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Since the pathophysiology of inflammatory bowel disease 
(IBD) is multifactorial, a systematic approach to identifying 
the molecular events that provoke and sustain the chronic, 
recurring inflammation typical of IBD is required. The con-
tinuous stimulation of the mucosal immune system due to 
the increased permeability of the intestinal epithelial cell 
(IEC) layer may be the primary defect in patients suffering 
from IBD, whereas a healthy epithelium provides an effec-
tive barrier to the penetration of luminal antigens into the 
submucosa. Increased paracellular permeability has been 
documented in the epithelial lining from acutely inflamed 
and chronically damaged areas of the intestine of IBD 
patients. Numerous animal studies have demonstrated the 
development of inflammation in intestinal segments underly-
ing “leaky” mucosa and have even reported increased per-
meability prior to the onset of intestinal inflammation [1, 2].

Intestinal permeability is directly regulated through 
alteration of the tight junction (TJ)-associated proteins con-
necting adjacent epithelial cells, or indirectly through their 
effects on the cytoskeleton. Many inflammatory cytokines 
regulate TJs and barrier function by recruiting additional 
inflammatory cells into the intestinal wall and by internal-
izing of TJ proteins in IECs and in endothelial cells [3].

Osteopontin (OPN) was identified in 1985 by Heingard 
et al. as a sialoprotein derived from the bovine bone matrix. 
OPN was also referred to as secreted phosphoprotein 1 
(SPP1) and early T lymphocyte activation-1 (ETA-1) [4], the 
diversity of its nomenclature reflecting the involvement of 
OPN in multiple physiological and pathological processes. 
OPN belongs to the small integrin-binding ligand N-linked 
glycoprotein (SIBLING) family. Although newly synthesized 
protein has a molecular mass of approximately ~ 32 kDa, the 

molecular mass of the mature protein is 45–75 kDa due to 
extensive posttranslational modification. OPN is involved 
in a variety of biological processes, including bone remod-
eling, innate immunity, acute and chronic inflammation, 
and cancer. The expression of OPN is observed in numer-
ous tissues and cells, including intestinal epithelial and 
immune cells such as macrophages, dendritic cells (DCs), 
and T lymphocytes [4]. Importantly, OPN contributes to the 
efficient development of T helper (Th)-1 immune response 
and cell survival by inhibiting apoptosis. Several reports of 
increased concentrations of OPN in the intestinal mucosa 
and the serum of patients with active IBD suggest that OPN 
is involved in the development of intestinal inflammation 
[5]. Experimental studies of the effects of OPN on colonic 
inflammation, however, have produced conflicting results. 
In the acute phase of dextran sulfate sodium (DSS)-induced 
colitis, one study reported worsened colitis in OPN-knock-
out (KO) mice compared with wild-type mice, with reduced 
nitric oxide synthase expression and impaired phagocytic 
activity in intestinal macrophages, whereas another study 
reported attenuated colitis with reduced macrophage migra-
tion in the inflamed colonic tissues of OPN-KO mice. Con-
trariwise, attenuated colitis was reported in the chronic phase 
of DSS- and trinitrobenzene sulfonic acid-induced colitis. 
Toyonaga et al. reported that double OPN/interleukin (IL)-
10-KO mice had an accelerated onset of colitis compared 
with single IL-10-KO mice. Nevertheless, OPN-KO mice 
do not develop spontaneous colitis [5]. Thus, whether OPN 
ameliorates or exacerbates colonic inflammation is unclear, 
despite emerging evidence that OPN is associated with the 
pathophysiology of human IBD. One may question how 
OPN expression is decreased in intestinal epithelial cells of 
human IBD and whether, among several molecules, is OPN 
the most important regulator of occludin phosphorylation.

In this issue of Digestive Diseases and Sciences, Woo 
et al. provide the new insight into the contribution of OPN to 
the TJ-associated proteins of intestinal epithelial cells with 
studies performed in vivo and in vitro [6]. On the basis of 
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their data, they concluded that OPN could maintain the TJ 
complex by enabling the barrier-associated protein occludin 
to localize to the TJ and subsequently be phosphorylated.

Not surprisingly, significantly intensified disease activity 
and histological inflammation of OPN-KO mice with DSS-
induced colitis were observed in comparison with wild-type 
mice, confirming previous reports. Woo et al., in further 
investigations, reported that the expression of occludin in the 
colonic epithelium was decreased in OPN-KO mice. They 
also reported the internalization of barrier-forming intercel-
lular occludin to the intracellular compartment, decreased 
phosphorylation of occludin and decreased transepithelial 
barrier resistance (TER) in OPN siRNA transfected Caco2 
cell lines, whose changes were enhanced by exposure to 5% 
DSS.

Although DSS is best known in experimental colitis mod-
els, exposure of cultured cells in vitro to DSS was reported 
to be associated with inflammatory cytokine release and 
decreased TER [7].

Th1, Th2, and Th17 cytokines are involved in the patho-
physiology of ulcerative colitis (UC), whereas Th1 and Th17 
cytokines are primarily involved in the pathophysiology of 
Crohn’s disease (CD). Among the many cytokines, tumor 
necrosis factor (TNF)-α is commonly associated with the 
pathophysiology of UC and CD. TNF-α induces the tran-
scription factor interferon regulatory factor-1 (IRF-1) in 
intestinal epithelial cells in vitro, which is associated with 
epithelial cell apoptosis by OPN suppression [8]. Based on 
these data, TNF-α could be involved in the destruction of 
intestinal epithelial cells in human IBD through OPN sup-
pression. Moreover, since IL-13 impairs epithelial barrier 

function by affecting epithelial apoptosis, TJs, and epithelial 
restitution, it is likely to be involved in UC pathophysiology 
[9]. Of note, a recent report documented the contribution of 
tricellulin, which acts as a “seal” for TJ molecules, via the 
specific IL-13 receptor α2, toward the regulation of epithe-
lial permeability [10]. Taken together, treatment of targeting 
the IL-13 signaling pathway is one of the most promising 
options in the maintenance of intestinal epithelial barrier 
function in IBD. Therefore, elucidation of the relationship 
between these cytokine pathways and OPN expression in 
epithelial cells should yield useful clinical data.

Other than occludin and ZO-1, many other TJ-associ-
ated molecules are implicated in regulating paracellular 
permeability. Although occludin is implicated in the bar-
rier against the passage of macromolecules across mucosa, 
there are other channel-forming proteins for cations (clau-
din-2, 10b, 15), for anions (claudin-10a, 17), or for water 
(claudin-2) in addition to charge-selective barrier-forming 
claudins (claudin-4, 8, 14) [11]. Most of the junction-
associated proteins can be internalized in response to 
physiological and pathological stimuli, with subsequent 
impairment of epithelial barrier function [12]. Unfortu-
nately, Woo et al. only considered the effect of OPN on 
occludin and ZO-1 and not the many other TJ molecules. 
Therefore, further investigation will be required to eluci-
date how OPN affects epithelial barrier function through 
interaction with other known junctional proteins.

There are the two types of OPN: secreted OPN (sOPN) 
and an intracellular OPN (iOPN) isoform generated from 
different OPN translational initiation sites. sOPN is an 
extracellular protein that relates to numerous physiological 
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and pathological events. On the contrary, iOPN is predom-
inantly present in the cytoplasm, lacking the N-terminal 
signal sequence of sOPN [5]. Previous reports primarily 
demonstrated the effect of OPN administration on increas-
ing the barrier function of TJ-associated molecules via 
interaction with αvβ3 integrin and cluster of differentia-
tion (CD44) [4]. These reports did not describe how iOPN 
may directly contribute to the function of TJ-associated 
proteins, although in vitro data reported by Woo et al. [6] 
demonstrated the association between iOPN and occluding 
expression (Fig. 1). In this regard, Woo’s data are intrigu-
ing, although the clinical significance of their data remains 
uncertain.

In summary, dysregulation and internalization of TJ-
associated proteins are associated with increased intestinal 
mucosal permeability, which leads to the onset and flare 
of IBD. The current study provides new data supporting 
the hypothesis that OPN contributes to the integrity of 
intestinal mucosa via the prevention of the redistribution 
and phosphorylation of occludin. Although many issues 
remain regarding the contribution of OPN to IBD patho-
physiology, OPN furtively supports TJ-associated proteins 
as guardians of the epithelial barrier.

Key Messages

• Intestinal permeability, which is regulated directly 
through alteration of tight junction (TJ)-associated 
proteins, contributes toward the pathophysiology of 
inflammatory bowel disease.

• The contribution of osteopontin (OPN) toward intesti-
nal inflammation remains unclear.

• OPN maintains the integrity of TJ complex and epithe-
lial barrier integrity during inflammation by preventing 
the dephosphorylation and internalization of occludin.
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