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Abstract Objective: In sepsis,
dysregulation of the immune response
leads to rapid multiorgan failure and
death. Accurate and timely diagnosis
is lifesaving and should discriminate
sepsis from the systemic inflamma-
tory response syndrome (SIRS)
caused by non-infectious agents.
Osteopontin acts as an extracellular
matrix component or a soluble cyto-
kine in inflamed tissues. Its exact role
in immune response and sepsis
remains to be elucidated. Therefore,
we investigated the role of osteopon-
tin in SIRS and sepsis.
Design: Prospective, observational
study. Setting: Intensive care unit of
a university hospital. Patients and
participants: Fifty-six patients with
SIRS or sepsis and 56 healthy sub-
jects were enrolled.
Interventions: We analyzed the
serum levels of osteopontin and TH1–
TH2 cytokines and investigated the
role of osteopontin on interleukin 6
secretion by monocytes. Measure-
ments and main results: Serum

osteopontin levels were strikingly
higher in patients than in controls and
in sepsis than in SIRS, and decreased
during the resolution of both the dis-
orders. Receiver operating
characteristic curves showed that
osteopontin levels have discrimina-
tive power between SIRS and sepsis
with an area under the curve of 0.796.
Osteopontin levels directly correlated
with those of interleukin 6 and in
vitro, recombinant osteopontin
increased interleukin 6 secretion by
monocytes in both the absence and
presence of high doses of lipopoly-
saccharide. Conclusion: These data
suggest that osteopontin might be a
mediator involved in the pathogenesis
of SIRS and sepsis, possibly by sup-
porting interleukin 6 secretion.
Descriptor: 45. SIRS/Sepsis: clini-
cal studies.

Keywords Immunity � Inflammation �
Cytokine � Sepsis

Introduction

Sepsis is characterized by signs of systemic inflammation
and its most serious forms, i.e., severe sepsis and septic
shock (SS/SS), are a major cause of morbidity and mor-
tality in intensive care unit (ICU) [1]. Sepsis must be
distinguished from the non-infectious systemic inflam-
matory response syndrome (SIRS) induced by agents such
as trauma and ischemia causing extensive tissue injury.

Discrimination between SIRS and sepsis is crucial to
promptly establish appropriate treatments in critically ill
patients, since therapies and outcomes greatly vary in
patients with and without infection [2]. Early detection of
sepsis, however, is not easy and no single clinical or
biological indicator has so far won unanimous
acceptance.

The pathogenesis of both SIRS and sepsis is only
partially defined, but a key role is ascribed to systemic
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inflammation with overwhelming production of several
inflammatory cytokines [i.e., tumor necrosis factor
(TNF)-a, interleukin (IL)1, IL6 by many cell types
(monocytes, macrophages, endothelial cells)]. The pro-
and anti-inflammatory phases must be coordinated to
mount a balanced effective defense that is not harmful for
the host. Antagonists of IL1 and TNF-a have been used to
counteract systemic inflammation, but they failed to
improve the outcome and even display a detrimental
effect [3, 4].

Osteopontin is a phosphoprotein with adhesive and
cell-signaling functions involved in cell–cell and cell–
matrix interactions crucial in the inflammatory response
[5, 6]. It can act as either an extracellular matrix com-
ponent in mineralized tissues or a soluble cytokine in
inflamed tissues and serum. The exact role of osteopontin
in vivo immune responses is partly unclear since it is
believed to mainly act as a pro-inflammatory cytokine by
chemoattracting monocytes/macrophages and modulating
T cell function, but may also have some anti-inflamma-
tory effects since it can inhibit nitric oxide production by
macrophages in vitro and support tissue repair at sites of
inflammation [7, 8]. Its tissue and serum levels are
increased in diseases with either systemic or focal chronic
inflammation, such as Crohn’s disease [9], systemic lupus
erythematosus [10], multiple sclerosis [11, 12] and
tuberculosis [13], but little is known about its levels in
acute inflammatory diseases [14]. Since osteopontin
seems to be a key player in macrophage function and
inflammation, this study investigated its levels in SIRS
and sepsis to assess its involvement in the pathogenesis of
these acute inflammatory diseases and its possible role as
a marker of the disease status.

Materials and methods

Study population

We performed a prospective observational study on 56
consecutive patients (43 male, 13 female) admitted to the
ICU of the Maggiore della Carità Hospital, Novara, Italy
from May 2004 to May 2005. The study was approved by
our institutional ethical committee; written informed
consent was obtained from the patients or their legal
representative.

Patients were enrolled when they met the criteria of
SIRS or SS/SS [15]. Briefly, patients were considered to
have SIRS if they met two or more of the following
conditions: (1) temperature [38 or \36�C, (2) heart rate
[90 beats/min, (3) respiratory rate [20 breaths/min or
PaCO2 \32 mmHg, and (4) white blood cells count
[12,000 or\4,000/lL, or the presence of more than 10%
immature neutrophils. Patients had sepsis when they
developed SIRS as a result of infection [15]. Septic
patients with organ dysfunction were considered to have

severe sepsis, and those with persisting hypotension,
requiring vasopressor treatment, were considered to have
septic shock. Clinical severity was evaluated by blood
sampling with the Acute Physiology and Chronic Health
Evaluation (APACHE) II and the Sequential Organ Fail-
ure Assessment (SOFA) scores by physicians blinded to
the experimental results [16, 17].

The two groups consisted of 29 patients with SIRS and
27 with SS/SS. We also studied: (1) 56 healthy volun-
teers, defined as controls, matched for gender and age; (2)
21 patients in resolution from SIRS (14 patients) and SS/
SS (7 patients). The resolution group comprised patients
who no longer met the inclusion criteria of SIRS (i.e.,
displaying one or no inclusion criteria) [15].

Samples collection

All blood samples were obtained within 6 h after patients
were enrolled and met the criteria of SIRS or SS/SS [15].
For patients analyzed during the resolution phase, blood
withdrawal was performed on the first day in which they
lost the inclusion criteria for SIRS. In all patients and
controls, serum was preferred over plasma to overcome
the possible problems related to the influence of different
basal coagulation activity on osteopontin levels.

Monocytes isolation and culture

CD14? monocytes were isolated from peripheral blood
mononuclear cells by plastic adherence. To evaluate the
dose-dependence of IL6 secretion, monocytes were plated
at 5 9 105 cells/mL in 48 well plates, activated or not with
lipopolysaccharide at 25 ng/mL (Escherichia coli, sero-
type 055:B5; Sigma Chemicals Co., St Louis, MO) and
cultured in the presence or absence of human recombinant
osteopontin (rOPN) at 0.1, 0.5 or 1 lg/mL, (R&D System,
Minneapolis, MN). After 6 h, supernatants were harvested
and cells were recovered for mRNA extraction. For
time-course analysis, monocytes (105 cells/mL in 96 well
plates), were activated with lipopolysaccharide at 25 ng/
mL and supernatants were harvested after 6, 24 and 48 h.
Endotoxin level in rOPN preparations, was\1.0 UE/lg of
rOPN corresponding to 0.2 ng/ml. We compared IL6
secretion in monocytes (5 9 105 cells/mL in 48 well
plates) treated with 0.2 ng/ml of lipopolysaccharide or
rOPN (1 lg/ml) or rOPN (1 lg) plus a neutralizing a-OPN
mAb (10 lg) (R&D System).

Osteopontin and IL6 ELISA assay

Serum osteopontin and IL6 concentrations were evaluated
in a capture enzyme-linked immunoadsorbent assay
(ELISA) according to the manufacturer’s protocol (Assay
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Designs Inc., Michigan; Pierce Biotechnology Inc.,
Rockford, IL) by investigators blinded to patient clinical
condition.

T helper type (TH)1 and TH2 cytokine assay

A panel of TH1 and TH2 cytokines comprising IL2, IL4,
IL5, IL10, IFN-c, and TNF-a were simultaneously quan-
tified by the Human TH1/TH2 Cytokine Cytometric Bead
Array Kit (BD Pharmingen, San Diego, CA, USA)
according to the manufacturer’s protocol, using a flow
cytometer (BD Pharmingen, San Diego, CA, USA).

Real-time RT-PCR Assay

Total RNA was isolated from monocytes treated or not
with different concentrations of rOPN for 6 h, using
Nucleospin RNAII kit (Machery-Nagel, Germany). RNA
(500 ng) was retrotrascribed by the ThermoScriptTM RT
PCR System (Invitrogen, Burlington, ON, Canada) and
IL6 expression was determined with a commercial gene
expression assay (Applied Biosystem, Foster City, CA,
USA). The housekeeping gene HPRT was used to nor-
malize for variations in cDNA. Real-time PCR was
performed on 7000 Sequence Detection System (Applied
Biosystem) in duplicate for each sample. The results
were analyzed with a standard curve model.

Determination of necrosis and apoptosis

To estimate the level of necrosis during the time-course
experiments, we evaluated the release of lactate dehy-
drogenase (LDH) in the supernatants after a 48 h culture,
with the CytoTox-OneTM Homogeneous Membrane
Integrity Kit (Promega, Madison, USA) by following the
manufacturer’s instruction. In the same conditions, cells
were harvested and stained with trypan blue evaluating
live cells.

Statistical analysis

Mann–Whitney U-test and Wilcoxon’s signed rank
were used to analyze the unpaired or paired data,
respectively. Comparison among groups was performed
using Kruskal–Wallis test. When an overall p \ 0.05, a
Dunn’s multiple-comparison post hoc analysis was con-
ducted. Correlations were tested with Spearman’s rho. A
p value \0.05 was considered statistically significant.
Data were analyzed by sensitivity and specificity derived
from the receiver operating characteristic curve (ROC),
and area under the curve (AUC) [18]. Statistical analysis
was performed with GraphPad Instat (GraphPad Soft-
ware, San Diego, CA, USA) software.

Results

Study population

We analyzed 29 patients with SIRS and 27 with SS/SS
admitted to the ICU of the Maggiore della Carità Hos-
pital, Novara, Italy, and 56 healthy volunteers matched
for gender and age, as controls. Moreover, 21 patients
were also analyzed on the first day in which they lost the
inclusion criteria for SIRS [15]. Baseline clinical features
of the patients and microbiological findings are summa-
rized in Tables 1 and 2, respectively. Clinical severity
was evaluated using scores calculated according to the
APACHE II system [16] and the SOFA system [17]. Both
the scores were significantly different in SS/SS and SIRS
patients (p \ 0.0001) (Table 1).

Serum osteopontin levels are elevated in patients
with SIRS and SS/SS

Serum osteopontin levels were measured in patients and
controls. Levels were strikingly higher in the patients

Table 1 Demographics and clinical features by group

SIRS
n = 29

Severe
sepsis/septic shock
n = 27

Resolution
n = 21

Age (years)a 48.2 ± 20.3 51.3 ± 20.8 51.7 ± 20.6
M/Fb 22/7 21/6 14/6
APACHE IIc 12 (6–16)d 20 (18–24) 9 (5–11)
SOFAc 4 (3–7)d 12 (10–14) 3 (2–5)
ICU mortalityb 3 (10%) 9 (33%) 0

a Results are shown as mean ± SD
b Results are shown as absolute numbers, proportions are in
brackets
c Results are shown as median, interquartile ranges are shown in
brackets
d Statistically different from severe sepsis/septic shock

Table 2 Microbiological findings on enrollment in patients with
severe sepsis/septic shock

Primary site of infection
Lung 13 (48.1%)a

Abdomen 8 (29.6%)
Blood 2 (7.4%)
Other 4 (14.8%)

Microbiology
Gram-negative 14 (51.8%)
Gram-positive 6 (22.2%)
Polybacterial 5 (18.5%)
Fungi 2 (7.4%)

a Results are shown as absolute numbers, proportions are in
brackets
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(median 1,653 ng/mL) than in the controls (median
159 ng/mL, p \ 0.0001) (Table 3). Moreover, they were
significantly higher in SS/SS (median 2,031 ng/mL) than
in SIRS (median 1,396 ng/mL, p \ 0.001) (Table 3) and
seemed to be associated with the clinical outcome since
they were significantly higher in non-survivors (median
2,410 ng/ml) than in survivors (median 1,552 ng/ml
p \ 0.01) (Table 3) and displayed a direct correlation
with clinical severity scores (APACHE II: r = 0.3858,
p \ 0.01; SOFA: r = 0.4759, p \ 0.001). Furthermore,
during the resolution phase, osteopontin levels signifi-
cantly decreased (median 438 ng/mL) compared to the
overt disease (p \ 0.001), but were still threefold higher
than in the controls (Fig. 1).

Serum cytokine profile

In the pathogenesis of SIRS and sepsis, a role has been
suggested for both pro- and anti-inflammatory cytokines
and for the balance between TH1 and TH2 responses.
To draw a broader picture of the behavior of osteo-
pontin within the global cytokine response, we
evaluated the serum levels of IL6 and TNF-a (acute
inflammation cytokines), IL2 and IFN-c (TH1 cyto-
kines), and IL4, IL5 and IL10 (TH2 cytokines) in
patients and controls. Few patients displayed detectable
levels of TNF-a, IFN-c, IL2, IL4, and IL5 and no
significant differences were found with controls (data
not shown). By contrast, levels of IL6 (median 81 ng/L,
p \ 0.0001) and IL10 (median 20 ng/L, p \ 0.0001)
were higher in patients (Table 3), as already reported
[19, 20]. These data also showed that IL6 but not IL10
levels were significantly higher in SS/SS than in SIRS
(median 130 vs. 55 ng/L, p \ 0.01), whereas levels of
both cytokines were higher in non-survivors compared
to survivors patients, although only osteopontin levels
reached statistical significance (Table 3). Osteopontin
levels displayed a significant direct correlation with IL6
(r = 0.3033, p \ 0.05) (Fig. 2), but not with IL10 (data
not shown).

Osteopontin and IL6 as markers of inflammation
and sepsis

In view of the significant difference of osteopontin and
IL6 levels in patients with SS/SS and those with SIRS,
we used the receiver operator characteristics curve
(ROC) to explore their ability to differentiate SS/SS
and SIRS patients (Fig. 3) [18]. The AUC was 0.796
(95% CI 0.667–0.892, p = 0.0001) for osteopontin and
0.727 for IL6 (95% CI 0.591–0.837, p = 0.0009). For
osteopontin, the optimal s value discriminating between
SS/SS and SIRS (1,708 ng/mL) gave a sensitivity of
70% and specificity of 79% with a positive likelihood
ratio of 3.40.

Table 3 Levels of osteopontin, interleukin 6, interleukin 10

Controls
n = 56

All patients
n = 56

SIRS
n = 29

Severe sepsis/
septic
shock
n = 27

Survivors
n = 44

Non-survivors
n = 12

Osteopontina 159 (104–208)b 1,653 (1,139–2,440) 1,396 (606–1,704)d 2,031 (1,556–3,557) 1,552 (966–2,032)c 2,410 (1,673–
4,810)

IL6a 5 (3–8)b 81 (39–199) 55 (29–105)d 130 (69–313) 72 (29–164) 107 (72–357)
IL10a Undetectable 20 (5–156) 8 (4–45) 36 (7–197) 6 (3–45) 34 (22–157)

a Median value (osteopontin: ng/mL; IL6 and IL10: ng/L), inter-
quartile ranges are shown in brackets
b Significantly different from all patients, p \ 0.001, Mann–
Whitney

c Survivors level significantly different from non-survivors,
p \ 0.001, Mann–Whitney
d Significantly different from severe sepsis/septic shock, p \ 0.01,
Mann–Whitney
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Fig. 1 Serum osteopontin levels during resolution. Serum levels of
osteopontin in patients with SIRS (triangles) or severe sepsis/septic
shock (circles) evaluated in the acute and in the resolution phase.
The gray box represents the median (horizontal dotted bar) and the
25th and 75th percentile of controls. *p \ 0.05, Wilcoxon signed
rank test
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Osteopontin induces IL6 secretion in resting
and activated monocytes

The direct correlation between osteopontin and IL6 in the
patients’ sera raises the possibility that their production
might be related. Therefore, we investigated the dose- and
time-dependent effect of rOPN on IL6 secretion by
monocytes.

Firstly, we performed titration experiments by treating
monocytes with 0.1, 0.5, and 1 lg/ml of rOPN, (i.e., a
range comprising OPN median levels of controls and
patients). After 6 h, IL6 was measured in the supernatants
by ELISA and IL6 mRNA was measured in cell extracts
by real-time PCR. Results showed that levels of both IL6
mRNA and secreted protein were increased by rOPN
treatment in a dose dependent manner (Fig. 4a).

Secondly, we performed time-course experiments
comparing the rOPN effect on IL6 secretion, in the
presence or absence of lipopolysaccharide, to stimulate
monocyte activation (Fig. 4b). Results showed that
treatment with lipopolysaccharide induced secretion of
high levels of IL6 (in the lg/mL range), which were
already detectable after 6 h and increased after 24 and
48 h; this secretion was significantly increased by treat-
ment with rOPN only at the 48 h time point. In the
absence of lipopolysaccharide, rOPN induced secretion of
low levels of IL6 (in the ng/mL range), but this effect was
already detectable after 6 h of culture. The rOPN effect
was not ascribable to modulation of monocytes death in
culture, since LDH release and trypan blue exclusion test
detected similar levels of cell death in all conditions (data
not shown).

Lastly, we assessed the specificity of the rOPN effect
to rule out if it was ascribable to the contaminant
endotoxin (\0.2 ng endotoxin/lg rOPN) present in
rOPN. To address this issue, we evaluated IL6 secretion
induced by rOPN, in the presence or absence of anti-
OPN neutralizing antibody (Fig. 4c). Results showed
that addition of the neutralizing antibody abrogated the
osteopontin-induced secretion of IL6. Moreover, we
evaluated the effect on IL6 secretion of the maximal
contaminant dose of endotoxin in the rOPN preparation.
Results showed that no IL6 secretion was induced by the
low doses of lipopolysaccharide alone (Fig. 4c) showing
that the effect of rOPN is specific and not ascribable to
contaminant endotoxin.

Discussion

The main finding of this study is that serum osteopontin
levels are high in SIRS and SS/SS and correlate with IL6
levels. It also suggests that high osteopontin levels could
be used to discriminate between SIRS and SS/SS, and that
osteopontin might be involved in the pathogenesis of
systemic inflammation, possibly through its effect on
macrophages and its ability to enhance their IL6
secretion.

Osteopontin is implicated in several physiological and
pathological events, including cell-mediated immunity,
inflammation, tumor progression, and cell survival
[21–23]. Originally viewed as mainly involved in bone
remodeling and tissue debridement, its critical involve-
ment in both acute and chronic inflammation is now
apparent [9–12, 14, 24–27].

We and others have reported increased osteopontin
levels in chronic inflammatory diseases such as multiple
sclerosis [11, 12], systemic lupus erythematosus [10, 28],
mycobacterial infection [13, 25], and HBV-induced liver
cirrhosis [27]. Fewer reports focus on acute inflammatory
diseases. One has shown that osteopontin levels are
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increased in patients with acute liver dysfunction [14]. In
all these inflammatory diseases, osteopontin levels seem
to be a good marker of the host response, since they
increase in function of severity.

In this study, we found that serum osteopontin levels
were tenfold higher in patients with SIRS or SS/SS than in
the controls. They were also higher in SS/SS than in
SIRS, and decreased with the resolution of both the
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conditions. Evaluation of osteopontin levels may thus be
useful in monitoring the status and progression of these
forms of systemic inflammation. Two of our findings
indicate that osteopontin levels could be used to dis-
criminate between SIRS and sepsis. Firstly, most septic
patients (17/27, 63%) displayed higher osteopontin levels
than the 75th percentile limit displayed by patients with
SIRS (1,704 ng/mL). Secondly, the diagnostic accuracy
of osteopontin in discriminating SIRS from SS/SS, as
evaluated from the ROC curve, was similar to that
reported in a recent meta-analysis for procalcitonin [29]
and IL6 [19], i.e., the main serum protein markers cur-
rently used to monitor systemic inflammation.

The role of procalcitonin in the immune response is
still poorly understood [30]. Its serum levels have been
shown to correlate with the infection severity in sepsis.
Even so, it is increasingly evident that procalcitonin does
not provide a definitive diagnosis of sepsis [19, 31, 32]
and its ability to discriminate sepsis from SIRS has been
disproved [29, 32–34].

IL6 is believed to play a key role in sepsis through its
effect on inflammation and the acute phase response. It is
the most commonly used cytokine marker in the clinical
setting of SIRS/sepsis [35, 36] and several studies have
shown that high levels correlate with infection in adult
patients. However, it seems no better than procalcitonin in
the diagnosis of sepsis because it displays lower sensitivity
and specificity [19]. Osteopontin levels could thus supple-
ment the information given by procalcitonin and IL6.

A different issue is the role played by osteopontin in the
pathogenesis of systemic inflammation. The direct corre-
lation between the serum osteopontin and IL6 levels in
SIRS and SS/SS suggests that these cytokines may be
functionally related. One possibility is that their secretion is
coordinated by the responsiveness to the same stimuli,
especially since the osteopontin and IL6 genes share
responsiveness to the transcription factor NF-IL6 involved
in the acute phase response and macrophage activation
[37]. However, our in vitro experiments suggest that oste-
opontin may also directly promote IL6 secretion, since
rOPN induced mRNA expression and stimulated IL6
secretion by monocytes. A functional interaction between
osteopontin and monocyte/macrophages is intriguing since
these cells are activated by both necrotic cells and microbial

endotoxins, and are believed to play a pivotal role in SIRS/
sepsis. It is also intriguing that rOPN enhanced IL6 secre-
tion in both the presence and the absence of high doses of
lipopolysaccharide added to the cultures to mimic severe
bacterial infections. Since our rOPN preparations contained
low doses of contaminant endotoxin, these results do not
prove that osteopontin is per se capable to induce IL6
secretion in the absence of monocyte-activating agents, but
suggest that it may support the systemic inflammatory
response even in the presence of limited amounts of these
agents. This could be particularly relevant for sepsis under
effective antibiotic therapy and SIRS.

The prominence of the functional interaction between
osteopontin and macrophages is highlighted by data on
osteopontin-deficient mice showing that osteopontin
attracts to the injury sites and supports their survival [5, 7,
38, 39]. For instance, these mice show a markedly
reduced macrophage infiltration in ischemic kidneys and
an enhanced rate of apoptosis during the injury phase of
acute renal failure [39]. Moreover, they display increased
susceptibility to mycobacterial infections in which mac-
rophages play a key role [40].

Our study did not investigate the source of osteopontin
in SIRS/sepsis, but many OPN-producing cells present in
injured and inflamed tissues may be involved since OPN
is constitutively expressed by bone cells and several
epithelial tissues, and is expressed upon activation by
endothelial cells, macrophages, smooth muscle cells, NK
cells, and activated T cells [5, 23].

In conclusion, our data show that osteopontin is
strongly up-regulated during SIRS and sepsis and corre-
lates with IL6 levels. Furthermore, they show that
osteopontin induces IL6 release and enhances lipopoly-
saccharide-induced IL6 release by monocytes in vitro. To
ascertain whether osteopontin offers a clinically relevant
advantage over the markers currently used for diagnosis
and monitoring of SIRS/sepsis, further studies with a
higher number of patients are needed.
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