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Abstract

Background and Aim: Hypoxic-ischemic encephalopathy (HIE) is a disorder featured
by hypoxic and ischemic damages during the perinatal period and its high mortality
(i.e., 15%-20%) could be partly attributed to late diagnosis. Therefore, miR-210 and
miR-374a were investigated to find if they could improve the diagnostic values of
S100B protein and neuron-specific enolase (NSE) for HIE.

Methods: Altogether 167 HIE newborns and 82 healthy newborns were recruited, and
their blood were sampled for determining the levels of biomarkers. Specifically, S100B
protein and NSE levels were detected based on the enzyme-linked immunosorbent
assay (ELISA) kit, while the expressions of miR-210 and miR-374a were quantified by
quantitative reverse transcription-polymerase chain reaction (qRT-PCR). Moreover,
the receiver operating characteristic (ROC) curves were established to assess the diag-
nostic values of the above biomarkers for HIE. Finally, the correlation analysis be-
tween miR-210/miR-374 and Neonatal Behavioral Neurological Assessment (NBNA)
scoring or Gesell intellectual development were also conducted.

Results: The levels of miR-210, miR-374a, S100B protein, and NSE were significantly
distinct between HIE patients and healthy newborns (p <.05). Besides, miR-210
(r,=.573), miR-374a (r, = .651), NSE level (r, = -.622), and S100B level (r, = -.55) were
all, respectively, correlated with NBNA scoring with statistical significance (p < .05).
Furthermore, it was revealed that the combined diagnosis of miR-210, miR-374a,
S100B protein, and NSE could obtain the highest accuracy regarding pairs of mild HIE
versus moderate HIE (AUC = 0.898), moderate HIE versus severe HIE (AUC = 0.922),
mild HIE versus severe HIE (AUC = 0.996), and HIE versus control (AUC = 0.960).
More than that, the four molecules were also remarkably associated with Gesell intel-
lectual development (p < .05).

Conclusion: MiR-210 and miR-374a could help to elevate the diagnostic value and
prognostic prediction of S100B protein and NSE for HIE.
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1 | INTRODUCTION

Hypoxic-ischemic encephalopathy (HIE) is generally defined as the
hypoxic and ischemic damages caused by anoxia asphyxia during the
perinatal period, and its pathological manifestations are mainly the
changes of cerebral blood flow (CBF) and brain tissue metabolism
(Fukuda et al., 2008; Liu, Liu, Lu, Liu, & Jiang, 2015). The Chinese inci-
dence of HIE varies between 3%o and 6%0 among 18-20 million live
births per year, and around 15%-20% of the HIE infants ultimately
die in the newborn period (Shao, Ye, & Qiu, 2011). According to the
multicentric studies from domestic and overseas groups, mild hypo-
thermia remains the therapeutic measure that could gain a relatively
favorable clinical efficacy for HIE (Zhou et al., 2010). Nevertheless,
with this treatment, infants with minor and moderate HIEs could
return to normal within 10 days, while those with severe HIE le-
sions are observed with echo-free space (i.e., cystic degeneration) in
2-3 months and high possibility of death. Therefore, early diagnosis
of HIE are critical to lessen the neurological sequel and to decrease
the neonatal mortality (Graham, Ruis, Hartman, Northington, & Fox,
2008). Currently, HIE is diagnosed partly depending on observing
the infants’ clinical symptoms, yet this process takes a long time and
is vulnerable to subjectivity. Application of computed tomography
(CT) and magnetic resonance imaging (MRI) for diagnosing HIE is
limited by peoples’ fear of radioactive rays and the high inspection
charges (Jose, Matthai, & Paul, 2013; Zhang, Zhang, & Li, 2016). In
response, it is crucial to discover the sensitive and specific biomark-
ers that could objectively diagnose the early-stage HIE in a cost-
effective manner.

Multiple biomarkers that could identify the newborns’ central ner-
vous system lesions have been investigated, for instance, S100B pro-
tein, a calcium-binding protein that was principally distributed within
certain neurons, melanophores and adipocytes, were closely linked
with severe cerebral injury, and the increased synthesis of S100B could
repair the nerve injury (Goncalves, Leite, & Guerra, 2010) (Goncalves,
Leite, & Nardin, 2008; Sun, Liu, & Nie, 2013). In addition, S100B pro-
teins would be released into cerebral spinal fluid (CSF) and serum
when necrosis of neurogliocytes and damage of brain-blood barrier
(BBB) happened, suggesting that high S100B protein levels might be
representative of poor HIE prognosis (Okumus et al., 2008). Similar to
S100B protein, neuron-specific enolase (NSE) that was supposed to
be within brain tissues would be discharged into CSF after HIE de-
velopment, implying its significance in symbolizing the onset of HIE
(Douglas-Escobar & Weiss, 2012; Shimono et al., 2010). Nevertheless,
the sensitivity and specificity of S100B and NSE were still finite, when
they were, respectively, utilized for HIE diagnosis (Azuma et al., 2015;
Gazzolo et al., 2009).

Interestingly, it was revealed that miR-374a expressions were re-
markably reduced within HIE infants in comparison to healthy infants
and ones with perinatal asphyxia (Looney et al., 2015). Furthermore,
miR-210 was demonstrated to exert neuroprotective effects on HIE
murine via modifying the bcl-2/bax balance and thereby the cell apop-
tosis (Qiu et al., 2013). Since microRNAs have been deemed as the

desirable biomarkers for diverse disorders (e.g., cancer) (Morimura

etal., 2011; Su et al.,, 2014; Wang et al., 2014), it was hypothesized
that miR-374a and miR-210 might also serve as potential diagnostic
biomarkers for HIE patients.

On the whole, since diagnosing of HIE with single biomarkers
could contribute to relatively low sensitivity and specificity, the pres-
ent study was aimed to explore whether the synergic utilization of
miR-374a and miR-210 could improve the diagnostic value of S100B
protein and NSE for HIE patients.

2 | METHODS

2.1 | Subjects

From January 2015 to December 2016, totally 167 HIE newborns
and 82 healthy newborns were recruited from the First People’s
Hospital of Shanggiu, and the newborns were all guaranteed to be
within 48 hr after their births. The full-term infants were diagnosed
as HIE in accordance with Sarnat and Sarnat (1976), whereas the
premature infants were diagnosed if they have medical history of
anoxia asphyxia and typical neurological symptoms, including over-
excitation, drowsiness, coma, dystonia, abnormality in primitive
reflex, convulsions, and so on (Chen, 2004; Chen & Yu, 2004). Of
note, the infants mentioned above were confirmed with HIE after
conduction of brain magnetic resonance imaging (MRI) (Cowan
et al., 2003). The above HIE subjects were classified into mild, mod-
erate, and severe grades according to the diagnostic criteria of neo-
natal HIE (Table S1) (Group of Neonatology CPS, & Chinese Medical
Association, 2005). Moreover, the healthy newborns should not
be accompanied by medical history of perinatal asphyxia or abnor-
mal nervous system after birth. For both HIE infants and healthy
newborns, the subjects would be removed if they suffered from
convulsions caused by electrolyte disturbance, intracranial hemor-
rhage, and birth injury. Besides, the participants with brain injury
caused by intrauterine infection, hyperbilirubinemia, and severe
brain dysplasia were also excluded (Krsek et al., 2010; Stevenson,
Benitz, Sunshine, Hintz, & Druzin, 2009; Zhao, Chen, Xu, & Pi,
2013). Ultimately, all the infants’ parents have signed the informed
consents, and this study was approved by the institution review
board (IRB) and the ethics committee of the First People’s Hospital
of Shanggiu (Henan province).

2.2 | Detection of NSE and S100B protein

Since the damages of neuronal cells and the metabolism of energy
substrates were the most pronounced within 48 hr after the occur-
rence of anoxia (Whitelaw & Thoresen, 2010), NSE and S100B were
collected from the newborns within 6 hr after their births. Blood
sampling was conducted via femoral vein in the morning, and all sub-
jects should be on their empty stomachs. The coagulated blood (vol-
ume: 2 ml) were examined within 48 hr since delivery. The levels of
serum NSE and S100B protein were detected with ELISA kit (CanAg
Corporation, Sweden), and were managed with type 550 microplate
reader (Bio-Rad Corporation, USA).
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2.3 | Detection of miR-210 and miR-374a with real-
time PCR

Umbilical cord blood (volume: 3 ml) was gathered within 1 hr since de-
livery. After the umbilical cord blood was centrifuged at the speed of
3,500 rpm for 10 min, its serum was kept in the —-80°C refrigerator. Total
RNAs were isolated in line with the specifications of miRNeasy-Mini-Kit
(Qiagen), and they were examined within 48 hr since delivery. The first
cDNA strands were synthesized based on M-MLYV reverse transcriptase,
and quantitative PCR reaction was carried out based on the miRNA RT-
PCR Kit (Takara) and ABI7300 system. With the primers of miR-374a, miR-
210, and U6 (Guangzhou Ruibo Biotechnological Corporation, China), the
PCR reaction was advanced in accordance with the following procedures:
(i) predegeneration at 95°C for 30 s and (i) 40 cycles of 95°C for 5 s, 55°C
for 30 s, and 72°C for 30 s. Then, ABI7300 real-time PCR software was
arranged to analyze the relative copy number of genes. During the course
of the experiment, the contamination of proteins within RNAs would be
considered as tolerable when the ratios of OD260 and OD280 ranged
between 1.8 and 2.1. Besides, the complexity of RNAs was evaluated ac-
cording to the RNA Integrity Number (RIN) of the software, and the capil-

lary electrophoresis was conducted with Agilent Bioanalyzer.

2.4 | Treatment

The head local cooling was mainly applied to treat the HIE newborns
via the model RC-2000 hypothermia instrument (RiCheng Medical
Electronic Equipment Limited Corporation, Jilin province, China).
Specifically, therapeutic caps were put on the head of patients, with
recycled water prepared for cooling the head. This treatment was
started in the sixth hour after birth, and the nasopharyngeal tempera-
ture was maintained at 34 + 0.2°C for 72 hr under the computer auto-
matic control. After the cease of head cooling, natural rewarming was
implemented, and infrared radiation was applied for ones whose body

temperature was below 36°C after 6 hr.

TABLE 1 Baseline characteristics of

. . h, isti
included subjects ST IR

Male

Female
Chi-square test
p value

Eutocia

Cesarean
Chi-square test
p value

Weight
t test
p value

Gestational age
t test

p value
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2.5 | NBNA scoring

All the detection procedures were processed in the quiet and half-dark
room at the temperature of 22-27°C. The behavioral neurology of full-
term infants was assessed by trained physicians on the seventh day after
their births, while the Neonatal Behavioral Neurological Assessment
(NBNA) scoring of premature infants was evaluated at term (Li etal,,
2008; Zhu et al., 2015). The scoring was implemented 1 hr after breast-
feeding, and the total inspection time was guaranteed to be within
10 min. The evaluation items of NBNA could be generally divided into
five parts, including active ability (n = 6), passive muscle tension (n = 4),
active muscle tension (n = 4), primitive reflex (n = 3), and general evalua-
tion (n = 3). It would be graded as: (i) low when the score was set as O, (ii)
medium when the score was set as 1, and (jii) high when the score was
set as 2. Besides, the newborns would be considered as: (i) the higher
NBNA group when their NBNA score was above 37, (i) the lower NBNA
group when their NBNA score was <35, and (iii) the medium NBNA
group when their NBNA score ranged between 35 and 37.

2.6 | Evaluation of Gesell intellectual development

HIE newborns all underwent intellectual measurements, respectively,
in the 48th and 52nd weeks after their births. The evaluation crite-
ria were in light of the Gesell intellectual development scale, and the
development quotients (DQs) of five energy regions were checked,
including adaptive behavior, large motion, fine movement, language,
and personal social behavior (Zhu & Zhu, 1985).

2.7 | Statistical analysis

All the statistical analyses were completed throughout SPSS 17.0 soft-
ware. The numerical variables indicated in the form of mean * standard
deviation (SD) were compared utilizing analysis of variance (ANOVA),

when they accorded with normal distribution. The categorical variables

Healthy Mild HIE Moderate HIE Severe HIE
45 34 33 18

40 35 27 20

Ref 0.205 0.060 0.326

Ref .651 .807 .598

47 38 32 23

38 31 28 15

Ref 0.001 0.055 0.293

Ref .978 .815 .588

3,691 +413 3,728 + 467 3,609 + 540 3,785 + 462
Ref 521 1.036 1.124

Ref .603 .302 263
39.14+0.26 38.98+1.05 39.07 +0.34 38.97 +0.79
Ref 1.356 1.404 1.787

Ref 77 162 .077

HIE, Hypoxic-ischemic encephalopathy; Ref, reference.
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presented in the form of proportion were analyzed with chi-square test.
Moreover, the correlative relationship between parameters was figured
out with application of linear correlation and regression analysis. Finally,
receiver operating characteristic (ROC) curve was fitted to calculate the
area under ROC curve (AUC), and the diagnostic sensitivity and speci-
ficity of biomarkers were identified based on Youden index. It would be

considered as statistical significance when p value was <.05.

3 RESULTS

3.1 | Baseline characteristics of included subjects

The mild-HIE newborns and normal newborns were observed to

share similar sex ratio, eutocia/cesarean ratio, mean weight, and mean

gestational age (all ps >.05; Table 1). The differences between me-
dium and severe HIE newborns regarding male/female ratio, eutocia/
cesarean ratio, mean weight, and mean gestational age were also sta-

tistically insignificant (all ps > .05).

3.2 | Comparison of NSE, S100B, miR-210, and
miR-374a levels between HIE newborns and healthy
controls

The healthy newborns possessed significantly less NSE and S100B
levels, yet higher miR-210 and miR-374a levels than HIE newborns (all
ps < .05; Table 2). HIE newborns were also associated with significantly
higher NBNA scores than healthy newborns (p < .05). Moreover, with

incremental severity of HIE, NSE and S100B levels were remarkably

TABLE 2 Comparison of NSE, S100B, miR-210, and miR-374a levels between HIE and healthy newborns

Groups Grading N NSE (pg/L) S100B (pg/L) miR-210 miR-374a NBNA
HIE group Mild 69 38.09 +22.82 0.82+0.51 1.02+0.21 0.99 £0.32 36.13+1.57
Moderate 60 53.62 +24.83 1.20 £ 0.59 0.84+0.16 0.64 +0.26 3342 +1.61
Severe 38 74.77 £29.19 1.98 +0.64 0.67 £0.19 0.33+0.29 31.74+1.25
Healthy group = 85 15.53+ 641 0.54 +0.32 1.15+0.14 1.26 +0.33 38.56 +1.82
HIE, Hypoxic-ischemic encephalopathy; NSE, neuron-specific enolase; NBNA, Neonatal Behavioral Neurological Assessment.
TABLE 3 Comparison of NSE, S100B, miR-210, and miR-374a levels between HIE newborns grouped on NBNA score
NBNA score N NSE (pg/L) S100B (pg/L) miR-210 miR-374a
237 87 12.29 + 5.86 0.52+0.36 1.25+0.22 1.23+0.24
37-35 75 47.11 £ 17.36 0.92 +£0.53 0.93+0.17 0.89 +0.21
<35 90 60.05 £21.42 1.51+0.57 0.73+0.16 0.58 £0.19
HIE, Hypoxic-ischemic encephalopathy; NSE, neuron-specific enolase; NBNA, Neonatal Behavioral Neurological Assessment.
TABLE 4 Diagnostic performance of NSE, S100B, miR-210, and miR-374a levels for HIE newborns
Biomarkers Comparison Value SEN SPE AUC 95% CI
NSE Mild vs. Moderate >61.90 40.0% 87.0% 0.67 0.58-0.77
Moderate vs. Severe >65.20 73.7% 65.0% 0.72 0.61-0.83
Mild vs. Severe >63.37 73.7% 87.0% 0.83 0.74-0.92
HIE vs. Control >26.15 78.4% 94.1% 0.90 0.86-0.94
S100B Mild vs. Moderate >1.05 60.0% 30.4% 0.68 0.59-0.77
Moderate vs. Severe >1.64 71.1% 83.3% 0.88 0.73-0.90
Mild vs. Severe >1.53 78.9% 91.3% 0.92 0.87-0.98
HIE vs. Control >0.80 69.5% 81.2% 0.80 0.74-0.85
miR-210 Mild vs. Moderate <0.97 81.7% 62.3% 0.76 0.67-0.84
Moderate vs. Severe <0.56 42.1% 98.3% 0.73 0.63-0.84
Mild vs. Severe <0.84 78.9% 85.5% 0.90 0.84-0.95
HIE vs. Control <1.01 73.1% 84.7% 0.84 0.80-0.89
miR-374a Mild vs. Moderate <0.95 90.0% 63.8% 0.81 0.73-0.88
Moderate vs. Severe <0.53 78.9% 68.3% 0.79 0.69-0.88
Mild vs. Severe <0.61 86.8% 88.4% 0.93 0.88-0.98
HIE vs. Control <0.90 67.7% 87.1% 0.86 0.81-0.90

HIE, Hypoxic-ischemic encephalopathy; NSE, neuron-specific enolase;
interval.

SEN, sensitivity; SPE, specificity; AUC, area under the curve; Cl, confidence
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increased, whereas miR-210 and miR-374a levels were significantly
downregulated (p < .05). The NBNA scores were also decreased when
HIE turned severe (p < .05).

Furthermore, the NSE and S100B levels in the higher NBNA
group were significantly higher than those in the medium NBNA
group, and the medium group embraced higher NSE and S100B lev-
els than the low NBNA group (p < .05; Table 3). On the contrary,
miR-210 and miR-374a levels in the higher NBNA group were sig-
nificantly reduced in comparison to those in the medium NBNA
group, and the medium NBNA group was accompanied with lower
NSE and S100B levels when compared with the lower NBNA group
(p < .05).

Besides, either NSE level (r, = -.622) or S100B level (r, = -.550)
was negatively correlated with NBNA scoring (p < .05), whereas miR-
210 (r,=.573) and miR-374a (r, = .651) were both positively associ-
ated with NBNA scoring (p < .05; Fig. S1).

3.3 | Diagnostic performance of NSE, S100B, miR-
210, and miR-374a levels for HIE newborns

MiR-374a topped with respect to differentiating moderate
(AUC = 0.806) or severe HIE (AUC = 0.930) from mild HIE (Table 4).
In addition, the NSE level was preferred in differentiating HIE patients
from healthy controls (AUC = 0.899), and S100B protein level was

(a) Mild and Moderate HIE Group

Open Access,

mostly recommended to differentiate moderate HIE from severe HIE
(AUC = 0.878).

As for the combined diagnosis (Figures 1-4), the synthetic role of
NSE, S100B, miR-210, and miR-374a peaked when comparisons of
mild HIE versus moderate HIE (AUC = 0.898), moderate HIE versus
severe HIE (AUC = 0.922), mild HIE versus severe HIE (AUC = 0.996),
and HIE versus control (AUC = 0.960) were considered (Table 5).
Then, the NSE + S100B + miR-374a, NSE + S100B + miR-210, and
NSE + S100B groups were, respectively, ranked No. 2, No. 3, and
No. 4 in their diagnostic performance concerning the above four
comparisons.

3.4 | Comparison of Gesell intellectual development
between HIE and healthy newborns

The normal newborns always overweighed HIE ones in both 48-
week and 52-week DQs (p < .05), and the DQ values decreased
significantly with severity of HIE (p < .05; Table 6). Moreover, NSE
and S100B levels were negatively correlated with 48-week and
52-week DQs (p < .05), whereas miR-210 and miR-374a were pos-
itively correlated with 48-week and 52-week DQs (p < .05; Figs S2
and S3). Furthermore, it was indicated that the predictive role of
combined biomarkers (i.e., miR-210, miR-374a, NSE, and S100B)
for 48-week and 52-week DQs was more accurate than that of any

(b) Mild and Severe HIE Group

1.0 1.0
0.8 4 0.8 A
£ 06- £ 06
2 =
= =
2 2
3 044 S 041
0.2 - 0.2
— NSE — NSE
S100B S100B
00 . . _— NSE8S1008 0.0 . . _— NSE&S1008
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
(c) Moderate and Severe HIE Group (d) HIE and Healthy Control Group
1.0 1.0
0.8 1 0.8
2 06 2 06
= =
= =
2 2
[ L p
S o4 3 o4
0.2 4 0.2 A
— NSE — NSE
S100B S100B
FIGURE 1 Combination diagnostic 0.0 ; ; —— NSE&ST008 0.0 . . — NSE&ST008
performance of NSE and $100B protein for 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
HIE newborns 1-Specificity 1-Specificity
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(a) Mild and Moderate HIE Group

(b) Mild and Severe HIE Group

1.0 1.0
0.8 1 0.8
2 061 2 064
= =
k= £
2 2
8 041 S 041
0.2 4 0.2
— NSE — NSE
S100B S100B
—— mir210 — mir210
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
(c) Moderate and Severe HIE Group (d) HIE and Healthy Control Group
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 performance of NSE, S100B protein, and
1-Specificity 1-Specificity miR-210 level for HIE newborns

single biomarker, and the AUC values of miR-210 and miR-374a
were higher than those of NSE and S100B.

4 | DISCUSSION

In the case of HIE, since CSF-NSE was increased when neurons
turned degenerative and necrotic, and the serum NSE (s-NSE)
level was elevated due to BBB disruption, both s-NSE and CSF-
NSE could be deemed as the biomarkers for indicating the severity
and prognosis of neuron damages (Noaman et al., 2013; Varsami
et al., 2013). For instance, when the cut-off value of NSE was set
as 245.4 ug/L, the sensitivity and specificity of s-NSE for diag-
nosing medium and severe HIE were, respectively, 79% and 70%
(Streitberger et al., 2017). However, applying NSE for diagnosing
HIE was still unsatisfactory, for that the increased NSE could also
be found within other disorders, including neonatal hyperbiliru-
binemia, infectious brain injury, and brain injury caused by congeni-
tal metabolic diseases (Gazzolo et al., 2009; Yao, Zhang, Ai, Liu, &
Huang, 2014).

Regarding S100B protein, it was usually detected within blood,
CBF, saliva, amniotic fluid, and breast milk, and its increase could
precisely predict severity and prognosis of brain injury (Morochovic
etal., 2009). In particular, Okumus et al. (2008) discovered that

S100B level might have something to do with the neurological sys-
tem lesions, which have been ascertained by electroencephalogram
(EEG) and brainstem auditory evoked potential (BAEP). Moreover, pa-
tients with S100B level 24 pg/L were usually accompanied by serious
hemorrhagic brain injury, yet ones with S100B level <4 pg/L were
prone to suffer from diffusive embolic cerebral infarction (Korfias
et al., 2007). Intriguingly, S100B protein was also proposed as the
peripheral marker of BBB, owing to that the S100B level not only
followed the time evolution rule within peripheral blood after the
presence of BBB, but also was closely linked with the opening level
of BBB (Koh & Lee, 2014; Weiss et al., 2015). All in all, the above phe-
nomena and mechanisms might well explain why S100B level could
reflect the HIE development and prognosis, as demonstrated in our
investigation.

Furthermore, miR-210 was documented to hinder neuronal
apoptosis via downregulating the caspase activity and altering the
bcl-2/bax balance, although the protective role of miR-210 was
diminished when neonatal hypoxic-ischemic injury occurred (Qiu
et al., 2013). Delivering miR-210 into the ischemic heart also facili-
tated angiogenesis and suppressed apoptosis, ultimately improving
the heart function (Hu et al., 2010). Furthermore, the expressions
of miR-210 and miR-374a were found to differ significantly be-
tween HIE infants and healthy controls among an Irish popula-
tion (Looney et al., 2015). Nonetheless, as people of discrepant
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FIGURE 3 Combination diagnostic
performance of NSE, S100B protein, and miR-

374a level for HIE newborns

FIGURE 4 Combination diagnostic
performance of NSE, S100B protein, miR-210,
and miR-374a levels for HIE newborns
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(b) Mild and Severe HIE Group
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TABLE 5 Combination diagnostic performance of NSE, S100B, miR-210, and miR-374a levels for HIE newborns

Combination biomarkers Comparison

NSE and S100B

NSE + S100B + miR-210

NSE + S100B + miR-374a

NSE + S100B + miR-210 + miR-374a

WANG ET AL
SEN SPE AUC 95% ClI
Mild vs. Moderate 70.00% 75.40% 0.76 0.68-0.84
Moderate vs. Severe 81.60% 83.30% 0.87 0.79-0.94
Mild vs. Severe 89.50% 97.10% 0.96 0.91-1.00
HIE vs. Control 87.40% 91.80% 0.93 0.90-0.96
Mild vs. Moderate 56.70% 91.30% 0.82 0.75-0.89
Moderate vs. Severe 81.60% 86.70% 0.89 0.82-0.96
Mild vs. Severe 92.10% 98.60% 0.97 0.94-1.00
HIE vs. Control 89.80% 90.60% 0.94 0.92-0.97
Mild vs. Moderate 85.00% 87.00% 0.87 0.80-0.93
Moderate vs. Severe 86.80% 83.30% 0.91 0.85-0.97
Mild vs. Severe 94.70% 95.70% 0.99 0.98-1.00
HIE vs. Control 92.80% 90.60% 0.96 0.93-0.98
Mild vs. Moderate 75.00% 94.20% 0.90 0.84-0.95
Moderate vs. Severe 92.10% 83.30% 0.92 0.86-0.98
Mild vs. Severe 94.70% 98.60% 1.00 0.99-1.00
HIE vs. Control 90.40% 92.90% 0.96 0.94-0.98

HIE, Hypoxic-ischemic encephalopathy; NSE, neuron-specific enolase; SEN, sensitivity; SPE, specificity; AUC, area under the curve; Cl, confidence

TABLE 6 Comparison of Gesell

interval.
48 weeks DQ scores
Groups Grading N Mean SD
HIE group Mild 69 85.31 8.74
Moderate 60 79.61 6.07
Severe 38 74.58 7.26
Healthy group - 85 88.29 5.47

HIE, Hypoxic-ischemic encephalopathy; DQ, development quotient.

ethnicities might embrace different genes and produce distinct
biochemical effects, the study result might not be appropriate for
the Chinese cohorts. The downstream targets of miR-374a, such
as activin-A and activin-A receptor type Ilb (ACVR2B), were also
documented to be potential biomarkers for predicting the severity
of HIE among the Irishmen (Looney, Ahearne, Hallberg, Boylan, &
Murray, 2016). To sum up, considering the roles of NSE, S100B,
miR-210, and miR-374a in regulating the HIE mechanism, this
study assessed their diagnostic performance for HIE among a
Chinese population, drawing a conclusion that the synthetic role
of NSE, S100B, miR-210, and miR-374a could reach a most ideal
result regarding HIE diagnosis and prediction of HIE prognosis (i.e.,
DQ score).

Although the current study has enriched the diagnostic ap-
proaches for HIE, it was constrained in not categorizing the brain
injury. That was to say, maybe specific assortments of molecules
among S100B protein, NSE, miR-210, and miR-374a could achieve

52 weeks DQ intellectual development between HIE and
scores
healthy newborns
Mean SD
87.85 6.12
83.22 5.34
76.14 7.51
89.66 9.09

a higher accuracy for particularized brain injury. Besides, this study
might be criticized for its utilizing four biomarkers, making the diag-
nostic procedures complicated and tedious. However, in future, the
detection techniques tended to be fully automated, and people’s
health would be supreme, which would overshadow the seeming
disadvantage. In addition, the sample size of this study was finite,
and this study merely investigated the Chinese ethnicity, which
made it tough to generalize this study result to a wide range of
population. More than the above, as ubiquitin C-terminal hydro-
lase-L1 (UCH-L1) and glial fibrillary acidic protein (GFAP) have been
widely recognized as the characteristic biomarker for HIE neonates,
their related combined diagnoses should also be followed closely
(Douglas-Escobar et al., 2014; Jiang, Wang, Zhang, & Jiang, 2014).
Finally, in the subsequent researches, long-term prognosis (e.g.,
72-week DQ score) for the HIE patients should also be observed,
and the confounding effects of prematurity and multiple ilinesses
should also be considered. In consequence, to further validate the
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study result, a large-scale study covering diverse ethnicities and tar-

geting specific brain injuries should be conducted.

CONFLICT OF INTEREST

None declared.

ORCID
Yulu Liu http://orcid.org/0000-0001-6024-1701
REFERENCES

Azuma, J., Nabatame, S., Nakano, S., Iwatani, Y., Kitai, Y., Tominaga, K., ...
Ozono, K. (2015). Prognostic factors for acute encephalopathy with
bright tree appearance. Brain & Development, 37(2), 191-199.

Chen, H. (2004). Exploration the diagnostic criteria for neonatal hypoxic-
ischemic encephalopathy. Journal of Clinical Pediatrics, 22(11),
712-713.

Chen, X. W., & Yu, R. J. (2004). Diagnose and treatment for neonatal
hypoxic-ischemic encephalopathy. Chinese Journal of Pediatrics, 42(12),
940-941.

Cowan, F., Rutherford, M., Groenendaal, F., Eken, P., Mercuri, E., Bydder,
G. M,, ... de Vries, L. S. (2003). Origin and timing of brain lesions
in term infants with neonatal encephalopathy. Lancet, 361(9359),
736-742.

Douglas-Escobar, M. V., Heaton, S. C., Bennett, J., Young, L. J., Glushakova,
0., Xu, X., ... Weiss, M. D. (2014). UCH-L1 and GFAP serum levels in
neonates with hypoxic-ischemic encephalopathy: A single center pilot
study. Frontiers in Neurology, 5, 273.

Douglas-Escobar, M., & Weiss, M. D. (2012). Biomarkers of hypoxic-
ischemic encephalopathy in newborns. Frontiers in Neurology, 3, 144.

Fukuda, S., Mizuno, K., Kawai, S., Kakita, H., Goto, T., Hussein, M. H., ...
Togari, H. (2008). Reduction in cerebral blood flow volume in infants
complicated with hypoxic ischemic encephalopathy resulting in cere-
bral palsy. Brain & Development, 30(4), 246-253.

Gazzolo, D., Frigiola, A., Bashir, M., Iskander, I., Mufeed, H., Aboulgar, H,, ...
Florio, P. (2009). Diagnostic accuracy of S100B urinary testing at birth
in full-term asphyxiated newborns to predict neonatal death. PLoS One,
4(2), e4298.

Goncalves, C. A,, Leite, M. C., & Guerra, M. C. (2010). Adipocytes as an
important source of serum S100B and possible roles of this protein in
adipose tissue. Cardiovascular Psychiatry and Neurology, 2010, 790431.

Goncalves, C. A, Leite, M. C., & Nardin, P. (2008). Biological and method-
ological features of the measurement of S100B, a putative marker of
brain injury. Clinical Biochemistry, 41(10-11), 755-763.

Graham, E. M., Ruis, K. A., Hartman, A. L., Northington, F. J., & Fox, H. E.
(2008). A systematic review of the role of intrapartum hypoxia-ischemia
in the causation of neonatal encephalopathy. American Journal of
Obstetrics and Gynecology, 199(6), 587-595.

Group of Neonatology CPS, Chinese Medical Association (2005). Diagnostic
criteria for neonatal hypoxic-ischemic encephalopathy. Chinese Journal
of Pediatrics, 43(8), 584.

Hu, S., Huang, M., Li, Z., Jia, F., Ghosh, Z., Lijkwan, M. A,, ... W, J. C. (2010).
MicroRNA-210 as a novel therapy for treatment of ischemic heart dis-
ease. Circulation, 122(11 Suppl), S124-S131.

Jiang, S. H., Wang, J. X,, Zhang, Y. M., & Jiang, H. F. (2014). Effect of hypo-
thermia therapy on serum GFAP and UCH-L1 levels in neonates with
hypoxic-ischemic encephalopathy. Chinese Journal of Contemporary
Pediatrics, 16(12), 1193-1196.

Jose, A., Matthai, J., & Paul, S. (2013). Correlation of EEG, CT, and MRI
brain with neurological outcome at 12 months in term newborns with

B B dB h . o 9 of 10
rain an enavior Wl LEYJ—

Open Access,

hypoxic ischemic encephalopathy. Journal of Clinical Neonatology, 2(3),
125-130.

Koh, S. X., & Lee, J. K. (2014). S100B as a marker for brain damage and
blood-brain barrier disruption following exercise. Sports Medicine,
44(3), 369-385.

Korfias, S., Stranjalis, G., Boviatsis, E., Psachoulia, C., Jullien, G., Gregson,
B., ... Sakas, D. E. (2007). Serum S-100B protein monitoring in pa-
tients with severe traumatic brain injury. Intensive Care Medicine, 33(2),
255-260.

Krsek, P., Jahodova, A., Maton, B., Jayakar, P., Dean, P, Korman, B., ...
Duchowny, M. (2010). Low-grade focal cortical dysplasia is associated
with prenatal and perinatal brain injury. Epilepsia, 51(12), 2440-2448.

Li, Y., Xu, X., Wu, K., Chen, G,, Liu, J., Chen, S., ... Huo, X. (2008). Monitoring
of lead load and its effect on neonatal behavioral neurological assess-
ment scores in Guiyu, an electronic waste recycling town in China.
Journal of Environmental Monitoring: JEM, 10(10), 1233-1238.

Liu, L., Liu, C., Lu, Y., Liu, L., & Jiang, Y. (2015). ER stress related factor
ATF6 and caspase-12 trigger apoptosis in neonatal hypoxic-ischemic
encephalopathy. International Journal of Clinical and Experimental
Pathology, 8(6), 6960-6966.

Looney, A. M., Ahearne, C. E., Hallberg, B., Boylan, G. B., & Murray, D.
M. (2016). Downstream mRNA target analysis in neonatal hypoxic-
ischaemic encephalopathy identifies novel marker of severe injury: A
proof of concept paper. Molecular Neurobiology, 1-9.

Looney, A. M., Walsh, B. H., Moloney, G., Grenham, S., Fagan, A., O'Keeffe,
G. W, ... Murray, D. M. (2015). Downregulation of umbilical cord blood
levels of miR-374a in neonatal hypoxic ischemic encephalopathy. The
Journal of Pediatrics, 167(2), 269-273 e262.

Morimura, R., Komatsu, S., Ichikawa, D., Takeshita, H., Tsujiura, M., Nagata,
H., ... Otsuji, E. (2011). Novel diagnostic value of circulating miR-18a
in plasma of patients with pancreatic cancer. British Journal of Cancer,
105(11), 1733-1740.

Morochovic, R., Racz, O., Kitka, M., Pingorova, S., Cibur, P., Tomkova, D.,
& Lenartova, R. (2009). Serum S100B protein in early management of
patients after mild traumatic brain injury. European Journal of Neurology,
16(10), 1112-1117.

Noaman, A., Elshafey, R., Al-Shahawy, A., Rowisha, M., El-Batch, M., &
Eldin, A. F. (2013). MR spectroscopy, S100B protein and NSE analysis
as early predictors of hypoxic ishaemic encephalopathy. The Egyptian
Journal of Radiology & Nuclear Medicine, 44(2), 309-320.

Okumus, N., Turkyilmaz, C., Onal, E. E., Atalay, Y., Serdaroglu, A, Elbeg, S., ...
Gunduz, B. (2008). Tau and S100B proteins as biochemical markers of
bilirubin-induced neurotoxicity in term neonates. Pediatric Neurology,
39(4), 245-252.

Qiu, J., Zhou, X. Y., Zhou, X. G., Cheng, R, Liu, H. Y., & Li, Y. (2013).
Neuroprotective effects of microRNA-210 on hypoxic-ischemic en-
cephalopathy. BioMed Research International, 2013, 350419.

Sarnat, H. B., & Sarnat, M. S. (1976). Neonatal encephalopathy following
fetal distress. A clinical and electroencephalographic study. Archives of
Neurology, 33(10), 696-705.

Shao, X. M., Ye, H. M., & Qiu, X. S. (2011). Practical neonatology (4th ed.,
pp. 699-706). Beijing: People’s Medical Publishing House.

Shimono, C., Tanaka, A., Fujita, A., Ishimoto, M., Oura, S., Yamaue, H., &
Sato, M. (2010). Comparison of port needle with safety device between
Huber Plus (HP) and Poly PERF Safe (PPS). Gan to Kagaku Ryoho. Cancer
& Chemotherapy, 37(5), 947-951.

Stevenson, D. K., Benitz, W. E., Sunshine, P, Hintz, S. R., & Druzin, M. L. (2009).
Fetal and neonatal brain injury. Cambridge: Cambridge University Press.

Streitberger, K. J., Leithner, C., Wattenberg, M., Tonner, P. H., Hasslacher,
J., Joannidis, M., ... Storm, C. (2017). Neuron-specific enolase predicts
poor outcome after cardiac arrest and targeted temperature manage-
ment: A multicenter study on 1,053 patients. Critical Care Medicine, 45(7),
1145-1151.

Su, Z. X.,, Zhao, J., Rong, Z. H., Wu, Y. G., Geng, W. M., & Qin, C. K.
(2014). Diagnostic and prognostic value of circulating miR-18a in


http://orcid.org/0000-0001-6024-1701
http://orcid.org/0000-0001-6024-1701

WANG ET AL.

10 of 10 WI LEy_Brain and Behavior

Open Access,

the plasma of patients with gastric cancer. Tumour Biology, 35(12),
12119-12125.

Sun, B. D, Liu, H. M., & Nie, S. N. (2013). S100B protein in serum is ele-
vated after global cerebral ischemic injury. World Journal of Emergency
Medicine, 4(3), 165-168.

Varsami, M., Xanthos, T., Aroni, F., Argyri, |, Lelovas, P., Dontas, I, ...
lacovidou, N. (2013). Inflammation and oxidative stress biomark-
ers in neonatal brain hypoxia and prediction of adverse neurological
outcome: A review. Journal of Pediatric and Neonatal Individualized
Medicine, 2(2), €020203.

Wang, Y., Gao, X., Wei, F,, Zhang, X., Yu, J., Zhao, H., ... Ren, X. (2014). Diagnostic
and prognostic value of circulating miR-21 for cancer: A systematic review
and meta-analysis. Gene, 533(1), 389-397.

Weiss, N., Monneret, D., Imbert-Bismuth, F., Tripon, S., Mallet, M., Rudler,
M., & Thabut, D. (2015). Blood-brain barrier dysfunction assessed by
protein S-100 beta levels in cirrhotic patients in ICU. Intensive Care
Medicine Experimental, 3(S1), 1.

Whitelaw, A., & Thoresen, M. (2010). The Newborn Brain: Clinical assess-
ment and therapeutic interventions for hypoxic-ischemic encephalop-
athy in the full-term infant. In: H. Lagercrantz, M. Hanson, P. Evrard,
C. Rodeck (Eds.), The newborn brain: neuroscience and clinical applica-
tions (pp. 415-442). Cambridge: Cambridge University Press.

Yao, B., Zhang, L. N., Ai, Y. H,, Liu, Z. VY., & Huang, L. (2014). Serum
S100beta is a better biomarker than neuron-specific enolase for
sepsis-associated encephalopathy and determining its prognosis: A
prospective and observational study. Neurochemical Research, 39(7),
1263-1269.

Zhang, Y., Zhang, J. L., & Li, Y. (2016). Computed tomography diagnosis of
neonatal hypoxic ischemic encephalopathy combined with intracra-
nial hemorrhage and clinical nursing treatment. Journal of Biological
Regulators and Homeostatic Agents, 30(2), 511-515.

Zhao, J., Chen, Y., Xu, Y., & Pi, G. (2013). Effect of intrauterine infection
on brain development and injury. International Journal of Developmental
Neuroscience, 31(7), 543-549.

Zhou, W. H., Cheng, G. Q., Shao, X. M,, Liu, X. Z., Shan, R. B., Zhuang, D.
Y., ... China Study G (2010). Selective head cooling with mild systemic
hypothermia after neonatal hypoxic-ischemic encephalopathy: A mul-
ticenter randomized controlled trial in China. The Journal of Pediatrics,
157(3), 367-372, 372 e361-363.

Zhu, X. Y., Ye, M. Y,, Zhang, A. M., Wang, W. D., Zeng, F,, Li, J. L., & Fang,
F. (2015). Influence of one-year neurologic outcome of treatment on
newborns with moderate and severe hypoxic-ischemic encephalopa-
thy by rhuEPO combined with ganglioside (GM1). European Review for
Medical and Pharmacological Sciences, 19(20), 3955-3960.

Zhu, J., & Zhu, Y. M. (1985). Children intelligence development examination
(2nd ed.). China: Shanghai Scientific & Technical Publishers.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the
supporting information tab for this article.

How to cite this article: Wang Z, Liu Y, Shao M, Wang D, Zhang
Y. Combined prediction of miR-210 and miR-374a for severity
and prognosis of hypoxic-ischemic encephalopathy. Brain
Behav. 2018;8:e00835. https://doi.org/10.1002/brb3.835



https://doi.org/10.1002/brb3.835

