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Background: The aim of this study was
to investigate the differential plasma lev-
els of lipocalin 2 (LCN2) and its com-
plex with MMP-9 (where MMP is matrix
metalloproteinase) before and after antibi-
otic treatment in hospitalized adult pa-
tients with community-acquired pneumo-
nia (CAP). Method: Plasma LCN2 and
LCN2/MMP-9 complex levels were mea-
sured in 61 adult patients with CAP and 60
healthy controls using commercial enzyme-
linked immunosorbent assay (ELISA). Re-
sults: A decrease in the number of white
blood cells (WBCs) and neutrophils and
decreases in the levels of C-reactive pro-
tein (CRP), LCN2, and LCN2/MMP-9 com-
plex were observed after antibiotic treat-
ment. The plasma level of LCN2, but
not that of CRP, was correlated with the

severity of CAP based on the Pneumo-
nia Severity Index (PSI; r = 0.333, P =
0.009), confusion, urea, respiratory rate
and blood pressure (CURB)-65 (r = 0.288,
P = 0.024), and Acute Physiology And
Chronic Health Evaluation II (APACHE II)
scores (r = 0.328, P = 0.010). LCN2 lev-
els were also significantly correlated with
LCN2/MMP-9 levels and the numbers of
WBCs or neutrophils. Conclusions: Plasma
levels of LCN2 and the LCN2/MMP-9 com-
plex can act as adjuvant diagnostic biomark-
ers for CAP. Plasma LCN2 might play a
further role in the clinical assessment of
the severity of CAP, which could potentially
guide the development of future treatment
strategies. J. Clin. Lab. Anal. 27:253–260,
2013. C© 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Community-acquired pneumonia (CAP) is a major
cause of severe morbidity and mortality. It is the sixth
most common cause of death in the Unitedw States, and
it is estimated that four million cases of CAP occur annu-
ally (1). In Taiwan, CAP is the sixth leading cause of death
(2), and there has been a worldwide increase in the number
of hospitalizations due to CAP in the general population
(3, 4). Timely and optimized antibiotic treatment can re-
duce morbidity and mortality; therefore, early diagnosis
and recognition of the disease severity are necessary for
the optimal care of CAP patients (5, 6).

Some inflammatory cells secrete matrix metallopro-
teinases (MMPs), which are critical for pulmonary mor-
phogenesis and remodeling and the repair and regener-
ation of damaged lung tissue (7). Of the MMP family,
MMP-9 (92-kDa type IV collagenase, gelatinase B) has
been reported to be associated with the pathogenesis of
lung injury (8,9). In addition, various studies have shown
that MMP-9 is implicated in the pathogenesis of other
pulmonary inflammatory diseases, such as acute respira-
tory distress syndrome (10), interstitial lung disease (11),
and chronic obstructive pulmonary disease (12, 13).

Lipocalin 2 (LCN2), also known as neutrophil
gelatinase-associated lipocalin, neu-related lipocalin,
oncogene 24p3, and uterocalin, is a 25-kDa protein, which
is stored in the granules of human neutrophils (14). It be-
longs to the lipocalin family, which consists of more than
50 members, all of which are characterized by the abil-
ity to bind and transport small lipophilic substances (15).
For example, LCN2 is a siderophore-binding antimicro-
bial protein that participates in an iron-depletion strat-
egy exploited by the immune defense against bacterial
pathogens (16). Moreover, LCN2 has been reported to be
upregulated in epithelial tissues during inflammation, and
it seems to play an important role in this process (17). This
protein is also upregulated in several pathological condi-
tions, including cancers (18,19), inflammatory bowel dis-
ease (20), acute kidney injury (AKI; (21)), autoimmune
myocarditis (22), arthritis (23), pelvic inflammatory dis-
ease (PID; (24)), bacterial pneumonia (25,26), sepsis (27),
and pancreatitis (28). Several studies have shown LCN2
to be a useful biomarker for the early detection of AKI
in postcardiac surgery, nephritis, and radiocontrast expo-
sure (21).

It has been established that LCN2 forms a com-
plex with MMP-9, thereby preventing the autodegra-
dation of MMP-9 and increasing its activity in vitro
(29). Recent findings have suggested that detection of the
LCN2/MMP-9 complex might represent a predictor of
disease status or of therapeutic response in several types
of cancer, including breast (30), brain (31), gastric (32),
and oral (19) cancers. Moreover, LCN2/MMP-9 complex

was also proved to act as a diagnostic biomarker for PID
(24).

LCN2 and MMP-9 are stored in specific granules in the
neutrophils, while MMP-9 is also found in gelatinase gran-
ules. It was suggested that MMP-9 and LCN2 are mainly
secreted into the blood by neutrophils infiltrating injured
tissues tissue, and they are subsequently excreted in the
urine (29). Although detecting LCN2 and its complex with
MMP-9 in the systemic circulation seems reasonable, few
studies on LCN2 and LCN2/MMP-9 in plasma are cur-
rently available (19,24,33). To the best of our knowledge,
no study has investigated the prognostic value of LCN2
and LCN2/MMP-9 complex in a cohort of patients with
CAP. Herein, we measured the plasma levels of the LCN2
and LCN2/MMP-9 complex in a group of patients with
CAP and healthy control subjects to evaluate whether
LCN2 or LCN2/MMP-9 could be a useful biochemical
marker. We also purposed to assessment of relationship
between LCN2, LCN2/MMP-9 complex, and severity of
CAP.

MATERIALS AND METHODS

Subjects and Diagnosis

The Chung Shan Medical University Hospital
(CSMUH) is a tertiary care university hospital in
Taichung in west-central Taiwan. This prospective study
was conducted during the period from January 2009 to
December 2009 by the Department of Medical Research
and the Departments of Infectious Diseases and Chest
Medicine, CSMUH. The study was approved by the Insti-
tutional Review Board of CSMUH (IRB No. CS11237).
All of the subjects provided informed consent for the use
of their blood samples. The inclusion criteria required that
patients be >20 years old, admitted for the treatment of
CAP, and diagnosed in the emergency room or by the out-
patient department. Demographic characteristics, comor-
bidities, symptoms and signs of pneumonia, laboratory
results, and previous antibiotic treatment were recorded
upon admission. The diagnostic criteria for CAP were
based on the guidelines of the Infectious Diseases Society
of America (IDSA)/American Thoracic Society (ATS;
(33)). The guidelines for diagnosing CAP include typical
infiltrative changes on chest X-ray films within 1 day of
symptom occurrence and at least one clinical manifesta-
tion, such as cough, yellow thick sputum, or high fever
(>37.8◦C) or at least two minor criteria, including tachyp-
nea, dyspnea, pleural pain, chest pain, confusion or disori-
entation, lung consolidation, or a white blood cell (WBC)
count of >12,000 cells/ml. The exclusion criteria included
being an outpatient; having been transferred from an-
other hospital or having had a separate hospital admission
within the previous 3 weeks with another acute condition,
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such as pulmonary edema, pulmonary embolism, or ma-
lignancy appearing during follow-up; pneumonia caused
by tuberculosis or malignancy and severe immunocom-
promise, including severe neutropenia (a WBC count of
<109 cells/l); and having an organ or bone marrow trans-
plant or human immunodeficiency virus (HIV) infection.
Pneumonia severity was assessed using the Pneumonia
Severity Index (PSI; the Acute Physiology And Chronic
Health Evaluation II (APACHE II; (36)), and CURB-65
(37) tests.

Subjects and Blood Sample Collection

We consecutively enrolled 61 CAP patients and 60
healthy people to serve as a control group. All CAP pa-
tients were treated with empirical antimicrobial agents
(e.g., moxifloxacin, levofloxacin, amoxicillin). We col-
lected blood samples to measure WBCs, neutrophil cells,
C-reactive protein (CRP) levels, and plasma levels of
LCN2 and LCN2/MMP-9 complex before and after an-
tibiotic treatment of the CAP patients. Blood samples
were also collected from the control subjects and tested.
The obtained blood samples were placed in tubes contain-

ing EDTA and were immediately centrifuged and stored
at −80◦C.

Measurements of WBCs, Neutrophil Cells, and
CRP Levels

WBCs, neutrophils, and CRP levels were measured by
clinical laboratory staff members, who were unaware of
the sources of the samples (blinded to the study).

Measurements of Plasma LCN2 and LCN2/MMP-9
Complex

Enzyme-linked immunosorbent assay (ELISA) was
used to measure the plasma levels of LCN2 and
LCN2/MMP-9 complex in the blood samples (R&D Sys-
tems, Abingdon, UK). From each plasma sample, 100 μl
was directly transferred to the microtest strip wells of the
ELISA plate and then was assayed according to the man-
ufacturer’s instructions. The absorbance was measured at
450 nm in a microtest plate spectrophotometer, and LCN2
and LCN2/MMP-9 complex levels were quantified with a

TABLE 1. The Laboratory Data of Both Controls and Patients With Community-Acquired Pneumonia (CAP) Before and After They
Received Treatmenta

Controls (n = 60), Pretreatment (n = 61), Posttreatment (n = 61),
Clinical variables median (range) median (range) median (range) P value UT/Cb P value UT/Tc

Age 59.38 ± 1.48e 59.52 ± 2.62e P = 0.963
Gender
Male 36 (60%) 37 (60.7%) P = 0.941
Female 24 (40%) 24 (39.3%)
Cigarette smoking
Yes 16 (26.7%) 19 (31.2%) P = 0.587
No 44 (73.3%) 42 (68.8%)
LCN2 (ng/ml) 17.85 50.68 31.46 P < 0.001 P = 0.057

(5.00–107.50) (2.07–305.62) (3.26–305.62)
LCN2/MMP-9 complex (ng/ml) 15.25 58.11 18.95 P < 0.001 P < 0.001

(2.81–75.79) (6.59–244.08) (3.41–264.56)
CRP (mg/dl) 0.30 8.63 0.94 P < 0.001 P < 0.001

(0.02–1.65) (0.69–27.40) (0.30–11.30)
WBC (/mm3) 5,860 10,890 8,450 P < 0.001 P < 0.001

(3,110–10,190) (3,560–32,480) (3,460–22,340)
Neutrophils (/mm3) 3,530 8,673 5,484 P < 0.001 P < 0.001

(1,738–6,046) (1,032–29,686) (1,518–21,155)
PSI score 79.03 ± 5.92e

CURB-65 scored 0.88 ± 0.11e

APACHE II score 9.22 ± 0.72e

Note: CRP, C-reactive protein; WBC, white blood cell; C, controls; UT, patients with CAP before they received treatment; T, patients with CAP
after they received treatment; PSI, Pneumonia Severity Index; APACHE II, Acute Physiology and Chronic Health Evaluation II.
ap value < 0.05 was considered significant.
bThe difference was analyzed using the Mann–Whitney U test.
cThe difference was analyzed using the Wilcoxon signed ranks test.
dA 6-point score, one point each for confusion, blood urea nitrogen >19 mg/dl, respiratory rate >30/min, low systolic (<90 mmHg) or diastolic
(<60 mmHg) blood pressure, and aged >65 years.
eMean ± SE.
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calibration curve using human LCN2 and LCN2/MMP-
9 complex as the standards.

Statistical Analysis

Statistical analyses were performed using SPSS statistics
software (SPSS Inc., Chicago, IL), version 15.0. All con-
tinuous variables are expressed as the means ± SE, and n
is expressed with percentages for the categorical variables.
For comparisons between untreated patients and healthy
individuals, the Mann–Whitney U test was performed for
continuous variables not following a parametric distri-
bution, and the Wilcoxon signed ranks test was used to
compare untreated and treated patients for categorical
variables. Linear regression analysis was applied for the
correlation of LCN2 and LCN2/MMP-9 with all of the
clinical and laboratory variables of the CAP patients. Sta-
tistical significance was defined as P < 0.05 in a two-tailed
test.

RESULTS

The clinical characteristics of the subjects are summa-
rized in Table 1. In total, 121 subjects were included in the
analysis, and their ages and sexes did not significantly dif-
fer between the CAP patients and the control group (age, P
= 0.963; sex, P = 0.941). Among the 61 CAP patients, the
mean scores on the PSI, CURB-65, and APACHE II were
79.03 ± 5.92, 0.88 ± 0.11, and 9.22 ± 0.72, respectively.
Moreover, the CAP patients had significantly higher CRP
levels (median 8.63 vs. 0.30, P < 0.001), WBCs (median
10,890 vs. 5,860, P < 0.001), and neutrophils (median
8,673 vs. 3,530, P < 0.001) compared to the control sub-
jects (Table 1), and there were significant decreases in CRP
levels (untreated: median 8.63; treated: median 0.94; P <

0.001), WBCs (untreated: median 10,890; treated: median
8,450; P < 0.001), and neutrophils (untreated: median
8,673; treated: median 5,484; P < 0.001) after antibiotic
treatment (Table 1).

Figure 1 shows the median levels of plasma LCN2 and
LCN2/MMP-9 in the CAP patients before and after an-
tibiotic treatment and in the control subjects. The CAP
patients had presented with significantly higher plasma
levels of LCN2, compared to the control subjects (con-
trols: 17.85 ng/ml; patients: 50.68 ng/ml; P < 0.001;
Table 1 and Fig. 1A). After the CAP patients received
antibiotic treatment, the level of LCN2 was obviously de-
creased, and the P value was close to 0.05 (untreated: 50.68
ng/ml; treated: 31.46 ng/ml; P = 0.057; Table 1 and Fig.
1A). Furthermore, the level of LCN2/MMP-9 complex
in the pretreatment plasma of the patients with CAP was
also significantly higher than that in the plasma of the
controls (controls: 15.25 ng/ml; patients: 58.11 ng/ml;
P < 0.001; Table 1 and Fig. 1B). The level of LCN2/

Fig. 1. Levels of plasma (A) LCN2 and (B) LCN2/MMP-9 complex in
61 patients with community-acquired pneumonia (CAP) and 60 control
subjects, as measured by an ELISA analysis before and after antibi-
otic treatment. (A) The plasma LCN2 level was significantly elevated
in patients with CAP before they received treatment compared to the
controls (P < 0.001). (B) The plasma LCN2/MMP-9 complex level was
significantly elevated in patients with CAP before they received treat-
ment compared to the controls (P < 0.001) and significantly decreased
after the CAP patients received treatment (P < 0.001).

MMP-9 complex in the posttreatment plasma of the pa-
tients with CAP was significantly decreased compared to
that in the pretreatment plasma (untreated: 58.11 ng/ml;
treated: 18.95 ng/ml; P < 0.001; Table 1 and Fig. 1B).

There was a significant correlation between LCN2 levels
and WBCs (Spearman’s correlation coefficients r = 0.432,
P = 0.001, n = 61; Fig. 2A), neutrophils counts (Spear-
man’s correlation coefficients r = 0.411, P = 0.001, n =
61; Fig. 2B), and LCN2/MMP9 complex levels (Spear-
man’s correlation coefficients r = 0.348, P = 0.006, n = 61;
Fig. 2C) in the CAP patients. However, no significant cor-
relation was observed between the pretreatment plasma
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Fig. 2. Correlations of plasma LCN2 with WBCs, neutrophils, LCN2/MMP9 complex in 61 patients with community-acquired pneumonia
(CAP). (A) There was a significant correlation between LCN2 levels and WBCs (Spearman’s correlation coefficients r = 0.432, P = 0.001, n = 61).
(B) There was a significant correlation between LCN2 levels and neutrophils counts (Spearman’s correlation coefficients r = 0.411, P = 0.001, n = 61).
(C) There was a significant correlation between LCN2 levels and LCN2/MMP9 complex levels (Spearman’s correlation coefficients r = 0.348,
P = 0.006, n = 61). (D) There was no significant correlation was observed between the pretreatment plasma levels of LCN2 and CRP
(Spearman’s correlation coefficients r = 0.108, P = 0.407, n = 61).

levels of LCN2 and CRP (Spearman’s correlation coeffi-
cients r = 0.108, P = 0.407, n = 61; Fig. 2D).

To further investigate the correlation between LCN2
levels and the severity of CAP, we used PSI, CURB-65,
and APACHE II scores as PSIs. The correlations among
PSI, CURB-65, and APACHE II scores and LCN2 lev-
els in the CAP patients before they received treatment
are shown in Figure 3. There were significant correlations
between LCN2 and PSI (Spearman’s correlation coeffi-
cient r = 0.333, P = 0.009, n = 61; Fig. 3A), CURB-
65 (Spearman’s correlation coefficient r = 0.288, P =
0.024, n = 61; Fig. 3B), and APACHE II (Spearman’s
correlation coefficient r = 0.328, P = 0.010, n = 61;
Fig. 3C). In contrast to LCN2 levels, the PSI, CURB-
65, and APACHE II scores were not significantly cor-
related with LCN2/MMP-9 complex levels in the CAP
patients before they received treatment (P = 0.444, 0.381,
and 0.972, respectively). Furthermore, the PSI, CURB-
65, and APACHE II scores were also not significantly

correlated with CRP levels in the CAP patients before
they received treatment (P = 0.726, 0.758, and 0.804,
respectively).

DISCUSSION

The plasma LCN2 levels in patients with CAP de-
creased after the antibiotic treatment, however, the dif-
ference was not statistically significant (P = 0.057), this
might be caused by the relatively smaller sample size. Cruz
et al. reported that plasma LCN2 was a good predictor
of AKI, and they found that the levels of plasma LCN2
were higher in septic patients, compared to nonseptic pa-
tients, with AKI (38). This finding implies, though in the
same disease, that LCN2 might be highly and differently
expressed in severe states of infection. Similarly, we found
that high LCN2 levels were associated with several vari-
ables (PSI, CURB-65, and APACHE II scores) that are
indicative of CAP disease severity. The present study also
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Fig. 3. Correlations of plasma LCN2 with PSI, CURB-65, APACHE
II scores in 61 patients with community-acquired pneumonia (CAP).
(A) There was a significant positive correlation between plasma LCN2
levels and PSI scores (Spearman correlation coefficients r = 0.333, P =
0.009). (B) There was a significant positive correlation between plasma
LCN2 levels and CURB-65 scores (Spearman correlation coefficients r
= 0.288, P = 0.024). (C) There was a positive correlation between plasma
LCN2 levels and APACHE II scores (Spearman correlation coefficients
r = 0.328, P = 0.010).

showed significantly higher values for CRP levels, WBCs,
and neutrophils in CAP patients before treatment, com-
pared to control subjects, as well as significant decreases in
those parameters in the same patients after they received
antibiotic treatment. Although WBCs, CRP, and other
biomarkers, such as procalcitonin (PCT), and N-terminal
pro-brain natriuretic peptide (NT-proBND), have been
applied as severity-prediction tools for CAP (39–41), in
our recruited CAP patients, we found no significant cor-
relation between CRP level and the CAP-severity in-
dices (PSI, CURB-65, and APACHE II). This discrepancy
might have been due to racial differences or the smaller
sample size. We suggest that LCN2 might act as a more
specific marker than CRP for the diagnosis and clinical
assessment of the severity of CAP in Taiwanese popula-
tions.

The level of plasma LCN2/MMP-9 complex has a sig-
nificant correlation with the level of LCN2, based on our
findings. It was demonstrated that LCN2 forms a complex
with MMP-9, and this binding can modify the function-
ality of its bound ligands (29). Significantly, LCN2 has
been shown to protect MMP-9 from degradation in a
dose-dependent manner, thereby preserving its enzymatic
activity and promoting its activity in vitro. Thus, it trig-
gers enhancement of the enzymatic activity of MMP-9.
Therefore, LCN2/MMP-9 complex level should be di-
rectly proportional to LCN2 level. Indeed, in this and
our previous (42) studies, we also found that the levels
of plasma LCN2/MMP-9 complex and MMP-9 are sig-
nificantly increased in the CAP process, and they are de-
creased after antibiotic treatment.

PSI and CURB-65 scores have been widely used to
evaluate CAP and to predict mortality (43–46). Among
the disadvantages of both the PSI and CURB-65 scores
are the need to use the most routine clinical parameters
and laboratory data, which requires timely clinical as-
sessments of patients with the symptoms and signs of
CAP. In addition, there are similar clinical manifestations
caused by other infectious pulmonary diseases, such as
acute bronchitis, by the acute exacerbation of chronic ob-
structive pulmonary disease, and by noninfectious dis-
eases, such as congestive heart failure (47). Thus, clini-
cians cannot use such manifestations as easily in clinical
practice. In addition, the diagnostic accuracies of PSI and
CURB-65 scores for the severity assessment of CAP have
been debated (48). Use of the APACHE II score to as-
sess the severity of CAP was also reported, and it resulted
in greater accuracy than the PSI and CURB-65 scores.
However, similar to the PSI score, it is somewhat difficult
to calculate and to use in clinical practice (40).

In this study, CAP patients had significantly higher CRP
levels, but the levels were not correlated with the severity
of CAP. This finding suggests that CRP is a useful marker
of bacterial infection, but it might be less specific than
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LCN2 for the severity of CAP. The major advantage of
LCN2 is its simplicity; it provides serial measurements
to evaluate therapeutic response, and it is more sensitive
than CRP for evaluating CAP severity. Its weaknesses are
that it is relatively expensive, it is nonspecific for sever-
ity assessment in CAP patients, and it is not routinely
utilized in clinical practice (49). Furthermore, the limita-
tion of this study is the lack of microbial data; different
pathogens may have different impacts on the severity of
CAP.

In conclusion, plasma LCN2 levels can be used in Tai-
wanese populations to diagnose the severity of CAP with
greater sensitivity than CRP. Plasma LCN2 and its com-
plex with MMP-9 can be applied to distinguish patients
with CAP from healthy subjects and evaluate the effects
of antibiotic treatment on CAP patients. In this study,
we showed that measuring the plasma levels of LCN2
and LCN2/MMP-9 complex can be useful in the clinical
management of CAP.
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