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Abstract

Background: Inflammation is the major contributor to
the pathophysiology of ischemic stroke (IS). Long
non-coding ribonucleic acids (IncRNAs) metastasis-
associated lung adenocarcinoma transcript 1 (MALATz1)
and tumor necrosis factor and heterogeneous nuclear
ribonucleoprotein L-related immunoregulatory (THRIL)
have been demonstrated to be up-requlated in
inflammation and atherosclerosis. Therefore, we aimed
to study the expression profile of these IncRNAs after IS.
Methods: This observational case-control study was
conducted in Namazi Hospital, Shiraz, Iran. The real-

time polymerase chain reaction (RT-PCR) measured
the sequential changes in circulating levels of MALAT2
and THRIL on days 1, 3, and 5 after IS. The receiver
operating characteristic (ROC) curve analysis was used
to estimate the diagnostic and prognostic potential of
IncRNAs with the area under the curve (AUC).

Results: In patients with IS, the relative MALAT1 and
THRIL expressions were significantly higher than the
controls (P < 0.001 and P < 0.01, respectively), on days
1, 3, and 5 after stroke.
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We showed a significantly increase in IncRNAs
expression on day five compared to days 1 and 3 after
stroke. Moreover, a positive correlation was detected
between MALAT1 expression and time within the first
24 hours after stroke (r = 0.27, P = 0.03). Logistic
regression analysis showed a significant positive
association between MALAT1 and THRIL and the risk
of stroke evolution. We found a potential diagnostic
marker for MALAT2 with an AUC of 0.78.

Conclusion: We demonstrated the significant
sequential upregulation in MALAT1 and THRIL
expression on days 1, 3, and g after IS with a significant
positive association with the risk of stroke. MALAT2
also significantly correlated with time within the first
24 hours after stroke.

Introduction

Ischemic stroke (IS) is the first cause of morbidity
and one of the most important causes of mortality
worldwide.l There is no accurate, rapid,
cost-effective laboratory biomarker for the
diagnosis of IS.2

Long non-coding ribonucleic acids (IncRNAs)
are ribonucleic acids (RNAs) with more than 200
nucleotides without contributing to protein
synthesis? In the past decade, authors have
identified the potential of different IncRNAs as
diagnostic and prognostic markers in IS.24¢ Several
studies have demonstrated the significant relations
of IncRNAs metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) and tumor
necrosis factor and heterogeneous nuclear
ribonucleoprotein  L-related immunoregulatory
(THRIL) in the pathogenesis of inflammation,
atherosclerosis, and endothelial cell dysfunction.”14

A significant increase in MALAT1 and THRIL
has also been reported in the peripheral blood of
patients with coronary artery disease.’>18 The
cholesterol-filled foam cell accumulation is
accelerated in blood vessels by MALATI,
enhancing lipid uptake in macrophages by CD36
expression and promoting atherosclerosis.!”
Changes in the expression pattern of MALAT1 and
THRIL in IS, especially in atherosclerotic stroke,
are still unclear. Ren et al. showed the
downregulation of MALAT1 in patients with IS
within 24 hours from stroke onset.? Another study
has reported MALAT1 upregulation in the G
variant of rs619586, which was associated with an
increased risk of 1S.2!

Therefore, in this study, we evaluated the
sequential changes in expression levels of two key
IncRNAs associated with atherosclerosis and
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inflammation (MALAT1 and THRIL) in peripheral
blood of patients with confirmed large-artery
atherosclerosis (LAA) and small-vessel disease
(SVD) IS, to determine their expression levels at
different time points on days 1, 3, and 5 after the
event to identify the association between these
IncRNAs with the clinical and laboratory
parameters as well as their potential diagnostic
biomarker in IS.

Materials and Methods

Participants: This case-control study was
conducted in the neurology ward of Namazi
Hospital at Shiraz University of Medical Sciences,
Shiraz, south of Iran, between August 2019
and August 2020. All consecutive patients with IS
were recruited.

The control group was composed of a
representative sample of Shiraz population which
were sex and age-matched with cases.

According to the Recognition of Stroke in the
Emergency Room (ROSIER) scale, IS was screened
as a focal neurological deficit of sudden onset that
persisted beyond 24 hours. Radiological
confirmation was conducted by a brain computed
tomography (CT) or magnetic resonance imaging
(MRI). A definite diagnosis was made according to
the guidelines for the early management of
patients with acute IS (AIS).13 The inclusion criteria
for stroke included patients older than 18 years,
filling the informed consent form with confirmed
SVD or LAA according to TOAST classification,?
and within 0-24 hours after symptom onset. Patients
with a transient ischemic attack (TIA) were
excluded.  Cases  with  intra-parenchymal
hemorrhage (IPH), dissection, vasculitis, reversible
vasoconstriction = syndrome, cerebral venous
thrombosis (CVT), Moyamoya disease,
hypoperfusion syndromes, iatrogenic stroke, and
post-infectious stroke were excluded as well. This
study defined patients with diabetes and
hypertension (HTN) according to the guidelines.?2*
The stroke severity was evaluated by the National
Institutes of Health Stroke Scale (NIHSS) score on
admission.?> The outcomes were obtained three
months after admission according to the modified
Rankin scale (mRS) blinded to the level of IncRNA.2
Ethics approval for this study was obtained by the
local ethics committee of Shiraz University of
Medical  Sciences  (IR.SUMS.REC.1398.17988).
Written informed consent was provided from all
subjects (or their proxy respondents). Blood
sampling from patients was performed in 3 times
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after onset of stroke [day 1 (n =59), day 3 (n = 43),
and day 5 (n = 25) after stroke].

RNA extraction and real-time polymerase
chain reaction (RT-PCR): At the first, total RNAs
were extracted from blood specimens by using
TRIzol Reagent (GeneAll, Seoul, South Korea)
according to the acid guanidinium thiocyanate-
phenol-chloroform  (AGPC) method. Then
complementary deoxyribonucleic acid (cDNA)
synthesis was performed by the OneStep RT-PCR
Kit (AddBio, Seoul, South Korea) according to the
manufacturer’s instructions. Regular expressions
(REs) of MALAT1 and THRIL were measured in all
specimens using the RealQ Plus 2x Master Mix
Green High ROX™ (AddBio, Seoul, South Korea).
All reactions were conducted in StepOnePlus™
RealTime PCR equipment (Applied Biosystems,
Foster City, CA, USA) in duplicate with the
thermal-cycling settings of 10 minutes at 95 °C
(1 repeat) accompanied by 40 cycles for 15 seconds
at 95 °C, 25 seconds at 60 °C, and 25 seconds at
72 °C. Thermal cycling in the melting phase was as
follows: 15 seconds at 95 °C, 25 seconds at 60 °C,
and 15 seconds at 72 °C. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) gene was
used as a normalizer. The results were calculated
with the 272t method.?” The primer sequences are
used as follows:

MALATI:

Forward: 5'-TCAGTGTTGGGGCAATCTT-3'
Reverse: 5'-CGTTCTTCCGCTCAAATCC-3'
THRIL:

Forward: 5'-TGTGATCCATACTCCTCGG-3'
Reverse: 5-AGGCAAGGGAGTTITCAGAA-3
GAPDH:

Forward: 5'-GCATCTTCTTTTGCGTCG-3'
Reverse: 5'-TGTAAACCATGTAGTTGAGGT-3'
(27).

The chi-square test and independent
two-sample t-test were used to compare two
categorical and two numeric variables. We used
logistic regression analyses between cases and
controls to evaluate the association of IncRNAs
expression levels and clinical parameters with the
risk of IS. The significant time interaction for
MALATI1 and THRIL expression was estimated by
linear mixed model analysis after adjusting the
group. The IncRNAs expression level was shown
as mean * standard error (SE). The relationship
between IncRNAs levels with clinical parameters
was analyzed using linear regression. We used the
Spearman correlation to identify the correlation
between NIHSS and IncRNA expression. The
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receiver operating characteristic (ROC) curve
analysis was used to estimate the diagnostic and
prognostic potential of MALAT1 and THRIL with
the area under the curve (AUC). The analyses were
done using the SPSS software (version 19, SPSS
Inc., Chicago, IL, USA) and GraphPad Prism
5.0. The P <0.05 was considered a significant value.

Results

Demographic and clinical parameters of patients
with IS and controls: A total of 59 patients with IS
and 63 controls were included in the study. Vascular
risk factors such as diabetes and HTN were more
prevalent in cases compared to controls (P < 0.05)
(Table 1). In laboratory results, there were no
significant differences in the levels of total
cholesterol, triglyceride (TG), and low-density
lipoprotein (LDL) between IS cases and controls;
however, high-density lipoprotein (HDL) level was
significantly lower in IS cases compared to controls.

The levels of MALAT1 and THRIL IncRNAs in
peripheral blood of patients with IS at different
time points: In the present study, we evaluated
MALATI and THRIL expression on days 1, 3, and
5 after stroke, in 59, 43, and 25 cases, respectively,
and 63 controls. Blood sampling was repeated
from 25 cases on days 1, 3, and 5 after stroke. All
59 patients were not hospitalized for five days, and
34 were discharged earlier. We had only 25 fixed
cases hospitalized for a total of five days. Thus, we
used linear mixed model analysis. After adjusting
the group, a significant time interaction was
detected for MALAT1 and THRIL expression. The
level of THRIL on days 1 and 3 was significantly
lower than the expression on day five, respectively,
and the MALAT1 level on day 1 was significantly
lower than the expression on day 5 (Table 2).
By logistic regression analysis, increasing
MALAT1 and THRIL levels showed a significant
association with the risk of IS. After adjusting for
relevant clinical and laboratory variables [body
mass index (BMI), HIN, hyperlipidemia (HLP),
diabetes mellitus (DM), smoking], elevated
MALAT1 and THRIL levels remained significant
[P =0.001, odds ratio (OR) = 1.52, 95% confidence
interval (CI): 1.18-1.96 and P = 0.03, OR = 1.26,
95% CI: 1.01-1.57, respectively).

MALAT1 expression in patients with IS
was significantly higher than the controls at
different time points on day 1 (4.10 + 0.65 vs.
0.63 £ 0.16), day 3 (6.70 = 1.40 vs. 0.60 + 0.20), and
day 5 (6.50 + 1.30 vs. 1.10 = 0.36, respectively)
(All P < 0.001) (Figure 1A).
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Table 1. Demographic and clinical characteristics of the patients and controls

Characteristics Cases (n=59) Controls (n = 65) P
Gender [n (%)]
Men 42 (71.20) 43 (68.25) 0.900"
Women 17 (28.80) 20 (31.75)
Age (year) (mean + SD) 63.90+1.80 64.66 + 1.70 0.900™
BMI (kg/m?) (mean + SD) 26.15+0.60 25.81+3.97 0.900™
NIHSS at admission [n (%0)]
<6 22 (37.30)
>7 37 (62.70)
Aspect [n (%)]
<6 14 (23.70)
>6 45 (76.30)
mRS at admission [n (%)]
0-2 12 (20.33)
3-6 47 (79.66)
mRS at 3 months [n (%)]
0-2 24 (40.67)
3-6 35 (59.32)
Vascular risk factors [n (%0)]
HTN
Yes 31 (52.50) 19 (30.15) 0.010"
No 28 (47.50) 44 (69.84)
Diabetes
Yes 21 (35.60) 10 (15.88) 0.010"
No 38 (64.40) 53 (84.12)
Smoking
Yes 10 (15.90) 8 (12.69) 0.300"
No 49 (83.10) 55 (87.30)
Drinking
Yes 2 (3.40) 2(3.18) 0.600"
No 57 (96.60) 61 (96.82)
HLP
Yes 19 (32.20) 19 (30.15) 0.400"
No 40 (67.80) 44 (69.84)
Laboratory findings (mean * SD)
TG (mg/dl) 126.70 + 7.08 132.81+£9.80 0.600™
Total cholesterol (mg/dl) 161.20 +5.60 162.19 +4.10 0.900™
LDL (mg/dl) 97.60 + 4.50 90.60+3.70 0.200™
HDL (mg/dl) 33.70 £ 0.90 44.21 +1.50 0.003™
Types of stroke [n (%)]
LAA 29 (49.20) -
SVD 30 (50.80) -

*Chi-square test; “Independent two-sample t-test
HTN: Hypertension; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; HLP:
Hyperlipidemia; TG: Triglyceride; LAA: Large-artery atherosclerosis; SVD: Small-vessel
disease; BMI: Body mass index; NIHSS: National Institutes of Health Stroke Scale; mRS:

Modified Rankin scale; SD: Standard deviation

On the first day after stroke, the MALATI1
IncRNA level was higher than the control and this
upregulation remained at the high level on days
3 and 5 after stroke onset.

THRIL expression in patients with IS
significantly was higher than the controls on day
1 (3.16 £0.79 vs. 0.70 £ 0.14), day 3 (3.90 £ 1.10 vs.
0.71 £ 0.17), and day 5 (9.30 + 2.70 vs. 2.60 + 1.80,
respectively) (All P < 0.01) (Figure 1B). There were
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no significant differences in the expression of two
IncRNAs between patients with LAA and patients
with SVD (Figures 1C and 1D).

Association of MALAT1 and THRIL expression
with clinical parameters: We used linear
regression analysis to detect the association
between the IncRNAs levels with clinical
parameters and types of stroke in 59 patients
(Table 3).
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Table 2. Time interaction for MALAT1 and THRIL expression estimated by mixed model analysis

after adjusting the group

Parameter  Estimate P 95% CI Estimate P 95% CI
THRIL Lower Upper MALATI1 Lower  Upper
Intercept 9.64 <0.001 7.08 12.20 6.80 <0.001 491 8.69
(Day 1) -6.47 <0.001 -9.36 -3.59 -2.69 0.011 -4.77 -0.62
(Day 3) -5.67 <0.001 -8.68 -2.66 -0.08 0.934 -2.24 2.06
(Day 5) Ref 0 0 . - -

After adjusting the group, the significant time interaction was detected for MALAT1 and THRIL expression. The
level of THRIL on days 1 and 3 significantly was lower than the expression on day 5, respectively, and the
MALATL level on day 1 significantly was lower than the expression on day 5.

ClI: Confidence interval

There were no significant correlations between
MALAT1 and THRIL expression with clinical
parameters and type of stroke (LAA and SVD) in
patients with IS. We found a non-significant
negative correlation between MALAT1 expression
and NIHSS (Beta = -0.333, P = 0.120).

Spearman correlation of MALAT1 and THRIL
IncRNAs with NIHSS and sampling time after
stroke: Moreover, the Spearman correlation was
also detected between the expression levels of
MALAT1 and THRIL with NIHSS score in the

patients with IS. As shown in figure 2A, the level of
MALAT1 expression in all of the patients (n = 59)
was not correlated with NIHSS scores (r = -0.11,
95% CI = -0.36 to 0.14, P = 0.360). We also found a
non-significant positive correlation between THRIL
expression and stroke severity (r = 0.24, 95%
CI=-0.01 to 0.46, PP = 0.060) (Figure 2B).

We found a significant positive correlation
between MALAT1 expression and time of blood
sampling within the first 24 hours after stroke
(r=0.27,95% CI=0.01 to 0.49, P = 0.030) (Figure 2C).
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Figure 1. The expression levels of MALAT1 and THRIL in patients, controls on days 1, 3, and 5 after stroke
A and B: Independent Student’s t-test revealed that MALAT1 and THRIL expressions were significantly higher in patients
with ischemic stroke (IS) relative to controls on days 1, 3, and 5 after stroke; C and D: The comparison of blood levels of
MALAT1 and THRIL in large-artery atherosclerosis (LAA) and small-vessel disease (SVD)

Results were expressed as mean + standard error of the mean (SEM)

P <0.010; P < 0.001
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Table 3. Linear regression analysis for the association between clinical parameters with MALAT1 and
THRIL IncRNA levels in patients with ischemic stroke (1S)

Variables Beta MALAT1 P Lower Upper Beta THRIL P Lower Upper
Constant 0.197 -4.953 23.332 0.878 -16.469 19.201
Age -0.102 0572 -0.162 0.091 0.122 0511 -0.107 0.212
Sex 0.150 0.341 -1.795  5.080 0.056 0.728 -3.581 5.089
mRS 0.224 0.201 -0.372 1.724 0.024 0.893 -1.233 1411
NIHSS -0.262 0.143 -0.458 0.068 0.158 0.390 -0.189 0.475
BMI 0.078 0.605 -0.212 0.361 0.048 0.759 -0.306 0.417
DM 0.137 0.452 -2.342  5.176 0.114 0542 -3.293 6.187
HTN 0.161 0.350 -1.812 5.017 0.114 0522 -2.924 5.688
HLP 0.040 0.819 -3.289 4.140 0.067 0.712 -3.818 5.550
Smoker 0.055 0.714 -3.267  4.732 -0.045 0.772 -5775 4.313
SVD -0.223 0.195 -5599  1.176 -0.114 0.520 -5.648 2.896
IHD 0.035 0.831 -3.135  3.882 0.008 0.963 -4.323 4526

NIHSS: National Institutes of Health Stroke Scale; mRS: Modified Rankin scale; BMI: Body mass index; DM: Diabetes
mellitus; IHD: Ischemic heart disease; HTN: Hypertension; HLP: Hyperlipidemia; SVD: Small-vessel disease

Diagnostic value and prediction of functional
outcome of MALAT1 and THRIL expression levels
in peripheral blood of patients with IS: ROC curve
analyses were used to evaluate the diagnostic
value of MALAT1 and THRIL IncRNAs for
discriminating patients with IS from the controls
which revealed that MALAT1 could be used as a
diagnostic marker with an AUC of 0.78 (P < 0.001)
(Figure 3A). The sensitivity and specificity were
79.6% and 71.2%, respectively.

ROC curve analysis of THRIL expression
between cases and controls revealed that THRIL
had a potential diagnostic marker for
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discriminating IS with an AUC of 0.50 (P = 0.900),
and the sensitivity and specificity of 47.5% and
45.8%, respectively (Figure 3B).

In our study, mRS score of 3-6 in 3 months after
stroke was considered an unfavorable functional
outcome. Using a ROC curve analysis, MALAT1
and THRIL levels showed no significant predictive
prognosis for a 3-month unfavorable outcome
relative to a favorable outcome with an AUC of
0.51 (95% CI: 0.36-0.66, P = 0.800) and AUC of
0.50 (95% CI: 0.34-0.65, P = 0.900), respectively
(Figures 3C and 3D). The sensitivity and specificity
were 54.2%-54.3% and 51.4%-54.1%, respectively.
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Figure 2. The Spearman correlation between expression levels of MALAT1 and THRIL with National
Institutes of Health Stroke Scale (NIHSS) and the time after stroke in patients with ischemic stroke (IS)
A: The Spearman correlation between expression of MALAT1 and NIHSS in patients; B: Between THRIL expression
and NIHSS; C: Between MALAT1 expression and time after stroke
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Figure 3. Receiver operating characteristic (ROC) curve analyses used to evaluate the diagnostic and
prognostic values of MALAT1 and THRIL long non-coding ribonucleic acids (INcRNAS)
A and B: ROC curve analyses of MALAT1 and THRIL for discriminating patients with ischemic stroke (IS) from the
controls; C and D: ROC curve analyses of MALAT1 and THRIL for predicting functional outcome

AUC: Area under the curve

Discussion

Our results indicated that the relative level of
MALAT1 was significantly elevated in peripheral
blood of patients with IS compared to controls.
The protective, anti-apoptotic, and anti-
inflammatory roles of MALAT1 in brain
microvasculature and animal model were reported
by Liu et al?® Ren et al. reported the
downregulation and protective role of MALAT1 in
patients with 1S.20 The protective roles of IncRNA
MALAT1 in neurological or cerebrovascular
diseases were also demonstrated through activating
phosphatidylinositol 3-kinase (PI3K)? via inhibition
of pro-apoptotic or pro-inflammatory factors.2830
Fathy et al. found an association between the
polymorphism and MALAT1 expression in patients
with IS. In Fathy et al.'s study, patients with the G
variant of MALAT1 rs619586 showed a higher
serum MALAT] expression with a negative
association with NIHSS.2!

We could show the high expression level of
MALATI on days 1, 3, and 5 in 59 patients after
stroke without significant difference between
diabetic and nondiabetic patients and without
significant correlation with NIHSS. These results
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were inconsistent with Ren et al.'s study.? This
controversy could be attributed to the types of
stroke, time of blood sampling, specific
polymorphism of MALAT1 gene in the Iranian
population, or sample size. We had 59 IS cases with
LAA and SVD, while in Ren et al's study, the
MALAT1 level was assessed in 120 patients with IS
with all types of stroke in the first 24 hours after
stroke. We found a significant positive correlation
between MALATI expression level with sampling
time within 24 hours after stroke. Additionally,
mix model analysis has also shown a significant
increase of MALAT1 expression on day five
relative to day one after stroke. Therefore, it
seems that the MALAT1 expression increased over
time. According to Fathy et al's study,” the
population's specific polymorphism (G variant of
MALAT1 rs619586) may be considered the leading
cause of MALAT1 upregulation in our patients.
Therefore, more studies based on MALATI1
IncRNA polymorphisms are warranted to confirm
these findings.

Ren et al.'s study detected a significant negative
correlation between MALAT1 expression and
NIHSS.2 However, we found non-significant
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negative Spearman correlations between MALAT1
expression and NIHSS score, and also linear
regression showed a non-significant negative
relationship between MALAT1 expression with
NIHSS. This represents the possible protective role
of MALAT1 following IS. Therefore, evaluating the
MALAT1 expression in a larger sample size and in
the optimal time window might show its
significant correlation with NIHSS. The first hours
after the onset of stroke have been shown as the
optimal time window in previous studies.3!2 In
our study, most patients were admitted while more
than 12 hours had elapsed from their stroke
symptoms, and blood samplings were repeated on
days 3 and 5 after stroke. It seems that the MALAT1
levels in the first hours (< 12 hours) after IS could
show a significant correlation with NIHSS.

For the first time, we evaluated the THRIL
expression in peripheral blood of patients with IS.
In our study, THRIL was significantly
up-regulated on the first day after IS, and its
expression level was higher on day five compared
to THRIL on days 1 and 3. We could find only a
non-significant positive correlation between
THRIL expression and stroke severity.

Previous studies showed the THRIL
upregulation following in vitro and in vivo models
of cerebral ischemia-reperfusion injury.3334
Hypoxia-induced increase of THRIL expression
and the protective role of THRIL inhibition against
injuries has been demonstrated by in-vitro
studies.3*% THRIL inhibition increased cell
viability, migration, and invasion, and it decreased
cell apoptosis by up-regulating microRNA
(miR)-99a expression in HIC2 cells.3* THRIL could
aggravate the cerebral damage following hypoxia
by binding to miR-24-3p and activating the nuclear
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factor kappa B (NF-kB) p65 signaling pathway.?
Moreover, Lin and Bao reported the alleviation of
myocardial injury after THRIL inhibition in the
coronary heart disease (CHD) model.% In this
study, we could not find a significant correlation
between THRIL expression and stroke severity and
a significant diagnostic value for THRIL
expression within 24 hours after stroke.

ROC curve analysis showed that the MALAT1
expression within 24 hours after stroke (more than
12 hours) in patients with LAA and SVD stroke
had a significant diagnostic value with an AUC of
0.78 (P < 0.001) relative to control. This result is
consistent with Ren et al.’s study. They reported a
diagnostic value with an AUC of 0.79 for MALAT1
level in patients with IS relative to control on the
first day after stroke.?

Conclusion

In concordance with ongoing studies regarding
potential role of IncRNAs as diagnostic and
prognostic markers, we showed a significant
sequential upregulation in MALAT1 and THRIL
expression after IS. We also found a potential
diagnostic accuracy for MALAT1 expression with
an AUC of 0.78. To confirm our results, studies
with a larger sample size are warranted.
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