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Abstract. The purpose of the present study was to investigate
the expression of matrix metalloproteinase-9 (MMP-9) and
interleukin-6 (IL-6) in patients with subarachnoid hemor-
rhage (SAH) and the clinical significance thereof. Forty-three
patients with SAH and 23 healthy individuals were enrolled in
this study. Patients were divided into the cerebral vasospasm
(CVS) and non-cerebral vasospasm (non-CVS) groups, or the
good and poor prognosis groups. Serum levels of MMP-9 and
IL-6 were detected by ELISA. Expression levels of MMP-9 and
IL-6 mRNAs were detected by RT-qPCR. Expression levels of
MMP-9 and IL-6 were elevated with the increase of grades as
determined by the Hunt-Hess grading method. Serum levels of
MMP-9 and IL-6 in the CVS and poor prognosis groups were
significantly higher than those in the control group. Expression
levels of MMP-9 and IL-6 in the CVS group were significantly
higher than those in the non-CVS group (P<0.05). Compared
with the good prognosis group, the expression levels of MMP-9
and IL-6 were significantly increased in the poor prognosis
group at 1,4, 7 and 10 days after SAH (P<0.05). Additionally,
the expression level of MMP-9 was significantly positively
correlated with that of IL-6 (P<0.05). Expression levels of
MMP-9 and IL-6 were significantly increased in patients with
SAH, and the expression level of MMP-9 was positively corre-
lated with that of IL-6. Thus, MMP-9 and IL-6 are involved in
the development of SAH.

Introduction

Subarachnoid hemorrhage (SAH) is a syndrome whereby
blood reaches subarachnoid space in brain or spinal canal after
the rupture of intracranial vascular (1). It has been reported
that SAH accounts for approximately 15% of cerebrovascular
disease (2). Without effective treatment, bleeding can lead
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to the death of approximately 13% of patients (3,4). SAH is
usually followed by cerebral vasospasm (CVS) or even cere-
bral infarction in some extreme cases (5,6). Thus, the early
diagnosis of the disease is imperative.

An increasing number of researchers posit that SAH is
closely associated with the inflammatory response in the body,
and the development of SAH is correlated with the expression
levels of cytokines in the body (7-10). As a type of gelatinase,
MMP-9 was found to be involved in the development of a
variety of neurological diseases. As an inflammatory factor,
IL-6 is associated with the inflammatory stress state and
vascular damage in the body.

In the present study, the expression levels of MMP-9 and
IL-6 in patients with SAH were detected, and the correlation
between them was also investigated to explore the pathogen-
esis of SAH in order to provide new insights for the clinical
diagnosis of SAH.

Materials and methods

General information. Forty-three patients clinically diagnosed
with SAH were selected from January, 2016 to May, 2017. The
patients included 27 males and 16 females, with an age range
of 57-66 years. Clinical data were sorted using the Hunt-Hess
grading method and evaluated by a specialist. Exclusion
criteria for the study were: Course of disease >3 days; patients
that underwent treatment in other hospitals; patients with liver,
renal, heart and lung dysfunction and infectious diseases.
Normal controls comprised 23 healthy subjects including
13 males and 10 females, with an age range of 51-64 years.
Patients were divided into the CVS and non-CVS groups.
Patients were subdivided into the good or poor prognosis
group according to APACHE II score. No significant differ-
ences in age and gender were found between normal healthy
controls and patients with SAH (P>0.05).

Patients provided written informed consent. This study was
approved by the Ethics Committee of the Second Affiliated
Hospital of Nanchang University.

Experimental reagents. Human IL-6 ELISA kit (Genetimes
Technology, Inc., Shanghai, China); human MMP-9 ELISA kit
(Beijing Belife Bio-Medical Technology Ltd., Beijing, China);
reverse transcription kit (Neobioscience, Shenzhen, China);
RT-qPCR kit (Sci-MEDs, Wuhan, China); primers [Huamei
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Table I. Primer sequences.

Gene name Primer sequences

MMP-9 F: 5'- AAGGATGGTCTACTGGCAC-3'
R: 5'- TCAGAACCGACCCTACAA-3'

IL-6 F: 5'- GGCCCTTGCTTTCTCTTCG-3'
R: 5'- ATAATAAAGTTTTGATTATGT-3'

GAPDH F: 5-“TGGGTGTGAACCACGAGAA-3'

R: 5'-GGCATGGACTGTGGTCATGA-3'

F, forward; R, reverse.

Ruikang (Beijing) International Biotechnology Research
Institute Co., Ltd., Beijing, China]; total RNA extraction kit
(Yuanmu Biological Technology Co., Ltd., Shanghai, China)
were used in the present study.

Detection of MMP-9 and IL-6 levels in serum. Venous blood
(5 ml) was extracted at 1,4, 7 and 10 days after SAH. Blood
samples were transferred to anticoagulant tubes, followed by
centrifugation at 2,010 x g for 5 min to collect plasma. Plasma
was stored at -80°C. The same amount of venous blood was
also extracted from healthy controls to prepare plasma. Levels
of MMP-9 and IL-6 were detected according to the instruc-
tions of the kit.

All the reagents in hte ELISA kit were kept at room
temperature for 30 min. Serum sample (50 ul) and diluted
standard were placed into the microwells. Three repeat wells
were utilized. Enzyme conjugate (50 ul) was added into each
well except the control well. Liquid in microwells was mixed
followed by incubation at 37°C for 30 min. Reaction solution
in microwells was discarded and the microwells were filled
with washing solution. After washing, the microwells were
dried and color developers A and B (50 ul for each) were
added and mixed, followed by incubation. Stop solution (50 pl)
was added and OD values at 450 nm were measured using a
Sunrise microplate reader (Tecan, Mdnnedorf, Switzerland).
The standard curve was plotted and levels of MMP-9 and IL-6
in serum were measured.

RT-qPCR used to detect RNA expression. Primers were
synthesized by Huamei Ruikang (Beijing) International
Biotechnology Research Institute Co., Ltd. Primer sequences
are listed in Table I. Total RNA was extracted from serum
using a total RNA extraction kit according to the manufac-
turer's instructions. cDNA was synthesized using a reverse
transcription Kkit.

Reaction solution (10 ul) was obtained using 2 ul
5X gDNA Eraser Buffer, 1 ul gDNA Eraser, 1 ug total RNA,
and RNase-free dH,0.

For the reverse transcription system (20 pl), 4 ul 5X
PrimeScript Buffer, 1 ul PrimeScipt RT Enzyme Mix, 1 ul
PrimeScript RT Enzyme Mix, 10 ul of reaction solution, and
4 ul of RNase-free dH,O were used. Reverse transcription
reaction conditions were: 37°C for 15 min and 85°C for 5 sec
(Table I).
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Figure 1. Expression levels of MMP-9 in serum of SAH patients with different
Hunt-Hess grades. ELISA results showed significant differences between the
control group and patients with different Hunt-Hess grades. "P<0.05.
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Figure 2. Expression levels of IL-6 in serum of SAH patients with different
Hunt-Hess grades. ELISA results showed significant differences between the
control group and patients with different Hunt-Hess grades. "P<0.05.

For the PCR reaction system (25 pl), 12.5 ul of SYBR
Premix Ex Taq™ 1II, 1 ul of forward primer, 1 ul of reverse
primer, 2 ul of cDNA, and 8.5 ul of dH,O were used. Reaction
conditions were: 94°C for 3 min, followed by 40 cycles of
94°C for 20 sec (denaturation), 58°C for 20 sec (annealing) and
72°C for 30 sec (elongation). GAPDH was used as endogenous
control. The relative expression levels of MMP-9 and IL-6
mRNA were calculated by RT-PCR instrument.

Statistical analysis. SPSS 17.0 (Mathematica, Beijing, China)
statistical software was used for statistical analysis. Data were
presented as mean + standard deviation. Single-factor analysis
of variance was performed for comparisons among multiple
groups. Pearson's analysis was used to test the correlation
between the two factors, with signifcant differences at a=0.05.

Results

Expression levels of MMP-9 and IL-6 in serum of SAH
patients with different Hunt-Hess grades. Compared with the
normal control group, the expression levels of MMP-9 and IL-6
were increased in serum of SAH patients with different Hunt-
Hess grades. In addition, significant differences were found
between different Hunt-Hess grades (P<0.05). Expression
levels of MMP-9 and IL-6 were elevated with the increase of
Hunt-Hess grades (Figs. 1 and 2).
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Table II. Comparison of expression levels of MMP-9 between the CVS and non-CVS groups (mean + SD).

4 days 7 days 10 days

Groups N 1 day
Control group 23 241.16+24 33
CVS group 35 382.06+24.17*°
Non-CVS group 8 315.29+£28.91*

241.16+24.33
4374361 440
382.37+55.03*¢

241.16+24.33
501.19+59.742>
320.75+30.46°

241.16+24.33
584.38+61.85*°
253.16+£22.18

"P<0.05, compared with normal control group; °P<0.05, compared with non-CVS group; °P<0.05, compared with 1,7 and 10 days.

Table III. Comparison of expression levels of IL-6 between the CVS and non-CVS groups (mean + SD).

Groups N 1 day 4 days 7 days 10 days
Control group 23 241.16+24 33 241.16+£24.33 241.16+24 33 241.16+£24.33
CVS group 35 50.12+21.372° 65.91+19.372° 77.19+25 3720 90.43+30.48*°
Non-CVS group 8 31.07x£14.75* 55.19+£19.34%¢ 42.74+27 49* 3.08+9.22

“P<0.05, compared with normal control group; "P<0.05, compared with non-CVS group; °P<0.05, compared with 1,7 and 10 days.

Table IV. Comparison of expression levels of MMP-9 between the poor and good prognosis groups (mean + SD).

4 days 7 days 10 days

Groups N 1 day
Control group 23 241.16+£24 .33
Good prognosis group 35 336.61+20.95°
Poor prognosis group 8 384.25+30.19*°

241.16+24.33
392.88+35.91%¢
466.92+31.06*°

241.16+24.33
355.73+30.92¢
499.28+35.27*

241.16+24.33
301.27+28.49°
582.36+41.94*°

“P<0.05, compared with normal control group; "P<0.05, compared with good prognosis group; “P<0.05, compared with 1,7 and 10 days.

Table V. Comparison of expression levels of IL-6 between the poor and good prognosis groups (mean = SD).

4 days 7 days 10 days

Groups N 1 day
Control group 23 241.16+£24 .33
Good prognosis group 26 28.99+13.27°
Poor prognosis group 17 46.24+19.05*°

241.16+24.33
48.85+17.91%*
58.99+£21.17*°

241.16+24.33
41.33£25.02¢
70.35£28.47*°

241.16+24.33
4.12+6.44*
88.39+£31.32%°

*P<0.05, compared with normal control group; ®°P<0.05, compared with good prognosis group; “P<0.05, compared with 1,7 and 10 days.

Expression of MMP-9 and IL-6 in serum of the CVS and
non-CVS groups. Compared with the normal control group,
the expression levels of MMP-9 and IL-6 in the CVS and
non-CVS groups were significantly increased, and the expres-
sion levels were significantly higher in the CVS group than
those in the non-CVS group (P<0.05). In the CVS group,
expression levels of MMP-9 and IL-6 in serum were gradu-
ally increased with the prolongation of time. In the non-CVS
group, the expression levels of MMP-9 and IL-6 reached the
peak at 4 days after SAH, and gradually decreased after that.
In the CVS group, significant differences in the expression
levels of MMP-9 and IL-6 in serum were found between
different time points (1, 4, 7 and 10 days after SAH). In the
non-CVS group, the expression levels of MMP-9 and IL-6 at

4 days were significantly different those at 1, 7 and 10 days
(Tables II and III).

Expression of MMP-9 and IL-6 in serum of the poor and
good prognosis groups. Compared with the control group, the
expression levels of MMP-9 and IL-6 in serum of the poor and
good prognosis groups were significantly increased at 1, 4, 7
and 10 days after SAH (P<0.05). Compared with the good prog-
nosis group, the expression levels of MMP-9 and IL-6 in serum
of the poor prognosis group were significantly increased at 1, 4,
7 and 10 days after SAH (P<0.05). In the poor prognosis group,
the expression levels of serum MMP-9 and IL-6 were gradually
increased. In the good prognosis group, the expression levels
of serum MMP-9 and IL-6 reached the peaks at 4 days, and
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Figure 3. Expression of MMP-9 mRNA. ELISA results showed a significant
difference between patients with different Hunt-Hess grades and normal
controls. "P<0.05.

L
]
*

(%]
L

Expression levels of IL-6 mRNA
i i

L=
I

v~V

Control | 1l ]

Figure 4. Expression of IL-6 mRNA. ELISA results showed a significant
difference between patients with different Hunt-Hess grades and normal
controls. "P<0.05.

gradually decreased after that. In the poor prognosis group,
significant differences in the expression levels of MMP-9 and
IL-6 in serum were found between different time points (1, 4,
7 and 10 days after SAH). In the good prognosis group, the
expression levels of MMP-9 and IL-6 at 4 days were signifi-
cantly different those at 1,7 and 10 days (Tables IV and V).

mRNA expression detected by RT-qPCR.Melting curves of the
PCR reactions showed single peaks, indicating the high speci-
ficity of primers. Compared with the normal control group,
the expression levels of MMP-9 and IL-6 were significantly
increased in serum of patients with different SAH Hunt-Hess
grades (P<0.05). Expression levels of MMP-9 and IL-6 were
elevated with the increase of SAH Hunt-Hess grades, and
significant differences were identified between the patients
with different SAH Hunt-Hess grades (Figs. 3 and 4).

Correlation between the expression of MMP-9 and IL-6.
Pearson's correlation analysis was performed to explore the
correlation between the expression of MMP-9 and IL-6. A
significant positive correlation was found (r=0.583, P<0.05).
Thus, expression levels of MMP-9 and IL-6 were increased after
inflammation and were positively correlated with each other.

Discussion

SAH is a syndrome whereby blood reaches subarachnoid
space in brain or spinal canal after the rupture of intracra-
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nial vascular. SAH has a high mortality (11,12). As a kind of
gelatinase, MMP-9 is usually considered a form of zymogen,
and many cells in brain can secrete MMP-9 zymogen (13,14).
Activation of the zymogen can lead to the degradation of
extracellular matrix in brain (15). It has been reported that the
expression of MMP-9 and VEGF after SAH can be used to
predict the occurrence of delayed CVS. MMP-9 expression
levels in serum of patients with SAH was increased, indicating
that MMP-9 expression was correlated with SAH (16,17).
As a glycoprotein, IL-6 can participate in collective inflam-
matory response and anti-infective defense (18,19). IL-6 is a
multi-functional glycoprotein cell inflammatory factor that
is involved in various inflammatory reactions of the central
nervous system. IL-6 can also trigger the immune response in
the body to respond to brain damage and inflammation (20).

In this study, the expression levels of MMP-9 and IL-6 in
serum of 43 patients with SAH were detected. Results showed
that, compared with the normal control group, the expression
levels of MMP-9 and IL-6 were increased in serum of SAH
patients with different Hunt-Hess grades. In addition, signifi-
cant differences were found between different Hunt-Hess
grades. Expression levels of MMP-9 and IL-6 were elevated
with the increase of Hunt-Hess grades. Compared with the
normal control group, the expression levels of MMP-9 and
IL-6 in the CVS and non-CVS group were significantly
increased at 1,4, 7 and 10 days after SAH, and the expression
levels were significantly higher in the CVS group than in the
non-CVS group. In the CVS group, the expression levels of
MMP-9 and IL-6 in serum were gradually increased with
the prolongation of time. Expression levels of MMP-9 and
IL-6 reached the peak at 4 days after SAH, and gradually
decreased after that. Compared with the control group, the
expression levels of MMP-9 and IL-6 in serum of the poor and
good prognosis groups were significantly increased at 1, 4, 7
and 10 days after SAH. Compared with the good prognosis
group, the expression levels of MMP-9 and IL-6 in serum
of the poor prognosis group were significantly increased at
1,4, 7 and 10 days after SAH. In the poor prognosis group,
the expression levels of serum MMP-9 and IL-6 were gradu-
ally increased. In the good prognosis group, the expression
levels of serum MMP-9 and IL-6 reached the peaks at
4 days, and gradually decreased after that. Compared with
the normal control group, the expression levels of MMP-9
and IL-6 were significantly increased in serum of patients
with different SAH Hunt-Hess grades. Expression levels of
MMP-9 and IL-6 were increased with the increase of SAH
Hunt-Hess grades, and significant differences were found
between patients with different SAH Hunt-Hess grades. In
SAH patients, MMP-9 expression was positively correlated
with the expression level of IL-6. It was confirmed that the
expression of MMP-9 and IL-6 in serum of patients with
SAH reflected the severity and development of inflamma-
tory reaction. Both MMP-9 and IL-6 were involved in the
development of SAH and CVS, and prognosis.

In conclusion, the expression levels of MMP-9 and IL-6
in serum of patients with SAH were detected. The expression
levels of MMP-9 and IL-6 were positively correlated with
each other. Expression levels of MMP-9 and IL-6 can reflect
the development of SAH, and the expression of MMP-9 and
IL-6 is of clinical significance in the diagnosis of SAH.
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