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Abstract

Background—Osteopontin (OPN) is a multifunctional glycoprotein with pro-inflammatory 

properties. In severe sepsis, levels of plasma OPN are significantly higher in non-survivors than in 

survivors. We hypothesized that OPN results in greater inflammation and worse outcome through 

modulation of endogenous glucocorticoid production in sepsis.

Methods and Results—Sepsis was induced by cecal ligation and puncture (CLP) in wild type 

(WT) and OPN gene knockout (OPN−/−) mice. In response to sepsis, the OPN−/− mice had lower 

levels of plasma cytokines and chemokines than the WT mice. The levels of corticosterone in 

plasma were similar between WT and OPN−/− sham animals but they increased 24 h after CLP 

induction in the WT mice, but not in the OPN−/− mice. The mortality rate was lower in the OPN−/

− mice than in the WT mice.

Conclusion—OPN is associated with greater inflammatory response and increased mortality, 

despite the higher corticosterone levels in plasma. Corticosterone production is not impaired in the 

absence of OPN.

Sepsis is a leading cause of mortality in critically ill patients and is characterized by acute 

excessive inflammatory responses.1–3 The levels of osteopontin (OPN) in plasma are 

elevated in patients with sepsis as compared with patients without sepsis in the ICU.4 In 

septic patients, the non-survivors had higher OPN levels than the survivors.4

OPN is a multifunctional glycoprotein that is considered as both an extracellular matrix 

protein and a cytokine.5 OPN activates downstream signal transduction pathways via 
interaction with cell surface integrins and CD44 receptor.6 OPN also acts as a chemotactic 

factor for neutrophils, T cells and macrophages, and shares the properties with Th-1 

cytokines.6 The inflammatory responses mediated by OPN are thought to be associated with 

its modulatory effects on endogenous glucocorticoid production.7,8
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We hypothesized that the inhibition of OPN protects against sepsis by enhancing 

endogenous corticosteroid production to reduce inflammation.

To test the hypothesis, we employed a clinically relevant model of polymicrobial sepsis 

induced by cecal ligation and puncture (CLP) in wild type (WT) and in OPN gene knockout 

mice.

Material and methods

Animals

The experimental protocol was approved by the Animal Care Committee of St Michael’s 

Hospital. C57BL/6 male (WT, n = 24) mice and OPN gene knockout (OPN−/−, n = 24) mice 

(6–8 weeks, Charles River, Montreal, Quebec, Canada) were anesthetized by ketamine 150 

mg/kg and xylazine 10 mg/kg intraperitoneally. Through a 2-cm ventral midline incision, the 

cecum was isolated and legated 1.5 cm distally to ileocecal valve with a 4-0 silk ligature. 

Subsequently, the ligated cecum was punctured with a 22-gauge needle making two 

punctures. After returning the cecum, abdomen was closed. One milliliter of Normal Saline 

was injected in all the animals to prevent from dehydration and hypovolemia induced by the 

surgery. Sham animals underwent the similar surgical procedure without receiving CLP. The 

animals were then housed and observed for 24 h followed by sacrifice by using overdose 

anesthesia. Blood samples were collected for measurements of cytokines and corticosterone, 

and adrenal glands were harvested for measurement of tissue corticosterone.

With two groups of strains of mice that were subjected to CLP and assuming that the 

mortality is normally distributed, a CLP group size of 12 is required to have an 80% chance 

to detect a difference, based on a previous study from our group.9

Cytokines assay

Cytokine profiles, including interleukin-1 beta (IL-1β), interleukin-6 (IL-6), interleukin-10 

(IL-10), interleukin-12 (IL-12), tumor necrosis factoralpha (TNF-α), interferon-gamma, 

granulocytemacrophage colony-stimulating factor (GM-CSF), keratinocyte growth factor, 

monocyte chemotactic protein-1, and RANTE (CCLS) were analyzed in plasma by using a 

Luminex multiplex assay (Bio-Rad, Hercules, CA, USA).

Adrenocorticotropic hormone (ACTH) stimulation

In additional animals, ACTH (α-1-24 corticotropin, Cortrosyn, Organon Canada Ltd., ON, 

Canada) was injected intramuscularly at 0.8 μg/g body weight at 200 μl 1 h prior to the 24 h 

of observation.10

Corticosterone assay

Adrenal glands were homogenized and centrifuged at 1300g for 20 min at 4°C. The 

supernatant was diluted 1 : 16 and used for corticosterone and protein measurements by a 

commercially available ELISA kit (IBL America, Minneapolis, MN, USA). Corticosterone 

concentration in adrenal homogenate was expressed per tissue protein.
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Statistical analysis

Data are expressed as mean ± standard deviation. Kaplan–Meier survival plot was performed 

for survival analysis and the survival curves were compared using the Log-rank (Mantel–

Cox) test. Comparison between the groups was performed using analysis of variance 

followed by Holm-Sidak test. A P value <0.05 was considered as significant.

Results

Survival rate in response to CLP

The survival rate was 54% in the WT mice 24 h after CLP induction, and was 83% in the 

OPN−/− mice (Fig. 1).

Inflammatory responses after CLP

The levels of the 10 cytokines, chemokines and GM-CSF measured in the plasma increased 

dramatically in the WT mice after 24 h after CLP induction, and the increase was attenuated 

in the OPN−/− mice (Figs 2 and 3).

Systemic and adrenal corticosterone responses after CLP

The level of corticosterone in plasma increased in 24 h after CLP induction in the WT mice, 

but not in the OPN−/− mice (Fig. 4A). The level of corticosterone further increased after 

receiving ACTH in the WT mice and remained similar in the OPN−/− mice (Fig. 4B). A 

similar pattern of changes was observed when corticosterone levels were measured in the 

adrenal gland (Fig. 4C).

Discussion

The main finding of our study is that the presence of OPN is associated with greater 

inflammatory responses and an increased mortality rate in the mouse model of CLP-induced 

sepsis despite the higher corticosterone levels in plasma. Moreover, corticosterone 

production in OPN−/− sham animals is similar with that of WT sham mice.

OPN is a multifunctional glycoprotein expressed in a variety of cell types including immune 

and epithelial cells.5,6 In normal conditions, OPN plays an important role in the host against 

infections caused by virus,11 bacteria,12 and parasite.13 However, the protective effects of 

OPN may be overweighed by its proinflammatory property.14,15 Our results suggest that the 

absence of OPN prevents the host from an excessive inflammatory response while reduce 

the cytokine response to a level that is sufficient to kill the bacteria causing the sepsis.

We observed that the glucocorticoid production is similar between WT sham and OPN−/− 

sham animals which means that corticosterone production is not impaired in the absence of 

OPN. Corticosterone did not increase in the OPN−/− mice following CLP. Since the 

endogenous glucocorticoids are considered protective15 and the OPN knockout mice have 

lower mortality despite the lower levels of corticosterone, we assumed that this occurs 

because of the attenuated inflammatory response. This finding is accordance with those 

reported by other investigators demonstrating that the levels of corticosterone, a major 
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glucocorticoid in rodents, were not altered in response to hindlimb unloading-induced stress 

in OPN−/− mice.7 It is known that pro-inflammatory cytokines such as TNF-α, IL-1β, and 

IL-6, are able to induce glucocorticoid production by activation of hypothalamic–pituitary–

adrenal axis.16 This mechanism provides an alternative explanation for the reduced levels of 

corticosterone seen in the OPN−/− mice.

Another possible explanation for the reduced corticosterone in septic knockout mice is a 

defect in 11β-hydroxysteroid dehydrogenases (11β-HSDs). There are two types of 11β-

HSDs: type I or 11β-HSD1 which catalyzes the reduction of inactive 11-

dehydrocorticosterone into active corticosterone and type II or 11β-HSD2 which catalyzes 

the reverse reaction in the target tissues.17 It is possible that impaired 11β-HSD2 function 

may have resulted in an increased glucocorticoid negative feedback.18,19

The higher survival rate observed in the OPN−/− mice may be associated with the attenuated 

inflammatory responses as well as the lower corticosterone production compared with the 

WT mice. In patients with sepsis, a higher level of plasma OPN has been reportedly 

associated with worse outcomes.4 Glucocorticoids are usually considered protective as they 

inhibit the excessive pro-inflammatory response in conditions like sepsis.20 However, high 

levels of endogenous corticosteroids are not necessarily associated with better outcomes.
21,22 In conditions with increased inflammation, the production of glucocorticoids is 

frequently high, but it is still unable to counterbalance the exaggerated inflammatory 

response.20

There are few limitations in the present study, including the short period of time (24 h) of the 

sepsis model and lack of antibiotic treatment as seen in patients. We did not also measure the 

levels of OPN in plasma or tissue. However, the level of OPN would expect to be 

undetectable in the OPN−/− mice while the WT mice expressed OPN.23 Nevertheless, our 

data support that plasma levels of OPN may be a useful biomarker, a predictor for outcome, 

and possibly a therapeutic target in sepsis.
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Figure 1. 
Kaplan–Meier survival curve after cecal ligation and puncture (CLP) in wild type (WT) and 

osteopontin knockout (OPN−/−) mice. n = 24 each. *P < 0.05.
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Figure 2. 
Cytokine profiles in plasma. Plasma concentration of interleukin-1 beta (IL-1β), 

interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-12 (IL-12), tumor necrosis factor-

alpha (TNF-α), interferon-gamma (IFN-γ) in wild type (WT), and osteopontin gene 

knockout (OPN−/−) mice 24 h after sham or cecal ligation and puncture operation (CLP). n = 
6 each. *P < 0.05 vs. sham; #P < 0.05 vs. OPN−/−.
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Figure 3. 
Chemokine profiles and granulocyte-macrophage colony-stimulating factor (GM-CSF) level 

in plasma. Plasma concentration of GM-CSF, keratinocyte growth factor (KC), monocyte 

chemotactic protein-1 (MCP-1), RANTE in wild type (WT), and osteopontin knockout 

(OPN−/−) mice 24 h after sham or cecal ligation and puncture operation (CLP). n = 6 each. 

*P < 0.05 vs. sham; #P < 0.05 vs. OPN−/−.
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Figure 4. 
Plasma and adrenal corticosterone levels. (A) Plasma corticosterone levels were measured 

24 h after cecal ligation and puncture operation (CLP) in wild type (WT) and osteopontin 

knockout (OPN−/−) mice. (B) Plasma corticosterone levels were measured 1 h after 

stimulation with ACTH that was injected at 23 h after CLP. (C) The levels of corticosterone 

measured in adrenal gland 24 h after CLP. n = 6 each. *P < 0.05 vs. any of other group.
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