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Regulatory Roles of Osteopontin in
Production of Monocyte-Origin MCP-1

Liying Shi1, Lin Shi2,3,4, Xiangdong Wang2,3,4, and Jiantai He1

Abstract
Osteopontin (OPN), expressed by various immune cells, plays a critical role in leukocyte migration. Although OPN was found
to selectively induce the expression of proinflammatory chemokines, the molecular mechanisms that control OPN gene
expression and its underlying mechanism for migration and recruitment of inflammatory cells remain largely unknown. In this
study, real-time polymerase chain reaction and enzyme-linked immunosorbent assay were used to determine OPN and
monocyte chemoattractant protein 1 (MCP-1) expression. Signaling and molecular events between OPN and MCP-1 were
analyzed by Western blot. Leukocyte migration in the presence of OPN was measured by chemotaxis assay. Our data
indicated that phosphoinositide 3-kinase (PI3K), c-Jun NH2-terminal kinase (JNK), and extracellular signal-regulated kinase
(ERK) that are activated upon stimulation with lipopolysaccharide were shown to upregulate OPN expression. Endogenous
production of OPN was attributable to increased production of MCP-1, and this effect could be blocked by an anti-b1 integrin
antibody and JNK and p38 kinase inhibitors. Furthermore, we found that the effect of OPN on inflammatory cell migration was
mediated through inducing the expression of MCP-1 in monocytes. These results support a role of OPN in monocyte
migration via MCP-1, which may represent an additional mechanism for innate and adaptive immune responses.
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Introduction

Osteopontin (OPN), a multifunctional phosphorylated

glycoprotein, is involved in many physiological and patho-

logical processes including tumor growth and metastasis,

bone remodeling, immune responses, and inflammation1–3.

Various types of cancers express high levels of OPN4. For

example, OPN can be an important player in the occur-

rence, reoccurrence, and metastasis of lung cancer5 while

downregulated to reduce the malignant potential6. In the

immune system, OPN is secreted by monocytes, macro-

phages, dendritic cells, and activated T lymphocytes and

is present in the extracellular fluid and at sites of inflam-

mation as well as in the extracellular matrix of mineralized

tissue1,7 with a critical role in many inflammatory autoim-

mune diseases2,8. It is widely accepted that OPN acts as an

important proinflammatory cytokine with pleiotropic func-

tions including activities related to Type 1 T helper prop-

erties, adhesion, and migration9,10.

Our previous study on disease-specific biomarkers of

acute exacerbations of chronic obstructive pulmonary dis-

ease (AECOPD) patients by integrating clinical informatics

with inflammatory mediators indicated that OPN played an

important role in the occurrence of AECOPD and was

associated with the disease severities11. OPN has several

functional domains such as the thrombin cleavage site and

the Gly-Arg-Gly-Asp-Ser sequence, through which it inter-

acts with receptors, integrins, and CD44 variants, to activate

phosphoinositide 3-kinase (PI3K)/protein kinase B and

nuclear factor kappa-light-chain-enhancer of activated B

cells signal pathways that induce distinct patterns of cyto-

kine/chemokine expression and specific immune
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responses12–14. Monocyte chemoattractant protein 1 (MCP-1),

a ligand of C-C motif chemokine receptor 2, is a key

chemokine involved in adhesion and migration of mono-

cyte/macrophages and activated T cells15,16. The concen-

tration of OPN was significantly elevated and appeared to

correlate with the serum levels of inflammation markers

and increased expression of MCP-117,18. Additionally,

OPN could regulate the alternative activation of monocytes

via MCP-1 production19.

In this study, we hypothesized that the role of OPN in

inflammatory microenvironment could potentially be

linked to its involvement in the induction of MCP-1. In

particular, we addressed the molecular mechanisms that

control OPN gene expression and the potential association

and interaction mechanisms between OPN and MCP-1 in

monocytes using various experimental systems. The pres-

ent study furthermore investigated the role of OPN in the

regulation of monocyte migration. Our results have impor-

tant implications in the understanding of the role of OPN in

the inflammatory microenvironment, perhaps, in other

autoimmune conditions.

Materials and Methods

Cell lines and reagents. Human monocyte U937 cells were

obtained from Shanghai Institute for Biological Science. Cells

were cultured in RPMI 1640 (Hyclone, Logan, UT, USA),

supplemented with 100 U/mL penicillin, 100 mg/mL strepto-

mycin, and 10% heat-inactivated fetal bovine serum (FBS;

Bio International, Auckland, New Zealand). All cells were

maintained at 37 �C in a humidified incubator with 5% carbon

dioxide. Human recombinant OPN; ELISA kits for MCP-1;

and antihuman MCP-1; and b1 and b3 integrin neutralizing

antibody were purchased from R&D Systems China Co. Ltd

(Shanghai, China). PI3K-specific inhibitor LY294002, extra-

cellular signal-regulated kinase (ERK)- specific inhibitor

PD98059, c-Jun NH2-terminal kinase (JNK)-specific inhibi-

tor SP600125, and p38 kinase–specific inhibitor SB203580

were purchased from BioVision Inc. (Milpitas, CA, USA).

Antibodies specific to OPN and horseradish peroxidase–

coupled secondary antibodies were obtained from Santa Cruz

Biotechnology (Santa Cruz, CA, USA).

Measurement of gene expression. Quantitative real-time poly-

merase chain reaction (qRT-PCR) was carried out using

RT-PCR with SYBRGreen. Cell cultures were washed in

phosphate-buffered saline and total RNA was isolated using

a guanidinium isothiocyanate–/chloroform-based technique

(Trizol, Invitrogen, Carlsbad, CA, USA). RNA was subse-

quently reverse transcribed to cDNA with the SuperScript

First-Strand Synthesis System (Invitrogen, USA). Primer

(Invitrogen) concentrations (10 nM) were optimized before

use. SYBRGreen PCR master kit was used with the appro-

priate concentrations (10 nM) of forward and reverse pri-

mers in a total volume of 20 mL. Optimization was carried

out for each gene-specific primer prior to the experiment to

confirm that 10 nmol/L primer concentrations did not pro-

duce nonspecific primer-dimer amplification signals in no-

template control wells. qRT–PCR was carried out using an

ABI 7000 PCR instrument (Eppendorf, Hamburg, Germany)

with the 2-stage program parameters provided by the man-

ufacturer as follows: 1 min at 95 �C, and then 40 cycles of 5 s

at 95 �C and 30 s at 60 �C. The sequences of the primer sets

used for this analysis are listed in Supplemental Table 1.

Specificity of the produced amplification product was con-

firmed by the examination of dissociation reaction plots. A

distinct single peak indicated that a single DNA sequence

was amplified during RT-PCR. Each sample was tested in

triplicate with qRT-PCR, and the samples obtained from 3

independent experiments were used for analysis of relative

gene expression. Data were normalized to housekeeping

gene in each sample.

Measurement of protein expression. To measure the expression

of OPN and the signal pathway induced by lipopolysacchar-

ide (LPS), U937 cells were cultured in 6-well plate (1 � 105

cells/well) for 24 h and treated with LY294002, SP600125,

SB203580, and PD98059 at 10, 20, 30 mM for another 2 h.

Then, the cells were stimulated with or without LPS (Escher-

ichia coli, 055: B5, Sigma-Aldrich, St. Louis, MO, USA) at

1 mg/mL for 24 h. Intracellular protein was extracted by

radioimmunoprecipitation assay lysis immediately. Protein

samples (40 mg) were mixed with an equal volume of 5 �
sodium dodecyl sulfate (SDS) sample buffer, boiled for 5

min, and then separated through 10% SDS-polyacrylamide

gel electrophoresis gels. After electrophoresis, proteins were

transferred to polyvinylidene difluoride membranes by elec-

trophoretic transfer. Membranes were blocked in 5% dry

milk (2 h), rinsed, and incubated with primary antibodies

(diluted at 1:500) in tris-buffered saline tween-20 (TBST)

at 4 �C overnight. Primary antibody was then removed by

washing in TBST and labeled by incubating with 0.1 mg/mL

peroxidase-labeled secondary antibodies (against mouse) for

2 h. Following 3 washes in TBST, bands were visualized by

enhanced chemiluminescence and exposed to X-ray film. All

results were calculated by Phoretix 1D pro software.

Production of MCP-1. The U937 cells were cultured in 24-well

cell culture microplates at 1�105 cells/well for 24 h and then

treated with LPS at concentrations of 0.01, 0.1, and 1 mg/mL

for an additional 24 h, respectively, to study LPS-induced

MCP-1 production. Cells were preincubated with OPN small

interfering RNA (siRNA) at concentrations of 10, 20, and

40 pmol before LPS stimulation to explore the role of OPN

in LPS-induced MCP-1 production. Cells were treated with

OPN at 500 ng/mL or vehicle and pretreated with antihuman

b1 and b3 integrin antibody at concentrations of 1, 10, and

20 mg/mL or LY294002, SP600125, SB203580, and

PD98059 inhibitors at 10, 20, 30 uM, respectively, for

24 h to investigate the involvement of various signal path-

ways. Each experiment was done in 6 replicate wells for

each drug concentration and each time point. Levels of
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MCP-1 in supernatant were measured by ELISA at the

absorbance of 450 nm.

Cell migration assay. Cell migration assays were performed by

using transwell chambers (5 mm, 24-well insert; Corning,

Lowell, MA, USA). Cell were resuspended in serum-free

medium with 0.1% bovine serum albumin. A total of 5 �
104 cells in 200 ml media were plated in the upper chambers.

Medium containing 10% FBS and OPN or antihuman MCP-

1 neutralizing antibody were added to the lower chamber, the

IgG as nonspecific control. After incubation of 24 h, cells

migrated from the upper chamber to the lower one. We then

counted the cells under inverted microscope and photo-

graphed them with 100� magnification. Parallel experi-

ments were performed in triplicate for each group.

RNA interference (siRNA) and transfection. OPN siRNA and

nonspecific control siRNA were purchased from Shanghai

GenePharma Co. Ltd. (Shanghai, China). Transfection of

siRNA was performed per commercial protocol coming along

with each product. Briefly, for the transient transfection of

siRNA, U937 cells were placed in 6- or 12-well plates, optimal

confluent condition for transfection was determined, and 10- to

40-pmol siRNA was used for each transfection. And each

experiment included controls containing the transfection

reagent with control siRNA. After 24 h, OPN were detected

by RT-PCR and Western blot analysis. In addition, we selected

the sequence with successful transfection for further study.

Statistical analysis. Data were represented as mean + standard

error of the mean of more than 3 separate experiments

performed in triplicate. After the analyses of variance,

statistical significance was compared between groups by the

Student t test. P values less than 0.05 were considered to be

significant.

Results

We first examined OPN gene expression in U937 monocytes

stimulated with LPS for various concentrations and times by

RT-PCR. As shown in Fig. 1, the messenger RNA (mRNA)

expression of OPN in monocytes significantly increased at

the stimulation of LPS at 1 mg/mL from 4 h and on, which is

maintained till 24 h (P < 0.05 or 0.01, respectively). In a

similar fashion, constitutive expression of OPN protein was

found in unstimulated control U937 monocytes, and the

OPN protein level was greatly increased and reached its peak

after being stimulated with LPS for 24 h (P < 0.05 or 0.01,

respectively). The stimulation of toll-like receptor 4 (TLR4)

by LPS induces the activation of PI3K and mitogen-

activated protein kinases (MAPK) including JNK, ERK, and

p38 kinase. To investigate the role of these signal pathways

in LPS-induced OPN expression, the PI3K-specific inhibitor

LY294002, JNK-specific inhibitor SP60012, ERK-specific

inhibitor PD98089, and p38 inhibitor SB203580 were used

in the setting of LPS-induced OPN expression. As illustrated

in Fig. 2, the gene and protein expression of OPN after LPS

stimulation was significantly decreased by LY294002 (Fig.

2A), PD98089 (Fig. 2B), and SP60012 (Fig. 2C; P < 0.05 or

0.01, respectively), but not by SB203580 (Fig. 2D) treat-

ment. These results demonstrate that LPS-induced PI3K,

ERK, and JNK activation is associated with significantly

increased OPN expression in monocytes.

Fig. 1. Lipopolysaccharide (LPS) induces increased production of osteopontin (OPN) in monocytes U937. (A) Messenger RNA expression
of OPN from U937 cells in response to LPS (0.01, 0.1, and 1 mg/mL) at 8 h. (B) U937 cells were stimulated with LPS (1 mg/mL) for indicated
times. (C) LPS induced OPN protein expression for indicated times. Intracellular protein was extracted by radioimmunoprecipitation assay
lysis and detected by Western blot as described in Material and Methods section. Each data point represents mean + standard error of the
mean of 3 experiments. * and ** stand for P values less than 0.05 and 0.01, as compared to control.
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Of those signal pathways, PI3K plays a critical role in

LPS-induced OPN production, as indicated by the most sig-

nificant inhibition in Fig. 2A. To further explore the iso-

forms of PI3K involved in this process, 14 PI3K isoforms

were detected by RT-PCR after LPS stimulation for an indi-

cated time. Only the expression of PI3KCA, PI3KCG, and

PI3KR5 was significantly increased at various times (P <

0.05 or 0.01, respectively), Fig. 3, and the others remained

unchanged and showed the same expression as that of unsti-

mulated monocytes during an 8-h period of LPS stimulation.

Consistent with the LPS-induced expression of OPN, the

mRNA expression and protein production of MCP-1 in U937

monocytes significantly increased at the stimulation of LPS

at both 0.1 and 1 mg/mL with a dose-dependent pattern as

shown in Fig. 4A and D (P < 0.05 or 0.01, respectively). A

positive correlation of OPN and MCP-1 expression in mono-

cyte was observed. Cells were pretreated with OPN siRNA

to investigate the potential role of endogenous OPN in LPS-

induced overexpression and overproduction of MCP-1

mRNA and proteins. Pretreatment with OPN siRNA at con-

centrations of 20 and 40 pmol could significantly prevent

from LPS-induced overexpression of MCP-1 mRNA and

overproduction of MCP-1 proteins, as compared with those

pretreated with vehicle and challenged with LPS (P < 0.05 or

0.01 in Fig. 4B and E, respectively). Furthermore, recombi-

nant human OPN from the dose of 50 ng/mL and on signif-

icantly increased the expression and production of MCP-1

mRNA and proteins (P < 0.05 in Fig. 4C and F), as compared

with those stimulated with vehicle.

To address which receptors and signal pathways were

responsible for the observed effect of OPN in the induction

MCP-1. Figure 5 demonstrated that the integrin b1, not

integrin b3 neutralizing antibodies, at the concentration of

10 mg/mL or 20 mg/mL could block LPS-induced MCP-1

production (P < 0.01), as compared with those pretreated

with vehicle and challenged with OPN. The activity of OPN

in the induction of MCP-1 was selectively inhibited by

antagonists specific for JNK (SP600125) and p38 kinase

Fig. 2. Involvement of phosphoinositide 3-kinase (PI3K) and mitogen-activated protein kinase pathways in the regulation of osteopontin
(OPN) expression. The U937 cells were pretreated with dimethyl sulfoxide (DMSO), PI3K-specific inhibitor LY294002 (LY, A), extracellular
signal-regulated kinase–specific inhibitor PD98089 (PD, B), c-Jun NH2-terminal kinase-specific inhibitor SP60012 (SP, C), and p38 inhibitor
SB203580 (SB, D) at various concentrations for 2 h and then stimulated with 1 mg/mL lipopolysaccharide (LPS). Expression level of OPN was
examined by real-time polymerase chain reaction at 8 h and Western blot at 24 h. Each data point represents mean + standard error of the
mean of 3 experiments. * and ** stand for P values less than 0.05 and 0.01, as compared with DMSO alone;þ and þþ stand for P values less
than 0.05 and 0.01, as compared to LPS (1 mg/mL) and DMSO, respectively.
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(SB203580; P < 0.05 or 0.01, respectively), but not those

specific for PI3K (LY294002) or ERK (PD98059), support-

ing the role of both the JNK and p38 kinase pathways in this

process. We hypothesized that OPN might play an active

role in promoting the migration of proinflammatory cells

into inflamed lung through induction of MCP-1. As illu-

strated in Fig. 6, OPN promoted monocytes migration in a

dose-dependent manner, and this observed effect was

significantly inhibited when MCP-1 was blocked by its neu-

tralizing antibody, confirming a partial role of MCP-1 in

OPN-induced monocyte migration.

Discussion

OPN expressed by various immune cells, induces the expres-

sion of many proinflammatory chemokines, further to

Fig. 3. Involvement of phosphoinositide 3-kinase (PI3K) isoforms in response to lipopolysaccharide (LPS). (A) Messenger RNA expression
of 14 PI3K isoforms of U937 was examined by real-time polymerase chain reaction (RT-PCR). (B–O) To further explore the isoforms of
PI3K involved in this process, 14 PI3K isoforms were detected by RT-PCR after LPS stimulation for an indicated time. * and ** stand for –P
values less than 0.05 and 0.01, as compared to 0 h.
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modulate both innate and adaptive immune responses. Its

expression is tissue-specific and subject to regulation by

various transcription factors20. The evidence from previous

studies indicated that OPN played a critical role in tumor

metastasis and adhesion, potentially through the regulation

of different receptors, such as integrins21, epidermal growth

factor receptor22, and hepatocyte growth factor receptor23.

There is evidence suggesting that OPN is associated with

some inflammatory diseases9. However, its mechanism of

action is unknown. Our data indicated that monocytes per

se may act as a primary receptor to be stimulated by a stimuli

like LPS to promote OPN expression and as the secondary

reactor to induce the MCP-1 production to promote the

inflammation and immune responses. These findings and our

observations from the previous study24 prompted us to

hypothesize that OPN is critically involved in monocyte

migration and further to accelerate the development of the

local inflammatory microenvironment.

TLR agonists potentially through direct binding to TLR

and inducing various signaling pathways, including PI3K

and MAPK, resulting in the production of various proinflam-

matory mediators and type I interferon25. There is evidence

suggesting that the mechanism of control OPN transcription

in LPS-stimulated macrophages is a nitric oxide (NO)-

dependent pattern26. While pretreatment with L-NAME to

inhibit NO synthesis can’t ablate LPS-induced OPN expres-

sion, which demonstrated that an NO-independent mechan-

ism may be present to regulate LPS-induced OPN expression

in macrophages. The present study evidenced that the poten-

tial mechanism by which monocytes are regulated to pro-

duce OPN could be that OPN overproduced directly by

monocytes per se in the inflammatory condition and/or

Fig. 4. Lipopolysaccharide (LPS)-induced monocyte chemoattractant protein 1 (MCP-1) production is osteopontin (OPN)-dependent in
U937. (A) Messenger RNA (mRNA) and protein (D) expression of MCP-1 from U937 cells in response to LPS (0.01, 0.1, and 1 mg/mL) were
detected by real-time polymerase chain reaction (RT-PCR) at 8 h and ELISA at 24 h. The U937 cells were stimulated with LPS (1 mg/mL) after
pretreatment with OPN siRNA. Total RNA was extracted and subjected to reverse transcription followed by RT-PCR to detect MCP-1
mRNA at 8 h (B). MCP-1 in cell-free supernatants after 24 h stimulated by LPS was assayed using ELISA (E). The U937 cells were stimulated
with OPN (5, 50, and 500 ng/mL) for 8 h to detect MCP-1 mRNA (C) or 24 h to detect its secretion of MCP-1 in supernatants (F). Each data
point represents mean + standard error of the mean of 3 experiments. * and ** stand for P values less than 0.05 and 0.01, as compared to
the control; þ and þþ stand for P values less than 0.05 and 0.01, as compared to LPS (1 mg/mL), respectively.

1190 Cell Transplantation 27(8)



stimuli like LPS through PI3K, ERK, and JNK signaling

pathways. This notion was supported by detection of that

treatment with the PI3K-specific inhibitor LY294002,

ERK-specific inhibitor PD98089, and JNK-specific inhibitor

SP60012 significantly decreased OPN expression to a level

equivalent to that of unstimulated controls. The PI3K activa-

tion has been recently found to play an important role in the

development of acute and chronic lung inflammation and

injury27. Additionally, PI3K involvement in OPN expression

has been shown in some tumor cells28,29. Consistently, PI3K

also plays a crucial role in LPS-induced OPN production in

monocytes, as indicated by the most significant inhibition in

our study. Another novel aspect of the study is that the

PI3KCA, PI3KCG, and PI3KR5 were significantly increased

after LPS stimulation. These results shed new light on the

understanding of the role of PI3K isoforms in OPN produc-

tion in monocytes. Thus, selective blocking of these

proinflammatory functions of OPN through specific PI3K iso-

forms inhibitors is likely to be therapeutically advantageous.

Many regulatory factors may contribute to the molecular

mechanism by which LPS can stimulate monocytes to pro-

duce MCP30. It was reported that the level of MCP-1 was

markedly decreased in the arthritic lesions of treated mice,

which were treated with anti-OPN antibody through promo-

tion of apoptosis of both murine and human-activated T

cells31. Similar efficacy of OPN antibody treatment was

demonstrated in a study of rheumatoid arthritis that corre-

lated with reduced levels of MCP-1 and infiltration of

inflammatory cells18. It is conceivable that OPN has a broad

spectrum of proinflammatory properties that are all related to

the key processes of the inflammatory cascade. Consistent

with this results, the present study further demonstrates that

both exogenous and endogenous OPN could induce the over-

production of MCP-1 in monocytes. Apart from OPN, the

Fig. 5. Effects of integrin b1 and b3 neutralizing antibodies, phosphoinositide 3-kinase (PI3K), extracellular signal-regulated kinase (ERK), c-
Jun NH2-terminal kinase (JNK), and P38 inhibitors on osteopontin (OPN)-induced monocyte chemoattractant protein 1 (MCP-1) produc-
tion. MCP-1 production from cells was measured 24 h after the culture with dimethyl sulfoxide (DMSO) alone, OPN at 500 ng/mL plus
DMSO, integrin b1 neutralizing antibody (Neu-Ab b1; A), and integrin b3 neutralizing antibody (Neu-Ab b3; B) at doses of 1, 10, or 20 mg/
mL, or PI3K-specific inhibitor LY294002 (LY, C), ERK-specific inhibitor PD98089 (PD, D), JNK-specific inhibitor SP60012 (SP, E), and p38
inhibitor SB203580 (SB, F) at doses of 10, 20, or 30 mM. * and ** stand for –P values less than 0.05 and 0.01, as compared to cells only with
DMSO;þ andþþ stand for –P values less than 0.05 and 0.01, as compared to OPN and DMSO, respectively. Data are presented as mean +
standard error of the mean, and each group has 3 measurements.
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levels of MCP-1 may be partially influenced by other fac-

tors, as was evidenced by the incomplete inhibition effect

when an OPN siRNA was used and challenged with LPS, as

compared with those without LPS. OPN has been shown to

interact with integrins and CD44 to regulate cell migration32

and proinflammatory cytokine production10,33. In this study,

we found that the signaling pathway of OPN–integrin b1–

JNK/p38 axis may play a critical and dependent role in the

mechanism of MCP-1 production of monocytes, evidenced

by the finding that the overproduction of MCP-1 by OPN

was prevented by integrin b1 neutralizing antibody and JNK

and p38 kinase inhibitors. It implies that the OPN–integrin

b1–JNK/p38 chain can be the potential new anti-

inflammatory therapeutic target in acute or chronic lung

inflammatory diseases.

Inflammatory cells’ migration to the site of inflammation

plays an important role in the initiation and perpetuation of

organ-specific inflammation and immune responses. A num-

ber of transcription factors have been found to regulate these

cells’ migration. There are some proinflammatory mole-

cules, such as matrix metalloproteinase and OPN, which

could act in synergy with chemokines to promote leukocyte

migration24,34. However, the potential mechanism of inter-

action of these molecules in an inflammatory milieu, which

helps perpetuate local inflammation, is not understood. The

present study suggested that monocyte migration was corre-

lated with the levels of OPN, and this observed effect was

significantly inhibited by neutralizing antibody to MCP-1,

confirming a partial role of MCP-1 in OPN-induced mono-

cyte migration. Injection of MCP-1 into rabbit joints was

found to induce marked macrophage infiltration in the

affected joint35. While inhibition of MCP-1 with its antago-

nist resulted in decreasing macrophage infiltration to ame-

liorate disease severity in adjuvant-induced arthritis36. The

present study delineated a novel mechanism, whereby OPN

Fig. 6. Role of monocyte chemoattractant protein 1 (MCP-1) on
osteopontin (OPN)-induced migration of U937 cells. U937 cell
migration significantly increased after stimulation with OPN, as
compared to control (A–D), while cells treated with MCP-1 isotype
(E) or neutralizing antibody (F) at doses of 100 mg/mL. Data were
presented as mean + standard error of the mean, and each group
has 3 measurements (G). * and ** stand for –P values less than 0.05
and 0.01, as compared to control; þþ stand for P values less than
0.01, as compared to OPN (500 ng/mL) and isotype, respectively.

Fig. 7. Proposed mechanism of osteopontin (OPN) stimulated
monocyte chemoattractant protein 1 (MCP-1) production and
migration of monocytes. OPN could directly stimulate MCP-1 pro-
duction and migration of monocytes through the activation of integ-
rin b1-c-Jun NH2-terminal kinase/p38 pathway, then lead to the
recruitment of inflammatory cells and the formation of the inflam-
matory microenvironment. This has been highlighted as an impor-
tant factor responsible for the sensitivity of inflammatory diseases
to therapies and prognosis of patients.
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aberrantly produced by monocytes promotes migration of

inflammatory cells through the induction of MCP-1, this

feedback regulation may be very important for further

inflammation exacerbation.

Conclusions

In summary, the present study demonstrated that LPS

increased the overproduction of OPN and MCP-1 from

monocytes, which could be blocked by anti-OPN neutraliz-

ing antibody. The signaling pathways of PI3K, ERK,

and JNK are involved in LPS-induced OPN expression.

Additionally, our results provide new evidence that both

endogenous and exogenous OPN could increase the over-

production MCP-1 through OPN–integrin b1–JNK/p38

pathway activation. As summarized in Fig. 7, these new

findings related to the signaling mechanism of OPN provide

critical clues in our attempt to design an antibody or small-

molecule therapeutic intervention for the treatment of inflam-

mation diseases, such as acute lung injury or AECOPD, using

OPN as the target.
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