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Abstract: To investigate the effect of MMP-9, MMP-2 and vWF in patients with low doses of urokinase peritoneal
dialysis decreased uremia complicated with cerebral infarction. 112 cases of uremia complicated with cerebral in-
farction were randomly divided into the peritoneal dialysate with urokinase treatment group (66 cases) and the con-
ventional treatment group (46 cases). At the same time, 50 cases of healthy people who were more than 45 years
old were enrolled in the control group. The basic treatment in both treatment groups was the same. In urokinase
therapy group based on the conventional treatment, urokinase was added into peritoneal dialysis fluid, and changes
of serum MMP-9, MMP-2 and vWF were observed by drawing blood at different time points within 8 weeks. The
changes of serum MMP-2, MMP-9 and vWF were detected by enzyme-linked immunosorbent assay. At the time of
the onset of uremia complicated with cerebral infarction patients the serum MMP-9, MMP-2, vWF were significantly
higher (P<0.05, P<0.05, P<0.01). Conventional antiplatelet therapy in brain protection only reduce MMP-9 to the
normal range (P>0.05) within 8 weeks. But the MMP-2 and vVWF cannot be reduced to the normal range (P<0.01,
P<0.01). Low doses of urokinase can reduce MMP-9 (7 d) and MMP-2 (14 d) to the normal range (P>0.05, P>0.05)
at the early stage and decrease the vVWF to a normal range within 8 weeks (P>0.05). At the time of the onset of ure-
mia complicated with cerebral infarction patients the serum MMP-9, MMP-2 and vWF increased significantly. Low
doses of urokinase dialysis can reduce serum MMP-9, MMP-2, and vVWF in acute uremia complicated with cerebral
infarction without recurrence of cerebral infarction and cerebral hemorrhagic transformation, indicating that low
dose of urokinase peritoneal dialysis may have a certain effect on the early treatment of this disease.
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Introduction [1]. Research confirmed that: in patients with
acute cerebral infarction in cerebral artery area,
plasma MMP-9 levels were significantly incre-
ased within 24 h after onset [2]. And MMP-9

levels were related with disease severity and

Endothelial dysfunction can promote the occur-
rence of cerebral infarction. Matrix metallo
proteinases (MMPs) plays an important role

in maintaining endothelial stability, which is
the important medium for the degradation
and remodeling of extracellular matrix (ECM).
Especially MMP-2 and MMP-9, can dissolve col-
lagen ingredients, increase plaque instability,
degrade ECM, destroy the integrity of cerebro-
vascular and cause serious damage to the
blood brain barrier, playing an important role in
the pathogenesis of cerebral vascular disease

infarct size [3]. In addition, Reynolds et al sug-
gested that: S-100 protein, B-nerve growth fac-
tor, VWF, MMP-9 and monocyte chemoattrac-
tant factor-1 had the closest correlation with
acute cerebral infarction diagnosis. MMP-9 and
VWF combined with CT examination can be
used as sensitive index for early diagnosis of
ischemic stroke [4]. As for the MMP-9 in Human
Kidney aspects: Ebihara et al demonstrated
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that: MMP-9 mRNA expression in peripheral
blood mononuclear cells increased in patients
with HD and CAPD and increased more obvious
in HD patients, which may be associated with
atherosclerosis [5]. In CKD patients (stage 3
and 4), serum MMP-9 level was significantly
elevated, while it was reduced in patients with
CKD of stage 5 [6]. The changes of MMP-9 in
patients uremia combined with cerebral infarc-
tion and in CAPD process are unclear.

Data have confirmed that MMP-2 plays an
important role in the BBB opening at early
stage of cerebral ischemia [7]. In cultured
human umbilical vein endothelial cells, in four
hours of hypoxia, followed by 4 h or 24 h reoxy-
genation process, secretion of MMP-2 and its
inhibitor TIMP-2 was significantly increased,
suggesting that they played an important role
in ischemia- reperfusion injury [8]. Another
study confirmed that in MMP-2 knockout, or
MMP-2/MMP-9 knockout mice with artery
occlusion, cerebral infracted cortex and stria-
tum area decreased, and the cerebral hemor-
rhage and bleeding volume were reduced in
ischemia-reperfusion, indicating that: at early
stage of cerebral ischemia and/or reperfusion,
MMP-2 or MMP-2/MMP-9 inhibition could re-
duce hemorrhagic transformation more effec-
tively than MMP-9 inhibition [9]. In terms of kid-
ney disease, MMP-2 activity and expression in
CKD patients were higher than that in the con-
trol group [10]. Moreover, microvascular MMP-2
levels in dialysis patients were higher than
those in CKD patients and healthy donors [11].
In addition, in non-dialysis CKD patients, serum
MMP-2 was significantly increased in patients
with carotid artery plague compared with those
without plaque, and systolic blood pressure
and serum levels of MMP-2 were independently
related with carotid intima-media thickness
(IMT) [12]. The changes of serum MMP-2 in
patients with uremia cerebral infarction and
CAPD patients are also unclear, which are also
concerned in this study.

In addition, in the acute phase of ischemic
stroke, due to the endothelial dysfunction and
thrombosis, VWF increased [13]. In patients
with carotid and aortic arch calcified TIA and
ischemic stroke, serum levels of VWF signifi-
cantly increased. In ischemic stroke patients
with artery atherosclerosis, VWF was signifi-
cantly higher than that in patients with other
TOAST subtypes [14]. In type 2 diabetes pati-
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ents with CAPD, carotid intima-media thickness
was increased compared with patients with
non-type 2 diabetes, and VWF levels were aso
increased [15]. Moreover, in patients with kid-
ney disease needing dialysis, VWF, intercellular
adhesion molecule 1 (ICAM 1) and thrombo-
modulin increased [16]. Therefore, we specu-
lated that vVWF would play an important role in
the pathogenesis of uremia combined with
cerebral infarction.

In summary, we speculate that MMP-9, MMP-2
and vVWF might play an important role in uremia
combined with cerebral infarction. In the treat-
ment of cerebral infarction, t-PA is the only drug
for acute treatment approved by FDA, but the
time window is only 3-4 hours; after t-PA throm-
bolysis, recanalization will further activate
MMP-9, leading to the conversion of ischemia
stoke to hemorrhagic stroke. The application of
t-PA after infarction enlarges the overall levels
of MMP-9 [17]. Thus, MMP-9 inhibitor will play
an important role in the treatment of acute
ischemic stroke. In rat models with embolic
cerebral artery occlusion, Lipitor combined with
t-PA will extend the therapeutic time window to
six hours, without increase in hemorrhagic
transformation. And this will reduce the t-PA
therapy-induced MMP-9 upregulation [18].
Urokinase has long been reported in the treat-
ment of acute cerebral infarction [19]. And
intravenous urokinase combined with low-dose
tPA is effective in cerebral infarction [20]. The
mechanism is not clear how. Whether there is a
role of inhibition of MMPs is our interest. Recent
studies have confirmed that: In the progressed
plaque cells, serum uPA and uPAR were highly
expressed. On the cell surface, uPA binds to
urokinase receptor with high affinity, and pro-
vides accurate positioning for ECM proteolysis,
indicating that urokinase and its receptor may
play a role in atherosclerotic disease [21]. In
addition, in a successful venous thrombolysis-
reperfusion period, VWF antagonists in combi-
nation with tPA can prevent microvascular
thrombosis and reduce thrombosis recurrence
or a second stroke [22].

Above studies suggest that after tPA throm-
bolysis, the increased MMPs and VWF will
increase the risk of brain hemorrhage; applica-
tion of MMPs and VWF inhibitors could prolong
therapy time window, reduce thrombosis, and
release cerebral edema. However, uremia is a
kind of thrombolysis contraindications in China;
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isthere other alternative therapeutic approach?
Therefore, this study examined the the dynamic
changes of serum MMP-2, MMP-9 and vWF
before and after low dose of urokinase PD in
patients with uremic cerebral infarction, to
explore the effect of urokinase on MMP-2,
MMP-9 and vVWF and to explore its possible role
in the treatment of uremic cerebral infarction.

Materials and methods
Clinical data

In this study 112 cases of uremia complicated
with cerebral infarction patients from January
2013 to December 2013 were enrolled accord-
ing to the clinical diagnostic criteria. Which
were approved by both hospital ethics commit-
tee and patients or their families. According to
the symptoms, signs and cranial CT and MRI
diagnosed brain infarction, cerebral infarction
was confirmed onset for the first time [23], and
they were randomly divided into conventional
treatment group and urokinase treatment
group. Balanced inspections were carried on
sex, age, clinical manifestations, renal function
and NIHSS score and there was no statistical
significance (P>0.05).

Exclusion criteria

Intracranial infection, cerebral hemorrhage and
subarachnoid hemorrhage, without cancer,
without blood diseases and bleeding tendency,
no history of rheumatic heart disease and atrial
fibrillation, no history of liver disease and respi-
ratory system, one month before the experi-
ment no surgery and history of trauma, no his-
tory of without autoimmune disease but taking
immunization inhibitor drugs, and no history of
taking anti-free radicals drugs were excluded.

We chose at the age of 45-year-old normal 50
cases of healthy people at same stage for con-
trol group. Clotting 4 items, blood pressure,
blood lipids, blood glucose, liver and kidney
function and heart and lung function were nor-
mal. We only detect the corresponding value as
a control without making any deal with the
healthy control group.

Methods
Treatment: Tenchoff tubes were used in all

patients with peritoneal dialysis. Catheter inci-
sion were carried out conventionally. American
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Baxter’s O-pipes and peritoneal fluid were used
for dialysis. Intermittent peritoneal dialysis
(IPD) treatment were carried out for the first
3~5 d at the beginning. Continuous ambulatory
peritoneal dialysis (CAPD) was then carried out.
Each group was 2 000 ml and 4 times a day. In
the conventional treatment group peritoneal
dialysis was carried out and did antiplatelet
therapy for cerebral protection (Aspirin 100
mg/qn/d, Nimotop 30 mg/tid/d) in order to
control blood pressure, diuretic swelling, main-
tain water, electrolyte, acid-base balance;
Based on conventional therapy, peritoneal dial-
ysate with 100,000 IU urokinase was added to
urokinase treatment group. Twice in daily treat-
ment and eight weeks for a cycle treatment in
both groups.

Sample collection: In the healthy control group,
fasting 12 h before blood sampling and take 2
ml blood in the morning. Take fasting blood 2
ml 24 h,3d, 7d, 14 d, 8 w later in the morning.
In the experimental group onset we took 4 ml
fasting venous blood onset within 4.5 h and 6
h,12h,24 h,3d, 7 d, 14 d, 8 w after onset. 2
ml was taken into the coagulant tubes (BD
Company) with 1500 g centrifugation 10 min at
4°C. They were frozen at -20°C refrigerator and
then reserved at -80°C refrigerator.

Serum MMP-2, MMP-9, vWF detection: Take
serum samples of patients which were stored
in -80°C refrigerator freezer and detected
MMP-2, MMP-9, vVWF by enzyme-linked immu-
nosorbent assay (The kit belongs to R & D
System, USA). Serum MMP-2, MMP-9, vWF
were measured onset within 4.5 hand 6 h, 12
h,24 h,3d, 7d, 14 d, 8 w after onset.

Statistical analysis

All data were expressed by mean + standard
deviation and analyzed using SPSS 13.0 soft-
ware package. The average number was com-
pared using ANOVA. Paired t-test was used for
comparison on different time points within
groups. The level of significance was set at
P<0.05.

Results

Patients’ basic clinical condition in the three
groups

In conventional treatment and urokinase group,
carotid plaques, fasting glucose (P<0.05), Total
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Table 1. Patients’ basic clinical condition in three groups

Conventional treatment

Urokinase therapy

Group Control group (A) group (B) group (C)
Male/female 28/22 29/17 41/25
Age 52.4+5.2 56.7 + 6.6 581+78
Glucose (mmol/L) 5.28 + 0.88 8.67 +1.82" 7.84 + 1.67"
SBP (mmHg) 128.6 +12.1 168.9 + 21.4™ 176.7 + 19.6™
DBP (mmHg) 73.4+9.2 96.3+11.8" 94.2 + 10.9"
Total cholesterol (mmol/L) 5.13 +0.82 7.24 + 1.46" 6.94 + 1.27"
Triglycerides (mmol/L) 1.58 + 0.32 2.43 +0.49" 2.89 +0.57"
WBC (x10°/L) 6.12+1.35 9.96 + 2.48" 11.01 + 2.24"
The number of carotid artery plaque 2 26 34
NIHSS score 0 74 +£2.2 8.7+ 2.6

“P<0.05, “"P<0.01 compared with the control group.

Table 2. Dynamic changes of serum MMP-9 levels in patients with
cerebral infarction (X + s) (ug/L)

Conventional treatment

Group  Control group group Urokinase therapy group
134.76 + 47.34 - -

<4.5h - 164.41 + 54.62" 159.35 + 49.14*

6h - 208.48 + 86.34""** 189.64 + 78.53""4

12 h - 275.65 + 116.79"**  211.44 + 91.68*AA A L4

24h  136.24 +43.42 298.54 + 123.17""** 246.85 + 101.45* 44040 ¢4
3d 134.37 £+ 42.39 323.69 + 138.76""**  229.38 + 98.96*#44.LL.¢¢
7d 141.38 £ 39.46 284.32 + 121.24""** 160.35 + 70.1444
14d 131.97 £+36.38 217.43 + 91.517"** 152.35 + 52.4544

8w 137.19 + 41.32 151.46 £ 49.18 146.43 + 39.52

“P<0.05, #P<0.05 compared with the health control group, 4P<0.05 compared with 4.5 h
and 8 w groups, “*P<0.01, *#*P<0.01 compared with the health control group, **P<0.01
compared with 4.5 h group, ©#P<0.01 compared with the conventional control group,
44pP<0.01 compared with 4.5 h group, **P<0.01 compared with 4.5 h, 7d, 14 d, 8w
groups.
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200 - | l

m Control group 134.76

m Conventional treatment
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150 - m Urokinase therapy group -
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h
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|

Figure 1. Dynamic changes of serum MMP-9 levels in patients with cerebral
infarction. (x £ s) (ug/L).
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cholesterol (P<0.05), tri-
glycerides (P<0.05) lev-
els and WBC counts
were higher than the
control group. Both sys-
tolic and diastolic bl-
ood pressure were Sig-
nificantly higher than the
control group (P<0.05,
P<0.01, Table 1).

Dynamic changes of
serum MMP-9 level in
patients with cerebral
infarction

This study showed that
at the time of the onset
of uremia complicated
with cerebral infarction
patients (<4.5 h) the
serum MMP-9 level inc-
reased significantly (P<
0.05). The serum MMP-9
level in the conventional
group continuously inc-
reased from 4.5 h on-
set to 14 d (P<0.05, P<
0.01), and it decreas-
ed to normal range at 8
w onset (P>0.05). Com-
pared with the healthy
group, in urokinase treat-
ment group the serum
MMP-9 level increased
significantly at the on-
set from 4.5 h to 3 d
(P<0.05, P<0.01), and it
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Table 3. Dynamic changes of serum MMP-2 level in patients with
cerebral infarction (X + s) (ug/L)

Conventional treatment

Group  Control group group Urokinase therapy group

128.34 + 34.35 - -

<4.5h - 163.94 + 56.12" 158.42 + 48.35*%
6h - 170.79 + 74.84" 154.53 + 51.36*
12 h - 182.49 + 86.56"" 163.48 + 77.52*%

24h  120.47 +36.49 243.19 + 101.23"** 186.21 + 84.47# 140
3d 132.73 £33.32 346.53 + 128.68""**  232.78 + 97.69**~4L.44
7d 122.85+29.43 376.92 + 131.29""** 254.96 + 112.84# A A4
14d 131.64+41.38 268.36 + 107.89""** 148.66 + 46.3244
8w 128.19 + 38.32 186.46 + 89.64"" 138.84 + 39.8642

“P<0.05, *P<0.05 compared with the health control group. 4P<0.05 compared with
4.5 h, 6 hand 14 d group. “"P<0.01, #P<0.01 compared with the health control
group, **P<0.01 compared with 4.5 h, 6 h, 12 h and 8 w groups, ““P<0.01 com-
pared with the conventional control group, **P<0.01 compared with 8 w group,
44P<0.01 compared with 4.5 h, 6 h, 12 h, 14 d, 24 h and 8 w groups.

patients (<4.5 h) the serum
MMP-2 level increased sig-
nificantly (P<0.05). The ser-
um MMP-2 level in the con-
ventional group continuous-
ly increased from 4.5 h on-
set to 8 w (P<0.05, P<0.01).
Compared with the healthy
group, in urokinase treat-
ment group the serum
MMP-2 level increased sig-
nificantly at the onset from
45 h to 7 d (P<0.05, P<
0.01), and it was significant
lower than the conventional
group between 12 h and 8
w (P<0.01). At the onset 6
h-3 d it was significant inc-

600 -

500 -

400

300

200 -

100

0 e
<45 6h 12h 24h 3d 7d 14d 8w
h

Figure 2. Dynamic changes of serum MMP-2 level in patients with cerebral

infarction (X % s) (ug/L).

was significant lower than the conventional
group between 12 h and 7 d (P<0.01). At the
onset 6 h-3 d it was significant increased com-
pared with that at 4.5 h (P<0.05, P<0.01). It
decreased to the same as the control group
level at 7 d (P>0.05). This results showed that
compared with the conventional group, perito-
neal dialysate with urokinase can decrease the
serum MMP-9 level at an early stage (Table 2;
Figure 1).

Dynamic changes of serum MMP-2 level in pa-
tients with cerebral infarction

This study showed that at the time of the onset
of uremia complicated with cerebral infarction
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m Control group 128.34 +

m Conventional treatment

w Urokinase therapy group -

reased compared with that
at 4.5 h (P<0.05, P<0.01). It
reached its peak at 3 d-7 d,
which was its highest point
(P<0.05, P<0.01) and it dec-
reased to normal range at
14 d (P>0.05). This results
showed that compared with
the conventional group, per-
itoneal dialysate with uroki-
nase can decrease the ser-
um MMP-2 level at an early
stage (Table 3; Figure 2).

Dynamic changes of serum
vWF level in patients

This study showed that
at the time of the onset
of uremia complicated with
cerebral infarction patients
(<4.5 h) the serum vWF level increased signifi-
cantly (P<0.05). The serum vWF level in the
conventional group continuously increased
from 4.5 h onset to 8 w (P<0.05, P<0.01) and it
increased to its peak at 12 h-3 d. Compared
with the healthy group, in urokinase treatment
group the serum vWF level increased signifi-
cantly at the onset from 4.5 h to 14 d (P<0.05,
P<0.01), and it was significant lower than the
conventional group between 6 h and 8 w
(P<0.01). It reached its peak at 12-24 and
decreased to normal range at 8 w (P>0.05).
This results showed that compared with the
conventional group, peritoneal dialysate with
urokinase can decrease the serum vVWF level at
an early stage (Table 4; Figure 3).
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Table 4. Dynamic changes of serum vWF level in patients (X % s)

(Wg/L)

Conventional treatment Urokinase therapy

Group  Control group

group group
91.67 + 28.36 - -
<45h - 154.37 + 64.53" 151.52 + 53.23%
6h - 203.14 + 79.72"***  160.44 + 61475
12 h - 24232 + 91.84 %% ¢ 184 56 + 67,52+ A L0

24 h 102.42 + 35.68 248.48 +99.36" " ***¢®  101.83 + 74.91*4.A4
3d 97.34 +32.53  212.24 + 85.57 " ***¢ 169.78 + 65.16%44
7d 94.82 £33.28  202.47 + 82.747*** 157.48 + 57.94#44
14d 103.14 £ 35.21 187.68 + 71.39""* 132.94 + 46.46%~ /44
8w 96.35 + 29.84 162.54 + 58.48"™ 109.76 + 36.6944 44

#P<0.05 compared with the control group, #P<0.05 compared with the conventional
control group, 4P<0.05 compared with 4.5 h, 6 h and 7 d groups, 4P<0.05 compared
with 12 h and 24 h groups. “"P<0.01, #*P<0.01 compared with the healthy control
groups, **P<0.01 compared with 4.5 h and 8 w groups, ““P<0.01 compared with the
conventional control groups, **P<0.01 compared with 4.5 h, 14 d and 8 w groups.
44p<0.01 compared with 12 h and 24 h groups, *P<0.05 compared with 4.5 h, and 8
w groups, *P<0.05 compared with 4.5 h groups.

or HD patients, risk of cer-
ebrovascular disease has
increased [25]. Diabetes
and hypertension are risk
factors for uremia [26].
This study also confirmed
that: glucose and blood
pressure in uremic patie-
nts with cerebral infarct-
ion were significantly high-
er than those in the control
group (P<0.05, P<0.01),
and blood lipid levels were
also elevated (P<0.05); the
number of patients with
carotid artery plaque was
also significantly increased,
indicating that risk factors
for infarction were still risk
factors for uremic cerebral
infarction.

Atherosclerosis and endo-

400
thelial dysfunction play im-
350 1 portant roles in the patho-
300 - genesis of cerebral infarc-
250 = Control group 91.67 tion. Matrix metalloprotgin-
ases (MMPs) plays an im-
200 - portant role in maintain-
150 ® Conventional treatment ing endothelial stability, wh-
Erotip- ich are important media-
100  Urokinase therapy group - tors for extracellular matrix
50 | (ECM) degradation and re-
0 modeling. Cerebral infarc-

<45 6h 12h 24h 3d 7d 14d 8w
h

Figure 3. Dynamic changes of serum VWF level in patients (X £ s) (ug/L).

Adverse reactions

In the urokinase drug treatment group, four
cases of dizziness with mild symptoms, toler-
ance without affecting medication were found
and gradually adopt the medication process.
One case of bleeding gums was found and DIC
and platelet test showed no abnormalities with
complete treatment.

Discussion
Uremic cerebral infarction cases increase sig-

nificantly. But CAPD patients are more prone to
stroke than HD patients [24]. No matter for PD
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tion activates MMPs sys-
tem, leading to upregula-
tion of MMPs and degrada-
tion of extracellular matrix,
further leading to second-
ary brain edema and brain
injury; in patients with acute cerebral artery
territory infarction, plasma MMP-9 levels were
significantly increased in 24 h after onset [2].
Rosenberg et al. [7] demonstrated that after 4
h of middle cerebral artery occlusion, MMP-9
levels increased [27]. In this study, the serum
level of MMP-9 in patients with uremic cerebral
infarction was higher than that in the control
group in 4.5 h after pathogenesis (P<0.05);
MMP-9 level in the first 24 h of pathogenesis
was progressively increased, and it was consis-
tent with BBB injury after infarction, suggesting
that serum MMP-9 levels in uremic patients
with cerebral infarction elevated in acute
phase.

Int J Clin Exp Med 2015;8(8):13017-13027
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In conventional treatment group, serum MMP-9
level continued to rise from the onset of 4.5 h
to 14 d (P<0.05, P<0.01), and reduced to nor-
mal range in the pathogenesis of 8 w. It
remained high in 14 d in conventional treat-
ment group, suggesting that clopidogrel and
Nimotopine cannot reduce serum MMP-9 lev-
els in acute phase; their inhibitory effect was
small. It may be related with the increased oxi-
dative stress stimulated by peritoneal dialysis,
the release of MMP-9 in acute phase induced
by leukocytosis, and the complicated carotid
plaques in such patients. In addition, studies
have confirmed that plasma MMP-9 remained
to be elevated in 7 d after cerebral infarction,
which was also related to the severity of the dis-
ease [28]. Plasma MMP-9 in the acute phase of
stroke increased, which was related with dis-
ease severity and infarct area [29]. In this
study, the subjects were patients with uremic
cerebral infarction, so the elevated serum
MMP-9 was not only related with cerebral
infarction, but also probably related with
uremia.

T-PA is the only drug for the treatment of acute
ischemia stroke approved by FDA; after t-PA
thrombolysis, recanalization will further acti-
vate MMP-9, leading to the conversion of isch-
emia stroke to hemorrhagic stroke [17]. In the
cerebral ischemia rat model with focal or cere-
bral middle artery occlusion, minocycline or
Lipitor in combination with t-PA can reduce
plasma MMP-9 levels, infarct size and cerebral
hemorrhagic transformation, and extend the
therapeutic window to 6 hours [30, 31]. Thus,
MMP-9 inhibitors may play an important role in
the treatment of acute ischemic stroke. This
study confirmed that: in urokinase treatment
group, serum MMP-9 level between 12 h and 7
d was significantly lower than that in the con-
ventional treatment group (P<0.01), prompting
that a small dose of urokinase dialysis can
reduce serum levels of MMP-9 in the acute
phase, and the MMP-9 level was reduced to
normal range in 7 d, which had no significant
difference with control group (P>0.05). It indi-
cated that small dose of urokinase can inhibit
the serum MMP-9 levels in acute phase, sug-
gesting that small dose of urokinase dialysis
can inhibit the activity of MMP-9 in the acute
phase and has a therapeutic effect on uremic
cerebral infarction, without significant hemor-
rhagic transformation.
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Zlokovic confirmed that: in the transient MCAO
model, MMP-9 activity and microvascular endo-
thelial cells were co-located in 24 h, but 7-14
days later, MMP-9 signal was transferred to the
surroundings of cortical infarction, and located
on neurons and glial cells [32]. And Zhao et al
considered that in 7 d after ischemic stroke,
extensive MMPs inhibitor could cause damage
to mouse brain repair, and reduce neurovascu-
lar regeneration in ischemic penumbra [33].
Therefore, the effect of small doses of uroki-
nase dialysis on MMP-9, brain neurons and
glial cells and blood vessels in uremic patients
with cerebral infarction still require to be con-
firmed by additional experiments.

Pasterkamp et al found that in 36 cases of cor-
onary arteries with atherosclerosis, immuniza-
tion coloration of MMP-2 and MMP-9 were
increased in plaques with expanded lumen,
suggesting that matrix metalloproteinases not
only play an important role in plaque fragility,
but also participate in the reconstruction of
atherosclerosis [34]. And some studies con-
firmed that: in MMP-2 knockout, or MMP-2/
MMP-9 knockout mice with arterial occlusion,
cortex and striatum cerebral infarction area
was reduced, and cerebral hemorrhage and
bleeding volume both reduced in reperfusion
[9].

There are also studies confirmed that: olmesar-
tan can reduce angiotensin 2 in cerebral isch-
emic area to reduce MMP-2, MMP-9 and mem-
brane type 1-MMP, and to improve ischemic
score, infarct size and cerebral edema [35].

These studies suggest that MMP-2 will also
play an important role in the pathogenesis of
cerebral infarction. We use a small dose of uro-
kinase peritoneal dialysis to observe changes
in serum MMP-2 level in patients. The results
showed that in uremic patients with acute
cerebral infarction, in acute onset (<4.5 h)
phase, serum MMP-2 levels were significantly
increased (P<0.05), which was consistent with
the above findings. And the blood pressure and
carotid artery plaque were significantly higher
than those in control group; it was consistent
with the finding of Nagano M, who confirmed
that in non-hemodialysis patients with CKD,
serum MMP-2 in patients with carotid artery
plaque was significantly increased compared
with those without plaque [36].
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In conventional treatment group of our study,
serum MMP-2 level continued to rise from the
onset of 4.5 h to 8 w (P<0.05, P<0.01), prompt-
ing that conventional treatment was not able to
reduce serum levels of MMP-2 within 8 w. In
urokinase treatment group, serum levels of
MMP-2 peaked in the pathogenesis of 3 d-7 d
(P<0.05, P<0.01), and reduced to normal range
on the 14th d (P>0.05). And there was no sig-
nificant bleeding, suggesting that a small dose
of urokinase dialysis can reduce serum levels
of MMP-2 at early stage, with less bleeding ten-
dency. Combined with the effect of a small
dose of urokinase dialysis on serum MMP-9,
this study confirmed that it can reduce early
MMP-9 and MMP-2 levels in uremic patients
with acute cerebral infarction, and has a cer-
tain therapeutic value for such disease.

In addition, the study of MMPs and their inhibi-
tors in hemodialysis patients confirmed that
MMP-2/TIMPs levels were increased, and Cu/
Zn SOD levels were also increased; both
increase were related with carotid intima-media
thickness [37]. In CAPD patients with coronary
heart disease, concentrations of MMP-2 and its
inhibitor TIMP-2, oxidative stress product Cu/
Zn SOD, kynurenic acid and its metabolite
quinolinic acid were significantly increased
compared with CAPD patients [38]. In hemodi-
alysis patients with carotid atherosclerosis,
serum levels of MMP-2, Cu/Zn SOD and OxLDL
increased, which can independently predict
intima thickness [39]. These studies suggest
that oxidative stress may contribute to serum
levels of MMP-2 in patients with uremia and
cerebral vascular disease or arteriosclerosis;
the impact of oxidative stress on MMP-2 in the
present study still requires to be confirmed by
additional experiments.

The conventional therapy cannot completely
reduce serum levels of MMP-2 in 8 w; it was
considered to be associated with oxidative
stress and kidney disease itself, because
MMPs play an important role in the pathogen-
esis of glomerulosclerosis and glomerular
nephritis [40].

VWF is mainly present in endothelial cells,
megakaryocytes and platelets; adhesion, acti-
vation and aggregation of platelets on the
exposed subendothelial ECM will cause clots.
Glycoprotein GPIb-V-IX bound to vWF to initiate
the adhesion between platelet and ECM. In
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artery and moderate narrow blood vessels,
platelets in circulating blood bound to ECM
via collagen connected-vWF and GPlba [41].
Plasma high-level VWF predicts the increased
risk of stroke [42]. In the acute phase of isch-
emic stroke, due to endothelial cell dysfunction
and thrombosis, VWF increased [43]. And in
patients with carotid and aortic arch calcified
TIA and ischemic stroke, serum levels of VWF
significantly increased. The VWF in ischemic
stroke patients with artery atherosclerosis was
significantly higher than that in patients with
other TOAST subtypes [14]. This study showed
that at the time of the onset of uremia compli-
cated with cerebral infarction patients (<4.5 h)
the serum VWF level increased significantly
(P<0.05), which was consistent with the above
result. The serum vWF level in the conventional
group continuously increased from 4.5 h onset
to 8 w (P<0.05, P<0.01), indicating that conven-
tional anti-platelet and neuroprotective treat-
ment cannot put serum down to the normal
range within 8 w, indicating that conventional
anti-platelet and neuro protective treatment
cannot put the level of serum vWF level down to
the normal range within 8 w. The study showed
that the serum VWF level in urokinase therapy
group was significant lower than the conven-
tional group between 6 h and 8 w (P<0.01) and
decreased to normal level at 8 w (P>0.05). This
results indicated that compared with the con-
ventional group, low doses of urokinase dialysis
can reduce serum vWF level. Study confirmed
that in successful thrombolytic reperfusion
period, VWF antagonists in combination with
tPA can prevent microvascular thrombosis,
reduce thrombosis recurrence or a second
stroke [22].

This study demonstrated that in 8 w low dose of
urokinase peritoneal dialysis therapy, in addi-
tion to inhibit serum vWF, there was no recur-
rence of cerebral infarction and significant
cerebral hemorrhage transformation, indicat-
ing that the therapy may be safe and effective
for treatment of cerebral infarction complicated
with uremia.

There were also studies confirmed that in
patients with acute cerebral infarction and
3-month follow-up, plasma VWF was increased.
Compared with the acute time, although it
decreased, it was much higher than that in the
control group. Whether conventional therapy
can reduce serum VWF levels in these patients

Int J Clin Exp Med 2015;8(8):13017-13027



Uremic serum levels in patients with cerebral infarction

in a long time still need to extend the duration
of treatment for further observation [44].

Conclusion

This study confirmed that at the time of the
onset of uremia complicated with cerebral
infarction patients the serum MMP-9, MMP-2
and vWF increased significantly and conven-
tional anti-platelet, neuroprotective treatment
cannot put them down to the normal range
within 8 w. Low doses of urokinase dialysis can
reduce serum MMP-9, MMP-2, and VWF in
acute uremia complicated with cerebral infarc-
tion without recurrence of cerebral infarction
and cerebral hemorrhagic transformation, indi-
cating that low dose of urokinase peritoneal
dialysis may have a certain effect on the early
treatment of this disease.
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