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HEMOSTASIS, THROMBOSIS, AND VASCULAR BIOLOGY

Vitamin E Reduces Monocyte Tissue Factor Expression in Cirrhotic Patients

By Domenico Ferro, Stefania Basili, Domenico Pratico, Luigi luliano, Garret A. FitzGerald, and Francesco Violi

Clotting activation may occur in liver cirrhosis, but the
pathophysiological mechanism has not been fully eluci-
dated. Because a previous study demonstrated that lipid
peroxidation is increased in cirrhosis, we analyzed whether
there is a relationship between lipid peroxidation and clot-
ting activation. Thirty cirrhotic patients (19 men and 11
women; age, 34 to 79 years) and 30 controls matched for sex
and age were investigated. In all subjects, monocyte expres-
sion of tissue factor (TF) antigen and activity; plasma levels
of prothrombin fragment 1+2 (F1+2), a marker of thrombin
generation; and urinary excretion of Isoprostane-F,.-lll, a
marker of lipid peroxidation, were measured. Furthermore,
the above-reported variables were re-evaluated after 30 days
of treatment with standard therapy (n = 5) or standard
therapy plus 300 mg vitamin E twice daily (n = 9). In addition,
we analyzed in vitro if vitamin E (50 pmol/L) influenced
monocyte TF expression and F1+2 generation. Cirrhotic

patients had higher values of Isoprostane-F,,-Ill (P < .0001),
F1+2 (P < .0001), and monocyte TF antigen (P < .0001) and
activity (P < .03) than controls. Isoprostane-Fj.-lll was
significantly correlated with F1+2 (Rho = 0.85; P < .0001)
and TF antigen (Rho = 0.95; P < .0001) and activity (Rho =
0.94; P < .0001). After vitamin E treatment, Isoprostane-Fy,-
Il (P =.008), F1+2 (P < .008), and monocyte TF antigen (P =
.012) and activity (P = .008) significantly decreased; no
changes of these variables were detected in patients not
receiving vitamin E. In vitro, vitamin E significantly reduced
the expression of monocyte TF antigen (—52%; P = .001) and
activity (—55%; P = .003), as well as F1+2 generation (—51%;
P = .025). This study shows that vitamin E reduces both lipid
peroxidation and clotting activation and suggests that lipid
peroxidation may be an important mediator of clotting
activation in liver cirrhosis.

© 1999 by The American Society of Hematology.

MONG THE COMPLEX hemostatic disturbance occur- important role!> Isoprostane-f-11l was used as a marker of
ring in liver cirrhosis (LC), hyperfibrinolysis is consid- lipid peroxidation, because it is elevated in clinical settings

ered one of the most important factors that might favorassociated with in vivo oxidant stré&3’ and is generated
hemorrhagé:# Hence, the elucidation of the mechanism leadingduring low density lipoprotein (LDL) oxidation in vitro in
to hyperfibrinolysis would help us to explore new therapeuticcoincidence with lipid peroxides formatidf° Therefore, we
strategies to prevent bleeding. Recently, we provided evidencgerformed a cross-sectional study as well as an interventional
that in LC patients hyperfibrinolysis is secondary to an ongoingstudy, using vitamin E as an antioxidant agent, to investigate
prothrombotic state, which was documented by elevated circuwhether a relationship between lipid peroxidation and clotting
lating levels of the prothrombin fragment+2 (F1+2), a  activation does exist in patients with cirrhosis.
marker of in vivo thrombin generatidrClotting activation was
particularly evident in patients with moderate-severe liver
failure, suggesting a role for liver dysfunction in accelerating Subjects
thrombin generation rate. Cross-sectional as well as interven- Thirty consecutive patients with hepatic cirrhosis (11 women and 19
tional study provided evidence that endotoxemia, which ismen; age, 60 11 years; age range, 34 to 79; 15 current smokers) and
elevated in cirrhosis as a consequence of impaired hepatig0 healthy volunteers (18 men and 12 women; aget3byears; age
clearancé,might play a pivotal role. Thus, in cirrhotic patients range 40‘to 75 years; _10 current smokers) were stu_died. Thg diagnosis
receiving oral nonabsorbable antibiotics, the decrease of endc?—f cirrhosis was established by liver needle biopsy in all patients. All

. . . L . 1patients showed normal renal function. Patients were excluded from
toxemia was closely associated with a significant reduction o . o i . )
consideration if they had: (1) hepatocarcinoma, diagnosed by the
F1+2 plasma levelS.

combination of hepatic ultrasound and/or computed tomography to-
The relationship between clotting activation and endotox-gether with elevated serum levels affetoprotein; (2) spontaneous
emia has been recently investigated by measuring the monocyigacterial peritonitis or other infectious diseases, as indicated by clinical
expression of tissue factor (TF). We found that cirrhotic patientssigns (fever and/or abdominal pain) and attendant (ascitic and blood
have an enhanced monocyte TF expression that correlateehlture, polymorphonuclear count in ascitic fluid) indexes; or (3)
significantly with endotoxemi&Even if a cause-effect relation- cholestatic liver disease.
ship between endotoxemia and TF expression was not docu-
mented in cirrhotic patients, several c-IinicaI and experimental From the Department of Internal Medicine, | Clinica Medica, and
models demonstrated that endotoxemia enhances the monocylf)%partment of Therapeutic Medicine, University “La Sapienza,” Rome,
TF expressiof:*°However, an important still-open issue was to ialy: and the Center for Experimental Therapeutics, University of
analyze the mechanism allowing endotoxemia to enhance TPennsylvania, Philadelphia, PA.
expression and, in turn, clotting activation. Recent studies Submitted June 9, 1998; accepted December 17, 1998.
demonstrated that bacterial lipopolysaccharide (LPS) enhances Address reprint requests to Francesco Violi, MD, | Clinica Medica,
monocyte formation of oxidant speciisi? suggesting that Roliclinicp Umbgrtol,\ﬁale del Policlinico, 00185 Roma, Italy; e-mail:
oxygen free radicals, in particular peroxides, may represent afCli@uniromal.it.

. . . . . The publication costs of this article were defrayed in part by page
important intracellular mechanism by which LPS actlvatesCharge payment. This article must therefore be hereby ma -

monaocytes. ConSISt_entl_y’ several an_tIOXIdant agents have be%Eement"in accordance with 18 U.S.C. section 1734 solely to indicate
proved to decrease in vitro LPS-mediated monocyte TF expresmis fact.

sion1*14 We have recently showed that lipid peroxidation is  © 1999 by The American Society of Hematology.
enhanced in cirrhosis and that endotoxemia could play an 0006-4971/99/9309-0033$3.00/0

MATERIALS AND METHODS
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The Internal Medicine Review Board of the University Hospital of inines were determined by a standard automated colorimetric assay
Rome approved the study. All subjects gave informed consent to theiusing a Beckman Synchron CX System (Beckman Instruments, Arling-
inclusion in the study. All abstained from nonabsorbable antibiotics andton Heights, IL).
vitamin supplements for 30 days before the study. In case of immediate Isolation and incubation of blood mononuclear cell®eripheral
need for blood or plasma, patients were excluded from the study. Thélood mononuclear cells were isolated from the heparinized venous
degree of liver failure was scored as mild (class A=r6), moderate  blood of liver cirrhotic patients and controls using aseptic technique.
(class B; n= 20), or severe (class C; w 4) according to the Platelets were removed by using two-step centrifugation, once at 140
Child-Pugh'’s criteria, based on clinical (ascites, encephalopathy) anénd twice at 10§ in phosphate-buffered saline (PBS) at room tempera-
laboratory (albumin, bilirubin, prothrombin time) parameters, as previ- ture for 10 minutes. Peripheral blood mononuclear cells (PBMCs) were
ously described.The etiology of cirrhosis was post-hepatitis B in 10 isolated by centrifugation on lymphoprep (Nyegaard, Oslo, Norway) at
(33%) patients, post-hepatitis C in 18 (60%) patients, and postalcoholid,, 200y for 20 minutes at 20°C. Monocytes, identified by May-Grunwald-

in 2 (7%) patients. Giemsa staining, comprised 16% to 22% (mean, 19%).
Monocytes (adherent cells) were obtained by incubation of the
Design of the Studies PBMCs for 90 minutes at 37°C in humidified atmosphere of 5% @O

. ) . . . airin Petri dishes containing RPMI 1640, supplemented with 2 mmol/L
In vivo study. In a first study, a cross-sectional analysis including

) lutamine; lymphocytes (nonadherent cells) were removed by aspira-
the measurement of monocyte TF expression, plasma levels of prothrony: . ; - ; )
. . ) . ion with a Pasteur pipette and washing of the dishes with warm
bin F1+2, endotoxemia, and urinary excretion of IsoprostapeHF

s - ; . N 0
was performed in cirthotic patients and controls. media?? The purified monocyte preparation contained 85% to 95%

A second studv was desianed to explore the effect of vitamin Emonocytes. After isolation, cells were washed twice in PBS and
Y g P Sincubated without LPS at 2 10° cells/mL in RPMI 1640 at 37°C 5%

supplementation on monocyte TF expression and systemic C|Ottln%02 for 6 hours. At the end of the incubation period, the cells and media

act|v.at|on. To this purpose., 14 of 30 cirrhotic patients (8 women and 6Were separated by centrifugation (2,60r 15 minutes). The cells
men; age, 42 to 75 years; 1 of A, 9 of B, and 4 of C class) who gave . . -
. - . . . were washed with Tris-NaCl buffer (0.1 mmol/L NaCl, 0.1% bovine
informed consent to participate also in this study received 300 mg

vitamin E twice daily plus standard treatment £19) or continued serum albumin, pH 7.4) and then lysed in the same buffer by adding 15

standard treatment (a 5) for 30 days. Standard treatment consisted of mmol/L n-octyl$-D-glycopyranoside at 37°C for 30 minutés cell )
) . o . . count and trypan blue exclusion were performed on cell suspensions
spironolactone, furosemide or ethacrinic acid, albumin, and lactulose

-~ "after washing.
The two groups were homogeneous for sex, age, and degree of liver . L
. ; - In another set of experiments (see in vitro study above), monocytes
failure. Monocyte TF expression, FR plasma levels, and urinary :
: (2 X 10 cells/mL) taken from healthy volunteers were preincubated for
excretion of Isoprostane,EI1l were evaluated before and at the end of . P .
the treatment period 1 hour with 50 pmol/L vitamin E or medium as control and then
P ’ incubated with 0.4 ng/mL LPS in RPMI 1640 at 37°C in 5% {6r 6

. In yltro Stl.de' The study Was_performed to analyze the effgct of hours. At the end of incubation period, the samples were treated as
vitamin E coincubation on LPS-stimulated monocyte TF expression. described above

Monocytes taken from healthy subjects were preincubated with or TE assay. TF activity was determined in the cell lysate by

without 50 pmol/L vitamin E §-tocopherol; Sigma-Aldrich, Milan, . . . g
. . measuring monocyte procoagulant activity with a one-stage clotting
Italy) for 1 hour and were then stimulated with 0.4 ng/mL LPS - )
L } e . ) assay Briefly, aliquots (100 pL) of cell lysate were added to 100 pL of
(Escherichia coliOB11: B4; Sigma, St Louis, MO). TF expression and . ; . : o
. . . ._normal pooled citrated plasma; after 150 seconds of incubation at 37°C,
thrombin generation were measured over 6 and 24 hours of |ncubat|oE S
; ) . 00 pL of 0.025 mmol/L CaGlwas added and the clotting time was
time, respectively, as described below. . .
recorded using a Schnitger and Gross coagulometer (Germany). All
Method samples were tested in duplicate. Clotting times were converted to
ethods arbitrary TF units per 2x 10° monocytes using logarithmic plots of
Blood coagulation study. Blood samples anticoagulated with so- clotting times versus dilution of a standard TF solution obtained using
dium citrate (9:1, vol/vol) were taken from patients who had fasted forcommercial thromboplastin (Dade International Inc, Miami, FL).
at least 12 hours between 8:00 and 9:@0. The samples were Undiluted thromboplastin was assigned a value of 1,000 TF units,
immediately centrifuged at 2,090for 20 minutes at 4°C, and the corresponding to a clotting time of 14 seconds. This procoagulant
supernatant was collected and stored-&0°C until measurement.  activity was not demonstrated with plasma deficient in factors VII, X, or V.
Plasma levels of human prothrombin fragmentH2lwere assayed by The enzyme-linked immunosorbent assay (ELISA) for measuring TF
an enzyme immunoassay based on the sandwich principle (Enzygnosintigen in cell lysate was performed using a commercial kit (Imubind
F1+2; Behringwerke, Marburg, Germany; reference value,0.6.2 Tissue factor Elisa Kit; American Diagnostica Inc, Greenwich, CT). The
nmol/L; range, 0.3 to 1.2 nmol/lY)Intra-assay and interassay coeffi- lower detection limit is approximately 10 pg/mL. The assay recognizes
cients of variation were 8% and 9%, respectively. TF-apolipoprotein (TF-apo), TF, and TF-factor VII (TF-VII) complexes
Endotoxemia. The test was performed using a chromogenic sub-and is designed such that there is no interference from other coagulation
strate test (Kabi Diagnostica, Stockholm, Sweden) employing thefactors or inhibitors of procoagulant activity.

end-point method, as previously descrilSékhe day-to-day coefficient Thrombin generation rate by LPS-stimulated monocytd$irombin
of variation was 11% (reference value, 4:41.5 pg/mL). generation rate by LPS-stimulated monocytes was evaluated in vitro, by
Measurement of Isoprostaneg;HIl. Urinary Isoprostane-&-Ill incubating LPS-stimulated monocytes with heparinized standard plasma.

levels were assayed using a stable-isotope dilution gas chromatographigbr this purpose, a low molecular weight heparin (LMWH) anticoagu-
mass spectrometry assay as already descfb@tiefly, a known lated blood sample (ratio, 1:10) was taken from healthy volunteers who
amount of the internal standartQ,] Isoprostane-g-lll, prepared as  gave informed consent to participate in the study. The blood was
previously described by Pickett and Murphywas added to each anticoagulated with LMWH (20 U/mL), because this agent effectively
sample. After solid-phase extraction, the samples were purified byinhibits the formation of thrombin in solution but has only a small effect
thin-layer chromatography and analyzed on a Fison M800 (Fisonon thrombin generated at and bound to surfééasonocytes (2x 10°
Instruments, Milan, ltaly) gas chromatography/mass spectrometercells/mL) taken from healthy subjects were preincubated for 1 hour with
Quantification was performed using peak area ratios. Urinary creatvitamin E (50 pmol/L) or medium as control and then incubated with
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Table 1. Clinical and Laboratory Characteristics of Liver Cirrhotic Patients According to Child-Pugh’s Classification

2947

Grade A AvB Grade B BvC Grade C AvC
Variable (n =6) PValue (n = 20) PValue (n=4) PValue
Age (yr) NS 58 (34-74) NS 58 (44-79) NS 63 (56-69) NS
No. of men (%) NS 4(67) NS 13 (65) NS 2 (50) NS
Serum albumin (g/dL) H = 10.1, P = .0065 4.15 (3.7-4.7) .005 2.95 (2.3-4.8) NS 2.55 (2.2-3.5) .010
Prothrombin activity (%) H = 11.8,
P =.0027 87 (70-97) .012 69 (37-92) .020 47 (40-65) .010
TF antigen (pg/2 X 105> monocytes)
H = 14.0, P = .0009 7.5 (5-56.4) .005 41.55 (8-76.8) .008 89.9 (58-101.8) .010
TF activity (U/2 X 105> monocytes) H = 11.4,
P =.0034 2.5 (0-25) .016 17.5 (0-35) .015 40.5 (20-50) .018
Isoprostane-F,,-1ll (pg/mg creatinine)
H = 10.4, P = .0055 108 (92-285) 024 263.5 (44-432) 02 600 (260-812) 019
F1 + 2 (nmol/L) H = 10.2, P = .0062 0.95 (0.6-2.15) .026 1.82 (0.75-2.4) .022 3.05 (1.8-3.3) .019
Endotoxemia (pg/mL) H = 16.9, P = .0002 5.4 (3.1-9.5) .0006 21.83 (5.8-53.3) .009 56.7 (23.4-62.0) .010
Data are expressed as the median, with the range in parentheses.
Abbreviations: H, Kruskal-Wallis test; TF, tissue factor; F1 + 2, human prothrombin fragment F1 + 2; NS, not significant.
LPS (0.4 ng/mL) for 6 hours as described above. The medium was
removed and 1,000 pL of overlay heparinized standard plasma was
added to each well and incubated at 37°C for 24 h&usster the
incubation, samples were harvested, centrifuged at 4,@0@l assayed 3.5 N
for F1+2 generation, which was calculated from the increase F1 | . .
level compared with value obtained in control samples, which consistec
of heparinized plasma added with LPS. All samples were assayed il 5 g |
duplicate. The results represent the mean of four experiments. ' . S . ¢
g 2 o °
Statistical Analysis f % %
Statistical analysis was performed using ftfestatistic or Fisher's i 151 * . .
Exact Test for independence. Pairwise analysis was performed a i S %t
appropriate. Two-tailed tests of significance were used throughout ) .
Correlations were assessed using linear regression analysis. Whe g5 | o
necessary, log transformation was used to normalize the data, c
appropriate nonparametric tests were employed. Data are presented 0 r r T T
the median (with the range in parentheses) given the apparent departu 0 200 400 600 800 1000
of data from distributional normality. The required significance level for lsoprostane-F2 alpha-lil (pg/mg creatinine)
all tests was set at .05.
RESULTS
Urinary excretion of IsoprostanexfIll (median [range]: B &0 120
256 [44-812]v 80 [49-160] pg/mg creatinine? < .0001), N . ®
F1+2 plasma levels (mean [standard deviation (SD)]: 1.7 [0.7] & %01 o - 100 >
v 0.6 [0.25] nmol/L;P < .0001), monocyte TF antigen (median 2 S 2
[range]: 41.5 [5-101.8y 15.5 [10-39] pg/2xX 10°P monocytes; g 401 o © ¢ -8 8
P < .0001), and activity (median [range]: 17.5 [0-3 [4-20] & ® o
U/2 X 10° monocytes;P < .03) were significantly higher in % 30 o 3 60 %
cirrhosis patients than in controls. 3 Le* ° 2
The clinical and laboratory characteristics of liver cirrhotic 2 20 1 < ° T4 =
patients divided according to Child-Pugh classification are:3 o & 2
reported in Table 1. TF antigef® (= .0009) and activity @ = f 10 1 £¢ 20 f
.0034) and prothrombin fragment F2 (P = .0062) progres- = 8 g"g 3 =
sively increased from A to C class (Table 1). A significant 0 & T T T Y
correlation was observed between prothrombin fragmertF1 0 200 400 600 800 1000

and TF activity (Rho= 0.89,P < .0001) and antigen (Rhe
0.89,P < .0001).

A marked increase in IsoprostangfHl was detected in
cirrhotic patients, particularly in those with the highest degree

Isoprostane-F2 alphadil (pg/mg creatinine)

Fig 1. Correlation between prothrombin fragment F1+2 and uri-
nary excretion of Isoprostane-F,.-lll in cirrhotic patients (A) and
correlation between monocyte tissue factor antigen (O) and activity

of liver failure. Thus, cirrhotic patients of C class had higher (@) and urinary excretion of Isoprostane-F,.-lll in cirrhotic patients

values of Isoprostane,&1ll compared with those of BR = (B).
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.02) and A P = .019) classes (Table 1). According to our dian [range]: 28.7 [3.5-62] 29.5 [4.5-54] pg/mLP = .139). In
previous study® we found a significant correlation between patients receiving only standard treatment, no changes in

Isoprostane-f-Ill and endotoxemia (Rhe- 0.72,P < .0001). Isoprostane-f-lll, monocyte TF antigen and activity, and
Isoprostane-f-Ill was also significantly correlated with F12 F1+2 levels were observed (Fig 2A and B).
(Rho= 0.85,P < .0001; Fig 1A) and TF antigen (Rhe 0.95, Further support for this finding was provided by in vitro study

P < .0001) and activity (Rho= 0.94,P < .0001; Fig 1B), performed in monocytes taken from healthy subjects. In this
suggesting that lipid peroxidation and clotting system activationexperimental model, we tested the effect of 50 pmol/L vitamin E
are closely related. on the LPS-stimulated (0.4 ng/mL) monocyte activation. The
To further explore such a relationship, we investigatedresults of this experiment are summarized in Fig 3, showing that
whether the administration of vitamin E had some effect on lipid50 pmol/L vitamin E significantly reduced the monocyte
peroxidation and clotting activation. At baseline, no differenceexpression of TF antigen—52%; P = .001) and activity
in clinical and laboratory characteristics was observed betweei—55%;P = .003). This finding likely accounts for the effect of
the groups receiving or not receiving vitamin E (Fig 2). After 50 pmol/L vitamin E on the formation of F12 mediated by
vitamin E administration, cirrhotic patients showed signifi- LPS-stimulated monocytes. Thus, this concentration of vitamin
cantly higher values of plasma vitamin E compared with E significantly reduced the rate of thrombin generatioe®1%;
baseline values (median [range]: 13 [11-17]17 [14-29] P = .025) in samples containing LPS-stimulated monocytes
pmol/L; P = .018). We also found a significant decrease of and heparinized plasma (Fig 4).
Isoprostane-f-lll (median [range]: 355 [170-812) 240
[142-560] pg/mg creatininéd® = .008 [not shown]), monocyte DISCUSSION
TF antigen (63.6 [10-101.8) 22.0 [10-66] pg/2 X 10° This study shows for the first time that in cirrhosis lipid
monocytesP = .012) activity (30 [6-50} 15 [2-30] U/2X 10P peroxidation and clotting activation are related. The urinary
monocytesP = .008), and prothrombin fragment F2 plasma  excretion of Isoprostane,fIll, which is one of the most
levels (2.05 [1.15-3.30} 1.35 [0.90-2.20] nmol/LP = .008; abundant F2-isoprostanes formed under physiological condi-
Fig 2A and B). On the contrary, endotoxin serum levels showedions in humarf’ was used as marker of lipid peroxidation.
similar values before and after vitamin supplementation (me-Thus, this compound has been reported elevated in several
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Fig2. (A)Prothrombin fragment F1+2 plasma levels and (B) monocyte TF antigen and activity in cirrhotic patients before and after vitamin E
administration and in placebo group. *P = .012; **P = .008. The horizontal lines refer to the median values.
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Fig 3. TF antigen and activity expressed by unstimulated or LPS-stimulated (0.4 ng/mL) monocytes added with and without vitamin E (50
pmol/L). The paired t-test was used for statistical analysis. *P = .003; **P = .001. The top and bottom of the box represent the standard error. The
square in the middle of the box represents the mean value. The lines extending above and below the box refer to the standard deviation.

pathological conditions associated with oxidant stress such aactivity, suggesting a cause-effect relationship between lipid
drug poisoning, cigarette smoking, coronary reperfusion, angeroxidation and clotting activation. This hypothesis was ex-
autoimmune diseasé&17282° Consistent with our previous plored in an interventional study in which lipid peroxidation
report!>we found elevated urinary excretion of Isoprostang-F  and clotting activation were measured before and after vitamin
[Il'in cirrhosis, particularly in patients with severe liver failure. E supplementation. We observed that, after vitamin E adminis-
Such elevation should not be considered artefactorial, ie, relategtation, F1+2 plasma levels and the monocyte TF expression
to a reduced liver clearance, for several reasons. First of allsignificantly decreased. It is noteworthy that these changes were
experimental and humans’ studies demonstrated that liver igot related to endotoxemia, which, in fact, was not modified by
poorly involved in IsoprostaneE-Ill clearance®®®! In addi-  the antioxidant treatment. The results of the interventional study
tion, we demonstrated that vitamin E administration is assocCiyyere further corroborated by in vitro experiments showing that
ated with a significant decrease in Isoprostapgeti, indicat- 50 umol/L vitamin E significantly inhibited monocyte TF
ing that increase in this isoprostane reflects.enha'nced formatio@xpression and monocyte-inducecH formation. It is note-
more than decreased clearafeelhe relationship between \qrihy that in this experiment monocytes were stimulated with
enhanced lipid peroxidation and clotting activation was Sug- ps concentration close to that found in the peripheral circula-
gested by several lines of clinical and laboratory evidences. Ir{ion of cirrhotic patientsand that 50 pmol/L vitamin E reduced
the cirrh(.)tic.population, the urinary excretion of Isoprostape-F TF expression and FA2 generation by 50%, on average. This
”.l was significantly correlated W!th plasma levels of prothrom- is in accordance with a previous study showing that oxidant
bin fragment F1-2 as well as with monocyte TF antigen and species enhance monocyte expression of TF and that 50 pmol/L
2 vitamin E reduces by approximately 50% LPS-induced mono-
cyte TF expressiof? Our finding also supported the results of
s j— an in _vivo study showing t_hat,_in subjects receiving 1,2_00 u/d
vitamin E, monocyte function is reduced; thus, Devaraj & al
L

e demonstrated that, after vitamin E supplementation monocyte
formation of oxidant species, lipid oxidation and interleukh-1
secretion were significantly decreased.

. Because of the effect of vitamin E on oxygen free radical

s formation, it may be postulated that the inhibition of monocyte

TF expression is due to its antioxidant property. However,

further study is necessary to analyze whether vitamin E has the

3

12
iﬁl same effect of other antioxidants, which have been shown to
05 regulate transcriptional or posttranscriptional activation of
Ui S st monocyte TF expressiof:1
i Ve Our results may have potential clinical relevance, because the

) . . concentration we used in vitro is achievable in human blood

Fig 4. Prothrombin fragment F1+2 generation observed on un- . R i L. .
stimulated or LPS-stimulated (0.4 ng/mL) monocytes added with and after vitamin E supplementatlon. Therefore, administration of
without vitamin E (50 pmol/L) and exposed to a standard heparinized vitamin E could represent an interesting new approach to
overlay milieu (see text). The paired t-test was used for statistical modulate C|otting activation and, in turn' Secondary hyperﬁbri_

analysis. *P = .025. The top and bottom of the box represent the P . e . . .
standard error. The square in the middle of the box represents the nolysis in this clinical setting. This suggestion has to be

mean value. The lines extending above and below the box refer to the confirmed in a Iarge_r controlled t”_al- _ o
standard deviation. In conclusion, this study provides evidence that, in liver
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cirrhosis, there is a relationship between lipid peroxidation and 16. Reilly M, Delanty N, Lawson JA, FitzGerald GA: Modulation of
clotting activation and suggests that lipid peroxidation mayoxidant stress in vivo in chronic cigarette smokers. Circulation 94:19,
represent an important mechanism that mediates endotoxin-996

induced monocyte TF expression. The inhibition of clotting 17 Delanty N, Reilly M, Lawson JA, McCarthy JF, Fitzgerald DJ,
system activation by vitamin E may open a new avenue for the iZGerald GA: 8-iso PGE generation during coronary reperfusion: A
treatment of clotting disturbance with antioxidants in this potential quantitative marker of oxidant stress in vivo. Circulation

clinical setting. 95:2492,1997 .
18. PraticdD, FitzGerald GA: Generation of 80-PGk,, by human

REFERENCES monocytes. Discriminate production by reactive oxygen species and
. . ) o o prostaglandin endoperoxide synthase-2. J Biol Chem 271:8919, 1996
fb:-ncljlrasnsci IRS; dFSeg:St:'Lg;oggr:gaiffgg'izgie of accelerated 19. Lynch SM, Morrow JD, Roberts JL Il, Frei B: Formation of
ibrinolysis in liver di . is 14:460, —evel _derived tanoids-i h in ol
2. Violi F, Ferro D, Basili S, Quintarelli C, Saliola M, Alessandri C, non-cyc ooxygengse erlye prostanol §.|Gé.pros anes)' " .p asma.
and low density lipoprotein exposed to oxidative stress in vitro. J Clin

Cordova C, Balsano F: Hyperfibrinolysis increases the risk of gastrom-mvest 3:098, 1094

testinal haemorrhage in patients with advanced cirrhosis. Hepatolo N .
15:672 1992 9 P P 24 20. Pratico D, Lawson JA, FitzGerald GA: Cyclooxygenase-
3. Boks AL, Brommer EJP, Schalm SW, Van Vliet HHDM: Hemosta- dependent formation of the isoprostane,8-iso RGB Biol Chem

sis and fibrinolysis in severe liver failure and their relation to 270:980_0' 1995 . .
hemorrhage. Hepatology 6:79, 1986 21. Pickett WC, Murphy RC: Enzymatic preparation of carboxyl

4. Violi F, Basili S, Ferro D, Quintarelli C, Alessandri C, Cordova C, oxygen-18 labeled prostaglandin F2 alpha and utility for quantitative
CALC group: Association between high values of D-dimer and Mass spectrometry. Anal Biochem 111:115, 1981
tissue-plasminogen activator activity and first gastrointestinal bleeding 22. Kornberg A, Blank M, Kaufman S, Shoenfeld Y: Induction of
in cirrhotic patients. Thromb Haemost 76:177, 1996 tissue factor-like activity in monocytes by anti-cardiolipin antibodies. J
5. Violi F, Ferro D, Basili S, Saliola M, Quintarelli C, Alessandri C, Immunol 153:1328, 1994
Cordova C: Association between low-grade disseminated intravascular 23. Semeraro N, Biondi A, Lorenzet R, Locati D, Mantovani A,
coagulation and endotoxemia in patients with liver cirrhosis. Gastroen-Donati MB: Direct induction of tissue factor synthesis by endotoxin in

terology 109:531, 1995 human macrophages from diverse anatomical sites. Immunology 50:
6. Liehr H: Endotoxins and the pathogenesis of hepatic and gastroin529, 1983
testinal diseases. Ergeb Inn Med Kinderheilkd 48:117, 1982 24. Tijburg PNM, Ryan J, Stern DM, Wollitzky B, Rimon S, Rimon

7. Saliola M, Lorenzet R, Ferro D, Basili S, Caroselli C, Di Santo A, A, Handley D, Nawroth P, Sixma JJ, deGroot PG: Activation of the
Sallese M, Violi F: Enhanced expression of monocyte tissue factor incoagulation mechanism on tumor necrosis factor-stimulated cultured
patients with liver cirrhosis. Gut 43:428, 1998 endothelial cells and their extracellular matrix. The role of flow and

8. Osterud B, Biorklid E: The production and availability of tissue tactor IX/IXa. J Biol Chem 266:12067, 1991
thromboplastin in cellular populations of whole blood exposed to 25 Osnes LT, Westvik AB, Kierulf P: Procoagulant and profibrinol-

various concentration of endotoxin. Scand J Haematol 29:75, 1982 ytic activities of cryopreserved human monocytes. Thromb Res 76:373,
9. Meszaros K, Aberle S, Dedrick R, Machovich R, Horwitz A, Birr 1994

C, Theofan G, Parent J: Monocytes tissue factor induction by lipopoly-  5¢ Armitage P, Berry G: Statistical Methods in Medical Research
saccharide (LPS): Dependence on LPS-binding protein and CD14, anf’ed 2). Oxford, UK, Blackwell Scientific, 1990, p 200
inhibition by a recombinant fragment of bactericidal/permeability- 27 .Morrow’JD ’Minton TA BadrKF’Robe’rts LJ: Evidence that the

increasing protein. Blood 83:2516, 1994 Eoi . . L s .
-isoprostane, 8-iso PGFis formed in vivo. Biochim Biophys Acta
10. Levi M, ten Cate H, Bauer KA, van der Poll T, Edgington TS, 12210_244 1994 @ phy

Buller HR, van Deventer SJH, Hack CE, ten Cate JW, Rosenberg RD: 28. Delanty N, Reilly M, PraticD, Fitzgerald DJ, Lawson JA,

Inhibiti f endotoxin-induced activati f lati d fibrinoly- _. ; o ) L .
sri]s Ibl Io(re]r?to?(ir]fyﬁnr?glgrlg u;(reno?]f)lc\llgr:gr zfn t(i:-(t:‘izgﬂeaf:crl:rnaniitﬂ):jo );n FitzGerald GA: 8-iso PGJ;: Specific analysis of an isoeicosanoid as an
Y P y Y index of oxidant stress in vivo. Br J Clin Pharmacol 42:15, 1996

chimpanzees. J Clin Invest 93:114, 1994 29 1uli - I lesini G
11. Landmann R, Scherer F, Schumann R, Link S, Sansano S - luliano L, Praticd, Ferro D, Pittoni V, Valesini G, Lawson J,

Zimmerli W: LPS directly induces oxygen radical production in human FitzGerald GA, Violi F: Enhanced lipid per.oxidation in patients positive
monocytes via LPS binding protein and CD14. J Leukoc Biol 57:440,for antiphospholipid antibodies. Blood 90:3931, 1997

1995 30. Roberts LJ, Moore KP, Zackert WE, Oatest JA, Morrow JD:
12. Rosen GM, Pou S, Ramos CL, Cohen MS, Britigan BE: Freeldentification of the major urinary metabolite of the F2-isoprostane
radicals and phagocytic cells. FASEB J 9:200, 1995 8-Iso-prostaglandin Fe2in humans. J Biol Chem 271:20617, 1996

13. Brisseau GF, Dackiw AP, Cheung PY, Christie N, Rotstein OD:  31. Marrow JD, Roberts LJ II: The isoprostanes. Current knowledge
Posttranscriptional regulation of macrophage tissue factor expressiofnd directions for future research. Biochem Pharmacol 51:1, 1996
by antioxidants. Blood 85:1025, 1995 32. Crutchley DJ, Que BG: Copper-induced tissue factor expression
14. Oeth P, Mackman N: Salicylates inhibit lipopolysaccharide- in human monocytic THP-1 cells and its inhibition by antioxidants.
induced transcriptional activation of the tissue factor gene in humarCirculation 92:238, 1995
monocytic cells. Blood 86:4144, 1995 33. Devaraj S, Li D, Jalal I: The effects of alpha tocopherol
15. Prati¢oD, luliano L, Basili S, Ferro D, Camastra C, Cordova C, supplementation on monocyte function. Decreased lipid oxidation,
Fitzgerald GA, Violi F: Enhanced lipid peroxidation in hepatic cirrho- interleukin 1 beta secretion and monocyte adhesion to endothelium. J
sis. J Invest Med 46:51, 1998 Clin Invest 98:756, 1996

%20z Ae 0z uo 3sanb Aq Jpd'G162/008€591/5+62/6/€6/4Pd-ajoiE/POO|qARU SUOKEDIgNdYSE//:d]Y WOl papeojumoq



