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Abstract

Introduction: Heparin-binding protein (HBP) is an antimicrobial protein stored in neutrophil granules and plays a
role in endothelial permeability regulation. The aim was to assess the diagnostic and prognostic value of measuring
HBP in patients with acute lung injury (ALl)/acute respiratory distress syndrome (ARDS).

Methods: Plasma HBP was collected from 78 patients with ALI/ARDS, 28 patients with cardiogenic pulmonary
edema (CPE) and 20 healthy volunteers at enroliment. Levels of HBP were measured by ELISA.

Results: Patients with ALI/ARDS had significantly higher median levels of HBP compared with patients with CPE
(17.15 (11.95 to 24.07) ng/ml vs. 9.50 (7.98 to 12.18) ng/ml, P <0.001) at enrollment. There was no significant
difference between CPE patients and healthy subjects in terms of HBP value (P = 0.372). The HBP levels of
nonsurvivors was significantly higher than that of survivors (23.90 (14.81 to 32.45) ng/ml vs. 16.01 (10.97 to 21.06) ng/ml,
P =0.012) and multivariate logistic regression showed HBP (odds ratio =1.52, P = 0.034) was the independent
predictor for 30-day mortality in patients with ALI/ARDS.

Conclusions: Plasma HBP levels of ALI/ARDS patients were significantly higher than that of CPE patients. HBP was

Heparin-binding protein

a strong prognostic marker for short-term mortality in ALI/ARDS.
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Introduction

Acute lung injury (ALI)/acute respiratory distress syn-
drome (ARDS) is a common cause of life-threatening
acute respiratory failure in ICUs worldwide. ALI/ARDS
is characterized by systemic inflammation, disruption of
endothelial and alveolar epithelial barriers, and an in-
crease in microvascular permeability, resulting in pul-
monary edema and respiratory failure. Diagnosis of
ALI/ARDS therefore requires the exclusion of cardio-
genic pulmonary edema, which is usually done on the
basis of clinical judgment along with echocardiography
and invasive hemodynamic monitoring.
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There has been great interest in defining markers of
prognosis or pathophysiology in ALI/ARDS. Heparin-
binding protein (HBP), also known as azurocidin or
CAP37, is an antimicrobial protein stored in neutrophil
granules. HBP induces cytoskeletal rearrangement of
endothelial cells, which leads to breakdown of cell barriers
and an increase of the macromolecular efflux [1]. Convin-
cing evidence has shown that HBP is a multifunctional
protein. First, it has a broad spectrum of antimicrobial
activity, mainly against Gram-negative bacteria [2]. Sec-
ond, it has potent chemoattractant activity for mono-
cytes, fibroblasts, T lymphocytes and, to some extent,
neutrophils [3-5]. In addition, HBP has an exclusive role
in mediating blood vessel wall permeability evoked by
>-integrin-mediated neutrophil activation [1]. Elevated
plasma levels of HBP were found in patients with severe
sepsis and septic shock [6-8]. In addition, studies have
indicated that HBP may play an important role in

© 2013 Lin et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.


mailto:fengming2@yahoo.com.cn
http://creativecommons.org/licenses/by/2.0

Lin et al. Critical Care 2013, 17:R155
http://ccforum.com/content/17/4/R155

regulating monocyte accumulation in the lung during
acute inflammation [9]. HBP appears to be one of the
primary effector molecules of transfusion-related acute
lung injury [10]. Considering the effect of HBP on the
capillary permeability and its release by activated neutro-
phils, we investigated the plasma levels of HBP and ana-
lyzed its value in patients with ALI/ARDS.

Materials and methods

Study population

The prospective, observational trial was undertaken from
May 2011 to June 2012. A total of 106 consecutive pa-
tients with ALI/ARDS or cardiogenic pulmonary edema
(CPE) admitted into the ICU of Fudan University Jinshan
Hospital (Shanghai, China) were included. Exclusion
criteria included age <18 years, primary abnormalities of
coagulation, fibrinolytic therapy, immunosuppression due
to medication or disease and patients on hemodialysis.
Healthy volunteers (n = 20, free from pulmonary or car-
diac disease) were defined as normal individuals. The
study protocol was approved by the ethics committee of
Fudan University Jinshan Hospital in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all participating people. The informed
consent form was subscribed by the patient or their legally
authorized representative when they were mechanically
ventilated.

Two intensivists blinded to the results of HBP reviewed
all other available clinical information integrated with pro-
gression of the disease and response to therapy, and then
made the final diagnosis of ALI/ARDS or CPE. In case of
disagreement, they reviewed the disputed cases together
and reached a consensus. Patients whose diagnosis could
not reach a consensus were excluded. Patients with ALI/
ARDS met the following consensus definition: presence of
a risk factor (such as sepsis, aspiration, shock and multiple
transfusion), acute onset of bilateral infiltrates on chest
radiography, severe hypoxemia with ratio of arterial
oxygen partial pressure and inspiratory oxygen fraction
(PO,/FiO5) <300 for ALI and <200 for ARDS [11]. Pa-
tients who had a mixed cause of pulmonary edema, with
risk factors and criteria for ARDS/ALI except for a tran-
sient elevation in pulmonary artery occlusion pressure
to 18 mmHg or higher, were included. We did not adopt
the new Berlin definition of ARDS because our research
was initiated from 2011 [12]. Patients with CPE were diag-
nosed by a combination of clinical signs (gallop, jugular
venous distension, systolic hypertension), radiographic
findings (cardiothoracic ratio >0.53 and vascular pe-
dicle width >65 mm), electrocardiographic findings
(new ST-segment and T-wave changes), laboratory fin-
dings (elevated troponin T >0.1 ng/ml), and hemodynamic
findings (pulmonary artery occlusion pressure 218 mmHg,
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decreased ejection fraction <45%, presence of severe left-
sided valvular heart disease (aortic or mitral stenosis or
regurgitation)), and the response to appropriate therapy
(preload/afterload reduction, treatment of ischemia or
inotropic agents) [13].

Data collection

Patients underwent an initial clinical assessment at en-
rollment. Invasive hemodynamic monitoring, echocardio-
gram, pulmonary function and computed tomography
angiography were performed according to the treating
physician. Insertion of a Swan—Ganz catheter was required
when the diagnosis was uncertain. Forty-nine patients
(62.8%) with ALI/ARDS and 15 patients (53.6%) with CPE
were intubated and mechanically ventilated. The tidal vol-
ume and frequency were adjusted aiming at normocapnia
and plateau pressure <35 cmH,O when volume-controlled
ventilated. When pressure-controlled ventilated, the tidal
volume was limited not to exceed 10 ml/kg. The positive
end-expiratory value was set at 5 cmH,O or more
when needed, guided by an arterial oxygen partial
pressure >60 mmHg. All patients were enrolled within
10 hours of the diagnosis of ALI/ARDS or CPE.
Comorbidities, ventilatory data, hemodynamic and la-
boratory findings were recorded at enrollment. The
Acute Physiology and Chronic Health Evaluation
(APACHE) II score [14], the Lung Injury Score (LIS)
[15] and the Sequential Organ Failure Assessment
score [16] were also calculated. For some analysis, the
causes of ALI/ARDS were classified into an infected
group (infection as the cause) and a non-infected group
(all other causes, including hemorrhagic shock, aspiration,
resuscitation and multiple transfusion). In addition, the
degree of hypoxemia of ALI/ARDS was divided into mild
(200 <PO,/FiO, <300), moderate (100 <PO,/FiO, <200)
and severe (PO,/FiO, <100). The infected group was classi-
fied into no sepsis (infection without systemic inflammatory
response syndrome (SIRS)), severe sepsis and septic shock,
which was defined according to the international cri-
teria [17]. Patients were followed for the primary end
point of 30-day mortality and the secondary end
points of the number of ventilator-free days (VFD) and
nonpulmonary organ failure-free days over a 30-day period
after enrollment.

Blood samples for determination of HBP were collected
at enrollment for all participants and were centrifuged
within the next 1 hour. Plasma samples were frozen at
—-80°C for further analysis. Levels of HBP were measured
using an ELISA according to the manufacturer’s instruc-
tions (Human azurocidin ELISA Kit; R&D, Minneapolis,
MN, USA). The plates were read at a wavelength of 450
nm with an automatic ELISA reader and the assay did not
cross-react with other related protein.
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Statistical analysis

Continuous variables are presented as mean + standard
deviation or median (interquartile range), and categorical
variables as numbers and percentages. Two groups were
compared with an unpaired Student’s ¢ test or Mann—
Whitney test for continuous variables and a chi-square
test for categorical variables. If the difference among
multiple groups was indicated significant by the Kruskal—
Wallis test, then the Mann—Whitney test was used to
further evaluate the difference between two groups. Cor-
relations among continuous variables were assessed by
Spearman rank analysis. Receiver operating characteristic
curves were utilized to evaluate the accuracy of HBP to
diagnose ALI/ARDS and the value of HBP to predict
30-day mortality. The optimal cutoff value was determined
when the Youden index reached the maximum value. Lo-
gistic regression was assessed by univariate and multivariate
analysis to identify independent predictors of outcome. Li-
near regression models were evaluated for the outcomes of
VED and nonpulmonary organ failure-free days by log-
transforming corresponding variables to achieve a normal
distribution. All probabilities were two tailed and P <0.05
was regarded as significant. Data were statistically analyzed
with SPSS 16.0 software (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics

A total of 126 people, 78 patients with ALI/ARDS, 28
patients with CPE and 20 healthy volunteers, were en-
rolled in the study. Six patients with an initial disagree-
ment of diagnosis were reviewed to reach a consensus,
and two patients whose diagnosis could not reach a con-
sensus were excluded. Causes of ALI/ARDS included
pneumonia in 38 patients (48.7%), nonpulmonary sepsis
in 20 patients (25.6%), hemorrhagic shock in eight pa-
tients (10.3%), aspiration in six patients (7.7%), resuscita-
tion in four patients (5.1%) and multiple transfusions in
two patients (2.6%). Causes of CPE included congestive
heart failure in 12 patients (42.9%), myocardial infarction/
ischemia in nine patients (32.1%) and acute volume over-
load in seven patients (25.0%).

The baseline characteristics of the study population
are presented in Table 1 stratified according to the final
diagnosis. Compared with patients with ALI/ARDS, pa-
tients with CPE were more likely to have a history of
atrial fibrillation, lower Sequential Organ Failure Assess-
ment score and higher PO,/FiO,. Echocardiographic and
hemodynamic data indicated that patients with CPE had
lower left ventricular ejection fraction and higher pul-
monary artery occlusion pressure.

Heparin-binding protein values
Patients with ALI/ARDS had significantly higher median
levels of HBP compared with patients with CPE (17.15
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(11.95 to 24.07) ng/ml vs. 9.50 (7.98 to 12.18) ng/ml,
P <0.001) and compared with healthy subjects (17.15
(11.95 to 24.07) ng/ml vs. 6.75 (4.33 to 10.65) ng/ml,
P <0.001) at enrollment. There was no significant
difference between CPE patients and healthy subjects in
terms of HBP value (P = 0.372). The area under the
receiver operating characteristic curve for HBP in relation
to the final diagnosis of ALI/ARDS from CPE was 0.815 +
0.040 (Figure 1a). At a cutoff point >11.55 ng/ml, HBP
provided specificity of 78.2% and sensitivity of 75.0% for
the diagnosis of ALI/ARDS.

Patients with ALI/ARDS were classified into an infected
group of 58 patients (74.4%) and a non-infected group of
20 patients (25.6%). The median HBP levels at enrollment
were 17.65 (11.66 to 25.23) ng/ml and 16.51 (12.03 to
24.06) ng/ml, respectively; the difference did not reach
statistical significance (P = 0.806). Furthermore, the differ-
ence between the infected group with severe sepsis/septic
shock and the non-infected group was not significant
either (18.62 (12.08 to 28.10) ng/ml vs. 16.51 (12.03 to
24.06) ng/ml, P = 0.678).

ALI/ARDS patients were divided into mild (n = 20),
moderate (7 = 39) and severe (n = 19) groups according
the degree of hypoxemia. There was no significant differ-
ence in HBP value between the mild and moderate groups
(12.35 (11.07 to 19.15) ng/ml vs. 16.02 (9.82 to 21.23) ng/
ml, P = 0.396). However, the HBP value of the moderate
group was significantly lower than that of the severe group
(16.02 (9.82 to 21.23) ng/ml vs. 24.60 (19.04 to 32.05) ng/ml,
P =0.013) (Figure 2a).

The infected group of ALI/ARDS patients were classi-
fied into no sepsis (infection without SIRS, n =7), severe
sepsis (n =40) and septic shock (# =11). The HBP levels
of patients with severe sepsis were significantly higher
than those of patients with infection without SIRS (18.14
(11.79 to 22.95) ng/ml vs. 9.56 (6.34 to 12.92) ng/ml,
P = 0.015). Nevertheless, the difference of HBP levels be-
tween patients with severe sepsis and septic shock was not
significant (27.12 (16.03 to 36.01) ng/ml vs. 18.14 (11.79 to
22.95) ng/ml, P = 0.090) (Figure 2b). In addition, we found
no significant difference in HBP levels of ALI/ARDS pa-
tients with septic and nonseptic shock (27.12 (16.03 to
36.01) ng/ml vs. 21.07 (11.98 to 31.54) ng/ml, P = 0.387).

In patients with ALI/ARDS, HBP levels were corre-
lated with serum creatinine (» = 0.67, P <0.001), PO,/
FiO, (r = -0.58, P = 0.033), APACHE 1I score (r = 0.42,
P =0.022), and lactate (r = 0.40, P = 0.048) at enrollment.

Outcome

The mortality was 28.2% in patients with ALI/ARDS.
Compared with survivors, nonsurvivors were signifi-
cantly older, had higher APACHE II score, higher Se-
quential Organ Failure Assessment score and lower
PO,/FiO, (Table 2). The HBP levels of nonsurvivors
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Table 1 Baseline characteristics of patients with ALI/ARDS or CPE
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Characteristic ALI/ARDS (n = 78) CPE (n = 28) P value
Demographics
Age (years) 63 (54 to 68) 66 (58 to 72) 0.231
Male 45 (57.7) 15 (53.6) 0.706
Body mass index (kg/mz) 23 (19 to 26) 23 (18 to 26) 0.297
Comorbidities
Post operation 16 (20.5) 4 (14.3) 0.659
Atrial fibrillation 5(64) 6 (21.4) 0.025*
Coronary artery disease 13 (16.7) 7 (25.0) 0334
Chronic obstructive pulmonary disease 14 (17.9) 3(10.7) 0.552
Hypertension 22 (28.2) 6 (21.4) 0.485
Diabetes 20 (25.6) 5(17.9) 0.405
Chronic kidney disease 8(10.3) 2(7.1) 0915
APACHE Il score 18 (14 to 22) 15 (13 to 18) 0.067
SOFA score 8 (5to 10) 4(3to7) 0.037*
Ventilatory data
Mechanical ventilation 49 (62.8) 15 (53.6) 0391
Arterial pH 736 (731 to 742) 741 (737 to 748) 0.398
Arterial lactate 1.8 (1.1 to 2.3) 15(12t0 1.9) 0.165
PO,/FiO, 166 (132 to 202) 224 (176 to 268) 0.033*
Echocardiography
Patients examined 65 (83.3) 25 (89.3) 0450
LVEF (%) 55 (51 to 61) 48 (41 to 53) 0.038*
Hemodynamics
Patients examined 31 (39.7) 12 (429 0.773
PAOP (mmHg) 14 (9 to 16) 23 (21 to 25) 0.042*
Cardiac index (I/min/m?) 3.01 (255 t0 3.18) 2.85 (2.56 t0 3.12) 0671
SVO; (%) 61 (53 to 66) 67 (60 to 73) 0.091
Laboratory findings
White blood cell (10%/1) 12.1 (86 t0 14.98) 93 (63 to 12.5) 0315
Platelet (10°/]) 182 (137 to 255) 191 (155 to 257) 0.871
APTT (seconds) 30 (24 to 37) 31 (26 to 35) 0672
Bilirubin (umol/l) 11.7 (7.2 t0 16.8) 9.1 (6.8 t0 13.9) 0.774
Glucose (mmol/l) 6.7 (5.2 t0 7.0) 6.5 (5.3 to 6.9) 0.781
Albumin (g/1) 28.2 (26.1 to 30.6) 30.2 (26.1 to 33.8) 0317
Creatinine (umol/l) 71 (55 to 88) 76 (55 to 91) 0.225
HBP (ng/ml) 17.15 (11.95 to 24.07) 9.50 (798 t0 12.18) <0.001*
Length of ICU stay (days) 9 (5to 15) 7 (4to 12) 0221

Data presented as median (interquartile range) for continuous variables and number (%) for categorical variables. AL, acute lung injury; APACHE, Acute Physiology
and Chronic Health Evaluation; APTT, activated partial thromboplastin time; ARDS, acute respiratory distress syndrome; CPE, cardiogenic pulmonary edema; HBP,
heparin-binding protein; LVEF, left ventricular ejection fraction; PAOP, pulmonary artery occlusion pressure; PO,/FiO,, ratio of arterial oxygen partial pressure and
inspiratory oxygen fraction; SOFA, Sequential Organ Failure Assessment; SvO, oxygen saturation of venous blood. *P <0.05.

were significantly higher than those of survivors (23.90
(14.81 to 32.45) ng/ml vs. 16.01 (10.97 to 21.06) ng/ml,
P = 0.012) at enrollment. The receiver operating charac-
teristic curve was drawn to evaluate the value of HBP to
predict 30-day mortality and the area under the curve

was calculated as 0.684 + 0.069 (Figure 1b). The optimal
cutoff value for predicting death was >19.97ng/ml, which
gave specificity of 73.2% and sensitivity of 63.6%. A
Kaplan—Meier curve was drawn according to the value
of 19.97 ng/ml for HBP as a cutoff point to describe
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Figure 1 Heparin-binding protein for disease diagnosis and
mortality prediction. Receiver operating characteristic curves for
heparin-binding protein in (a) diagnosing acute lung injury (ALI)/
acute respiratory distress syndrome (ARDS) from cardiogenic
pulmonary edema and (b) predicting 30-day mortality in patients
with ALI/ARDS. AUC, area under the curve.

death over 30 days of follow-up (Figure 3). There was a sig-
nificant difference in the occurrence of death (P = 0.002).
Univariate logistic regression analysis showed that age,
APACHE 1I score, LIS, PO,/FiO, and plasma HBP levels
at enrollment were the common predictors of 30-day
mortality in patients with ALI/ARDS. Multivariate lo-
gistic regression analysis showed LIS (odds ratio = 1.61,
P = 0.037), HBP (odds ratio = 1.52, P = 0.034) and PO,/
FiO, (odds ratio = 0.68, P = 0.041) remained the
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Figure 2 Heparin-binding protein levels classified by arterial
oxygen partial pressure/inspiratory oxygen fraction ratio and
by infection. Heparin-binding protein (HBP) levels in patients with
acute lung injury/acute respiratory distress syndrome classified into
(a) ratio of arterial oxygen partial pressure and inspiratory oxygen
fraction (PO,/FiO,) <300, PO,/FiO, <200, PO,/FiO, <100 and

(b) infection without systemic inflammatory response syndrome

(SIRS), severe sepsis and septic shock.

independent predictor for mortality after adjustment for
risk factors (age, APACHE II score) (Table 3).

In patients with ALI/ARDS, higher baseline plasma HBP
levels were strongly associated with fewer VFD (P = 0.031)
in 49 patients who received mechanical ventilation in ana-
lysis controlling for APACHE II score, LIS score, PO,,
FiO, and creatinine value. The HBP value, however, was
not associated with nonpulmonary organ failure-free days
in 52 patients who had at least one nonpulmonary organ
failure in ALI/ARDS patients (Table 4).

Discussion

HBP is a multifunctional protein with diverse and impor-
tant activities including bactericidal capacity, anti-apoptotic
properties and permeability-increasing activity. In our
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Table 2 Baseline characteristics of patients with ALI/ARDS according to survival
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Characteristic Nonsurvivors (n = 22) Survivors (n = 56) P value
Demographics
Age (years) 68 (63 to 72) 60 (51 to 64) 0.041*
Male 13 (59.1) 32 (57.1) 0.875
Body mass index (kg/mz) 23 (20 to 24) 24 (20 to 26) 0510
Main cause of ALI/ARDS
Pneumonia 9 (40.9) 29 (51.8) 0387
Nonpulmonary sepsis 7 (31.8) 13 (23.2) 0434
Hemorrhagic shock 3(13.6) 5(8.9) 0.840
Aspiration 209.0) 4(7.1) 0856
APACHE Il score 21 (18 to 23) 15 (12 to 18) 0.036*
SOFA score 8 (6 to 10) 53 1t06) 0.041%
LIS score 24 (1.7 t0 3.1) 18 (1.2 t0 2.6) 0.087
Ventilatory data
Mechanical ventilation 17 (77.3) 32 (57.1) 0.098
Arterial pH 729 (721 t0 7.36) 739 (732 to 745) 0.128
Arterial lactate 2.0 (1.7 to 2.3) 16 (1.3t0 1.8) 0219
PO,/FiO, 142 (120 to 171) 189 (158 to 217) 0.045%
Echocardiography
Patients examined 17 (77.3) 48 (85.7) 0.368
LVEF (%) 53 (49 to 55) 56 (50 to 62) 0.271
Hemodynamics
Patients examined 12 (54.5) 19 (33.9) 0.094
PAOP (mmHg) 14 (10 to 17) 12 (7to 15) 0.652
Cardiac index (I/min/m?) 2.88 (241 t0 3.05) 3.15 (266 to 3.31) 0.872
VO, (%) 58 (52 to 63) 63 (57 to 68) 0529
Laboratory findings
White blood cells (10°/1) 148 (116 to 16.2) 11.2 (9.7 to 14.6) 0.198
Platelets (107/1) 165 (138 to 198) 211 (159 to 258) 0.265
APTT (seconds) 34 (28 to 37) 29 (25 to 33) 0436
Bilirubin (umol/l) 13.1 (10.1 to 15.1) 96 (7210 12.8) 0.196
Glucose (mmol/l) 69 (5.6to 74) 6.5 (541t0 7.0) 0.398
Albumin (g/1) 27.1 (25.8 t0 29.6) 31.5(28.1 to 334) 0233
Creatinine (umol/l) 81 (72 to 96) 72 (56 to 88) 0.378
HBP (ng/ml) 23.90 (14.81 to 3245) 16.01 (10.97 to 21.06) 0.012*

Data presented as median (interquartile range) for continuous variables and number (%) for categorical variables. AL, acute lung injury; APACHE, Acute Physiology
and Chronic Health Evaluation; APTT, activated partial thromboplastin time; ARDS, acute respiratory distress syndrome; HBP, heparin-binding protein; LIS, Lung
Injury Score; LVEF, left ventricular ejection fraction; PAOP, pulmonary artery occlusion pressure; PO,/FiO,, ratio of arterial oxygen partial pressure and inspiratory
oxygen fraction; SOFA, Sequential Organ Failure Assessment; SvO, oxygen saturation of venous blood. *P <0.05.

study, we found that patients with ALI/ARDS had signifi-
cantly higher median levels of HBP compared with patients
with CPE. Furthermore, HBP levels of nonsurvivors were
significantly higher than those of survivors. Multivariate lo-
gistic regression analysis showed HBP at enrollment was
the independent predictor for 30-day mortality.

HBP can be characterized as a proinflammatory protein
that is rapidly released from emigrating neutrophil. HBP is

chemotactic for monocytes, fibroblasts and T cells; more-
over, HBP increases lipopolysaccharide-induced monocyte
production of TNFq«, IL-1 and IL-6 [18]. On the other
side, HBP plays a role in endothelial permeability regula-
tion; fibroblast and endothelia monolayers treated with
HBP exhibited reversible disruption of barrier function by
inducing cell contraction and the formation of large gaps
between cells [19]. Linder and colleagues found that the
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Figure 3 Survival probability by heparin-binding protein value.
Kaplan-Meier survival probability by heparin-binding protein (HBP)
value above or below the cutoff point of 19.97 ng/ml. ALl, acute
lung injury; ARDS, acute respiratory distress syndrome.

HBP plasma concentration was already elevated in 29 of
32 severe septic patients before signs of circulatory failure
appeared [6]. The association between high HBP levels
and the development of sepsis with circulatory symptoms
supports the role of HBP as a mediator of capillary leakage
[20]. ALI/ARDS is a systemic disorder with endothelial ac-
tivation and injury in both the systemic and pulmonary
circulation. CPE is defined as pulmonary edema due to
increased capillary hydrostatic pressure secondary to
elevated pulmonary venous pressure [21]. The role of HBP
in altering the vascular permeability was evoked by
chemoattractant-induced polymorphonuclear leukocyte
activation [1], which may account for the reason why the
HBP levels did not increase in patients with CPE. HBP has
been detected in lipopolysaccharide-treated endothelial
cells (including human lung microvessel) as early as 2
hours and maximum staining was obtained between 4 and
6 hours [22]. In addition, HBP was demonstrated to
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augment leukocyte adhesion to lung microvessel endothe-
lial monolayers and induce significant monocyte migration
into lungs [9,23]. The expression of HBP in endothelial
and epithelial cells in response to inflammatory mediators
and its ability to alter permeability of endothelial cell was
probably the interpretation of the high plasma HBP con-
centration in patients with ALI/ARDS in our research.

Observations have indicated that plasma HBP levels
were significantly higher in patients with severe sepsis or
septic shock compared with nonseptic patients [7]. A
plasma HBP level >15 ng/ml was a better indicator of
severe sepsis (with or without septic shock) than any
other biomarker investigated (white blood cells, IL-6,
procalcitonin and C-reactive protein) [6]. In the present
study, HBP levels of patients with severe sepsis were
significantly higher than patients with infection without
SIRS. In addition, the difference in HBP levels between
infected and non-infected patients with ALI/ARDS was
not significant, and neither was the difference in pa-
tients with septic and nonseptic shock. Our results are
consistent with previous research demonstrating that
HBP levels were notably enhanced in patients with
shock regardless of whether they suffered from sepsis or
not [24]. This is supported by the viewpoint that not
only bacterial products [25] but also nonbacterial cross-
linking of (,-integrins on the surface of neutrophils is
sufficient to trigger HBP secretion [1]. Serious events
such as cardiac arrest or massive blood transfusions can
also lead to neutrophil activation and the subsequent
release of HBP [7], indicating that HBP is not entirely
specific for infections.

There is controversy about the prognostic value of
HBP: Linder and colleagues found that the 28-day case-
fatality rate was increased fourfold among sepsis patients
with initial HBP >15 ng/ml [7]. Nevertheless, another
study showed that HBP levels did not correlate with sur-
vival in nonseptic and septic shock patients [24]. HBP has
been shown to increase the survival of cultured monocytes
and protect them from oxidative stress [4,26]. HBP-
treated endothelial cells also demonstrated enhanced
survival in apoptosis assays, suggesting that HBP may play
a protective role during an inflammatory response [27].

Table 3 Logistic regression analysis of mortality prediction for patients with ALI/ARDS

Univariate analysis

Multivariate analysis

OR (95% ClI) P value OR (95% ClI) P value
Age (per year) 1.09 (1.03 to 1.18) 0.042
APACHE II score (per point) 1.17 (1.09 to 1.35) 0.033
LIS (per point) 1.72 (118 10 3.12) 0.029 161 (1.18 to 2.77) 0.037
PO,/FiO5 (per one-log) 0.61 (048 to 0.82) 0.031 0.68 (0.53 to 0.87) 0.041
HBP? (per one-log) 1.65 (1.18 to 3.23) 0.027 1.52 (1.12 to 2.85) 0.034

ALI, acute lung injury; APACHE, Acute Physiology and Chronic Health Evaluation; ARDS, acute respiratory distress syndrome; Cl, confidence interval; HBP, heparin-
binding protein; LIS, Lung Injury Score; OR, odds ratio; PO,/FiO,, ratio of arterial oxygen partial pressure and inspiratory oxygen fraction. *Log-transformed.
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Table 4 Linear regression analysis of outcomes for ventilator-free days/nonpulmonary organ failure-free days in

patients with ALI/ARDS

Ventilator-free days

Nonpulmonary organ failure-free days

Standardized coefficient (f) P value Standardized coefficient () P value
APACHE Il score —-0.566 0.022
LIS -0428 0.027
PO,/FiO, 0.575 0018
Creatinine® -0.196 0.046
HBP? -0.297 0.031

ALl, acute lung injury; APACHE, Acute Physiology and Chronic Health Evaluation; ARDS, acute respiratory distress syndrome; HBP, heparin-binding protein; LIS,
Lung Injury Score; PO,/FiO,, ratio of arterial oxygen partial pressure and inspiratory oxygen fraction. *Log-transformed to achieve a normal distribution.

However, the HBP expression may lead to the exacer-
bation or augmentation of the host immune response
and progression of disease [28,29]. Furthermore, HBP
was proved to shorten the prolonged clotting times of
the activated partial thromboplastin time and the
thrombin clotting time induced by a high concentra-
tion of unfractionated heparin [30], which may worsen
the hypercoagulability with widespread microvascular
thrombus formation in ALI/ARDS. In our study, the
HBP value of the severe hypoxemia group was signifi-
cantly higher than that of the moderate group and
higher baseline plasma HBP levels were strongly asso-
ciated with fewer VFD. HBP at enrollment was the in-
dependent predictor for 30-day mortality in our
research, indicating HBP may be a good target of drugs
for therapeutic intervention. Previous studies have re-
vealed that both heparin and anti-HBP antibodies
could block B,-integrin receptor on neutrophils, which
is responsible for HBP release [1]. These treatments
not only inhibit adhesion and activation of leukocyte
but also attenuate neutrophil-evoked increase in endo-
thelial permeability. Heparin has been confirmed to al-
leviate inflammatory reaction in ALI in rabbits by
inhibiting overexpression of TNFa [31]. Moreover,
nebulized heparin can significantly reduce coagulation
activation in the lungs of critically ill patients with ALI
[32]. A peptide (Gly-Pro-Arg-Pro) that interferes with the
interaction between fibrinogen and p,-integrin could pre-
vent severe lung lesions that developed in mice after
streptococcal M1 protein injection [8], raising the question
of whether this peptide could improve the survival of
ALI/ARDS patients as an effect of blocking HBP and
subsequent reduction in vascular leakage.

There are several limitations to our study. First, the
study sample was small in size and composition, thus
restricting generalizability. Second, the absence of a
single-objective gold standard for diagnosis of ARDS is a
challenge inherent to all studies of diagnostic testing for
this syndrome. Finally, we did not test the concentration
of HBP in alveolar fluid and lack an extended comparison
with other biomarker of ALI/ARDS.

Conclusion

Our findings suggest that HBP is a biomarker that could
distinguish ALI/ARDS from CPE. Furthermore, HBP was
a strong predictor for short-term mortality in ALI/ARDS.
Whether HBP levels can be used to guide clinical manage-
ment or shed further light on therapy of ALI/ARDS re-
mains to be investigated.

Key messages

e Patients with ALI/ARDS had significantly higher
median levels of HBP compared with patients with
CPE.

e HBP levels of nonsurvivors were significantly higher
than survivors.

e HBP was the independent predictor for 30-day
mortality in patients with ALI/ARDS.
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