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Abstract

Objective Heparin-binding protein (HBP) is a potent
inducer of increased vascular permeability. The purpose of
this study was to examine plasma levels of HBP in patients
with shock.

Design Fifty-three consecutive patients with septic and
non-septic shock at a mixed-bed intensive care unit were
included, as well as 20 age-matched controls. Patients with
local infections but without signs of shock served as
infectious controls. Enzyme-linked immunosorbent assay
was used to determine plasma levels of HBP.

Results There were no differences in serum HBP levels
between healthy controls and those with local infections,
including urinary tract infections, pneumonia and gastro-
enteritis, without shock. Levels of HBP were higher in
patients with non-septic shock and septic shock than
healthy controls. However, there was no difference in
serum HBP levels between patients with septic shock and
those with non-septic shock. Moreover, HBP levels were

Responsible Editor: Artur Bauhofer.

S. Santen - H. Thorlacius (<)

Section of Surgery, Department of Clinical Sciences,
Malmd, Skane University Hospital, Lund University,
20502 Malmo, Sweden

e-mail: henrik.thorlacius @med.lu.se

M. S. Chew - A. Ersson

Section of Intensive Care, Department of Clinical Sciences,
Malmé, Skane University Hospital, Lund University,
20502 Malmo, Sweden

A. Linder - H. Herwald

Section of Clinical and Experimental Infection Medicine,
Department of Clinical Sciences, Lund, Lund University,
22100 Lund, Sweden

not different between patients with low and high APACHE
II scores. Plasma levels of HBP were similar in surviving
and non-surviving patients with shock.

Conclusions HBP is elevated in patients with shock from
septic and non-septic etiologies. Future investigations are
required to define the functional role of HBP in patients
with shock.

Keywords Inflammation - Leukocytes - Neutrophils -
Sepsis
Introduction

More effective and specific therapies are needed for
patients with shock and the high mortality rate in these
patients remains a substantial challenge in the health care
system. Improved understanding of shock pathophysiology
is pivotal for the development of the management of
patients with shock [1]. On one hand, neutrophils are rec-
ognized as a significant component in the host defense
against bacterial invasions. On the other hand, excessive
activation of neutrophils causes tissue edema and com-
promised microvascular perfusion, ultimately leading to
organ failure in systemic inflammatory response syndrome
(SIRS) and sepsis [2, 3]. Convincing evidence has shown
that heparin-binding protein (HBP), also known as
azurocidin or cationic antimicrobial peptide (CAP37), an
antimicrobial protein stored in neutrophil granules, is a
potent inflammatory mediator and may play a functional
role in sepsis [4, 5]. HBP is a multifunctional protein
exerting numerous pro-inflammatory effects, such as
induction of vascular permeability and chemotaxis of
monocytes and T-cells [6, 7]. Interestingly, a recent study
reported that HBP might be an early biomarker of
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circulatory failure in septic patients, in whom high levels of
HBP preceded development of shock by up to 12 h [8].
Since HBP is thought to participate in increases in vascular
permeability, we hypothesized that the role of HBP may
extend to patients with systemic inflammation with shock,
rather than those with septic shock alone. Plasma levels of
HBP in patients with non-septic shock in a mixed group of
adult patients have not been examined. Such increases in
HBP may open new ways of ameliorating organ damage in
patients with systemic inflammation and shock.

The purpose of this study was therefore to investigate
whether HBP can discriminate between patients with septic
and non-septic shock and whether HBP levels might cor-
relate with acute physiology and chronic health evaluation
(APACHE) scores and mortality in patients with shock.

Materials and methods

The Regional Ethical Review Board, Lund, Sweden,
approved the study and informed consent was obtained
from all patients or their next-of-kin. Patients admitted to
the mixed-bed intensive care unit of Skane University
Hospital in Malmo, Sweden between December 2005 and
May 2008 were screened for eligibility. For inclusion in
this study, patients were over the age of 18, fulfilled the
SIRS criteria [9] and exhibited circulatory failure, defined
as failure to maintain mean arterial pressure >70 mmHg
despite adequate fluid resuscitation according to the sur-
viving sepsis campaign algorithm [10]. Exclusion criteria
were pregnancy, primary abnormalities of coagulation,
fibrinolytic therapy, compromised immunity (i.e. receiving
immunosuppressive drugs) or a “Do Not Resuscitate”
order. Patients were defined as septic or not based on
standard published criteria [11]. 53 consecutive patients
were included in the study. All patients were enrolled
within 6 h of the diagnosis of shock and blood samples
were taken within 10 min after inclusion. Sepsis was
defined as a known infection or a suspected infection
exhibiting one of the following: leukocytes in a normally
sterile body fluid, perforated viscus, radiographic evidence
of pneumonia in association with the production of puru-
lent sputum, or a syndrome associated with a high risk of
infection and determined at admission. All cultures were
reviewed daily during the intensive care unit stay as well as
at the end of the study period. APACHE II scores [12] were
calculated at admission. All patients were treated according
to international guidelines for the management of sepsis
and septic shock [10]. No patient received activated pro-
tein C. Patients with vasopressor-resistant shock received a
low dose of systemic steroids. For comparison, 18 patients
with urinary tract infections, pneumonia and gastroenteritis
with fever but without signs of shock, and 20 healthy
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controls were also included for determination of HBP
levels in the plasma. Plasma levels of HBP were deter-
mined by enzyme-linked immunosorbent assay as
described earlier [4, 8]. Based on our previous experience,
we calculated a sample size of 18 based on a minimum
detectable difference of 10 & 7 ng/ml between two groups
with a power of 0.8 and a sigma of 0.05. Since we expected
greater data variability and non-parametric distributions in
the sicker patients, we chose to triple the sample size in the
shock group. Normality was tested for using the Kol-
mogorov—Smirnoff test. Data are given as median (range)
in the text. Spearman’s rank correlation coefficient was
used for correlation between two variables. Kruskal-Wallis
one-way ANOVA was used for multiple comparisons.
P < 0.05 was considered significant and n indicates the
number of patients.

Results

Patients with shock with and without sepsis were similar in
terms of age, sex and APACHE II scores in the present
study (Table 1). A majority of patients with shock had
sepsis (36/53). The etiology of sepsis was varied; some had
pre-defined foci and single cultured organisms while others
had multiple or undetermined foci and multiple organisms.
Gram-positive and Gram-negative organisms were cultured
in 15 and 14 patients, respectively, six patients had mul-
tiple organisms and one patient had a fungal infection.
Many non-septic patients with shock were admitted with
pancreatitis (five patients), although the etiology in these
patients was also variable and included post-major non-
cardiac surgery (five patients), intoxication and multi-organ
failure (two patients), and gastrointestinal bleeding and
portal hypertension (one patient). In four patients the cause
of shock and organ failure were never established, and all
cultures of normally sterile fluids were negative. Baseline
plasma levels of HBP were 6.3 (5.0-9.7) ng/ml (n = 20) in
healthy controls. For comparison, we also measured plasma
levels of HBP in urinary tract infections, pneumonia and
gastroenteritis. We found no significant difference in HBP
levels between healthy controls on one hand and the
patients with urinary tract infections, pneumonia or
gastroenteritis on the other hand. Plasma levels of HBP in
febrile patients with urinary tract infections, pneumonia
and gastroenteritis without SIRS were 7.1 (4.4—10.2) ng/ml
(n = 8),7.0(5.4-10.3) ng/ml (n = 5) and 5.8 (3.7-8.8) ng/
ml (n = 5), respectively. In contrast, it was observed that
plasma levels of HBP were increased in patients with shock
compared to healthy controls (Fig. 1, P < 0.001). Plasma
levels of HBP were 24.1 (9.8-125.7) ng/ml (n = 17) and
27.2 (9.0-122.2) ng/ml (n = 36) in patients with non-
septic and septic shock, respectively (Fig. 1, P = 0.71).
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Moreover, we found no significant difference in HBP
levels in non-septic and septic patients stratified according
to APACHE 1II scores (Fig. 2a, P = 0.64). The intensive
care mortality was 36 and 25% and 6-month mortality was
47 and 25% in patients with non-septic and septic shock,
respectively (Table 1). The shock group without sepsis had
a higher 6-month mortality rate, although this was not
statistically significant (Table 1). In addition, we found that
the plasma levels of HBP did not correlate with survival in
non-septic and septic patients (Fig. 2b). Systemic leukocyte
counts were not significantly different between patients
with APACHE 1I score <20 [9.8 (2.9-19.4) x 10°/mi],
20-30[11.3 (2.9-39.6) x 10°/ml] and >30 [12.8 (1.4-53.6)
x 10°/ml]. We did not find any correlation between HBP
levels, on the one hand, and C-reactive protein (r = 0.22,
P =0.11) or plasma levels of interleukin-10 (r = 0.23,
P = 0.10) on the other hand in patients with shock.

Table 1 Patient demographics

Septic Non-septic P value
shock shock
Males/females 25/11 12/5 NS
Age (years) 63 £ 11 62 + 13 NS
APACHE II score 24 +7 25+ 6 NS
Number (%) 36 (67%) 17 (33)% NS
Intensive care unit 25% 36% NS
mortality
6-month mortality 25% 47% NS

Significance was tested between patients with shock with or without
sepsis
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Fig. 1 HBP levels in plasma from healthy controls (n = 20),
infectious controls (n = 18) and from septic (n = 36) and non-septic
(n = 17) patients with shock. Plasma levels of HBP were signif-
icantly higher in both SIRS and sepsis patients compared to healthy
and infectious controls (P < 0.001, n = 17-36). Data are median,
10th, 25th, 75th and 90th percentiles
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Fig. 2 Plasma levels of HBP in healthy controls and patients with
shock (SIRS and sepsis) with a different APACHE II scores and b in
surviving and non-surviving patients with shock. No significant
difference in HBP plasma levels was detected between patients with
shock with different APACHE II scores (P = 0.64, n = 20-53) or
between surviving and non-surviving patients with shock (P = 0.29,
n = 20-53). Data are median, 10th, 25th, 75th and 90th percentiles

Discussion

It is widely held that excessive activation of neutrophils in
the circulation constitutes a key component in the patho-
physiology of shock. The mechanisms of neutrophil-
mediated tissue injury and organ failure in patients with
shock remain elusive. Neutrophil-derived HBP has been
shown to exert several pro-inflammatory actions that may
be of significance in shock [5-7]. Accordingly, in the
present study we asked whether HBP might be elevated in
patients with shock due to SIRS and sepsis. Indeed, we
could document that plasma levels of HBP were signifi-
cantly enhanced in patients with shock, regardless of
whether they suffered from sepsis or not. However, there
was no difference in plasma levels of HBP in patients with
septic and non-septic shock, suggesting that bacterial
infection is not necessary to evoke significant secretion of
HBP from neutrophils and that HBP may not be a useful
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biomarker for patients with suspected septic shock. This
notion is supported by in-vitro data showing that not only
bacterial products [13] but also non-bacterial cross-linking
of f,-integrins on the surface of neutrophils is sufficient to
trigger HBP secretion from neutrophils [5]. Moreover, one
study revealed that neutrophil activation, determined as an
increase in CD11b (Mac-1) on neutrophils, was similar in
comparable trauma and sepsis patients [14]. In spite of the
fact that HBP is mainly derived from neutrophils [4], we
found no statistical relationship between leukocyte counts
in the blood on the one hand and plasma levels of HBP on
the other hand in patients with shock. Our data did not
reveal any correlation between the number of leukocytes in
the circulation and disease severity in patients with shock.
This observation is in line with a previous study showing
that leukocyte count is not a useful marker of intensive care
mortality in septic patients [15]. In this context, it should be
noted that microbial diagnosis is sometimes complicated in
sepsis, which makes it difficult to exclude some overlap
between septic and non-septic patients.

Experimental data have shown that HBP is a potent
inducer of vascular permeability and leukocyte recruitment
[5-7], which are considered to contribute to organ injury in
shock [1-3]. However, we did not find any correlation
between HBP levels and APACHE II scores. This lack of
correlation may either be due to a true absence of rela-
tionship or because HBP levels are underestimated in more
severe disease. For example, hemodilution due to high fluid
administration, leakage into the extravascular space and
urine or increased uptake at sites of inflammation may
decrease the plasma levels of HBP in patients with more
severe disease. Although such factors may cause difficul-
ties in finding a correlation between HBP and disease
severity, the relevance of HBP as a potential target in
patients with SIRS and sepsis requires further studies.
Moreover, a single substance, such as HBP, would most
likely respond more promptly to changes in inflammatory
activity than the APACHE II score, which is a composite of
multiple parameters. In addition, we did not observe any
difference in HBP between non-surviving and surviving
sepsis patients. These observations are in line with two
previous studies reporting that plasma levels of HBP did
not correlate with the magnitude of tissue damage in burn
patients [16] nor with the frequency of mortality in sepsis
patients [17]. In this study, we found that patients with
local infections, such as urinary tract infections, pneumonia
and gastroenteritis without SIRS did not have higher levels
of HBP compared to healthy controls. These findings
suggest that systemic inflammation is necessary to stimu-
late increases in HBP levels in the plasma and HBP may be
a common denominator in the pathogenesis of shock rather
than being a specific indicator of severe sepsis.
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Taken together, these novel findings demonstrate that
plasma level of HBP are increased in patients with shock,
regardless of whether or not this is due to sepsis. Although
the functional role of HBP remains to be determined, our
data may pave the way for new therapies to protect against
systemic inflammation in patients with shock.
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