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its predictive value for rupture of aneurysms

F. YANG', W.-W. XING?, D.-W. SHEN?, M.-F. TONG', F.-M. XIE*

'Department of Neurosurgery, Jinhua Municipal Central Hospital, Jinhua, P.R. China
’Department of Pediatrics, Yidu Central Hospital of Weifang, Weifang, P.R. China

3Department of Neurosurgery, Yidu Central Hospital of Weifang, Weifang, P.R. China
*‘Department of Neurosurgery, The Second Affiliated Hospital of Shandong First Medical
University, Shandong First Medical University and the Shandong Academy of Medical Sciences,

Taian, P.R. China

Abstract. — OBJECTIVE: This study aimed to
investigate the effect of miR-126 on intracranial
aneurysm (lIA) and its predictive value for aneu-
rysm rupture.

PATIENTS AND METHODS: Altogether 102
patients (patient group) with IA diagnosed in
the Jinhua Municipal Central Hospital from July
2016 to April 2018, and 80 healthy people (nor-
mal group) who underwent physical examination
during the same period were collected. QRT-
PCR was used to detect the expression of miR-
126 in serum, analyze the expression of miR-126
in IA, and explore the predictive value on IA rup-
ture. Potential target genes of miR-126 were ana-
lyzed by target gene prediction website, and Da-
vid was used to analyze the enrichment of miR-
126 target gene GO and KEGG.

RESULTS: The expression of miR-126 in se-
rum of patient group was significantly higher
than that of normal group (p < 0.05), ROC curve
area was 0.966. The high expressions of miR-126
were directly related to the possibility of large
lesions (p < 0.05). Multivariate analysis showed
that lesion size and miR-126 expression were
independent risk factors for rupture of IA pa-
tients. ROC curve showed that lesion size and
miR-126 expression area under the curve were
0.707 and 0.827. Altogether 520 potential target
sites were found by Venn diagram of Targets-
can, miRDB, and Starbase online miR-126 pre-
diction website. GO enrichment and KEGG anal-
ysis by David online software found that miR-
126 target genes were mainly enriched in 169 bi-
ological processes, such as nucleus, transcrip-
tion, DNA-templated, transcription factor ac-
tivity, sequence-specific DNA binding, protein
binding, and phosphatidylinositol phosphoryla-
tion. KEGG analysis found that miR-126 target
genes were significantly enriched in MAPK sig-
naling pathway, pathways in cancer, ErbB sig-
naling pathway, MicroRNAs in cancer, and Thy-
roid hormone signaling pathway.

CONCLUSIONS: MiR-126 can be used as a po-
tential diagnostic and predictive indicator for IA
occurrence and IA rupture.
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Introduction

Intracranial aneurysm (IA) is a common he-
morrhagic cerebrovascular disease in clinical
practice'. Studies? showed that IA has the possibi-
lity of occurrence at any age, but it is mostly found
in women aged 40 to 60 years. Hop et al® showed
that the incidence rate of patients with aneurysm
rupture and hemorrhage is 3-17.8/100,000, but
the risk of IA rupture and hemorrhage is about
1%. Most IA patients have no evident clinical
symptoms before rupture occurs. Once rupture
occurs, patients may suffer from subarachnoid
hemorrhage. In light cases, limb dysfunction may
occur, and in heavy cases, the life of patients may
be endangered®. At present, the mechanism of
formation and rupture of A is not clinically clear.
Most scholars believed that the occurrence and
rupture of A are closely related to hemodynami-
cs and arterial wall structure’, so it is particularly
important to find out the mechanism of [A.

MicroRNA (miR) is a short-chain non-coding
RNA with a length of about 21-25nt, which is
highly conservative®. Hoffman et al” and Rouleau
et al® have shown that miR can regulate protein
expression by regulating Untranslated Regions
(UTR) at the 3° end of downstream target gene
mRNA for complete or incomplete binding and
complementation, thus affecting mRNA stabili-
ty or inhibiting its translation. Meeuwsen’ have
shown that miR is involved in the development of
TA. Luo et al' found that miR-9 over-expression
can inhibit proliferation, reduce contractility of
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smooth muscle cells, and promote the develop-
ment of intracranial aneurysms. Sun et al'' found
that miR-29b downregulation induces phenotypic
regulation of vascular smooth muscle cells, whi-
ch may be a potential reason for IA formation.
Moreover, Jin et al> have shown that miRs is a
new potential biomarker and can be used for early
diagnosis of intracranial aneurysm rupture. As a
member of miR family, Salajegheh et al”® have
found that miR-126 is related to the occurrence
and development of various tumors and can di-
rectly target vascular endothelial growth factor
(VEGF) to regulate tumor proliferation. VEGF
is an important vascular growth factor. Liu et
al' have shown that inflammatory smooth mu-
scle cells affect the progress of A by regulating
VEGF expression and inducing endothelial cell
changes. Therefore, we speculated that miR-126
may also be involved in the development of [A.
However, there is little research on miR-126 in
IA at present.

This study aimed to analyze the expression and
clinical value of miR-126 in IA through bioinfor-
matics and clinical research to provide potential
targets for future treatment.

Patients and Methods

Sample Data Collection

Altogether 102 patients with [A diagnosed
in the Jinhua Municipal Central Hospital from
July 2016 to April 2018 were collected as patient
group, including 79 patients with 1A rupture
(ruptured group), 23 patients without 1A rupture
(unruptured group), and 80 healthy people who
underwent physical examination during the same
period were collected as normal group. This in-
vestigation was approved by the Medical Ethics
Committee of Jinhua Municipal Central Hospital.
Inclusion criteria were as follows: patients were
diagnosed as IA through imaging examination;
patients had not been treated with IA therapy be-
fore this study; patients had less than 1 lesion; pa-
tients had complete clinical data, and the patients
or their families signed informed consent form.
Exclusion criteria were as follows: patients were
diagnosed as secondary [A; patients with cystic
aneurysm; patients with severe cardiac, hepatic
and renal insufficiency; pregnant women.

Sample Collection and Detection

A 5 ml of peripheral venous blood from two
groups of people were collected, placed for 30
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min, centrifuged at 3000 rpm for 10 min. The
supernatant was then collected for total RNA
extraction, and the total RNA in serum was ex-
tracted using TRIzol (Invitrogen, Carlsbad, CA,
USA, 15596018). The purity, concentration, and
integrity of the total RNA after extraction were
detected using ultraviolet spectrophotometer and
agarose gel electrophoresis. TransScript® miRNA
RT Enzyme Mix and 2xTS miRNA Reaction
Mix from TransScript Green miRNA Two-Step
qRT-PCR SuperMix (TransGen Biotech, Beijing,
China, AQ202-01) were used to reverse tran-
scribe the total RNA. The operation steps were
strictly in accordance with the manufacturer’s
kit. The cDNA was collected, and PCR was
amplified using ABI 7500 PCR instrument (Ap-
plied Biosystems, Foster City, CA, USA, 7500).
The upstream sequence of miR-126 was 5°-GTC-
GTATCCAGTGCAGGGTCCGAG-3’, the down-
stream sequence was 5-GTATTCGCACTG-
GATACGAC-3". The upstream sequence of U6
was 5-CTCGCTTCGGCAGCACA-3’, and the
downstream sequence was 5-AACGCTTCAC-
GAATTTGCGT-3". The amplification reaction
system was as follows: 1 uL. of cDNA, 0.4 pL
of upstream and downstream primers, 10 pl of
2xTransTaq® Tip Green qPCR SuperMix, 0.4
pL of Passive Reference Dye (50x), and finally
ddH20 was added to make up to 20 pL. The
amplification reaction conditions were as follows:
pre-denaturation at 94°C for 30 s, denaturation
at 94°C for 5 s, annealing at 60°C for 30 s, and a
total of 40 cycles. Each sample was provided with
3 repeated wells, and the experiment was carried
out 3 times. U6 was used as internal reference,
and 2% was used to analyze the data.

Bioinformatics Analysis

Targetscan, miRDB, and Starbase were used to
predict the potential target genes of miR-126 and
visualize a Venn diagram. David online software
was used to enrich GO and KEGG for the com-
mon target genes predicted by the three websites
to find the potential influence function and signal
pathway of miR-126.

Statistical Analysis

SPSS 20.0 software package was used for sta-
tistical analysis of the collected data. GraphPad
7 software package was used to visualize the
required graphs. K-S test was used to analyze
the distribution of dose data. Normal distri-
bution data was expressed by mean+ standard
deviation (Meas+ SD). Inter-group comparison
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was expressed by independent sample ¢-test,
counting data was expressed by utilization (%)
and analyzed by Chi-square test (denoted by
x%). One-way ANOVA was used for comparison
among multiple groups, which was expressed
as F. Least Significant Difference (LSD) ¢-test
was used for subsequent pairwise comparisons,
ROC was used to plot the diagnostic value of
miR-126 in [A, and Logistic regression was used
to analyze the independent risk factors of 1A
rupture. The p-value less than 0.050 was stati-
stically significant.

Results

Baseline Data of Patients

Comparing the clinical data of the two groups
of patients, it was found that there was no stati-
stical difference between the two groups in sex,
age, BMI, smoking history, and residence (p >
0.05) (Table I).

Expression and Clinical Value of
MiR-126 in IA Patients

Comparing the expression of miR-126 in the se-
rum of the patient group with that of normal group,
it was found that the expression of miR-126 in the
serum of patient group was significantly increased,

Table I. Bascline data.

and the area of miR-126 under the diagnosis curve
of TA patients was 0.966 by ROC curve analysis.
Furthermore, patients were divided into high and
low expression groups according to the median va-
lue of miR-126. The relation between miR-126 and
clinical data of patients was analyzed. It was found
that higher expressions of miR-126 were directly
related to the possibility of large lesions (p < 0.05)
(Table II and Figure 1).

Analysis of Risk Factors for IA Rupture

Patients were divided into two groups, accor-
ding to the IA rupture condition. Comparing the
clinical data of ruptured group with unruptured
group, it was found that the age, smoking history,
lesion size, and miR-126 expression were risk
factors affecting 1A rupture. Therefore, we fur-
ther included the indicators with differences and
took rupture condition as independent variable
after assignment (see Table V). The multi-factor
analysis using the Lagrangian Relaxation (LR)
method showed that the lesion size and miR-126
expression were independent risk factors for 1A
patients rupture. Furthermore, the ROC curve
was visualized for the indicators with multi-fac-
tor significance. It was found that the lesion size
and the area under the miR-126 expression curve
were 0.707 and 0.827, which had high diagnostic
value (Table I11, I'V, V, and Figure 2).

Patient group Control group
Factor (n=102) (n=80) ¥?/t-value p-value
Sex 0.233 0.629
Male 41 (40.20) 35 (43.75)
Female 61 (59.80) 45 (56.25)
Age (years) 53.6+4.9 52.84+4.0 1.183 0.238
BMI (kg/m?) 22.47 +2.54 22.08 +1.88 1.148 0.252
Smoking history 0.041 0.839
Yes 50 (49.02) 38 (47.50)
No 52 (50.98) 42 (52.50)
Drinking history 0.184 0.668
Yes 15 (14.71) 10 (12.50)
No 87 (85.29) 70 (87.50)
Residence 0.861 0.354
Urban 80 (78.43) 58 (72.50)
Rural 22 (21.57) 22 (27.50)
Lesion location
Anterior artery 70 (68.63)
Posterior artery 32 (31.37)
Lesion size
<5mm 56 (54.90)
5-10mm 27 (26.47)
> 10 mm 19 (18.63)
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Table II. Analysis of miR-125 and baseline data of IA patients.

MiR-126 expression
High-expression  Low-expression
Factor (n = 51) (n = 51) x*/Z value  p-value
Sex 1.020 0.313
Male (n = 41) 23 (45.10) 18 (35.29)
Female (n = 61) 28 (54.90) 33 (64.71)
Age (years) 2.558 0.120
<55 Mm=58) 25 (49.02) 33 (64.71)
>55n=44) 26 (50.98) 18 (35.29)
BMI (kg/m?) 0.355 0.551
<22 (n=47) 25 (49.02) 22 (43.14)
>22 (n=155) 26 (50.98) 29 (56.86)
Smoking history 0.157 0.692
Yes (n = 50) 24 (47.06) 26 (49.02)
No (n=52) 27 (51.92) 25 (50.98)
Drinking history 0.703 0.402
Yes (n = 15) 9 (17.65) 6 (11.76)
No (n=87) 42 (82.35) 45 (88.24)
Residence 0.927 0.336
Urban (n = 80) 42 (82.35) 38 (74.51)
Rural (n =22) 9(17.65) 13 (25.49)
Lesion location 1.639 0.200
Anterior artery (n = 70) 38 (74.51) 32 (62.75)
Posterior artery (n = 32) 13 (25.49) 19 (37.25)
Lesion size -2.837 0.005
<5mm (n=56) 19 (37.25) 37 (71.15)
5-10 mm (n=27) 21 (41.18) 6 (11.54)
>10 mm (n = 19) 11 (21.57) 9 (17.31)

Bioinformatics Analysis

Altogether 520 potential target sites were
found by Venn diagram of Targetscan, miRDB,
and Starbase online miR-126 prediction. GO en-
richment and KEGG analysis by the David online

software found that miR-126 target genes were
mainly enriched in 169 biological processes, such
as nucleus, transcription, DNA-templated, tran-
scription factor activity, sequence-specific DNA
binding, protein binding, and phosphatidylinosi-
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Figure 1. Expression and diagnostic value of mir-126 in IA. A, MiR-126 is highly expressed in IA patients. B, The diagnostic
value of miR-126 in [A patients. When the cut-off value is 1.155, the optimal specificity is 88.24%, sensitivity is 93.75%, and

Youden index is 81.99%.
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Table Ill. Single factor analysis.

Ruptured group Unruptured group

Factor (n=79) (n = 23) x*/Z value p-value

Sex 0.719 0.396
Male (n = 41) 30 (37.97) 11 (47.83)
Female (n = 61) 49 (62.03) 12 (52.17)

Age (years) 5.343 0.019
<55 (n=158) 40 (50.63) 18 (78.26)
>55 (n=44) 39 (49.37) 5(21.74)

BMI (kg/m?) 2.615 0.106
<22 (n=47) 33 (41.77) 14 (60.87)
>22 (n=755) 46 (58.64) 9(39.13)

Smoking history 3.888 0.049
Yes (n = 50) 43 (53.75) 7(30.43)
No (n=52) 37 (46.25) 16 (69.57)

Drinking history 1.171 0.279
Yes (n = 15) 10 (12.66) 5(21.74)
No (n=87) 69 (87.34) 18 (78.26)

Residence 0.358 0.549
Urban (n = 80) 63 (79.75) 17 (73.91)
Rural (n = 22) 16 (20.25) 6 (26.006)

Lesion location 3.734 0.053
Anterior artery (n = 70) 58 (73.42) 12 (52.17)
Posterior artery (n = 32) 21 (26.58) 11 (47.83)

Lesion size -2.082 0.037
<5 mm (n=56) 39 (49.37) 17 (73.91)
5-10 mm (n=27) 23 (29.11) 4 (17.39)
> 10 mm (n = 19) 17 (21.52) 2 (8.70)

miR-126 expression 6.793 0.009
High-expression (n=51) 45 (56.96) 6 (26.09)
Low-expression (n=51) 34 (43.04) 17 (73.91)

tol phosphorylation. KEGG analysis found that
miR-126 target genes were significantly enri-
ched in 44 pathways, such as MAPK signaling
pathway, Pathways in cancer, ErbB signaling
pathway, MicroRNAs in cancer, and Thyroid
hormone signaling pathway (Figure 3, Table VI
and VII).

Discussion

MiR is a short-chain non-coding RNA, which
can change the expression by targeting the target
gene and controlling the biotransformation pro-
cess®. In recent years, several research reports
showed that miR and IA are closely related. In
the research of Wang et al', miR-29 was found
to be a potential biomarker for IA occurrence.
However, in the research of Zhang et al'”, miR-
448-3p was found to control IA by regulating
KLFS5 expression, miR-126 was located on human
9q34.3 chromosome. Previous investigations'® on
miR were mostly in tumor direction, while stu-
dies on IA were few.

In this study, we detected the expression of
miR-126 in serum of patients with IA and normal
people, and found that the expression of miR-126
in patients with 1A increased significantly, which
indicated that miR-126 was expected to become
a potential diagnostic indicator for IA. Therefore,
we further visualized ROC curve, and found that
the area under the curve was more than 0.95,
which indicated that miR-126 had a very high
clinical diagnostic value in diagnosing IA. Kong
et al”” found that miR-126 can target VEGF-A to
inhibit esophageal cancer. However, in the rese-
arch of Chen et al*, it was found that reduction

Table IV. Assignment table.

Factor Assignment
Age <55=1,>55=2
Smoking history Yes=1,No=2

Lesion size <5mm=1,5-10mm=2,
>10mm=3
High expression = 1,

Low expression = 2

miR126 expression
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Table V. Multivariate analysis.

95% CI
Factor i} SD x P OR Lower limit Superior limit
Age 0.350 0.518 0.457 0.499 1.420 0.514 3.920
Smoking history -1.017 0.536 3.596 0.058 0.362 0.126 1.035
Lesion size 0.766 0.388 3.893 0.048 2.150 1.005 4.600
miR126 expression -1.257 0.547 5.275 0.022 0.284 0.097 0.832
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Figure 2. Predictive value of lesion size and miR-126 expression for IA rupture. A, Predictive value curve of lesion size for
1A rupture. When the cut-off value is 4.606mm, the optimal specificity is 58.23%, sensitivity is 73.91%, and Youden index is
32.14%. B, Predictive Value Curve of miR-126 for IA rupture. When the cut-off value of miR-126 for predicting IA rupture is
1.252, the optimal specificity is 88.60%, sensitivity is 73.91%, and Youden index is 62.52%.

Targetsc miRDB

Star Base

Figure 3. Venn diagram. Blue part is the potential target
gene predicted by TargetScan website, red part is the potential
target gene predicted by miRDB website, and green part is
the potential target gene predicted by StarBase website.
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of miR-126 may regulate angiogenesis of gastric
cancer induced by vascular endothelial growth
factor-A (VEGF-A). VEGF is an important fac-
tor in angiogenesis. Li et al*! have shown that
VEGF participates in the occurrence of 1A, and
miR-126 can be used as an upstream gene that
can regulate VEGF. Therefore, we speculate that
miR-126 is closely related to IA. We have verified
through detection that miR-126 has differential
expression in [A. Moreover, we further analyzed
the relation between miR-126 and clinical data
according to the high expression of miR-126. The
results showed that the number of patients with
lesions larger than 10 mm in patients with high
expression of miR-126 was significantly increa-
sed, which suggested that miR-126 was related to
the lesion size of patients. Therefore, we specula-
ted that this is related to the increased expression
of miR-126, which promotes angiogenesis and
enlarges the lesions.

Due to abnormal lesion of the intracranial
vessel wall, the Al lesion is generally fusiform
or cystic types®?. Juvela and Korja? have found
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Table VI. Enrichment of miR-126 target gene GO.

GO number GO note Gene dosage [n(%)]] P Gene
0005634 Nucleus 200 (38.46) 2.93E-07 ITGB3BP, PTGS2,
CHMPS5, RORA,
ZNF254
0006351 Transcription, DNA-templated 90 (17.31) 5.09E-06 ITGB3BP, CCNT2,
ZNF81, GPBP1, E2F7
0003700 Transcription factor activity, 51 (9.81) 1.60E-05 ZNF81, GPBPI1, E2F7,
sequence-specific DNA binding MITF, RORA
0005515 Protein binding 290 (55.77) 2.26E-05 ITGB3BP, VAPA,
PTGS2, C160RF72,
CHMP5
0046854 Phosphatidylinositol 12 (2.31) 7.55E-05 FGFR2, IMPADI,
phosphorylation FGF7, EREG, GRB2

that more than 75.00% of subarachnoid hemor-
rhage is caused by IA rupture, and A has no
evident clinical features before rupture, which
is also called “invisible killer” clinically. There-
fore, early diagnosis and treatment are effective
means to prevent A rupture. With the continuo-
us improvement of imaging technology, sponta-
neous subarachnoid hemorrhage caused by 1A
rupture has been effectively treated. However,
there is currently a lack of predictive indicators
for IA rupture. In this study, we further divided
the patients according to IA rupture. Through
multivariate analysis, we found that lesion size
and miR-126 expression are independent risk
factors for IA rupture in patients. Mocco et al*
have proved that lesion size is an independent
risk factor for A rupture. In this present study,
we discovered for the first time that miR-126
can also be an independent risk factor for 1A
rupture. Moreover, we found that both indexes
have high value in predicting [A rupture by
ROC curve, and the area under miR-126 curve is
obviously larger than the lesion size, which also
showed that miR-126 expression has high dia-

Table VII. Enrichment analysis of miR-126 target gene KEGG.

gnostic value in predicting A rupture. However,
we are still not clear about its relevant mechani-
sm. Therefore, we have carried out prediction of
miR-126 target genes and enrichment of GO and
KEGG. Through enrichment results of GO and
KEGG, we found that miR-126 target genes are
mainly enriched in biological functions, such
as nucleus, transcription, DNA-templated, tran-
scription factor activity, sequence-specific DNA
binding, protein binding, and phosphatidylino-
sitol phosphorylation, etc. However, KEGG en-
richment found that miR-126 target genes were
enriched in the MAPK signaling pathway, Pa-
thways in cancer, ErbB signaling pathway, Mi-
croRNAs in cancer, Thyroid hormone signaling
pathway, and other pathways. It is worth noting
that the MAPK signaling pathway is expressed
in a variety of vascular cells, including vascu-
lar endothelial cells, vascular smooth muscle
cells, and can also regulate vascular signal tran-
sduction pathway®. We speculate that miR-126
may regulate the occurrence of IA through the
MAPK signaling pathway, which is also the
main direction of our future research.

KEGG pathway Gene dosage [n(%]] P Gene

MAPK signaling pathway 18 (3.46) 1.17E-04 PRKCA, FGFR2, LAMTOR3,
FGF7, GRB2

Pathways in cancer 22 (4.23) 4.63E-04 PRKCA, FGFR2, DVL3,
FGF7, ROCK1

ErbB signaling pathway 9 (1.73) 0.001123526 PRKCA, KRAS, CRKL, EREG,
GRB2

MicroRNAs in cancer 17 (3.27) 0.001407331 RECK, PRKCA, ROCK1,
PTGS2, GRB2

Thyroid hormone signaling pathway 10 (1.92) 0.001760596 PRKCA, KAT2B, KRAS,

HIF1A, MED17
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In this report, we determined that miR-126
can be used as a potential diagnostic index for IA
and a predictive index for judging IA rupture by
detecting the expression of miR-126 in serum of
IA patients. However, our study still has certain
limitations. First, we have not carried out rele-
vant basic research as a clinical study. Second,
we have not carried out short-term follow-up of
patients. Whether miR-126 affects the prognosis
of patients’ needs further investigation. Finally,
as the samples in this study are all Asian patients,
it is unclear whether miR-126 has the same predi-
ctive value in other races. Therefore, we hope to
collect more samples of different types of people
in future research, and conduct follow-up and
basic research to address the deficiencies of our
research.

Conclusions
Briefly, we showed that miR-126 could be used

as a potential diagnostic and predictive indicator
for IA occurrence and [A rupture.
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