Neurology Asia 2022; 27(3) : 695 – 700

Is serum NSE a useful biomarker in multiple system
atrophy?
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Abstract
Objective: Multiple system atrophy (MSA) is a rapidly progressive and devastating neurodegenerative
disease with limited lifespan. Biomarkers in diagnosing and evaluating the prognosis of MSA is a rapidly
developing field. Neuron-specific enolase (NSE) is a biomarker of neuronal damage applicable in many
neurological disorders. This study aimed to determine the usefulness of serum NSE as biomarker of
MSA. Methods: In this case-control study involving 50 patients with MSA, electrochemiluminescence
assay was used to investigate whether serum NSE levels. The disease severity of patients was assessed
by Unified System Atrophy Rating Scale (UMSARS part II). The correlation between NSE levels
and clinical features in MSA patients was analyzed. Results: The NSE levels were higher in MSA
patients (11.59±2.52 ng/mL) than the control group (11.30±2.73 ng/mL); however, the difference was
not statistically significant (P=0.581). In addition, no statistically significant difference was detected
in the NSE levels between the parkinsonian (MSA-P) and cerebellar subtypes (MSA-C). No distinct
difference was also detected between males and females of MSA patients. Furthermore, no correlations
were established between NSE levels and age, disease duration, and UMSARS II score.
Conclusions: This study suggest that serum NSE is not a useful biomarker of MSA. Future studies
should examine whether there is a role for CSF NSE in reflecting neuronal damage in MSA patients.
Keywords: Multiple system atrophy, neuron-specific enolase, biomarker, Unified System Atrophy
Rating Scale
INTRODUCTION
Multiple system atrophy (MSA), first described in
19691, is a rare, adult-onset, rapidly progressive,
and devastating neurodegenerative disorder,
leading to irreversible neuronal damage with an
aggressive clinical course lasting approximately
9 years from onset to death. People with
MSA suffer from severe disabilities, including
autonomic failure in combination with levodopa
(L-dopa)-unresponsive parkinsonism (MSA-P)
or cerebellar ataxia (MSA-C).2 The incidence of
MSA is about 0.6-0.7/100,000 in the population.
A geographical discrepancy was detected in the
MSA clinical subtypes in worldwide distribution.
In the Western countries, MSA-P is the most
common subtype, whereas in Japan, MSA-C
predominates, implicating the influence of
genetic or environmental factors.3-5 The identified
neuropathological hallmarks of MSA is the glial
cytoplasmic inclusions (GCIs). Although several
studies proposed many factors, such as oxidative
stress 6, neuroinflammation 7, mitochondrial

dysfunction8, myelin lipids dysregulation9,10,
genetic polymorphism 11 , iron metabolism
dysregulation12, intestinal inﬂammation13, and
intestinal dysbiosis14, the exact pathogenesis is
not yet clearly elucidated.15
Neuron-specific enolase (NSE) is a
cytoplasmatic glycolytic enzyme, localized
in neurons and neuroendocrine cells. Since
NSE is not physiologically secreted, the
increase in the NSE level in serum or CSF is
considered a biomarker of neuronal damage in
neurological disorders.16-18 NSE is also elevated
in neurodegenerative diseases; for instance, serum
and CSF of early-stage Creutzfeldt-Jakob disease19
and CSF of Alzheimer’s disease.20,21 Since MSA
is the neurodegenerative disease, we speculated
that NSE levels are elevated in MSA and play a
role in the pathophysiology of MSA. Hitherto,
only a few studies have been reported on the
significance of NSE in MSA.22
In order to investigate whether there is a role
for the NSE-mediated neuronal damage in MSA
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pathophysiology, we assessed the serum NSE
levels in patients with MSA and analyzed the
correlation between serum NSE levels and clinical
features in MSA patients.
METHODS
A total of 50 MSA patients were recruited
f r o m t h e D e p a r t m e n t o f N e u r o l o g y,
Affiliated Dongyang Hospital of Wenzhou
Medical University between August 2014 and
2019. The patients were recruited by consecutive
sampling. The diagnosis of probable MSA was
confirmed by a movement disorders neurologist
according to consensus criteria.23 The MSA-P
group consisted of 26 patients, and the MSA-C
group consisted of 24 patients. The exclusion
criteria were secondary causes of parkinsonism,
other neurological diseases, psychiatric symptoms,
cancer, known tobacco or ethanol abuse, and
severe complications, such as heart disease and
renal failure. All MSA patients were evaluated
using the Unified System Atrophy Rating Scale
(UMSARS part II).24 Many healthy individuals
go to the Physical Check Center of the hospital
for physical examinations such as blood test,
to evaluate their health status. Fifty age- and
gender-matched healthy control subjects without
medical illnesses and known tobacco or ethanol
abuse were recruited from the Physical Check
Center of the same hospital. The demographics
of patients and controls are described in Table 1.
Written informed consent was obtained from
all participants included in the study that was
approved by the local ethics committee of this
hospital.
Data collection
An equivalent of 3 mL venous blood was collected
from participants between 5:00 and 7:00 a.m.,
following about 8 h of fasting. The sera were
collected from the samples by centrifugation
at 3000 rpm for 10 min, and stored at −80 °C
for subsequent use. The NSE serum levels were
detected by electrochemiluminescence assay
(ECLIA; Roche Diagnostics, USA).
NSE was routinely tested in the Clinical
Laboratory of this hospital. The blood samples
withdrawn from the participants were sent to
the Clinical Laboratory within 1 h after drawing
on the same day for the detection of NSE by
ECLIA. We also stored the serum samples at −80
°C for later use. The kit and laboratory method
were same as those used above to test the stored
serum samples, and no significant differences
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were observed when comparing the current and
previous detection results.
Statistical analysis
Data analysis was performed using SPSS version
21 (SPSS Inc., IL, USA). Numerical data were
summarized using means and standard deviation
(SD). A parametric t-test was used to compare
the NSE levels between groups. Mann–Whitney
U test was used to compare the age between
the groups. The associations between NSE
levels and demographic and clinical parameters
(gender, disease duration, UMSARS II score)
were analyzed by Pearson’s correlation test. The
association between NSE levels and age was
analyzed by Spearman’s correlation test. P<0.05
was considered statistically significant.
RESULTS
Demographic and clinical characteristics of the
study population
The demographics and clinical characteristics of
patients with MSA and healthy controls are shown
in Table 1. A total of 50 MSA patients (male/female
(M/F)=29/21, mean age (62.94±9.26) years) and
50 controls (M/F=21/29, mean age (59.06±11.84)
years) were recruited in this study. The results
did not find gender- (P=0.110) and age-related
difference (P=0.083) between the two groups.
The mean disease duration of MSA patients was
3.32±1.82 years. The mean UMSARS II score
was 22.84±13.03.
Serum NSE levels in patients and controls
The serum levels of NSE were measured using
ECLIA. The levels of NSE were higher in
MSA patients (11.59±2.52 ng/mL) compared
to the control group (11.30±2.73 ng/mL), but
the difference was not statistically significant
(P=0.581, Table 1). Moreover, no statistically
significant difference was detected in the NSE
levels between MSA-P (11.6±2.85 ng/mL) and
MSA-C (11.59±2.1 ng/mL, P=0.992). Similarly,
no difference was observed between the genders
of MSA patients (Male: 11.25±2.20 vs. Female:
12.06±2.89, P=0.271). Also, no correlation was
established between NSE levels and age, disease
duration, and UMSARS II score (Figure 1).
DISCUSSION
The involvement of NSE in MSA has been
rarely investigated.22 In this study, we aimed to

Table 1: Demographic and clinical characteristics of the study population
Characteristics
Gender (M/F)
Age (years) *
Disease duration (years) *
UMSARS II score
NSE (ng/mL)

MSA (n=50)
29/21
62.94±9.26
3.32±1.82
22.84±13.03
11.59±2.52

Control (n=50)
21/29
59.06±11.84
NA
NA
11.30±2.73

P-value
0.110a
0.083b
0.581

Abbreviations: F, female; M, male; NA, not applicable; UMSARS, Unified Multiple System Atrophy Rating Scale.
a 2
χ test.
b
Mann–Whitney U test.
*mean±SD

investigate whether NSE play a role in neuronal
damage in MSA pathophysiology based on the
serum NSE levels. We did not find a significant
difference between 50 MSA patients and 50
age- and gender-matched controls. Moreover,
we did not find any correlations between NSE
levels and age, disease duration, and UMSARS II
score associated with the severity of this disease.
In addition, the serum NSE levels were similar
in both MSA subtypes (MSA-P and MSA-C).
NSE is a glycolytic enzyme localized in the
neurons and neuroendocrine cells. It may play
a dual role in promoting neuroinflammation
and neurotrophy in neurodegenerative diseases.
The elevated NSE levels promote inflammatory
cytokines and chemokines, which may promote
neurodegeneration.25 Thus, NSE could potentially
have clinically useful as a non-invasive
quantitative and specific biomarker of the neuronal
injury. NSE may also have protective effects
by its role in neuronal survival, differentiation,
and neurite regeneration via activation of
the phosphatidylinositol-4,5-bisphosphate
3-kinase (PI3K) and mitogen-activated protein
kinase (MAPK) signaling pathways.26,27 This
neuroprotective function is regulated by cathepsin
X (Cat X), which truncates the C-terminal end
and modifies the activity of the molecule.28,29
Previous studies have shown elevated NSE
levels in various neurological disorders: serum
of traumatic brain injury30, serum of cerebral
venous thrombosis31, serum of acute spinal cord
injury32, CSF of seizures33, serum and CSF of
Creutzfeldt-Jakob disease19, serum of stroke34,
and CSF of Alzheimer’s disease.20,21 However,
in a previous study, the serum NSE levels did
not differ between Parkinson disease’s patients
and normal controls, which may be attributed to
the lesser neuronal damage in Parkinson disease
patients.35 In another study on 36 patients. the
serum NSE levels were not significantly higher
in idiopathic intracranial hypertension patients

compared to controls. Samanci et al. explained
that this may be attributed to the short biological
half-life in of NSE in body fluids.36 Another study
on by Abdo et al. showed that the CSF NSE levels
in 45 MSA patients did not differ significantly
from normal controls, and no differences were
observed between the MSA clinical subtypes.22
In our study, although the serum NSE level was
higher in the MSA group than the control group,
the difference was not statically significant. There
is no previous study reporting serum level of NSE
in MSA. The lack of altered levels of serum NSE
may be attributed to the short biological half-life
of NSE in body fluids, which is approximately
24 h.25,36
Based on the NSE-mediated neuron damaging
effects, the correlation between NSE levels and
clinical disease progression has been demonstrated
in patients of various pathologies with impaired
blood-brain barrier and neuronal loss. 37-39
However, we did not find any correlations between
serum NSE levels and age, disease duration, and
UMSARS II score associated with the severity
of this disease. Since the pattern of neuronal
death in MSA patients is unclear, quantifying
the neuronal loss during disease progression is
challenging. We did not establish any correlations
between serum NSE levels and the duration of
MSA disease progression in this study. Since NSE
is considered a biomarker of neuronal damage,
we speculated that if the neuronal loss in MSA
varies with time, the single estimation of serum
levels of NSE could not detect this correlation. The
serum NSE levels were also similar in both MSA
phenotypes, indicating that the enzyme could not
differentiate between the two MSA subtypes. This
was consistent with the natural history of the MSA
subtypes, i.e., no difference in the mean survival
between MSA-P and MSA-C patients.5 Another
new finding in this study was that among the 50
MSA patients, the MSA-P group consisted of 26
patients and the MSA-C group consisted of 24
697
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Figure 1. Correlation between NSE levels and age, disease duration, and UMSARS II score.
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patients, which is different from the demographics
in Japan with more MSA-C.5 Thus, the current
data helped to expand the geographical spectrum
of MSA clinical subtypes in Asia.
In conclusion, this study analyzed serum NSE
levels in MSA patients. There was no significant
difference between patients and controls nor
between different clinical phenotypes of MSA
patients. The main limitation of our study was
the small sample size. Due to ethical restriction,
CSF samples from normal controls could also not
be obtained. Although we could not demonstrate
a significantly elevated level of NSE in MSA,
we propose that further studies involving larger
number of patient and include CSF samples to
elucidate any discrepancies between serum and
CSF levels should be performed. There should
also be repeat estimation of the levels in the
same patient during the clinical course to reflect
temporal changes of the neuronal damage.
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