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Background: Acute ischemic stroke (AlS) is the leading cause of morbidity and
mortality among cerebrovascular diseases. While animal studies have suggested a
correlation between cold-inducible RNA-binding protein (CIRP) serum levels and
the severity and prognosis of cerebral infarction, there has been a lack of research
exploring this association in humans with cerebral infarction.

Materials and methods: A total of 148 patients diagnosed with AlS within 7 days
from symptom onset were included in this study. Comprehensive information
regarding the patients’ basic demographics, medical history, clinical parameters,
the severity of cerebral infarction, and serum CIRP levels was collected. Follow-up
data were obtained through telephonic interviews or by reviewing clinical notes
for 3 months after the patients were discharged to assess the functional outcomes
of treatment.

Results: The findings of this study demonstrated a significant increase in serum
CIRP levels during the early stages of AlS, followed by a gradual decline after 3
days. Significant differences were observed in the serum CIRP levels between the
1-day group and the 4-7 day group (P < 0.0047), as well as between the 2-3
day group and the 4-7 day group (P < 0.0006). Moreover, a significant positive
correlation was observed between the serum CIRP levels and the severity of
cerebral infarction. Higher serum CIRP levels were associated with more severe
National Institutes of Health Stroke Scale scores (P < 0.05) and larger cerebral
infarction volumes (P < 0.05). Furthermore, patients with higher serum CIRP levels
exhibited poorer modified Rankin scale scores (P < 0.05). These findings indicate
that serum CIRP serves as an essential pro-inflammatory mediator and a valuable
biomarker for assessing brain injury in patients with AlS.

Conclusion: The findings of this study suggest an elevation in serum CIRP levels
among patients with AIS. These levels are positively correlated with the severity
of AIS and serve as indicators of a poor prognosis. Therefore, CIRP could serve
as a target for early clinical intervention while managing AIS, and further research
should explore serum CIRP levels as prognostic indicators in AlS.
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acute ischemic stroke (AlS), biomarker, cold-inducible RNA-binding protein (CIRP),
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1. Introduction

Stroke ranks as the second leading cause of death and the
third leading cause of disability globally, with its incidence and
associated burdens rapidly increasing in several countries (1). In
China, stroke poses a significant burden, with estimated prevalence,
incidence, and mortality rates of 2.6%, 505.2 per 100,000 person-
years, and 343.4 per 100,000 person-years, respectively, among
adults aged >40 years in 2020 (2). Ischemic strokes are the most
common stroke type, significantly affecting patients’ prognoses and
quality of life. From 1990 to 2019, there was a 70.0% increase in
global stroke cases, an 85.0% increase in the number of patients
with stroke, a 43.0% increase in stroke-related deaths, and a 32.0%
increase in stroke-induced disabilities (3). Ischemic strokes result in
neuronal cell death and the release of damage-associated molecular
patterns (DAMPs) that elicit localized inflammation in the affected
brain region. In addition to the localized inflammation, mounting
evidence suggests that poststroke inflammatory responses might
involve the entire brain and persist over a prolonged period,
exerting long-term effects on patients’ neurological health (4).
Therefore, DAMPs are currently under investigation as potential
biomarkers for monitoring stroke progression and severity.

Extracellular cold-inducible RNA-binding protein (CIRP) is a
DAMP molecule that plays a crucial role in triggering inflammatory
responses. The 172-amino acid RNA chaperone (5) is expressed
in response to various stress conditions, including hypothermia,
hypoxia, ultraviolet radiation, glucose deficiency, and heat stress,
indicating its role as a stress-reactive protein (6). Consequently,
CIRP is likely expressed in various tissues and organs such as the
testis, brain, lungs, kidneys, liver, stomach, bone marrow, and heart
(7). Numerous studies have highlighted the significant involvement
of CIRP in acute lung injury, acute pancreatitis, Alzheimer’s disease,
sepsis, lung cancer, endometrial cancer, and other diseases (8-10).
During hemorrhagic shock and sepsis, inflammation triggers the
translocation of CIRP from the nucleus to the cytosol, leading
to its release into the extracellular fluid (11). Extracellular CIRP
(eCIRP) interacts with Toll-like receptor 4, triggering receptor
expressed on myeloid cells-1 (TREM-1), and interleukin (IL)-6
receptor, thus inducing immune-mediated inflammatory responses
in macrophages, neutrophils, lymphocytes, and dendritic cells (12).

Previous studies have revealed an increase in eCIRP when
tumor necrosis factor-a (TNF-a) expression is upregulated in
mouse brains after middle cerebral artery occlusion (MCAO). This
upregulation triggers inflammation and contributes to neuronal
damage in cerebral ischemia (13). However, there is limited
information on the role of CIRP in human stroke cases. Therefore,
this study aimed to examine whether serum CIRP levels could serve
as diagnostic and evaluative biomarkers for strokes in humans.

2. Materials and methods

2.1. Study approval

The institutional ethics committee approved the study protocol,
and written informed consent was obtained from each patient.
Patients diagnosed with AIS were recruited from the Department of
Neurology at Lanzhou University Second Hospital. Human plasma
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samples were collected following a protocol approved by the ethics
committee of the Lanzhou University Second Hospital (2021A-
505).

The inclusion criteria for this study were as follows: (i)
diagnosis of AIS based on the presence of acute neurological
deficit and confirmation of cerebral infarction through computed
tomography or magnetic resonance imaging (MRI); (ii) patients
aged >18 years; (iii) admission to the hospital within 7 days of
stroke occurrence; and (iv) no history of intravenous thrombolysis
or prior intravascular treatment.

The exclusion criteria for this study were as follows: (i) evidence
of hemorrhagic infarction; (ii) severe comorbidities, including
tumors, gastrointestinal bleeding, cirrhosis, acute or chronic renal
failure, diabetic ketoacidosis or hypertonic state, chronic liver
disease, recent infectious diseases, a recent history of abdominal
disease, recent history of abdominal surgery, history of unexplained
weight loss, unknown etiology (according to the Trial of Org 10172
in Acute Stroke Treatment), and decreased life expectancy; and (iii)
unstable condition.

2.2. Baseline clinical data collection

Patient demographic information, medical history, clinical
characteristics, and cerebral infarction volume data were extracted
from the hospital records. The severity of the stroke at admission
and upon discharge was assessed using the National Institutes
of Health Stroke Scale (NIHSS) and the modified Rankin
scale (mRS).

2.3. Biochemical analyses

Blood samples were collected on the second day after
hospitalization. Prior to use, reagents were returned to room
temperature and thoroughly mixed. A microtitre plate was
prepared with standard wells, test sample wells, and blank wells,
each set up in duplicate. In the standard wells, 50 1 of serum was
added, while 10 pl of the serum samples were diluted five times
with 40 pl of sample diluent in the test sample wells. The blank
wells received 50 pl of sample diluent. Except for the blank wells,
100 pl of enzyme-labeled reagent was added to each well. The
enzyme-linked immunosorbent assay (ELISA) plates were sealed
and incubated in a thermostat at 37°C for 90 min. After removing
the sealing film, the liquid was discarded, and the plate was
spun dry. Subsequently, the wells were washed by adding diluted
washing solution, allowing it to stand for 30 s, and then discarding
it. The process of washing the plates was repeated five times,
followed by patting the liquid dry using absorbent paper. Color
developers A and B, 50 .l of each, were added to the plate wells,
thoroughly shaken, and mixed. The plate was then incubated in a
dark constant temperature oven at 37°C for 15 min. After adding
50 pl of stop solution to each well, the reaction was terminated,
resulting in the color change from blue to yellow. Within 15 min
of stopping the color change, the blank well was zeroed, and
the absorbance of each well was measured at a wavelength
of 450 nm.
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2.4. Statistical analyses

Numerical variables are presented as the mean + standard
deviation (SD) or median with an interquartile range. Categorical
variables are presented as percentages and compared using the
Student’s t-test or Mann-Whitney U test as appropriate. The
normality of the data was assessed. Spearman’s correlation analyses
were performed to examine the associations between serum CIRP
levels and various variables. All analyses were conducted using
GraphPad Prism 7. Two-sided probability values were reported,
and statistical significance was set at P < 0.05.

3. Results

3.1. Baseline characteristics of the study
population

A total of 148 patients were included in this retrospective
review. These patients were admitted to Lanzhou University
Second Hospital between May 2021 and December 2022 (Figure 1).
Figure 1 illustrates the patients included and excluded in this study.
The baseline characteristics of the participants are based on their
incident acute ischemic stroke (AIS) status. The average age of
the patient population in this study was 63.53 £ 10.69 years,
with 109 (73.6%) patients being men. Among the participants,
28.86% (43 participants) were current or past smokers, 66.44% had
hypertension, 30.87% had diabetes, and 12.08% had coronary heart
disease (Table 1 and Supplementary Table 1). The average systolic
blood pressure was 139.30 & 21.65 mmHg, and the average diastolic
blood pressure was 82.54 £ 14.00 mmHg. For the factors positively
correlated with CIRP, further regression studies were conducted.

10.3389/fneur.2023.1211108

3.2. Serum CIRP levels in patients with AIS

The blood samples were collected via venipuncture from
patients on an empty stomach in the morning following their
admission. The serum CIRP levels were measured using ELISA.
A positive correlation was observed between serum CIRP levels
and the severity of brain infarction. The infarction volume of
each patient was determined using the Pulicino formula based on
data obtained from brain MRI, including T2 flair and diffusion-
weighted imaging. The results demonstrated that patients with
larger infarction volumes (V > 1 cm3) had significantly higher
serum CIRP levels compared to those with smaller infarction
volumes (V < 1 cm?) (P < 0.01). Correlation analysis revealed
a positive correlation between serum CIRP levels and infarction
volumes (r = 0.240, P < 0.01; Figures 2A, B).

The enrolled patients were divided into two groups based on
their NHISS scores. The mild neurological deficit group (NIHSS
<3) comprised 86 patients (58.11%), while the moderate and severe
neurological deficit group (NIHSS >3) comprised 62 patients
(41.89%). Comparative analysis between the groups revealed
that patients with higher NHISS scores (298.39, 249.57-350.78)
exhibited significantly higher serum CIRP levels compared
to patients with lower NIHSS scores (267.34, 232.26-301.17)
(P < 0.01). Additionally, a positive correlation was observed
between serum CIRP levels and the severity of neurological
impairment (r = 0.304, P < 0.01; Figures 2C, D).

All patients underwent a follow-up examination using a
standard questionnaire survey 90 days after the onset of cerebral
infarction. The follow-ups were conducted either in the outpatient
department of the hospital or by telephone. Of the 148 patients
included in this study, 7 patients were lost to follow-up. The

180 patients with cerebral vascular
disease were consecutively
assessed for eligibility between
May 2021 and December 2022

32 patients were excluded
20 patients were diagnosed as cerebral hemorrhage
7 patients were diagnosed as transient ischemic attack

S patients were diagnosed as subarachnoid

148 AIS patients were included in

the analysis

A4

7 patients were excluded lost in the follow-up

y

141 patients were followed up

FIGURE 1
Flow diagram of the study.
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TABLE 1 Baseline characteristics of participants with acute ischemic
stroke status.

Variable Value (n = 148)

Age (years) 63.53 +10.69

Male, n/N (%) 109 (73%)

Body mass index, kg/m2 24.00 £ 3.10

Systolic blood pressure, nmHg 139.30 £ 21.65

Diastolic blood pressure, mmHg 82.54 & 14.00

Smoke (1, %) 43 (28.86%)
Hypertension (1, %) 99 (66.44%)
Diabetes (11, %) 46 (30.87%)
Coronary heart disease (1, %) 18 (12.08%)
Glucose (mmol/L) 6.59 + 3.40
Cystatin (mg/L) 0.95+0.23
Total cholesterol, mmol/L 4.06 + 1.03
Triglyceride, mmol/L 1.51 £0.76
HDL-C, mmol/L 0.99 £ 0.25
LDL-C, mmol/L 2.58 £0.76
Residual cholesterol, mmol/L 0.49 £0.56
WBC, 10°/L 6.75+2.19
Neutrophils, 10°/L 431+£191
Lymphocyte, 10°/L 1.71 £0.63
Neutrophil/lymph, % 4.47 £18.63
Monocytes, 10°/L 0.54 £ 0.67
RBC, 10'?/L 4.70 £0.57

Hemoglobin, g/L 144.17 £+ 65.18

Platelet, 10°/L 198.19 % 3.05
PDW, fl 13.97 + 3.05
CRP, mg/L 6.03 +£17.15

Data shown are n (%) or mean = standard deviation.

HDL-C, high-density lipoprotein cholesterol; LDL, low-density lipoproteins cholesterol;
WBC: white blood cell; RBC: red blood cells; PDW, platelet distribution width; CRP,
C-reactive protein.

short-term prognoses of the remaining 141 patients, evaluated
using mRS, were used for the cohort study, and the patients were
divided into two groups. The poor prognosis group comprised
21 patients (14.89%), while the good prognosis group comprised
120 patients (85.11%). Correlation analysis revealed a positive
correlation between the serum CIRP levels and the mRS scores of
these patients (r = 0.04, P < 0.01; Figures 2E, F).

Subsequently, the patient population included in this study was
categorized into three groups based on the onset time of cerebral
infarction: the 1-day group (n = 37), the 2-3 day group (n = 65),
and the 4-7 day group (n = 46). The mean = SD values of the serum
CIRP levels were 291.27 & 56.32 pg/ml, 292.25 £ 53.86 pg/ml, and
254.74 + 51.42 pg/ml for the 1-day, 2-3 day, and 4-7 day groups,
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respectively. Additionally, it was observed that the serum CIRP
levels of these patients peaked within 3 days of cerebral infarction
and subsequently declined. No statistically significant differences
were observed in the serum CIRP levels between the 1-day and
2-3 day groups (P <0.883). However, significant differences were
observed in the serum CIRP levels between the 1-day and 4-7 day
groups (P < 0.0047) and between the 2-3 day and 4-7 day groups
(P < 0.0006) (Figure 2G).

3.3. Comparison of the serum CIRP levels in
patients with AIS

Serum CIRP levels were not normally distributed, as confirmed
by the Kolmogorov-Smirnov normality test. Therefore, these levels
were reported as median and range. Based on previous literature
(20), the patient population in this study was divided into two
groups using the median value (279.94 pg/ml) of the serum CIRP
levels. These groups were classified as the low expression group
(serum CIRP levels <279.94 pg/ml; 235.90 [215.93-251.63 pg/ml])
and the high expression group (serum CIRP levels >279.94 pg/ml;
317.94 [299.23-357.57 pg/ml]). The high expression group had a
significantly higher frequency of coronary heart disease history
(P < 0.012) and significantly higher serum total cholesterol (P =
0.025), low-density lipoprotein cholesterol (P = 0.034), remnant
cholesterol (P < 0.029), and residual cholesterol (P < 0.029) levels
than those in the low expression group (Table 2). Furthermore,
the low expression group had significantly lower NIHSS scores
(P < 0.013), mRS scores (P < 0.049), and lower infarct volumes in
head MRIs (P < 0.046) compared with the high expression group
(Table 3).

The regression model showed that BMI, history of coronary
heart disease, LDL-C, and RC had a significant impact on
serum CIRP levels (Supplementary Table2). As shown in
Supplementary Table 2, higher CIRP (OR = 1.011, 95% CI =
1.004-1.017, P < 0.01) was a risk factor for stroke. Furthermore,
according to the ROC curve in Figure 2, the AUC of CIRP for
predicting stroke was 0.654, 95% CI = 0.562-0.746, P< 0.001.
Besides, the optimal cutoff value of CIRP for stroke was 303.24
pg/ml, with a specificity of 76.7% and a sensitivity of 51.6%
(Figure 2H).

4. Discussion

In this study, an initial increase in serum CIRP levels was
observed during the early stages of AIS, followed by a gradual
decrease after 3 days. Additionally, a significant and positive
correlation was observed between serum CIRP levels and the
severity of cerebral infarction, as evidenced by higher NIHSS scores
and larger cerebral infarction volumes. Patients with higher serum
CIRP levels also exhibited poorer mRS scores. These findings
suggest that serum CIRP levels could serve as a valuable indicator
of pro-inflammatory events and might serve as an important
biomarker for assessing brain injury in patients with AIS.

AIS is a medical emergency caused by decreased blood flow
to the brain, resulting in cellular damage (14). This damage
triggers the release of DAMPs from necrotic neurons, exacerbating
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FIGURE 2
Relationship between serum CIRP level and severity of AIS. (A) Comparison of serum CIRP level in cerebral infarction volume (V) <1 cm® group and
>1 cm? group. (B) Correlation between serum CIRP level and infarction volume calculated by Spearman’s correlation analysis. (C) Comparison of
serum CIRP level in NIHSS scores <3 group and >3 group. (D) Correlation between serum CIRP level and NIHSS scores by Spearman’s correlation
analysis. (E) Comparison of serum CIRP level in mRS scores <2 group and >2 group. (F) Correlation between serum CIRP level and mRS scores by
Spearman'’s correlation analysis. (G) serum CIRP level in <1 day, 2-3 days, and 4-7 days; plotted are means + standard error of the mean (SEM). (H)
The ROC curve to evaluate the diagnostic value of CIRP for stroke. CIRP: cold-inducible RNA-binding protein. NHISS, National Institute of Health
stroke scale; mRS, Modified Rankin Scale. ROC, receiver operating characteristic; CIRP, cold-inducible RNA-binding protein. *P < 0.05, **P < 0.01,
***p < 0.001.

inflammatory responses, and thereby worsening the prognosis
of AIS. The DAMPs involved in these processes include CIRP,
high mobility group box 1, histones, and other proteins (15).
CIRP, an RNA chaperone responsive to stress conditions, such
as hypoxia and mild hypothermia (16), is widely expressed in
various cell types and shares conserved RNA recognition sequences
with closely related proteins (17). It plays a significant role in
multiple cellular signaling pathways as a stress response protein
(18). Notably, during cerebral infarction, eCIRP induces the release
of inflammatory mediators and contributes to neuronal damage
(11). Ischemia triggers the transfer of CIRP from the nucleus to
the cytoplasm, followed by its release into the bloodstream (19).
A study by Denning et al. identified eCIRP as a biologically active
endogenous ligand of TREM-1, a mediator of inflammation during
sepsis (20). Furthermore, a clinical study demonstrated that serum
CIRP levels could serve as an independent prognostic biomarker,
enhancing the predictive value of the Global Registry of Acute
Coronary Events score for assessing the prognosis in patients with
acute coronary syndrome (21). In a separate study, Zhou et al.
revealed elevated serum CIRP levels in mice with upregulated TNF-
a expression following MCAO, thereby stimulating inflammation
and causing neuronal damage in cerebral ischemia (13). However,
the serum CIRP levels in individuals with AIS have not been
explored thus far. In this study, it was found that serum CIRP levels
are elevated in patients with AIS and that these levels are positively
correlated with the severity and prognosis of cerebral infarction.
The NIHSS score is a widely accepted measure for evaluating
a patient’s level of consciousness and neurological deficits (22, 23).

Frontiersin Neurology 05

Similarly, the mRS is commonly employed to assess global disability
and serves as an endpoint measure in randomized clinical trials,
particularly for patients who have experienced a stroke (24). The
present study reported that patients with high serum CIRP levels
had higher NIHSS and mRS scores, indicating poor neurological
function and outcomes.

This study has certain limitations. First, it was conducted in a
single center, which may limit the generalizability of the findings.
Additionally, the sample size was relatively small. Furthermore, the
study excluded patients who received mechanical or intravenous
thrombolysis, which may limit the applicability of the findings to
the broader population of patients with AIS. Moreover, the follow-
up period was limited to 3 months. Therefore, future research
should involve multi-center studies with larger sample sizes and
longer follow-up durations to validate the findings of this study.
Additionally, direct comparisons between CIRP and established
biomarkers, such as C-reactive protein, IL-6, and TNF-a, should be
conducted to assess their predictive value, sensitivity, and specificity
for stroke outcomes.

5. Conclusion

This study indicates that serum CIRP levels are elevated in
patients with AIS. Additionally, it was observed that serum CIRP
levels were positively correlated with the severity of AIS and poor
prognosis. These findings indicate that CIRP could serve as a target
for early clinical intervention in AIS management. Moreover, the
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TABLE 2 Baseline characteristics of AlS patients between high levels of
CIRP group and low levels of CIRP group.

Variable

10.3389/fneur.2023.1211108

TABLE 3 Disease severity and prognosis in AlS patients between high
levels of CIRP group and low levels of CIRP group.

Variable

Data shown are n (%) or mean + standard deviation.

HDL-C, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol;
WBC, white blood cell; RBC, red blood cells; PDW, platelet distribution width;
CRP, C-reactive protein.

*P < 0.05.**P < 0.01.

significance of serum CIRP levels as a biomarker for predicting AIS
prognosis warrants further investigation.

Frontiersin Neurology

Age (years) 62.93 £+ 11.40 64.12 £+ 10.05 0.502 Cerebral infarction 0.81 2.57 0.046
volume, kg3* (0.12-0.92) (0.12-2.15)
Men, n/N (%) 54/74 (73%) 55/74 (74%) 0.852
Time of cerebral 3.23(2-5) 2.58 (1-3) 0.047
Body mass index, 23.60 & 3.20 24.39 +2.98 0.122 infarction*
kg/m?
CIRP, pg/ml** 233.44 327.26 0.000
Systolic blood 138.47 140.12 (125-154) 0585 (215.93- (299.23-
pressure, nmHg (126.25-146) 251.63) 357.57)
Diastolic blood 81.72 + 13.86 83.36 + 14.28 0.477 NIHSS score* 2.97 (1-4) 4.38 (2-6) 0.013
pressure, mmHg
Admission mRS score* 1.7 (1-2.25) 2.15(1-3.25) 0.049
Smoke (1, %) 24 (32.4%) 19 (25.7%) 0.877
mRS score at 90 days* 0.77 1.19 0.024
Hypertension (1, %) 48 (64.9%) 51 (68.9%) 0.602 (0.00-1.00) (0.00-2.00)
. Y Y . Data shown are n (%) or mean =+ standard deviation.
Diabetes (1, %) 26 (35.1%) 20 (27%) 0.288 CIRP, cold-inducible RNA-binding protein; NTHSS, National Institutes of Health Stroke Scale;
mRS, modified Rankin Scale.
Coronary heart 4 (5.4%) 14 (18.9%) 0.012 P < 0.05. %P < 0.01
disease* (n, %) o o
Glucose (mmol/L) 6.42 (4.43-7.41) 6.76 (4.64-7.32) 0.79
Cystatin (mg/L) 0.95 (0.82-1.06) 0.98 (0.86-1.08) 0.523 Da ta avai la b I llty Sta te me nt
Tomlljizle“e“’l’ 380+ 113 420£1.05 0.025 The original contributions presented in the study are included
mmo.
in the article/Supplementary material, further inquiries can be
Triglyceride, mmol/L 1.47 (0.99-1.77) 1.56 (0.99-1.91) 0.72 directed to the Corresponding authors.
HDL-C, mmol/L 1.00 (0.823-1.13) 0.98 (0.82-1.10) 0.506
LDL-C, mmol/L * 2.45+0.84 2.72 +0.67 0.034 Ethics Statement
Residual cholesterol, 0.40 (0.17-0.56) 0.58 (0.26-0.65) 0.029
mmol/L* Human plasma samples were collected under a protocol
WBC, 109/L 6.61 (5.24-7.55) 6.90 (5.4-8.13) 0.539 approved by the Ethics Committee of the Lanzhou University
Second Hospital (2021A-505). The patients/participants provided
Neutrophils, 109/L 4.22 (3.01-4.93) 4.40 (3.12-5.08) 0.484 S . . .
their written informed consent to participate in this study.
Lymphocyte, 109/L 1.69 %+ 0.55 1.73+0.72 0.671
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