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Background and Objectives. Cytokines are low mol-
ecular weight polypeptides that act as pleiotropic
mediators of inflammation and may contribute sig-
nificantly to regulation of hemostatic balance in both
physiologic and pathologic conditions. The purpose
of this review is to underline the most significant pro-
gresses recently achieved in this rapidly growing
area.

Design and Methods. The authors have been
involved both at home and abroad in experimental
and clinical research in this field for years and have
contributed original papers in peer-reviewed jour-
nals. In addition, the material examined in the pre-
sent review includes articles published in journals
covered by the Science Citation Index and Medline.

Results. Tissue factor, a transmembrane glycopro-
tein that serves as a surface receptor for coagula-
tion factor VIIa, plays a key role in the initiation of
coagulation processes. Very little, if any, tissue fac-
tor activity is detectable in normal conditions on the
cell surface of monocytes and endothelial cells. How-
ever, upon proper stimulation by a number of agents
such activity may be expressed in these cells, which
can then contribute significantly to clotting activa-
tion. Pro-inflammatory cytokines. Interleukin-1(IL-1),
IL-6 and tumor necrosis factor (TNF) are effective
inducers of tissue factor upregulation and may trig-
ger endothelial cells to change their antithrombotic
properties into a procoagulant, clot-promoting state.
Indeed, much experimental and clinical evidence
has been accumulated to suggest that cytokines
play a key role in the pathophysiology of hemostat-
ic abnormalities in different disease states. These
include, inter alia, the coagulopathy observed during
septicemia, the veno-occlusive disease of the liver
after bone marrow transplantation, the prothrom-
botic state associated with atherosclerotic vessels,
the occurrence of deep venous thrombosis after
major abdominal surgery and the thrombotic ten-
dency of patients with cancer. Several new antit-
hrombotic strategies based on these new concepts
have been attempted in experimental models of
thrombosis and also in man. Examples of new pos-
sible antithrombotic agents are the tissue factor
pathway inhibitor, Fab fragments of monoclonal anti-
bodies directed against factor VII or factor VIIa,

mutant forms of biologically inactive tissue factor
and inhibition of cytokines involved in the regulation
of tissue factor expression. Many of these studies
have produced positive or interesting results,
although more must be learned before the appro-
priate drug and the adequate dose are defined in
the different clinical situations.

Conclusions. Pro-inflammatory cytokines (IL-1, IL-6
and TNF) play a key role in tissue factor expression
on monocytes and on endothelial cells and con-
tribute significantly to regulation of hemostatic bal-
ance in physiologic and pathologic conditions. This
effect is of great interest from both speculative and
practical viewpoints. 
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Cytokines are low molecular weight polypep-
tides that act as pleiotropic mediators of
inflammation and immunity. Leukocytes and

vascular cells are both sources of cytokines and tar-
gets for them. It is known that hemostatic balance
depends on complex interactions among endothelial
cells, blood cells and the coagulation-fibrinolytic sys-
tem and cytokines play an important role in such
interactions. Indeed, in the last decade much exper-
imental and clinical evidence has been accumulated
to suggest that cytokines may contribute significantly
to regulation of hemostatic balance in both physio-
logic and pathologic conditions.

The purpose of this review is to underline the most
significant progresses which have been achieved in
this rapidly growing area. After a short description of
the mechanisms responsible for regulation of tissue
factor expression, emphasis will be given to what has
been learnt recently about the role of cytokines in
the pathophysiology of hemostatic abnormalities in
different clinical situations. Finally, new possible
antithrombotic strategies based on these new con-
cepts will be described and discussed.

Regulation of tissue factor expression

Tissue factor: structure and function
Tissue factor is a 46 kD transmembrane glycopro-

tein that serves as a cell surface receptor and essen-
tial cofactor for coagulation factor VII and its active
form VIIa.1-4 On binding of factor VIIa to tissue fac-
tor, the complex acquires catalytic activity and con-
verts factors IX and X to their active derivatives IXa
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and Xa, respectively, thus leading to thrombin gen-
eration and fibrin formation.5 Most interestingly, tis-
sue factor does not change conformation upon bind-
ing to VIIa.6,7 This suggests that tissue factor forms a
rigid scaffold for immobilizing the otherwise flexible
VIIa8 and positions the active center at the correct
distance from the cell membrane. Therefore, associ-
ation of VIIa with cell surface tissue factor results in
catalytic enhancement of the VIIa catalytic domain.
Further enhancement of the reaction rate is achieved
by preferential recognition of phospholipid bound
factors IX and X by the tissue factor-VIIa complex.1

Thus, little reason exists today to doubt that the
binding of factor VII to tissue factor and the subse-
quent reactions so triggered play a prima ballerina role
in the initiation of coagulation process in both phys-
iologic and pathologic conditions.9

Although the initiation of coagulation is consid-
ered to be the main physiologic function of tissue
factor, recent evidence suggests that tissue factor
might participate in other biological activities, includ-
ing the induction of intracellular Ca2+ signals,10-12 the
regulation of the metastatic behavior of melanoma
cells13 and angiogenesis.5 The results of these studies
imply that tissue factor is a true receptor with signal-
ing abilities, which is an attractive concept in the light
of the structural similarity of tissue factor to members
of the cytokine receptor superfamily.3 Interestingly,
targeted disruption of the murine tissue factor gene
is associated with impaired vascular development
and lethal embryonic bleeding.14

Anatomical localization of tissue factor is of impor-
tance to understand its crucial role in hemostasis and
thrombosis.15 Tissue factor is constitutively present on
the cell membrane of fibroblasts, of pericytes in and
around blood vessels, of glomerular epithelial cells and
of tumor cells.15-17 Such localization accounts for clot-
ting activation in sites of endothelial damage with
blood extravasation and for hemostatic abnormalities
in patients with cancer. Contrariwise, very little, if any,
tissue factor activity is detectable in normal conditions
on the cell surface of monocytes and endothelial cells.
However, upon proper stimulation by a number of
agents such activity is expressed in these cells, which
can then contribute significantly to clotting activation.

Tissue factor expression on monocytes
The different stimuli able to induce tissue factor

expresion on monocytes are reported in Table 1. It is
known that monocytes become activated for inflam-
matory response upon exposure to bacteria, viruses,
endotoxins or immune complexes and such activa-
tion is accompanied by expression of tissue factor
activity on cell membrane.18-20 Pro-inflammatory
cytokines such as interleukin-1 (IL-1), tumor necro-
sis factor (TNF) and IL-6 are also very well known
inducers of tissue factor expression in mono-
cytes19,21,22 and the same effect has been observed
after exposure of these cells to IL-8 or interferon
(IFN)-γ.23,24 The ability of infectious agents, immune
complexes and pro-inflammatory cytokines to acti-
vate monocytes for the inflammatory response and at
the same time to induce tissue factor expression on
their membrane is of great interest, as it could repre-
sent the biological basis to explain the strong rela-

tionships existing between inflammation and the
coagulation system.21,25,26 Upregulation of tissue fac-
tor expression in monocytes upon adhesion to other
cells or to adhesive proteins is also likely to be rele-
vant in this context.20,27,28

Tissue factor expression on endothelial cells
Endothelial cells were long considered little more

than a layer of nucleated cellophane, endowed with neg-
ative properties, the most important of which being
that of a non-thrombogenic substrate for blood. This
view has changed radically: it is now evident that
hemostasis, inflammatory reactions and immunity
involve close interactions between immuno-
competent cells and vascular endothelium. Upregu-
lation of tissue factor expression upon exposure of
endothelial cells to appropriate stimuli is of great
importance in understanding their role in hemostat-
ic balance. A list of agents able to induce in vitro the
expression of tissue factor activity on endothelial cells
is reported in Table 2. It is of interest to note that sev-
eral inducers able to trigger tissue factor expression
on monocytes (see above) show the same activity on
endothelial cells; these include infectious agents,
endotoxins, immune complexes and pro-inflamma-
tory cytokines IL-1 and TNF.29-31 Such cytokines are
known to influence endothelial cell function pro-
foundly, as they not only induce procoagulant activ-
ity, but also inhibit the thrombomodulin/protein C
anticoagulation pathway and affect fibrinolysis by
upregulating both urokinase type plasminogen acti-
vator and type I inhibitor of such activation. Fur-
thermore, IL-1 and TNF stimulate endothelial cells
to produce and release important vasoactive agents
such as PGI2, nitric oxide, PAF and endothelin. Such
a complex series of molecular events which take place
in endothelial cells upon exposure to pro-inflamma-
tory cytokines is considered to represent the induc-
tion of a prothrombotic pro-inflammatory program in such
cells.29

Other agents act as specific inducers of tissue fac-
tor expression on endothelial cells, as they are not
effective with monocytes. Advanced glycosylation end
products (AGEs), which are formed in patients with
poorly controlled diabetes mellitus, show this prop-
erty.32 AGE formation results from the spontaneous
covalent reaction of circulating glucose with free
amino groups with subsequent rearrangement and
production of fluorescent moieties irreversibly bound
to proteins. AGEs promote the formation of oxidized
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Table 1. Agents able to induce tissue factor expression on
monocytes.

Infectious agents (viruses, bacteria)
Endotoxins
Immune complexes
Reactive C protein
C5a (anaphylotoxin)
Different cytokines (IL-1, TNF, IFN-γ, IL-6, IL-8)
Interaction of monocytes, mediated by adhesion receptors, with other cells

(platelets, polymorphonucleated leukocytes, endothelial cells, tumor cells)
or with adhesive proteins (fibrinogen)



LDL, induce cytokine and growth factor release from
macrophages, and stimulate the expression of tissue
factor and of adhesion molecules on endothelial
cells. They are, therefore, considered to play an
important role in progression of atherosclerosis in
diabetes.

Reactive oxygen species are other important spe-
cific inducers of tissue factor expression on endothe-
lial cells.29 Their effect is mediated by stimulation of
NF-kB, a transcription factor which acts as a regula-
tor of genes involved in inflammation.29,33

Interestingly, thrombin has also been reported to
be able to induce tissue factor expression on
endothelial cells,14 thus leading to further clotting
activation.

Furthermore, it has been recently demonstrated
that ligation of CD40, an important signal trans-
duction molecule present on endothelial cells, elicits
tissue factor dependent procoagulant activity and
this pathway has been suggested to be involved in
the development of prothrombotic states during dis-
eases associated with endothelial cell activation.34, 35

Therefore, a wide spectrum of agents may trigger in
vitro tissue factor expression on endothelial cells: pro-
inflammatory, dysmetabolic, oxidative stimuli may
induce endothelial cells to change their anti-
thrombotic properties into a procoagulant, clot-pro-
moting state. Tissue factor mRNA and protein levels
decline in endothelial cells despite continued expo-
sure to agonists, and this could represent a mecha-
nism to contain the extent of clotting activation. This
behavior could also explain why it has been difficult
to demonstrate expression of tissue factor by
endothelial cells in vivo even in response to potent
provocations when expression was expected.14 How-
ever, tissue factor is found in vivo associated with
endothelial cells after vascular injury, within athero-
sclerotic plaques and in tumor-derived vessels.14

Cytokines and hemostatic abnormalities
in different disease states

Septicemia is a dramatic, very convincing demon-
stration of the close relationship existing between
inflammation and the hemostatic system. The spec-
trum of hemostatic changes during systemic infec-
tion may vary from subclinical clotting activation to
disseminated intravascular coagulation associated
with consumption coagulopathy, microvascular
thrombosis and subsequent multiorgan failure.36,37

Recent in vivo studies in humans and non-human pri-
mates have documented the pivotal role of cytokines

in hemostatic abnormalities of patients with sep-
sis.21,38 Cytokines involved in the altered hemostatic
properties in infection and inflammation are TNF, IL-
1, IL-6 and IL-10. Indeed, both clinical and experi-
mental studies have documented enhanced produc-
tion of these cytokines during systemic infection.39-42

Activation of coagulation during septicemia proceeds
through the extrinsic tissue factor-mediated pathway.
Activation of the contact system does not contribute
to coagulation abnormalities, but is involved in the
development of shock.21 Available experimental and
clinical evidence suggests that TNF is mainly involved
in activation of fibrinolysis,40 IL-6 in activation of
coagulation41,43 and IL-1 in activation of both.44,45 In
contrast, IL-10 may serve a protective function dur-
ing septicemia, at least in part related to its capacity
to inhibit the production of pro-inflammatory
cytokines.21, 46

Pro-inflammatory cytokines could also be involved
in the pathophysiology of thrombotic complications
in a number of other disease states: these include the
antiphospholipid syndrome,47-49 veno-occlusive dis-
ease of the liver after bone marrow transplanta-
tion,50,51 the vasculitides observed in autoimmune
connective tissue diseases,19 the prothrombotic states
associated with atherosclerotic vessels,30, 52-54 the
occurrence of deep venous thrombosis after major
abdominal surgery,19,55 and acute rejection after sol-
id organ transplantation.19,56-59

Finally, cytokines are involved in hemostatic abnor-
malities and in the thrombotic tendency of patients
with cancer. The systemic activation of coagulation
that occurs in malignancy is well known and has been
described under the name of Trousseau’s syn-
drome.60-62 The mechanisms of this systemic coagu-
lation activation have been extensively investigated
and were shown to involve the tumor cells and the
host response. First of all cancer cells are able to pro-
mote blood clotting by several tumor-associated pro-
coagulant agents, including tissue factor63,64 and can-
cer procoagulant, a cysteine protease which directly
activates factor X.64-66 Furthermore, tumor-associat-
ed macrophages stimulate the production of growth
and angiogenic factors and express tissue factor-like
procoagulant activity.67,68 Indeed, cytokine produc-
tion is greatly increased in such patients, as a result
of activation of host cells such as monocytes and
endothelial cells and of cytokine release by tumor
cells themselves.68-72 In turn, cytokines such as IFN-α,
IFN-γ and TNF have been shown to be able to
increase tumor cell procoagulant activity,73,74 thereby
enhancing clotting activation in cancer patients.
Finally, the close interaction of tumor cells and
endothelial cells may induce surface expression of tis-
sue factor in the latter75 and this effect could play an
important role in the two-way interaction of tumors
with the hemostatic system.

New possible antithrombotic strategies
Several therapeutic approaches to inhibiting tissue

factor/VIIa complex or to limiting cytokine produc-
tion or activity have been attempted in experimental
models of thrombosis and also in man.

Examples of possible new antithrombotic agents
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Table 2. Agents able to induce tissue factor expression on
endothelial cells.

Infectious agents (viruses, bacteria)
Endotoxins
Immune complexes
Pro-inflammatory cytokines (IL-1, TNF)
Advanced glycosylation end products (AGEs)
Reactive oxygen species
Thrombin 
Binding of CD40 to its ligand (CD40L)



are the tissue factor pathway inhibitor, the physio-
logic Kunitz domain inhibitor of the tissue factor/VIIa
complex, and Fab fragments of a monoclonal anti-
body directed against factor VII or factor VIIa. Sever-
al animal studies support the therapeutic usefulness
of these molecules in thrombosis and Gram-negative
sepsis.76-78 Another potential agent is TFAA, a mutant
form of human soluble tissue factor (Lys165Ala,
Lys166Ala) which binds to VIIa and forms an inactive
complex. Antithrombotic activity was shown by TFAA
in a rabbit arterial thrombosis model without affect-
ing general hemostasis.5 Together, these data indi-
cate that pharmacologic intervention at the initial
stage of the coagulation cascade might be efficacious
as well as safe.

Another attractive approach is inhibition of
cytokines involved in the regulation of tissue factor
expression. Several possibilities have been explored
in this context: antibodies directed against pro-
inflammatory cytokines, cytokine inhibitors, drugs
capable of inhibiting cytokine production.

Treatment with anti-TNF antibodies was found to
reduce mortality rates and coagulation abnormali-
ties after injection of endotoxin or live bacteria into
monkeys,21,39 although this effect has not been con-
firmed in patients with sepsis.79 Furthermore, admin-
istration of an anti-IL-6 antibody prevented coagula-
tion activation after administration of a low dose of
endotoxin to chimpanzees, whereas it did not affect
activation of the fibrinolytic system.41 43 In the same
line, recombinant IL-1ra, the naturally occurring
inhibitor of IL-1, has been administered in baboons
with fatal bacteremia, and in patients with sepsis.44,45

In both cases activation of coagulation and fibrino-
lysis was clearly reduced by the treatment.

Inhibition of cytokine production is also a poten-
tially interesting approach. Glucocorticoids, theo-
phylline and pentoxifylline are powerful suppressors
of cytokine release19, 80 and this property could be of
clinical benefit in selected situations of clotting acti-
vation. Furthermore, FR167653, a low molecular
weight inhibitor of IL-1 and TNF production,
markedly improved thrombocytopenia and plasma
coagulation parameters after injection of endotoxin
in rats.81

New avenues are being opened by fundamental dis-
coveries regarding the relationship between cytokines
and thrombosis, forming a rationale for new thera-
peutic approaches. However, more must be learnt
before the appropriate drug and the adequate dose
are defined in the different clinical situations.

Contributions and Acknowledgments
Authors of the present paper were similarly involved in the

design, bibliographic research, writing and discussion of the
manuscript.

Disclosures
Conflict of interest: none.
Redundant publications: no substantial ovelapping with

previous papers.

Manuscript processing
Manuscript received April 27, 2000: accepted August 3,

2000.

References

1. Edgington TS, Mackman N, Brand K, Ruf W. The
structural biology of expression and function of tissue
factor. Thromb Haemost 1991; 66:67-79.

2. Nemerson Y. Tissue factor: then and now. Thromb
Haemost 1995; 74:180-4.

3. Edgington TS, Dickinson CD, Ruf W. The structural
basis of function of the TF.VIIa complex in the cellu-
lar initiation of coagulation. Thromb Haemost 1997;
78:401-5.

4. Nemerson Y, Giesen PL. Some thoughts about local-
ization and expression of tissue factor. Blood Coagul
Fibrinolysis 1998; 9(Suppl 1):45-7.

5. Kirchhofer D, Nemerson Y. Initiation of blood coagu-
lation: the tissue factor/factor VIIa complex. Curr
Opin Biotechnol 1996; 7:386-91.

6. Harlos K, Martin DMA, O’Brien DP, et al. Crystal
structure of the extracellular region of human tissue
factor. Nature 1994; 370:662-6.

7. Muller YA, Ultsch MH, Kelley RF, De Vos AM. Struc-
ture of the extracellular domain of human tissue fac-
tor: location of the factor VIIa binding site. Biochem-
istry 1994; 33:10864-70.

8. Waxman E, Laws WR, Laue TM, Nemerson Y, Ross
JBA. Human factor VIIa and its complex with soluble
tissue factor: evaluation of asymmetry and conforma-
tional dynamics by ultracentrifugation and fluores-
cence anisotropy decay methods. Biochemistry 1993;
32:3005-12.

9. Rapaport SI, Rao LV. The tissue factor pathway: how
it has become a “prima ballerina”. Thromb Haemost
1995; 74:7-17.

10. Rettingen JA, Enden T, Camerer E, Iversen JG, Prydz H.
Binding of human factor VIIa to tissue factor induces
cytosolic Ca2+ signals in J82 cells, transfected COS-1
cells, Madin-Darby canine kidney cells and in human
endothelial cells induced to synthesize tissue factor. J
Biol Chem 1995; 270:4650-60.

11. Ruf W, Mueller BM. Tissue factor signalling. Thromb
Haemost 1999; 82:175-82.

12. Prydz H, Camerer E, Rottingen JA, Wiiger MT, Gjernes
E. Cellular consequences of the initiation of blood
coagulation. Thromb Haemost 1999; 82:183-92.

13. Bromberg ME, Konigsberg WH, Madison JF, Pawashe
A, Garen A. Tissue factor promotes melanoma metas-
tasis by a pathway independent of blood coagulation.
Proc Natl Acad Sci USA 1995; 92:8205-9.

14. Cines DB, Pollak ES, Buck CA, et al. Endothelial cells
in physiology and in the pathophysiology of vascular
disorders. Blood 1998; 91:3527-61.

15. Lorenzet R, Napoleone E, Celi E, Pellegrini G, Di San-
to A. Cell-cell interaction and tissue factor expression.
Blood Coagul Fibrinolysis 1998; 9(Suppl 1):49-59.

16. Grabowski EF, Lam FP. Endothelial cell function,
including tissue factor expression, under flow condi-
tions. Thromb Haemost 1995; 74:123-8.

17. Morissey JH. Tissue factor modulation of factor VIIa
activity: use in measuring trace levels of factor VIIa in
plasma. Thromb Haemost 1995; 74:185-8.

18. Rickles FR, Hair GA, Zeff RA, Lee E, Bona RD. Tissue
factor expression in human leukocytes and tumor
cells. Thromb Haemost 1995; 74:391-5.

19. Dosquet C, Weill D, Wautier JC. Cytokines and throm-
bosis. J Cardiovasc Pharmacol 1995; 25 (Suppl 2):13-
9.

20. Williams MA, Newland AC, Kelsey SM. The immuno-
therapeutic potential of the monocyte. Cancer J 1998;
11:111-26.

21. ten Cate JW, van der Poll T, Levi M, ten Cate H, Van

970

Haematologica vol. 85(9):September 2000

G. Grignani et al.



Deventer SJH. Cytokines: triggers of clinical throm-
botic disease. Thromb Haemost 1997; 78:415-9.

22. Osnes LT, Westvik AB, Joo GB, Okkenhaug C, Kierulf
P. Inhibition of IL-1 induced tissue factor (TF) syn-
thesis and procoagulant activity (PCA) in purified
human monocytes by IL-4, IL-10 and IL-13. Cytokine
1996; 8:822-7.

23. Neumann FJ, Ott I, Marx N, et al. Effect of human
recombinant interleukin-6 and interleukin-8 on mono-
cyte procoagulant activity. Arterioscler Thromb Vasc
Biol 1997; 17:3399-405.

24. Mulder AB, Zwaveling JH, Smid WR, et al. Augment-
ed procoagulant activity in cancer patients, treated
with recombinant interferon-γ in addition to recom-
binant tumor necrosis factor-α and melphalan.
Thromb Haemost 1996; 76:897-901.

25. Nakstad B, Haugen T, Skjonsberg OH, Lyberg T.
Expression of leukocyte integrins and tissue factor in
mononuclear phagocytes. Eur Respir J 1998; 12:601-
6.

26. Haugen TS, Nakstad B, Lyberg T. Heterogeneity of
procoagulant activity and cytokine release in subpop-
ulations of alveolar macrophages and monocytes.
Inflammation 1999; 23:15-23.

27. Mach F, Schonbeck U, Bonnefoy JY, Pober JS, Libby P.
Activation of monocyte/macrophage functions relat-
ed to acute atheroma complication by ligation of
CD40: induction of collagenase, stromelysin, and tis-
sue factor. Circulation 1997; 96:396-9.

28. Kopp CW, Robson SC, Siegel JB, et al. Regulation of
monocyte tissue factor activity by allogeneic and xeno-
geneic endothelial cells. Thromb Haemost 1998; 79:
529-38.

29. Mantovani A., Sozzani S, Vecchi A, Introna M, Allave-
na P. Cytokine activation of endothelial cells: new mol-
ecules for an old paradigm. Thromb Haemost 1997;
78:406-14.

30. Napoleone E, Di Santo A, Lorenzet R. Monocytes
upregulate endothelial cell expression of tissue factor:
a role for cell-cell contact and cross-talk. Blood 1997;
89:541-9.

31. De Meyer GRY, Herman AG. Vascular endothelium
dysfunction. Prog Cardiovasc Dis 1997; 39:325-42.

32. Basta G, De Caterina R. Advanced glycosylation end-
products and the pathogenesis of accelerated athero-
sclerosis in diabetes. G Ital Cardiol 1996; 26:699-719.

33. Iimuro Y, Nishiura T, Hellerbrand C, et al. NFkB pre-
vents apoptosis and liver dysfunction during liver
regeneration. J Clin Invest 1998; 101:802-11.

34. Zhou L, Stordeur P, De Lavareille A, et al. CD40 engage-
ment on endothelial cells promotes tissue factor-depen-
dent procoagulant activity. Thromb Haemost 1998;
79: 1025-8.

35. Miller DL, Yaron R, Yellin MJ. CD40L-CD40 interac-
tions regulate endothelial cell surface tissue factor and
thrombomodulin expression. J Leukoc Biol 1998; 63:
373-9.

36. Levi M, de Jonge E, van der Poll T, ten Cate H. Dis-
seminated intravascular coagulation. Thromb
Haemost 1999; 82:695-705.

37. ten Cate H, Timmerman JJ, Levi M. The pathophysi-
ology of disseminated intravascular coagulation.
Thromb Haemost 1999; 82:713-7.

38. Todoroki H, Nakamura S, Higure A, et al. Neutrophils
express tissue factor in a monkey model of sepsis.
Surgery 2000; 127:209-16.

39. Levi M, ten Cate H, Bauer KA, et al. Inhibition of endo-
toxin-induced activation of coagulation and fibrinol-
ysis by pentoxifylline or by a monoclonal anti-tissue
factor antibody in chimpanzees. J Clin Invest 1994;
93:114-20.

40. van der Poll T, Levi M, van Deventer SJH, et al. Differ-

ential effects of anti-tumor necrosis factor monoclonal
antibodies on systemic inflammatory responses in
experimental endotoxemia in chimpanzees. Blood
1994; 83:446-51.

41. van der Poll T, Levi M, Hack CE, et al. Elimination of
interleukin-6 attenuates coagulation activation in
experimental endotoxemia in chimpanzees. J Exp Med
1994; 179:1253-9.

42. van der Poll T, Jansen J, Levi M, ten Cate H, ten Cate
JW, van Deventer SJH. Regulation of interleukin-10
release by tumor necrosis factor in humans and chim-
panzees. J Exp Med 1994; 180:1985-8.

43. Stouthard JML, Levi M, Hack CA, et al. Interleukin-6
stimulates coagulation, not fibrinolysis, in humans.
Thromb Haemost 1996; 76:738-42.

44. Jansen PM, Boermeester MA, Fischer E, et al. Contri-
bution of interleukin-1 to activation of coagulation
and fibrinolysis, to neutrophil degranulation and the
release of sPLA2 in sepsis. Studies in non-human pri-
mates after interleukin-1α administration and during
lethal bacteremia. Blood 1995; 86:1027-34.

45. Boermeester MA, van Leeuwen PAM, Coyle SM, et al.
Interleukin-1 blockade attenuates mediator release
and dysregulation of the hemostatic mechanism dur-
ing human sepsis. Arch Surg 1995; 130:739-48.

46. Marchant A, Bruyns C, Vandenabeele P, et al. IL-10
controls IFN-γ and TNF production during experi-
mental endotoxemia. Eur J Immunol 1994; 24:1167-
71.

47. Cuadrado MJ, Lopez-Pedrera C, Khamashta MA, et
al. Thrombosis in primary antiphospholipid syn-
drome: a pivotal role for monocyte tissue factor
expression. Arthritis Rheum 1997; 40:834-41.

48. Dobado-Berrios PM, Lopez-Pedrera C, Velasco F,
Aguirre MA, Torres A, Cuadrado MJ. Increased levels
of tissue factor mRNA in mononuclear blood cells of
patients with primary antiphospholipid syndrome.
Thromb Haemost 1999; 82:1578-82.

49. Amengual O, Atsumi T, Khamashta MA, Hughes GR.
The role of the tissue factor pathway in the hyperco-
agulable state in patients with the antiphospholipid
syndrome. Thromb Haemost 1998; 79:276-81.

50. Gugliotta L, Catani L, Vianelli N, et al. High plasma
levels of tumor necrosis factor-α may be predictive of
veno-occlusive disease in bone marrow transplanta-
tion. Blood 1994; 83:2385-6.

51. Faioni EM, Mannucci PM. Venocclusive disease of the
liver after bone marrow transplantation: the role of
hemostasis. Leuk Lymphoma 1997; 25: 233-45.

52. Serneri GG, Abbate R, Gori AM, et al. Transient inter-
mittent lymphocyte activation is responsible for the
instability of angina. Circulation 1992; 86:790-7.

53. Attanasio M, Gori AM, Giusti B, et al. Cytokine gene
expression in human LPS- and IFNγ-stimulated
mononuclear cells is inhibited by heparin. Thromb
Haemost 1998; 79:959-62.

54. Tracy RP. Epidemiological evidence for inflammation
in cardiovascular disease. Thromb Haemost 1999; 82:
826-31.

55. Sakamoto K, Arakawa H, Mita S, et al. Elevation of cir-
culating interleukin-6 after surgery: factors influenc-
ing the serum level. Cytokine 1994; 6:181-6.

56. Salomon RN, Hughes CCW, Schoen FJ, Payne DD,
Pober JS, Libby P. Human coronary transplantation-
associated arteriosclerosis. Evidence for a chronic
immune reaction to activated graft endothelial cells.
Am J Pathol 1991; 138:791-8.

57. Blakely ML, van der Werf WJ, Berndly MC, Dalmasso
AP, Bach FH, Hancock WW. Activation of intragraft
endothelial and mononuclear cells during discordant
xenograft rejection. Transplantation 1994; 58:1059-
66.

971

Haematologica vol. 85(9):September 2000

Cytokines and hemostasis



58. Jutte NHPM, Knopp CJ, Heijse P, et al. Human heart
endothelial cell-restricted allorecognition. Transplan-
tation 1996; 62:403-6.

59. Strehlau J, Pavlakis M, Lipman M, et al. Quantitative
detection of immune activation transcripts as a diag-
nostic tool in kidney transplantation. Proc Natl Acad
Sci USA 1997; 94:695-700.

60. Rickles FR, Edward RL. Activation of blood coagula-
tion in cancer: Trousseau’s syndrome revisited. Blood
1983; 62:14-31.

61. Falanga A, Levine MN, Consonni R, et al. The effect of
very-low-dose warfarin on markers of hypercoagula-
tion in metastatic breast cancer: results from a ran-
domized trial. Thromb Haemost 1998; 79:23-7.

62. Sorensen HT, Mellemkjaer L, Steffensen FH, Olsen JH,
Nielsen GL. The risk of a diagnosis of cancer after pri-
mary deep venous thrombosis or pulmonary
embolism. N Engl J Med 1998; 338:1169-73.

63. Grignani G, Jamieson GA. Tissue factor-dependent
activation of platelets by cells and microvesicles of SK-
OS-10 human osteogenic sarcoma cell line. Invasion
Metastasis 1987; 7:172-82.

64. Zucchella M, Pacchiarini L, Tacconi F, Saporiti A, Grig-
nani G. Different expression of procoagulant activity
in human cancer cells cultured in vitro or in cells iso-
lated from human tumor tissues. Thromb Haemost
1993; 69:335-8.

65. Falanga A, Gordon SG. Isolation and characterization
of cancer procoagulant: a cysteine proteinase from
malignant tissue. Biochemistry 1985; 24:5558-67.

66. Grignani G, Falanga A, Pacchiarini L, et al. Human
breast and colon carcinomas express cysteine pro-
teinase activities with pro-aggregating and pro-coag-
ulant properties. Int J Cancer 1988; 42:554-7.

67. Mantovani A. Tumor-associated macrophages. Curr
Opin Immunol 1989-90; 2:689-92.

68. Poggi A, Stella M, Donati MB. The importance of
blood cell-vessel wall interactions in tumor metastasis.
Baillière Clin Haematol 1993; 6:731-52.

69. Yamada Y, Ohmoto Y, Hata T, et al. Features of the
cytokines secreted by adult T cell leukemia (ATL) cells.
Leuk Lymphoma 1996; 21:443-7.

70. Merogi AJ, Marrogi AJ, Ramesh R, Robinson WR,
Fermin CD, Freeman SM. Tumor-host interaction:
analysis of cytokines, growth factors, and tumor-infil-
trating lymphocytes in ovarian carcinomas. Hum
Pathol 1997; 28:321-31.

71. Kurzrock R, Estrov Z, Ku S, Leonard M, Talpaz M.

Interleukin-1 increases expression of the LYT-10
(NFkB2) proto-oncogene/transcription factor in renal
cell carcinoma lines. J Lab Clin Med 1998; 131:261-
8.

72. Yamamura M, Yamada Y, Momita S, Kamihira S,
Tomonaga M. Circulating interleukin-6 levels are ele-
vated in adult T-cell leukemia/lymphoma patients and
correlate with adverse clinical features and survival. Br
J Haematol 1998; 100:129-34.

73. Zucchella M, Pacchiarini L, Meloni F, et al. Effect of
interferon alpha, interferon gamma and tumor necro-
sis factor on the procoagulant activity of human can-
cer cells. Haematologica 1993; 78:282-6.

74. Grignani G, Maiolo A, Meloni F. Procoagulant activi-
ty of tumor cells and its modulation by different
cytokines. Haematologica 1998; 83(Suppl):20-2.

75. Maiolo A, Tua A, Perrone M, Grignani G. Tumor cells
induce the expression of tissue factor-like procoagu-
lant activity on endothelial cells [abstract]. Thromb
Haemost 1999; 82(Suppl):161a.

76. Abendschein DR, Meng YY, Torr-Brown S, Sobel BE.
Maintenance of coronary patency after fibrinolysis
with tissue factor pathway inhibitor. Circulation 1995;
92:944-9.

77. Carr C, Bild GS, Chang ACK, et al. Recombinant E.
coli-derived tissue factor pathway inhibitor reduces
coagulopathic and lethal effects in the baboon Gram-
negative model of septic shock. Circ Shock 1994; 44:
126-37.

78. Biemond BJ, Levi M, ten Cate H, et al. Complete inhi-
bition of endotoxin-induced coagulation activation in
chimpanzees with a monoclonal Fab fragment against
factor VII/VIIa. Thromb Haemost 1995; 73:223-30.

79. Salat C, Boekstegers P, Holler E, et al. Hemostatic
parameters in sepsis patients treated with anti-TNF
alpha-monoclonal antibodies. Shock 1996; 6:233-7.

80. Newton R, Hart LA, Stevens DA, et al. Effect of dex-
amethasone on interleukin-1 beta-(IL-1 beta)-induced
nuclear factor-kappaB (NF-kappaB) and kappaB-
dependent transcription in epithelial cells. Eur J
Biochem 1998; 254:81-9.

81. Yamamoto N, Sakai F, Yamazaki H, Nakahara K,
Okuhara M. Effect of FR167653, a cytokine suppres-
sive agent, on endotoxin-induced disseminated intra-
vascular coagulation. Eur J Pharmacol 1996; 314:
137-42.

972

Haematologica vol. 85(9):September 2000

G. Grignani et al.




