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Abstract
Background  The pathophysiology of neurovascular compression syndrome has not been fully elucidated, and cerebrospinal 
fluid levels of nerve tissue-related markers involved in this disorder have not yet been reported.
Methods  We measured cerebrospinal fluid levels of S100B protein, neuron-specific enolase, and myelin basic protein in 
21 patients with trigeminal neuralgia, 9 patients with hemifacial spasms, and 10 patients with non-ruptured intracranial 
aneurysms (control). Cerebrospinal fluid levels of these markers were determined using commercially available assay kits.
Results  Both trigeminal neuralgia and hemifacial spasm groups showed significantly increased cerebrospinal fluid levels 
of S100B compared with the control group (1120 [IQR 391–1420], 766 [IQR 583–1500], and 255 [IQR 190–285] pg/mL, 
respectively; p = 0.001). There were no statistically significant differences in cerebrospinal fluid levels of neuron-specific 
enolase or myelin basic protein among the groups.
Conclusion  Cerebrospinal fluid S100B levels were significantly higher in patients with trigeminal neuralgia and hemifa-
cial spasm than in controls, which suggests the involvement of S100B in the underlying pathophysiology of neurovascular 
compression syndrome.
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Introduction

Neurovascular compression syndrome (NVCS) in conditions 
such as trigeminal neuralgia (TN) and hemifacial spasm 
(HFS) is thought to be caused by vascular compression of 
the responsible cranial nerve root, which results in focal 
demyelination and excitability of the involved nerve fibers 
[16, 18]. However, the underlying pathophysiology of NVCS 
has not been fully elucidated, and cerebrospinal fluid (CSF) 

levels of nerve tissue-related markers associated with this 
disorder have not yet been reported.

To enable the pathological analysis of this condition, 
attempts have been made to create rodent models that mimic 
human TN. These include the cobra venom suborbital nerve 
injection [1], trigeminal root compression [21], and chronic 
constriction injury of the rat's infraorbital nerve (ION-CCI) 
models [39]. In the ION-CCI model, an increase in the CSF 
and serum level of S100B protein has been observed in the 
surgical group. The S100B protein is expressed specifically 
in the nervous system and is involved in pain and cognitive 
functions [19]. To gain insight into the molecular events 
involved in NVCS, we measured CSF levels of S100B pro-
tein, neuron-specific enolase (NSE), and myelin basic pro-
tein (MBP) in patients with TN and HFS and compared the 
levels with those in patients with non-ruptured intracranial 
aneurysms.
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Methods and materials

Patient population and clinical data

Twenty-one patients with TN and 9 patients with HFS were 
treated surgically. Ten patients who received clipping for 
asymptomatic non-ruptured intracranial aneurysms were 
included in the control group. No patient had a history of 
any central nervous system disease. Patients with TN and 
HFS, respectively, were prescribed carbamazepine and were 
injected with Botox. Informed consent was obtained from 
all patients. All procedures were conducted in accordance 
with the policies of the ethics committees of Japanese Red 
Cross Aichi Medical Center Nagoya Daini Hospital (IRB 
No. 20110628–3).

We reviewed the patients’ clinical and surgical records. 
During microvascular decompression surgery, the vessel 
most likely to be the source of the associated symptoms was 
identified in each case (hereafter referred to as the “culprit 
vessel”). The site of neurovascular compression was classi-
fied as proximal (medial third), midpoint (middle third), or 
distal (lateral third) of the cisternal portion segments for the 
trigeminal nerve; and at the root exit zone (RExZ), attached 
segment (AS), root detachment point (RDP), or cisternal 
portion (CP) for the facial nerve [4]. Compression severity 
was defined as follows: mild, contact without nerve indenta-
tion; moderate, nerve indentation without course deviation; 
and severe, with nerve course deviation.

CSF sampling

Approximately 2 ml of CSF samples was collected from 
cerebellomedullary or cerebellopontine cisterns for infraten-
torial lesions, and from Sylvian fissure for supratentorial 
lesions, and meticulous attention was paid to avoid contami-
nation of blood or saline which was used in operative fields. 
CSF samples were centrifuged at 10,000 × g for 10 min at 
4 °C. The supernatant was stored in aliquots and frozen 
(− 35 °C) until analyzed. The samples were divided into 
small portions, frozen, and thawed once for measurement. 
The frozen CSF samples were thawed at the time of meas-
urement. The amount of S100B was compared before and 
after freezing, and similar values were obtained, confirming 
the samples’ stability during storage.

Measurement of CSF S100B protein, MBP, and NSE 
levels

CSF S100B levels were determined with an enzyme-linked 
immunosorbent assay kit (BioVendor, Modrice, Czech 
Republic), MBP levels with an enzyme immunoassay kit 

(T994ZB31; Cosmic Corporation, Tokyo, Japan), and NSE 
concentrations with an electrochemiluminescence assay kit 
(ECLIA; Roche Diagnostics, Indianapolis, USA). All assays 
were performed in duplicate and according to the manufac-
turer’s protocols. The lower detection limits of the assays 
for S100B, MBP, and NSE were 15 pg/mL, 31.3 pg/mL, and 
0.05 ng/mL, respectively.

Statistical analysis

All descriptive results are expressed as mean ± standard 
deviation. Mann–Whitney U test was used to compare the 
duration of symptoms between the TN and HFS groups. 
Kruskal–Wallis and Steel–Dwass tests were used for multi-
ple comparisons of the TN and HFS groups with the control 
group. Sex, neurovascular compression site, vascular com-
pression severity, and culprit vessel were tested as categori-
cal variables. To detect factors that independently affected 
CSF S100B level in the TN and HFS groups, univariate 
and multivariate analyses were performed using the linear 
regression model. Values of p < 0.05 were considered sta-
tistically significant.

Results

Patient characteristics

Table 1 lists the characteristics of the patients in each group. 
The sex and age at the time of surgery were not significantly 
different (TN: 64 years [IQR 56–73], HFS: 57 years [IQR 
41–63], and control: 59.5 years [IQR 51.3–64]) among the 
three groups. The duration of symptoms was 46 months 
(IQR 36–98) in the TN group and 48 months (IQR 21–72) 
in the HFS group, and no significant difference between the 
groups were found. The culprit vessel was identified during 
surgery in all patients with TN or HFS. The most common 
site of compression was the proximal segment, followed by 
the midpoint segment in the TN group; in the HFS group, 
the most common site of compression was the AS, followed 
by the RExZ. The culprit vessel was mobilized and then 
fixed away from the trigeminal or facial nerve. All patients 
were completely free of symptoms after the surgery. In the 
control group, all aneurysms were less than 10 mm in diam-
eter and were located in the anterior circulation: the internal 
carotid artery in 5 cases, the middle cerebral artery in 4 
cases, and the anterior communicating artery in 1 case.

CSF S100B protein, NSE, and MBP levels

Both the TN and HFS groups had significantly increased 
CSF S100B levels (1120  pg/mL [IQR 391–1420] and 
776 pg/mL [IQR 583–1500], respectively) compared with 
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that in the control group (225 pg/mL [IQR 190–285]; con-
trol vs. TN, p < 0.01; control vs. HFS, p < 0.01) (Fig. 1 
and Table 2). The CSF S100B level in the TN group was 
not significantly different from that of the HFS group (TN 
vs. HFS, p = 0.908). A trend indicated higher CSF NSE 
levels (p = 0.098, non-significant) in both the TN and HFS 
groups (4.6 ng/mL [IQR 3.5–12.1] and 6.2 ng/mL [IQR 
4.4–11], respectively) compared with those in the control 
group (2.8 ng/mL [IQR 2.4–4.4]). CSF MBP levels were 
below the detection limit of 31.3 pg/mL in all except for 
2 patients in the TN group (31.6 pg/mL and 33.4 pg/mL). 
CSF MBP levels did not differ significantly among the 
groups (p = 0.901).

Discussion

To the best of our knowledge, this is the first study to dem-
onstrate significantly increased CSF S100B levels in patients 
with TN and in patients with HFS. We also observed that the 
mean CSF S100B levels did not differ significantly between 
the TN and HFS groups. These results may be valuable in 
understanding the pathophysiology of TN and HFS.

The first clinical observation suggests that excitation 
and/or demyelination of the trigeminal or facial nerves due 
to neurovascular compression may have resulted in eleva-
tion of CSF S100B levels. NVCS, which is associated with 
TN and HFS, is thought to result from local excitation and/

Fig. 1   Comparison of S100B 
concentrations in the cer-
ebrospinal fluid of TN, HFS, 
and control groups. Data are 
expressed as means ± standard 
errors of the mean (▲, mean). 
The Mann–Whitney U test was 
used to compare pairs of results 
(*: p < 0.01, ns: not significant). 
TN: trigeminal neuralgia, HFS; 
hemifacial spasm

Table 2   Cerebrospinal fluid 
concentrations of S100B, NSE, 
and MBP

HFS, hemifacial spasm; MBP, myelin basic protein; NSE, neuron-specific enolase; TN, trigeminal neuralgia
*  median (interquartile range), ** p < 0.01 vs. control by Kruskal–Wallis and Steel–Dwass test

Control group TN group HFS group p value
(n = 10) (n = 21) (n = 9)

S100B (pg/mL) * 225 (190–285) 1120 (391–1420) ** 776 (583–1500) ** 0.001
NSE (ng/mL) * 2.8 (2.4–4.4) 4.6 (3.5–12.1) 6.2 (4.4–11) 0.098
MBP (n)
 < 31.3 pg/mL 10 19 9 0.901
 > 31.3 pg/mL 0 2 0
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or demyelination of the nerve fibers due to vascular com-
pression of the responsible cranial nerves [16, 18]. S100B 
belongs to a family of calcium-binding proteins implicated 
in intracellular and extracellular regulatory activities, which 
is localized mainly in the cytoplasm of astrocytes, oligoden-
drocytes, and Schwann cells [6, 37]. Therefore, it may be 
assumed that the excitation and/or demyelination of nerve 
fibers acts on the localized site of S100B expression, result-
ing in an increase in the CSF S100B levels. Based on the 
location of S100B expression, three possible mechanisms for 
elevation of CSF S100B levels may be considered: 1) secre-
tion from astrocytes and/or oligodendrocytes, 2) secretion 
from Schwann cells, and 3) leakage from Schwann cells. In 
this study, S100B present in the central nervous system was 
evaluated as CSF samples were collected.

The first possible mechanism is that S100B may be 
secreted from astrocytes and/or oligodendrocytes as a result 
of hyperexcitation of the trigeminal or facial nerves due to 
neurovascular compression. Astrocytes and oligodendro-
cytes are known to secrete vesicles containing S100B into 
the extracellular space [31, 38, 8]. It has been also reported 
that astrocytes secrete S100B in a neural activity-dependent 
manner that is critically dependent on the presynaptic release 
of neurotransmitters and activation of metabotropic gluta-
mate receptor 3 [29]. In temporal lobe epilepsy, for instance, 
the selective upregulation of S100B expression in astrocytes 
as well as increased tissue levels of S100B is also noted in 
surgically resected temporal lobe neocortex, suggesting the 
involvement of S100B in the pathophysiology of epilepsy 
[10]. Notably, in TN and HFS, the hyperexcitation of the 
trigeminal or facial nerves by neurovascular compression 
results in electrical action potentials, which are conducted 
not only to the peripheral side but also to the central side. 
As a result, astrocytes and/or oligodendrocytes in the brain 
parenchyma may secrete S100B into the cerebrospinal fluid 
space in a neural activity-dependent manner in response to 
the nerve hyperexcitation.

The second possible mechanism underlying the observed 
increase in CSF S100B levels is the active secretion of 
S100B from Schwann cells at the site of neurovascular com-
pression. Schwann cells have secretory vesicles in which 
S100B is stored [27, 13]. S100B is known to act as a ligand 
for receptor for advanced glycation end products (RAGE), 
which is expressed mainly in neurons, immune cells, acti-
vated endothelial cells and vascular smooth muscle cells, 
bone-forming cells, and various cancer cells [10, 27]. Acti-
vation of RAGE by S100B leads to neural outgrowth [15], 
neuroprotection [14], and neuromodulation [8]. Notably, 
RAGE has been found to play an important role in periph-
eral nerve regeneration after acute injury to sciatic nerve 
cells [26, 28]. Similarly, in NVCS, the nerves are physi-
cally stressed, as evidenced by pathology. For example, 
affected nerve samples in patients with TN showed evidence 

of morphological and histological changes such as axonal 
loss, axonal injury, demyelination, and collagen deposition 
[35]. Thus, it is presumed that chronic physical stress on the 
cranial nerves may promote the secretion of S100B from 
Schwann cells to aid nerve regeneration.

However, it is unlikely that S100B is secreted by Schwann 
cells at the site of neurovascular compression caused by 
physical stress. This is because the increase in CSF S100B 
did not differ between the TN and HFS groups in the pre-
sent study. Notably, the trigeminal and facial nerves differ in 
thickness; therefore, we speculate that if S100B is secreted 
from Schwann cells, there would also be a difference in the 
amount of secreted S100B observed in the TN and HFS 
groups.

Most patients with HFS reportedly have vascular com-
pression in the root entry/exit zone (REZ) [32, 33] and the 
myelin sheath of the REZ is composed of oligodendrocytes, 
instead of Schwann cells [11]. S100B is unlikely to be 
actively secreted from Schwann cells at the site of neuro-
vascular compression.

The third possible mechanism for increased CSF S100B 
levels is leakage of S100B into the CSF from damaged 
Schwann cells at the site of neurovascular compression. In 
patients with disc herniation and sciatica, the CSF levels of 
both S100B and neurofilament protein are elevated [3]. A 
similar mechanism has been found in ischemic or traumatic 
brain injury [23]. After an acute ischemic stroke, for exam-
ple, plasma levels of S100B protein are known to increase 
transiently and correlate well with infarct volume and clini-
cal outcome; this phenomenon is thought to be caused by 
leakage of S100B from damaged astrocytes [24].

The CSF levels of NSE, a highly specific marker of axonal 
injury [5], neuronal loss, and degeneration [12], showed no 
statistically significant increase in the NVCS groups. There 
was no significant molecular leakage of MBP, a non-secre-
tory protein, from the Schwann cells, because its CSF levels 
were less than the lower detection limit of the assay in most 
of the present cases. For a more detailed analysis, it is neces-
sary to create and evaluate a system for MBP quantification 
with higher sensitivity using techniques like gas chromatog-
raphy-mass spectrometry, and liquid chromatography-mass 
spectrometry, which are used in CSF metabolomics [25]. 
These suggest that this mechanism of passive leakage of 
S100B from damaged Schwann cells is unlikely.

In summary, S100B may be secreted from astrocytes and 
oligodendrocytes as a result of hyperexcitation of the trigem-
inal and facial nerves due to neurovascular compression.

The second clinical observation was that CSF S100B 
levels did not differ significantly between the TN and HFS 
groups despite the difference in clinical symptoms. Although 
carbamazepine is prescribed to patients with TN, S100B 
levels in the serum reportedly decrease when carbamazepine 
is administered to patients with focal seizures [22]. In the 
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present study, the amount of S100B in the CSF was signifi-
cantly elevated in patients with TN; therefore, the increase 
in S100B was probably unrelated to the prescription.

One possible reason for this is that the increase in S100B 
may play a neuroprotective role. The action of S100B is 
concentration-dependent [7, 9], with nanomolar concentra-
tions exhibiting neuroprotective and astrocyte-proliferating 
effects [17, 30], whereas micromolar concentrations are neu-
rotoxic in cell culture assays [23, 36]. In the present study, 
the mean CSF S100B levels (approximately 1000 pg/mL) in 
the TN and HFS groups were as low as nanomolar concen-
tration (molecular weight of S100B: 10.7–21 kDa), which 
suggests the neuroprotective role of S100B in these disor-
ders. In other words, we can presume that S100B performs 
a neuroprotective role against the hyperexcitation and/or 
demyelination of the trigeminal and facial nerves caused by 
neurovascular compression. Thus, given that the concentra-
tion of increased CSF S100B was low and independent of 
clinical factors, the increase in S100B in TN and HFS may 
serve a neuroprotective function, leading to no difference in 
its concentration between the TN and HFS groups.

The present study is a cross-sectional analysis focusing 
on the expression of several nerve tissue-related markers in 
a small number of patients. Therefore, the general findings 
are limited. However, further studies that evaluate the sign-
aling events of S100B may contribute to the elucidation of 
the underlying pathophysiology of NVCS. The functional 
diversity of extracellular S100 proteins has been demon-
strated in previous reports. For instance, S100B and S100A6 
differentially modulate cell survival by interacting with dis-
tinct RAGE immunoglobulin domains [20]. To gain a better 
understanding of the pathophysiology of NVCS, including 
signaling events, changes in not only S100B but also in other 
S100 proteins in the CSF need to be elucidated.

Alterations in gene expression of the S100B have been 
associated with several pathologies, including Down syn-
drome, Alzheimer's disease, chronic inflammation, and epi-
lepsy [2]. Therefore, for the specific diagnosis and prognosis 
of TN and HFS, a search for more specific biomarkers is 
required, considering the increased expression of S100B. 
The pain level of TN patients depends on the degree of NVC 
[34]. In the future, when more promising candidate biomark-
ers are identified, their relationship with age at surgery, sex, 
symptom duration, degree of compression, and location of 
neurovascular compression should be investigated.

Conclusions

S100B concentrations in CSF were significantly higher in 
patients with trigeminal neuralgia and hemifacial spasm 
compared with those of controls, suggesting S100B 

involvement in the underlying pathophysiology of neuro-
vascular compression syndrome.
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