Arch Neurosci. 2020 July; 7(3):e94205. doi: 10.5812/ans.94205.

Published online 2020 May 4. Systematic Review

The Role of Osteopontin in Amyotrophic Lateral Sclerosis: A
Systematic Review

Seyed Vahid Mousavi"?2, Elmira Agah"? and Abbas Tafakhori*"

!Students’ Scientific Research Center, Tehran University of Medical Sciences, Tehran, Iran
*Neurolmmunology Research Association (NIRA), Universal Scientific Education and Research Network (USERN), Tehran, Iran
*Iranian Center of Neurological Research, Neuroscience Institute, Tehran University of Medical Sciences, Tehran, Iran

yCorresponding author: Iranian Center of Neurological Research, Neuroscience Institute, Tehran University of Medical Sciences, Tehran, Iran. Email:
a_tafakhori@sina.tums.ac.ir

Received 2019 May 21; Revised 2020 March 14; Accepted 2020 March 22.

Abstract

Context: Osteopontin (OPN) is a matrix phosphoprotein expressed by a variety of tissues and cells, including the immune system
and the nervous system. Previous studies have shown that OPN may have a role in neurodegenerative diseases, including multiple
sclerosis, Parkinson’s disease, and Alzheimer’s disease.

Objectives: The present study aimed to systematically review studies investigating the role of OPN in amyotrophic lateral sclerosis
(ALS) patients or the disease animal model.

Evidence Acquisition: We searched the Cochrane Library, PubMed, Web of Science, and Scopus to find relevant articles published
up to January 20, 2019. Both human and animal model studies of ALS were considered.

Results: A total of nine articles (four human studies and five animal model studies) were included. Two of the human studies
reported that the CSF levels of OPN were higher among ALS patients compared to controls. The other two human studies found
that OPN levels in cortical neurons did not differ significantly between ALS cases and the non-neurological control group. One of
the studies found that the expression level of OPN in astrocytes was similar between ALS patients and the control group, but the
level of microglial OPN significantly increased in ALS cases. Four of the animal model studies reported that the expression of OPN
mRNA in spinal cord microglia significantly increased during the disease progression. The remaining animal model study found
that OPN was selectively expressed by fast fatigue-resistant and slow motor neurons (MNs), which are resistant to ALS, and that the
OPN expression was low among fast-fatigable MNs.

Conclusions: Prompt microglial activation is a hallmark pathology of ALS, and OPN is among the most widely expressed proteins
by these activated glial cells. Therefore, OPN might have a role in ALS pathogenesis. The existing evidence is not sufficient to jus-
tify whether OPN has a neurotoxic or neuroprotective role in ALS. We encourage researchers to investigate the role of OPN in ALS
pathogenesis more extensively.
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. Context

[y

Amyotrophic lateral sclerosis (ALS) is a devastating,
progressive neurodegenerative disease that causes muscle
weakness, atrophy, spasticity, and eventually death. De-
generation of both upper motor neurons and lower mo-
tor neurons with astrogliosis and microgliosis is the patho-
logical hallmark of ALS (1). The exact cause of ALS is still
unknown. Based on the available evidence, genetic fac-
tors, oxidative stress, mitochondrial dysfunction, neuro-
filament dysfunction, excitotoxicity, apoptosis, and proin-
flammatory cytokines contribute to ALS pathogenesis (2).

Growing evidence indicates that neuroinflammation
plays an important role in the pathogenesis of neurode-

generative diseases, including ALS (3-7). Activated glial
cells, particularly microglia and astrocytes, and T lympho-
cytes are the major cell populations involved in neuroin-
flammation (3, 8).

Osteopontin (OPN) is a matrix phosphoprotein ex-
pressed by a variety of tissues and cells, including the im-
mune system and the nervous system. Immune cells, such
as macrophages and T lymphocytes, are important sources
of OPN during inflammatory processes. Previous studies
have shown that OPN may have a role in neurodegener-
ative diseases, including multiple sclerosis (MS), Parkin-
son’s disease, Alzheimer’s disease, and frontotemporal de-
mentia (9, 10). It was reported that OPN was selectively ex-
pressed in alpha motor neurons (a-MNs), which are the
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most vulnerable neurons in ALS (11, 12). Therefore, it may
also play a role in the pathogenesis of ALS.

2. Objectives

Few studies have evaluated the OPN expression in ALS
patients or the ALS experimental model and compared
them with controls. Here, we aimed to systematically re-
view studies investigating the role of OPN in ALS or its ani-
mal model.

3. Search Strategy

We searched the Cochrane Library, PubMed, Web of
Science, and Scopus to find relevant articles published
up to January 20, 2019. The searched terms used in
this study were: (ALS OR MND OR motor-neuron-disease
OR motor-neurone-disease OR motor-neurone-diseases OR
motor-neuron-diseases OR amyotrophic-lateral-sclerosis
OR progressive muscular atrophy OR progressive-spinal-
muscular-atrophy OR primary-lateral-sclerosis OR motor
neuronopath* OR motor neuronopathy OR lou-gehrig’s-
disease) AND (“osteopontin” OR “OPN” OR “bone sialopro-
tein I” OR “BSP-1” OR “BSP 1” OR “BSP1” OR “BSPI” OR “BN-
SP” OR “early T-lymphocyte activation” OR “ETA-1” OR “ETA
1” OR “ETA1” OR “ETAI” OR “secreted phosphoprotein 1” OR
“SPP-1” OR “SPP 1” OR “SPP1” OR “SPPI” OR “Rickettsia resis-
tance” OR“Ric”). Moreover, we manually screened the refer-
ence lists of the included studies and related reviews, and
tracked studies that had cited them through the Google
Scholar to find eligible articles. Only articles published in
English were included. This paper was written according
to the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines.

4. Study Selection and Data Extraction

Both human and animal model studies of ALS were
considered. The exclusion criteria were: (1) studies on an-
imals other than rodents; (2) studies classified as case re-
ports, case series (if included less than five patients), nar-
rative reviews, systematic reviews, expert opinions, and ed-
ucational reports, or conference abstracts; and (3) in vitro
studies. The following data were extracted from the in-
cluded studies: first author and year of publication, loca-
tion, study design, study population characteristics, speci-
men, method, endpoints, and relevant main findings. The
quality of the included human studies was assessed using
the Newcastle-Ottawa scale (13). Moreover, the quality of
the animal model studies was evaluated using the system-
atic review center for laboratory animal experimentation
(SYRCLE) risk of bias tool (14).

5. Results

Overall, 85 unique articles were retrieved, of which six
were selected for full-text eligibility assessment. One study
was excluded (had not evaluated osteopontin in ALS pa-
tients), and four additional articles were identified via ref-
erence screening. Finally, nine articles were included (Fig-
ure 1). No study was excluded because of poor quality (Sup-
plementary file appendices). The summary of the included
studies is shown in Table 1and Table 2.

5.1. Human Studies

Four human studies examining OPN in ALS patients
and controls were identified (Table 1) (12, 15-17). Two of the
human studies measured the level of OPN in the CSF of spo-
radic ALS patients and controls (15, 16). Both studies re-
ported that the CSF levels of OPN were higher among ALS
patients compared to controls. The control group in von
Neuhoff et al.’s study included patients with different neu-
rological disorders (15), while none of the control subjects
inVarghese etal.’s study had a history of neurological prob-
lems (16).

The other two human studies examined tissue samples
of the central nervous system with the IHC method (12, 17).
Both of these studies found that OPN levels in cortical neu-
rons did not differ significantly between ALS cases and the
non-neurological control group (12, 17). Silva et al. found
that the expression level of OPN in astrocytes was similar
between ALS patients and the control group, but the level
of microglial OPN significantly increased in ALS cases (17).
Yamamoto et al. investigated the OPN expression in spinal
cord neurons and found the ratio of OPN-positive neurons
to be significantly reduced in samples from ALS subjects

(12).

5.2. Animal Model Studies

OPN was evaluated in five ALS animal model studies
(18-22). Four of the studies investigated the OPN expres-
sion in spinal cord microglia, of which one also exam-
ined the microglial OPN expression in the brain stem and
the cortex tissue (Table 2). All four studies reported that
the expression of OPN mRNA significantly increased dur-
ing the disease progression. One of the studies found an
increased OPN expression during presymptomatic, early
symptomatic, and end-stage disease (18). However, the
other three studies reported an increased OPN expression
only during symptomatic and end-stage disease (19-21). In
Nikodemova et al.’s study (20), the OPN expression in cor-
tical microglia was not significantly different from that in
wild-type control mice.
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Table 1. Summary of Human Studies of OPN in ALS

ALS Control
Study Method Findings
Type (N) Age Gender Type (N) Age Gender
(MJE) )
Von CSF sporadic 55.9 410.3; (16/7); Neurological 55 4 11 (14]9); ELISA; Identification of OPN levels were higher in ALS-CSF compared to the
Neuhoffet. (23); 59 +12.8 (18/17) diseases (23) 624 122 (1)12) MS disease-specific CSF control CSF, but the results were not statistically
al. 2012 (15) Sporadic biomarkers. significant.
(35)
Varghese et CSE Sporadic 474+ 5.4; (10/6); Normal (13); 45717 (11)2); ELISA; Identify the toxic factors 1.9-fold increased OPN levels were observed in ALS-CSF
al. 2013 (16) (16); 474 +5 ) Normal (10) 473+7 (8[2) MSs in ALS-CSF compared to the control CSF; Compared to controls,
Sporadic OPN was upregulated 3-fold in ALS-CSE.
(10)
Silvaet. al. Tissue Sporadic, 5 504 +7.4 (3f2) Normal (9); 477+ 7.4; (4fs); HC Determine the level of In astrocytes, OPN levels did not differ significantly
2015 (17) (occipital HIV-ANI (5); 434 +79; (4f1);- OPN in neurons, between the ALS group and normal controls or the
lobe) HIV- 4051105 astrocytes, and HIV-ANI group. However, OPN was significantly elevated
NMD/HAD microglia. in HIV-MND/HAD patients compared to ALS cases;

(5) Compared to normal controls, OPN levels in microglia
significantly increased in ALS cases, but there was no
significant difference between the ALS and HIV groups;
OPN levels in cortical neurons did not differ
significantly between ALS cases and normal controls or
HIV-MND/HAD patients, but they were significantly
lower compared to HIV-ANI cases.

Yamamoto Tissue 7 56-83 (5/2) Normal, 7 59-92 (6/1) IHC To determine the OPN In normal subjects, OPN-positive neurons with high
etal.2017 (brain and expression pattern in immunoreactivity were observed in the spinal ventral
(12) spinal cord) the human spinal cord, horn and pyramidal neurons in the primary motor
the primary sensory and cortex; The intensity of OPN-positive neurons in the
motor cortex; To primary motor cortex was not significantly different
examine how the OPN between ALS patients and normal controls; In the spinal
expression was altered ventral horn of ALS patients, the ratio of OPN-positive
in ALS subjects neurons was significantly reduced compared to healthy
subjects; Compared to controls, the intensity of
OPN-immunoreactivity was significantly reduced in
large neurons in both the primary motor cortex and the
spinal ventral horn.
Table 2. Summary of ALS Animal Model Studies of OPN
Intervention
Study Animal Model Findings
Type Target Method
Chiu et. al. 2008 sop19934 sopiWT and Gene expression Microglia purified from Real-time PCR Differences in gene In 50D1993A mice, OPN was upregulated 36.65 fold during the
(18) non-Tg mice the spinal cord expression during disease early symptomatic and 67.23 fold during late symptomatic
progression phases; Compared to controls, the OPN expression
significantly increased during presymptomatic, early
symptomatic, and end-stage phases.
Chiuetal. 2013 SOD1G93A, SODIWT, and Gene expression Microglia purified from Real-time PCR Differences in gene Compared to controls, the OPN expression significantly
(19) non-Tg mice the spinal cord expression during disease increased during the early symptomatic and end-stage phases.
progression
Nikodemova et. 50D1593A and sopWT Gene expression Microglia purified from Real-time PCR Differences in gene Compared to controls, the OPN expression significantly
al. 2014 (20) female offsprings the brain stem, spinal expression during disease increased at disease onset and end-stage disease; At end-stage
cord, and cortex progression disease, there was no significant difference between wild-type
and S0D1%93A animals in the mRNA levels of OPN in cortical
microglia.
Noristani et. al. sopIG93A Gene expression Microglia purified from Real-time PCR Differences in gene OPN was upregulated 16.8 fold during the early symptomatic

2015 (21) the spinal cord in the

lumbar segment

Morisaki et. al. 50D1993A sopWT Gene and protein Spinal cord tissue

expression during disease
progression

The OPN in

2016 (22) expression

Western blot;
Real-time PCR

alpha motor neurons
(c-MNs); The OPN
expression during disease
progression; Disease onset
and progression in
50D1%93A /0pNT" and
50D1G93A (0PN mice
compared to

50D15934 j0PN** mice.

stage

The OPN expression was high among ALS-resistant MNs (FR and
SMNs), but low in FF MNs. (FRand S: OPN-high/MMP9-low, FF:
OPN-low/MMP9-high); Remodeled FR or S MNs
(OPN-high/MMP9-high) appear during disease progression to
compensate for FF MNs loss; Extracellular OPN-positive
granules accumulate in the spinal cords of ALS mice during
disease progression. A majority of these granules were
detected within or attached to Ibal-positive
microgliajmacrophages; Compared to SODIG93A/OPN*T+ and
SODIG93A/OPN*T" mice, delayed disease onset and significantly
accelerated disease progression was observed in
SODIGO3AJOPNT" mice.

One of the studies examined the OPN expression in the
spinal cord tissue of mice, focusing on the expression sta-
tus of a-MNs (22). The authors found that OPN was selec-
tively expressed by fast fatigue-resistant (FR) and slow (S)
MNs, which are resistant to ALS (22). On the other hand, the
OPN expression was low among fast-fatigable (FF) MNs (22).
Moreover, they realized that extracellular OPN-positive
granules gradually began to appear around the time of
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disease onset, and the number of these extracellular OPN
deposits increased significantly at end-stage disease (22).
The majority of these granules were detected within or
attached to spinal cord microglia (22). They also ablated
the OPN gene in ALS mice models to examine whether
the role of OPN was neuroprotective or neurotoxic. The
authors found that compared to SOD1G93A/OPN** and
SODIG93A/OPN*" mice, disease onset was delayed while dis-
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Figure 1. The PRISMA flow diagram

ease progression was accelerated in SODIG93A/OPN' mice
(22).

6. Conclusions

Here, we systematically reviewed in vivo studies investi-
gating OPN changes in ALS patients or animal models. Four
human and five animal model studies met the inclusion
criteria (12, 15-22). Eight of the papers were published after
2012 (12,15-17,19-22), and the remaining one was published
in2008 (18). The OPN expression was examined in CSF, glial
cells (microglia and astrocytes), and neurons (cortical and
spinal cord).

Two of the human studies found higher levels of OPN
in the CSF of ALS patients compared to controls (15, 16).
The other two human studies indicated that OPN levels re-
mained unchanged in cortical neurons (12, 17). Yamamoto
et al. found that OPN-immunoreactivity in each neuron
was significantly reduced in both the primary motor cor-
tex and the spinal cord of ALS patients (12). One of the stud-
ies found that compared to normal controls, the intensity
of OPN-positive neurons was significantly reduced in the
spinal ventral horn of ALS patients (12). Another one of the
studies reported that microglial OPN levels significantly in-
creased in brain tissues from ALS patients compared to nor-
mal samples (17). The same study did not find any signifi-
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cant difference between ALS patients and controls regard-
ing the OPN level in astrocytes (17).

All the animal model studies focused on gene expres-
sion differences between SOD1%®** mice and controls (18-
22). Three of the animal model studies reported that the
level of the OPN expression in spinal cord microglia was
significantly higher in SOD1°*** mice than in controls (18-
20). All the five animal model studies found that the OPN
expression in spinal cord microglia of SOD1°%** mice signif-
icantly increased during disease progression (18-22). One
of the studies investigating the mRNA levels of OPN in
cortical microglia found no significant difference between
wild-type and SOD1°®** mice (20). One study had inves-
tigated the OPN expression in a-MNs and the role of the
OPN gene in disease onset and progression (22). The au-
thors found that the OPN expression was high among ALS-
resistant MNs but low in FF MNs, which degenerate early
in ALS (22). They also found that the ablation of the OPN
gene in SOD1°®** mice delayed disease onset, but acceler-
ated the disease progression and had a minimum impact
on the survival rate (22).

Microglia are the resident macrophage cells of the cen-
tral nervous system and are involved in various physiologi-
cal and pathological conditions, including neurodegener-
ative diseases (23). Loss of motor neurons in ALS leads to
the prompt activation of microglia and astrocytes (7). Acti-
vated microglia can promote neurodegeneration by the ex-
pression of reactive oxygen species and several proinflam-
matory cytokines (23). It can also exert neuroprotective ef-
fects by suppressing local inflammation and debris clear-
ance, as well as by producing and releasing a plethora of
trophic factors (24, 25).

Both human and animal model studies of ALS showed
that compared to controls, OPN levels significantly in-
creased in microglia of the disease group (17-21). An in-
creased OPN expression in microglia can have both in-
flammatory and anti-inflammatory effects. In vitro studies
demonstrated that OPN might promote the survival of mi-
croglia under stress conditions (26). OPN reduces the ex-
pression of inducible nitric oxide synthase and the NO re-
lease from microglia (26-28). It may also act as a T-helper
type 1 cytokine and promote inflammation (29).

OPN is selectively expressed in large a-MNs, which are
the most vulnerable neurons in ALS (11, 12, 22). Within a-
MNs, the OPN expression is low among FF MNs, which de-
generate early in ALS (22). Morisaki et al. (22) found that
while disease onset was delayed in SOD1°**|OPN' mice,
disease progression was significantly accelerated in them
compared with SOD1°*A/OPN*/* and SOD1°%*]OPN*/" mice.
Yamamoto et al. (12) realized that within neurons, OPN-
immunoreactivity was reduced considerably in MNs and
pyramidal neurons of ALS patients compared to normal
subjects. These findings indicate that the OPN expression
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in neurons may have neuroprotective properties. There is
some evidence that OPN may enhance the survival and pro-
liferation of neuronal cells (30-33).

Prompt microglial activation is a hallmark pathology
of ALS, and OPN is among the most widely expressed pro-
teins by these activated glial cells. Therefore, OPN might
have a role in ALS pathogenesis. The existing evidence is
not sufficient to justify whether OPN has a neurotoxic or
neuroprotective role in ALS. We encourage researchers to
investigate the role of OPN in ALS pathogenesis more ex-
tensively.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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