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Abstract

Objective Neuron-specific enolase (NSE) has been suggested for demonstrating brain metabolism in neuropsychiatric disorders.
This study assessed serum NSE levels in patients with tic disorders (TD).

Methods In this retrospective case-control study, we investigated whether NSE levels were increased in TD patients. Then, the
influencing factors and correlations between NSE levels and clinical features were analyzed. Finally, we tested its diagnostic
value for identifying tic severity.

Results NSE levels were increased in TD patients, although no statistically significant difference was present between transient
TD, chronic TD, and Tourette syndrome. Factors influencing NSE levels assessed by multiple linear regression were the Yale
Global Tic Severity Scale (YGTSS) global severity scores and gender. There were significant correlations between NSE levels
and tic severity. The optimal cut-off value to distinguish mild tics from moderate-severe tics estimated by receiver operating
characteristics curve was 24.95 ng/ml (AUC = 0.683).

Conclusion Our findings suggested that NSE may be a significant biomarker in TD but should be confirmed in further

investigation.
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Introduction

Tic disorders (TD) are characterized by the presence of invol-
untary contractions of muscle groups, resulting either in motor
movements or in verbal utterances and sounds [1]. Generally,
tics occur in childhood, vary their severity over time, and
gradually decrease or even completely disappear after adult-
hood [2, 3]. Tics can affect patients’ health-related quality of
life [4, 5]. TD are hierarchically classified into three types:
transient TD, chronic TD, and Tourette syndrome (TS) [1].
While the pathogenesis of TD is complex, current research
has indicated it is likely linked to the abnormality of the cen-
tral nervous system (CNS) [6]. Until now, the relationship
between clinical features of TD and CNS abnormalities has
remained inconclusive. In recent years, the neuro-biochemical
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markers have brought new insights to identify neurological
abnormalities and provide new tools for scientific research.

Neuron-specific enolase (NSE) is a well-known bio-
marker for demonstrating brain metabolic abnormalities
in neurological and psychiatric diseases. Brain tissue con-
tains a high number of specific proteins that cannot be
found in other tissues, offering the opportunity to investi-
gate the structural and functional abnormalities of nerves
in brain tissue noninvasively [7]. NSE is the yy-
isoenzyme of the glycolytic enzyme enolase found mainly
in the cytoplasm of neurons and cells of neuroendocrine
origin [8, 9]. When the plasma membrane is impaired
functionally or structurally, NSE is released from neurons.
The literature has indicated alterations of NSE in neuro-
psychiatric disorders [10, 11]. As NSE is selectively
expressed in neurons and has high stability in biological
fluids, it shows important reference value.

To date, few research assessed serum NSE levels in TD
children. Our study was aimed to investigate whether NSE
levels were increased. If present, we would explore the
influencing factors and observe its levels in different sub-
groups and determine the correlations between NSE levels
and clinical features. Finally, we tested its diagnostic value.
Here we present our findings.
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Materials and methods

The project is a retrospective case-control study with
drug-naive children (aged 3—-18 years) with TD. The
study group comprised three subgroups (includingl00
transient TD, 100 chronic TD, and 100 TS), totally 300
patients who were enrolled from January 2016 to
June 2018 in Xinhua Hospital Affiliated to Shanghai
Jiao Tong University School of Medicine. All patients
were diagnosed based on DSM-5 criteria. Subjects with
psychiatric comorbidities or under treatment, or with he-
molyzed blood samples, or with incomplete clinical data
were excluded. All related clinical information was col-
lected. The control group included 100 age- and gender-
matched children without a history of CNS disease or
other significant medical disorders. They were recruited
in the same hospital. The Yale Global Tic Severity Scale
(YGTSS) was used to evaluate tic severity. There were
three important scores from the YGTSS: (a) global se-
verity score; (b) total tic score; (c) overall impairment
rating.

NSE measurement (laboratory test) is as follows: 10 ml of
blood was collected by venipuncture in the cubital fossa, in a
vacutainer tube without anti-coagulant, between 8:00 am and
11:00 am. After collection, the total blood was immediately
centrifuged at 4000g for 10 min and the resulting serum was
stored at — 80 °C for analysis. To measure the serum levels of
NSE, the commercial kit was used according to the manufac-
turer’s instructions (Roche Diagnostics, Mannheim,
Germany), using the electrochemiluminescence technique
with the Cobas® (Roche®). NSE levels are expressed in
ng/ml.

The SPSS 25.0 program was used for the statistical analy-
sis. The Mann-Whitney and Kruskal-Wallis tests were used to
compare NSE levels in subgroups, and the Spearman correla-
tions were used to assess the relationship between the NSE
levels and clinical features. A multiple linear regression model
was used to estimate influencing factors. The optimal cut-off
value was to distinguish tic severity using receiver operating
characteristics (ROC). Statistical significance was determined
when p value < 0.05.

Results
Patient characteristics

Patient characteristics are shown in Table 1. In the tran-
sient TD group (25 female/75 male), the mean age was
7.42 £2.58 years. In the chronic TD group (22 female/78
male), the mean age was 8.72+2.59 years. In the TS
group (25 female/75 male), the mean age was 8.41 =
2.72 years. In the control group (26 female/74 male), the
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mean age was 7.97 +3.25 years. There was no statistical
difference in gender ratio or age between transient TD,
chronic TD, TS, and the control group respectively.

Serum NSE levels in the TD groups

The serum NSE levels are shown in Table 1. Compared with
the control group, NSE levels were increased in three TD
subgroups (transient TD, chronic TD, TS) and the differences
were statistically significant (Mann-Whitney p =0.000, p =
0.000, p =0.000, respectively). However, we found no statis-
tically significant difference in NSE levels between the tran-
sient TD, chronic TD, and TS groups (Kruskal-Wallis p =
0.556).

Factors influencing serum NSE levels by multiple
linear regression

There was no difference in NSE levels between the transient
TD, chronic TD, and TS groups; thus, we combined the data
of 300 patients for statistical analysis. To predict influencing
factors, we used the multiple regression model (Table 2). In
this model, NSE levels were the dependent variable. A range
of predictor variables covered three domains: Firstly, non-tic-
related factors were included. They were gender, age, age of
onset, and disease duration. Secondly, factors reflecting tic
severity were included: the YGTSS global severity scores
and total tic scores. Lastly, the electroencephalogram (EEG)
classifications were included. We found the YGTSS global
severity scores and gender were the influencing factors, and
other factors did not affect the NSE levels observed in this
study.

Serum NSE levels in subgroups

Based on the results of multiple linear regression, 300 TD
patients were classified according to tic severity firstly.
Severe TD patients contain less; thus, we combined mod-
erate and severe TD patients together. NSE levels were
increased in moderate-severe TD group compared with
mild TD group (median 23.01 vs. 21.62; p=0.001).
Then, stratifying by gender, patients were subdivided
and classified into four subgroups. NSE levels were in-
creased in mild male TD group than mild female group
(median 21.74 vs. 19.58; p=0.016), and in moderate-
severe female TD group than mild female group (median
22.46 vs. 19.58; p=0.012), and in moderate-severe male
TD group than mild male group (median 23.11 vs. 21.74;
p=0.004). No difference between moderate-severe female
TD group and male TD group was found (p =0.142).
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Table 1 Patient characteristics and serum NSE levels
Overall Transient TD Chronic TD TS Control group
n 300 100 100 100 100
Gender: female/male 72/228 25/75 22/78 25/75 26/74
Age (mean+SD), y 8.18+£2.68 7.42+2.58 8.72+2.59 8.41+£2.72 7.97+3.25
Age of onset (mean + SD), y 6.50+2.31 6.97+2.49 6.53+2.30 5.99+2.06
Disease duration (median, IQR), m 12 (8-24) 52-8) 24 (12-24.0) 24 (12-36)
YGTSS global severity score (mean = SD) 25.86 £8.36 23.76 £7.23 24.52+7.45 29.30+9.21
YGTSS total tic score (mean =+ SD) 15.86 +6.54 1426 +5.18 14.62+5.99 18.70+7.36
YGTSS overall impairment rating (median, IQR) 10 (10-10) 10 (10-10) 10 (10-10) 10 (10-10)

Serum NSE levels (median, IQR), ng/ml

22.07 (19.34-24) 22.60 (19.37-24.74) 21.74 (18.68-24.69) 22.38 (19.57-24.97)

17.12 (14.80-19.79)

IOR interquartile range, SD standard deviation, y year, m month, YGTSS Yale Global Tic Severity Scale.

Correlation analyses between serum NSE levels
and clinical features

Firstly, we performed a correlation analysis with 300 TD pa-
tients. The results are shown in Table 3. There was a significant
positive correlation between NSE levels and total tic scores
(r=0.281, p=0.000), and overall impairment rating scores
(r=0.279, p=0.000), and the YGTSS global severity scores
(r=0.318, p=0.000). In this part, there were no significant
correlations between serum NSE levels and age (p=0.321),
age of TD onset (p =0.304), and disease duration (p = 0.708).
Then, we performed the correlation analysis in three subgroups
(Table 3). We found a moderate and significant correlation
between NSE levels and the YGTSS global severity scores
(Fig. 1); no other significant correlations were found.

ROC curve for serum NSE levels

The optimal cut-off value was to distinguish tic severity using
ROC curve. The optimal cut-off value to distinguish mild tics
from moderate-severe tics was 24.95 ng/ml, with sensitivity of
31.6% and specificity of 88.3%. The result is shown in Fig. 2.

Discussion

Here, we show for the first time. Serum NSE levels were
increased in TD patients and significantly related to tic sever-
ity as measured with the YGTSS. The multiple linear regres-
sion model showed the YGTSS global severity scores and
gender were factors influencing NSE levels. And NSE levels
were increased in mild male TD group than mild female
group, and in moderate-severe female group than mild female
group, and in moderate-severe male group than mild male
group. Our findings highlighted the importance of tic severity
and gender in future studies on NSE levels in TD. Using the
ROC curve, the optimal cut-off value to distinguish mild tics
from moderate-severe tics was 24.95 ng/ml. Until now, there
is still a lack of laboratory indicators related to tic severity. Our
study indicated that NSE levels, as a significant biomarker,
could provide reference value for TD.

NSE is a glycolitic enzyme involved in the metabolism of
neuronal cells primarily localized in the cytoplasm of the neu-
rons. As it is not secreted, increments in NSE levels in serum
might indicate metabolic dysfunction and structural damage to
the neuronal tissue [12]. NSE is released soon after cellular
injury of the nervous tissue and then shows detectable increases

Table 2 Summary of the multiple

linear regression model. The Variables Unstandardized regression Standard p value
YGTSS global severity scores coefficients (95% CI) error
and gender were factors
influencing NSE levels YGTSS global severity score 0.234 (0.114 to 0.353) 0.061 0.000
Gender
Female (reference) (Reference) (Reference) 0.039
Male 1.067 (0.052 to 2.082) 0.516
Age —1.048 (—2.522 to 0.427) 0.749 0.163
Age of onset 0.959 (=0.516 to 2.434) 0.749 0.202
Disease duration 0.072 (=0.052 to 0.197) 0.063 0.254
Total tic score —0.076 (—0.228 to 0.077) 0.078 0.329
EEG classification
Normal (reference) (Reference) (Reference) 0.447
Abnormal —1.043 (—3.742t01.656) 1.371

EEG electroencephalogram, C/ confidence interval
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Table 3  Significant correlation analyses between NSE levels and other 10 ROC Curve =
clinical features —
Variables Serum NSE levels® (p value) 5 / NSE
0.8 A
Entire TD sample 22.07 (19.34-24) - '
Total tic score r=0.281 0.000 .
Overall impairment rating r=0.279 0.000 06 v
Transient TD 22.60 (19.37-24.74) - 4l o -
Total tic score r=0.288 0.004 % - ‘ AUC=0.683
Overall impairment rating r=0.252 0.011 3: 0.4 ) e J Cutoff=24.5ng/mL
Chronic TD 21.74 (18.68-24.69) - r g p=0.001
Age r=—0.218 0.029 [
Age of onset r=—0.222 0.026 0.2 g,
Total tic score r=0.248 0.013 |
Overall impairment rating r=0.316 0.001 J
TS 22.38 (19.57-24.97) N 0'00.;1 02 04 06 08 10
Total tic score r=0.299 0.002 1-Specificity
Overall impairment rating r=0.274 0.006

Fig. 2 ROC curve for NSE levels in TD patients

# Spearman’s correlation coefficients

metabolic activity [8]. Hawro et al. reported the low concentra-
in concentration in blood. Previous studies investigated this  tions of NSE detected in patients with neuropsychiatric system-
protein has been used for traumatic brain injury [13], stroke  ic lupus erythematosus may also reflect the reduced neuronal
[14], and hypoxic encephalopathy [15]. On the other hand, = metabolic activity [16]. Besides, NSE is also a highly specific
NSE can indicate metabolic dysfunction in the neuronal tissue. ~ marker for neuroendocrine cells. Using immunostaining tech-
Wiener et al. reported decreased NSE levels in patients with ~ niques, NSE not is only observed in neurons but also been
major depression, which might reflect reduced neuronal  demonstrated in a variety of neuroendocrine cells including
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Fig. 1 Correlation analyses showing a moderate and significant correlation between NSE levels and the YGTSS global severity score
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pinealocytes, pituitary glandular, and peptide-secreting cells,
and so on. Since the original description of NSE in 1965, there
have been accounts of its use in clinical practice.

TD is a complex neuropsychiatric disorder with abnor-
malities mainly in the neuro-transmission of dopamine and
y-aminobutyric acid (y-GABA) [17, 18]. Subsequently,
brain metabolite abnormalities in the GABA-Glu-Gln cy-
cle were reported [19]. As this was the first study reporting
an increase in NSE levels in TD, the underlying connec-
tions between abnormal neuro-transmission metabolism
and the release of NSE were uncertain. It had to be con-
firmed by using neuroimaging evaluation of brain metab-
olism including positron emission tomography (PET) and
magnetic resonance spectroscopy (MRS). Aside from these
neuro-transmission abnormalities above, neuroendocrine
factors may be also involved. The heightened responsivity
of hypothalamic-pituitary-adrenal (HPA) axis was reported
in the neuropathology of TD [20]. Chappell also found TD
patients secreted significantly more adrenocorticotropic
hormone (ACTH) than control subjects following lumbar
puncture [21]. ACTH is released from the adrenocortico-
tropic cell in anterior pituitary gland which is one kind of
neuroendocrine cell that secretes NSE. Thus, we propose
that the increase of NSE levels may be also generated by
neuroendocrine cells (such as adrenocorticotropic cells).
Future cellular experiments to observe the secretion of
NSE in these neuroendocrine tissues and cells will be con-
ducted and expound the underlying pathophysiology.

Here, some restrictions have to be considered. Our
sample size was too small to confirm the validity of
our conclusions. Moreover, the current study did not
make use of imaging techniques and cellular experi-
ments. The serum NSE levels are significantly increased
in TD and correlate with some clinical features; thus,
the utility of NSE as a biomarker of TD is valuable.
Further studies are needed to clarify the role of NSE in
TD and to evaluate how it may change with successful
treatment.
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