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Abstract: Objective: To explore the connection of nucleotide-binding oligomerization domain-like receptors 3 
(NLRP3), homocysteine (Hcy), interleukin-1β (IL-1β), interleukin-18 (IL-18) in peripheral blood and prognosis in pa-
tients with hemorrhagic stroke. Methods: A total of 84 patients with hemorrhagic stroke treated in our hospital were 
selected and divided into the good prognosis group (48 cases) and the poor prognosis group (36 cases) according 
to the Glasgow Prognostic Scale (GOS) at month 6 after discharge. 40 people who were matched for age, sex and 
risk factors for cerebral hemorrhage, but did not have cerebral hemorrhage, were selected as a control group. We 
detected the levels of NLRP3, Hcy, IL-1β and IL-18 in peripheral blood, and analyzed their correlation with GOS 
score. Then we performed Logistic regression analysis to investigate the risk factors for poor prognosis. Results: 
The expressions of NLRP3 mRNA, Hcy, IL-1β and IL-18 in peripheral blood in the poor prognosis group were higher 
than those in the good prognosis group (P<0.05). The expression levels of NLRP3 mRNA, Hcy, IL-1β and IL-18 were 
negatively correlated with GOS scores (P<0.05). Regression analysis showed that the expression of NLRP3 mRNA, 
serum Hcy, bleeding volume and ventricular system penetration were independent risk factors for poor prognosis. 
Conclusion: In patients with poor prognosis of hemorrhagic stroke, the mRNA levels of NLRP3 and serum Hcy, IL-1β 
and IL-18 levels in peripheral blood elevated. High NLRP3 mRNA levels, Hcy levels, bleeding volume and ventricle 
system penetration are independent risk factors for poor prognosis.
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Introduction

Stroke is a disease with extremely high rate of 
disability and fatality. According to the 2016 
Global Burden of Disease, there are 13.7 mil-
lion new stroke patients worldwide, among 
which China accounts for 40%. Moreover, 5.5 
million people die from stroke, among which 
China accounts for about 33% [1]. Stroke is 
divided into ischemic stroke and hemorrhagic 
stroke. Hemorrhagic stroke accounts for about 
20%-30% of stroke patients [2]. Hemorrhagic 
stroke refers to non-traumatic spontaneous 
hemorrhage in the brain parenchyma, includ- 
ing subarachnoid hemorrhage and cerebral 
hemorrhage [3]. Hemorrhagic stroke develops 
rapidly, reaching its peak within a few minutes 

to several hours. In addition to typical symp-
toms such as severe headache, nausea, vomit-
ing, restlessness, drowsiness, and coma, pa- 
tients often have increased intracranial pres-
sure, brain herniation, breathing failure, impa- 
ired consciousness immunosuppression and 
often require invasive operations such as sur-
gery and assisted ventilation. Hemorrhagic 
stroke poses a great threat to patients’ life 
[4-6]. Therefore, it is of great value to search for 
indicators that can effectively reflect the sever-
ity and prognosis of patients with hemorrhagic 
stroke. Homocysteine (Hcy) is a sulfur-contain-
ing amino acid and an intermediate product of 
methionine metabolism. It was found that the 
abnormality of Hcy is highly related to the occur-
rence of cardiovascular disease [7]. Nucleotide-
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binding oligomerization domain-like receptors 
3 (NLRP3) in peripheral blood mononuclear 
cells (PBMCs) is a polyprotein complex present 
in cytoplasm, whose role includes regulating 
the secretion of a variety of inflammatory fac-
tors such as interleukin-1β (IL-1β) and interleu-
kin-18 (IL-18) etc. [8]. In recent years, multiple 
studies have shown that NLRP3, IL-1β, and 
IL-18 are closely related to the occurrence and 
development of cerebral hemorrhagic disea- 
se, but there are few studies on their correla-
tion with cerebral hemorrhage prognosis [9].  
In this study, we explored the relationship 
between levels of NLRP3, IL-1β, IL-18 in periph-
eral blood and prognosis in patients with hem-
orrhagic stroke, with the aim of providing theo-
retical basis for clinical prediction of patient 
prognosis.

Materials and methods

General materials

This study was approved by the Ethics Com- 
mittee of Shengli Hospital of Dongying, and the 
patient’s families or guardians signed the 
informed consent. A total of 84 patients with 
hemorrhagic stroke who were treated in Shengli 
Hospital of Dongying from January 2018 to 
January 2019 were selected as research 
objects and set as the research group. The 
patients were followed up for 6 months after 
discharge and the Glasgow Outcome Scale 
(GOS) was used for evaluation of prognosis at 
the sixth month after discharge [10]. The high-
est score is 5, and the lower the score is, the 
worse the prognosis is. 5 points indicated mild 
defect but good recovery and a normal life; 4 
points indicated mild disability and indepen-
dence; 3 points indicated severe disability and 
life needs others to take care; 2 points indicat-
ed survival in a vegetative state; 1 point indi-
cated death. We divide them into a good prog-
nosis group (GOS score of 4 to 5) of 48 cases 
and a poor prognosis group (GOS score of 1 to 
3) of 36 cases. At the same time, we recruited 
40 patients who came to the physical examina-
tion center of Shengli Hospital of Dongying for 
physical examination without a history of cere-
bral hemorrhage as the control group. The diag-
nostic criteria for cerebral hemorrhage referred 
to the diagnostic criteria for hemorrhagic stroke 
in the “China Guidelines for the Diagnosis and 
Treatment of Cerebral Hemorrhage” formulated 

by the Chinese Medical Association Neurology 
Branch in 2014 [11].

Inclusion criteria: (1) Patients who met the 
above diagnostic criteria and were confirmed to 
be hemorrhagic stroke by brain CT or MRI; (2) 
Patients who were admitted to the hospital 
within 12 hours of onset; (3) Patients treatment 
naive before admission to the hospital.

Exclusion criteria: (1) Patients with cerebral 
hemorrhage caused by other causes such as 
cerebral infarction, intracranial artery rupture, 
trauma, blood disease, drugs, etc.; (2) Patients 
with severe infection; (3) Patients with severe 
organ dysfunction; (4) Patients with history of 
mental disorder; (5) Patients with malignant 
tumor.

Methods

Data collection: We collected clinical data of 
patients, including patients’ age, gender, smok-
ing history, body mass index (BMI), history of 
hypertension, history of diabetes, comorbidity 
of hyperlipidemia, smoking/alcohol use, vital 
signs on admission (respiration, pulse, blood 
pressure, heart rate) and general laboratory 
tests (routine blood tests, coagulation tests, 
biochemistry), GOS score at 6 months after dis-
charge, etc.

Measurement of the mRNA expression of 
NLRP3 in peripheral blood mononuclear cells: 
We collected 6.0 mL of fasting peripheral 
venous blood from patients who did not un- 
dergo surgery in the morning after admission, 
and 6.0 mL of fasting peripheral venous blood 
was collected from patients who received sur-
geries in the morning after surgeries. The 
expression of NLRP3 mRNA in monocytes in 
peripheral blood was measured by RT-PCR.  
The specific operation was as follows: (1) After 
separating plasma, we extracted PBMCs in 
peripheral blood by Ficoll-Hypaque density sep-
aration, and extracted total RNA according to 
the instructions of E.Z.N.A DNA/RNA/Protein 
Isolation Kit (R-6734-01, Shanghai Suobao 
Biotechnology Co., Ltd., China). (2) We took 
quantitative RNA (1.0 g) for reverse transcrip-
tion to synthesize cDNA. The RT process was as 
follows: reaction at room temperature for 10 
min and reaction at 42°C for 30 min, and 
reverse transcriptase at 95°C for 5 min. (3) 
PCR amplification: we designed primers and 
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selected internal reference (Table 1), and per-
formed translation in the PCR system under the 
following conditions: reaction at 94°C for 1 min, 
denaturation for 20 s, reaction at 56°C for 1.5 
min, reaction at 72°C for 2 min, cycling for 30 
times, and then extending for 10 min at 72°C. 
(4) Each test was repeated for 3 times, and the 
expression of NLRP3 mRNA was calculated by 
the 2-ΔΔCt method.

Determination of serum Hcy, IL-1β and IL-18 
levels: 10.0 mL of fasting peripheral venous 
blood was collected from patients who did not 
undergo surgery in the morning after admis-
sion, and 10.0 mL of fasting peripheral venous 
blood was collected from patients undergoing 
surgery in the morning after surgery. Both were 
placed in a disposable anticoagulation tube 
and centrifuged at 3000 r/min for 10 min. Then 
we took the supernatant, and kept it in a refrig-
erator at -80°C for testing. We adopted fluores-
cence polarization immunoassay to take the 
detection of Hcy and used OP-162 microfluo-
rescence detector (The matching reagents 
were purchased from Shandong Bomaida Bio- 
technology Co., Ltd., China); IL-1β and IL-18 
were determined by enzyme-linked adsorption 
method (ELISA), and the ELISA kits used were 
purchased from Shanghai Enzyme-linked Bio- 
technology Co., Ltd., China.

Outcome measures

Main outcome measures: (1) Expression differ-
ences in NLRP3, Hcy, IL-1β, and IL-18 levels in 
peripheral blood in patients with different prog-
nosis; (2) Related risk factors for poor progno-
sis in patients with hemorrhagic stroke.

Secondary observation indicators: (1) The cor-
relation between the expression of NLRP3 in 
PBMCs and serum Hcy, IL-1β, and IL-18 in 
peripheral blood of patients with hemorrhagic 
stroke and GOS score; (2) The influences of 
bleeding volume, bleeding sites and treatment 
methods on theprognosis of hemorrhagic stro- 
ke patients.

count data were expressed in percentage. The 
comparison between groups was performed 
with t test or χ2 test; Pearson correlation analy-
sis was used to analyze the correlation between 
NLRP3 mRNA expression and serum Hcy, IL-1β 
and IL-18 levels and the GOS score of the 
patient’s prognosis; Multivariate logistic multi-
variate regression analysis was used to analyze 
the relevant factors affecting prognosis of 
patients. P<0.05 was considered statistically 
significant.

Results

Comparison between the study group and the 
control group

The study group contained a total of 84 cases 
and the control group contained a total of 40 
subjects. There was no difference in age, gen-
der, BMI, smoking, drinking, whether combined 
with hypertension, diabetes, hypercholesterol-
emia and (all P>0.05). The expression of NLRP3 
mRNA and Hcy, IL-1β, and IL-18 levels in periph-
eral blood monocytes of the study group were 
significantly higher than those of the control 
group (all P<0.001). See Tables 2, 3.

Comparison of the general data of the two 
groups of patients with different prognosis

There were 48 cases in the good prognosis 
group and 36 cases in the poor prognosis 
group. There were no difference in age, gender, 
BMI, smoking, drinking, bleeding sites, whether 
combined with hypertension, diabetes, hyper-
cholesterolemia and cardiovascular disease 
(all P>0.05). The bleeding volume and the num-
ber of people with hemorrhage broking into the 
ventricle in the poor prognosis group were high-
er than those in the good prognosis group 
(P<0.05).

NLRP3 mRNA expression in peripheral blood 
mononuclear cells and serum Hcy, IL-1β, and 
IL-18 concentrations were higher in the poor 
prognosis group than those in the good progno-
sis group. NLRP3 mRNA expression in periph-

Table 1. NLRP3 mRNA & intrinsic parameter GAPDH order
Gene Forward primer 5’-3’ Reverse primer 3’-5’
NLRP3 mRNA CTTCCTTTCCAGTTTGCTGC TCTCGCAGTCCACTTCCTTT
GAPDH CTTCTCTGATGAGGCCCAAG GCAGCAAACTGGAAAGGAAG
Note: NLRP3: nucleotide-binding oligomerization domain-like receptors 3.

Statistical analysis

SPSS 26.0 software was used 
for statistical analysis, the mea-
surement data was expressed 
in the form of mean ± standard 
deviation (

_
x  ± sd), and the 
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eral blood mononuclear cells and serum Hcy in 
the poor prognosis group were significantly 

higher than those in the good prognosis group 
(P<0.001). See Table 4.

Table 2. Comparison of general data of the study group and the control group
Item Study group (n = 84) Control group (n = 40) χ2/t P
Age 63.4±6.3 61.6±5.4 0.449 0.124
Gender (Male/Female) 48/36 28/12 1.888 0.169
BMI (kg/m²) 25.62±2.25 25.31±2.15 0.357 0.459
Smoking 58 26 0.203 0.652
Drinking 53 24 0.110 0.740
Whether combined with hypertension 56 29 0.428 0.513
Whether combined with diabetes 38 16 0.302 0.582
Whether combined with hypercholesterolemia 55 28 0.251 0.617
Whether combined with cardiovascular disease 42 16 1.703 0.427
Note: BMI: body mass index.

Table 3. Comparison of the expression of NLRP3 mRNA, serum Hcy, IL-1β, and IL-18 levels of the 
study group and the control group
Group NLRP3 mRNA Hcy (umol/L) IL-1β (pg/mL) IL-18 (ng/L)
Study group (n = 84) 1.59±0.32 33.74±17.34 21.13±4.91 68.75±12.86
Control group (n = 40) 0.93±0.28 22.93±15.95 15.67±12.86 49.79±14.15
t 0.340 2.322 0.881 0.582
P <0.001 <0.001 <0.001 <0.001
Note: Hcy: homocysteine; IL-1β: interleukin-1β; IL-18: interleukin-18; NLRP3: nucleotide-binding oligomerization domain-like 
receptors 3.

Table 4. Comparison of the general data and NLRP3 mRNA expression, serum Hcy, IL-1β, IL-18 of the 
good prognosis group and the poor prognosis group

Item Good prognosis 
group (n = 48)

Poor prognosis 
group (n = 36) χ2/t P

Age (year) 63.1±6.8 63.9±5.7 3.177 0.568
Gender (male/female) 28/20 20/16 0.065 0.799
BMI 25.81±2.32 25.37±2.14 1.090 0.375
Smoking 36 22 3.384 0.066
Drinking 27 26 2.254 0.133
Whether combined with hypertension 34 22 0.875 0.350
Whether combined with diabetes 18 20 2.707 0.100
Whether combined with hypercholesterolemia 33 22 0.531 0.466
Whether combined with cardiovascular disease 20 22 3.576 0.167
Hemorrhage site (cortex/basal ganglia/thalamus/cerebellum 8/33/6/1 1/24/9/2 6.211 0.102
The number of people broke into the ventricle 20 26 7.753 0.005
Operative treatment 32 27 0.297 0.586
Bleeding volume (mL) 31.45±6.85 41.98±6.80 0.103 <0.001
NLRP3 mrna 1.45±0.31 1.77±0.22 3.003 <0.001
Hcy (umol/L) 27.79±14.51 41.68±17.80 3.757 <0.001
IL-1β (pg/mL) 20.13±4.33 22.46±5.37 2.295 0.031
IL-18 (ng/L) 65.66±11.21 72.87±13.89 0.244 0.010
Note: Hcy: homocysteine; IL-1β: interleukin-1β; IL-18: interleukin-18; NLRP3: nucleotide-binding oligomerization domain-like 
receptors 3.
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The correlation of NLRP3 mRNA expression in 
peripheral blood mononuclear cells and serum 
Hcy, IL-1β, IL-18 levels and the prognostic GOS 
score of patients with hemorrhagic stroke

The NLRP3 mRNA expression and serum Hcy, 
IL-1β, IL-18 levels in monocytes in peripheral 
blood was negatively correlated with the prog-
nostic GOS score of patients with hemorrhagic 
stroke (all P<0.05). See Table 5 and Figures 
1-4.

Logistic regression analysis of adverse factors 
affecting the prognosis of patients with hemor-
rhagic stroke

We took the prognosis of patients with hemor-
rhagic stroke as the dependent variables (0 = 
good prognosis, 1 = bad prognosis), and the 
expression of NLRP3 mRNA and serum Hcy, 
IL-1β, IL-18, bleeding volume, and whether the 

ventricle was broken into of the diseased group 
were independent variables. The above vari-
ables that may lead to poor prognosis were 
assigned, and binary Logistic regression analy-
sis was performed. The results showed that the 
expression of NLRP3 mRNA in peripheral blood 
monocytes was ≥1.63, and serum Hcy ≥21.5 
umol/L, hemorrhage breaking into the ventri-
cle, and bleeding volume >35 mL are indepen-
dent risk factors for poor prognosis in patients 
with hemorrhagic stroke. See Tables 6, 7.

Discussion

Hcy is a type of amino acid with sulfur-contain-
ing molecules, which is generated by methio-
nine demethylation in vivo. The process re- 
quires the participation of methionine synthe-
tase, cystathionine β synthase, vitamin B12, 

Table 5. The correlation of NLRP3 mRNA 
expression and serum Hcy, IL-1β, IL-18 levels 
in monocytes in peripheral blood and the 
prognostic GOS score of patients with hemor-
rhagic stroke
Factor Relativity r P
NLRP3 mRNA -0.480 <0.001
Hcy -0.390 <0.001
IL-1β -0.221 0.044
IL-18 -0.224 0.041
Note: Hcy: homocysteine; IL-1β: interleukin-1β; IL-18: in-
terleukin-18; NLRP3: nucleotide-binding oligomerization 
domain-like receptors 3; GOS: glasgow outcome scale.

Figure 1. The correlation of NLRP3 mRNA expression 
and the GOS score mRNA. NLRP3: nucleotide-bind-
ing oligomerization domain-like receptors 3; GOS: 
glasgow outcome scale.

Figure 2. The correlation of serum Hcy and the GOS 
score. Hcy: homocysteine; GOS: glasgow outcome 
scale.

Figure 3. The correlation of serum IL-1β and the GOS 
score. IL-1β: interleukin-1β; GOS: glasgow outcome 
scale.
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folic acid and vitamin B6. Current studies have 
shown that high concentration of Hcy is an 
independent risk factor for coronary artery dis-
ease, ischemic cerebrovascular disease and 
peripheral vascular ischemic disease [12]. 
However, there are only few studies which clari-
fy the relationship between Hcy elevation and 
hemorrhagic stroke. Cerebral parenchymal he- 
morrhage accounts for the vast majority of 
hemorrhagic stroke. There are several reasons 
for vascular endothelial damage in current 
studies. Due to various factors, hyaline change 
and fibronecrosis occur in the small artery  
wall, and the elasticity of the wall is weaken- 
ed, making it easy to rupture and bleed [13]. 
While the increase of Hcy will cause endothelial 
cell hypertrophy and damage. This leads to  
rupture of vascular elastic membrane, hyper-
trophy and damage of middle smooth muscle 
cells, increase of interstitial collagen fibers, 
and hardening of vascular wall, which leads to 
increased blood pressure [14]. Hypertension is 
one of the most common causes of hemorrhag-
ic stroke [15]. At the same time, weak tube  
wall under the impact of blood flow is also 
prone to pathological changes, resulting in vari-
ous sizes of aneurysms, which leads to cerebral 
parenchymal hemorrhage after rupture [16]. 
Meanwhile, the increase of Hcy also has cyto-
toxic effect and stimulates LDL oxidation [17, 
18].

NLRP3 is a member of the intracellular nucleo-
tide binding oligomeric domain like receptors 
(NLRs) family. A current study has confirmed 
that NLRP3 is widely involved in the process of 
immune and inflammatory response [8]. NLRP3 

is related to the maturation and secretion of 
pro-inflammatory cytokines IL-1β and IL-18. 
NLRP3 is widely distributed in the cytoplasmic 
receptor proteins. Once the danger signal is 
recognized, the protein structure of NLRP3 
transfers, which can form protein composites, 
that is, inflammatory corpuscle, with the adapt-
er protein (ACS) and the effect protein, Pro-
caspase l, to induce programmed cell death 
[19, 20]. Many studies have shown that NLRP3 
and IL-1β, IL-18 produced by NLRP3 are closely 
related to the occurrence and development of 
various diseases such as diabetes, nervous 
system diseases and infectious diseases [21-
23]. Inflammatory cytokines such as IL-1β can 
activate the exogenous coagulation system, 
and then lead to the formation of vascular 
endothelial thrombus, causing serious inflam-
matory reaction, damaging the vascular wall 
and leading to cerebral hemorrhage [24]. It was 
proved that inflammatory response is closely 
related to acute brain injury and prognosis of 
cerebral hemorrhage [25].

In this study, the expression of NLRP3 mRNA in 
peripheral blood mononuclear cells and the lev-
els of serum Hcy, IL-1β and IL-18 of patients 
with hemorrhagic stroke in poor prognosis 
group were significantly higher than those in 
good prognosis group, and the four were nega-
tively correlated with prognosis GOS score. 
Logistic regression analysis showed that 
NLRP3 mRNA expression in peripheral blood 
mononuclear cells and serum Hcy, IL-1β and 
IL-18 levels were significantly higher than those 
in good prognosis group mRNA expression, 
serum Hcy level, blood loss and ventricular rup-
ture were independent risk factors for poor 
prognosis in patients with hemorrhagic stroke. 
Previous studies on the correlation between 
NLRP3 and cerebral hemorrhage were mostly 
from animal experiments [26]. There were few 
studies on clinical prognosis. The results of this 
study have certain clinical significance.

However, there are still several drawbacks in 
this study. Due to the relatively small number of 
cases included, NLRP3 and Hcy, IL-1β, IL-18 
were obtained from peripheral blood mononu-
clear cells, and there were no other body fluid 
or cytology related samples (it was reported 
that the level of NLRP3 in cerebrospinal fluid of 
infants after brain injury increased) for compar-
ison research [27]. At the same time, the fol-

Figure 4. The correlation of serum IL-18 and the GOS 
score. IL-18: interleukin-18; GOS: glasgow outcome 
scale.
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low-up period was too short to observe the 
long-term prognosis, which may affect the final 
results and lead to bias. In order to improve the 
accuracy of the study, the sample size should 
be enlarged for further study.
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