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Does osteopontin induce adipose tissue
inflammation by local macrophage proliferation?
Florian Kahles 1,*, Hannes M. Findeisen 2
In this issue of Molecular Metabolism, Tardelli and colleagues analyzed
the impact of osteopontin (OPN) on monocyte and macrophage pro-
liferation in the context of obesity-driven adipose tissue inflammation
[1]. Chronic low-grade inflammation of adipose tissue during obesity, a
crucial contributor to insulin resistance, type 2 diabetes, and subse-
quent cardiovascular disease, is associated with abnormal cytokine
production, monocyte infiltration, and activation of inflammatory
signaling pathways [2]. Recent evidence could also show that, in
addition to blood monocyte recruitment, in situ proliferation of adipose
tissue macrophages is an important pathological feature of macro-
phage accumulation contributing to obesity-associated adipose tissue
inflammation [3].
OPN is a secreted matricellular protein involved in many physiological
and pathological processes, including biomineralization, tissue
remodeling, and inflammation [4]. OPN is a proinflammatory immune
regulator and has been identified as a key mediator of adipose tissue
inflammation, insulin resistance, and type 2 diabetes [4]. Using OPN-
neutralizing antibodies and knockout mice, the groups of Stulnig and
Bruemmer showed that OPN mediates obesity-induced adipose tissue
macrophage infiltration and insulin resistance in obese mice [5,6].
Furthermore, OPN was found to stimulate inflammatory signaling
pathways and secretion of cytokines in adipose tissue macrophages
[7]. However, the impact of OPN on the emerging role of local
macrophage proliferation remained elusive.
In the current study, Tardelli and colleagues showed for the first time
that OPN directly increases proliferation of human monocytes. To
address the question whether OPN might also influence proliferation
of mature macrophages, human blood monocytes were differentiated
into macrophages in the presence of M-CSF for 6 days. Surprisingly,
using a live cell movie analyzer, the researchers were able to show
that OPN also activates motility and proliferation of mature macro-
phages. It is known that OPN expression is drastically up-regulated in
adipose tissue macrophages of high-fat diet-induced and genetically
obese mice without corresponding differences in OPN plasma levels
[8]. Together, these findings suggest, that OPN exercises its actions
locally in adipose tissue rather than systemically. To investigate the
question of whether OPN affects local adipose tissue macrophage
proliferation in obesity, the authors performed diet-induced
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experiments using wild type (WT) and OPN-knockout mice (SPP1KO).
Interestingly, in the absence of OPN, adipose tissue macrophages
almost completely lost their proliferative capacity, determined by
immunohistochemical Ki67þMac-2þ double staining in mice after 12
weeks on high-fed-diet. The authors report an important and novel
aspect of OPN in mediating adipose tissue inflammation, contributing
to our understanding on how OPN might induce insulin resistance and
metabolic diseases.
However several questions need to be clarified in future studies. What
is the underlying molecular mechanism by which OPN facilitates
macrophage proliferation? In the current study, adipose tissue
macrophage proliferation in vivo was analyzed by Ki67 staining. Since
Ki67 is an unspecific proliferation marker, it does not provide mech-
anistic information. Additional studies addressing the impact of OPN on
cell-cycle regulators and upstream signaling pathways might provide
further mechanistic insights. Another question that needs to be
addressed in further studies is how inflammatory cytokines affect or
even contribute to the effects of OPN on adipose tissue macrophage
proliferation. Monocyte chemoattractant protein-1 (MCP-1) and Inter-
leukin 4/Signal transducer and activator of transcription 6 (IL-4/STAT6)
signaling have been demonstrated to be essential for local proliferation
of macrophages in adipose tissue [3,9]. Thus, in the future, it would be
interesting to see whether OPN in the absence of MCP-1 still activates
local adipose tissue proliferation in mice during the development of
obesity. A recent elegant study by Zheng et al. demonstrated that
adipose tissue inflammation is characterized by initial local prolifera-
tion of adipose tissue macrophages at the early stage of obesity with
an increasing contribution of macrophage migration at later stages
when obesity proceeds [9]. OPN was found to mediate local prolifer-
ation of adipose tissue macrophages after 12 weeks [1], while OPN-
induced migration of macrophages into adipose tissue has been
found to take place after 25 weeks of high-fed-diet [5]. Therefore it is
tempting to speculate, that OPN initiates and maintains adipose tissue
inflammation through early local proliferation of adipose tissue mac-
rophages and facilitation of macrophages infiltration at the later stages.
Further studies are needed to dissect the contribution of OPN induced
macrophage proliferation and infiltration at different time points to
adipose tissue inflammation.
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Figure 1: During the development of diet-induced weight gain OPN and MCP-1 are upregulated and mediate macrophage infiltration and local proliferation of adipose tissue
macrophages (ATM) leading to enhanced adipose tissue inflammation, insulin resistance, type 2 diabetes and cardiovascular complications.

Commentary
In conclusion, the study by Tardelli et al. provides convincing evidence
that adipose tissue macrophage proliferation is regulated by OPN. This
work further highlights the role of OPN as one of the most crucial
inflammatory mediators of adipose tissue inflammation, insulin
resistance and type 2 diabetes (Figure 1). Pharmacological targeting
and neutralizing OPN might open new therapeutic avenues for the
prevention of obesity-related metabolic disorders like type 2 diabetes
and its life threatening cardiovascular complications.
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