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In the last few years is has become evident that he-
mostasis and inflammation are closely related proces-
ses. It is recognized that the activation of hemostasis
fosters, to a certain extent, inflammation and that inf-
lammation, in turn, activates the hemostasis system.
These interrelationships are best illustrated in sepsis,
were microorganisms or their release products, most
notably cytokines, causing inflammation, activate the
hemostasis system. This process starts early in the inf-
lammatory response. Already at the time of systemic
inflammatory response syndrome (SIRS) there is evi-
dence of an accelerated activation of the hemostasis
system[ll, Levels of molecular markers of in vivo he-
mostasis activation begin to rise and increase further as
inflammation progress. This process may ultimately le-
ad to disseminated intravascular coagulation (DIC), al-
so known as consumptive coagulopathy or thrombohe-
morrhagic syndromel(2-31. Initially DIC is clinically un-
recognized because it is compensated i.e. the increased
consumption of coagulation componets is compensa-
ted for by an increased production. Routinely perfor-
med laboratory tests may still be normal, although ele-
vated fibrinogen and D-dimer levels as well as decre-
ased platelet counts may serve as early indicators[4], If
the inflammatory process is not aggressively control-
led, DIC may decompensate. This is clinically recogni-

zed by a diffuse and profuse bleeding tendency, and la-
boratory data reveal consumption of many coagulation
factors and platelets, leading ultimately to a complete
breakdown of the hemostasis system, i.e. the bleeding
tendencyl2l. While hemorrhages are readily recogni-
zed, the thrombotic component of DIC is difficult to
assess until signs of the multiple organ dysfunction
syndrome (MODS) become evident3]. There is consi-
derable data to suggest that MODS is closely related to
diffuse fibrin depositions in the microvasculaturel®l.
This would imply that the fibrinolytic system is mal-
functioning. Early in sepsis the fibrinolytic system is
also activated, but as the process progresses, the fibri-
nolytic system becomes inhibited by the release of
plasminogen activator inhibitor 1 (PAI-1), the main re-
gulator of fibrinolytic activation[7-81,

It is well recognized that tissue factor (TF) is the
main stimulus for the activation of the clottings system
in sepsis and DICI%:101, TF can be released from nume-
rous cell types, such as endothelial cells, other tissue
cells, macrophages and monocytes, to name a few.

The release from monocytes and macrophages ap-
pears to be of special importance in sepsis and DICI10],
It has been shown that endotoxins express potent TF
activity from monocytes!!!]. The same was demonstra-

97



Mammen EF.

Natural Coagulation Inhibitors and Inflammation

ted for several cytokines, especially tumor necrosis
factor (TNF) and several interleukins (IL), such as IL-
6, IL-8, IL-1b and others!10.12],

These interrelationships clearly raise the question,
whether the natural inhibitors of the clotting system,
tissue factor pathway inhibitor (TFPI), antithrombin
(AT), and the protein C (PC)/protein S (PS) system
only regulate clotting or whether they also influence

the inflammatory response?
Tissue Factor Pathway Inhibitor (TFPT)

TFPI regulates the initiation of the activation of the
clotting system by TF through inhibition of the activity
of the TF/F VIIa/F Xa complex!!3]. TFPI is produced
by endothelial cells. Up to this time, no congenital
dysfunction of TFPI leading to thrombophilia has been
described. Even patients with DIC and with sepsis seem
to have normal or even above normal levels of TFPI,
although few reports have reported low levels[14]. This
seems to indicate, that TFPI is not consumed durgn
DIC.

Concerning the relationship between TFPI and inf-
lammation, little is known at this time, except that it in-
hibits the proinflammatory properties of F VIla and
that it decreases 1L-6 levels[!2], In septic animal mo-
dels the infusion of recombinant TFPI was found to re-
duce mortality(!5], This prompted clinical trials in sep-
tic patients with apparently promising results. Phase I1I

studies are presently conducted.
Antithrombin (AT)

At is a serine protease inhibitor which neutralizes
all coagulation-related enzymes, especially thrombin
and F Xall6l, It is a plasma protein that is synthesized
by liver parenchymal cells. It serves as the substrate for
heparins and other glycosaminoglycans. These form
complexes with AT. As a consequence of this complex
formation, AT changes its molecular configuration and
becomes about 1000-fold more active in neutralizing
the enzymes(171. This explains the anticoagulant action
of heparins. The main physiological function of AT is
likely limited to its interaction with glycosaminogly-
cans located on the endothelial cell surfaces.

AT defects are closely linked to thromboembolic
diseases and patients with congenital AT defects have
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a high incidence of thrombosis, predominantly veno-
usl18l, There are numerous acquired AT deficiencies
described[16], These may be due to impaired producti-
on or due to increased consumption. AT deficiency in
DIC is a typical example of increased consumption.
Moreover, as intravascular clotting accelerates, AT will
attempt to control the generation of enzymes. This will
lead to AT consumption which, in turn, will lead to mo-
re clotting[2]. This negative feedback process will ulti-
mately cause a complete breakdown of the hemostasis
system. This is of great importance in septic and tra-
uma patients and plasma levels of AT predict patients
demise with a high degree of accuracyl19]. Since AT is
such a critical regulator of clotting, replacement in pa-
tients with deficiency states with concentrates is an ap-
pealing approach to treatment (see later).

In the last few years it has become evident that AT
has, besides its well-known anticoagulant properties,
antiinflammatory features(20], It was observed that bin-
ding of AT to glycosaminoglycans located on endothe-
lial cells surfaces released prostaglandin 12 (PGI2) or
prostacyclin. This release is blocked in the presence of
heparin[21], Also heparin/AT complexes would inhibit
the release of PGI2 is not only a strong inhibitor of pla-
telet function, it also exerts antiinflammatory properti-
esl22l. AT was also found to be involved in regulating
the release of protease/serpin complexes, lysosomal
proteases (PMN-elastase, cathepsin B) and soluble in-
tercellular adhesion molecules in septic and trauma pa-
tients[12.231, In addition, AT was shown to reduce le-
ukocyte adhesion to endothelium, a prerequisite for the
development of MODS in septic patients[24:25], It also
seems to have a vascular protective effect!26l. All of
these observations were made on animal models of
sepsis as well as on septic patients.

Since AT has anticoagulant and antiinflammatory
properties, studies were conducted on the efficacy of
AT supplementation in DIC and in sepsis with DIC. As
previously reviewed[27]. At concentrates, administered
to a variety of animal models of sepsis, not only imp-
roved the features of DIC, but also prevented MODS
and mortality in virtually every model studied. Two im-
portant observations were, however, made: Outcome
was better, when treatment was started early during the
septic process, and better results were obtained when,
during treatment, plasma levels of AT were above nor-
mal range instead of normal ranges(27-281,
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The human experience with AT supplementation in
septic patients with DIC is less favorable as shown in
several studies[27:29-311, Case reports of patients with
nonseptic DIC were generally favorable, but no major,
double-blind and placebo-controlled trials have been
conducted. In contrast, several reports, double-blind
and placebo-controlled describe the experience with
AT replacement in patients in septic shock. None of
them demonstrated significant differences between
groups when all-cause mortality was the endpoint.
There was, however, in all studies a trend toward imp-
rovement, and other parameters (laboratory values, ti-
me in the ICU) showed differences. This lack of signi-
ficance could have several reasons: The number of pa-
tients studies in each group was small, most patients
enrolled were in septic shock rather than in earlier sta-
ges, and plasma AT levels were beraly in normal ran-
ge. Based on experiences with animal models, these
are all unfavorable conditions.

Recently, however, the results of a large trial (over
2300 patients) were published where high doses of AT
concentrate were administered to patients with severe
sepsis and in septic shock[32]. The study was multicen-
ter, double-blind and placebo-controlled. Unfortuna-
tely on significant difference was fund in 28-day mor-
tality between the two patient groups. Some of the pa-
tients received concomitantly heparin which caused a
greater bleeding tendency in the AT-treated group. In-
terestingly, a subgroup analysis of patients treated with
heparin or not receiving heparin showed improved out-
come in those not treated. As pointed out before, hepa-
rin blocks the release of PGI2 from endothelial cells
and it is conceivable that this could have impacted the
outcome. This outcome once again illustrates that he-
parin should not be administered when AT concentrate

treatment is considered. This had long been sa-
ted(27331,

Protein C (PC) and Protein S (PS)
System

The PC/PS/thrombomodulin system repsents the
third regulation device for the generation of thrombin.
PC is a plasma protein that is also synthesized in liver
parenchymal cells; it is a vitamin K-dependent factor. It
is a proenzyme that needs to be converted into its enzy-
matic form[34l, This conversion in facilitated by throm-
bin, but requires the binding of thrombin to an endothe-
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lial cell surfaces bound receptor, called thrombomodu-
lin. When thrombin binds to this receptor, it looses its
procoagulant and other clot-promoting properties and
assumes a clot-inhibiting feature. Protein Ca or activa-
ted protein C (APC) destroys proteolytically F Va and F
VIIla. These are the two cofactors of the tenase and
prothrombinase complexes[33). In this was the amounts
of thrombin and factor Xa generated from their respec-
tive proenzymes are regulated. PS serves as the cofac-
tor for APC. This regulatory system thus functions fun-
damentally different from AT.

Congenital defects of both, APC and PS, are asso-
ciated with a thrombophilic state characterized by ve-
nous and arterial forms of thromboembolism. Also ac-
quired deficiencies lead to hypercoagulability[3¢l, In
DIC patients, PC levels decrease to variable degrees, in
part due to increased consumption, in part due to impa-
ired synthesis[2:6]. As with AT, increased clotting leads
to increased consumption which, in turn, leads to more
clotting. During sepsis PC levels in plasma decrease
and clinical as well as experimental evidence suggests
that this may contribute to clinical outcomel20:371,

The possible relationship between the
APC/PS/thrombomodulin system and inflammation is
less well known at this time. In vitro and in vivo data
revealed, however, that cytokines can modulate this
system. TNF and IL-1 were shown to reduce TM acti-
vity and TNF down-regulates the protein C receptor on
endothelial cell surfaces[38:391. This would impair the
anticoagulant activity of this system. Components of
the APC/PS/TM system were also found to influence
inflammation. APC was noted to inhibit endotoxin-in-
duced production of TNF, IL-1, IL-6 and IL-8 from
monocytes and macrophages!12:401,

As with AT, these findings prompted experiments
in which animal models of sepsis were treated with re-
combinant PC. PC improved outcome in septic babo-
ons and in rabbits with DIC, suggesting a beneficial ef-
fect in humans as welll41.42], Following reports of suc-
cessful treatment of septic patients with PC, a major,
multicenter, double-blind and placebo-controlled trial
was conducted involving 1690 patients[3!:43]. Recom-
binant APC was administered to patients with severe
sepsis. This treatment significantly reduced all-cause
mortality, although an increased bleeding tendency was
observed. It should be noted that APC also activates the
fibrinolytic system by destroying PAI-1 which could be
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an extra benefit for the developing MODS.
Perspective

Sepsis is still one of the major causes of mortality,
and about 50% of patients still die despite of improved
diagnostic capabilities and carel44]. Optimal treatment
is still elusive. This is very likely due to the complexity
of the metabolic derailments that occur during sepsis
which Bone termed “metabolic anarchy”[45:46], Many
attempts have been made to intercept therapeutically
key metabolic steps or key triggers of sepsis(27]. All
were based on animal models with favorable outcome,
but almost all failed to demonstrate in humans signifi-
cant improvements[47]. There are, of course, many re-
asons why it is difficult to extrapolate results from ani-
mal experiments to human trials, yet valuable informa-
tion can be gained from such investigations. The data
obtained with recombinant APC in patients with seve-
re sepsis are, in view of the previous experiences, en-
couraging and appear to suggest that approaches, whe-
re antiinflammatory and anticoagulantly active thera-
peutics are used to treat sepsis, are viable and need to
be explored further(42],

Footnote: This article is dedicated to Professor Or-
han N. Ulutin, MD, for his early contributions to the
development of protein C, then known as “autoproth-
rombin II-A.”
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