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Abstract

Background: Carotid artery stenosis (CAS) may cause many cerebrovascular diseases, and a biomarker for screening and mon-
itoring is needed. This study focused on the clinical significance of long-chain non-coding RNA (IncRNA) non-coding RNA acti-
vated by DNA damage (NORAD) in patients with CAS and aimed to search for potential biomarkers of CAS.

Methods: Eighty-six asymptomatic patients with CAS and 60 healthy individuals were enrolled, with corresponding clinical data
and serum samples collected. The expression of NORAD was detected by reverse transcription-quantitive PCR (RT-qPCR). Al
patients were followed up for 2 years to collected the occurrence data of cerebrovascular events, and Kaplan-Meier and Cox
regression were used for data analysis. Receiver operator characteristic curve was used to analyze the diagnostic value of
NORAD in distinguishing CAS patients from healthy people, and to evaluate the prediction accuracy of NORAD.

Results: NORAD is overexpressed in the serum of CAS patients, and associated with patients’ hypertension, TC, LDL-C levels
and stenosis degree. NORAD has high sensitivity (88.37%) and specificity (80.00%) in the identification of CAS patients (AUC =
0.917). NORAD was independently related to the occurrence of cerebrovascular events (HR =2.435, P=.003). a logistic regres-
sion risk model for predicting cerebrovascular events was constructed with the parameters including NORAD, TC and LDL.
Conclusion: NORAD can be used as a diagnostic and prognostic biomarker for CAS, and NORAD, total cholesterol (TC), and
low density lipoprotein cholesterol (LDL-C) can be independently correlated to predict cerebrovascular events.
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Introduction consciousness disorders, memory loss and other symptoms. It can
also lead to cerebral infarction, and severe cerebral infarction can

Carotid artery stenosis (CAS) is one of the leading causes of acute cause disability and even death.” However, the early diagnosis of

ischemic stroke, accounting for about 20% of cases.! CASis mainly
caused by atherosclerosis.” In atherosclerosis, lipids and plaque
adhere to the lining of blood vessels and accumulate to block
blood vessels, causing CAS.> When the plaque that has accumu- g
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CAS is still very difficult, leading to the development of a more
severe encephalopathy with a poor prognosis. Therefore, finding
an efficient, accurate and convenient method to predict cerebrovas-
cular events is an important means to improve the prognosis of
patients with CAS.

Long noncoding RNA (IncRNAs) is a class of functional non-
coding RNA transcripts with a length greater than 200nt.®
LncRNAs can regulate gene expression by regulating epigenetic
modifications, transcription, and posttranscriptional events.’
Studies have shown that IncRNAs play an important role in CAS,
AS and other related diseases. Non-coding RNA activated by
DNA damage (NORAD) was found to be a IncRNAs closely asso-
ciated with vascular events.'™'! Zhang et al showed that knock-
down of IncRNA-NORAD  increased lipid disorders and
atherosclerotic lesions in ApoE-/- mice. The results suggest that
IncRNA-NORAD inhibits atherosclerosis through NF-xB and
p53-p21 signaling pathways.'® And, NORAD is upregulated in
acute cerebral ischemic stroke, and strongly associated with
severe development and poor prognosis.'> In addition, other
studies have shown that NORAD enhances H3K9 deacetylation
by recruiting histone deacetylase 6 (HDAC6), thereby enhancing
vascular endothelial cell injury and atherosclerosis.”> NORAD
may regulate the occurrence of Alzheimer’s Disease by affecting
glycometabolic reprogramming, and NORAD can be considered
a good target for VSMC phenotypic intervention and
Alzheimer’s Disease therapy.' Li et al ‘s study showed that in
patients with coronary heart disease, elevated NORAD was associ-
ated with increased stenosis, inflammatory status, and blood lipid."”
These findings suggest that NORAD plays an important role in
CAS progression and related diseases.

Therefore, the purpose of this study was to explore the relationship
between NORAD and the disease progression of CAS, as well as the
occurrence of cerebrovascular events. In addition, a novel predicting
model for the onset of cerebrovascular events was also explored
according to NORAD combined with other related parameters.

Materials and Methods

Patients and Sample Collection

The study enrolled 86 asymptomatic CAS patients and 60 healthy
individuals from 2020 to 2021 in Liaocheng People’s Hospital.

Patients’ inclusion criteria: (i) age > 18-year-old; (ii) ultra-
sound examination found carotid stenosis. Patients Exclusion
criteria: (i) cases with temporary amaurosis; (i) with severe
chronic medical history of heart, brain, lung and other important
organs; (iii) with malignant tumors; (iv) pregnancy or lactation;
(v) had history of TIA or stroke. Patients with CAS who were
diagnosed by Doppler ultrasound or CT angiography in
Liaocheng People’s Hospital and met one of the following indi-
cations :(1) stenosis >70%(color ultrasound) or 60% (CT angi-
ography); (2) the degree of stenosis <70% by ultrasound but CT
angiography indicated the unstable lesion.

Healthy individuals were enrolled from the group receiving a
routine physical examination at our hospital without any indications
of carotid artery abnormality. Venous blood samples of included

asymptomatic CAS patients and health control patients were col-
lected, serum samples were separated by centrifugation at 4°C for
subsequent analysis. All protocols for blood samples collection
and analysis were all in accordance with the guideline of the
Ethics Committee and has approved by the Ethics Committee of
Liaocheng People’s Hospital. A signed informed consent has
been obtained from the participants before sampling in this study.

Clinical Data Collection

Clinical data of patients and Healthy individuals were collected,
including age, gender, smoking, hypertension, hyperlipidemia, dia-
betes, hypersensitive C-reactive protein (hs-CRP), total cholesterol
(TC), Triglyceride (TG), low density lipoprotein cholesterol
(LDL-C) and high density lipoprotein cholesterol (HDL-C).

Follow-up of Cerebrovascular Events

All patients with CAS were followed up by telephone or outpatient
for 2 years, the development and status of the patients were tracked,
and the occurrence of cerebrovascular events in all patients with
CAS was counted. Cerebrovascular events include TIA, stroke,
and death related to arterial stenosis. TIA was defined as transient
episode of neurologic dysfunction due to the focal brain, spinal
cord, or retinal ischemia without acute infarction or tissue injury,
and the symptom can be disappeared within 24 h. Stroke was
detected and diagnosed with the combination of clinical manifesta-
tions, imaging examination and laboratory examinations. The death
recorded in this study defined all the deaths due to the CAS related
diseases, but no other accident events. The occurrence of the above
cerebrovascular events was the follow-up endpoint of this study.

RNA Extraction and Reverse Transcription Quantitative
PCR (RT-qPCR)

In this study, total RNA was obtained from blood samples by
RNeasy Mini Kit (Qiagen, Valencia, CA, USA). Following
the manufacturer’s guidelines, the RNA was reversely tran-
scribed into cDNA using a reverse transcription kit (Takara,
Tokyo, Japan)., and the reaction conditions were: room temper-
ature for 10 min, 42 °C for 60 min, 95 °C for 5 min, and on ice
for 5min. qPCR was conducted using SYBR Premix Ex
TaqTM 1II Kit (Takara) and a real-time fluorescent qPCR
7500 system (ABI, Foster City, CA, USA). GAPDH was
used as an endogenous control for NORAD. The final expres-
sion value of NORAD was calculated using the 27" method.

Statistical Analysis

All data were expressed as mean + standard deviation (SD) and
analyzed at SPSS 26.0 (SPSS, Inc., Chicago, Illinois) and
GraphPad 9.0 (GraphPad Software, Inc., USA). Student’s t test
and Chi-square test were used to compare the differences
between two groups in the clinical characteristics. A Pearson cor-
relation coefficient was adopted to analyze the relationship
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between serum NORAD with CAS. The significance of serum
NORAD in the identification of CAS patients and healthy individ-
uals was evaluated by Receiver operating characteristic (ROC).
Logistic analysis was used to construct a risk model for cerebro-
vascular events. Kaplan-Meier and Cox regression analysis were
used to identify potential prognostic factors. A P value of less
than .05 was considered as statistical significance.

Results

Baseline Clinical Characteristics of the Participants

The clinical characteristics of the study subjects are shown in
Table 1. The results showed that the CAS group had significant
differences in hyperlipidemia, hs-CRP, TC, and LDL compared
with the healthy control group (P <.05). There was no signifi-
cant difference in other indexes (age, gender, smoking status,
hypertension, diabetes, TG, HDL) (P>.05).

Table |. Baseline Characteristics of the Participants.

Elevated Expression Levels of NORAD in Patients with CAS

Histogram was drawn based on RT-qPCR data to analyze the
significance of differences. RT-qPCR results displayed that
the expression level of serum NORAD was markedly increased
in asymptomatic CAS patients compared with healthy controls
(Figure 1A, P<.001). ROC curves were drawn according to
serum NORAD expression levels in the blood sample
(Figure 1B). The results showed that when the AUC curve
was 0.917 and the cutoff value was 0.895, the sensitivity was
88.37% and the specificity was 80.00%. The data suggest that
serum NORAD had significant diagnostic value in asymptom-
atic CAS patients from healthy controls.

Association of NORAD with Clinical Data of CAS Patients

CAS patients were divided into low- NORAD (n=40) and
high- NORAD (n=46) groups according to the average
serum NORAD levels in CAS patients. According to the data
analysis, the expression levels of NORAD were significantly
correlated with hyperlipidemia (P=.021), TC (P=.002),

Characteristics Health (n=60) CAS (n=86) P value i ! )
LDL (P=.020). But there was no obvious relationship of
Age (years) 61.62+5.97 60.76 +7.24 450 serum NORAD expression level with Age, Gender, Smoking,
GeF"derl ’? . 441 Hypertension, Diabetes, hs-CRP (mg/L), TG (mM), HDL-C
emale -
Male 38 9 (mM). The results are shown in Table 2.
Smoking 28 31 .198
Hypertension 31 46 .828
Hyperlipidemia 27 45 384 Correlation of NORAD with Stenosis Degree in CAS
Diabetes 22 39 295 Patients
hs-CRP (mg/L) 9.59+5.87 16.29 +9.80 <.001
TC (mM) 4.19+08l 529+ 1.34 <00l  Pearson correlation coefficient results were shown in Figure 2.
TG (mM) |.47+0.53 1.80+0.68 002 The analysis results showed that the expression level of
hl:l?)li_cc((r:wl\:’?) ?;g f g;g ??g:—:g?g <'20|%| NORAD was positively correlated with the degree of vascular
R o : stenosis in CAS patients (P<.001, r=0.716).
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Figure |. Elevated expression levels of NORAD in patients with CAS. A. NORAD was significantly up-regulated in serum of CAS patients
(***P<.001). B. NORAD showed sensitively and specifically diagnostic in patients with CAS.
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Predictive Value of NORAD for Cerebrovascular Events
in CAS Patients

Additionally, 2-year follow-up data showed that 32 patients
with CAS developed cerebrovascular events. As shown in
Kaplan-Meier curve, CAS patients with high NORAD expres-
sion levels of had a significantly increased probability of cere-
brovascular events in the group with lower NORAD expression
levels (Figure 3) Among the results of Cox regression analysis,
univariate regression analysis showed that hyperlipidemia,
hs-CRP, TC, LDL and NORAD were correlated with cerebro-
vascular events. The results of multi-factor analysis showed
that TC, LDL and NORAD were independent risk factors for
cerebrovascular events (all P<.05, Table 3).

A Logistic Risk Model Constructed Using NORAD, TC
and LDL for Cerebrovascular Events

To facilitate the prediction of cerebrovascular events, the indi-
cators that found to be independently associated with cerebro-
vascular events (NORAD, TC and LDL) were used to
construct a prediction model according a multivariate logistic
regression analysis (Table 4). The predicted probability (p) of

Table 2. Association of NORAD with Clinical Data of CAS Patients.

NORAD expression

Variables Low (n=40) High (n=46) P value
Age (years) 61.23 +8.59 60.35+5.88 .578
Gender (male) 22 27 730
Smoking 14 17 .850
Hypertension 18 32 .021
Hyperlipidemia 17 28 .089
Diabetes 18 21 952
hs-CRP (mg/L) 15.05+10.53 17.37 £9.10 275
TC (mM) 4.81 £0.90 5.70+1.52 .002
TG (mM) 1.65+0.69 1.93+0.64 .059
LDL-C (mM) 3.20+0.65 3.50+0.53 .020
HDL-C (mM) 1.22+0.18 .17 £0.17 .180
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Figure 2. Correlation of NORAD with stenosis degree in CAS patients.
NORAD was positively associated with stenosis in patients with CAS.

presenting cerebrovascular events in CAS patients was esti-
mated by the multivariate logistic regression model: p=1/(1
—e™™), where X=-3.92+0.714XNORAD + 0.396XTC +

0.598xXLDL-C. Thus, the final predictive equation was as
follow: p = 1/[1 + ¢~ (~392+0-714xNORAD-+0.396xTC+0.598xLDL-C)

Discussions

Carotid atherosclerosis and carotid plaque formation are the
main predisposing factors of stroke.'® In addition, there is evi-
dence that CAS is a major predisposing factor of cerebral circu-
latory insufficiency.'” The degree of carotid atherosclerosis is
the main risk factor for the malignant development of ischemic
stroke.'® The traditional view is that the degree of CAS stenosis
is the main risk factor leading to the development of malignant
cerebrovascular diseases, but some patients with mild stenosis
often have cerebrovascular events. Thus, searching for diagnos-
tic markers with high accuracy can help to screen patients with
CAS in advance and further prevent the occurrence of enceph-
alopathy. The results of this study show that NORAD is abnor-
mally expressed in patients with CAS and can be used as a
diagnostic and prognostic marker for CAS. Additionally,
CAS patients with high levels of NORAD were found to
have increased risk to suffer from cerebrovascular diseases.

A large number of IncRNAs have been found to be related to
the pathogenesis and degree of stenosis of CAS. For example,
THRIL is a diagnostic and prognostic biomarker of CAS and
plays an important role in regulating oxidized low-density lipo-
protein (OX-LDL)-induced proliferation, apoptosis, and inflam-
mation of human aortic endothelial cells."® Dong et al found
that the small nucleolar RNA host gene 1 (SNHG1)/miR-145
axis regulates the proliferation and migration of human
carotid smooth muscle cells, suggesting its potential for the pre-
vention and treatment of restenosis.”’ Long non-coding RNA
HOX transcript antisense RNA (HOTAIR) may be a diagnostic
biomarker in patients with CAS and is involved in the activity
of vascular smooth muscle cells.?' Li et al ‘s study showed that

=&« Low NORAD group (n=40)
20 ——  High NORAD group (n=46)

Event-free probability (%)

Log-rank P<0.001
0 T T T T
0 6 12 18 24
Months

Figure 3. Predictive value of NORAD for cerebrovascular events in
CAS patients. Patients with CAS with higher NORAD expression
levels had a higher probability of cerebrovascular events.
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Table 3. Cox Regression Analysis Results.

Univariate analysis Multivariate analysis
Variables HR 95% ClI P value HR 95% ClI P value
Age 1.563 0.623-3.921 231 - - -
Gender 0.735 0.223-2.423 443 - - -
Smoking 1.859 0.741-4.664 .301 - - -
Hypertension 1.236 0.863-1.770 .096 - - -
Hyperlipidemia 1.694 1.085-2.645 .049 - - -
Diabetes 1.879 0.639-5.525 238 - - -
hs-CRP 2.110 1.358-3.278 .039 2.010 1.220-3.312 .049
TC 1.996 1.299-3.067 .028 1.874 1.105-3.178 .042
TG 1.743 0.945-3.215 .085 - - -
LDL-C 2.379 1.452-3.898 .022 2013 1.234-3.284 .031
HDL-C 0.854 0.541-1.348 .068 - - -
NORAD 2.849 1.557-5.213 .001 2.435 1.407-4.214 .003

Table 4. Multivariate Logistic Regression Analysis Results.

Estimated regression P
Variables coefficient OR 95% ClI value
NORAD 0.714 3.012 2.109-4.302 .003
TC 0.396 1.873 1.114-3.152 .046
LDL-C 0.598 2237 1.406-3.669 .019

serum rhabdomyosarcoma 2 associated transcript (RMST)
levels were elevated in patients with CAS. The detection of
RMST expression level has a high value in predicting the occur-
rence and prognosis of CAS. LncRNA NORAD has been found
to be closely related to vascular diseases and encephalopathy.
Zhang et al ‘s results suggest that IncRNA-NORAD inhibits
endothelial senescence, endothelial apoptosis, and atherosclero-
sis through NF-xB and pp53 p2l signaling pathways and
IL-8.'° Elevated NORAD acts as a sponge for miR-211-5p in
hepatocellular carcinoma, thereby releasing the latter’s inhibi-
tory effect on its downstream targets forkhead box Dl
(FOXDI1) and vascular endothelial growth factor A
(VEGF-A), ultimately promoting angiogenesis.'' Therefore,
we speculated that NORAD also plays an important role in
CAS. The results of this study showed that NORAD was over-
expressed in CAS patients, indicating that NORAD was closely
related to CAS. In addition, the ROC data results showed that
the AUC was 0.917, indicating that NORAD had a high diag-
nostic accuracy in distinguishing CAS patients from healthy
people. At the same time, Kaplan-Meier curve showed that
the higher the NORAD expression level in CAS patients, the
greater the incidence of cerebrovascular events, indicating
that NORAD can be used as a prognostic biomarker in CAS
patients.

Cerebrovascular disease (CVD) has become a major social
and public health problem worldwide,? including stroke, cere-
brovascular abnormalities, malformations, and other disorders
of cerebral blood circulation.”> Patients with CAS have a
higher risk of cerebrovascular events, and there are currently
some indicators in the clinic to predict cerebrovascular events

in patients with CAS. There is ample evidence that elevated
levels of TC, and LDL are major risk factors for diabetes and
can lead to arterial wall thickening.** Moreover, clinical data
show that carotid stenosis is related to TC and LDL indexes,
and the increase of the indexes indicates that the macromolec-
ular substances in the blood will increase, and these substances
are attached to the inner wall of the blood vessel, which is easy
to thicken the inner wall of the blood vessel, but the width and
diameter of the blood vessel remain unchanged, so artery steno-
sis occurs.?® Therefore, TC and LDL are also important indica-
tors to predict the degree of CAS. In this study, there were
significant differences between CAS cases and healthy controls
in terms of hyperlipidemia, hs-CRP, TC, and LDL, which were
consistent with previous reports. With the development of
molecular mechanisms, the identification of molecules related
to CAS development has been extensively studied. In our
study NORAD expression level was closely related to cerebro-
vascular events. Compared to the reported indicators, such as
TC and LDL, which related with the development of CAS
and related cerebrovascular events, NORAD might show
more significant clinical value with its increased specificity.
In addition, NORAD as a kind of ncRNAs, can be detected
easily from serum samples, which was also a characteristic to
serve as a suitable biomarker. Furthermore, this study estab-
lished a logistic regression model based on NORAD, TC and
LDL, which was hope to provide novel insight to predict the
onset cerebrovascular events in patients with CAS.

The growth and movement of VSMCs are considered to be
the main pathological basis of CAS and other arterial dis-
eases.”®?’ Previous studies have shown that NORAD is associ-
ated with the biological function of vascular endothelial cells
and VSMCs. Li et al demonstrated that NORAD inhibits
miR-136-5p, thereby up-regulating lysine demethylase 1A
(KDM1A) by inducing phenotypic regulation of VSMCs to par-
ticipate in the formation and rupture of intracranial aneu-
rysms.”® IncRNA NORAD can slow down endothelial cell
senescence and apoptosis.'® IncRNA NORAD enhances
H3K9 deacetylation by recruiting HDAC®6, thereby inhibiting
VEGF gene transcription, thereby enhancing vascular
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endothelial cell injury and atherosclerosis.'® So it was specu-
lated that NORAD was probably involved in the occurrence
and development of CAS and cerebrovascular events by regu-
lating two kinds of cellular functions. This study was not able
to carry out cell experiments for verification, which is a major
limitation of this study. In the future, vascular endothelial
cells and smooth muscle cells will be used as research models
to conduct in-depth studies to explore the mechanism of
NORAD function.

In summary, the up-regulation of NORAD in CAS can be
used as a potential diagnostic biomarker to screen for the occur-
rence of CAS. The expression level of NORAD can predict the
probability of encephalopathy in patients. Serum NORAD level
was positively correlated with the degree of CAS stenosis, and
could independently predict the occurrence of subsequent cere-
brovascular events.
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