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Expression of S100f protein in patients with
vascular dementia after basal ganglia hemorrhage
and its clinical significance
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Abstract. We investigated the expression levels and
clinical significance of S100f protein in patients with
vascular dementia (VD) after basal ganglia hemorrhage.
From June 2014 to December 2015, in 138 patients with
basal ganglia hemorrhage, we carried out the Mini-Mental
State Examination (MMSE) and Montreal Cognitive
Assessment (MoCA) in patients on the day before the
operation, the day after the operation and 9 days after the
operation. Thirty-two patients (blood vessel group) had cogni-
tive dysfunction and 106 patients (control group) had VD.
One hundred thirty-eight cases of healthy adult volunteers
were treated in Henan Provincial People's Hospital and were
selected in the same period as healthy controls. The expres-
sion levels of serum S100f in the three groups were tested
through the ELISA method and the statistical analysis was
carried out. In VD patients, the serum S1008 levels of patients
were significantly higher than VD and healthy control groups;
differences were statistically significant (P<0.05). However,
there was no significant difference between those without
VD after operation and the healthy control group (P>0.05).
The correlation analysis was carried out with serum S1003
as an independent variable and mean arterial pressure, BMI,
MMSE and MoCA scores as dependent variables. Our results
suggest that S100p expression levels were negatively corre-
lated to the MMSE score (rs=-4.19) and the difference was
statistically significant (P<0.05). The length of hospital stay
of patients with basal ganglia hemorrhage associated with VD
was significantly extended, with a mean of 23.4+2.8 days. The
expression levels of S1I00f protein in the serum of patients
with VD after basal ganglia hemorrhage was significantly
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increased and negatively correlated to the cognitive function
of patients. Therefore, it can be used as a differential diag-
nosis indicator of VD after the basal ganglia hemorrhage and
treatment target point of the VD.

Introduction

Vascular dementia (VD) refers to the severe cognitive dysfunc-
tion syndrome caused by the ischemic stroke, hemorrhagic
stroke and cerebrovascular diseases that cause low perfusion
in memory, cognition, behavior and other brain areas (1).
Basal ganglia hemorrhage usually occurs in the putamen and
thalamus and is usually caused by high blood pressure, which
seriously affects patient's social life skills and quality of life
after the cerebral hemorrhage recovery (2).

S100p protein is a type of protein in nerve tissue, and
under normal circumstances, the expression levels of S1I003
protein are significantly increased (3) in both glial cells and
Schwann cells. Under physiological conditions, its levels are
very low in the serum. When the blood-brain barrier perme-
ability is significantly increased due to damage to individual
nerve cells or under various pathological conditions, the
S100p protein levels in the serum are abnormally increased.
In Alzheimer's patients, an increase in the levels of SI00f in
the serum can be observed (4). However, in patients with VD,
the expression levels of S100f and its clinical significance are
still unclear.

This study provides a theoretical basis for the development
and research of targeted treatment drugs by testing the expres-
sion levels of S100f in the plasma of 138 patients with basal
ganglia hemorrhage and 138 healthy patients in the control
group. We analyzed the clinical significance of S100{ levels of
cognitive dysfunction patients before and after the treatment
of the VD patients.

Materials and methods

Sample selection. One hundred thirty-eight patients, who
were clinically diagnosed with and confirmed as basal ganglia
hemorrhage through imaging diagnosis from June 2014
to December 2015, were selected for this study. The mean age
of the patients was 54.5+12.7 years. This study was approved
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by the Ethics Committee of Henan Provincial People's
Hospital. Signed written informed consents were obtained
from all participants before the study.

Inclusion criteria. 1) Patients diagnosed with basal ganglia
hemorrhage caused by high blood pressure; and ii) patients
older than 18 years.

Exclusion criteria. i) Those who had been administered
immunosuppressive agents; ii) patients with acute or chronic
bacterial and/or viral infections; iii) patients with autoim-
mune diseases; iv) patients with connective tissue diseases;
v) patients with malignancy; vi) patients with hepatic and renal
dysfunction; vii) patients with chronic muscular diseases;
viii) patients with peripheral vascular disease, chronic heart
failure, thyroid disease, liver or kidney dysfunction, cancer
and major trauma in nearly half of the year and a history of
the surgery; ix) patients with diabetes mellitus; x) patients with
the functional classification of New York Heart Association as
class I and I'V; and xi) patients with brain hemorrhage caused
by brain trauma and other factors were excluded (2).

Diagnostic criteria. VD clinical diagnosis standard was
developed according to the US National Institute of Neuro-
logical Disorders and Stroke-Association Internationale
pour la Recherche et I'Enseignement en Neurosciences
(NINDS-AIREN) (5).

Mini-Mental State Examination (MMSE) (6). One point
was given for each correct answer, 0 for wrong or unknown,
9 points in total for discomfort and 8 points for refusal to
answer or for not being able to understand. When calculating
the total score, 8 and 9 points should be calculated as 0. The
highest score attainable is 30 points. The division of dementia
is correlated to the education background and therefore, if the
elderly were illiterate and scored lower than 17 points, gradu-
ated from primary school and scored lower than 20 points,
graduated from secondary school or over and scored
lower than 24 points, they would be given the diagnosis of
dementia: 27-30, normal; 21-26, mild; 10-20, moderate; and
0-9, severe.

Montreal Cognitive Assessment (MoCA) (7). The test include
various tasks such as visual space executive capacity, naming,
memory, attention, verbal fluency, abstract thinking, delayed
memory and orientation for a total of 30 points. One point
was added to the test results if the subjects' education years
were lower than 12 years, and the education level bias was
corrected; higher scores indicated better cognitive function of
the subjects and 26 points indicated normal cognitive function.

Specimen collection. Elbow venous blood (3 ml) was extracted
on an empty stomach in the morning. The blood was injected
into an ordinary plastic tube, 1.8 ml of which was transferred
into the anticoagulant tube (KeyGene Co., Nanjing, China)
containing 0.2 ml 3.8% sodium citrate and centrifuged for
10 min at 2,500 x g within 1 h after sample collection. The
extracted serum or plasma was placed in 0.5 ml Eppendorf (EP)
tube (KeyGene Co.) respectively, stored at -30°C and then
tested within a month.
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Table I. Comparison of baseline data of included patients.

Case Age BMI MAP
Groups nos. (years) (kg/m?) (mmHg)
Patient case 138 51.5+12.7 20.7«x1.2 128.3x194
Healthy 138 52.6£10.8 19.7x1.3 76.5£10.9
control
T-value - 0.33 1.49 31.33
P-value - 047 0.12 0.02

MAP, mean arterial pressure.

Measurement of expression levels of serum S1000 through the
enzyme-linked immunosorbent assay (ELISA) method. The
ELISA test was used to test the expression levels of serum
S100p. All reagents used in this study were purchased from
Wuhan Boster Bio-Engineering Co., Ltd. (Wuhan, China)
and the operation was in full accordance with the operating
instructions.

Treatment method. Patients were subjected to the blood pres-
sure reduction treatment and supplemented by the control on
vasogenic edema. In terms of the administration, anti-fibrino-
lytic drugs such as 6-amino acid, or tranexamic acid (Yangze
Pharma, Taizhou, China) was administrated early (<3 h).

Statistical analysis. All measurement data are expressed as
mean =+ standard deviation (SD). SPSS 17.0 statistical software
(SPSS, Inc., Chicago, IL, USA) was used for processing. The
repeated measurement data analysis of variance (ANOVA) was
applied for statistical analysis. The t-test of two independent
samples was used for the measurement data among groups,
the paired t-test was used for comparison between the groups,
and the countable data were tested with % test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Comparison of baseline data of the patients. We recorded
and carried out statistical analysis on the age, weight, BMI
and other baseline data of 138 patients with basal ganglia
hemorrhage and 138 healthy patients in the control group;
there were no statistical differences in baseline data for
the patients included in the groups (P>0.05). However, the
mean arterial pressure (MAP) levels of the patients in the
case group were significantly higher than that in the control
group (P<0.05) (Table I).

MMSE and MoCA scores of patients in each group. We admin-
istered the MMSE and MoCA on patients with basal ganglia
hemorrhage included in the groups on one day before the
operation, one day after the operation and in the first week after
the operation. Thirty-two patients (blood vessel group) were
diagnosed with cognitive dysfunction and 106 patients (control
group) were not diagnosed with VD. The comparison of MMSE
and MoCA scores of the patients between the two groups found
that the MMSE and MoCA scores of the patients in the VD group
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Table II. MMSE and MoCA scores of patients in each group.
Case First day after Second day after Ninth day after
Items Groups nos. the operation the operation the operation P-value
MMSE VD 32 28.3t1.6 243+1.4 21.3+£3.2 0.01
Control 106 29.2+1.7 27.5+£2.8 284422 0.38
T-value - 0.33 0.36 0.29 -
P-value - 0.69 0.22 0.77 -
MoCA VD 32 29.6+£0.4 22.1£1.8 21413 0.03
Control 106 28.7£1.5 27.3£2.6 28.3+0.8 0.98
T-value - 042 044 0.78 -
P-value - 0.38 0.67 0.22 -

MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; VD, vascular dementia.

Table III. Measurement of expression level of the peripheral S100f levels of patients and those in the healthy control group

through ELISA method (ng/u1).

First day before First day Seventh day
Groups Case nos. treatment after treatment after treatment P-value
VD 32 0.071+£0.002 1.017+0.035* 1.233+0.417¢ 0.002
Control 106 0.054+£0.013 0.065+0.021° 0.072+0.011¢ 0.231
Healthy 138 0.055+0.001 - - -
control

*Compared with the control group, P<0.05; "compared with the healthy control group, the difference was not statistically significant (P>0.05);
ccompared with the control group, P<0.05; ‘compared with the healthy control group, the difference was not statistically significant (P>0.05).

VD, vascular dementia.
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Figure 1. Measurement of the peripheral S100p levels of patients and those in
the healthy control group through ELISA method (ng/ul).

were significantly decreased compared to the control group;
differences were statistically significant (P<0.05) (Table II).

Measurement of expression levels of the peripheral S1005
levels of patients and those in the healthy control group
through the ELISA method (ng/ul). We tested the S100f levels
of 138 patients with the basal ganglia hemorrhage in the
experimental group and 138 cases of patients in the healthy
control group. We discovered that the serum S100f levels of
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Figure 2. Correlation analysis of SI00f protein and MMSE. MMSE,
Mini-Mental State Examination.

VD patients were significantly higher than those in the control
and healthy control groups; differences were statistically
significant (P<0.05) (Table IIT and Fig. 1).

Correlation analysis between S1005 and MMSE and MoCA
scores. The correlation analysis was carried out with S100( as
an independent variable and MAP, BMI, MMSE and MoCA
scores as dependent variables. Our results suggest that
S100p8 expression levels were negatively correlated to the
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Table IV. Correlation analysis (r) of S1008 and clinical testing indicators.

Indicators Gender Age MAP BMI Blood loss MMSE MoCA
S100p3
r 0.02 12.3 2.38 -0.43 0.29 -4.19 -2.28
P-value >0.05 >0.05 >0.05 >0.05 >0.05 <0.05 >0.05

MAP, mean arterial pressure; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.

Table V. Multiple linear regression analysis of S100f level
influencing factors.

(95% CI)
Upper Lower
Variable (3 SE p' t  P-value limit limit
MMSE 0531 0.14 0.764 0412 <005 026 081

MMSE, Mini-Mental State Examination; CI, confidence interval.

Table VI. Comparison of operation situations and length of
hospital stay between VD and control group.

Case Blood loss Length of stay
Groups nos. (ml) (days)
VD 32 27.4+8.7 23.4+2.8
Control 106 29.6£3.2 12.3+1.7
T-value - 0.49 19.5
P-value - 0.48 0.012

VD, vascular dementia.

MMSE score (rs=-4.19) and the difference was statistically
significant (P<0.05), as shown in Table IV and Fig. 2. Multiple
linear regression analysis of S100f level influencing factors is
shown in Table V.

Comparison of operation situations and length of hospital
stay between VD group and control group. In order to study
the influence of VD on the clinical treatment of patients, we
compared the treatment situations and postoperative lengths
of stay between VD patients and the patients in the control
group. We found that there were no significant differences
with regards to blood loss of basal ganglia for patients
in both groups (P>0.05); however, the length of stay of
patients with VD had a significantly extended hospitalization
time (P<0.05) (Table VI).

Discussion

The cognitive ability and social behavior of patients with
VD after basal ganglia hemorrhage are often decreased, and

the disease course can last several months or even more than
6 months; therefore, it can seriously affect patients' response
to treatment and quality of life (2). VD is one of the most
common types of senile dementia, second only to Alzheimer's
disease, accounting for about 10-50% of patients with
dementia (8). With an ever increasing aging population and
increasing incidence of cardiovascular and cerebrovascular
diseases, the incidence of VD may become the most common
type of dementia (9). Some studies have shown (8) that, among
the elderly patients aged =75 years, the incidence of VD after
basal ganglia hemorrhage is higher, which may be correlated
to the hemodynamic regulation ability and the central nervous
system hypofunction of elderly patients.

S100p protein is a type of protein in nerve tissue, and under
normal circumstances, the expression levels of S100f protein
are significantly increased in glial and Schwann cells. Under
physiological conditions, its level is very low in the serum.
However, if the blood-brain barrier permeability is signifi-
cantly increased due to damage to individual nerve cells or
under various pathological conditions, the S1I00f protein levels
in the serum will be abnormally increased (10). Prohl et al (11)
found that the S100p protein levels in the serum on day 3 were
significantly correlated to the neuropsychological assessment
results in terms of the patients' learning, memory and execu-
tive function 6 months after the operation. In addition, in the
past, in patients with Alzheimer's disease, glioma and hepatic
encephalopathy, the phenomenon of the increase in the serum
S100p level can be observed (12). However, these diseases
have a similar pathological basis to the incidence of VD (13).

Our study found that, in the patients with VD after cerebral
hemorrhage in basal ganglia, the expression levels of serum
S1008 are significantly higher than in patients without VD as
well as the healthy control group; differences were statistically
significant (P<0.05). We believed it may be due to the systemic
or local inflammatory reaction caused by the basal ganglia
hemorrhage, which changes the micro-thrombus quantity and
cerebral perfusion quantity in the brain of patients and leads to
oxidative stress injury; all of the above would cause neuronal
cell dysfunction, thus releasing plenty of S100f proteins.
In addition, long-term high blood pressure is also a high risk
factor of VD, and the major pathophysiological changes of
VD promoted by the hypertension can cause cerebral vascular
sclerosis (14). Long-term high blood pressure can act directly
on arterioles in the brain, such as on the perforating arteries at
the brain base and the nearby central branch of basilar arteries,
and it can easily lead to transparent steatosis in arterioles and
form micro-aneurysms or micro-infarctions. In addition, long-
term high blood pressure can also damage larger vascular
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endothelial cells by mechanical stimulation, thus resulting in
atherosclerosis. Thus, it will lead to cerebral hemodynamic
changes, which will further lead to the ischemia and anoxia
of the local brain tissue and the nerve cell loss, eventually
resulting in VD. Due to this pathology, VD may potentially
be cured in some patients before the occurrence of the basal
ganglia hemorrhage (15-18).

We discovered that VD can significantly prolong the
postoperative length of stay and our findings were consistent
with previous studies (19,20). Our study found, in the serum
of patients with early basal ganglia hemorrhage, a significant
increase was found in the S100p protein levels and it had great
significance for an early diagnosis of VD and for the admin-
istration of appropriate treatment and prevention measures.
However, the conclusions of the present study also need to
be further supported by experiments in animal models and
clinical tests of a larger sample size.

In conclusion, S100f protein has an important application
value in early warning of VD and can be used as one of targets
for diagnosis and treatment of VD after cerebral hemorrhage
in the basal ganglion.
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