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The Yin-Yang of osteopontin in nervous system diseases: 
damage versus repair
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Abstract  
Osteopontin is a broadly expressed pleiotropic protein, and is attracting increased 
attention because of its role in the pathophysiology of several inflammatory, 
degenerative, autoimmune, and oncologic diseases. In fact, in the last decade, several 
studies have shown that osteopontin contributes to tissue damage not only by recruiting 
harmful inflammatory cells to the site of lesion, but also increasing their survival. The 
detrimental role of osteopontin has been indeed well documented in the context of 
different neurological conditions (i.e., multiple sclerosis, Parkinson’s, and Alzheimer’s 
diseases). Intriguingly, recent findings show that osteopontin is involved not only 
in promoting tissue damage (the Yin), but also in repair/regenerative mechanisms 
(the Yang), mostly triggered by the inflammatory response. These two apparently 
discordant roles are partly related to the presence of different functional domains 
in the osteopontin molecule, which are exposed after thrombin or metalloproteases 
cleavages. Such functional domains may in turn activate intracellular signaling pathways 
and mediate cell-cell and cell-matrix interactions. This review describes the current 
knowledge on the Yin and Yang features of osteopontin in nervous system diseases. 
Understanding the mechanisms behind the Yin/Yang would be relevant to develop highly 
specific tools targeting this multifunctional protein.
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Introduction 
Osteopontin (OPN) is a multifunctional molecule acting as 
both immobilized extracellular matrix protein and secreted 
free cytokine in body fluids (Rittling et al., 2015). OPN is 
expressed in several tissues and cell types (Braitch et al., 
2010), and its relevance in central nervous system (CNS) 
function and disease is corroborated by its widespread 
expression. In fact, OPN is present in virtually all types of 
neurons, glial (Jakovac et al., 2017), and immune cells that 
can either be resident or migrating into the CNS after crossing 
the blood-brain barrier and communicate with the CNS using 
molecular signaling cues (Rittling et al., 2015). 

Understanding how OPN is processed and interacts with its 
natural ligands is of paramount importance for elucidating the 
complex role that this protein plays in nervous system disease.  

OPN interacts with multiple integrins through its Arg–Gly–
Asp (RGD) domain. In detail, α9β1, α4β1, and α4β7 integrins 
bind to a cryptic SVVYGLR sequence, which is exposed 
upon thrombin cleavage occurring at the Arg168-Ser169 
site near to the RGD motif (Ito et al., 2009). The thrombin 

cleavage generates two OPN fragments: N-(OPN-N) and 
C-terminal (OPN-C): the latter binds to CD44, which is the 
other important receptor for OPN, in an RGD-independent 
manner. OPN-N promotes interleukin (IL)-17 secretion by 
T cells and favours migration by binding to α9β1 and α4β1 
integrins, while OPN-C inhibits IL-10 secretion and favors cell-
cell adhesion by interacting with CD44. Nonetheless, both 
fragments induce interferon-γ secretion by T cells and inhibit 
lymphocyte death (Boggio et al., 2016). 

The binding of OPN to its cell surface receptors induces 
cellular signaling pathways, which regulate different functions, 
including cytokine secretion, apoptosis, cellular differentiation, 
adhesion and migration (Clemente et al., 2016). For example, 
OPN-mediated activation of the PI3K and P42/44 MAPK 
pathways exerts neuroprotective function in stroke (Meller 
et al., 2005), whereas involvement of ERK and JNK pathways 
promotes the expression of proinflammatory cytokines (e.g., 
IL-1β, IL-17) leading to detrimental neuroinflammation (Wang 
et al., 2019). 

Furthermore, OPN is target of the 20S proteasome, which 
cleaves full OPN and OPN-C generating peptides with strong 
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chemotactic activity (Dianzani et al., 2017). Proteasome plays 
a crucial role in both neurodegenerative and autoimmune 
diseases (Bellavista et al., 2014) and a computational model 
describing the dynamic relationship between circulating 
OPN and proteasome was recently described (Dianzani et al., 
2019). 

OPN can also be processed by metalloproteinases (MMPs), 
such as MMP3 and MMP7 generating an OPN-N fragment 
containing the RGD sequence and a truncated motif (SVVYGLR) 
recognized by both α4β1 and α9β1 in the OPN-N generated by 
thrombin: in vitro these fragments enhance cell migration and 
OPN-N induces IL-17 secretion (Boggio et al., 2016). On the 
other hand, OPN cleavege by MMP12 results into fragments 
which are less pro-inflammatory compared to OPN full length 
molecule (Goncalves DaSilva et al., 2010).

Regenerative properties of OPN include plastic effects on 
mesenchymal and neural stem cells (Lee et al., 2018). Binding 
of OPN to CD44 induces migration of mesenchymal stem cells 
toward wounds, thus priming a repair process (Wang et al., 
2017). In the CNS, several studies showed a neuroprotective 
and repair-promoting effect for OPN, in various diseases, 
including cerebrovascular disease (CVD) (Meller et al., 2005). 

Most importantly, OPN interacts with microglial cells, showing 
synergistic functions with both the detrimental (M1) and the 
protective (M2) phenotypes of microglia (Rabenstein et al., 
2016).

Finally, OPN is also expressed as intracellular protein (iOPN). 
OPN and iOPN share the same mRNA, but iOPN is generated 
from an alternative transcription starting site located after 
the signal peptide, which causes the cytosolic localization of 
iOPN. iOPN is involved in intracellular signaling pathways and 
binds different molecules such as some pattern-recognition 
receptors, the MYD88 (myeloid differentiation primary 
response gene 88) adapter, and the p85α subunit of PI3K 
(Cantor et al., 2009; Leavenworth et al., 2015). iOPN might 
be involved in cell “proliferation” in the CNS: it is expressed 
in the brain cortex and upregulated in the right cortex during 
ischemia reperfusion.  

All together, these findings strongly suggest that OPN plays 
both detrimental and protective roles in CNS, which depend 
upon either conformational changes in the OPN molecule or 
activation of specific signalling pathways.

This review focuses on dissecting the multiple roles of OPN 
in nervous system diseases, based on its two apparently 
discordant functions: tissue damage and repair.
 
Osteopontin Exerts a Detrimental Role in 
Nervous System Diseases: the Yin
The first evidence of the OPN detrimental role in inflammatory 
CNS diseases was provided by Chabas et al. (2001). In this 
work, authors showed that OPN was the most abundant 
transcript present in both multiple sclerosis (MS) lesions 
and spinal cords of rats with experimental autoimmune 
encephalomyielitis (EAE), the animal model of MS. Moreover, 
OPN knock out (KO) mice displayed milder course of EAE and 
had remission. A subsequent study confirmed these findings 
by showing that administration of full length OPN resulted 
in exacerbation of EAE, but the OPN portion involved in 
progression of the disease remained unknown (Hur et al., 
2007). In a more recent work, we demonstrated that OPN-C, 
generated upon thrombin cleavage, was the main driver of 
EAE (Boggio et al., 2016). Thrombin cleavage unmasks two 
binding sites for α4β1 integrin, promoting diapedesis of T cells 

in the CNS (Hur et al., 2007). In line, blockade of α4β1 integrin 
inhibited relapses in MS patients.

OPN interacts with several integrins, including αv (β1, β3, or 
β5) and (α4, α5, α8, or α9) β1 integrins, and induces integrin-
mediated signaling into the cell. In particular, the α4β1-OPN 
interaction blocks nuclear translocation of transcription factor 
forkhead box O3A (FOXO3A), inhibits transcription of pro-
apoptotic genes, and upregulates expression of anti-apoptotic 
genes and T-helper (Th) 1- and Th17-type cytokines (Steinman 
et al., 1997). These direct OPN effects are specifically 
mediated by thrombin cleavage since administration of 
a thrombin inhibitor or mutated form of OPN lacking the 
thrombin cleavage site (Boggio et al., 2016) decreased EAE 
severity and inhibited expression of Th1 and Th17 cytokines 
(Boggio et al., 2016). Such results suggest that OPN may be a 
potential target of MS therapy. 

In addition to its abundant presence in MS lesions, high levels 
of circulanting OPN have been detected in several body fluids 
[i.e. cerebrospinal fluid (CSF), serum or plasma] of MS patients, 
suggesting that this protein may be exploited as biomarker to 
monitor disease activity and progression (Chiocchetti et al., 
2005; Comi et al., 2012; Ferret-sena et al., 2016; Agah et al., 
2018). Stratification of MS patients showed that OPN levels 
were increased especially in those with active disease (Szalardy 
et al., 2013). In addition, at MS diagnosis, high serum levels of 
OPN directly correlated with increased relapse rate during a 
ten-year-follow up (Clemente et al., 2017), while CSF levels of 
OPN increased during relapses (Borsen et al., 2011). 

In EAE, increased release of circulating OPN is followed by anti-
OPN autoantibodies (autoAb) production, which may favor 
disease remission (Steinman et al., 2003; Cappellano et al., 
2012). Previous work from our group showed that both active 
and passive vaccination against OPN reduced T-cell secretion 
of IL-12 and interferon-γ and decreased EAE severity (Boggio 
et al., 2016; Clemente et al., 2017). Accordingly, we also found 
high levels of anti-OPN autoAbs in relapsing remitting MS 
patients, especially in the remission phase (Clemente et al., 
2017).  

OPN expression is also modulated by treatments. In both 
EAE and MS, administration of interferon-β ameriolated the 
disease course, reduced OPN serum level, and affected T 
cell migration in vitro (Chen et al., 2011). In EAE, Glatiramer 
acetate decreased expression of OPN in dendritic cells 
and chemokines in the brain (Begum-Haque et al., 2013). 
In addition, MS patients treated with Glatiramer acetate 
displayed decreased OPN serum levels (Kivisäkk et al., 2014). 
Consistently, Natalizumab, which is a highly effective MS 
therapy, was also able to markedly decrease OPN plasma 
levels in relapsing remitting patients (Iaffaldano et al., 2014).

Circulating OPN levels are higher in subjects at optic neuritis 
presentation compared to controls (Lochner et al., 2017), 
but they do not appear to predict either conversion toward 
clinically defined MS or long-term disability (Modvig et 
al., 2015). In analogy to MS, neuromyelitis optica patients 
display higher OPN plasma levels than healthy controls, 
particularly during relapses and if presenting greater disability. 
Interestingly, in  neuromyelitis optica patients, the CSF OPN 
seems to interact with αvβ3 integrin promoting macrophage 
chemotaxis by activation of phosphoinositide 3-kinase and the 
MEK1/2 signaling pathways (Kariya et al., 2015).

OPN was also investigated as a marker of inflammation in 
neuromuscular autoimmune disorders. Increase of circulating 
OPN was detected also in patients with Guillain-Barrè 
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syndrome (Han et al., 2014). Once again, protein levels were 
higher in the acute versus recovery phase of the disease 
and correlated with disability scores (Han et al., 2014). 
Similar findings were obtained in myasthenia gravis (MG), 
where both in the human disease and the experimental rat 
model, OPN levels are increased (Xie et al., 2017; Zhao et al., 
2020). Interestingly, data on the rat model show that OPN 
promotes disease progression by increasing Th1 and inhibiting 
regulatory T (Treg) cell responses (Zhao et al., 2020). 

A detrimental role of OPN has also been suggested in 
neurodegenerative diseases, including Parkinson’s disease 
(PD), Lewy body disease, and Alzheimer’s disease (AD), 
possibly in relation to the triggering of a self damaging 
inflammatory activity (Cappellano et al., 2013; Kustrimovic et 
al., 2018).

Increased OPN serum and CSF levels were detected in PD 
patients compared to healthy controls (Maetzler et al., 2007); 
and OPN serum levels directly correlated with dementia, while 
CSF levels with a severe motor phenotype (Maetzler et al., 
2007). Similar findings were reported in Lewy body disease 
where serum and CSF levels of OPN are increased in patients 
compared to healthy controls. In addition, administration 
of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), a 
toxic substance used to mimic PD in murine models, showed 
that OPN-KO mice display decreased vulnerability to damage 
induced by MPTP compared to wild type mice, in terms of 
both neuronal cell and tyrosine hydroxylase-positive fiber loss, 
and decreased activation of microglial cells (Maetzler et al., 
2007). 

High expression of OPN was firstly detected in hippocampal 
neurons from autopsy brains of  AD patients,  and a 
corrispective mouse model (Rentsendorj et al., 2018). Notably, 
OPN was abundantly expressed in neurons surrounding 
amyloid plaques (Rentsendorj et al., 2018). AD patients 
displayed higher OPN CSF levels compared to controls, 
particularly in the early disease phases, when mini mental 
state examination scores were still within normal values (Comi 
et al., 2010). For such reason, OPN has been investigated as 
biomarker to monitor conversion of mild cognitive impairment 
to AD, and Sun et al. (2013) detected higher OPN CSF levels 
in mild cognitive impairment subjects who converted to AD 
than in those without clinical conversion. Of note, while the 
CSF findings were concordant among studies, significantly 
increased OPN levels were detected in the serum of AD 
patients only in one study (Sun et al., 2013). 

Independent studies using proteomic approaches on CSF 
samples confirmed the sensitivity of OPN as AD marker, but 
they also highlighted its poor specificity since increases can be 
associated to most neurodegenerative diseases, a feature that 
poses important limitations to its use in a diagnostic setting. 

CSF OPN levels were s ignif icantly increased also in 
frontotemporal dementia, since Mattson et al. found a 
direct correlation between levels of neurofilaments and 
OPN in the CSF of a small group of patients not stratified by 
genetic background (Mattsson et al., 2008). Then, a recent 
work showed that patients carrying the C9ORF72 expansion 
display higher levels than those carrying progranulin mutation 
(Heywood et al., 2018).  

Similar findings were obtained in amyotrophic lateral sclerosis 
(ALS) in two independent studies displaying increased OPN 
levels in CSF of ALS patients compared to controls (Varghese 
et al., 2013). A significant increase of OPN expression in 
microglia of ALS, both in the human disease and animal 

models, was detected in cases compared to controls (Silva et 
al., 2015). Notably, ablation of the OPN gene in SOD1G93A 
mice, an ALS model, causes delayed disease onset, followed 
by acceleration of progression, with a negligible impact on 
survival (Morisaki et al., 2016). Such findings collectively 
indicate that, in ALS, OPN may alternatively communicate with 
detrimental (M1) or protective microglia (M2), with a variable 
balance in the different disease stages and a net effect that 
cannot be accounted yet (Mousavi et al., 2020).

OPN has been studied as a determinant of CVD: its capacity 
to promote atherosclerosis may be exerted by inducing 
chemotaxis of endothelial cells via αvβ3 integrin and activating 
inflammation in the vessel wall (Icer and Gezmen-Karadag 
2018). Furthermore, comparison of subjects with and without 
atherosclerosis showed that plasma levels of trombin-cleaved 
OPN-N were increased in subjects with carotid atherosclerosis, 
especially in those presenting a symptomatic carotid stenosis 
(Kurata et al., 2012). Finally, plasma levels of OPN-N may serve 
as a marker of atherothrombosis since they are significantly 
increased in patients with acute atherothrombotic stroke 
compared to those without (Ozaki et al., 2017). 

Osteopontin Exerts a Protective Role in Nervous 
system Diseases: the Yang
Several studies have demonstrated that OPN may also deliver 
pro-survival or anti-apoptotic signals to cells.

One important mechanism behind tissue protection and 
regeneration involves the upregulation of αV integrins. 
Experimental evidence from in vivo models of demyelination/
remyelination showed that: i) OPN is upregulated in both 
demyelination and remyelination; ii) macrophages express 
higher OPN mRNA after damage; iii) interaction of OPN with 
αV integrins modulates the properties of oligodendrocyte 
precursors (Selvaraju et al., 2004). In animal models of PD, 
OPN expression, accompanied by upregulation of integrin 
receptor subunits, was detected in substantia nigra neurons 
following toxic lesions. Under in vivo and in vitro experimental 
conditions, findings indicate that: i) lipopolysaccharide 
administration to rats causes increase of integrin and CD44 
expression, which are both receptors for OPN (Ailane et al., 
2013); ii) pre-treatment with OPN protects mesencephalic 
coltures from damage induced by MPTP administration, 
through a decrease of activated M1 microglia (Broom et al., 
2015). 

The cleavage of OPN mediated by MMP may also be involved 
in protective mechanisms, since it can generate either a 
less inflammatory form of the protein or even peptides 
with anti-inflammatory properties (Goncalves DaSilva et al., 
2010). Specifically, MMP-9 has been implicated in generating 
functional fragments that are more neuroprotective compared 
to the full length OPN.

In AD, evidence showed that OPN is involved in the clearance 
of amyloid plaques, a process which is essentially carried 
out by M2 microglia thanks to the contribution of synergistic 
signalling pathways (Sainaghi et al., 2017; Tondo et al., 
2019). Moreover, in a double transgenic mouse model of 
AD, silencing of the OPN mRNA resulted in a functional 
impairment of microglia-mediated clearance of amyloid 
plaques (Rentsendorj et al., 2018). 

Strong evidence also supports a protective/repair function of 
OPN in CVD. It has been proposed that OPN, with respect to 
CVD, may fit within the Goldilocks paradigm (who challenges 
the question “what is the right amount?”) where an acute 
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increase of OPN is protective, by attenuating the vascular 
calcification and promoting postischemic neovascularization. 
On the contrary, a chronic increase in OPN is clinically 
associated with an increased risk for a major adverse CVD 
event. Moreover, due to the existence of three OPN isoforms, 
further studies are needed to investigate which isoforms play 
a role in CVD progression (Lok and Lyle, 2019). 

Several studies showed that OPN is involved in healing 
processes, scaring response, tissue remodeling after hypoxic 
injuries, and in promoting migration and differentiation of 
mesenchimal and neural stem cells after cellular damage (Icer 
et al., 2018).

In the CNS, ischemia-injured endothelium, glia and neurons 
activate an inflammatory response through release of 
cytokines/chemokines, and recruitment of resident glia 
and peripheral immune cells which, in turn, promote tissue 
regeneration (Ladwig et al., 2017). In rats, OPN is upregulated 
in the subacute stages of cerebral ischemia, particularly in 
macrophages and microglia in infartual/perinfarctual regions. 
Findings suggest that OPN can polarize microglia towards an 
M2 phenotype and reduce lipopolysaccharide-stimulated 
M1 microglia (Rabenstein et al., 2016). In an animal model, 
intracerebroventricular OPN injection increased M2 glial 
cells in the infarct core/perinfartual zone and, in ipsilateral 
thalamus, reduced the accumulation of M1 activated 
microglia and increased stem cell proliferation (Ladwig et 
al., 2017, 2018). Modulating microglial polarization may 
thus be a promising target to attenuate secondary cell 
damage after cerebral ischemia (Orihuela et al., 2016). In 
the immature brain damaged by hypoxic-ischemic injury, 
intracerebroventricular injection of OPN decreased infarct 
volume and improved neurological outcomes. OPN-induced 
neuroprotection was associated with inhibition of caspase-3 
cleavage and cell apoptosis, which was blocked by an integrin 
antagonist (Chen et al., 2011). iOPN can be also substrate 
of caspase-8, acting on a cleavage site located near the RGD 
domain of OPN and generating OPN fragments bearing the 
RGD domain capable to deliver survival/proliferative signals to 
cancer cells (Leung et al., 2016) and, possibly, neuroprotective 
effects.

An indirect neuroprotective effect of OPN may be ascribed to 
the decrease of inducible nitric oxide synthesis. Accordingly, in 
models of experimental brain ischemia, OPN-KO mice display 
a widespread neurodegeneration that is absent in wild type 
animals and can be limited by blockade of inducible nitric 
oxide synthase (Ladwig et al., 2018).

Furthermore, OPN promotes repair by attracting neuroblasts 
from the subventricular zone to the injured region (Yan et 
al., 2009). Rogall et al. (2018) confirmed that, in mice, OPN 
enhanced neuroblast migration after ischemia, expanded 
neuroblast population, and recruited progenitors from the 
contralateral hemisphere. 

Finally, recent work explored the proangiogenic potential 
of a 20-amino-acid OPN peptide (OPNpt20) in a rat focal 
cerebral ischemia model. Findings showed that RGD and 
serine-leucine-alanine-tyrosine motifs of OPNpt20 induced 
endothelial cell proliferation, migration, and tube formation. 
The RGD motif interacted with endogenous αvβ3-integrin 
stimulating angiogenesis (Lee et al., 2018).

Evidence of a protective role of OPN was obtained also in 
hemorrhagic stroke models. In a subarachnoid hemorrhage 
animal model, an indirect protective effect of OPN was 
mediated by downregulation of iNOS expression via 

inhibition of STAT phosphorylation, suppression of MMP-9 
activation, and activation of MAP kinases with a protection 
against blood-brain barrier disruption (Suzuki et al., 2010). 
The administration of recombinant OPN (intranasally and 
intracerebroventricularly) in experimental subarachnoid 
hemorrhage was able to restore smooth muscle cell integrity, 
thus acting on a mechanism involved in the pathophysiology 
of early brain injury after hemorrhage (Wu et al., 2016). In 
an intracerebral hemorrhage model, OPN administration 
reduced brain edema and improved clinical outcome (Gong 
et al., 2018). Such protective effects were ascribed to two 
possibly synergistic mechanisms: i) inhibition of JAK2/STAT1 
pathway triggered by integrin-β1 signalling, with a potent 
anti-inflammatory effect (Gong et al., 2018), and ii) activation 
of the PI3K/Akt/GSK-3b signaling pathway exerting an anti-
apoptotic effect (Zang et al., 2018).  

A regenerative effect of OPN was also evaluated at the 
level of the spinal cord and peripheral nerves. In a rodent 
model of spinal cord injury, Anderson et al. (2018) were 
able to stimulate the regrowth of propriospinal axons into 
a full spinal segment beyond lesion centers, thus forming 
terminal-like contacts, and conveying a significant return of 
electrophysiological conduction capacity across lesions. OPN 
was used to reactivate intrinsic propriospinal neuronal growth 
capacity using adeno-associated viral vectors to deliver 
either PTEN knockdown, or to express OPN, IGF1 and ciliary 
neurotrophic factor. To increase axon growth-supportive 
substrates and chemoattract axons, they delivered fibroblast 
and epidermal growth factors, and glial-derived growth factor 
(Anderson et al., 2018).

At peripheral level, the role of OPN was investigated in relation 
to Schwann cells, which are known to secrete several soluble 
factors involved in motor axons regeneration. Experiments 
showed that OPN mRNA expression was increased in 
Schwann cells of sciatic nerves both after nerve injury and in 
experimental autoimmune neuritis (Ahn et al., 2004). In this 
scenario, OPN does not seem to be necessary to induce sensory 
axonal regeneration but rather motor axonal regeneration. 
Sciatic nerve transection induced upregulation of OPN and 
expression returned to baseline levels following regeneration. 
Moreover,  o ld OPN-KO mice had s ignif icant ly  fewer 
regenerating axons, reduced re-innervation of neuromuscular 
junctions, and significant impairment in functional motor 
recovery compared with equal in age wild type mice, but 
this effect was not confirmed in young mice. More recently, 
evidence on a protective effect of circulating OPN in breast 
cancer patients with taxane-induced polyneuropathy was 
provided (Pizzamiglio et al., 2020). 

Conclusions 
In this review, we tried to shed light into a complex scenario 
where OPN takes part in two apparently antithetical functions, 
i.e., nervous tissue damage and repair: The Yin and the Yang 
(Figure 1).

These heterogenous and even opposite effects may have 
several explanations: (i) the wide expression of OPN in 
different cell types; (ii) its interaction with and recruitment 
of different immune and glial cell; (iii) the formation of 
fragments/peptides with different functional capacities; 
and finally (iv) the presence of several functional sites 
interacting with distinct receptors which can activate multiple 
intracellular signaling pathways and mediate cell-cell and cell-
matrix interactions by shaping the immune responses (Prete 
et al., 2019) (Figure 1B). 
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Another key point is the role of the soluble form of OPN as a 
biomarker, which may be measured in several biological fluids 
to monitor and prognose several diseases. However, detection 
of high concentrations of OPN in different yet related diseases 
represents an important limitation to its use as a specific 
marker. There is a critical unmet need for translational and 
clinical investigations to verify the performance of OPN as 
injury or repair biomarker candidate in the clinical setting. We 
speculate that the role of OPN in CNS diseases may follow the 
Goldilocks principle; on one hand too little OPN might impede 
both the tissue injury and wound healing responses; on the 
other hand, too much OPN might lead to excessive tissue 
injury. 

Most evidence supports OPN as a “Yin” damage biomarker 
since serum OPN levels are increased in several immune-
related systemic disorders (rheumatoid arthritis, lupus, 
Sjögren’s disease, colitis, liver diseases) (Rittling et al., 2015) 
and inflammatory diseases of the nervous system, manily 
reported in MS (Agah et al., 2018), but also in neuromyelitis 
optica (Kariya et al., 2015) and Guillain-Barrè syndrome 
(Han et al., 2014). Most prognostic evidence was obtained 
in MS. Otherwise, CSF OPN levels were associated with poor 
outcome in central nervous system lymphoma (Strehlow et 
al., 2016) and neurodegenerative disorders. Consistently, 
increased levels of CSF OPN have been found in mild cognitive 
impairment converting to AD (Carecchio and Comi, 2011).

In conclusion, currently available literature indicates that 
OPN may serve as a biomarker to monitor and predict the 
course of immune mediated diseases of the nervous system, 
including neurodegenerative diseases in which a relevant role 
for immune mediated mechanisms has been documented 
(Cappellano et al., 2013; Comi and Tondo, 2017). Regarding 
the possibility that OPN may also serve as a therapeutic 
target in such diseases, further knowledge is needed, since 
enhancing or decreasing of OPN activity may have distinct 
effects in different diseases or even different stages in the 
same disease.
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