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Objective: The purpose of this study was to explore association of serum dystroglycan
(DG), matrix metalloproteinase-2/matrix metalloproteinase-9 (MMP-2/9), and aquaporin-4
(AQP-4) expression and haematoma expansion in patients with intracerebral haemorrhage
(ICH), which are proteins involved in maintaining the integrity of the blood-brain barrier.
Methods: We included patients older than 18 years old with ICH who had undergone baseline
CT within 6 hours after intracerebral haemorrhage symptom onset in our hospital between
April 2018 and December 2018. Two readers independently assessed haematoma volume and
other imaging information upon admission and again within 24 hours. All patients underwent
5 mL of venous blood collection 6 and 24 hours after admission. Serum expression levels of
dystroglycan, matrix metalloproteinase-2/matrix metalloproteinase-9 and aquaporin-4 were
determined by quantitative enzyme-linked immunosorbent assay (ELISA). Repeated analysis
of variance was used to determine whether expression of the four proteins in patients with
cerebral haemorrhage changed within 24 hours and whether there were differences between the
haematoma enlargement and non-haematoma enlargement groups over time. Univariate and
multivariate logistic regression analyses were used to compare the correlation among expression
of the four proteins, clinical characteristics of patients and haematoma enlargement.

Results: Expression levels of serum matrix metalloproteinase-2/matrix metalloproteinases-9
and aquaporin-4 gradually increased within 24 hours in patients with cerebral haemorrhage
(P<0.001), while expression levels of dystroglycan gradually decreased (P<0.01). Expression
of serum matrix metalloproteinases-9 6 hours after onset was independently correlated with
the expansion of cerebral haemorrhage. The ROC curve (AUC=0.778, 95% Cl: 0.661-0.894,
P<0.001) exhibited high sensitivity (0.900) and low specificity (0.642).

Conclusion: These data support that expression of MMP-9 in peripheral blood is indepen-
dently correlated with the enlargement of haematoma in patients with intracerebral haemor-
rhage 6 hours after onset and can be used as an independent predictor of haematoma
enlargement in patients with intracerebral haemorrhage. However, although the expression
of MMP-2, AQP-4 and DG exhibited some changes within 6 and 24 hours after onset, they
were not independently correlated with early haematoma enlargement in patients with
intracerebral haemorrhage. Further multi-time point exploration and expansion of the sample
size is necessary in future studies.

Keywords: intracerebral hemorrhage, ICH, hematoma enlargement, HE, dystroglycan, DG,
matrix metalloproteinase-2/9, MMP-2/9, aquaporin-4, AQP-4

Intracerebral haemorrhage (ICH) is a type of devastating stroke for which there is

currently no clear or effective treatment. Haematoma expansion (HE) is an
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important risk factor for early neurological deterioration
and long-term clinical outcome in patients with cerebral
haemorrhage.! Therefore, controlling early haematoma
expansion in cerebral haemorrhage is a key treatment
direction for ICH.> The blood-brain barrier (BBB) is
a functional unit composed of vascular endothelial cells,
astrocytes, pericytes, and extracellular matrix. Its primary
functions are to prevent blood components from infiltrat-
ing into brain tissue and to protect nerve cell function. The
BBB is a dynamic complex, and structural changes occur
under pathological conditions. BBB destruction is the
pathological ~ basis of  haematoma  expansion.’
Dystroglycan (DG) is a highly glycosylated transmem-
brane protein that is essential for maintaining structural
integrity of the basement membrane by binding to ECM
proteins.* ® However, under pathological conditions, such
as tumours, inflammation, and autoimmune diseases,
expression of DG often changes, disabling it from closely
associating with the ECM components. Destruction of the
BBB after cerebral haemorrhage is related to the cleavage
of B-DG by matrix metalloproteinase (MMP)-2/9.%° In
addition, abnormal cleave of DG after ICH is also related
to the polarity change of aquaporin (AQP)-4.” Destruction
of the BBB is closely related to HE. DG, MMP-2/9 and
AQP-4 are important proteins that affect the integrity and
function of the BBB. Therefore, this study explored the
correlation among changes in DG, MMP-2/9, and AQP-4
in peripheral blood of patients with cerebral haemorrhage
and haematoma expansion, attempting to identify biologi-

cal markers to predict HE.

Materials and Methods

All enrolled subjects were patients with ICH treated in
the neurosurgical department of our hospital from
April 2018 to December 2018. The inclusion criteria
were the following: (1) age >18 years; (2) patients
with non-contrast CT within 6 hours of onset and con-
firmed spontaneous intracranial haemorrhage; and (3)
informed consent provided by family. The exclusion
criteria were as follows: (1) patients with arteriovenous
malformations, ruptured intracranial aneurysms, brain
trauma, brain tumours, haemorrhagic infarction, or intra-
cranial haemorrhage after thrombolysis; (2) patients
with primary indoor haemorrhage or brainstem haemor-
rhage; (3) patients taking oral anticoagulants; and (4)
24 h review of patients who underwent surgery to
remove haematoma or who died before blood collection.
For this study, we defined haematoma growth as a 33%

increase in haematoma volume or >6 mL at the time of
follow-up CT scan according to previous definitions.® '

Patients presenting with ICH were enrolled in this
observational cohort study that prospectively collected
name, sex, age, hypertension/diabetes/smoking history/
drinking history status; serology, including blood glucose
at admission (mmol/L), white blood cell count, and neu-
trophil count. The same neurologist assessed the degree of
neurological deficit according to the NIHSS score at the
time of admission and judged the degree of coma upon
admission according to the GCS score. The following
imaging indexes were collected at the time of admission:
time of head CT at admission (h), haemorrhage site,
volume of bleeding at admission (mL), whether accompa-
nied by intraventricular haemorrhage, whether accompa-
nied by midline displacement, and review of bleeding
volume at CT (mL). In addition, we also performed non-
contrast CT scan again within 24 hours to obtain haema-
toma volume.

Protein determination within 6 h and 24 h after admis-
sion, 5 mL of venous blood was collected from each
patient, centrifuged at 3500 rpm for 10 min, and the
upper serum layer was taken and stored at —80°C for
future batch testing. Quantitative enzyme-linked immuno-
sorbent assay (ELISA) was used to determine plasma
MMP-2/9, DG, and AQP-4 concentration; the kit was
of MEIMIAN (Nanjing Jian Cheng
Bioengineering Factory, China), and kit instructions were

a product
carefully followed.

Statistical Analysis

In this study, SPSS 24.0 software was used for statistical
analysis. Measurement data that followed a normal distribu-
tion is represented by (X+s). Data that disobeyed normal
distribution is expressed by the median (interquartile range),
and count data is expressed as a percentage. Differences
between groups were analysed by variance of independent
sample data. If the variances were uneven, rank sum test was
used. Count data rate and composition ratio were compared
using y2 test or Fisher’s exact test. P<0.05 indicates that the
difference is statistically significant. Patients were divided
into groups according to whether the haematoma had
enlarged within 24 hours and was analysed by single factor.
The variables with statistical significance in univariate logis-
tic regression analysis were included in multivariate logistic
regression analysis, and statistically significant influencing
factors were identified. Repeated measurement analysis of
variance was used to assess the relationship between
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haematoma expansion and protein expression at two differ-
ent time points in the two groups. ROC curves were created
for proteins that were meaningful in multiple logistic regres-

sion analysis.

Results
Analysis of Clinical Baseline Related to

Hemorrhage Expansion

We included 73 patients with intracerebral hemorrhage and
divided them into two groups according to whether the
hematoma was enlarged or not. There were 20 patients in
the enlarged hematoma group and 53 patients in the non-
enlarged hematoma group. The baseline characteristics of

the patients related to hematoma expansion are shown in

Table 1: there was no difference in baseline data of the
patients.

Univariate and Multivariate Logistic
Regression Analysis to Predict Factors

Related to Haematoma Expansion

Univariate analysis was used to analyse factors related to
haematoma enlargement (Table 3). Levels of serum MMP-
9 (6 h), MMP-2 (24 h), haematoma volume (mL), white
blood cell count and neutrophil count (6 and 24 h) after
onset were statistically significant. To predict haematoma
enlargement, we included statistically significant variables
in univariate analysis into the multivariate logistic regres-

sion analysis (to predict haematoma enlargement, only

Table | Correlation Analysis Between Baseline Data and Hematoma Enlargement in Patients with Cerebral Hemorrhage (X+si\, n (%))

Variables Overall (n=73) | Hematoma Non-Hematoma Statistics | P
Enlargement (n=20) | Enlargement (n=53)
Demographic
Sex, male, n (%) 52 (71.23) 14 (70) 38 (71.7) 0.02 0.8863
Mean age, y (SD) 57.59x11.21 54.75+9.81 58.66x11.60 1.79 0.1858
Medical history
Diabetes mellitus 10 (13.7) 4 (20) 6 (11.32) 0.92 0.3361
Current smoking 33 (45.21) 11 (55) 22 (41.51) 1.06 0.3017
Alcohol consumption, n (%) 23 (31.51) 4 (20) 19 (35.85) 1.69 0.1936
Clinical features
Admission SBP, mmHg (SD) 169.01£29.65 166.45£33.16 169.98+28.49 0.2 0.6531
Admission DBP, mmHg (SD) 97.84+15.82 100.45+17.22 96.85+15.31 0.75 0.3894
Mean arterial pressure (mmHg) 121.56+18.13 122.45+20.73 121.23+17.26 0.07 0.7991
blood glucose level 6.02 (5.09-7.72) 7.1 (5.62-8.04) 5.86 (5.02-7.12) 3.62 0.0568
Baseline GCS score, 15 (10-15) 15 (10-15) I5 (11-15) 0.99 0.3197
Baseline NIHSS score 10 (6—14) Il (7.5-14) 9 (4-14) 1.31 0.2513
Imaging status
hematoma location 1.42 0.8994
Lobes 4 (5.48) I (5.00) 3 (5.66)
Basal ganglia 35 (47.95) 10 (50.00) 25 (47.17)
Cerebellum 1 (1.37) 0 (0.00) I (1.89)
Thalamus 15 (20.25) 3 (15.00) 12 (22.64)
Multiple site bleeding 18 (24.66) 6 (30.00) 12 (22.64)
Time to initial CT scan, h (IQR) 3 (2-5) 3.5 (3-5) 3 (2-5) 1.36 0.2425
Baseline ICH volume, mL (IQR) 13.5 (6-26.3) 2| (5.5-47.4) 12 (6.5-22) 1.71 0.1898
Baseline ICH volume >30mL 13 (17.81) 6 (30) 7 (13.21) 2.58 0.1076
Midline shift 22 (30.14) 8 (40) 14 (26.42) 1.27 0.2592
Break into the ventricle 27 (36.99) I'1 (55) 16 (30.19) 3.83 0.0502
blood routine examination
white blood cell count 844 (7.28-10.58) | 9.74 (7.61-11.51) 8.3 (7.05-9.82) 2.87 0.0902
neutrophil count 6.54 (4.9-8.52) 7.70 (6.17-9.585) 6.03 (4.86-8.24) 3.63 0.0568

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; GCS, Glasgow coma scale.
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6 h statistically significant proteins were included).
Multivariate logistic regression analysis revealed that
there was still a statistically significant correlation between
levels of MMP-9 6 h after onset and haematoma enlarge-
ment (OR=1.006, 95% CI: 1.002-1.009, P=0.001).

Evaluation of the Predictive Ability of the
Factors Affecting Haematoma

Enlargement

The ability of serum MMP-9 expression levels 6 hours
after onset to predict haematoma enlargement was evalu-
ated by receiver working characteristic curve (receiver
operating characteristic curve, ROC). As shown in Table
5 and Figure 1, the area under the curve (AUC=0.778) and
its 95% confidence interval (0.661-0.894, P < 0.001)
exhibited good predictive ability, high sensitivity and low
specificity (0.90, 0.642).

The Trend of Protein Expression in
Repeated Measurement Analysis of
Variance and lIts Relationship with
Haematoma Enlargement

The results of repeated measurement analysis of variance
are shown in Table 6. Changes in protein expression

within 24 hours after the onset of cerebral haemorrhage
are as follows: (1) Expression of DG decreased over time

(F=20.178, P<0.001), but there was no significant
ROC curve
_E\
k-]
g
1-specificity

Figure | ROC curve showed (AUC=0.778, sensitivity 0.900, specificity 0.642 cut-
off value 1120.96, P <0.001).

difference in DG expression between the two groups.
Furthermore, there was no significant difference in the
degree of decrease in DG expression between the two
groups. (2) Expression of MMP-2 gradually increased
over time (F=24.249, P<0.001). The average level of
MMP-2 expression in the haematoma enlargement group
was significantly higher compared to the haematoma
stable group (F=6.111, P=0.016), but there was no signifi-
cant difference in the degree of MMP-2 increase between
the two groups. (3) Over time, expression of MMP-9
significantly increased (F=43.766, P<0.001), and the aver-
age levels in the group with enlarged haematoma were
significantly higher compared to levels in the group with
stable haematoma (F=16.257, P<0.001). The degree of
MMP-9 increase over time in the haematoma enlargement
group was also higher compared to the haematoma stable
group (F=4.226, P=0.043) (4) AQP-4 increased signifi-
cantly over time (F =41.805, P<0.001), but there was no
significant difference in the average level of AQP-4
expression between the two groups. In addition, there
was no difference in the increase in AQP-4 between the
two groups (Table 6).

Discussion

ICH is the most severe type of stroke, and haematoma
expansion is a predictor of poor prognosis." However,
there are currently no effective biomarkers to predict hae-
matoma enlargement. Destruction of the BBB during ICH
is the pathophysiological basis of haematoma enlargement.
The proteins (DG, MMP-2/9, and AQP-4) involved in the
destruction and maintenance of BBB stability might have
utility as predictors of haematoma enlargement, thus guid-
ing clinical practice.'”

Among the 73 patients with ICH (Table 1), 20 patients
developed enlarged haematoma, and 53 patients main-
tained stable haematoma. We studied patient sex, age,
previous hypertension/diabetes/smoking/drinking history,
blood pressure, blood glucose and GCS, NIHSS score at
admission, location of bleeding, time of initial wardrobe
CT, whether there was intraventricular haemorrhage and
midline shift, white blood cell count and neutrophil count
at admission. The baseline characteristics of the patients
related to hematoma expansion are shown in Table 1: there
was no difference in baseline data of the patients.

The early release of ICH-related chemokines leads to
neutrophil and macrophage infiltration, as well as
increased expression of MMP-2/MMP-9 around the hae-
matoma, of basement

promoting the degradation
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membrane components and exacerbating destruction of the
BBB.'? In this study, it was found that expression of serum
MMP-2 and MMP-9 gradually increased within 24 hours
after the onset of cerebral haemorrhage (Tables 2 and 3).
Changes in the expression of MMP-2/9 in ICH have dis-
tinct patterns in different models of ICH. Studies in
a mouse ICH model showed that levels of MMP-2/9
increased during the early stage and peaked at 2-3 days.
Activation of MMP-2/9 might be closely related to brain
oedema, inflammation and destruction of the BBB.!? In
patients with cerebral haemorrhage, Castellazzi et al'’
found that the levels of serum MMP-9 increased the
first day after haemorrhage, significantly increased on
the second day, and continued to rise on the
seventh day.'? Levels of MMP-2 at 48 hours and 7 days
were significantly lower compared to 24 hours. Although
the peaks in MMP-2 and MMP-9 expression were differ-
ent in these studies, they were consistent with the increases
in both factors within 24 hours observed in this study.
However, there was no multi-point measurement in this
study, because the experimental time was not sufficient,
the degree of cooperation of patients was not high, and it is
difficult to collect multi-time point blood samples.
Expression of MMP-2 and MMP-9 is very low in basal
physiological states, but their expression levels increase
during ICH. Previous studies have shown that this might
be related to the inflammatory reaction. In the multiple
logistic regression analysis in this study (Table 4), expres-
sion levels of MMP-9 6 hours after onset were indepen-
dently correlated with enlargement of haematoma. The
ROC curve (Table 5 and Figure 1) shows that MMP-9
was an independent predictor of haematoma enlargement
after ICH. The predictive effect was good (AUC=0.778),

Table 2 Univariate and Multivariate Logistic Regression Analysis
to Predict Factors Related to Hematoma Expansion

Hematoma Non-Hematoma

Enlargement Enlargement

n=53 n=20
DAG-I/ 6h 191.61+31.66 199.93+£33.99
ngL™' 24h | 173.631£24.01 179.76+35.08
MMP-2/ 6h 394.79486.39 435.86+118.45
ng-mlL™' 24h | 443.34+85.88 504.97+87.57
MMP-9/ 6h 1107.48+£209.91 1316.46+162.28
ugl! 24h | 1303.52+160.43 1419.55+£119.88
AQP-4/ 6h 25.73+7.56 25.18+5.39
ugL™ 24h | 32.14+£8.49 32.72+9.75

Table 3 Univariate Logistic Regression Analysis of Hematoma
Expansion in Patients with Cerebral Hemorrhage

Variables OR 95% (CI) P
GCS score 0.907 | 0.762-1.08 0.2737
NIHSS score 1.050 | 0.972-1.134 | 0.218I
Baseline ICH volume, mL (IQR) 1.037 1.003-1.073 | 0.0315*
Midline shift 1.857 | 0.629-5.487 | 0.2625
Break into the ventricle 2.826 | 0.981-8.144 | 0.0543
white blood cell count 1.168 1.004-1.36 0.0449*
neutrophil count 1.185 1.017-1.381 0.0300*
MMP-2

6h 1.004 | 0.999-1.010 | 0.114

24h 1.009 1.002-1.015 | 0.012*
MMP-9

6h 1.005 1.002-1.008 | 0.001%*

24h 1.007 1.004-1.100 | 0.009*
DAGI

6h 1.008 | 0.992-1.024 | 0.327

24h 1.006 1.004-1.008 | 0.394
AQP-4

6h 0989 | 0.917-1.065 | 0.763

24h 1.008 | 0.950-1.069 | 0.80I

Note: *Means P < 0.05, with statistical difference.
Abbreviations: Cl, confidence interval; OR, odds ratio; GCS, Glasgow coma
scale; NIHSS, National Institutes of Health Stroke Scale.

and its 95% confidence interval (0.661-0.894, P<0.001)
was more sensitive (0.900). However, the specificity was
not strong (0.642). Determination of MMP-9 levels during
the acute stage is helpful for identifying high-risk patients
with haematoma enlargement to guide clinical treatment.
This is consistent with the study of Senn et al.'* In addi-
tion, we found that the increase in MMP-9 in the enlarged
haematoma group was significantly higher compared to
the stable haematoma group (Table 6). This might be due
to greater destruction of the BBB and increased MMP-9 in
the enlarged haematoma group, but further quantitative
measurement of the destruction of the BBB is still needed
to confirm our conjecture.'” In this study, we found that

Table 4 Multivariate Logistic Regression Analysis of Hematoma
Expansion in Patients with Cerebral Hemorrhage

Variables OR 95% (CI) P

MMP-9 (6h) 1.006 1.002-1.009 0.001*
Baseline ICH volume (mL) 1.038 1.000-1.077 0.050
white blood cell count 0.991 0.934-1.053 0.776
neutrophil count 0.963 0.884-1.049 0.384

Note: *Means P < 0.05.
Abbreviations: Cl, confidence interval; OR, odds ratio.
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Table 5 Evaluation of the Ability of MMP-9 to Predict
Hematoma Enlargement in Patients with ICH

AUC | Sensitivity | Specificity | Cut-off | P
value
MMP-9 | 0.778 | 0.900 0.642 1120.96 0.001**

Note: **Means P<0.01.

Table 6 Relationship Between Protein Expression and Hematoma
Enlargement by Repeated Measurement and Analysis of Variance

Factor F P
DAG
Group 1.191 0.279
Time 20.178 <0.001**
GroupxTime 0.066 0.789
MMP-2 MMP-2
Group 6.111 0.016*
Time 24.249 <0.001**
GroupxTime 0.740 0.393
MMP-9 MMP-9
Group 16.257 0.026*
Time 43.766 <0.000 | *#*
GroupxTime 4.226 0.043*
AQP-4 AQP-4
Group 0.005 0.994
Time 41.805 <0.000 | **
GroupxTime 0.273 0.603

Notes: *Represents P < 0.05, **Represents P < 0.01, and **Represents P < 0.001.

MMP-2 gradually increased over time, and the average
levels of MMP-2 from 6 to 24 hours were different
between the two groups. Although expression of MMP-2
6 hours after onset was not related to the expansion of
haematoma in ICH, in univariate logical regression analy-
sis, we found that 24 hours after onset, MMP-2 was related
to haematoma enlargement (Table 3). Therefore, we specu-
lated that MMP-2 might be involved in/accelerate destruc-
tion of the BBB in a time-dependent manner. In addition,
studies have shown that MMP-2 not only participates in
destruction of the BBB but also promotes peripheral hae-
matoma nerve inflammation and tissue repair protection,
showing its dual role in ICH."* Therefore, MMP-2 may
not indicate haematoma expansion. Currently, there are
few studies on the relationship between MMP-2 and hae-
matoma enlargement in ICH. Our study provides clues that
MMP-2 may predict early haematoma enlargement. In the
future, we will expand the sample size and perform multi-

time point dynamic measurements.

This study demonstrated that expression of DG
decreased within 24 hours in patients with ICH. In the
nervous system, DG is expressed in the foot process of
astrocytes at the junction of glial boundary membranes and
cerebral vessels and in the endothelial cells of the BBB,
representing an important protein for maintaining the
integrity of the BBB.*’ This study revealed that expres-
sion of DG decreased within 24 hours in patients with
ICH. In the nervous system, DG was expressed in the
foot process of astrocytes at the junction of glial boundary
membrane and cerebral vessels and in the endothelial cells
of the BBB, which is an important protein to maintain the
integrity of the BBB.%'¢!”

Our previous study'® demonstrated that the MMP-2/
MMP-9-mediated B-DG cleavage 30 kD fragment was
increased in rat haemorrhage model. This effect was antag-
onized by administration of an MMP-2/9 inhibitor.
Therefore, the increased abnormal cleavage of DG by
MMP-2/MMP-9 in ICH leads to decreased expression of
DG, which is an important mechanism of BBB destruction
in ICH. Therefore, we assume that the cleavage fragment
of DG will be detected in the peripheral blood of patients
with cerebral haemorrhage. However, due to the limita-
tions of the ELISA kit, we only detected the core DG
protein. Expression of the DG core protein in peripheral
blood has not been reported. In this study, expression of
the DG core protein decreased within 24 hours, which
might be related to its abnormal cleavage. The statistical
results indicated that there was no correlation between
expression of the DG core protein in peripheral blood
and haematoma enlargement after ICH. In the future, we
will further explore expression of DG cleavage products in
peripheral blood and/or cerebrospinal fluid, as well as the
correlation between their expression and haematoma enlar-
gement in ICH.

Our study observed that expression of DG decreased,
while expression of AQP-4 increased, within 24 hours
after the onset of ICH (Table 6). AQP-4 is primarily
expressed in ependymal cells and astrocytes. The concen-
tration of AQP-4 on the foot process membrane of astro-
cytes is 10 times higher than that of the non-foot process
membrane, reflecting the polarized expression of AQP-4.
DG plays an important role in polarized distribution of
AQP-4." Qiu et al*® found that during the abnormal
cleavage of B-DG, the polarity of AQP-4 was lost in the
peri-haematoma area after ICH, and expression of the
AQP-4 protein reached its peak on the first day, subse-
quently gradually decreasing but remaining at high levels
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on the third day after ICH, consistent with the trends in
AQP-4 expression within 24 hours observed in our study.
In addition, Wang et al found that upregulation of the
AQP-4 protein after ICH might be affected by hypoxia,
thrombin and iron overload.?” Wu et al also found that
AQP-4 mRNA was upregulated from 2 h in a mouse ICH
model, increased continuously from 3 h to 6 h, and
reached its peak at 12 h, which confirmed the upward
trend of AQP-4 during the early stage of ICH at the
transcriptional level. Some studies have shown that AQP-
4 connects with the DDC complex through the PDZ
domain at the C-terminal of a-syntrophin. Failure of this
connection may have many implications, such as
decreased glial polarity, disrupted water balance, and
destruction of the BBB. Because B-DG is not directly
connected with AQP-4, but rather connected through o-
syntrophin, the molecular chain of B-DG from o-
syntrophin and dystrophin to AQP-4 might be disrupted
in ICH. In the area around the haematoma after ICH,
AQP-4 might be separated from B-DG, resulting in upre-
gulated expression of the AQP-4 protein.?'*

In this study, the expression levels of AQP-4 did not
predict the expansion of ICH haematoma, and the reason
for this is not clear. Recently, it has been reported that
there is no significant change in the morphological char-
acteristics or permeability of the BBB in AQP-4 deficient
mice, suggesting that there is no direct causal relationship
between AQP-4 and the destruction of BBB function.
Furthermore, expression of AQP-4 does not change the
integrity or morphological characteristics of BBB. Current
data support the view that AQP-4 induces brain oedema
through extracellular water channels rather than directly
leading to destruction of the BBB.*® Therefore, we spec-
ulate that the increase in AQP-4 expression is primarily
related to the increased peripheral oedema volume after
ICH, but the relationship between increased AQP-4
expression and haematoma enlargement remains to be
further explored. In the future, we will continue to study
the correlation between perihaematomal oedema and per-
ipheral blood AQP-4 expression in patients with ICH.

Conclusion

These data support that MMP-9 represents an independent
predictor of haematoma enlargement in ICH. Inhibition of
MMP-9 expression during acute phase ICH may represent
an effective intervention for haematoma enlargement in
ICH and provides necessary clues for future clinical work.
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