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Abstract

Obijective: Patients with spontaneous subarachnoid hemorrhage (SAH) may develop
refractory arterial cerebral vasospasm (CVS), which is the leading cause of death in
SAH patients. This study explored the clinical diagnostic value of serum miR-195-5p
levels in CVS after SAH (SAH + CVS) and its relationship with the prognosis of SAH +
CVS.

Methods: A total of 110 patients with spontaneous SAH were divided into the SAH
group (N = 62) and SAH + CVS group (N = 58), with 60 healthy subjects as controls.
The clinical data of blood glucose, blood sodium fluctuation, and serum lactic acid were
recorded. miR-195-5p serum level was detected by RT-qPCR and its diagnostic value
on SAH + CVS was analyzed by receiver operating characteristic curve. Serum levels of
PDGF/IL-6/ET-1 and their correlation with miR-195-5p were analyzed using RT-qPCR,
enzyme-linked immunosorbent assay, and Pearson’s method. The patient prognosis
was evaluated by Glasgow Outcome Scale. The effect of miR-195-5p levels on adverse
prognosis was analyzed by Kaplan-Meier method and Cox regression analysis.
Results: miR-195-5p was lowly expressed in the serum of SAH patients and lower in
SAH + CVS patients. Serum miR-195-5p level assisted the diagnosis of SAH and SAH
+ CVS and was negatively correlated with PDGF/IL-6/ET-1 levels and was an indepen-
dent risk factor together with ET-1 and blood glucose for SAH + CVS. miR-195-5p low
expression predicted a higher cumulative incidence of adverse outcomes and was an
independent predictor of adverse outcomes.

Conclusion: Poor expression of miR-195-5p can assist the diagnosis of SAH + CVS and

predict higher adverse outcomes.
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1 | INTRODUCTION

Subarachnoid hemorrhage (SAH) is a serious cerebrovascular disease
by blood flowing into the subarachnoid space after intracranial vas-
cular rupture (Shang et al., 2021). Depending on the etiology, it can
be divided into traumatic and spontaneous SAH (Dubosh and Edlow,
2021). Intracranial aneurysm is the main cause of spontaneous SAH,
accounting for about 85% of all cases (Neifert et al., 2021; Shang et al.,
2021). Cerebral vasospasm (CVS) is a common complication of SAH,
an important cause of disability and death caused by spontaneous
SAH, and has always been considered one of the main threats to the
poor prognosis after SAH (Etminan and Macdonald, 2021). Spasmo-
genic substances produced during subarachnoid wall dissolution and
endothelial injury cause smooth muscle cell contraction, which is asso-
ciated with the pathogenesis of CVS (Xu et al., 2021). Moreover, CVS
after SAH may be caused by oxidative stress, inflammation, apopto-
sis, and toxic substances, but its specific pathophysiological mechanism
is still unclear, and there is no effective treatment for CVS at present
(Gulec et al., 2021; Haruma et al., 2016). Therefore, understanding the
pathogenesis of CVS caused by SAH and its early detection and active
treatment can save the patient’s life and help judge the prognosis of the
disease.

MicroRNAs (miRNAs) are noncoding single-stranded RNAs, which
are widely involved in gene transcription, cell proliferation, invasion,
and angiogenesis (Bounds et al., 2017). Abnormal regulation of miR-
NAs is associated with a series of neurological diseases (Saugstad,
2010). For instance, miR-15a was found to be a miRNA associated
with SAH-induced CVS and its expression was elevated in SAH patients
(Kikkawa et al., 2017). It was reported that miR-24 affects CVS caused
by SAH by regulating NOS3 (Li et al., 2018). In addition, miR-24 reg-
ulates inflammation and neurological function in rats with CVS after
SAH by targeting HMOX1 (Deng et al., 2021). Moreover, miR-195-
5p plays an important role in vasospasm induced by SAH in rats (Tsai
et al, 2021). Yet, the effect of miR-195-5p on CVS after SAH has
not been reported in clinical studies, so further verification is still
needed.

Platelet-derived growth factor (PDGF), amember of the growth fac-
tor family, has been widely concerned and reported to be involved
in vasoconstriction (Zhang et al., 2010). In addition, PDGF can cause
proliferation of cerebrovascular smooth muscle cells, apoptosis, and
necrosis of vascular cells, leading to cerebrovascular wall remodeling
and decreased vascular compliance, thus playing a fundamental role
in CVS (Smits et al., 1991; van Heyningen et al., 2001). Borel et al.
observed elevated PDGF-{levels in human SAH patients, which may be
related to peripheral thrombogenesis, and thus result in CVS (Cui et al.,
2014). Nevertheless, the specific mechanism of its interaction with CVS
caused by SAH is still unidentified. In addition, the clinical study on the
role of miR-195-5p in CVS caused by SAH has not been reported at
home and abroad. Accordingly, by detecting the serum expression of
miR-195-5p in patients with SAH, the clinical significance of miR-195-
5p on CVS was considered, providing certain reference value for the

clinical application of CVS caused by SAH.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

This study was approved by the Ethics Committee of The First Affili-
ated Hospital of Shantou University Medical College. Patients and their
families were fully informed of the purpose of this study, and all volun-
tarily participated in this study and signed informed consent prior to
sampling.

2.2 | Study subjects
A total of 120 patients with spontaneous SAH hospitalized in the
neurosurgery department of The First Affiliated Hospital of Shan-
tou University Medical College from June 2015 to December 2020
were selected. According to the occurrence of CVS, they were allo-
cated into the following two subgroups: patients with simple SAH (SAH
group, N = 62) and patients with SAH and CVS (SAH + CVS group,
N = 58). The diagnostic criteria for spontaneous SAH were as fol-
lows: cranial CT indicated increased density of sulci and cistern with
high-density shadow. Lumbar puncture and cerebrospinal fluid tests
were performed on patients with negative or suspicious cranial CT scan
results, and the results were consistent with SAH neuroimaging and
cerebrospinal fluid signs, and trauma was excluded. Clinical manifesta-
tions and signs were as follows: (1) general brain circulation disorders,
orientation, and attention disorders, progressive consciousness dis-
order, coma turned to consciousness and then turned to coma; (2)
occurrence or aggravation of local cerebral circulation disorders, such
as aphasia, unilateral paralysis, or hemiplegia; (3) increased intracra-
nial pressure: after proper treatment of SAH, the increased intracranial
pressure of patients was improved for a time, and the symptoms were
aggravated when headache, vomiting, and papilledema occurred again;
(4) the above symptoms cannot be explained by rebleeding or intracra-
nial hematoma. The diagnostic criteria of CVS were that the mean
velocity of middle cerebral artery measured by transcranial Doppler
(TCD) is Vm > 120 cm/s. The clinical symptoms were as follows: dete-
riorative headache, neck rigidity, low fever, latent decreased level of
consciousness, orientation disorder, and fluctuating focal neurological
deficits occurred 5-14 days after SAH; rebleeding and hydrocephalus
were excluded by brain CT scanning; other causes of neurological dete-
rioration such as electrolyte disturbances, hypoxia, and seizures were
excluded. In addition, 30 healthy people who underwent physical exam-
inations in The First Affiliated Hospital of Shantou University Medical
College during the same period were selected as the control group.

Inclusion criteria were as follows: diagnosed with spontaneous SAH;
admitted to the hospital within 24 h after onset; without administration
of anticoagulant drugs in the last 2 weeks; no history of head trauma in
the last 3 weeks; cooperating with inspection and follow-up.

Exclusion criteria were as follows: SAH secondary to intracranial
infection, tumor stroke, and hematologic diseases; hyperlipidemia; dia-

betes history; dysfunction of vital organs such as heart, lung, liver,
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and kidney; diseases of the blood system and long-term living in the
plateau area; patients deemed unsuitable for clinical study by the
investigator.

2.3 | Sample and data collection

Upon admission, basic clinical information of all patients was collected,
including age, gender, smoking history, drinking history, past medi-
cal history (hypertension, hyperlipidemia, diabetes), brain CT scanning
results, blood glucose, blood sodium, and serum lactic acid. Fasting
blood glucose, blood sodium, and serum lactic acid were rechecked and
recorded within 7 days after admission. Similarly, relevant information
about health examiners was collected during the physical examination.
The fasting venous blood (5 mL) was collected in the morning and cen-
trifuged after 30 min. Then, the serum was separated and stored at
—80°C for measurement. The blood glucose level in the serum was
monitored by Hitachi automatic biochemical analyzer; the concentra-
tion of serum sodium was detected with the ion electrode method; the
level of serum lactic acid was determined with the oxidase method;
the enzyme-linked immunosorbent assay (ELISA) kit was employed to
detect the serum levels of PDGF, interleukin (IL)—6, and endothelin-
1(ET-1); reverse transcription quantitative polymerase chain reaction
(RT-gPCR) was conducted to detect the serum level of miR-195-5p.
Smoking history was defined as smoking > 3 cigarettes per day for over
1 year and history of alcohol consumption was defined as daily alcohol

consumption > 100 g for over 1 year.

2.4 | Follow-up

Patients were followed up for 3 months, with an interval of 1 week,
starting from the time of enrollment. Patient outcomes were assessed
and recorded using the Glasgow Outcome Scale (GOS). The scale con-
sists of five grades: death (D), vegetative survival (VS), severe disability
(SD), mild disability (MD), and good recovery (GR), among which GOS
score 4-5 indicated good prognosis, and GOS score 1-3 indicated poor
prognosis. The grade was jointly assessed by two attending neurosur-
geons in The First Affiliated Hospital of Shantou University Medical
College.

25 | ELISA

The levels of IL-6 (EK-H10352, EK-Bioscience, Shanghai, China) and
ET-1(EK-H11291, EK-Bioscience) in the serum were detected follow-
ing the instructions of ELISA kits. Absorbance was measured at 450 nm

with a microplate reader (Omron, Japan).

2.6 | RT-gPCR

RT-gPCR was employed to measure the miR-195-5p and PDGF lev-
els in the serum of all enrolled study population. The whole blood
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samples were collected in a 1.5 mL centrifuge tube without RNA
enzyme and stored in a refrigerator at —80°C. RNA concentration
was determined within 1 week. The blood samples were centrifuged
at 3000 rpm for 20 min to extract the supernatant. TRIzol reagent
(Thermo Fisher, MA, USA) was utilized to extract total RNA of the sam-
ples. Total RNA was isolated using mirVana PARIS kits and cDNA was
synthesized by reverse transcription using PrimeScript RT Reagent kits
(TaKaRa, Otsu, Shiga, Japan). The concentration and purity of extracted
RNA was determined using ultrafine spectrophotometer (NanoDrop
One, Thermo Fisher). ChamQ™ SYBR gRT-PCR MasterMix (Vazyme
Biotech, Nanjing, China) was adopted for the RT-gPCR under reac-
tion conditions of 95°C for 30 s, and 35 cycles of 95°C for 10 s and
60°C for 10 s. The relative levels of miR-195-5p and PDGF standard-
ized by internal reference U6 and g-actin were calculated by the 2-24Ct
method (Livak and Schmittgen, 2001). RT-gPCR primers were synthe-
sized by Sangon Biotech (Shanghai, China) and the primer sequences

are shown in Table 1.

2.7 | Statistical analysis

SPSS21.0 statistical software (IBM Corp. Armonk, NY, USA) and
GraphPad Prism 6.0 software (GraphPad Software Inc., San Diego, CA,
USA) were used for statistical analyses and plotting. Shapiro-Wilk test
was used for checking the normal distribution. Measurement data of
normal distribution were expressed as mean =+ standard deviation, and
the t-test was used for data comparison between groups. Counting
data were expressed as the number of cases and percentage, and chi-
square test was used for data comparison between groups. Receiver
operating characteristic (ROC) curve was utilized to evaluate the diag-
nostic efficacy of parameters and obtain cut-off values. The correlation
between miR-195-5p and the serum levels of PDGF, IL-6, and ET-1 in
patients with SAH + CVS was analyzed using the Pearson’s method.
Logistic regression was used to ascertain whether miR-195-5p was
an independent risk factor for SAH + CVS. Kaplan-Meier method was
utilized to analyze the influence of miR-195-5p levels on the incidence
of adverse prognosis, and COX regression model was employed
to analyze the relationship between miR-195-5p and adverse
prognosis. Differences were considered statistically significant at
p<.05.

3 | RESULTS

3.1 | Comparative analysis of clinical data of the
enrolled population

There was no statistical difference in age, gender, and history of
smoking and alcohol consumption among patients with simple SAH,
patients with SAH + CVS, and healthy subjects. There was no signif-
icant difference in the proportion of hypertension history between
patients with SAH and patients with SAH + CVS (all p > .05); the
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TABLE 1 Primer sequence of RT-qPCR

Gene Forward 5'—3’ Reverse 5’3’

miR-195-5p AGGCGGCGCCCAGGCA AGTGCAGGGTCCGAGGTATT

ué GGAGACACGCAAACGGAAG AGTGCAGGGTCCGAGGTATT

PDGF GCTTTGGCTTTGGCTATCAG CACTCTGTCTGCCCTTCTCC

B-actin CTGTGGCATCCACGAAACTA GAGCCAGAGCAGTGATCTCC
TABLE 2 Comparison of clinical baseline features

Control SAH SAH + CVS X2 p

Number of patients (cases) 60 62 58 - -

Age (years) 52.28 +12.76 53.32+13.80 5473+ 12.18 = .5889

Gender (male/female) 33/27 29/33 35/23 2.266 3221

Smoking history (yes/no) 28/32 36/26 37/21 3.659 .1605

Drinking history (yes/no) 26/34 32/30 38/20 5.944 .0512

Hypertension (yes/no) - 25/37 18/40 1.124 .2890

Blood glucose (mmol/L) 4,94 +0.83 5.73+0.96 6.17 +1.37 <.0001

Blood sodium fluctuation 3.65+2.13 5.36 +2.60 6.50 +2.87 = <.0001

(mmol/L)

Serum lactic acid (mmol/L) 1.12+0.36 1.51+0.79 1.84 +0.97 - <.0001

IL-6 (ug/L) 6.37 +2.04 11.44 +5.82° 17.44 +9.73%° = <.0001

ET-1 (pg/mL) 30.64+3.91 47.62 +8.10° - <.0001

55.26+10.92*°
PDGF (RPKM) 1.04+0.32 142 +0.29 179 +0.41 = <.0001

Note: Counting data were represented as the number of cases, and the chi-square test was used for data comparison between groups; measurement data
were expressed in quartiles, and data comparison between groups was performed using Mann-Whitney U test.

aSignificant difference compared with the data of the control group.
bSignificant difference compared with the data of the SAH group.

IL-6: interleukin-6; ET-1: endothelin-1; PDGF: platelet-derived growth factor; RPKM: reads per kilobase per million mapped reads.

blood glucose, blood sodium fluctuation, serum lactic acid, IL-6, ET-1,
and PDGF were raised in patients with SAH and patients with SAH
+ CVS compared with healthy subjects, and upregulated in patients
with SAH + CVS compared with patients with SAH (all p < .05,
Table 2).

3.2 | Downregulation of miR-195-5p in the serum
of patients with SAH + CVS has high clinical
diagnostic efficacy

miR-195-5p expression in the serum of all subjects was compared by
RT-gPCR. The results manifested that miR-195-5p was 0.73 + 0.18 in
the serum of patients in the SAH group and 0.48 + 0.21 in the SAH
+ CVS group, which was significantly lower than the control group
(1.02 +0.23),and miR-195-5p in the SAH + CVS group was further less
than that in the SAH group (all p < .05, Figure 1a).

Considering the abnormal serum expression of miR-195-5p in SAH
patients and SAH + CVS patients, we further plotted the ROC curve for
distinguishing subjects with different severity of disease based on miR-

195-5p expression. MedCalc-Comparison of ROC curves was used to

compare the diagnostic performance of the control group, SAH group,
and SAH + CVS group. The area under the curve (AUC) for identify-
ing healthy subjects and SAH patients was 0.8313 and the cut-off value
was 0.8650, with 77.42% sensitivity and 70% specificity (Figure 1b);
the AUC for distinguishing SAH patients and SAH + CVS patients was
0.8017 and the cut-off value was 0.5450, with 65.52% sensitivity and
82.26% specificity (Figure 1c); the miR-195-5p level was adopted to
distinguish healthy subjects from SAH + CVS patients with an AUC of
0.9616, cut-off value of 0.7050, 82.76% sensitivity, and 100% speci-
ficity (Figure 1d). Overall, miR-195-5p serum level < 0.8650 can assist
the diagnosis of SAH and miR-195-5p serum level < 0.5450 can assist
the diagnosis of CVS after SAH.

3.3 | Correlation analysis between miR-195-5p
serum level and clinical indicators in the SAH and
SAH + CVS group

Some serum indicators of SAH patients have been identified as reli-
able tools for diagnosis and treatment, including PDGF, IL-6, and ET-1
(Chaudhry et al., 2017; Ghali et al., 2018; Thampatty et al., 2011).
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FIGURE 1 ROC curve of miR-195-5p levels in SAH and SHA + CVS diagnosis. (a) Serum level of miR-195-5p wa detected by RT-qPCR. (b) ROC
curve was used to analyze the diagnostic efficacy of serum miR-195-5p level on SAH. (c) ROC curve was adopted to analyze the diagnostic efficacy
of serum miR-195-5p level in distinguishing SAH and SHA + CVS. (d) ROC curve was used to analyze the diagnostic efficacy of serum miR-195-5p
level on SHA + CVS. Data were expressed as mean + standard deviation. Data comparison between groups in (a) was analyzed by one-way analysis
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FIGURE 2 Correlation analysis of miR-195-5p with serum levels of PDGF, IL-6 and ET-1. (a) Correlation between the serum miR-195-5p level
and PDGF in patients of the SAH group was analyzed using the Pearson’s method. (b) Correlation between serum miR-195-5p level and IL-6 of
patients in the SAH group was analyzed using the Pearson’s method. (c) Pearson’s method was used to analyze the correlation between serum
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level and PDGF of patients in the SAH + CVS group. (e) Correlation between serum miR-195-5p level and IL-6 of patients in the SAH + CVS group

was analyzed by Pearson’s method. (f) Pearson’s method was used to analyze the correlation between serum miR-195-5p level and ET-1 in the
SAH + CVS group

Therefore, we further analyzed the correlation between miR-195-5p 34 | Independent correlation analysis between

serum level and PDGF, IL-6, and ET-1 levels in the SAH group and SAH serum level of miR-195-5p and SAH + CVS
+ CVS group by Pearson’s analysis. It was discovered that miR-195-
5p expression was negatively correlated with PDGF, IL-6, and ET-1 To figure out whether miR-195-5p is independently associated with

(Figure 2). SAH + CVS, we evaluated the independent risk factors affecting SAH
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TABLE 3 Logistic regression was used to analyze the independent
correlation of miR-195-5p with SAH + CVS

Independent variables  Bvalue pValue ORvalue 95% ClI

miR -8.069 .009 0.000  0.000-0.138
IL-6 0.243  .103 0.952  0.952-1.706
ET-1 0.467 .002 1.596 1.195-2.130
PDGF 0.532  .702 1.702  0.111-26.015
Blood glucose 1.606  .037 4.982  1.100-22.569
Blood sodium fluctuation 0.337  .356 1401  0.964-2.035
Serum lactic acid 0.728  .853 2072  0.442-9.721

+ CVS by Logistic analysis. We took the prevalence of SAH + CVS
as the dependent variable, all the indicators in Table 2 with the p
value < .05 including blood glucose, blood sodium fluctuation, serum
lactic acid, IL-6, ET-1, PDGF, and miR-195-5p as independent variables
were included in the Logistic regression analysis model. After exclud-
ing the factors of blood glucose, blood sodium fluctuation, serum lactic
acid, IL-6, ET-1, and PDGF, the miR-195-5p level was an independent
correlation factor for the occurrence of SAH + CVS. Meanwhile, serum
ET-1 and blood glucose levels were also independently correlated with
SAH + CVS (p < .05, Table 3).

3.5 | Low expression of miR-195-5p predicted poor
prognosis in patients with SAH + CVS

All patients were divided into high-expression (High miR) and
low-expression (Low miR) groups according to the median value of
miR-195-5p level, and the incidence of adverse prognosis was com-
pared. The results indicated that the incidence of poor prognosis in
the low-expression group was 45%, which was higher than that in
the high-expression group (31.67%), and there was a difference in the
prognosis between the two groups (X2 = 2.256, p = .1331) (Table 4).
Moreover, Kaplan-Meier analysis demonstrated that the curve of the
low-expression group shifted to the left (p = .0552, Figure 3), indicat-
ing that in the same follow-up period, the cumulative incidence of poor

prognosis was higher in the low-expression group.

3.6 | Independent correlation analysis of
miR-195-5p serum level and adverse prognosis of
SAH + CVS

Further more, we analyzed whether miR-195-5p was independently
correlated with the adverse prognosis of SAH + CVS. We took adverse
prognosis as the dependent variable and all indicators in Table 2 with
the p value < .05 including blood glucose, blood sodium fluctuation,
serum lactic acid, IL-6, ET-1, PDGF, and miR-195-5p were included
as independent variables in the multivariate COX regression analysis
model. After excluding the factors of blood glucose, blood sodium fluc-
tuation, serum lactic acid, IL-6, ET-1, and PDGF, the risk of adverse

prognosis was increased by 0.052 times for every 1 unit enhance of
miR-195-5p (p =.030,HR = 0.052, 95% Cl: 0.001-0.746) (Table 5).

4 | DISCUSSION

SAH is a serious neurological disease caused by cerebral hemorrhage
entering the surrounding space of the brain, which occurs when the
brain is anoxic due to various factors, especially blood supply inter-
ruption or aneurysm rupture (Cui et al., 2014). In addition, SAH causes
bloody cerebrospinal fluid (CSF), while the bloody or highly proteinous
CSF may lead to neural degeneration (Aydin et al., 2019). More impor-
tantly, CVS and increased intracranial pressure may be the main causes
of neuron death after SAH (Celiker et al., 2019). As a major compli-
cation of SAH, the incidence of CVS is 30%—70% (Deng et al., 2021).
One of the recognized indications of CVS is the presence of blood in
subarachnoid space and the effect of hemoglobin degradation prod-
ucts on cerebral vessels (Kanat and Aydin, 1999). Nevertheless, so
far, the occurrence of CVS has not been accurately anticipated (Liu
et al., 2018). miRNAs perform a key role in neurodevelopment, neuro-
plasticity, and other neurobiological processes and diseases, and their
abnormal regulation is associated with a range of neurological disor-
ders (Lopes et al., 2018; Pulcrano-Nicolas et al., 2018). Our findings
demonstrated that the poor expression of miR-195-5p can assist the
diagnosis of CVS following SAH and forecast adverse outcomes.

We first selected 120 patients with spontaneous SAH and allocated
them into SAH group (N = 62) and SAH + CVS group (N = 58), and
60 healthy subjects were selected as controls. miR-195-5p, a member
of the miR-15 family, is a known tumor suppressor that is downregu-
lated in several cancers (Giordano et al., 2019). Besides, miR-195-5p
was found to be downregulated in ischemic/reperfusion (I/R) injury
(Ren et al., 2021). In our study, serum miR-195-5p levels were reduced
in SAH patients and further lowered in SAH + CVS patients. Simi-
larly, miR-195* levels were significantly decreased in arteriovenous
malformations, the most common cause of nontraumatic intracerebral
hemorrhage (Huanget al., 2017). Based on this, we further comprehen-
sively compared the differences in diagnostic efficacy of miR-195-5p.
The final data supported that serum miR-195-5p level < 0.8650 can
assist the diagnosis of SAH; serum miR-195-5p level < 0.5450 can
help identify SAH and CVS + SAH; serum miR-195-5p level < 0.7050
can identify healthy controls and CVS + SAH. The miRNA spectrum
of cerebrospinal fluid samples in patients with CVS may be different
from those without CVS (Stylli et al., 2017). The diagnostic value of
other miRNAs has been reported. For instance, serum miR-502-5p and
miR-1297 levels were distinctly elevated in SAH patients in terms of
severity, which could distinguish SAH patients from healthy subjects
(Lai et al., 2017). There is evidence to suggest the therapeutic effect
of miR-195-5p on SAH-induced CVS in experimental SAH rats (Tsai
et al, 2021). As a whole, our findings first highlighted that the low
serum expression of miR-195-5p has high clinical diagnostic efficacy in
patients with CVS following SAH.

Clinical indicators routinely monitored in SAH patients included glu-

cose and sodium values, blood pressure, and serum lactic acid (Poblete
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TABLE 4 Incidence of adverse outcomes

Group High miR-195-5p (N = 60)
Dead (D) 2

Vegetable survival (VS) 3

Severe disability (SD) 14

Mild disability (MD) 23

Good recovery (GR) 18

Total 19/41 (31.67%)

100

—— High miR-195-5p
—— Low miR-195-5p

50—

Cumulative incidence of
adverse outcomes

0 I |
0 5 10

Time(weeks)

FIGURE 3 The Kaplan-Meier method was used to analyze the
effect of miR-195-5p levels on the prognosis of patients with SAH +
CVS

etal.,, 2018; Roederer et al., 2014). As an inflammatory factor, IL-6 is an
important marker of SAH and subsequent development of CVS (Lucke-
Wold et al., 2021). ET-1 and PDGF have also been implicated in CVS
after SAH (Bellapart et al., 2014; Cui et al., 2014; Liu et al., 2018). In
our current study, blood glucose, blood sodium fluctuation, serum lac-
tic acid, IL-6, ET-1, and PDGF were all raised in SAH patients and were
further elevated in SAH + CVS patients. The anti-inflammatory effects
of miR-195-5p have been documented in I/R injury and pulmonary dis-
eases (Li et al., 2020; Xu et al., 2020). Considering the downregulation
of miR-195-5p in the serum of patients with CVS following SAH, we
speculated that the miR-195-5p serum level in SAH patients and SAH
+ CVS patients might be correlated with the levels of PDGF, IL-6, and
ET-1. As expected, the miR-195-5p serum level was negatively corre-
lated with PDGF, IL-6, and ET-1. miR-195-5p can reduce IL-6 level and
the release of inflammatory factors, which is in good agreement with
our conclusion above (Zhu et al., 2021).

Effective prevention or treatment of CVS could significantly
improve the survival and quality of life for aneurysmal SAH patients
(Przybycien-Szymanska and Ashley, 2015). Designed miRNA panel is
an effective predictor of delayed CVS risk and has strong applications
in the clinical management of SAH patients (Lan et al., 2020; Wang
et al., 2021). Circulating miR-195-5p may serve as a biomarker and
therapeutic target for transient ischemic attack and acute ischemic
stroke (Giordano et al., 2019). miR-195-5p ameliorates cerebral I/R
injury by regulating the PTEN-AKT pathway (Ren et al., 2021). Fur-

thermore, we analyzed the independent correlation between miR-

LIET AL
Low miR-195-5p (N = 60) X2 p
5 0.6723 7145
&
19
18 0.0178 .8938
15
27/33 (45%) 2.256 1331

TABLE 5 COXregression model was used to analyze the
independent correlation between miR-195-5p and the adverse
prognosis of SAH + CVS

Independent variables Bvalue pValue HRvalue 95% Cl

miR-195-5p —2.964  .030 0.052  0.001-0.746
IL-6 -0.003 921 0.997 0.949-1.048
ET-1 -0.010 .641 0.990 0.951-1.032
PDGF -0.247 617 0.781  0.297-2.056
Blood glucose —-0.009 .943 0.991 0.780-1.260
Blood sodium fluctuation  0.022 .689 1.022 0.918-1.138
Serum lactic acid -0.025 .880 0.976  0.707-1.347

195-5p and SAH + CVS. Interestingly, after excluding other clinical
indicators, miR-195-5p level was an independent correlation factor
for the occurrence of SAH + CVS. The CVS index was statisti-
cally positively correlated with changes in IL-6 and ET-1 (Liu et al.,
2020). After SAH, increased synthesis of ET-1 triggers enhanced CVS
(Wanderer et al., 2020). Patients with symptomatic vasospasm had
significantly higher mean in-hospital blood glucose (Badjatia et al.,
2005). Consistently, our results revealed that serum ET-1 and blood
glucose levels were likewise independently correlated with SAH +
CVS.

Moreover, our study discovered that the incidence of adverse
outcomes was markedly higher in patients with low expression of miR-
195-5p than those with high expression of miR-195-5p. Additionally,
after excluding other clinical indicators, an increase in 1 unit of miR-
195-5p was associated with a 0.052-fold increase in the risk of adverse
outcomes. It is noteworthy that miR-195-5p mimic treatment pre-
vented SAH-CVS in the basilar artery (Tsai et al., 2021). There are
scarce studies on the correlation of miR-195-5p levels and SAH-CVS.
But some other miRNAs have been studied. For example, a sustained
increase in miR-15a levels after SAH may contribute to changes in
vascular phenotypes, leading to the development of CVS (Kikkawa
et al,, 2017). Upregulation of miR-9 in cerebrospinal fluid after SAH
was associated with poor prognosis (Bache et al., 2020). Our findings
first revealed that low expression of miR-195-5p predicted the poor
prognosis of SAH + CVS patients.

This study is the first to explore the clinical diagnostic value of miR-
195-5p expression in the serum of patients with CVS after SAH and its

relationship with adverse outcomes. Our findings provide a new entry
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point for clinical condition judgment and adverse outcome prediction.
However, the number of cases and events included was limited, and the
duration of follow-up was short. Moreover, only TCD was adopted to
detect the hemodynamic changes of patients with CVS, while digital
subtraction angiography (DSA), as the gold standard for the diagnosis
of CVS, was not employed in this study. In future studies, we need to
conduct multi-center prospective studies to further expand the sam-
ple size, extend the follow-up time, and increase the credibility of our
results. Additionally, the level of ET-1 in blood glucose and serum can
be further investigated to study its predictive value for CVS following
SAH. Besides, DSA will be further utilized to detect the hemodynamic
changes of patients with CVS.
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