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S100B is a 21-kDa calcium-binding protein produced and
released primarily by astrocytes in the central nervous
system (CNS), where it exerts neurotropic and gliotropic
actions (1 ). Several studies have investigated the potential
role of S100B as a peripheral biochemical marker of neural
injury, including reactive gliosis, astrocytic death, and/or
blood-brain barrier dysfunction (2 ). Increased cerebrospi-
nal fluid (CSF) and/or serum S100B has been reported in
several acute and chronic injuries, including traumatic
brain injury (3 ), stroke (4 ), Alzheimer disease (5 ), schizo-
phrenia (6 ), HTLV-I-associated myelopathy (7 ), and sys-
temic lupus erythematosus (8 ).

Previous neurodevelopmental studies have demon-
strated age-related changes in S100B tissue expression
and distribution in the CNS in mammals, which may be
related to the different roles of this protein in distinct
brain regions during the fetal period, adulthood, and
aging (1, 9). Furthermore, S100B concentrations in CSF
have been noted to increase with age in healthy individ-
uals (10 ). Because these increases are more evident in men
than women (11 ), S100B concentrations in CSF may be sex
and age dependent, suggesting that age- and sex-matched
controls may be necessary for studies of S100B in CSF. To
determine the usual concentrations for plasma S100B in
adults, Wiesmann et al. (12 ) measured the protein in
healthy blood donors and found no differences with sex
and age in individuals 18–65 years of age, in agreement
with our findings in previous studies in adults (6–8).

To our knowledge, however, S100B concentrations in
blood in childhood and adolescence were not established
until recently. The present study was performed to verify
S100B serum concentrations in healthy individuals of
different ages, ranging from neonates to adults.

We collected blood samples from 19 healthy term
neonates (�48 h of age) and from 25 healthy children 4–16
years of age undergoing routine clinical and laboratory
evaluation. These children had no previous history of
neurologic deficits or any other serious disorder, and their
blood samples revealed no abnormal findings. Samples
were also obtained from 85 healthy adults 18–70 years of

age. This study was approved by local Ethics Committee
of the Hospital de Clı́nicas de Porto Alegre (RS, Brazil).
Informed consent was obtained from the adults and
parents.

All blood samples were collected without anticoagu-
lants by venipuncture. Serum was obtained by centrifu-
gation at 3000g for 5 min and, soon thereafter, was frozen
at �70 °C until analysis.

Serum S100B was measured using a monoclonal immu-
noluminometric assay (LIA-mat® Sangtec®100; Sangtec
Medical) in a Lumat LB9507 luminometer (EG&G Berthold).
Serum samples and calibrators (100 �L of each) were
diluted with 100 �L of bovine serum albumin in test tubes
provided with the assay. These tubes were already coated
with anti-S100B antibody (three monoclonal antibodies:
SMST 12, SMSK 25, and SMSK 28). After incubating for
1 h, the tubes were washed three times with wash buffer,
and 200 �L of an antibody labeled with isoluminol as a
tracer was added to each tube. After an additional 2-h
incubation, during which this antibody bound to the
immobilized S100B, the unbound tracer was washed out
and the residual antibody was measured in a luminom-
eter. S100B concentrations were derived by comparison
with the calibration curve based on the total luminescence
for each given calibrator provided with the assay. All
determinations were carried out within the same experi-
ment. The S100B calibration curve was linear up to 20
�g/L, and the CVs for duplicates across the entire con-
centration range for the calibrators and samples were
�5%. The detection limit of the assay is 0.02 �g/L, as
provided by the supplier of the LIA-mat Sangtec100
assay.

Statistical analyses were performed using the Mann–
Whitney test for comparisons between sexes and the
Spearman correlation coefficient to evaluate correlation
between serum S100B and age. Comparisons of serum
S100B concentrations among different age groups were
performed by Kruskal–Wallis ANOVA, with Mann–Whit-
ney post hoc testing. P �0.05 was considered statistically
significant.

No statistically significant difference was noted be-
tween serum S100B concentrations in male and female
term neonates (age �48 h; P � 0.60), children (4–16 years;
P � 0.59), adults (18–70 years; P � 0.18), or in all age
groups combined (P � 0.67). We found a negative corre-
lation between S100B and age (Fig. 1; r � �0.70; P
�0.001), with the higher concentrations in neonates, as
shown in the inset of Fig. 1. Moreover, a correlation
between age and S100B was not evident in individuals
�20 years of age (21–70 years; n � 76; r � �0.05; P �
0.76), but was present in individuals �20 years of age
(0–20 years; n � 53; r � �0.87; P �0.001). Table 1 shows
the medians and interquartile ranges obtained for the
various age groups.

In agreement with the results obtained by Wiesmann et
al. (12 ), we also found no sex dependence in serum S100B
concentrations in adults. In addition, our data revealed no
sex-related difference in S100B concentrations in the blood
of neonates and children. Importantly, when we com-
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pared serum S100B in all individuals with their corre-
sponding age, we found a statistically significant negative
correlation (r � �0.70; P �0.001).

Only a few studies have been published on the deter-
mination of S100B in the blood of neonates and children
(13–16). Although these previous studies did not attempt
to correlate S100B concentrations in the blood with age,
their results suggested that the baseline blood concentra-
tions in neonates and young infants could be higher than
in adults. Our results suggest that S100B concentrations in
term neonates are much higher than in older individuals.
It is worth pointing out that bilirubin up to 150 mg/L did
not interfere with the S100B assay (data not shown). On
the basis of our data, blood S100B concentrations appear
to decrease considerably in the first two decades of life

(r � �0.87; P �0.001) and remain relatively constant
during adulthood (r � �0.05; P � 0.76), which is in
accordance with the results obtained by Wiesmann et al.
(12 ).

Several theories can be offered to explain the results
obtained in our study. The higher concentrations of serum
S100B protein found in neonates and children compared
with adults could reflect the ongoing central neurodevel-
opmental processes occurring during these different
stages of life (9 ). The proliferation and maturation of glial
cells, extension of neurites, and formation of synapses
have been documented to be the most important func-
tions of S100B in morphogenesis (1, 17, 18), possibly in-
volving mitogen-activated protein kinase (19 ) and activa-
tion of receptors for advanced glycation end products in
neurons (20 ). It is also interesting to note that some nerve
fibers are positive for S100B during development, impli-
cating a possible role for S100B in regulating the activity
of fiber sprouting (9 ). Therefore, S100B, like other glial-
derived cytokines, may be involved in coordinating the
development and maintenance of the CNS by synchro-
nously stimulating the differentiation of neurons and the
proliferation of astroglia.

Functional maturation of the human brain has been
studied with positron emission tomography, and the
regional or local cerebral metabolic rates of glucose utili-
zation (LCMRglc) have been used as indirect measure-
ment of synaptogenesis in the human brain (21, 22). These
studies showed that the LCMRglc in the cerebral cortex of
children between the ages of �4 and 9–10 years exceed
adult rates by more than twofold. After 9–10 years,
LCMRglc for cerebral cortex begin to decline and gradu-
ally reach adult values by 16–18 years. In addition,
magnetic resonance imaging has shown an increase of

Fig. 1. Correlation of serum S100B protein
concentrations with age.
�, males; E, females. Inset shows serum S100B
in term neonates. A statistically significant nega-
tive correlation was observed (r � �0.70; P
�0.001). The fitted curve (solid line) was obtained
using a third-degree polynomial regression. The
dashed line represents the detection limit of the
assay (0.02 �g/L).

Table 1. Serum S100B in the different age groups.

Group
Age,
years n

S100B, �g/L
Differences

among groups

Median
Interquartile

rangea
Compared

with groups P

1 Neonates 19 1.790 1.570–2.440 2–7 �0.001
2 4–9 16 0.365 0.267–0.410 3 0.35

4–7 �0.001
3 10–15 8 0.310 0.260–0.365 4–7 �0.001
4 16–20 10 0.105 0.015–0.202 5 0.68

6 0.97
7 0.383

5 21–25 13 0.100 0.045–0.150 6 0.84
7 0.09

6 26–30 9 0.100 0.055–0.150 7 0.16
7 30–70 54 0.060 0.030–0.100
a 25th–75th quartiles.
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gray matter during childhood, which decreases before
adulthood (23 ). From the electrophysiologic point of
view, electroencephalographic findings become similar to
those in adults early in the second decade of life (24 ).

The time window of maximal plateau and decline of
LCMRglc in cerebral cortex and the consolidation of adult
electroencephalographic patterns observed in older chil-
dren are closely associated with the variations in serum
concentrations of S100B in healthy individuals. Consider-
ing that the S100B protein exerts tropic effects on neural
cells, we believe that it could play an important role
during the early phase of human brain development,
which is reflected in its serum concentrations.

In conclusion, we have shown a negative correlation
between blood S100B and age in the first 20 years of life;
after age 20, S100B does not appear to vary with age.
Therefore, in studies involving measurement of blood
S100B in pediatric and adolescent patients, it is important
to establish age-matched reference values. Further work
will be required to clarify the role of S100B during neural
development.
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We and others recently described strategies for multiplex-
PCR analysis of deletional determinants of �-thalassemia
(1–3), culminating in the development of a single-tube
assay for simultaneous screening of seven common dele-
tions (4 ). Since then, several molecular diagnostic labora-
tories wanting to set up the test have requested DNA
samples carrying these deletions for use as validation and
positive controls. These requests have led to a critical
shortage of our limited stocks of genomic samples, espe-
cially those with the rarer deletions, something that has
caused our inability to fulfill all requests. The ideal
solution to limited genomic DNA is to establish immortal
lymphoblastoid cell lines from peripheral-blood leuko-
cytes of patients by Epstein–Barr virus transformation
(5, 6). To do so, however, requires that patients be con-
tacted again to provide renewed consent and a fresh
aliquot of blood for transformation, something that may
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