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Matricellular proteins as possible biomarkers for 
early brain injury after aneurysmal subarachnoid 
hemorrhage

Impact of Early Brain Injury (EBI) on Poor 
Outcome after Subarachnoid Hemorrhage 
(SAH)
Aneurysmal SAH remains a devastating cerebrovascular 
disease (Suzuki et al., 2017), and the most important deter-
minant of poor outcome is considered to be the deleterious 
effect of acute SAH on the brain, being called EBI (Okada 
and Suzuki, 2017). EBI is defined as acute pathophysiologi-
cal events that occur in brain before onset of cerebral vaso-
spasm within the first 72 hours of SAH, which are mainly 
induced by elevated intracranial pressure and subsequent 
transient global cerebral ischemia due to aneurysmal rup-
ture, and subarachnoid blood degradation products (Nishi-
kawa and Suzuki, 2017). Patients who survive EBI are still at 
risk for delayed cerebral ischemia (DCI), another important 
and preventable determinant of poor outcome, by cerebral 
vasospasm or other causes that occurs at days 4 to 14 or later 
post-SAH (Suzuki and Kawakita, 2016). EBI may also cause 
DCI, but the mechanisms and mediators linking EBI with 
DCI remain unknown. If it is true that EBI has a central role 
in the development of DCI and poor outcome, it is impera-
tive to look for clinical features and biomarkers of EBI that 
could have beneficial prognostic and therapeutic implica-
tions, including more objective assessment and monitoring 
of response to treatment. The authors consider that an ideal 
biomarker is a molecule that is implicated in the pathogene-
sis of both EBI and DCI, being a therapeutic target, and can 
be measured easily in the peripheral blood in an acute stage.

In clinical settings, as a surrogate marker of EBI, loss of 
consciousness at ictus, poor initial clinical grades, and ra-
diographic markers indicating increased amount of SAH or 
global cerebral edema can be used (Ahn et al., 2017). These 
markers are also predictors of global cerebral ischemia (mi-
crocirculatory changes), DCI regardless of angiographic 
vasospasm, and outcomes (Ahn et al., 2017). However, these 
markers are somewhat subjective, and sedation sometimes 
hampers accurate evaluation of neurological status. The 
clinical and radiographic markers of EBI are associated with 
an increased systemic expression of cytokines and other 
inflammatory markers, but the evidence for cytokines and 
inflammatory mediators as biomarkers is often conflicting 
and inconsistent (Al-Mufti et al., 2017). This may be because 
various pathophysiological reactions other than EBI affect 
inflammatory reactions and therefore the interactions cause 
low specificity of inflammatory mediators and hamper the 
interpretation of a single parameter’s dynamics, although 
neuroinflammation is a major aspect of EBI (Okada and Su-
zuki, 2017). There are also multiple interactions among cy-
tokines, precluding a cytokine from being classified simply 
damaging or protective, and making it difficult to infer the 
causality.

Myelin basic protein, glial fibrillary astrocyte protein, the 
calcium-binding protein S100B, neuron-specific enolase 
(NSE), phosphorylated axonal neurofilament subunit H, 
tau protein and ubiquitin carboxyl-terminal hydrolase L1 
are mainly released from neurons and/or glia in the central 
nervous system into the peripheral blood after aneurysmal 
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SAH, and may be used as biomarkers reflecting the extent of 
EBI (Zheng et al., 2017). Especially, increased levels of serum 
NSE at an acute phase of SAH, which is a globular glycolytic 
isoenzyme present in neurons throughout the brain with 
a half-life of approximately 24 hours, were independently 
associated with poorer admission clinical grades and worse 
outcomes (Tawk et al., 2016). Integration of biomarkers that 
are indicative of the amount of neuronal injury would hold 
great promise for improving the accuracy of outcome pre-
diction and would help clinicians in therapeutic decisions. 
However, elevation of these biomarkers may be merely a 
result of brain injuries, and therefore these biomarkers may 
not be a therapeutic target.

Matricellular Proteins (MCPs) in SAH 
MCPs are an important component of the extracellular 
matrix (ECM) but different from classical ECM proteins as 
follows: 1) MCPs do not provide scaffolds for stable cell ad-
hesion, but play regulatory roles in cell-cell and cell-matrix 
interactions, regulate cellular morphology, differentiation, 
migration, proliferation, and survival, and induce tissue re-
modeling; 2) MCPs are not constitutively expressed, but are 
secreted by diverse types of cells, and readily and transiently 
upregulated during specific developmental stages and in 
pathological conditions; 3) MCPs are not present as struc-
tural components of the ECM, but can be present as soluble 
proteins; 4) MCPs bind to ECM proteins, various receptors 
such as integrins, and biological active molecules including 
growth factors, chemokines, cytokines and proteases, there-
by directly or indirectly modulating their functions or cel-
lular responses to extracellular signals, either at the plasma 
membrane, intracellularly, in body fluids, or from the ECM, 
and/or acting as reservoirs of those molecules; and 5) most 
of MCPs do not produce apparent phenotypes after targeted 
gene deficiency in steady-state condition, but exhibit various 
phenotypes in response to diverse insults (Murphy-Ullrich 
and Sage, 2014). There are many kinds of MCPs reported 
including SPARC (secreted protein acidic and rich in cyste-
ine), thrombospondins, tenascins, osteopontin, members of 
the CCN (cysteine-rich protein 61, connective tissue growth 
factor and nephroblastoma overexpressed gene) family, 
periostin, R-spondins, the short fibulins such as hemicentin, 
galectins, small leucine rich proteoglycans, autotaxin, pig-
ment epithelium derived factor, and plasminogen activator 
inhibitor-1. MCPs are implicated in both paracrine and 
autocrine cellular regulation, and play key roles in various 
physiological and pathological conditions such as cell death, 
inflammation, fibrosis, vascular permeability and angio-
genesis (Murphy-Ullrich and Sage, 2014). In addition, as 
many MCPs are present in body fluids, MCPs can be used to 
monitor disease progression such as tumor, cardiovascular, 
inflammatory and fibrotic diseases. In fact, recommenda-
tions for the measurement of galectin-3 as a biomarker of 
myocardial fibrosis are included in the American College 
of Cardiology Foundation and the American Heart Asso-
ciation guidelines to aid in risk stratification and prognosis 
prediction in patients with heart failure (Yancy et al., 2017). 

Understanding the role of MCPs has great potential in their 
use as prognostic biomarkers and therapeutic targets, but 
the information is limited in the central nervous system. In 
SAH, only tenascin-C (TNC), osteopontin (OPN), galectin-3 
and periostin are reported relevant to EBI.

TNC in SAH
TNC is a huge molecule of approximately 220–400 kDa as 
an intact monomer, and forms a typical disulfide-linked 
hexamer (Midwood and Orend, 2009). Clinically, plasma 
levels of large-splice variants of TNC containing fibronectin 
type III C domain were increased after aneurysmal SAH, but 
not different between patients with and without subsequent 
angiographic vasospasm at days 1–3 (Suzuki et al., 2010). 
However, the plasma TNC levels peaked at days 4–6, when 
the levels were significantly greater in patients with subse-
quent angiographic vasospasm compared with those with no 
vasospasm: the peak occurred 2.4 days before the occurrence 
of transcranial Doppler-determined vasospasm and 3.6 days 
before the onset of DCI (Suzuki et al., 2010). On the other 
hand, TNC levels in the cerebrospinal fluid (CSF) peaked 
immediately after SAH, and worse admission clinical grade, 
more severe SAH on admission computed tomography, sub-
sequent angiographic vasospasm, DCI, and worse outcomes 
were associated with higher CSF TNC levels, suggesting that 
more severe SAH or EBI may induce more TNC, which may 
cause angiographic vasospasm, and DCI by severe angio-
graphic vasospasm and/or vasospasm-unrelated causes that 
are supposed to be EBI (Suzuki and Kawakita, 2016). The 
differences in the time course of TNC levels between plasma 
and CSF may reflect the time lag that TNC is released from 
CSF into plasma due to its huge molecular weight, or the 
differences of TNC-producing cells between plasma and 
CSF.

Experimental studies demonstrated that blockage of TNC 
induction prevented post-SAH mitogen-activated protein 
kinase (MAPK) activation in brain, and suppressed EBI 
in terms of neuronal apoptosis and blood-brain barrier 
(BBB) disruption (Suzuki and Kawakita, 2016). In addition, 
TNC-knockout SAH mice showed fewer inflammatory cell 
infiltration in the subarachnoid space (Fujimoto et al., 2018) 
as well as suppression of post-SAH activation of Toll-like re-
ceptor 4/nuclear factor-κB/interleukin-1β and interleukin-6 
signaling cascades (Liu et al., 2018). TNC may be induced in 
astrocytes, neurons and brain capillary endothelial cells after 
experimental SAH (Shiba et al., 2014). Experimental studies 
also demonstrated that TNC is induced in cerebral arterial 
wall, causing cerebral vasospasm (Suzuki and Kawakita, 
2016). TNC may have the positive feedback mechanisms on 
upregulation of TNC itself via Toll-like receptor 4 activation 
in an acute phase of SAH, leading to more activation of the 
signaling transduction and the development or aggravation 
of EBI and cerebral vasospasm, potentially leading to DCI 
(Suzuki and Kawakita, 2016; Okada and Suzuki, 2017). 
These findings suggested that TNC causes both EBI and ce-
rebral vasospasm. However, plasma TNC may not reflect the 
severity of EBI but can be a useful biomarker to timely diag-
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nose or predict the development of angiographic vasospasm 
and vasospasm-induced DCI.

OPN in SAH 
OPN is expressed as a 40–80 kDa protein due to varied 
posttranslational modifications (Uede, 2011). In a clinical 
setting, plasma full-length OPN levels were significantly 
increased and peaked at days 4–6 post-SAH (Nakatsuka et 
al., 2018). Poor-outcome patients had significantly higher 
plasma OPN levels through all sampling points (days 1–12): 
delayed cerebral infarction showed higher OPN levels at 
days 1–3 and 10–12, while DCI had higher OPN levels at 
days 4–9 (Nakatsuka et al., 2018). Plasma OPN at days 1–3 
might increase reflecting the severity of EBI that might 
cause delayed cerebral infarction as suggested by experi-
mental studies (Nishikawa and Suzuki, 2018). Serum levels 
of C-reactive protein, a non-specific but sensitive marker of 
systemic inflammatory reactions, were not correlated with 
OPN levels at days 1–3 (Nakatsuka et al., 2018). Higher 
plasma OPN levels associated with DCI at days 4–9 may 
suggest the existence of non-EBI-related causes of DCI. On 
the other hand, experimental studies showed that OPN was 
induced in reactive astrocytes and brain capillary endothe-
lial cells or cerebral arterial smooth muscle cells during the 
recovery phase of EBI or cerebral vasospasm, respectively, 
and worked protectively against BBB disruption, neuronal 
apoptosis, and cerebral vasospasm (Nakatsuka et al., 2018). 
Recombinant OPN treatment not only prevented EBI and 
vasospasm, but also stabilized vascular smooth muscle cell 
phenotype and protected cerebral autoregulation (Liu and 
Suzuki, 2018). The protective mechanisms may involve 
multiple pathways including inactivation of MAPK or nu-
clear factor-κB pathways, activation of focal adhesion ki-
nase-phosphatidylinositol 3-kinase-Akt signaling pathway, 
integrin-linked kinase-Rac-1 signaling pathway via L-ar-
ginyl-glycyl-L-aspartate-dependent integrin receptor, and 
P-glycoprotein glycosylation signaling via CD44 (Liu and 
Suzuki, 2018). Taken together, as basic researches suggest 
that OPN is induced in damaged tissues in a delayed fashion 
and acts protectively against SAH-induced EBI, vasospasm 
and therefore DCI, plasma OPN may increase in a delayed 
fashion reflecting the severity of preceding tissue injuries 
and/or the extent of the resultant inflammation, and so on. 

Increased plasma OPN may have healing effects, but may be 
not enough to recover the injuries, if not OPN is exogenous-
ly administered. Thus, acute-phase plasma OPN could be 
used as a useful prognostic biomarker reflecting post-SAH 
EBI.

Galectin-3 in SAH 
Galectin-3 is the sole member of chimera-type family of 
galectins with an approximate molecular weight of 30 kDa 
and can pentamerize (Dings et al., 2018). Clinically, higher 
plasma galectin-3 levels within 24 hours post-SAH reflected 
worse clinical grade and more subarachnoid and intraven-
tricular hematoma volume on computed tomography at ad-
mission, and predicted 6-month worse outcomes (Nishikawa 
and Suzuki, 2018). Interestingly, higher plasma galectin-3 
levels at days 1–3 post-SAH were associated with subse-
quent development of DCI and cerebral infarction without 
cerebral vasospasm in non-severe aneurysmal SAH patients 
(Nishikawa et al., 2018). Although the functional role of 
galectin-3 in SAH remain unclear, galectin-3 may be secret-
ed by glial cells, act as a Toll-like receptor 4 ligand or bind 
to TNC, and activate microglia to induce pro-inflammatory 
cytokines, causing EBI (Nishikawa et al., 2018).

Periostin in SAH 
Periostin is a 90 kDa N-glycoprotein that is expressed as 
multiple spliced isoforms (Nishikawa and Suzuki, 2017). 
Although blood concentrations of periostin are clinically 
reported to be elevated in various diseases, they have been 
never investigated in aneurysmal SAH patients. However, 
full-length periostin was upregulated in brain capillary en-
dothelial cells and neurons after experimental SAH in mice 
and responsible for EBI in terms of BBB disruption through 
activating MAPK pathways and interacting with TNC (Ni-
shikawa and Suzuki, 2017). 

Future Directions of MCPs 
The discovery of reliable biomarkers of EBI may guide neu-
rosurgeons or intensivists in stratifying SAH patients into 
categories of risk to develop DCI by cerebral vasospasm 
or other causes, and facilitate improved monitoring of 
the response to treatment for EBI and earlier diagnosis of 

Figure 1 Relationships between increased plasma 
levels of tenascin-C (TNC), osteopontin (OPN) 
and galectin-3, and early brain injury, 
angiographic vasospasm, delayed cerebral 
ischemia and outcome after aneurysmal 
subarachnoid hemorrhage.
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DCI. Both EBI and DCI are multifactorial and may involve 
several distinct but interconnected pathological processes. 
Thus, it is unlikely that a single protein biomarker will be 
clinically effective and reliable for assessing EBI and pre-
dicting different causes of DCI. Instead, a combination of 
temporal progression and relative levels of MCPs may be 
promising (Figure 1), because changes in plasma MCPs can 
occur rapidly after SAH and can be associated with a wide 
variety of pathophysiological processes. MCPs also can be 
easily detected using an enzyme-linked immunosorbent 
assay test. However, we do not know whether peripherally 
detected MCP levels accurately reflect the levels in the brain 
or CSF. We should measure plasma and CSF concentrations 
of MCPs at the same time, and examine if plasma levels may 
reflect CSF levels but have different temporal patterns, or 
plasma levels may represent systemic inflammation inde-
pendent of brain pathophysiological processes, and so on. 
In addition, the role of MCPs in EBI and DCI as well as the 
interactions among MCPs are not completely unveiled, and 
therefore further meticulous translational studies are needed 
(Suzuki and Nakano, 2018). A better understanding of the 
role of MCPs will provide valuable insights into the disease 
pathogenesis that may ultimately lead to improved thera-
peutic outcomes for SAH patients with EBI and DCI. Lastly, 
it is necessary to perform the review and the meta-analysis 
for all the MCPs described in the manuscripts to further 
validate whether they are significantly associated with SAH 
pathophysiological processes. Further investigation of MCPs 
as an avenue for biomarker discovery is warranted.
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