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Abstract

Background: Hypertensive intracerebral hemorrhage (HICH) is a spontaneous cerebrovascular disease occuring in the brain parenchyma.
Objectives: To characterize the predictive role of miR-155-5p and BDNF in the prognosis of HICH.

Methods: All patients with HICH who underwent CT-guided minimally invasive surgery were classified into the good and poor prognosis
groups using the modified Rankin Scale (mRS). The level of miR-155-5p was determined by gRT-PCR, and the level of brain-derived
neurotrophic factor (BDNF) in serum was determined by ELISA. The relationship between miR-155-5p and BDNF was tested by Pearson
correlation and luciferase reporter assay. The logistic regression method was used to determine the risk factors. The ROC curve was drawn to
explain the predictive role of miR-155-5p, BDNF, or their combination.

Results: A high level of miR-155-5p and a lower level of BDNF were observed in the poor prognosis group. BDNF level was negatively related
to the level of miR-155-5p. BDNF is a target of miR-155-5p. BDNF and miR-155-5p were associated with prognosis. BDNF, miR-155-5p or
their combination were predictive biomarkers for the prognosis of HICH.

Conclusion: BDNF and miR-155-5p were associated with the outcome of HICH patients.
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1. Background

Hypertensive intracerebral hemorrhage (HICH)
is a nontraumatic intracerebral parenchymal
hemorrhage with sudden onset, dangerous
conditions, high disability rate, and high mortality
(1). Only a small proportion of survivors can live
independently with mild disability after 3 months
(2). Most survivors are left with severe neurologic
function and physical and speech impairments (3).
Due to the large population and aging trend in
China, the number of cerebrovascular disease
remains high, which poses a great challenge to the
development of society. Although much time and
energy have been invested in the treatment of
patients with HICH, the overall prognosis of HICH
is still poor (4). It has become an important issue
for researchers to study the patients and improve
their prognosis. D-dimer is an independent
indicator to predict the prognosis of HICH patients,
indicating that D-dimer is related to HICH (5). The
National Institute of Health Stroke Scale (NIHSS)
correlate with the one-year mortality of ICH (6).
Minimally invasive drainage is one of the currently
widely used minimally invasive surgical methods
that solves the problems of traditional craniotomy
(7). Therefore, in this study, the patients after
minimally invasive drainage wre investigated.

MiRNAs are stable markers for predicting the

outcome of various diseases. In non-hypertensive
ICH, the level of miR-26a is a possible predictor in
these patients (8). The level of miR-124 is increased
in patients with ICH within 24 hours, and this trend
is a promising indicator of the prognosis of patients
with ICH (9). Quantification of miR-155-5p is
increased in ICH patients compared to patients
without ICH, suggesting that miR-155-5p correlates
with the occurrence of ICH (10). miRNAs can bind to
mRNA targets to form RNA-induced silencing
complexes (RISCs), which prevent mRNA from
serving as a template for translation and thus
regulate gene expression (11). As an extensively
studied neurotrophin, the concentration of Brain-
Derived Neurotrophic Factor (BDNF) affects the
healing of ICH (12). miR-155-5p can bind to the
3'UTR region of BDNF and regulate BDNF
expression by forming a RISC (13). However, there
are no studies showing the role of miR-155-5p and
BDNF in HICH patients with different prognostic
outcomes.

In this study, we investigated the value of miR-
155-5p and BDNF on the prognosis of HICH patients
who underwent CT-guided minimally invasive
surgery. We determined the level of miR-155-5p in
HICH patients from the good prognosis group and
the poor prognosis group. The predictive potential
of miR-155-5p or BDNF in the prognosis of HICH
patients was revealed.
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2. Objectives

To characterize the predictive role of miR-155-5p
and BDNF in the prognosis of HICH.

3. Methods

3.1. Recruited patients and sample collection

One hundred and five patients with HICH
admitted to First Affiliated Hospital, Zhejiang
University School of Medicine from August 2019 to
September 2022 were selected as study participants,
all of whom underwent CT-guided minimally invasive
surgery. Inclusion criteria included: (1) met the
diagnostic criteria for the treatment of cerebral
hemorrhage (5); (2) had a history of hypertension;
were confirmed by CT scan, (3) the amount of
intracranial hemorrhage exceeded 30 ml; (4) surgical
treatment was performed within 24 h after
hemorrhage. Exclusion criteria included: (1) cerebral
aneurysm or cerebral cancers, (2) history of
traumatic brain injury or head injury, (3) brainstem
hemorrhage, (4) accompanied by severe nervous
system disease (5) diabetes and hyperlipidemia, and
(5) anti-inflammatory drugs or immunosuppressive
medications within the previous three months. The
study met the requirements of medical ethics of First
Affiliated Hospital, Zhejiang University School of
Medicine, and all patients signed the written
informed consent. Peripheral venous blood was
collected from the two groups, centrifuged at 3000
rpm for 15 min, and the supernatant was collected
and stored at -80°C for examination.

3.2. Minimally invasive surgery

All patients underwent minimally invasive
surgery under the guidance of Definition Flash dual-
source 64- -slice CT with 128 slices (Siemens AG,
Erlangen, Germany), and the hemorrhage site and
hematoma volume were determined by CT scanner.
Three-dimensional data were obtained from cranial
CT images to locate puncture sites and puncture lines.
After local anesthesia, the patient was punctured
under the guidance of CT, and the puncture bypassed
the functional area and vascular area to reach the
predetermined hematoma center. The outflow of the
bloody fluid showed that the puncture was
successful. The first aspiration amount is less than
50% of the total amount. Urokinase (National drug
code H42021792, Wuhan Renfu Pharmaceutical Co.
LTD., Wuhan, China) was injected into the hematoma
cavity to promote drainage of the hematoma to the
outside. The drainage tube was clamped for 4 hours
to open the drainage, and the effect of hematoma
removal was checked by CT.

3.3. Grouping of patients
At 90 days after surgery, the prognosis of all
patients was assessed using the modified Rankin

Scale (mRS) (14). Scores of 0-2 meant a good
prognosis and scores of 3-6 meant a poor prognosis.
Based on this result, all patients were divided into
different groups.

3.4. Parameter estimation

Serum D-dimer and BDNF concentrations were
determined using ELISA kits (Elabscience, Wuhan,
China), and the determination was made in strict
accordance with the instrument procedure.

The National Institute of Glasgow Coma Scalec
(GCS) and NIHSS were estimated before surgical
intervention.

3.5. Ralative miR-155-5p concentration

Total RNA samples were isolated from serum
using Trizol LS reagent. The sample was transcribed
into ¢cDNA using the PrimeScript RT kit (Thermo
Scientific, America). The detection of relative miR-
155-5p concentrations was performed using ABI

7500 system and SYBR Premix Ex Taq Il kit

(TAKARA, Japan). The reference gene of miR-155-5p
was U6 and 2-2ACT was used for calculation.

3.6. Detection of the targeted relationship between
miR-155-5p and BDNF

The target relationship between miR-155-5p and
BDNF was predicted using bioinformatics software.
Reporter pmiR-RB-Report™ vectors carrying the
sequences of BDNF widetype (BDNF-WT) or mutant
BDNF (BDNF-MUT) were synthesized by RIBOBIO
(Guangzhou, China). The miR-155-5p mimics,
inhibitors, and their controls were purchased from
RIBOBIO (Guangzhou, China). The different carriers
were transfected into 293T cells (ATCC, Amerca) with
miR-155-5p mimics, inhibitorsor their controls,
respectively. After 48 hours, luciferase activities were
detected using the dual-luciferase reporter kit
(Yeason, Shanghai, China).

3.7. Statistical analysis

Data were analyzed by one-way ANOVA and Student
t-test using SPSS 19.0. Prism 8.0 was used to draw the
graphs. Pearson analysis was applied to analyze the
association between BDNF and miR-155-5p. Univariate
and multivariate logistic regression analyses were used
to show the relationship between factors and prognosis.
The ability of miR-155-5p to discriminate patients with
poor prognosis was shown by the ROC curve. P < 0.05
signified a significant difference.

4. Results

4.1. Comparison of clinicopathological characteristics
According to the prognosis of each patient, 56
patients were classified into the group with good
prognosis, and the other 49 patients were classified
into the group with poor prognosis. No differences
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were found between the good prognosis group and
the poor prognosis group with respect to sex, age,
degree of hypertension, duration, and location (P >
0.05, Table 1). Intracranial hemorrhage volume was
increased in the poor prognosis group, suggesting
that the increased volume might affect prognosis (P <
0.001, Table 1). D-dimer levels in the poor prognosis
group were elevated compared with the good
prognosis group (P < 0.05, Table 1). In addition, GSC
score was decreased and NIHSS scores were
increased in the poor prognosis group, indicating the
more severe situation of patients in the poor
prognosis group (P < 0.05, Table 1).

4.2. Concentration of miR-155-5p and BDNF
The concentration of the miR-155-5p was
increased in patients in the poor prognosis group

compared with the good prognosis group, indicating
that the patients with a poor prognosis had a high
concentration of miR-155-5p (P < 0.001, Figure 1A).
BDNF concentration was decreased in the patients
with poor prognosis compared with the group with
good prognosis (P < 0.001, Figure 1B), resulting in
an inverse trend of miR-155-5p. The concentration
of miR-155-5p was inversely correlated with BDNF
levels in all patients with HICH (r = -0.822, P <
0.001, Figure 1C).

4.3. MiR-155-5p and its target BDNF

Three  bioinformatics  websites, including
TargetScan, miRDB, and miRWalk, documented that
BDNF could be a target of miR-155-5p (Figure 2A).
The sequences in Figure 2B documented the putative

Table 1. Discrepancy of clinical characteristics between the good prognosis group and the poor prognosis group

Parameter Good prognosis group (N = 56) Poor prognosis group (N = 49) P value
Gender 0.693
Male (N, %) 33,58.9% 27,55.1%

Female (N, %) 23,41.1% 22,44.9%

Age 0.369
Mean (year) 55.48 +8.30 56.88 +7.41

Range (year) 39.0-75.0 38.0-75.0

Hypertension grade 0.169
Grade I (N, %) 36, 64.3% 25,51.0%

Grade Il (N, %) 20,35.7% 24,49.0%

Duration time 0.104
Mean (hour) 15.77 £5.22 17.33 £4.40

Range (hour) 3.0-24.0 5.0-24.0

Intracranial hemorrhage volume <0.001
Mean (ml) 37.75 +£5.08 51.35+5.43

Range (ml) 30.0-50.0 38.0-66.0

Location 0.694
Basal ganlia region (N, %) 32,57.1% 25,51.0%

Thalamus (N, %) 14, 25.0% 12, 24.5%

Lobe (N, %) 10,17.9% 12,24.5%

D-dimer 0.021
Mean (mg/1) 1.42 +0.49 1.66 + 0.47

Range (mg/1) 0.38-3.88 1.06-3.80

GSC score <0.001
Mean 9.16 + 2.95 7.08 £ 2.40

Range 4.0-15.0 2.0-12.0

NIHSS score 0.035
Mean 18.30 + 6.70 20.92 +5.74

Range 5.0-33.0 6.0-36.0

Abbreviations: GCS, Glasgow coma scale; NIHSS, National Institute of Health Stroke Scale.

A

BDNF levels (ng/l)
]
(=3

Relative expression of
miR-155-5p

-1

O

A

]
o

BDNF levels (ng/l)

-
o

Good prognosisPoor prognosis

Good prlognosis Poor pr;xgnosis 0 '| 2 3

Relative expression of miR-155-5p

Figure 1. The levels of miR-155-5p and BDNF in HICH. (A) The concentration of miR-155-5p was elevated in the poor prognosis group. (B)
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The BDNF levels declined in the poor prognosis group. (C) The reverse correlation between BDNF and miR-155-5p. ***P < 0.001

sequence between this miRNA and BDNF. Moreover,
the relative luciferase activity of the cotransfected
miR-155-5p mimics and BDNF-WT group was
decreased and that of the cotransfected miR-155-5p
inhibitors and BDNF-MUT group was increased,
indicating that the change in miR-155-5p could alter
the relative luciferase activity of the BDNF-WT group
(P<0.001, Figure 2C).

4.4. Correlations between prognosis and miR-155-5p or
BDNF

Considering the interaction between this miRNA
and BDNF, the logistic regression method was
performed to predict the correlations between these
two markers and the prognosis of patients with
HICH. As shown in Table 2, single-factor logistic

analysis revealed that intracranial hemorrhage
volume was (OR = 2.222,95% CI = 1.016-4.861, P =
0.046), D-dimer (OR = 2.390, 95% CI = 1.085-5.262,
P =0.030), GSC score (OR = 0.386, 95% CI = 0.174-
0.854, P = 0.019), NIHSS (OR = 2.296, 95% CI =
1.047-5.038, P = 0.038), BDNF (OR = 0.227, 95% CI
= 0.100-0.515, P < 0.001), and miR-155-5p (OR =
3.963, 95% CI = 1.744-9.009, P = 0.001) could
predict the prognostic outcome of HICH patients. In
addition, the multifactor logistic analysis showed
that intracranial hemorrhage volume (OR = 2.979,
95% CI = 1.056-8.401, P = 0.039), BDNF (OR =
0.357, 95% CI = 0.137-0.933, P = 0.036), and miR-
155-5p (OR = 3.480, 95% CI = 1.273-9.513, P =
0.015) were independent prognostic risks for poor
outcome (Table 3).
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Figure 2. The putative target of miR-155-5p. (A) The Venn diagram of targets of miR-155-5p. (B) The predictive targeted oligonucleotides
between BDNF and miR-155-5p. (C) The luciferase activities of the BDNF-WT group were regulated by the change of miR-155-5p levels. ***P

<0.001

Table 2. Single-factor logistic regression analysis of prognostic risks

Indicators OR 95% CI P value
Gender 0.855 0.394-1.856 0.693
Age (year) 1.064 0.493-2.297 0.875
Hypertension grade 0.579 0.265-1.266 0.171
Duration time (hour) 0.605 0.279-1.310 0.202
Intracranial hemorrhage volume (ml) 2.222 1.016-4.861 0.046
Location 0.651 0.242-1.750 0.395
D-dimer (mg/1) 2.390 1.085-5.262 0.030
GSC score 0.386 0.174-0.854 0.019
NIHSS score 2.296 1.047-5.038 0.038
BDNF (ng/1) 0.227 0.100-0.515 <0.001
miR-155-5p 3.963 1.744-9.009 0.001

Abbreviations: OR, odds ratio; CI, confidence interval; GSC, Glasgow Coma Scale; NIHSS, National Institute of Health Stroke Scale; BDNF,
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brain-derived neurotrophic factor.

4.5. The predictive role of miR-155-5p and BDNF

The ROC curve yielded an area of 0.908, a
sensitivity of 0.837, and a specificity of 0.839,
indicating that miR-155-5p could distinguish patients
with poor prognosis from patients with good
prognosis (Figure 3). As for the ROC result of BDNF,
the area of 0.885, sensitivity of 0.898, and specificity
of 0.804 indicated that BDNF had some value in
predicting the prognosis of HICH patients (Figure 3).

Moreover, the combination of miR-155-5p and BDNF
had a higher AUC value (0.918) than miR-155-5p or
BDNF alone (Figure 3), indicating that the
combination of miR-155-5p and BDNF had high
accuracy. The specificity of the combined prediction
was 0.929 and the sensitivity was 0.796 (Figure 3).
The results demonstrate that the combination of miR-
155-5p and BDNF has relatively high specificity but
relatively low sensitivity.

Table 3. Multi-factor logistic regression analysis of prognostic risks

Indicators OR 95% CI P value
Gender 1.124 0.414-3.049 0.819
Age (year) 0.999 0.368-2.712 0.998
Hypertension grade 0.452 0.168-1.213 0.115
Duration time (hour) 0.681 0.250-1.856 0.452
Intracranial hemorrhage volume (ml) 2.979 1.056-8.401 0.039
Location 0.391 0.114-1.342 0.136
D-dimer (mg/1) 0.384 0.141-1.045 0.061
GSC score 0.521 0.201-1.355 0.181
NIHSS score 0.495 0.172-1.421 0.191
BDNF (ng/1) 0.357 0.137-0.933 0.036
miR-155-5p 3.480 1.273-9.513 0.015

Abbreviation Abbreviations OR, odds ratio; CI, confidence interval; GSC, Glasgow Coma Scale; NIHSS, National Institute of Health Stroke Scale;

BDNF, brain-derived neurotrophic factor.
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Figure 3. The findings of the ROC curve showed the predictive roles of miR-155-5p, BDNF, or their combination.

5. Discussion

HICH is essentially a spontaneous hemorrhage of
blood vessels in the brain parenchyma caused by
hypertension (15). The high-risk population for HICH
is middle-aged and elderly people. The occurrence of
HICH can lead to acute disorder of consciousness and
focal neurological deficits (16). Because of the poor
prognosis, high disability rate, and mortality rate,
timely treatment and scientific prediction seem to be
crucial. Surgical treatment of ICH at home and abroad
includes large bone flap craniotomy, small bone flap
craniotomy and endoscopic surgery, and minimally
invasive puncture and drainage of the hematoma
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(17). The main advantages of minimally invasive
puncture and hematoma drainage are low surgical
traumaand less damage to brain tissue, can be
performed under local anesthesia, relatively short
operation time, and commonly performed in
hospitals (18). In the present study, we selected
patients with HICH who underwent minimally
invasive puncture. Considering the importance of the
clinical outcome of HICH, we categorized patients
with HICH according to their prognosis. Intracranial
hemorrhage volume, D-dimer, and NIHSS score were
increased in the poor prognosis group, suggesting
that the increase in these indicators suggested the
risks of poor prognosis. In addition, the GSC score
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was lower in the poor prognosis group,
demonstrating that the patients with a good
prognosis had a lower degree of coma.

MiRNAs are widely explored for their predictive
capabilities in clinical applications in ICH. Several
studies have confirmed that the level of miR-155-5p
is altered in ICH, suggesting that miR-155-5p is
involved in the occurrence of ICH (19,20). ICH
induces the overexpression of miR-155-5p and the
aberrant level of miR-155-5p is involved in the
biological damage of the nerve during ICH (21).
Gareev et al. reported that miR-155-5p is increased
during spontaneous ICH (10). In the present study,
the level of miR-155-5p was increased in patients
with poor prognosis, suggesting that poor outcome
seems to contribute to the increase of miR-155-5p. As
for BDNF, the increased levels of this gene in patients
with HICH who undrewent minimally invasive
drainage predicted the partial recovery of
neurological abilities (22). Inthe acupuncture group,
BDNF levels are increased, indicating improved
neurological function in ICH (23). In chronic colitis
caused by dextran sodium sulfate, overexpression of
miR-155-5p may inhibit BDNF levels, indicating an
opposite trend between them (24). We found that the
level of the targeted gene was decreased in the poor
prognosis group, demonstrating that the decrease of
BDNF is a risk indicator of poor prognosis in patients
with HICH. Moreover, the concentration of miR-155-
5p was inversely related to the quantification of
BDNF, suggesting that miR-155 may affect the
concentration of BDNF.

Targeted genes are crucial elements on the
regulatory website of miRNAs (25). Gao et al.
confirmed that miR-155-5p targets BDNF in diabetic
nephropathy (13). MiR-155-5p is identified as
involved in the regulation of BDNF level, suggesting a
targeted relationship between them (26). In this
study, miR-155-5p had a putative sequence of BDNF.
Luciferase report assay showed that the relative
activity of BDNF WT group was decreased by
overexpression of miR-155-5p and increased by
knockdown of miR-155-5p. This result suggests that
miR-155-5p may exert functions by binding BDNF.

Previously published articles have investigated
the role of miRNAs in studying the prognosis of ICH.
Incidentally, miR-126 and miR-182 are abnormally
expressed in patients with good prognosis compared
with patients with poor prognosis, suggesting that
the levels of miR-126 and miR-182 are related to
prognosis (27). The serum concentration of miR-
130a is closely related to the unfavorable prognosis
of patients with acute ICH (28). Importantly, the
expression of miR-155-5p in patients can serve as an
alternative tool to detect ICH patients (10). Low
BDNF concentration predicts poor outcome in
patients with ischemic stroke, suggesting that BDNF
is related to the prognosis of brain injury (29).
Considering the abnormal concentration of miR-155-

5p and BDNF, their predictive significance was
estimated. The univariate logistic method showed
that both miR-155-5p and BDNF were related to
patinets’ prognosis with HICH. The multivariate
logistic regression method also showed that miR-
155-5p and BDNF were independent biomarkers for
the prognosis of patients with HICH. In addition, the
ROC curve showed that detection of miR-155-5p,
BDNF, or their combination could distinguish
patients with poor prognosis from patients with good
prognosis, suggesting that miR-155-5p, BDNF, or
their combination could be considered as an
alternative biomarker for HICH patients who
underwent CT-guided minimally invasive surgery.

6. Conclusion

Overall miR-155-5p levels were increased and BDNF
levels were decreased in patients with poor prognosis.
BDNF was a target of miR-155-5p, and its level inversely
correlated with miR-155-5p concentration. The
combination of miR-155-5p and BDNF could serve as a
biomarker for the prognosis of HICH with a specificity of
0.929 and sensitivity of 0.796.

Acknowledgments

Not applicable.
Footnotes

Conflicts of Interest: None to declare.

Author Contribution: Conceptualization: Qihan Chen;
Liang Wen; Data curation: Dan Lin, Zepeng Jiang, Hui
Yan; Formal analysis: Dan Lin; Zepeng Jiang;
Investigation: Dan Lin; Hui Yan; Methodology: Qihan
Chen; Dan Lin; Project administration: Liang Wen;
Supervision: Liang Wen; Validation: Zepeng Jiang;
Roles/Writing - original draft: Qihan Chen; Writing -
review & editing: Liang Wen.

Funding: None.

Ethical Statements: The study met the requirements of
medical ethics of First Affiliated Hospital, Zhejiang
University School of Medicine, and all patients signed
the written informed consent.

References

1. DuanT,LiL, YuY, Li T, Han R, Sun X, et al. Traditional Chinese
medicine use in the pathophysiological processes of
intracerebral hemorrhage and comparison with conventional
therapy. Pharmacol Res. 2022;179:106200. doi: 10.1016/j.
phrs.2022.106200 [PubMed: 35367344]

2. Xu X, Zheng Y, Chen X, Li F, Zhang H, Ge X. Comparison of
endoscopic evacuation, stereotactic aspiration and craniotomy
for the treatment of supratentorial hypertensive intracerebral
haemorrhage: study protocol for a randomised controlled trial.
Trials. 2017;18(1):296. doi: 10.1186/s13063-017-2041-1.
[PubMed: 28659171]

3. LiJ, Li Z Zhao L, Wang Y, Yang ], Feng Y, et al. Optimizing The
Timing of Stereotactic Minimally Invasive Drainage for
Hypertensive Intracerebral Hemorrhage. Neurol Ther. 2023;
12(3):919-30. doi: 10.1007/s40120-023-00465-w [PubMed:

IranRed CrescentMed]. 2023; 25(10):e3041.


doi:%2010.1007/s40120-023-00465-w

Chen Q and Et al.

10.

11.

12.

13.

14.

15.

16.

17.

37072672]

Bowman KM, Ahmed AS. Surgical Indications and Options for
Hypertensive Hemorrhages. Neurol Clin. 2022;40(2):337-53.
doi: 10.1016/j.ncl.2021.12.001. [PubMed: 35465879]

Ding W, Gu Z, Song D, Liu ], Zheng G, Tu C. Development and
validation of the hypertensive intracerebral hemorrhage
prognosis models. Medicine. 2018;97(39):e12446. doi:
10.1097/MD.0000000000012446. [PubMed: 30278523]
Wang IK, Yen TH, Tsai CH, Sun Y, Chang WL, Chen PL, et al.
Renal function is associated with one-month and one-year
mortality in patients with intracerebral hemorrhage. PloS one.
2023;18(1):e0269096. doi: 10.1371/journal.pone.0269096.
[PubMed: 36701340]

Pan ], Chartrain AG, Scaggiante ], Spiotta AM, Tang Z, Wang W,
et al. A Compendium of Modern Minimally Invasive
Intracerebral Hemorrhage Evacuation Techniques. Oper
Neurosurg (Hagerstown) .2020;18(6):710-20. doi: 10.1093/
ons/opz308. [PubMed: 31625580]

Bai Y, Wang L, Sun L, Ye P, Hui R. Circulating microRNA-26a:
potential predictors and therapeutic targets for non-hypertensive
intracerebral hemorrhage. Med Hypotheses. 2011;77(4):488-90.
doi: 10.1016/j.mehy.2011.06.017. [PubMed: 21764522]

Wang Z, Lu G, Sze ], Liu Y, Lin S, Yao H, et al. Plasma miR-124 Is
a Promising Candidate Biomarker for Human Intracerebral
Hemorrhage Stroke. Mol Neurobiol. 2018;55(7):5879-88. doi:
10.1007/s12035-017-0808-8. [PubMed: 29101647]

Gareev I, Yang G, Sun ], Beylerli O, Chen X, Zhang D, et al.
Circulating MicroRNAs as Potential Noninvasive Biomarkers of
Spontaneous Intracerebral Hemorrhage. World Neurosurg.
2020;133:e369-e75. doi: 10.1016/j.wneu.2019.09.016. [PubMed:
31525485]

Mirahmadi Y, Nabavi R, Taheri F, Samadian MM, Ghale-Noie
ZN, Farjami M, et al. MicroRNAs as Biomarkers for Early
Diagnosis, Prognosis, and Therapeutic Targeting of Ovarian
Cancer. | Oncol. 2021;2021:3408937. doi: 10.1155/2021/
3408937. [PubMed: 34721577]

Lin TC, Tsai YC, Chen YA, Young TH, Wu CC, Chiang YH, et al.
Brain-derived neurotrophic factor contributes to neurogenesis
after intracerebral hemorrhage: a rodent model and human
study. Front Cell Neurosci. 2023;17:1170251. doi: 10.3389/
fncel.2023.1170251. [PubMed: 37252187]

Gao ], Liang Z, Zhao F, Liu X, Ma N. Triptolide inhibits oxidative
stress and inflammation via the microRNA-155-5p/brain-derived
neurotrophic factor to reduce podocyte injury in mice with
diabetic nephropathy. Bioengineered. 2022;13(5):12275-88. doi:
10.1080/21655979.2022.2067293. [PubMed: 35603354]

Lei K, Wei S, Liu X, Yuan X, Pei L, Xu Y, et al. Combination of
Ultraearly Hematoma Growth and Hypodensities for Outcome
Prediction after Intracerebral Hemorrhage. World Neurosurg .
2020;135:610-e5. doi: 10.1016/j.wneu.2019.12.069. [PubMed:
31870816]

Li CX, Li L, Zhang JF, Zhang QH, Jin XH, Cai GJ. Tripartite
intensive intervention for prevention of rebleeding in elderly
patients with hypertensive cerebral hemorrhage. World ] Clin
Cases. 2021;9(33):10106-15. doi: 10.12998 /wjcc.v9.i33.10106.
[PubMed: 34904080]

Yu Z, Tao C, Xiao A, Wu C, Fu M, Dong W, et al. Chinese
multidisciplinary guideline for management of hypertensive
intracerebral hemorrhage. Chin Med J. 2022;135(19):2269-71.
doi: 10.1097/CM9.0000000000001976. [PubMed: 36315009]
Fu C, Wang N, Chen B, Wang P, Chen H, Liu W, et al. Surgical
Management of Moderate Basal Ganglia Intracerebral

Iran Red Crescent Med].2023; 25(10):e3041.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hemorrhage: Comparison of Safety and Efficacy of Endoscopic
Surgery, Minimally Invasive Puncture and Drainage, and
Craniotomy. World Neurosurg. 2019;122:€995-e1001. doi:
10.1016/j.wneu.2018.10.192. [PubMed: 30404051]

Li Z, Khan S, Liu Y, Wei R, Yong VW, Xue M. Therapeutic strategies
for intracerebral hemorrhage. Front Neurol. 2022;13:1032343.
doi: 10.3389/fneur.2022.1032343. [PubMed: 36408517]

Gong Y, Zhang G, Li B, Cao C, Cao D, Li X, et al. BMAL1
attenuates intracerebral hemorrhage-induced secondary brain
injury in rats by regulating the Nrf2 signaling pathway. Ann
Transl Med. 2021;9(21):1617. doi: 10.21037/atm-21-1863.
[PubMed: 34926661]

Liu DZ, Tian Y, Ander BP, Xu H, Stamova BS, Zhan X, et al. Brain
and blood microRNA expression profiling of ischemic stroke,
intracerebral hemorrhage, and kainate seizures. J Cereb Blood
Flow Metab ] CEREB BLOOD F MET. 2010;30(1):92-101. doi:
10.1038/jcbfm.2009.186. [PubMed: 19724284]

Zhang W, Wang L, Wang R, Duan Z, Wang H. A blockade of
microRNA-155 signal pathway has a beneficial effect on neural
injury after intracerebral haemorrhage via reduction in
neuroinflammation and oxidative stress. Arch Physiol Biochem.
2022;128(5):1235-41. doi: 10.1080/13813455.2020.1764047.
[PubMed: 32412861]

Liang L, Li X, Dong H, Gong X, Wang G. A comparative study on
the efficacy of robot of stereotactic assistant and frame-
assisted stereotactic drilling, drainage for intracerebral
hematoma in patients with hypertensive intracerebral
hemorrhage. Pak ] Med Sci. 2022;38(7):1796-801. doi:
10.12669/pjms.38.7.5481. [PubMed: 36246717]

Li L, Wang X, Guo ], Chen Y, Wang Z. Effect of acupuncture in
the acute phase of intracerebral hemorrhage on the prognosis
and serum BDNF: a randomized controlled trial. Front
Neurosci. 2023;17:1167620. doi: 10.3389/fnins.2023.1167
620. [PubMed: 37123377]

Tang Y, Kline KT, Zhong XS, Xiao Y, Lian H, Peng ], et al. Chronic
colitis upregulates microRNAs suppressing brain-derived
neurotrophic factor in the adult heart. PloS one. 2021;
16(9):0257280. doi: 10.1371/journal.pone.0257280. [PubMed:
34543287]

Peng YY, Zhang HB, Wang X, Xiao Q, Guo SL. The biomarkers of
key miRNAs and gene targets associated with extranodal
NK/T-cell lymphoma. Open Med (Wars). 2022;17(1):124-34.
doi: 10.1515/med-2021-0409. [PubMed: 35071774]

Solich ], Ku$émider M, Faron-Goérecka A, Pabian P, Kolasa M,
Zemta B, et al. Serum Level of miR-1 and miR-155 as Potential
Biomarkers of Stress-Resilience of NET-KO and SWR/] Mice.
Cells. 2020;9(4). doi: 10.3390/cells9040917. [PubMed:
32283635]

Qi R, Liu H, Liu C, Xu Y, Liu C. Expression and short-term
prognostic value of miR-126 and miR-182 in patients with
acute stroke. Exp Ther Med. 2020;19(1):527-34. doi:
10.3892/etm.2019.8227. [PubMed: 31897098]

Wang MD, Wang Y, Xia YP, Dai JW, Gao L, Wang SQ, et al. High
Serum MiR-130a Levels Are Associated with Severe
Perihematomal Edema and Predict Adverse Outcome in Acute
ICH. Mol Neurobiol. 2016;53(2):1310-21. doi: 10.1007/s12
035-015-9099-0.

Zhu Y, Sun L, Huang T, Jia Y, Yang P, Zhang Q, et al. High Serum
Brain-Derived Neurotrophic Factor Is Associated With
Decreased Risks of Poor Prognosis After Ischemic Stroke.
Stroke. 2023;54(7):1789-97. doi: 10.1161/STROKEAHA.122.
042362. [PubMed: 37278235]



	Footnotes

