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ABSTRACT. This study aims to explore the relation between changes
in myelin basic protein (MBP) and S100 protein (S100B) serum levels
and prognosis in premature infants with periventricular leukomalacia
(PVL). In our hospital, 78 premature infants with PVL and 43 normal
premature infants were studied from July 1, 2007 to December 31,
2008. MBP and S100B serum levels were detected at 1, 3, 7, and 14
days after birth by using enzyme-linked immunosorbent assay. All
infants were followed four times (once every 3 months) after discharge
from hospital. Their intelligence quotient and physical development
index were tested by using Gesell developmental scales. The MBP
serum levels were significantly higher in premature infants with PVL
at any time point than in normal premature infants. S100B serum
levels gradually increased at 1, 3, and 7 days; peaked on the 7th day;
and then gradually decreased to the normal level on the 14th day. The
intelligence quatient and physical development index of infants with
increased S100B and MBP levels on the 7th day were lower than those
of infants who had normal S100B and MBP levels and those of normal
premature infants. A negative relation exists between S100B and MBP
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serum levels and prognosis in PVL infants. An increase of MBP and
S100B levels lasting >7 days could cause poor prognosis.
Key words: Premature infants; Myelin basic protein; S100B;
Periventricular leukomalacia

INTRODUCTION
Periventricular leukomalacia (PVL) in premature infants leads to the development
of cerebral palsy and dysnoesia (Volpe, 2009; Lee et al., 2011; Kouwaki et al., 2013). Myelin
basic protein (MBP) is distributed in central and peripheral nerves. S100 protein (S100B)
is localized in neuroglial cells. When neurocytes and neuroglial cells undergo necrosis,
MBP and S100B are leaked and pass through the injured blood-brain barrier, resulting in
an increase in their concentration in serum (Subspecialty Group of Neonatology, Society of
Pediatrics, Chinese Medical Association and the Editorial Board of Chinese Journal of Pediatrics, 2007; Chen et al., 2008; Hernandez-Cabrera et al., 2009). Our study investigated the
relation between prognosis and the changes in S100B and MBP levels in premature infants
with PVL, through a follow-up of the infants and monitoring of the serum concentration of
MBP and S100B.

MATERIAL AND METHODS
Data and group
In our hospital, all premature infants were evaluated from November 1, 2007 to July
1, 2008, including 75 male and 46 female infants with a gestational age of <34 weeks. All
infants had cranial B-ultrasound on the 3rd, 4th, and 7th days after birth. Moreover, cranial
magnetic resonance imaging (MRI) was performed when the premature infants were in a
stable condition. According to the results of cranial B-ultrasonography and MRI, all preterm
infants were divided into two groups: the normal group (43 infants with normal results)
and the PVL group (78 infants with PVL; mild PVL in 58 infants and moderate PVL in 20
infants). There was no significant difference between gestational age, weight, Apgar scores,
and other parameters.

PVL diagnosis and grading standards
Previously published references were consulted concerning the diagnostic suggestions for periventricular-intraventricular hemorrhage and PVL in premature infants and the
grading criteria for PVL (Deng et al., 2008).

Index detection
Blood samples were collected from premature infants, which were then centrifuged at
3000 rpm to obtain the supernatant fluid and stored at -40°C. All samples were tested by using the enzyme-linked immunosorbent assay (ELISA). The ELISA reagent kit was purchased
from BIOWEN Company (Canada).
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Treatment
Infants from the two groups were treated by using a routine anti-infection regimen to
maintain homoeostatic parameters such as temperature, blood pressure, blood glucose, and
water-electrolyte level.

Follow-up
All infants were followed once a month until they were 1 year old, and Gesell developmental scales were used to test the intelligence quotient and physical development index
of the premature infants once every 3 months (Paintlia et al., 2008; Haynes and van Leyen,
2013).

Statistical analysis
Statistical analysis was performed by using the SPSS 12.0 software, and all results
are reported as means ± SE. The least significant difference t-test was used for two-sample
comparisons between the two groups. One-way analysis of variance was used to compare
differences between groups. A P value of <0.05 was considered to denote a significant statistical difference.

RESULTS
Change of S100B levels
The S100B levels of PVL infants were significantly increased at 1, 3, and 7 days, and
were highest on the 7th day. There was a significant difference between the normal group and
the PVL group. As the infants’ condition improved, the S100B serum level decreased in the PVL
group. There was no significant difference between the two groups on the 14th day (Table 1).

Table 1. Changes in S100B serum levels on the 1st, 3rd, 7th, and 14th days in the two groups (μg/L).
NG
PVLG
t value
P value

N

1st day

3rd day

7th day

14th day

F value

P value

43
78

2.46 ± 0.77
3.82 ± 0.68
2.34
<0.05

2.61 ± 0.91
4.41 ± 0.91
3.76
<0.01

2.93 ± 1.20
5.78 ± 1.54
4.22
<0.001

2.38 ± 0.87
3.27 ± 0.86
1.87
>0.05

1.28
5.36

>0.05
<0.01

NG, normal group; PVLG, periventricular leukomalacia group.

Change of MBP serum levels
The MBP serum levels reached maximum on the 3rd day in the PVL group. With the
improvement of the infants’ condition, the MBP levels gradually decreased, and there were
significant differences at different time points. In addition, serum MBP levels were much
higher at 1, 3, 7, and 14 days after birth in the PVL group than in the normal group (Table 2).
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Table 2. Changes in serum MBP levels on the 1st, 3rd, 7th, and 14th days in the two groups (μg/L).
NG
PVLG
t value
P value

N

1st day

3rd day

7th day

14th day

F value

P value

43
78

5.41 ± 0.51
7.61 ± 1.78
2.07
<0.05

5.42 ± 0.52
14.53 ± 3.12
5.64
<0.001

5.43 ± 0.50
10.86 ± 1.54
3.86
<0.001

5.47 ± 0.50
7.89 ± 1.77
2.32
<0.05

0.68
6.23

>0.05
<0.05

NG, normal group; PVLG, periventricular leukomalacia group.

Intelligence and physical development quotient test
According to the concentration of MBP (>10.0 μg/L) and S100B (>4.5 μg/L) on the
7th day after birth, premature infants were divided into three groups: normal group (group 1),
group with an obvious decrease of S100B and MBP (group 2), and group with a continuous
increase of MBP and S100B (group 3). We found that the development quotient scores were
significantly lower in group 3 than those in groups 1 and 2 (Table 3).
Table 3. Relation between development quotient and protein levels of S100B and MBP on the 7th day after birth.
Group

N

S100B

MBP

Development quotient

Group 1
Group 2
Group 3
F value
P value

30
42
27

2.93 ± 1.20
3.82 ± 1.02
6.08 ± 1.94
4.67
<0.05

5.43 ± 0.50
5.60 ± 0.92
13.48 ± 1.94
6.05
<0.01

101.07 ± 7.67
98.07 ± 6.68
83.43 ± 7.88
3.58
<0.05

DISCUSSION
PVL is a major causative factor of cerebral palsy in premature infants. Defective development of brain tissues and relatively less vascularity around the alba lead to cerebral white
damage in premature infants, especially in those with gestational ages <34 weeks (De Vries
et al., 2004; Steiner et al., 2007; Kleindienst et al., 2010). The rate of incidence of PVL is between 2.3 and 7.5% (Beers et al., 2007; Berger et al., 2007).
Concerning the prognosis of PVL infants, many studies have reported that on ultrasound
and cranial MRI detection, the presence of more than three cysts in cerebral white matter, multicyst formation, and PVL are predictors of poor prognosis (Douglas-Escobar and Weiss, 2013);
however, few studies have focused on the early prediction of prognosis in newborns.
S100B is mainly distributed in neuroglial and Schwann cells of the central and peripheral nervous systems (Subspecialty Group of Neonatology, Society of Pediatrics, Chinese
Medical Association and the Editorial Board of Chinese Journal of Pediatrics, 2007). S100B
cannot penetrate the blood-brain barrier in the normal condition; however, when neuroglial
cells undergo necrosis, S100B is leaked and penetrates across the injured blood-brain barrier,
increasing its level in serum (Chen et al., 2008). The serum S100B level reflects the degree of
damage, and is useful in the evaluation of the therapeutic efficiency of drugs and of the prognosis of the central nervous system (Fishler et al., 1965; Egberts et al., 2008; Murabayashi et
al., 2008; Berger et al., 2010; Gyorgy et al., 2011). In this study, the results showed that the
S100B level of preterm infants with cerebral white damage 1 day after birth had no significant
difference with that of normal preterm infants, and that S100B concentration increased on the
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3rd day and peaked on the 7th day; however, with the improvement of body condition, there
was an obvious decrease on the 14th day. Moreover, infants with worse condition showed
higher serum S100B concentrations. Murabayashi et al. (2008) had a similar report to the
Subspecialty Group of Neonatology, Society of Pediatrics, Chinese Medical Association and
the Editorial Board of Chinese Journal of Pediatrics (2007). The development quotients of premature infants with PVL, whose S100B serum levels were still increased on the 7th day, were
significantly lower than those of normal premature infants, which indicates that premature
infants with PVL had a poor prognosis. The S100B concentrations of two infants were >10
μg/L, and follow-up of these two infants showed that they have cerebral palsy.
MBP is a major protein believed to be important in the myelination of nerves in the
nervous system. Hypoxia-ischemia damages neurocytes and neuroglial cells, causing MBP to
enter into the bloodstream (Egberts et al., 2008; Murabayashi et al., 2008; Gyorgy et al., 2011).
Therefore, serum MBP could reflect brain injury severity, therapeutic efficiency, and prognosis (Egberts et al., 2008; Murabayashi et al., 2008; Gyorgy et al., 2011; Zhou et al., 2013).
Berger et al. (2010) reported that the detection of S100B and MBP serum concentrations is
important for predicting prognosis, and that MBP had an accuracy of 73% and specificity of
61%, and S100B had a sensitivity of 59% and specificity of 100%. Gyorgy et al. (2011) also
demonstrated that higher S100B and MBP serum levels indicated poorer prognosis. Our results showed that the MBP serum level of preterm infants with cerebral white damage, at 1 day
after birth, was not significantly different from that of normal preterm infants. Moreover, MBP
concentration increased on the 3rd day and peaked on the 7th day; however, with the improvement of the infants’ condition, there was an obvious decrease on the 14th day. Furthermore,
the follow-up found that the development quotients of premature infants with PVL, whose
MBP serum levels were still increased on the 7th day, were significantly lower than those of
normal premature infants, which indicates that severe brain injury in premature infants with
PVL could increase the incidence rate of sequelae.
In conclusion, the dynamic changes of S100B and MBP serum levels could predict
prognosis. Continual increase of S100B and MBP serum levels could indicate severe brain injury and poor prognosis, and cranial ultrasound and MRI can enhance the accuracy of results.
However, our studies included only a limited number of cases, and a multicenter large-scale
study is needed in the future.
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