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Forty patients with severe sepsis or septic shock recently received C1 inhibitor. In the present study we
studied the effect of C1 inhibitor therapy on circulating elastase-o,-antitrypsin complex (EA) and lactoferrin
(LF) levels in these patients to gain further insight about agonists involved in the activation of neutrophils in
human sepsis. Elevated levels of EA and LF were found in 65 and 85% of the septic patients, respectively.
Patients with elevated EA levels had higher organ dysfunction scores, higher levels of cytokines, and higher
levels of complement activation products than patients with normal EA levels. C1 inhibitor therapy reduced EA
as well as complement activation and IL-8 release in the patients with elevated EA on admission. We conclude
that neutrophil activation in human sepsis correlates with the severity of organ dysfunction and involves
complement and interleukin-8 as agonists. The effect of C1 inhibitor therapy on neutrophils may provide an

explanation for the beneficial, although mild, effects of this treatment on organ dysfunction in sepsis.

Sepsis is still a leading cause of mortality in noncardiologic
intensive care units (37). Sepsis is suggested to result from an
extensive triggering of body defense mechanisms. This includes
the release of cytokines, activation of polymorphonuclear neu-
trophils (PMN), and activation of plasma protein cascade sys-
tems such as the complement and contact phase systems (4, 8,
21).

The development of multiple organ dysfunction syndrome is
a frequent complication of sepsis. There is evidence suggesting
that PMN are involved in the pathogenesis of sepsis and mul-
tiple organ dysfunction syndrome (12, 25, 30, 35). Release of
interleukin-8 (IL-8), which is strongly chemotactic for PMN
and induces the expression of adhesion molecules on endothe-
lial cells, may encourage activated PMN to adhere to endothe-
lial cells, thereby inducing endothelial damage (1, 10, 21, 33,
51). However, other agonists, such as C5a, activated factor XII
(FXIIa), or kallikrein, may be involved as well (15, 18, 38, 41,
48, 49).

Elastase released from azurophilic granules of activated
PMN is a serine protease, which in plasma is rapidly inacti-
vated by its main inhibitor, a;-antitrypsin, to form elastase-a;-
antitrypsin complex (EA). However, due to inactivation of
o -antitrypsin by toxic oxygen species, some of the elastase may
escape inhibition and promote tissue injury (7, 11, 50). Lacto-
ferrin (LF) is an iron-binding glycoprotein that is released
from PMN-specific granules upon stimulation. LF can modu-
late the inflammatory process and exerts antimicrobial activity
(3).

Circulating levels of EA and LF are often measured to assess
activation of PMN in vivo (6, 12, 30). Elevated EA levels have
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been demonstrated in human volunteers upon endotoxin ad-
ministration and in patients with sepsis (13, 14, 42, 45). In the
latter, EA levels correlate well with organ dysfunction scores,
disease severity, and outcome, supporting a role for PMN in
the pathogenesis of severe sepsis (18, 26, 30, 35). It is unknown,
however, which agonists mediate the activation of PMN in sepsis.

Cl1 inhibitor inhibits the classical pathway of the comple-
ment system by neutralization of Clr and Cls activities and is
the main inhibitor of the contact phase system by inhibition of
factor FXIIa, kallikrein, and FXIa (8). Because of these anti-
inflammatory activities, administration of C1 inhibitor consti-
tutes a potential therapy to treat inflammatory diseases such as
sepsis. Indeed, in septic baboons, C1 inhibitor substitution had
a beneficial effect on the clinical course, presumably by inhib-
iting the activation of the complement and the contact phase
systems and by attenuating cytokine release (27).

Recently we performed a randomized, double-blinded, pla-
cebo-controlled trial on the effect of C1 inhibitor in a limited
number of sepsis patients. We found C1 inhibitor to signifi-
cantly improve renal function. However, the precise mecha-
nisms by which C1 inhibitor improves renal function remain
unclear (9). As C1 inhibitor can inhibit the formation and
activation of various agonists for PMN, this trial provided a
unique opportunity to study the activation of PMN in human
sepsis. Hence, we studied the effect of C1 inhibitor adminis-
tration on the levels of EA and LF in septic patients. The
observed effects were related to the effects of C1 inhibitor on
agonists of PMN.

(Part of the data were presented during the XVIIIth Con-
gress of the International Society of Thrombosis and Haemo-
stasis, Paris, France, July 2001.)

MATERIALS AND METHODS

Patients. The protocol was approved by the local ethics committee. Informed
consent was obtained from all patients. In the case of impaired consciousness,
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informed consent was obtained from a family member or the closest relative or
partner of the patient, according to national legal guidelines.

Patients in the medical and surgical intensive care units were eligible if they
met the inclusion criteria for severe sepsis and septic shock according to the
definitions of the American College of Chest Physicians consensus conference
(5). The patient evaluation is described in detail elsewhere (9).

Treatment. The patients reported in this study participated in a randomized,
double-blinded, placebo-controlled trial to study the efficacy and safety of C1
inhibitor in severe sepsis and septic shock. Twenty patients each received C1
inhibitor or placebo. The study medication consisted of a purified and sterilized
lyophilisate of human C1 inhibitor (Berinert HS; Aventis Behring AG, Ziirich,
Switzerland) dissolved in 0.9% (wt/vol) sodium chloride. The patients were given
6,000 IU, followed by, in order, 3,000, 2,000, and 1,000 IU, every 12 h. The 28-
and 90-day mortalities were 25 and 32%, respectively, with no difference between
the treatment and placebo groups. Except for one patient who died because of
an intraoperative aortic rupture, all patients died from the septic process.

Patient evaluation. Patients were monitored for 90 days or until death. The
logistic organ dysfunction (LOD) (29) and sepsis-related organ failure (SOFA)
(47) scores were calculated at entry. Diagnostic investigations of suspected foci
of infection (e.g., cultures of blood and tissue) were done according to the
decisions of the attending physician.

Blood collection. Arterial blood was obtained at study inclusion and on days 1,
2, 3, and 4 and was collected for cytokine and complement analysis in vials
containing EDTA (4 mM K,EDTA; Sarsted Monovettes, Nimbrecht, Germany)
and for determination of the clotting factors and neutrophil activation products
in citrate-containing vials (0.106 M Najscitrate; Sarsted Monovettes). Plasma was
prepared by centrifuging blood vials twice for 10 min at 1,500 X g at room
temperature. Small aliquots of plasma were stored in polypropylene tubes at
—70°C until analysis.

Routine parameters. Routine hematology, chemistry, and coagulation param-
eters were obtained on admission and daily thereafter until day 4.

Assays. (i) Neutrophil activation products. EA and LF levels were measured
with an enzyme-linked immunosorbent assay (ELISA) as previously described
(39). Based on levels in healthy controls, EA levels of >100 ng/ml and LF levels
of >200 ng/ml were considered to be elevated.

(ii) Cytokines. Concentrations of tumor necrosis factor alpha, IL-6, IL-8, and
IL-10 in plasma were measured with ELISAs as previously described (24, 28, 44).

(iii) Complement assays. Levels of C3a were determined by a radioimmuno-
assay (22), and levels of C4 activation products (C4b/c) were determined by an
ELISA (52). C1 inhibitor antigen was determined with a nephelometric assay,
and Cl1 inhibitor activity was determined with a commercial chromogenic assay
(Immuno AG, Vienna, Austria).

(iv) Coagulation and (anti)fibrinolytic parameters. Thrombin-antithrombin
(TAT) complexes were determined by using a commercial assay (Dade Behring,
Liederbach, Germany). Plasminogen activator inhibitor type 1 (PAI-1) was mea-
sured as previously described (36).

Statistical analysis. Results are expressed as means *+ standard errors of the
means or as median and range when appropriate. Statistical analysis was per-
formed with a commercial statistical package (SigmaStat; SAS Institute Inc.).
Differences between groups at a given time point were analyzed by using the
Mann-Whitney rank sum test. Comparison of differences within a group was
performed with the Wilcoxon signed rank test. Statistical significance was des-
ignated as a P value of <0.05 (two-sided P value). Relative risk analysis was
performed by calculating crude odds ratios.

RESULTS

Forty patients were enrolled in the study; 32 had severe
sepsis and 8 had septic shock. Among the 32 patients with
severe sepsis, 7 were female (22%; median age [range], 69.4
[50.3 to 74.0] years) and 25 were males (78%; median age
[range], 63.6 [28.7 to 73.9] years). All eight patients with septic
shock were males (median age [range], 51.9 [29.1 to 73.7]
years). Clinical data for these patients are described elsewhere
9).

PMN activation in the patients. The median EA and LF
levels (range) in all patients were 131.5 (67 to 1,501) ng/ml and
949 (228 to 10,000) ng/ml, respectively. Twenty-six patients
(65%) had elevated EA levels (median [range], 180 [103 to
1,501] ng/ml), whereas 34 patients (85%) had increased LF
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FIG. 1. EA and LF levels in patients with severe sepsis and septic
shock. Dotted lines indicate normal values (EA, 100 ng/ml; LF, 400
ng/ml). r, Spearman rank correlation coefficient.

levels (median [range], 1,080 [461 to 10,000] ng/ml), at study
entry (Fig. 1). The EA levels correlated well with the LF levels
in all patients (» = 0.51; P < 0.0001). The EA and LF levels in
patients suffering from severe sepsis and septic shock are
shown in Fig. 2 and 3, respectively. Relative risk analysis indi-
cated that higher EA levels constituted an increased risk for
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FIG. 2. EA levels in patients with severe sepsis and septic shock.
No statistical significant difference in EA levels between patients with
severe sepsis (n = 32) and with septic shock (n = 8) was found (P =
0.0816) (A). In patients with elevated EA levels on inclusion (day 0),
a significant difference between patients with severe sepsis (n = 20)
and with septic shock (n = 6) was observed (P = 0.0479) (B).
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FIG. 3. LF levels in patients with severe sepsis and septic shock. No
statistical significant difference in LF levels between patients with
severe sepsis (n = 32) and with septic shock (n = 8) was found (P =
0.0479) (A). In patients with elevated EA levels on inclusion (day 0),
a significant difference between patients with severe sepsis (n = 27)
and with septic shock (n = 7) was observed (P = 0.0240) (B).

septic shock; i.e., there was a 6-fold (95% confidence interval,
1.1- to 31.3-fold) increased relative risk for septic shock at EA
levels of above 200 ng/ml.

Nonsurvivors (n = 13) had higher EA (median [range], 202
[87 to 1,501] ng/ml) and LF (median [range], 1,049 [33 to
4,869] ng/ml) levels than survivors (n = 27; median [range], 115
[67 to 1,152 ng/ml] and 774 [228 to 10,000] ng/ml, respectively)
(not significant). Relative risk analysis revealed a 5.1-fold (95%
confidence interval, 1.2- to 22.1-fold) increased mortality risk
in patients with EA levels of above 200 ng/ml. Mortality in
patients with EA levels of >200 ng/ml was 58%, compared to
21% in patients with levels below 200 ng/ml. A similar rela-
tionship was observed for LF: patients with LF levels of =1,000
ng/ml (n = 24) had a mortality of 21%, whereas patients with
levels of >1,000 ng/ml had a mortality of 42%.

PMN activation and organ dysfunction at inclusion. LOD
and SOFA scores in patients with elevated EA levels on day 0
were significantly higher (median [range], 5 [2 to 14] and 8.5 [6
to 18], respectively) than those in patients with normal EA
levels (median [range], 3.5 [1 to 6] and 7.0 [4 to 12], respec-
tively; P < 0.05). Patients with elevated EA levels on day 0 had
significant higher creatinine levels (median [range], 180.5 [73
to 717] wmol/liter) and lower pH levels (median [range], 7.33
[7.09 to 7.44]) than patients with normal EA levels (median
[range], 91.5 [67 to 413] wmol/liter and 7.39 [7.27 to 7.43],
respectively; P < 0.05), whereas no differences in leukocyte or
platelet numbers, aspartate aminotransferase levels, or alanine
aminotransferase levels between the two groups were ob-
served. A significant correlation was found between elevated
EA levels and organ dysfunction scores, such as LOD and
SOFA scores (r, >0.57; P < 0.05), and with clinical parame-
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TABLE 1. Cytokine levels in patients with severe sepsis and septic
shock with normal or elevated EA levels on inclusion (day 0)

Median pg/ml (range)

Group (n)
IL-6 IL-8 IL-10
Elevated EA 257 (<7-151050) 197.5 (<20-66,910) 46 (<20-6,356)
(20)
Normal EA 52.5(<7-378) 83.5 (<20-202) <20 (<20-215)
(14)

“ For all three cytokines the difference between the two groups was statistically
significant (P < 0.05).

ters, such as creatinine, aspartate aminotransferase, and ala-
nine aminotransferase levels (r, >0.42; P < 0.05).

Although no significant difference in organ dysfunction
scores or clinical parameters was found between patients with
elevated and normal LF levels on admission, elevated LF levels
significantly correlated with LOD and SOFA scores (r, 0.365
and 0.481, respectively; P < 0.05).

PMN activation and inflammatory and coagulation param-
eters at inclusion. Comparisons of cytokine and complement
levels in patients with elevated and normal EA levels are given
in Tables 1 and 2, respectively. Levels of cytokines, such as IL-8
and IL-10, correlated well (r, >0.5; P < 0.05) with elevated EA
levels. Elevated EA levels significantly correlated with param-
eters predictive for a poor outcome, such as C3a, PAI-1, and
TAT (r, >0.58; P < 0.05). Moreover, patients with elevated EA
levels showed significantly (P = 0.01) higher PAI-1 levels (me-
dian [range], 433 [55 to 5,788] ng/ml) than patients with normal
EA levels (median [range], 216.5 [53 to 616] ng/ml) on admis-
sion.

Except for TAT levels, which were significantly (P < 0.05)
higher in patients with elevated LF levels (median [range], 9.3
[0.7 to 117] ng/ml) than in those with normal LF levels (4.75
[3.2 to 8.6] ng/ml), cytokine levels and other inflammatory or
coagulation parameters were equal in patients with elevated
and normal LF levels on admission. Correlation analysis re-
vealed significant correlations between elevated LF and IL-6,
IL-8, and IL-10 (r, >0.40; P < 0.02) as well as TAT complexes
(r, 0.391; P < 0.05).

Effect of C1 inhibitor on PMN activation. C1 inhibitor treat-
ment in patients with elevated EA levels led to a decrease of
EA levels compared to those of patients with elevated EA in
the placebo group, with the difference being statistically signif-
icant on day 3 (Fig. 4). Furthermore, EA levels in the treat-
ment group were significantly decreased at days 1 to 4 com-
pared to baseline levels at day 0 (P < 0.05), whereas such a
significant decrease was not observed in the placebo group. In
contrast, no effect of C1 inhibitor administration on LF release
was observed.

Effect of C1 inhibitor on complement and cytokines in pa-
tients with elevated EA. As described in the previous para-
graph, C1 inhibitor therapy significantly reduced PMN degran-
ulation in the patients with elevated EA levels. It is likely that
this effect occurred via reduction of the formation or release of
PMN agonists. To investigate the nature of these agonists, the
effects of C1 inhibitor on IL-8 release and on complement
activation in the patients with elevated EA levels were inves-
tigated. In these patients, IL-8 levels were significantly higher
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TABLE 2. Complement parameters in patients with normal and elevated EA levels on inclusion (day 0)*

Group (1) C1 inhibitor antigen (mg/ml) C1 inhibitor activity (%)" C3a (nM)” C4b/c (nM)
Elevated EA (26) 0.3 (0.16-0.6) 81.5 (40-168) 18 (5-54) 40 (9-165)
Normal EA (14) 0.32 (0.2-0.53) 93.5 (41-209) 10.5 (<5-17) 47 (21-138)

“ All values are given as medians and ranges.

" The difference between the two groups was statistically significant (P < 0.05).

at days 1 (median [range], 262 [36 to 1,435] pg/ml) and 3 (146.5
[22 to 1,199] pg/ml) in those receiving the placebo than in those
receiving C1 inhibitor (76 [36 to 44,344] and 52.5 [30 to 152]
pg/ml, respectively), although levels at inclusion were lower in
the treatment group on day 0 (85 [36 to 66,910] versus 228.5
[<20 to 28,214] pg/ml). No difference was found between the
treatment group (median [range], 100 [30 to 36,342] and 64.5
[25 to 120] pg/ml, respectively) and the placebo group (202.5
[31 to 1,066] and 121.5 [<20 to 1,442] pg/ml, respectively) on
days 2 and 4. In addition, the decrease of IL-8 in the treatment
group was significant (P < 0.05) on days 1, 3, and 4 compared
to day 0. This decrease apparently was not due to the natural
course of IL-8 in sepsis, since in the placebo group, levels did
not significantly decrease until day 4. Analysis of relative rather
then absolute levels yielded the same result: a significant de-
crease in IL-8 levels was seen on days 1, 2, and 4 compared to
day 0 in the CI1 inhibitor group, whereas no such effect was
observed in the placebo group. In contrast, no such differences
were found for IL-6 or IL-10 levels. When a similar analysis
comparing patients with elevated LF levels was done, no effect
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FIG. 4. Influence of C1 inhibitor treatment on EA in patients with
elevated EA levels. Mean EA levels (* standard errors of the means)
are shown. In the placebo group, EA levels significantly decreased
from day 1 to 4 compared to day 0 (Wilcoxon signed rank test, P <
0.05). *, statistically significant difference between the C1 inhibitor
group (open circles) and the placebo group (closed circles) (Mann-
Whitney rank sum test, P < 0.05).

of C1 inhibitor therapy on cytokine levels was observed (data
not shown).

As we recently showed, C1 inhibitor substitution significantly
increased C1 inhibitor activity and antigen levels and signifi-
cantly attenuated the activation of the classical pathway of the
complement system (9). Similarly, in patients with elevated EA
or LF levels, C1 inhibitor substitution significantly (P < 0.05)
increased C1 inhibitor activity and antigen levels on days 1 to
4. C4b/c levels, which were equal on day 0 in the treatment
group (median [range], 30 [9 to 165] nM) and the placebo
group (46.5 [15 to 164] nM), had been significantly (P < 0.05)
reduced by C1 inhibitor on day 1 (18 [7 to 35] nM) and on day
2 (20 [7 to 37] nM) compared to the placebo group (37.5 [13 to
113] and 34.5 [14 to 97] nM, respectively). No difference be-
tween the treatment group (median [range], 30 [4 to 56] and
45.5 [18 to 100] nM, respectively) and the placebo group (38
[13 to 99] and 40.5 [14 to 84] nM, respectively) was found on
days 3 and 4. C1 inhibitor also affected C4b/c levels in patients
with elevated LF levels. Whereas no difference between the
treatment group (median [range], 30 [9 to 165] nM) and the
placebo group (56 [15 to 164] nM) was found on day 0, C1
inhibitor significantly decreased (P < 0.01) C4b/c levels on day
1 (21 [7 to 37] nM), on day 2 (18.5 [4 to 51] nM), and on day
3 (27 [4 to 55] nM) compared to the placebo group (46.5 [13 to
165], 40 [14 to 97], and 45 [13 to 142] nM, respectively). No
effect of treatment was found on day 4 (38.5 [6 to 100] versus
44 [14 to 94] nM). However, C1 inhibitor did not show any
effect on C3a levels in patients with elevated EA or LF. No
effect of C1 inhibitor was found on contact phase parameters in
patients with elevated EA or LF (data not shown).

DISCUSSION

There is evidence that neutrophils play an important role in
the pathogenesis of sepsis and multiple organ failure. Patients
suffering from sepsis showed elevated EA levels (13, 14, 30),
which predict clinical outcome (6, 30) and correlate with organ
dysfunction scores (18, 26, 35). In this study we confirmed that
neutrophils are activated in sepsis; this activation is associated
with advanced organ dysfunction. Moreover, we showed that
Cl1 inhibitor reduces EA release, in particular in patients with
activated neutrophils. Finally, this decrease in EA levels was
accompanied by reduced IL-8 release and attenuated comple-
ment activation.

In the patients with severe sepsis or septic shock, 65 and
85% had elevated EA and LF levels, respectively. Elastase and
LF are both released by neutrophils upon activation. Detection
of elevated EA and LF levels in septic patients was reported to
reflect neutrophil activation (30). Low-dose infusion of endo-
toxin to healthy volunteers led to an increase in EA levels (42,
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45). For patients suffering from sepsis, elevated EA levels have
been described by various authors (13, 14, 30, 40).

We found EA and LF levels to increase with disease severity
and to correlate with outcome; however, such a relationship
was much weaker for LF, as was reported in other studies as
well (30). On admission, patients with elevated EA levels
showed significantly higher LOD and SOFA scores and had
significantly worse renal function than those with normal EA
levels, in accordance to published observations reporting EA
levels to increase with disease severity and to predict mortality
(6, 18, 30). In contrast, patients with normal EA levels had only
mild organ dysfunction. Furthermore, we found EA levels of
above 200 ng/ml to be associated with a fivefold-increased
mortality risk or with a sixfold-increased risk for development
of septic shock. Moreover, patients with elevated EA levels
had significantly higher levels of parameters associated with
poor outcome, such as C3a, PAI-1, and IL-6 (8, 21, 46), than
those with normal EA levels. In contrast, except for significant
correlations with organ dysfunction scores, no associations be-
tween organ dysfunction and circulating LF were found. In
vitro studies indicate that stronger neutrophil stimulation is
needed for EA release than for LF release (2, 16, 19). EA
levels in septic patients were shown to increase with disease
severity and to correlate with clinical parameters, whereas no
such relationship was found for LF (6, 30). We now found that
the correlation of EA levels with disease severity and clinical
parameters was stronger than that of LF levels. Thus, in-
creased EA levels in sepsis likely reflect potentially toxic acti-
vation of PMN.

Patients with elevated EA levels on admission showed sig-
nificantly higher levels of cytokines (IL-6, IL-8, and IL-10) and
C3a than patients with normal EA levels. In contrast, no dif-
ference in levels of contact phase proteins was found between
patients with elevated and normal EA levels (data not shown).
During sepsis, the complement and contact phase systems are
activated and proinflammatory cytokines, such as tumor necro-
sis factor alpha, IL-6, and IL-8, are released (8, 21). Cytokines
(such as IL-8), complement activation products (such as C3a),
and contact phase factors (such as FXIIa and kallikrein), may
be involved in the activation of neutrophils (1, 15, 38, 48, 49).
IL-8 and C3a levels were significantly higher in patients with
elevated EA levels than in those with normal EA levels. In
addition, elevated EA levels correlated well with IL-8 and C3a
levels. In contrast, no difference in contact phase parameters
between the two groups was noted. This suggests that neutro-
phil activation in septic patients occurs mainly via the comple-
ment system and/or via IL-8. Furthermore, the significantly
higher levels of cytokines (not only IL-8 but also IL-6 and
IL-10), C3a, and PAI-1 in the patients with elevated EA levels
compared to those with normal EA levels suggest that these
patients have a stronger inflammatory response pattern than
patients with normal EA levels. This hypothesis is supported by
the in vitro observation that compared to LF release, a much
stronger neutrophil stimulation is needed to release elastase
(2, 16, 19). Therefore, neutrophil activation as measured by
assessing EA levels may be a good indicator for the severity of
the inflammatory response during sepsis.

Neutrophils may contribute to the development of organ
dysfunction during sepsis (18, 26, 35) and play a crucial role in
the pathogenesis of acute respiratory distress syndrome and
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acute renal failure (17, 20, 25). However, the molecular mech-
anisms leading to organ damage by PMN are not precisely
known, although a number of mechanisms has been proposed
based on in vitro studies. For example, vascular leakage due to
endothelial damage induced by toxic mediators of neutrophils
may explain the link between organ dysfunction and PMN (23).
Vascular leakage syndrome induced by IL-2 or after bone
marrow transplantation has been suggested to result from an
activation of inflammatory mediator systems, such as cyto-
kines, neutrophils, and the complement and contact phase
systems (8). Administration of C1 inhibitor inhibited the clas-
sical complement pathway and improved the clinical picture of
vascular leakage syndrome (31, 32, 34). Hence, the beneficial,
although mild, effect of C1 inhibitor on organ dysfunction in
the patients included in this study (9) may be mediated via its
action on PMN. Support for this notion is that only patients
with elevated EA levels on admission showed a benefit from
Cl1 inhibitor therapy, whereas patients with normal EA levels
showed no difference in organ dysfunction scores and creati-
nine levels upon treatment (data not shown).

There are several molecular explanations for the effect of C1
inhibitor on PMN activation. Administration of this inhibitor
to septic baboons resulted in decreased IL-8 levels and inhibi-
tion of activation of the classical pathway of complement and
of the contact phase system (27). Thus, reduction of comple-
ment or contact system-derived PMN agonists, or reduced IL-8
responses, might explain reduced PMN activation in patients
receiving C1 inhibitor. As previously reported, C1 inhibitor
substitution significantly inhibited the classical pathway of the
complement system, whereas no effect on C3a or contact phase
parameters was found (9). In accordance, we found C1 inhib-
itor to attenuate the activation of the classical pathway of the
complement system in patients with elevated EA on admission,
whereas no such effect on C3a was found. Moreover, no effect
of C1 inhibitor administration on the contact system in patients
with elevated EA was observed (data not shown). These results
exclude the possibility that activated contact factors such as
factor XIla or kallikrein are among the major agonists for
PMN in our sepsis patients. However, the involvement of ac-
tivated complement products in the activation of PMN in our
patients cannot be ruled out, because C3a is rapidly cleared
from circulation and the level of C3a in plasma may represent
only 10% of the generated C3a (43). Therefore, an effect of C1
inhibitor on C3a release may have escaped detection. CI1 in-
hibitor significantly decreased IL-8 levels in patients with ele-
vated EA on admission. In septic baboons such an attenuation
of IL-8 release was also observed (27). The effect of C1 inhib-
itor on IL-8 may explain its effects on PMN. Nevertheless, the
precise mechanism by which Cl1 inhibitor attenuates IL-8 re-
lease remains to be elucidated. As IL-8 as well as complement
can act as an agonist for neutrophils, one may speculate that
both of these mediators (IL-8 and complement) can act as
agonists contributing to neutrophil activation in sepsis. How-
ever, our data do not exclude involvement of other agonists not
affected by Cl1 inhibitor as well.

In spite of its effect on several PMN agonists, administration
of C1 inhibitor did not significantly affect PMN activation in
the baboons lethally challenged with Escherichia coli (27),
which is in contrast to the changes of PMN observed in this
study. In our patients C1 inhibitor was given at a time when
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PMN already were activated, whereas the baboons received
the first dose of C1 inhibitor before the lethal E. coli challenge.
Hence, stimulation by different agonists may well explain the
differences between the effects of Cl1 inhibitor on neutrophil
activation in the patients and those in the baboons. For exam-
ple, in the initial phase of baboon sepsis, extremely high num-
bers of E. coli and very high levels of endotoxin circulate, which
may activate PMN but are not affected by C1 inhibitor. Thus,
these bacterial agonists may have blurred an effect of CI1 in-
hibitor therapy on PMN function.

In this study we show that activation of PMN in patients with
sepsis is reduced upon administration of C1 inhibitor. We
suggest that this effect of C1 inhibitor on PMN provides a
rationale for its favorable effect on organ function in sepsis.
Moreover, our results point to a role for IL-8 and/or comple-
ment in the activation of PMN in patients with sepsis.
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