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Introduction: This study was to test whether the serum levels of IL-33 and sST2 are
correlated with the development of depression after acute ischemic stroke.

Methods: Patients diagnosed with acute ischemic stroke were selected. This study took the
24-item Hamilton Depression Rating Scale (HAMD) (score >20) as the diagnostic criteria for
depression. On the 21st day after admission, patients who met the depression diagnostic
criteria were included in the depression group, and patients who failed to meet the diagnostic
criteria were included in the non-depression group. The serum levels of IL-33, sST2 and
hsCRP were measured by enzyme-linked immunosorbent assay (ELISA).

Results: On 1st day after stroke, compared with the non-depression group, there was no
significant difference in the serum IL-33, sST2 and hsCRP levels in the depression group; on
21st day after stroke, compared with the non-depression group, the serum IL-33 and hsCRP
levels were significantly increased, while the sST2 level was significantly decreased in the
depression group. Correlation analysis showed that IL-33 was positively correlated with the
depression quantitative score and hsCRP, while sST2 was negatively correlated with the depres-
sion quantitative score and hsCRP. Regression analysis showed that 1L-33 and sST2 were
independent risk factors for the depression after acute ischemic stroke.

Discussion: The abnormal alterations of serum IL-33 and sST2 levels in the stroke patients
may serve as one of the risk factors for the occurrence and exacerbation of the depression,
and its mechanism may be related to the promotion of inflammatory factor production
in vivo.
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Introduction

Depression is a kind of mood disorder, characterized by unresponsiveness, apathy,
self-blame, self-guilt, and sleep disorders. The prevalence of post-stroke depression
(PSD) is high, reported to be as high as 39-52% within 5 years.! Depression will
significantly increase the recurrence and mortality rates of stroke patients.*”
Furthermore, many factors make the diagnosis of PSD difficult, such as the
different occurrence time of PSD,* the inconspicuous symptoms of depression,
and the language impairment in some patients. Currently, there is no uniform
diagnostic standard,” and it can very easily be misdiagnosed.® The pathogenesis
of PSD may be associated with various factors, and it is not fully understood.
Therefore, exploring the mechanism is of great urgent for the early diagnosis and
treatment of PSD. Previous studies on the underlying mechanisms have provided
support for the neuroinflammatory hypothesis in PSD. For example, several studies
have shown that IL-6 and IL-18 may be participated in the etiology and progression
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of PSD.”* Since IL-18 and IL-6 have been considered to
be associated with inflammatory responses at lesion site
and detrimental outcomes of stroke, these two inflamma-
tory factors have attracted the attention of scholars in
connection with PSD. IL-33 is a recently discovered mem-
ber of interleukin family. Soluble ST2 (sST2) is the recep-
tor of IL-33, which binds to IL-33 and blocks its activity.”
Serum levels of IL-33 and sST2 have been shown to be
related to neuroinflammation. In contrast to the immuno-
modulation effect of IL-18 which can stimulate Thl cells
to secrete a variety of cytokines and promote the prolif-
eration of Thl cells, IL-33/sST2 can regulate Th1/Th2
balance by promoting Th2 anti-inflammatory immunity
and inhibiting Thl immune response.” Emerging studies
have revealed that 1L-33/sST2 is closely correlated with
cardiovascular diseases, autoimmune and nervous system

. 10-12
diseases, '’

yet its role in the nervous system remains
poorly understood. Some studies have demonstrated that
serum IL-33 has a protective effect against stroke through
anti-inflammatory and can improve the prognosis of
stroke.'*'* However, its effect on the pathogenesis of
PSD remains to be explored. Therefore, in this study, we
investigated the serum IL-33 and sST2 expression in the
with PSD, their

significance.

patients and evaluated clinical

Materials and Methods

Patients

From December 2017 to December 2019, patients with
acute ischemic stroke diagnosed by CT or MRI at the
Second Affiliated Hospital of Hebei University of
Science and Technology were selected. All patients were
admitted to the hospital within 24 hours after the onset of
illness. The extent of neurologic deficits was measured by
the NIH Stroke Scale/Score (NIHSS) and graded as fol-
lows: 1-4 as mild, 5-15 as moderate, and >16 as severe.
On the 21st day after admission, two psychiatrists assessed
the depressive symptoms of the patients. According to the
criteria of the American Diagnostic and Statistical Manual
for Mental Disorders (the fourth edition), a 24-item
HAMD score was used to determine whether a patient
had depression and its severity. A score >20 was consid-
ered as the diagnostic criteria for depression, and patients
who met the criteria were included into the depression
group, while other patients were included into the non-
depression group. The severity of depression was classi-
fied as: severe: >35; mild to moderate: 21-34. The

excluded patients included those who were taking antide-
pressants or medications affecting depression scale scores
2 weeks prior to admission, those who were taking
NSAIDs, corticosteroids, antibiotics, immunomodulators,
etc. 2 weeks prior to admission, those who could not
cooperate with clinical psychological testing due to apha-
sia or dementia, etc., and those with psychiatric disorders,
central nervous system diseases, heart failure, history of
trauma, history of surgery, hepatic and renal insufficiency,
severe infections and Th2-related diseases (eg, asthma,
non-specific dermatitis, allergic reactions, etc.). Finally,
a total of 160 patients were enrolled in this study, includ-
ing 100 non-depressed patients (non-depressed group) and
60 patients with PSD (depressed group). In the depression
group, there were 46 cases of mild to moderate and 14
cases of severe depression. The study was approved by
The Second Affiliated Hospital of Hubei University of
Science and Technology ethical review committee and all
participants signed an informed consent form. This study
was conducted in accordance with the Declaration of
Helsinki.

Blood Sample Collection and Processing
All subjects had at least 12 hours of fasting before blood
collection on the 1st and 21st days after the admission.
Blood samples were processed in a centrifuge at 3000 rpm
for 10 min. Plasma was collected and stored at —80°C until
analysis. On the 1st day after admission, the fasting blood
glucose (FBQ), creatinine, and glutamic-pyruvic transami-
nase were detected by spectrophotometry using the Abbott
Aecroset 2.0 (Abbott Diagnostic, Illinois, USA). On the st
and 21st days after admission, 1L-33, sST2 and hsCRP
levels were assayed by a commercially available competi-
tive  enzyme-linked immunoassay (ELISA) kit
(MyBioSource, Catalog Number: MBS756338, Inc. San
Diego, CA, USA). To minimize the assay variance, all
samples were analyzed in duplicate on the same day in
a random order by a technician blinded to the clinical
diagnosis. The coefficients of intra- and inter-assay varia-
tion were <6%. All steps were performed strictly in accor-
dance with the instructions of the kit.

Statistical Analysis

SPSS 19.0 was used to perform statistical analysis. Data of
the normal distribution were expressed as mean + devia-
tion (X+£s), and the ¢-test was used to make comparisons
between the two groups. Paired samples #-test was applied
to compare the serum concentrations of inflammatory

2010

Dove!

Journal of Multidisciplinary Healthcare 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Xu and Wu

cytokines on day 1 and day 21. Numerical data were
described as n/% and the Chi-square tests were used.
Correlation analysis was performed using the Spearman
and Pearson methods. Risk factors for PSD were deter-
mined by univariate and multivariate logistic regression
analysis. Forward conditional logistic regression which
included all factors with significant differences in univari-
ate analysis was used to find independent risk factors for
PSD. A p-value <0.05 was considered statistically signifi-
cant with a confidence interval of 95%.

Results
Comeparison of the Baseline Characteristics
Between Non-Depression Group and

Depression Group

A total of 160 patients were included in this study. In addition
to inflammatory factors, factors that may affect PSD included
gender, age, lesion site, degree of neurological deficit, blood
pressure, and blood sugar. In our present study, there were no
significant differences between the non-depression group and
depression group in terms of gender, age, and lesion location
(all P>0.05, Table 1). Significant differences were found in

Table | Intergroup Comparison of Baseline Characteristics

the degree of neurological deficits, blood pressure, and blood
sugar between the two groups (all P<0.05).

Inter- and Intra-Group Comparisons of
Inflammatory Factors at the Ist and 21st
Day

On the 1st day after stroke, there was no substantial
difference in serum IL-33, ST2 and hsCRP levels between
the non-depression and depression groups (P>0.05,
Table 2, Figure 1A—C). Whereas on the 21st day, serum
IL-33 and hsCRP levels were significantly higher, while
serum sST2 levels were significantly lower in the depres-
sion group than those in the non-depression group
(P<0.01, Figure 1A-C). In the non-depression group,
there were no substantial differences in serum IL-33,
ST2 and hsCRP levels post 21 days. In contrast, in the
depression group, IL-33 and hsCRP levels were signifi-
cantly increased and sST2 levels were significantly
decreased after 21 days (P<0.01, Figure 1A—C).

Comeparison of Inflammatory Factors in
the Groups with Different Degrees of

Depression on the 21st Day
On the 21st day after stroke, the levels of IL-33 were
positively correlated with the severity of depression

Factors Non-Depression | Depression | tix2 | p (P<0.05 or P<0.01, Table 3, Figure 2), while the levels
Grou Grou| . . .
(n=1 0’;) (n= 60'; of sST2 were inversely correlated with the severity of
depression (P<0.05 or P<0.01, Table 3, Figure 2). There
Sex (n/%) 0.688 | 0.407 . . .
was no substantial difference in the levels of serum hsCRP
Male 37/46.3 32/53.3 .
Female 43/53.7 28/46.7 between the two groups (P>0.05, Table 3, Figure 2).
Age (xts, year) 52.12+10.73 48.6x11.46 0.98 0.382
Lesion site (n/%) 126 | 0.532 Table 2 Inter- and Intra-Group Comparisons of Inflammatory
Left side 30/37.5 28/46.7 Factors at the Ist and 2Ist Day
Both side 9/11.3 5/8.3
Factors Non- Depression | t P
Degree of 27.62 | 0.000 Depression Group
neurological Group (n=60)
deficit (n/%) (n=100)
Mild 50/62.5 12/20
Moderate 25/313 32/533 IL-33
Severe 5/6.3 16/26.7 Ist day 16.04£7.18 17.2315.61
21st day 14.69+6.24 37.89+14.58 —11.55 | 0.001
Blood pressure 8.036 | 0.005
(n/%) sST2(ng/mL)
Normal 46/57.7 20/33.3 I'st day 8.8213.15 9.01£3.26
High 34/42.5 40/66.7 21st day 8.29+2.91 4.23+2.04 9.71 0.01
Blood sugar(n/%) 4.425 | 0.035 hsCRP(mg/L)
Normal 49/61.3 26/43.3 I'st day 2.02+0.96 2.38+1.03
Diabetes 31/38.7 34/56.7 21st day 1.92+1.03 4.60%1.18 —8.94 0.01
Journal of Multidisciplinary Healthcare 2021:14 https: 2011
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Figure | Inter- and intra-group comparisons of inflammatory factors at the Ist and 2Ist day. (A—C) Intra-group comparisons of inflammatory factors IL-33, sST2, and

hsCRP at the Ist and 21|st day.

Notes: #p<0.01 for comparison between non-depression and depression group; “p<0.01 for comparison between Ist and 21st day.

Correlation Analysis of IL-33 and sST2
Levels with hsCRP and HAMD Scores

Spearman correlation analysis showed that serum hsCRP
levels were positively correlated with HAMD score, and
serum IL-33 levels were positively correlated with HAMD
scores and hsCRP; serum sST2 levels were negatively
correlated with HAMD scores and hsCRP (P<0.001). See
Table 3.

Multivariate Logistic Regression Analysis

of Depression in Stroke Patients

Taking depression in patients with acute stroke as the
dependent variable, the 24-items HAMD score <20 was
assigned as 0 and >20 as 1; logistic regression analysis
was performed for the related factors with significant
differences in univariate analysis results, and the indepen-
dent variables were IL-33, sST2, hsCRP, NIHSS score,
blood pressure and blood sugar. No diabetes was assigned
as 0, diabetes was assigned as 1; normal blood pressure
was assigned as 0, hypertension was assigned as 1; binary
logistic regression analysis was used in this study.

Table 3 Comparison of Inflammatory Factors in Groups with
Different Degrees of Depression

Factors Mild to Moderate Group Severe Group
(n=24) (n=14)

IL-33 38.73+18.03 44.93x11.36"

sST2 4.27+1.31 2.57+0.93%

hsCRP 3.59+0.88 4.19+1.04

Notes: "p<0.01 for comparison between Mild to moderate group and Severe
group.

Regression analysis indicated that blood pressure, NIHSS
score, IL-33 and hsCRP were independent risk factors for
PSD, and sST2 was an independent protective factor
(P<0.05), as shown in Tables 4 and 5.

Discussion

Our results revealed that the more severe the neurological
impairment, the higher was the incidence of PSD. We also
observed the association between hypertension and PSD
occurrence, which is consistent with the results of previous
studies.'>'® Meanwhile, we did not find an association
between the different lesion sites (left, right or bilateral)
and the occurrence of depression. Moreover, in our study,
we found that the levels of serum hsCRP in stroke patients
with PSD were significantly higher than those without
depression, and the serum hsCRP levels were positively
correlated with HAMD scores. These results supported the
increased inflammation reaction in the patients with PSD.
The impact of certain inflammatory markers on PSD, such
as TNF and hsCRP, has also been explored by various
scholars.'®'® Cheng et al'® have proposed that the ele-
vated serum hsCRP and homocysteine levels are closely
related to the risk of PSD within one year after the onset of
acute ischemic stroke, and suggested that combining these
two indicators could provide an early prognosis assess-
ment of PSD.

Interleukins are known to play important roles in activat-
ing and regulating immune cells and participating in the
inflammatory response. IL-33 is a member of the IL-1
family. Compared to other members of IL-1 family, the
physiological function of IL-33 may be more complex. It
can promote the anti-inflammatory immunity of Th2 and
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Figure 2 Comparison of inflammatory factors in the groups with different degrees
and hsCRP in the groups with different degrees of depression on the 21st day.
Notes: #p<0.01 for comparison between mild to moderate and Severe groups.

inhibit the immune response of Thl;9 meanwhile, IL-33 can
act as a signaling molecule to bind to the transmembrane
ST2 (ST2L). Under the stimulation of 1L-33, the p38 MAPK
pathway was found to activate bone marrow-derived mast
cells to produce inflammatory factors such as IL-13, IL-6,
TNF, and GM-CSF;'%?° Ali?! has found that the overexpres-
sion of IL-33 led to the reduced and delayed expression of
endogenous NF-kB target genes stimulated by rhil-1p, and
reduced the genes triggered by NF-kB. Thus, IL-33 has the
dual pro-inflammatory or anti-inflammatory properties. In
stroke patients, several studies have indicated that serum IL-
33 has anti-inflammatory protective effects, which may
improve the prognosis of stroke.'*** In the experimental
study of Zhang et al,>* recombinant IL-33 indeed presented
the Th2 type,
inflammatory immunological response in the brain, inhibited

protective effects, enhancing anti-
microglial activation, and depleted cytotoxic T cells, along
with the increase of IL-10 production. In contrast, in the
study of Li et al,* IL-33 proved to be significantly elevated
after acute ischemic stroke, and high IL-33 levels were
associated with worse functional outcomes. Surprisingly,
IL-33 showed an inverse correlation with the infarction
volume and was higher in mild than in severe lesions
(NIHSS score). For instance, Kempuraj et al”> mixed neu-

rons with glial maturation factor (GMF) with or without IL-

E=A mild to moderate group

mild to moderate group c

E= Severe group E= Severe group

group comparison
of inflammatory factors

different degrees depression

3
&\"oq-

of depression on the 21st day. (A—C) Comparison of inflammatory factors IL-33, sST2,

33 in vitro and subsequently found that GMF induced IL-33
release, which enhanced the release of astrocytic tumor
necrosis factor-o (TNF-a) in mice. And astrocytes are
thought to be closely associated with the development of
PSD.?*?” There are as well some studies on the effects of IL-
33 on cognitive function,”**° which found that IL-33 may
lead to cognitive dysfunction in experimental cerebral
malaria and Alzheimer’s disease. From the previous data,
we know that it is controversial how IL-33 affects the central
nervous system disorders. Therefore, the role of IL-33 and
sST2 levels in depression of stroke patients have attracted
our attention. Moreover, its mechanism is not well under-
stood. For that reason, in our study, we investigated the
alterations of 1L-33/sST2 levels of patients with PSD.

In this study, we found that IL-33 levels were increased
and sST2 levels were decreased in PSD patients on the
21st day after stroke. As depression exacerbated, the
changes tended to become more obvious, suggesting that
the abnormal increase in IL-33 may promote the onset and
development of PSD, while sST2 can competitively bind IL-
33, blocking the binding of IL-33/ST2L and alleviating the
inflammatory reaction. However, previous findings of the
protective effect of IL-33 in stroke patients seem to

Table 5 Multivariate Logistic Regression Analysis of Depression
in Stroke Patients

Table 4 Correlation Analysis of IL-33 and sST2 Levels with Factors B SE OR 95% CI wals | p
hsCRP and HAMD Score
Blood pressure 297 1.28 19.50 1.58~240.88 536 0.02
Index IL-33 sST2 hsCRP Blood sugar -1.29 1.09 0.28 0.03~2.34 1.39 0.24
NIHSS score 0.24 0.12 1.27 1.01~1.61 4.10 0.04
r p r p r p
IL33 0.31 0.09 1.36 1.14~1.63 11.58 | 0.001
HAMD score 0.785 0.001 —0.660 0.001 0.620 0.001 sST2 —-1.05 0.34 0.35 0.18~0.69 4.8 0.002
hsCRP 0.587 0.001 —0.467 0.001 | hsCRP 1.07 0.49 291 1.12~7.58 5.676 0.03
Journal of Multidisciplinary Healthcare 2021:14 https: 2013
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paradoxically contradict our results. We believe that the
reason may be related to the complex biological effects of
IL-33/ST2 signaling pathway. Since this pathway has a two-
way effect on many diseases, it is a double-edged sword.*
Besnard et al’' suggested that IL-33 exerted beneficial or
detrimental effects directly or indirectly through a series of
downstream substances, and its multipotency depended on
the disease context or cell environment. Therefore, accord-
ing to our results, IL-33 in the low concentration range is
likely to exhibit anti-inflammatory effects in stroke patients,
whereas IL-33 in the high concentration range may play
a pro-inflammatory role in PSD. The biological microenvir-
onment and the downward signaling pathways may play
a major role in the final shape of IL-33 effects. The
IRAK1, IRAK4, and TRAF6 mediated selective activation
of NFkB, JNK, ERK may fine-tune the outputs.®> There is
a crosstalk between NFkB, IFNg, and TNFa signaling, and it
is known that these two cytokines interfere with glutamater-
gic signaling, as it synthesized in a recent review.*

Correlation analysis showed that serum IL-33 was posi-
tively correlated with HAMD score and hsCRP, while serum
sST2 was negatively correlated with HAMD score and
hsCRP, suggesting that the mechanism of IL-33/ST2 signal-
ing pathway in PSD patients may be related to the produc-
tion of inflammatory factors in vivo. Furthermore,
regression analysis showed that IL-33 was an independent
risk factor for PSD, and sST2 was an independent protective
factor for PSD, indicating that serum IL-33 and sST2 can be
used as clinical predictors of PSD.

Conclusion

In conclusion, the results of this study suggest that the
abnormal alterations of IL-33 and sST2 in acute stroke
patients may contribute to the onset and aggravation of
depression, and the mechanism may be associated with
facilitating the production of inflammatory factors. Our
study provides us a new molecular mechanism of PSD
from the perspective of IL-33/sST2 signaling pathway.
However, our study has certain limitations. The main
limits were the small size of samples and the fact that
only patients with depression within three weeks after
stroke were included in the study. These limitations have
led to the restrictions in their application. The findings of
our work need to be validated with more patients and
a longer follow-up duration. More basic and clinical
studies are required to investigate the specific molecular
mechanisms of IL-33/ST2 signaling pathway in the
pathogenesis of PDS.

Abbreviations

HAMD, Hamilton Depression Rating Scale; ELISA,
enzyme-linked immunosorbent assay; PSD, post-stroke
depression; sST2, Soluble ST2; NIHSS, NIH Stroke
Scale/Score; ST2L, transmembrane ST2; GMF, glial
maturation factor; TNF-a, tumor necrosis factor-a.
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