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Objective. Interleukin 33 (IL-33) is a key cytokine involved in inflammation and oxidative stress. The significance of serum IL-33
levels on the prognosis of patients with intracerebral hemorrhage (ICH) has not been well studied. The purpose of this study is to
determine whether there is a relationship between the serum IL-33 level and the prognosis of patients with ICH upon admission.
Methods. A total of 402 patients with confirmed ICH were included in this study. Their demographic data, medical history,
laboratory data, imaging data, and clinical scores on admission were collected. At the same time, enzyme-linked immunoassay
(ELISA) was used to detect the serum IL-33 levels of patients. The prognosis of patients was evaluated by mRS scale after 3
months, and mRS > 2 was defined as poor prognosis. Results. Among 402 patients with ICH, the number of patients with good
prognosis and poor prognosis after 3 months was 148 and 254, respectively. Compared with the ICH group with poor
prognosis, the ICH group with good prognosis had lower baseline NHISS scores (p = 0:039) and hematoma volume (p = 0:025)
and higher GCS scores (p < 0:001) and serum IL-33 levels (p < 0:001). The results of linear correlation analysis showed that
serum IL-33 levels were significantly negatively correlated with baseline NHISS scores (r = −0:224, p = 0:033) and hematoma
volume (r = −0:253, p = 0:046) but were significantly positively correlated with baseline GCS scores (r = 0:296, p = 0:020). The
receiver operating characteristic curve (ROC) analysis showed that the sensitivity and specificity of serum IL-33 level in
evaluating the prognosis of ICH were 72.1% and 74.3%, respectively. A cut-off value of serum IL-33 level < 109:3 pg/mL may
indicate a poor prognosis for ICH. Conclusions. Serum IL-33 level on admission may be a prognostic indicator of ICH, and its
underlying mechanism needs further study.

1. Introduction

Intracranial hemorrhage (ICH) usually refers to a neurolog-
ical syndrome in which blood enters the brain tissue second-
ary to hypertension or other vascular diseases [1]. ICH is the
second most common type of stroke, accounting for about
10%-20% of all strokes [2–4]. In developed countries such
as Europe and the United States, due to the effective control
of hypertension, the incidence of ICH has been on a down-
ward trend in recent years, while in developing countries, its
incidence is still high [5]. A study pointed out that the
annual incidence of ICH is 4.2 per 100,000 in Caucasians,
22.9 per 100,000 in blacks, 19.6 per 100,000 in Hispanics,
and 51.8 per 100,000 in Asians [6]. According to Global

Burden of Disease reports, there were 62.8 million
disability-adjusted life years (DALY) lost due to ICH in
2010, of which 86% were in low- and middle-income coun-
tries [7]. Although our research on ICH has made great
progress in the past few decades, its disability rate and fatal-
ity rate are still relatively high. So far, there is still no cure for
stroke, which has brought a heavy burden to society [8–10].
Looking for prognostic biomarkers and potential therapeutic
targets of ICH is of great significance to the prevention and
treatment of ICH.

Interleukin-33 (IL-33) is an important cytokine that reg-
ulates innate immune response [11]. In 2005, it was discov-
ered that it can specifically bind to IL-1 receptor ST2, so IL-
33 is recognized as one of the IL-1 family members [12].
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IL-33 is composed of 270 and 266 amino acids in humans
and mice and has a molecular weight of 30-34 kDa [13]. It
appears in various tissues and organs of the body and is
mainly expressed in endothelial cells, epithelial cells, and
fibroblast-like cells [14]. The wide distribution of IL-33 and
the complexity of its structure make it possible to participate
in multisystem diseases.

IL-33 is identified as a dual cytokine by exerting its
protective and harmful effects as a support or anti-
inflammatory effect. Thus, it seems to be a double-edged
sword [15]. IL-33 has been widely reported in Alzheimer’s
disease (AD), multiple sclerosis (MS), and intracranial infec-
tion [16–18], but its relationship with ICH is relatively rare.
The purpose of our current study was to determine the rela-
tionship between serum IL-33 levels and the prognosis of
ICH, which were aimed at providing a theoretical basis for
the treatment of ICH.

2. Methods

2.1. Study Population. A total of 713 ICH patients who
attended the First Affiliated Hospital of JinzhouMedical Uni-
versity from January 1, 2018, to December 31, 2020, were
included in the study. The inclusion criteria of ICH are (1)
hospitalized patients within 24 hours of onset and (2) com-
puted tomography (CT) diagnosed as ICH. Exclusion criteria
for ICH are (1) mRS ≥ 3 before admission; (2) nonsponta-
neous ICH caused by trauma, tumor, and arteriovenous mal-
formation (AVM); (3) ICH patients who needed surgical
intervention; (4) subtentorial hemorrhage; and (5) severe
liver and kidney dysfunction. The flow chart for patients’
selection is shown in Figure 1. The study was approved by
the local ethics committee, and all patients and their families
allowed us to use these data for scientific research.

2.2. Baseline Characteristic Collection. The age and gender
information of all subjects was collected upon admission.
At the same time, the patient’s past chronic medical history,
such as hypertension, diabetes, hyperlipidemia, and coronary
heart disease, was collected. A sphygmomanometer was used
to measure the patient’s systolic and diastolic blood pressure
at rest. Standardized laboratory methods are used to detect
the biochemical indicators of patients: TG, LDL-C, HbA1c,
FBG, APTT, and INR.

2.3. Neurological Assessment. The Glasgow Coma Scale
(GCS) was firstly described in 1974 by Teasdale et al. [19],
which was widely used to assess the patient’s level of con-
sciousness on admission. GCS evaluates a person’s level of
consciousness based on three aspects: eye, verbal, and motor.
The GCS score is between 3 and 15 points, which is inversely
related to the level of consciousness.

The National Institutes of Health Stroke Scale (NIHSS) is
used to determine the degree of neurological impairment on
admission. NIHSS consists of 11 projects, each of which
scores a specific ability between 0 and 4 points. The total
score of NIHSS is between 0 and 42 points. The higher the
score, the more severe the damage [20].

2.4. Imaging Analysis. Upon admission, all patients under-
went head CT to confirm the diagnosis of ICH. At the same
time, commercial Analyze Direct 11.0 software (Analyze
Direct, Overland Park, MS, USA) was used to determine
the bleeding volume of ICH. All head CT images are analyzed
by experienced imaging doctors who are blinded to the
detailed research protocol.

2.5. Serum IL-33 Level Determination. The peripheral venous
blood of all ICH patients in the fasting state was collected by
the nurse within 24 hours after admission. All venous blood
is allowed to stand at room temperature for 20 minutes,
and the serum is collected after high-speed centrifugation.
The serum IL-33 level was measured using commercial
ELISA reagents (Abcam, Cambridge, MA, USA). The opera-
tion of ELISA is strictly in accordance with the product spec-
ification and previous reports [21–23].

2.6. Follow-Up. After 3 months of ICH, all patients were rou-
tinely followed up, and the prognosis was assessed using the
Modified Rankin Scale (mRS) [24]. The mRS is a commonly
used scale to measure the degree of disability or dependence
on daily activities in patients with stroke or other neurologi-
cal disorders. The scale was originally proposed in 1957 by
Dr. John Rankin of Stobhill Hospital in Glasgow, Scotland.
It has become the most widely used prognostic assessment
scale in stroke clinical trials. The score of mRS ranges from
0 to 6 points. In this study, we definedmRS ≥ 3 as poor prog-
noses at 3 months after ICH andmRS < 3 as good prognoses.

2.7. Statistical Analysis. All statistics are completed using
SPSS 20.0 (SPSS Inc., Chicago, IL, USA). Continuous vari-
ables are expressed as mean ± standard deviation, and cate-
gorical variables are expressed as frequency (%). The
comparison between two categorical variables uses the chi-
square test, and the comparison between two continuous var-
iables uses the t-test. In order to clarify the relationship
between serum IL-33 levels and baseline characteristics in
ICH patients, we adopted Pearson correlation analysis. The
receiver operating characteristic curve (ROC) was used to
analyze and calculate the cutoff point of serum IL-33 level
predicting the poor prognosis of ICH patients. If the p value
is less than 0.05, it is considered statistically significant.

3. Results

3.1. Baseline Characteristics. After strict screening, a total of
402 ICH patients entered the final study. According to the
follow-up results of the mRS score after 3 months, we divided
them into a good prognosis group (mRS < 3) and a poor
prognosis group (mRS ≥ 3). The baseline characteristics
according to 3-month prognosis in patients with ICH are
shown in Table 1.

We compared the demographics (age and gender),
chronic diseases (hypertension, DM, hypertension, and
CHD), and clinical indicators (SBP, DBP, TG, LDL-C,
HbA1c, FBG, APTT, and INR) of the two groups. The results
showed that there was no significant statistical difference
between the above indicators of the two groups (p > 0:05).
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The degree of neurological deficit at the onset of ICH
patients was assessed by NHISS and GSC scales. The NHISS
scores of the good prognosis group and the poor prognosis
group were 11:3 ± 3:6 and 12:1 ± 3:8, respectively. There
was a significant statistical difference between the two groups
(p = 0:039). The GSC scores of the good prognosis group and
the poor prognosis group were 14:1 ± 0:7 and 13:7 ± 0:6,
respectively. There is a significant statistical difference
between the two groups (p < 0:001).

We also compared the bleeding volume of the two groups
of patients with ICH. The hematoma volume of the good
prognosis group and the poor prognosis group was 12:5 ±
4:9mL and 13:7 ± 5:3mL, respectively. There was a signifi-
cant statistical difference between the two groups (p = 0:025).

3.2. Serum IL-33 Level Determination. The results of ELISA
showed that the serum IL-33 levels of the good prognosis
group and the poor prognosis group of ICH patients were
132:3 ± 12:6pg/mL and 97:5 ± 11:4pg/mL, respectively.
There is a significant difference between the two groups
(p < 0:001). We also compared the serum IL-33 levels in
patients with ICH according to genders, and the results
showed that gender is not a significant factor affecting serum
IL-33 levels (p > 0:05). The above results are shown in
Figure 2.

We further compared the differences in serum IL-33
levels in different subgroups of ICH patients. The results
showed that there was no significant difference in serum
IL-33 levels between the hypertensive group and the nonhy-
pertensive group (p > 0:05). Similar results appeared in ICH
patients with or without DM, hyperlipidemia, and CHD
(p > 0:05). The above results suggest that chronic diseases
such as hypertension, DM, hyperlipidemia, and CHD are
not interfering factors that affect the serum IL-33 levels in
ICH patients. The results of serum IL-33 levels in different
ICH subgroups are shown in Figure 3.

3.3. Linear Correlation Analysis. The results of correlation
analysis showed that serum IL-33 levels in ICH patients were
not significantly correlated with age, gender, SBP, DBP, TG,
LDL-C, HbA1c, FBG, APTT, and INR (p > 0:05). However,
serum IL-33 levels in ICH patients are significantly negatively
correlated with NHISS scores (r = −0:224, p = 0:033) and
hematoma volume (r = −0:253, p = 0:046) and positively cor-
related with GCS scores (r = 0:296, p = 0:020). The results of
linear correlation analysis are shown in Table 2.

3.4. ROC Analysis. In order to clarify the diagnostic value of
serum IL-33 levels for the prognosis of ICH, we performed
ROC analysis, as shown in Figure 4. The sensitivity and
specificity of serum IL-33 in diagnosing poor prognosis of
ICH were 72.1% and 74.3%, respectively. The cutoff value
of serum IL-33 for diagnosing poor prognosis of ICH is
109.3 pg/mL.

129 patients with
subtentorial hemorrhage

83 patients with
premorbid mRS ≥ 3

Traumatic bleeding, N = 61
AVM bleeding, N = 12

Tumor bleeding, N = 26

99 patients with secondary ICH:

713 patients with acute ICH

402 patients with supratentorial ICH enrolled

Figure 1: Flow chart for patients’ selection. A total of 402 ICH patients were included in the study. ICH: intracranial hemorrhage; mRS: the
Modified Rankin Scale; AVM: arteriovenous malformations.

Table 1: Baseline characteristics according to 3-month prognosis in
patients with ICH.

Characteristics on
admission

3-month prognosis
p valuesGood

(n = 148)
Poor

(n = 254)
Age (years) 64:2 ± 5:6 64:8 ± 5:3 0.284

Gender, male/female 91/57 165/89 0.485

Hypertension (n, %) 118 200 0.814

DM (n, %) 37 49 0.178

Hyperlipidemia (n, %) 75 122 0.609

CHD (n, %) 14 29 0.540

SBP (mmHg) 176:3 ± 12:5 177:6 ± 11:2 0.283

DBP (mmHg) 102:9 ± 10:3 103:2 ± 9:7 0.770

TG (mmol/L) 5:0 ± 0:8 5:1 ± 1:0 0.300

LDL-C (mmol/L) 2:8 ± 0:4 2:9 ± 0:6 0.072

HbA1c (mmol/L) 6:4 ± 0:7 6:3 ± 0:6 0.131

FBG (mmol/L) 6:8 ± 1:1 6:9 ± 1:2 0.407

APTT 28:6 ± 4:2 28:8 ± 4:3 0.650

INR 1:67 ± 0:24 1:69 ± 0:27 0.456

NHISS scores 11:3 ± 3:6 12:1 ± 3:8 0.039

GCS scores 14:1 ± 0:7 13:7 ± 0:6 <0.001
Hematoma volume (mL) 12:5 ± 4:9 13:7 ± 5:3 0.025

Serum IL-33 (pg/mL) 132:3 ± 12:6 97:5 ± 11:4 <0.001
ICH: intracranial hemorrhage; DM: diabetes mellitus; CHD: coronary heart
disease; SBP: systolic pressure; DBP: systolic pressure; TG: triglyceride; LDL-
C: low-density lipoprotein cholesterol; HbA1c: glycated hemoglobin; FBG:
fasting blood glucose; APTT: activated partial thromboplastin time; INR:
international normalized ratio; NHISS: National Institutes of Health Stroke
Scale; GCS: Glasgow Coma Scale; IL-33: interleukin 33.
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4. Discussions

Our current study explored the difference in serum IL-33
levels between ICH patients with good prognosis and poor
prognosis. The results showed that serum IL-33 levels in
ICH patients with good prognosis were significantly higher
than those with poor prognosis. The results of linear analysis
further showed that the level of serum IL-33 is related to
NHISS score, GCS score, and hematoma volume, and the lat-

ter is a traditional indicator for evaluating the prognosis of
ICH. In order to determine the diagnostic value of serum
IL-33 levels for the prognosis of ICH, we performed ROC
analysis and found that serum IL-33 may be a potential pre-
dictor of the prognosis of ICH, with high sensitivity and
specificity.

IL-33 is a member of the IL-1 family, which can exhibit
proinflammatory and anti-inflammatory properties accord-
ing to the type of disease itself. In the body [25], IL-33 is
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Figure 2: Serum IL-33 levels according to gender and prognosis in patients with ICH: (a) serum IL-33 levels according to gender; (b) serum
IL-33 levels according to prognosis. IL-33: interleukin 33; ICH: intracranial hemorrhage. Compared to good prognosis group, ∗p < 0:05.
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Figure 3: Serum IL-33 levels in different subgroups of ICH patients: (a) serum IL-33 levels in patients with or without hypertension; (b)
serum IL-33 levels in patients with or without DM; (c) serum IL-33 levels in patients with or without hyperlipidemia; (d) serum IL-33
levels in patients with or without CHD. IL-33: interleukin 33; ICH: intracranial hemorrhage; DM: diabetes mellitus; CHD: coronary heart
disease.
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mainly expressed in endothelial cells and epithelial cells, and
its function is regulated by the interaction with multiple
receptors such as ST2 [26]. In addition to inflammation, IL-
33 is also considered to be closely related to oxidative stress
in recent years. The study of Uchida et al. showed that the
balance between oxidative stress and antioxidant response

plays a key role in controlling the release of IL-33 in airway
epithelial cells [27]. The study by Aizawa et al. reached a sim-
ilar conclusion. Oxidative stress participates in the expres-
sion of IL-33 in airway epithelial cells through the MAPK
signaling pathway, suggesting that oxidative stress may be a
potential target for the treatment of COPD [28]. Interest-
ingly, serum IL-33 levels in patients with chronic heart failure
are elevated, and it has been proven to have antioxidant
effects. IL-33 plays an important role in inflammation and
oxidative stress, making it possible to participate in a variety
of pathophysiological processes [29].

In recent years, the role of IL-33 in neurological diseases
has attracted intense attention. IL-33 can reverse the synap-
tic plasticity damage and memory deficits in APP/PS1 mice,
and its mechanism may be to promote the differentiation of
microglia into an anti-inflammatory phenotype and reduce
soluble Aβ levels and amyloid plaque deposition [30]. Not
only in animal experiments, Yu and his colleagues found
that IL-33 gene mutations affect the susceptibility of Han
people to late-onset AD, further confirming that IL-33 is
involved in the pathogenesis of AD [31]. A study in the
United States found that the levels of IL-33 in the periphery
and the center of patients with multiple sclerosis (MS)
increased, suggesting that IL-33 is an important factor
involved in MS [32]. In addition, IL-33 can attenuate brain
parenchymal damage caused by encephalitis by regulating
iNOS [32]. Interestingly, IL-33 is also believed to be involved
in the onset of schizophrenia, traumatic encephalopathy,
and glioma [33–35].

The involvement of IL-33 in the course of ischemic stroke
has been widely reported. The study of Li et al. pointed out
that there is a correlation between the common variants of
IL-33 and the reduced risk of ischemic stroke in the Chinese
Han population [36]. Similarly, Li and his colleagues found
that IL-33 improves ischemic brain injury by promoting
Th2 response and inhibiting Th17 response [36]. Interest-
ingly, earlier studies pointed out that IL-33 could attenuate
the occurrence and development of atherosclerosis by induc-
ing IL-5 and ox-LDL antibodies [37]. In addition, a recent
Sino-US joint study found that serum IL-33 was a new bio-
marker for the diagnosis and prognosis of acute ischemic
stroke [38].

In addition to ischemic stroke, the relationship between
IL-33 and ICH has gradually been reported. A clinical study
from Chongqing found that IL-33 is a new biomarker that
predicts hemorrhagic transformation of acute ischemic
stroke [39]. In addition, animal studies have shown that IL-
33 has a neuroprotective effect on cerebral hemorrhage, and
its mechanism may be related to the selective activation of
M2 type microglia, reducing inflammation, apoptosis, and
autophagy [40, 41]. Our current research is consistent with
the above results, suggesting that high levels of IL-33 may
reduce brain damage after ICH. However, another study
found that increased IL-33 concentration was associated with
poor prognosis of aneurysmal subarachnoid hemorrhage
(SAH) [25]. These results suggest that first, SAH is a special
type of cerebral hemorrhage, and its pathogenesis is special;
second, IL-33 may play a dual role of anti-inflammatory or
anti-inflammatory depending on the diseases.

Table 2: The association between serum IL-33 levels and clinical
characteristics.

Clinical characteristics r p

Age -0.211 0.419

SBP (mmHg) 0.139 0.263

DBP (mmHg) 0.247 0.615

TG (mmol/L) 0.401 0.317

LDL-C (mmol/L) 0.193 0.108

HbA1c (mmol/L) 0.308 0.225

FBG (mmol/L) 0.272 0.531

APTT 0.285 0.378

INR 0.360 0.314

NHISS scores -0.224 0.033

GCS scores 0.296 0.020

Hematoma volume (mL) -0.253 0.046

IL-33: interleukin 33; SBP: systolic pressure; DBP: systolic pressure; TG:
triglyceride; LDL-C: low-density lipoprotein cholesterol; HbA1c: glycated
hemoglobin; FBG: fasting blood glucose; APTT: activated partial
thromboplastin time; INR: international normalized ratio; NHISS: National
Institutes of Health Stroke Scale; GCS: Glasgow Coma Scale.
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Figure 4: ROC analysis of IL-33 levels for the prognosis of ICH. The
sensitivity and specificity of serum IL-33 in predicting the prognosis
of ICH were 72.1% and 74.3%, respectively. ROC: receiver operating
curve; IL-33: interleukin 33; ICH: intracranial hemorrhage.
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Except for serum biomarkers, many easy-to-use bio-
markers also have been reported to predict clinical prognosis
in recent years, such as noncontrast CT biomarkers. A non-
contrast CT scan is a computer tomography scan that does
not use a special dye during the scan to make the organs
more visible [42]. This technology provides a fast, noninva-
sive method that does not require the use of contrast agents
to diagnose the disease, so it has received widespread atten-
tion in recent years. In order to explore the ability of quan-
titative radiomics extracted from noncontrast-enhanced CT
images to distinguish arteriovenous malformation- (AVM-)
related cerebral hemorrhage from other causes of cerebral
hemorrhage, Zhang et al. did related research. Their research
found that the machine learning model of radiomic features
extracted from noncontrast CT images can accurately distin-
guish AVM-related intracranial hematomas and hematomas
caused by other causes [43]. Researchers from the same unit
further conducted a clinical study of noncontrast CT
markers to predict intracranial hematoma. They found that
noncontrast CT helps to identify high-risk active ICH in
time, with high specificity and accuracy, but limited sensitiv-
ity [44]. In addition, Li and his colleagues found that blend
sign and black hole sign can be easily identified on none-
nhanced CT, which has a high degree of specificity in pre-
dicting the growth of hematoma [45, 46]. The team also
found that the island sign is a reliable CT imaging marker
that can independently predict hematoma expansion and
poor prognosis in patients with cerebral hemorrhage, and
it may be a potential marker for therapeutic intervention
[47]. Interestingly, in recent years, researchers have pro-
posed that gap analysis can be used as an excellent prognos-
tic model [48], and its combination with the biomarker IL-
33 may provide a new methodological reference for improv-
ing the prognosis of ICH.

Our research has some limitations. Firstly, we are a
single-center study with a small sample, which is obviously
regional; secondly, we have monitored the serum IL-33 level
at the time of admission but did not do its dynamic monitor-
ing; thirdly, we have not collected relevant information about
smoking and drinking in ICH patients. These lifestyle habits
may affect the level of serum IL-33; fourthly, we could not
able to assess IL-33 in different ICH etiologies due to sample
size. Finally, we did not monitor the long-term prognosis of
ICH and only did a short-term follow-up 3 months after
the onset. However, our research also has advantages. So
far, there is no report about the relationship between serum
IL-33 and the prognosis of ICH.

5. Conclusions

Low serum IL-33 levels may indicate a poor prognosis for
ICH. A large sample and multicenter study is needed to
further confirm this predictive effect of IL-33 and provide a
potential target for the prevention and treatment of ICH.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] J. A. Caceres and J. N. Goldstein, “Intracranial hemorrhage,”
Emergency Medicine Clinics of North America, vol. 30, no. 3,
pp. 771–794, 2012.

[2] S. J. An, T. J. Kim, and B. W. Yoon, “Epidemiology, risk fac-
tors, and clinical features of intracerebral hemorrhage: an
update,” Journal of stroke, vol. 19, no. 1, pp. 3–10, 2017.

[3] T. Gregório, S. Pipa, P. Cavaleiro et al., “Assessment and com-
parison of the four most extensively validated prognostic scales
for intracerebral hemorrhage: systematic review with meta-
analysis,” Neurocritical Care, vol. 30, no. 2, pp. 449–466, 2019.

[4] H. G. Aytuluk, S. Basaran, N. O. Dogan, and N. Demir, “Com-
parison of conventional intensive care scoring systems and
prognostic scores specific for intracerebral hemorrhage in pre-
dicting one-year mortality,” Neurocritical Care, vol. 34, no. 1,
pp. 92–101, 2021.

[5] C. Weimar and J. Kleine-Borgmann, “Epidemiology, progno-
sis and prevention of non-traumatic intracerebral hemor-
rhage,” Current Pharmaceutical Design, vol. 23, no. 15,
pp. 2193–2196, 2017.

[6] C. J. J. van Asch, M. J. A. Luitse, G. J. E. Rinkel, I. van der
Tweel, A. Algra, and C. J. M. Klijn, “Incidence, case fatality,
and functional outcome of intracerebral haemorrhage over
time, according to age, sex, and ethnic origin: a systematic
review and meta-analysis,” The Lancet Neurology, vol. 9,
no. 2, pp. 167–176, 2010.

[7] D. A. Bennett, R. V. Krishnamurthi, S. Barker-Collo et al.,
“The global burden of ischemic stroke: findings of the GBD
2010 study,” Global Heart, vol. 9, no. 1, pp. 107–112, 2020.

[8] Y. Xu, K. Wang, Q. Wang, Y. Ma, and X. Liu, “The antioxidant
enzyme PON1: a potential prognostic predictor of acute ische-
mic stroke,” Oxidative Medicine and Cellular Longevity,
vol. 2021, Article ID 6677111, 8 pages, 2021.

[9] X. Du, Y. Xu, S. Chen, and M. Fang, “Inhibited CSF1R allevi-
ates ischemia injury via inhibition of microglia M1 polariza-
tion and NLRP3 pathway,” Neural Plasticity, vol. 2020,
Article ID 8825954, 11 pages, 2020.

[10] Y. Xu, Q. Wang, J. Chen, Y. Ma, and X. Liu, “Updating a strat-
egy for histone deacetylases and its inhibitors in the potential
treatment of cerebral ischemic stroke,” Disease Markers,
vol. 2020, Article ID 8820803, 8 pages, 2020.

[11] W. P. Arend, G. Palmer, and C. Gabay, “IL-1, IL-18, and IL-33
families of cytokines,” Immunological Reviews, vol. 223, no. 1,
pp. 20–38, 2008.

[12] J. Schmitz, A. Owyang, E. Oldham et al., “IL-33, an
interleukin-1-like cytokine that signals via the IL-1 receptor-
related protein ST2 and induces T helper type 2-associated
cytokines,” Immunity, vol. 23, no. 5, pp. 479–490, 2005.

[13] J. Zhao, J. Wei, R. K. Bowser, R. S. Traister, M. H. Fan, and
Y. Zhao, “Focal adhesion kinase-mediated activation of glyco-
gen synthase kinase 3β regulates IL-33 receptor internalization
and IL-33 signaling,” Journal of immunology, vol. 194, no. 2,
pp. 795–802, 2015.

[14] C. Cayrol and J. P. Girard, “Interleukin-33 (IL-33): a nuclear
cytokine from the IL-1 family,” Immunological Reviews,
vol. 281, no. 1, pp. 154–168, 2018.

6 Oxidative Medicine and Cellular Longevity



[15] N. Ryan, K. Anderson, G. Volpedo et al., “The IL-33/ST2 axis
in immune responses against parasitic disease: potential thera-
peutic applications,” Frontiers in Cellular and Infection Micro-
biology, vol. 10, p. 153, 2020.

[16] M. F. A. R. Isnadi, V. K. Chin, R. A. Majid et al., “Critical
roles of IL-33/ST2 pathway in neurological disorders,”
Mediators of Inflammation, vol. 2018, Article ID 5346413,
9 pages, 2018.

[17] L. X. Du, Y. Q. Wang, G. Q. Hua, and W. L. Mi, “IL-33/ST2
pathway as a rational therapeutic target for CNS diseases,”
Neuroscience, vol. 369, pp. 222–230, 2018.

[18] K. Fairlie-Clarke, M. Barbour, C. Wilson, S. U. Hridi, D. Allan,
and H. R. Jiang, “Expression and function of IL-33/ST2 axis in
the central nervous system under normal and diseased condi-
tions,” Frontiers in Immunology, vol. 9, p. 2596, 2018.

[19] G. Teasdale, A. Maas, F. Lecky, G. Manley, N. Stocchetti, and
G. Murray, “The Glasgow Coma Scale at 40 years: standing
the test of time,” The Lancet Neurology, vol. 13, no. 8,
pp. 844–854, 2014.

[20] P. D. Lyden, M. Lu, S. R. Levine, T. G. Brott, and J. Broderick,
“A modified National Institutes of Health Stroke Scale for use
in stroke clinical trials: preliminary reliability and validity,”
Stroke, vol. 32, no. 6, pp. 1310–1317, 2001.

[21] Q. Wang, Y. Xu, C. Qi, A. Liu, and Y. Zhao, “Association study
of serum soluble TREM2 with vascular dementia in Chinese
Han population,” The International Journal of Neuroscience,
vol. 130, no. 7, pp. 708–712, 2020.

[22] Y. Xu, Q. Wang, Z. Qu, J. Yang, X. Zhang, and Y. Zhao, “Pro-
tective effect of hyperbaric oxygen therapy on cognitive func-
tion in patients with vascular dementia,” Cell
Transplantation, vol. 28, no. 8, pp. 1071–1075, 2019.

[23] J. Zhang, L. Tang, J. Hu, Y. Wang, and Y. Xu, “Uric acid is
associated with cognitive impairment in the elderly patients
receiving maintenance hemodialysis-a two-center study,”
Brain and behavior, vol. 10, no. 3, article e01542, 2020.

[24] T. J. Quinn, J. Dawson, M. R. Walters, and K. R. Lees, “Reli-
ability of the modified Rankin Scale: a systematic review,”
Stroke, vol. 40, no. 10, pp. 3393–3395, 2009.

[25] J. Gong, Y. Zhu, J. Yu et al., “Increased serum interleukin-33
concentrations predict worse prognosis of aneurysmal sub-
arachnoid hemorrhage,” Clinica Chimica Acta, vol. 486,
pp. 214–218, 2018.

[26] C. Moussion, N. Ortega, and J. P. Girard, “The IL-1-like cyto-
kine IL-33 is constitutively expressed in the nucleus of endo-
thelial cells and epithelial cells in vivo: a novel 'alarmin'?,”
PLoS One, vol. 3, no. 10, article e3331, 2008.

[27] M. Uchida, E. L. Anderson, D. L. Squillace et al., “Oxidative
stress serves as a key checkpoint for IL-33 release by airway
epithelium,” Allergy, vol. 72, no. 10, pp. 1521–1531, 2017.

[28] H. Aizawa, A. Koarai, Y. Shishikura et al., “Oxidative stress
enhances the expression of IL-33 in human airway epithelial
cells,” Respiratory Research, vol. 19, no. 1, p. 52, 2018.

[29] H. F. Zhang, S. L. Xie, Y. X. Chen et al., “Altered serum levels of
IL-33 in patients with advanced systolic chronic heart failure:
correlation with oxidative stress,” Journal of Translational
Medicine, vol. 10, no. 1, p. 120, 2012.

[30] A. K. Y. Fu, K.-W. Hung, M. Y. F. Yuen et al., “IL-33 amelio-
rates Alzheimer's disease-like pathology and cognitive
decline,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 113, no. 19, pp. E2705–
E2713, 2016.

[31] J.-T. Yu, J.-H. Song, N.-D. Wang et al., “Implication of IL-33
gene polymorphism in Chinese patients with Alzheimer's dis-
ease,” Neurobiology of aging, vol. 33, no. 5, pp. 1014.e11–
1014.e14, 2012.

[32] G. P. Christophi, R. C. Gruber, M. Panos, R. L. Christophi,
B. Jubelt, and P. T. Massa, “Interleukin-33 upregulation in
peripheral leukocytes and CNS of multiple sclerosis
patients,” Clinical immunology, vol. 142, no. 3, pp. 308–
319, 2012.

[33] M.M. Borovcanin, S. M. Janicijevic, I. P. Jovanovic, N. Gajovic,
N. N. Arsenijevic, and M. L. Lukic, “IL-33/ST2 pathway and
Galectin-3 as a new analytes in pathogenesis and cardiometa-
bolic risk evaluation in psychosis,” Frontiers in Psychiatry,
vol. 9, p. 271, 2018.

[34] A. K. Erenler and A. Baydin, “Interleukin-33 (IL-33) as a diag-
nostic and prognostic factor in traumatic brain injury,” Emer-
gency medicine international, vol. 2020, Article ID 1832345, 4
pages, 2020.

[35] J. Zhang, P. Wang, W. Ji, Y. Ding, and X. Lu, “Overexpression
of interleukin-33 is associated with poor prognosis of patients
with glioma,” The International Journal of Neuroscience,
vol. 127, no. 3, pp. 210–217, 2016.

[36] S. Li, Z. Wang, X. Liu et al., “Association of common variants
in the IL-33/ST2 axis with ischemic stroke,” Current Neurovas-
cular Research, vol. 16, no. 5, pp. 494–501, 2019.

[37] A. M. Miller, D. Xu, D. L. Asquith et al., “IL-33 reduces the
development of atherosclerosis,” The Journal of Experimental
Medicine, vol. 205, no. 2, pp. 339–346, 2008.

[38] Q. Li, Y. Lin, W. Huang et al., “Serum IL-33 is a novel diagnos-
tic and prognostic biomarker in acute ischemic stroke,” Aging
and Disease, vol. 7, no. 5, pp. 614–622, 2016.

[39] Z. Chen, Q. Hu, Y. Huo, R. Zhang, Q. Fu, and X. Qin, “Serum
interleukin-33 is a novel predictive biomarker of hemorrhage
transformation and outcome in acute ischemic stroke,” Jour-
nal of Stroke and Cerebrovascular Diseases : The Official Jour-
nal of National Stroke Association, vol. 30, no. 2, p. 105506,
2021.

[40] Z. Chen, N. Xu, X. Dai et al., “Interleukin-33 reduces neuronal
damage and white matter injury via selective microglia M2
polarization after intracerebral hemorrhage in rats,” Brain
Research Bulletin, vol. 150, pp. 127–135, 2019.

[41] Y. Gao, L. Ma, C. L. Luo et al., “IL-33 exerts neuroprotective
effect in mice intracerebral hemorrhage model through
suppressing inflammation/apoptotic/autophagic pathway,”
Molecular Neurobiology, vol. 54, no. 5, pp. 3879–3892, 2017.

[42] A. Patel, F. H. B. M. Schreuder, C. J. M. Klijn et al., “Intracere-
bral haemorrhage segmentation in non-contrast CT,” Scien-
tific Reports, vol. 9, no. 1, article 17858, 2019.

[43] Y. Zhang, B. Zhang, F. Liang et al., “Radiomics features on
non-contrast-enhanced CT scan can precisely classify AVM-
related hematomas from other spontaneous intraparenchymal
hematoma types,” European Radiology, vol. 29, no. 4,
pp. 2157–2165, 2019.

[44] J. Cai, H. Zhu, D. Yang et al., “Accuracy of imaging markers on
noncontrast computed tomography in predicting intracerebral
hemorrhage expansion,” Neurological Research, vol. 42, no. 11,
pp. 973–979, 2020.

[45] Q. Li, G. Zhang, Y. J. Huang et al., “Blend sign on computed
tomography,” Stroke, vol. 46, no. 8, pp. 2119–2123, 2015.

[46] Q. Li, G. Zhang, X. Xiong et al., “Black hole sign: novel imaging
marker that predicts hematoma growth in patients with

7Oxidative Medicine and Cellular Longevity



intracerebral hemorrhage,” Stroke, vol. 47, no. 7, pp. 1777–
1781, 2016.

[47] Q. Li, Q. J. Liu, W. S. Yang et al., “Island sign: an imaging pre-
dictor for early hematoma expansion and poor outcome in
patients with intracerebral hemorrhage,” Stroke, vol. 48,
no. 11, pp. 3019–3025, 2017.

[48] K. E. Wartenberg, D. Y. Hwang, K. G. Haeusler et al., “Gap
analysis regarding prognostication in neurocritical care: a joint
statement from the German Neurocritical Care Society and the
Neurocritical Care Society,” Neurocritical Care, vol. 31, no. 2,
pp. 231–244, 2019.

8 Oxidative Medicine and Cellular Longevity


	IL-33 as a Novel Serum Prognostic Marker of Intracerebral Hemorrhage
	1. Introduction
	2. Methods
	2.1. Study Population
	2.2. Baseline Characteristic Collection
	2.3. Neurological Assessment
	2.4. Imaging Analysis
	2.5. Serum IL-33 Level Determination
	2.6. Follow-Up
	2.7. Statistical Analysis

	3. Results
	3.1. Baseline Characteristics
	3.2. Serum IL-33 Level Determination
	3.3. Linear Correlation Analysis
	3.4. ROC Analysis

	4. Discussions
	5. Conclusions
	Data Availability
	Conflicts of Interest

