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(S100 calcium-binding protein B) S100B protein has emerged as the most widely studied and used biomarker for

clinical decision making in patients with mTBI. In addition to its use as a diagnostic biomarker, S100B plays an

active role in the molecular pathogenic processes accompanying acute brain injury.

S100B  biomarker  actor  traumatic brain injury

1. What Is the S100B Protein?

1.1. General Characteristics

S100B belongs to the S100 family, a family of small calcium-binding cytosolic proteins first described by Moore in

1965 . The name is derived from the protein’s complete solubility in a saturated ammonium sulfate solution .

The S100 family consists of more than twenty members characterized by two calcium-binding sites with a helix–

loop–helix (“EF-hand”) structure . Calcium binding induces a conformational S100 change that exposes a

hydrophobic surface, allowing recruitment of other proteins leading to a biological response . S100B is a small

dimeric protein (molecular weight 21 kDa) that consists of ββ or αβ chains , predominantly expressed by

astrocytes, but also to some extent by other cells in the central nervous system (CNS), including oligodendrocytes,

neural progenitor cells and certain neuronal populations . Physiologically, the protein has both intracellular

and extracellular functions, including the regulation of protein phosphorylation and enzyme activity, calcium

homeostasis and the regulation of cytoskeletal components and transcriptional factors . As an extracellular factor,

S100B interacts with surrounding cell types through the receptor for advanced glycation end-products (RAGE) .

1.2. Release and Elimination

Under physiological conditions, S100B mainly produced by astrocytes do not cross the blood–brain barrier (BBB),

and the concentration of S100B in the cerebrospinal fluid is reported to be about 100-fold higher than in serum .

After brain insults, S100B released from damaged glial cells can diffuse into the bloodstream . The mechanisms

underlying this diffusion across the BBB are not completely clear. Some authors claim that S100B is released in the

serum through the disrupted BBB . However, in studies focused on TBI patients, there was no correlation

between BBB disruption and the peak levels of S100B . Furthermore, it has been shown that the recently

described glymphatic system may play an important role in the outflow of S100B from the brain .
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After diffusion into the blood stream, S100B is subject to renal elimination . Some authors have reported a

modest S100B elevation in patients with renal failure . However, mild-to-moderate renal failure has not

been shown to significantly affect S100B levels in serum . S100B is eliminated with a biological half-life of

approximately 30 min . Diseases such as malignant melanoma or TBI may affect the half-life, with values up to

90 min  and 97 min , respectively. Note that the S100B gene is located on chromosome 21, explaining an

increase in blood concentration for patients affected by Down syndrome.

1.3. Extracranial Sources of S100B

S100B protein is not brain specific and extracranial contributions may influence the interpretation of the results in a

clinical context. In effect, S100B is also expressed in melanocytes, chondrocytes, adipocytes and skeletal muscle

. It is also known that serum S100B levels are influenced by skin pigmentation , which can be explained

by a moderate production in melanocytes under physiological conditions . In a cohort of 136 healthy individuals

divided into three groups according to ethnicity, Black and Asian individuals had higher serum S100B

concentrations than Caucasians, with mean values of 0.14, 0.11 and 0.07 µg/L, respectively . Increased serum

S100B levels are also observed in patients with extracranial trauma, especially in patients with bone fractures, soft

tissue trauma or thoracic injury . These damages might confound the interpretation of elevated serum S100B

levels as the protein is mainly released from peripheral sources such as adipocytes, chondrocytes and skeletal

muscle cells . The source of S100B protein elevations is probably multifactorial and, as a recent study suggests,

is associated with overall trauma severity . In the context of cardiac surgery, it has been shown that increases in

serum S100B levels post-surgery are not only related to cerebral hypoperfusion but also to surgical wounds,

probably from surgically traumatized fat, muscle and bone marrow . Moreover, numerous studies have

described an increase in serum S100B levels after sports activity . In fact, physical exercise and associated

hypoxia are reported to induce the cerebral synthesis and release of S100B . The increase in blood–brain

barrier (BBB) permeability may also explain the rise in S100B during physical activity . Nevertheless, the

contribution of S100B from lipolysis and muscular cytolysis seems to be most plausible . Due to the

expression of S100B in adipocytes, authors explored the relationship between serum S100B levels and body mass

index (BMI) and did not find a significant association . However, it is recognized that BMI is not a direct reflection

of body fat, especially in athletes, for whom this parameter leads to overestimations .

In summary, possible extracranial sources should be taken into consideration when assessing S100B levels in

mTBI patients, especially in Black individuals, patients with bone fractures and athletes.

2. S100B as a Routine Clinical Biomarker for Management of
Mild Traumatic Brain Injury

2.1. Routine S100B Protein Assay

S100B is a reliable biomarker, relatively unaffected by hemolysis and storage conditions, giving it appeal for use as

a clinical biomarker. Serum levels remain stable for up to 8 h at room temperature and 48 h at between 2–8 °C .
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Erythrocytes do not contain any S100B protein, thus confirming the absence of hemolytic interference in serum

S100B assays, in contrast to other biomarkers such as neuron specific enolase . Note that S100B is expressed

in certain lymphocyte subpopulations, implying a strict adherence to pre-analytical recommendations concerning

cell separation (more especially when the samples are frozen before measurement).

In routine clinical practice, the Cobas  (Roche Diagnostics, Penzberg, Germany) and the Liaison XL  (DiaSorin,

Sangtec, Saluggia, Italy) automated immunoassays are the most frequently used systems. More recently,

BioMérieux also developed an automated prototype immunoassay (Vidas  3 analyzer, bioMérieux, Marcy l’étoile,

France) for serum S100B measurement without final commercialization . Note that SNIBE analyzers also

propose the S100B measurement. In comparison to ELISA assays, automated assays provide better analytical

performance with regard to precision, linearity and accuracy, and they seem to be a preferable option for S100B

determination in clinical settings . For the two automated assays (Cobas , Liaison XL , DiaSorin S.p.A.,

Saluggia, Italy), S100B cut-off values announced by manufacturers are 0.10 and 0.15 µg/L, respectively .

However, the commonly accepted threshold in the management of adult patients with mTBI is 0.10 µg/L, due to the

very important usage of Cobas  in international publications . Finally, the results differ depending on the

antibodies and the type of luminescence measurement. The two automated measurements are not

interchangeable, and the use of the same method is required for the monitoring of patients. The homogeneity of

the results should be improved with the international standardization .

2.2. Addition of S100B to Guidelines in General Population

In recent years, there has been increasing interest in the identification and validation of brain biomarkers in clinical

routine, and the utility of blood S100B as a brain injury marker has been documented in multiple contexts such as

with circulatory arrest, stroke and TBI . The protein is also associated with neurodegenerative diseases

such as Alzheimer’s disease . Most importantly, the protein has emerged as the most promising as a biomarker

of mTBI. The potential of S100B to safely reduce CT scans was first demonstrated in a large cohort of adults with

mTBI (n = 1309 patients) . Since then, many observational studies have confirmed the usefulness of measuring

blood S100B for the exclusion of an intracranial hemorrhage in mTBI patients . In this context, the

Scandinavian guidelines were the first mTBI clinical decision rules to include the measurement of serum S100B

(Figure 1A) . The addition of S100B measurement to the guidelines allowed a one-third reduction in

unnecessary CT scans, resulting in a financial saving of approximately €39 to €71 on the cost of care per patient

. In a meta-analysis, Undén and Romner confirmed that low serum S100B levels (<0.10 µg/L using Cobas )

accurately predicted normal CT findings after mTBI in adults, provided that the sample is collected within 3 h of

injury . In these conditions, the sensitivity of S100B to rule out the presence of intracranial lesions was excellent

(negative predictive value ~100%), with a 30% specificity . Since September 2022, the French Society for

Emergency Medicine (SFMU) recommends the serum measurement of S100B (sampling within 3 h post injury) for

adult patients with mTBI requiring a CT scan and presenting a medium risk of complications of intracranial lesions

(Figure 1B) . A recent interventional study, based on 1449 patients (the largest published cohort to date),

validated the inclusion of serum S100B measurement into the SFMU’s guidelines, highlighting a theoretical

reduction in the number of CT scans by 32%, with a negative predictive value of 99.6% . In this study, only two
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S100B false negatives were reported. The intracerebral lesions observed for the two patients were not progressive,

meaning that they did not get worse over time and did not require neurosurgical intervention.
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Figure 1. Scandinavian (A) and French guidelines (B) for the management of patients with mild traumatic brain

injury. CT scan: Computed tomography scan; GCS: Glasgow Coma Scale; LOC: Loss of Consciousness.

The French guidelines recommend a maximum delay of 3 h between trauma and blood sampling  rather than

the 6 h suggested by the Scandinavian guidelines . Because of the short half-life of S100B, the sensitivity of the

biomarker could be affected by the sampling time. In their study, Laribi et al. compared S100B concentrations

measured at 3 h and 6 h post-injury and found a better sensitivity with the 3 h strategy . In a previous meta-

analysis based on individual data from 373 children, the researchers highlighted a sensitivity of only 90% (delay <6

h) against 97% in children whose sampling time was ≤3 h . In their meta-analysis, Undén and Romner also

considered that S100B should be measured within 3 h of injury . Therefore, in order to avoid missing patients

with intracerebral lesions in CT scans, a delay of less than 3 h would be more reliable .

To date, the evidence of the clinical utility of S100B in children is considered too low, and the biomarker is not part

of the Scandinavian guidelines for the management of pediatric mTBI. In children, S100B may constitute an

additional tool for the identification of low-risk patients, and it is still an area of active research.

2.3. S100B Specificities in the Pediatric Population

In adults, S100B concentrations did not differ according to age and sex , with a consensual threshold of 0.10

µg/L, although different thresholds could be proposed for patients over 65 years of age (see paragraph 3.4). Many

studies reported higher S100B values in children (when compared to adults) . In children, the biomarker’s

concentrations are higher at birth and then gradually decrease during the first two years of life. A study of pediatric

reference ranges using a Cobas  analyzer determined in a large pediatric cohort identified three age categories

with decreasing S100B levels (4–9, 10–24 and >24 months) of 0.35 μg/L, 0.23 μg/L and 0.18 μg/L, respectively .

More recently, Simon-Pimmel et al. provided reference ranges for infants aged 0 to 4 months, with an upper

reference value of 0.51 µg/L . This high value could be explained by several reasons (Figure 2). Vaginal delivery

may lead to brain injury, especially in cases of prolonged labor and delivery , when compared to planned

caesarean deliveries . Another likely factor influencing S100B elevation is a difference in the permeability of the

BBB and cerebral circulation. Moreover, these higher values might reflect the implication of S100B in brain

maturation. These data are consistent with the neurotrophic effects of the protein at physiological concentrations,

with the protein stimulating neurite outgrowth and regulating neurons survival . In this sense, Bouvier et al. found

a significant correlation between serum S100B concentrations and head circumference, defined using the equation

: S100B value (μg/L) = −1.884 × head circumference (meters) + 1.0455 (r² = 0.93).
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Figure 2. Hypotheses of S100B protein increase in children, athletes and elderly population.

In the literature, only a few studies interpret the S100B using age-dependent thresholds .

2.4. S100B Specificities in the Elderly Population

While children have higher levels of S100B concentrations than adults, levels of S100B in older patients following

mTBI are less known. In 2013, Calcagnile et al. showed that the usefulness of S100B measurement in elderly

patients may be limited by a very low specificity, reflecting a smaller decrease in the number of CT scans

performed . Similar results were observed in a cohort of 1449 patients including 504 patients over 65 years old

. In this cohort, the threshold of 0.10 µg/L resulted in a 33% reduction in CT scans performed in adults versus

19% in older patients . Recently, the researchers have confirmed that S100B levels were considerably affected

by aging in a larger cohort of patients ≥65 years old suffering from mTBI with a medium risk of intracranial lesions

. As an adjustment of the S100B level was necessary in older patients, the researchers proposed the use of a

new 0.15 µg/L threshold for the Cobas  analyzer in the routine management of patients aged between 80–90

years . This threshold helped achieve a reduction in CT scans in the 80–90 years category similar to that in adult

patients (~33%) . In addition, for patients over 90 years old, the researchers do not recommend the

measurement of S100B. The reduction in the number of scans allowed is considerably hampered despite the use

of an age-adapted threshold . Several hypotheses may be formulated to explain the increase in blood S100B

with aging (Figure 2). In healthy humans, an increase in BBB permeability is observed with aging, resulting in an

increase in S100B blood concentrations . Another hypothesis concerns an increase in β-amyloid plaques

promoting S100B synthesis . Alterations in dendrite architecture, including changes in branching complexity,
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reduction in branch length, along with changes in spine morphology and reduction in spine number, may also

contribute to the increase in the biomarker’s concentrations . These alterations would trigger an activation of

astrocytes, resulting in a release of trophic factors such as S100B to stimulate the regrowth of dendrites .

In addition, neuroinflammation associated with the physiological process of aging (“inflammaging”) would also

activate astrocytes cells, leading to a release of astrocytic biomarkers such as GFAP or S100B . While

astrocyte activation may first be neuroprotective during normal aging, experimental data from selected central

nervous system pathologies suggest that if not resolved in time, reactive gliosis can exert inhibitory effects on

neuroplasticity and CNS regeneration . These data are consistent with the effects of S100B protein. Nanomolar

concentrations of S100B exert neurotrophic effects by stimulating neurite outgrowth and regulating the survival of

neurons, while micromolar concentrations are neurotoxic . Further studies are needed to better understand the

role of each mechanism.

2.5. S100B Specificities in the Athletic Population

It is known that physical exercise results in a brief increase in S100B levels through extra-cerebral synthesis and/or

increased BBB permeability (Figure 2) . Indeed, many studies reported higher serum S100B levels after intense

exercise, such as running or swimming . In one study, S100B increased simultaneously to creatine

kinase and myoglobin, suggesting the potential value of S100B as a biomarker of acute muscle damage after

running . Although serum S100B concentration has been shown to rise in relation to exercise alone, the S100B

increase has been described as higher in response to the number of contacts in many sports such as hockey,

American football or rugby . Indeed, in these sports, athletes are exposed to impacts, often repetitive to

the head and that do not necessarily cause signs of concussion . In competitive elite soccer, serum

concentrations of S100B were found to be significantly correlated to the number of headers . In American

football, it has been shown that blood S100B levels were elevated in post-game measures compared with the

respective pre-game values. An increase in the frequency and magnitude of head impacts, without a concussion

being detected, resulted in the largest acute changes in S100B plasma levels . In professional rugby

players, a significant increase in S100B concentration was reported within 2 h following a game (without

concussion), and this increase was correlated with the number of body collisions during a match . Since the

authors did not observe a significant correlation between S100B and creatine kinase, the increase in S100B would

most likely be related to sub-concussive head impacts .

2.6. Anti-S100B Antibodies, a Complementary Biomarker?

Functional BBB changes following TBI cause potential S100B protein to enter the peripheral bloodstream as

«foreigner», leading to the initiation of an autoimmune response and the development of S100B autoantibodies 

. In addition to S100B, anti-S100B autoantibodies may serve as blood-based biomarkers for brain injury,

although the evidence is sparse . A study conducted in children reported high levels of anti-S100B

autoantibodies in the first days after severe TBI indicating failure of compensatory-adaptive immunological

mechanisms and high permeability of the BBB, which are poor prognostic signs in this context . Autoimmunity

triggered following GFAP release into the bloodstream has also been reported in human TBI. A study including TBI
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patients showed an average 3.77-fold increase in anti-GFAP autoantibody levels by day 7–10 post-injury. This

increase in autoantibody levels was negatively correlated with outcome at 6 months . In another study, elevated

anti-S100B antibodies have been observed in football players with repeated sub-concussive episodes

characterized by BBB disruption. Serum levels of S100B auto-antibodies also predicted persistence of diffusion

tensor imaging scan abnormalities which in turn correlated with cognitive changes . In the context of TBI, the

measurement of anti-S100B along with S100B represents a promising approach but requires further investigations

to establish the diagnostic value of combining both in a model for concussion screening. Note that the presence of

macro-analytes (circulating conjugates of analytes with immunoglobulins) is a well-known source of interference in

immunoassays. Macro-analytes are high molecular weight conjugates that are measurable through the available

immunoassays despite being biologically inactive. The potential analytical interference of S100B/IgG autoantibody

complex, referred to as “macro-S100B”, in the S100B assay should be investigated by polyethylene glycol (PEG)

precipitation and gel filtration chromatography . In principle, polyethylene glycol precipitation may be applied to

any immunoassay in which a macro-complex interference is suspected, this process has been extensively

described in the assessment of macroprolactinemia . Overall, this interference would result in an

overestimation of S100B levels and may lead to a decrease in the specificity of the biomarker when screening for

intracranial lesions in the management of mTBI patients. In professional athletes, who are prone to these

autoantibodies, “macro-S100B” may lead to the mismanagement of the players.
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