNA expression via the
expression 15 incressed, C4BP conbnning C4BPE concomi- STAT-3 pathway. Increased CABPJ expression  mnereases
tantly increased, thus affecting the APC cofactor activity of  fomuition of the PS CABP complex leading 1o an enhanced
PS. Further mvestigations are needed 1o eluadate this Hrombonie tendency
sthject

The lL-b-quucI{d inecrease in the expression .1.!! L .Iiil'!t m Addendum
hepatocytes was significantly blocked by o STAT-2 mlubitor,
suguesting that IL-6 ingduces CABPB expression via the STAT-3 M. Kashiwada measured CABPy and CABPR mRNA Jevels
pathway, Although IL-6 his been shown to exert its effects on in the liver and hepatocyies, and wrote the first drall of
cells via the STAT-3 trnsduction pathway [29.30], this & the the munuscript. T Havashn designed the study. Mo Yuasa
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Fig. 7. STAT-Zuctivation by interleukin (16, and the ellect of STAT-3 inhibitor on TL-f-indoced incresal Cab-bunding protein (CABP)f expression in
hepatocytes tsobated from normsl s, (A) The levels of total and phosphorykited STAT-3 were determined by Westemn blol analysis using whaole cell
Iyssites prepared 10 min after 1L-6 0100 10U mL") or IL-6 0100 U mL ") + STAT-3 inhibitor 110 pmol L") ireatment (B) Individual hand infensite
were deterntined by densitometric analvsis und expressed as nitio of phosphorykited STAT-1 o 1ot] STAT-3. Band intensity rtio b the absence of
IL-t was comsidered os 1 (1C) Hepuocytes solated from nomal wus were incubated i the presence of mediom akone (control), STAT-3 inhibitog

10 pml L 6 000 10 mL Y or 100 10 mL Yy, or et i 00 or 100 10 mL "y o STAT-3inhibior (10 pmol LY for 24 b Aller incubation, mRNA
expression of CABMy open bar) and CABPA (closed bar) in hepartocyres were evaluaied by real-time polymerase chain resction analyss. *# = 005

andd Ko Fujii measured C4BP antigen levels in plasma and Health Science Foundation and the Mie University COE
culture medum.  J. Nishioka  punfied  rat  C4BI' and Project Fund

prepared  antirat C4BP [pG. N Akita and T Tanoka
wsolated and cultured mat hepatocytes. T, Okamoto mjected
LPS into rats and collected blood samples Irom the s,
M. Ido measured plasma cytokine levels mo LPS-treated The authors state that they have no conflict of mterest.
rats, £, C. Gabazza and S, Isygi made intelleciual
contributions o the manuserpt. K. Suzuki coordinated all
of the studies
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