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Background: “Micro RNAs and their target genes recently have been identified to play
a crucial role in the molecular pathogenesis of post-stroke ischemic cellular injury, which
elucidates their new role in ischemic stroke diagnosis and therapy”. Thus, we evaluated the
relative serum expression of miR-155, an inflammatory micro RNA, and the mRNAs (JAK2/
STAT?3) in acute ischemic stroke patients and its associations with the inflammatory cytokine
TNF-o and different stroke risk factors.

Subjects and Methods: The relative expression of serum miR-155 and mRNAs (JAK2/
STAT3) was assessed using RT-PCR, serum TNF-a was measured using ELIZA in 46 acute
ischemic stroke patients and 50 control subjects. Receiver operating characteristic (ROC)
curve was constructed to assess the specificity and sensitivity of circulating miR-155, JAK2/
STAT3 as biomarkers for acute ischemic stroke.

Results: Circulating miR-155, JAK2/STAT3 were significantly up-regulated among stroke
patients (8.5, 2.9, 4.2 fold respectively, P<0.001) with significant increase in TNF-o (263.8 +
10.7 pg/mL, P <0.001). MiR-155, JAK2/STAT3 were positively correlated with TNF-a.
MiR-155, JAK2/STAT3 were significantly increased in stroke patients and associated with
risk factors such as hypertension, carotid atherosclerosis, and atrial fibrillation. Our study
revealed that miR-155 has diagnostic accuracy for acute ischemic stroke where AUC=0.9,
(P<0.001).

Conclusion: The elevated expressions of circulating miR-155, JAK2/STAT3, and TNF-a in
acute ischemic stroke patients could trigger post-stroke cellular inflammation. MiR-155
could be used as potential inflammatory biomarker for acute ischemic stroke. However,
further clinical studies are still needed to determine the exact role of miRNAs and different
signal transduction expressions in the stage of acute ischemic stroke.

Keywords: ischemic stroke, miR-155, Janus kinases, signal transduction, post stroke
ischemic injury

Introduction

Stroke is ranked the second leading cause of death worldwide.' It is also associated
with high rate of disability affecting about 50% of survivors.” Thus, it represents
one of the most serious and great public health problems, especially in developing
countries.® Ischemic stroke represents nearly 80% of stroke cases which lead to
cerebral ischemia with subsequent loss of brain function and a wide range of other
pathophysiological processes.* Hypertension, diabetes mellitus, obesity, smoking,
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atrial fibrillation, and cardiovascular diseases have been
considered major risk factors of ischemic stroke reported
by epidemiological studies.® Most of these risk factors
are preventable with proper risk stratification via valid
diagnostic biomarkers.” Stroke-related disabilities have
been attributed to late-stage diagnostic methods.®’
Moreover, therapeutic approaches for treatment using
recombinant tissue plasminogen activator (rtPA) or
mechanical thrombectomy have a narrow therapeutic win-
dow, high cost, and require a highly qualified team.'®'" In
severe ischemia, complete loss of function occurs in the
central core of the infarcted area surrounded by a viable
hypoxic area (penumbra)'? that can be salvaged by intro-
ducing suitable treatment at the appropriate time.'> Thus,
introduction of new valid biomarkers for early diagnosis
and prognosis is one of the most important challenges for
stroke prevention.'*

Different pathological mechanisms have been pre-
sumed to cause neuronal cell death including oxidative
stress, excitotoxicity, inflammation, dysfunction of blood
brain barrier, and cellular apoptosis.'” Inflammation is one
of the main mechanisms involved in the development and
continuation of reperfusion injury that enhances cellular
and molecular damage that occurs after ischemia.'>'®

Micro RNAs (miRNAs) are small non-coding RNAs
which mediate post-transcriptional gene regulation by con-
trolling the translation of mRNA into protein.'” In
ischemic stroke, miRNAs are involved in multiple cellular
functions such as neuronal development, injured tissue
repair, remodeling and different neuronal activities."
MiRNAs and their target genes have a crucial regulatory
role in the inflammatory process of post-ischemic reperfu-
sion injury, which has demonstrated their potential use as
therapeutic target in ischemic stroke.'” Furthermore, sev-
eral miRNAs are involved in controlling target genes of
ischemic stroke risk factors such as miR-155 in hyperten-
sion, miR-144 and miR-223 in diabetes mellitus, miR-33
in hyperlipidemia, and miR-21 and miR-126, and miR-
320b in atherosclerosis.'®' In addition, new circulatory
miRNAs such as PC-3p-57664, PC-5p-12969, miR-122-
5p, miR-211-5p have been identified as novel biomarkers
for early diagnosis of ischemic stroke.”’ Accordingly,
miRNAs have recently gained great attention for being
used as potential biomarkers for early diagnosis, prog-
nosis, and as a therapeutic target for ischemic stroke.'*

MiR-155 is one of the proinflammatory miRNAs that
are involved in various physiological and pathological
functions such as differentiation of hematopoietic cells,

inflammation, immunity, cardiovascular disorders, and
malignancy.”’ MiR-155 is an essential factor for primary
macrophage reaction to various inflammatory mediators.?!
In addition, miR-155 regulates the microglia-mediated
immune response which is related to various pathological
conditions through cytokine production.”” The expression
profile of miR-155 is significantly influenced by brain
ischemia.”*** MIiR-155 can stimulate atherosclerosis
which is one of the major risk factors of ischemic stroke
by modulating the expression of various inflammatory
endothelial
inflammatory endothelial transcription factor (Ets-1) and

mediators in the cells targeting anti-
angiotensin II type 1 receptor (ATIR).” Also, miR-155
can induce atherosclerosis by targeting several anti-
inflammatory cytokines such as HMG box-transcription
protein (HMG1),%® B cell lymphoma (BCL-6) protein,?’
and suppressor of cytokine signaling protein 1 (SOCS1).%®
In addition, miR-155 expression has a significant role in
hypertension which is a major ischemic stroke risk factor,
by suppressing endothelial nitric oxide synthase which
induces disruption in the endothelium-dependent vasore-
laxation of the cardiovascular system.?’ Ischemic stroke is
an important risk factor for Alzheimer’s disease.'!
Increased expression of miR-155 has been identified as
a potent modulator of the neuro-inflammatory response in
Alzheimer’s disease by controlling T cell function.*
Furthermore, miR-155 has a negative regulatory effect on
the blood brain barrier function in ischemic stroke indu-
cing deterioration in the clinical disease outcome.®'
Inhibition of miR-155 in experimental models of ischemic
stroke has led to significant improvement in the vascular
structure, infarct size, and neuronal damage associated
with increase in the anti-inflammatory neuronal protective

and decrease in the
32,33

cytokines pro-inflammatory
cytokines.

Janus kinases (JAKs) and signal transducers and acti-
vators of transcription (STATs) pathway regulate dozens of
cellular responses such as proliferation, differentiation,
migration, apoptosis and cell survival depending on the
signal, tissue, and cellular context.>* Particularly, JAK2/
STAT3 pathway has been activated in in vitro and in vivo
experimental models of stroke and subsequently
promoted numerous genes responsible for many cellular
functions that may play a critical role in both neural injury
and repair.’® Increased expression of miR-216a targets
JAK2 resulting in neuroprotection in ischemic stroke.>
Pharmaceutical inhibition of the JAK2/STAT3 signaling

pathway could decrease the inflammatory reaction that
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occurs after brain ischemia.’” Additionally, activation of
STAT3 leads to decreased cerebral recovery, while block-
ing this pathway leads to better neurological outcomes.**

Based upon these data, epigenetics has gained a lot of
attention due to increasing evidence implicating its role in
development of many diseases which in turn can be used
to harness its potential as biomarker or therapeutic
targets.>” Therefore, we aimed to evaluate circulating
miR-155 and JAK2/STAT3 axis in acute ischemic stroke
patients and detect its relation to the pro-inflammatory
cytokine TNF-a level as an important biomarker of inflam-
mation in acute ischemic stroke and associated stroke risk
factors.

Subjects and Methods

Subjects

Forty-six patients with acute ischemic stroke were
admitted to the internal medicine department Kasr Al
Ainy medical school hospital, Faculty of Medicine, Cairo
University during the interval from November 2017 to
June 2018. Patients comprised 25 males and 21 females
aged from 48 to 65 years with a mean age of 58.3 years. In
addition, 50 sex- and age-matched healthy subjects were
recruited as control group with a mean age of 56.8 years,
subjects with doubtful history of chronic autoimmune or
inflammatory diseases, hypertension, diabetes or smoking
were excluded. Acute ischemic stroke patients were diag-
nosed based on history taking, clinical examination con-
firmed by brain CT. Patients with hemorrhagic stroke or
known to have chronic inflammation, chronic kidney or
hepatic diseases or malignant disorders were excluded.

Ethics

The study was carried out consistent with the ethical
guidelines of the Declaration of Helsinki 1975 and it was
approved by the Research Ethical Committee of the inter-
nal medicine department, Faculty of medicine, Cairo
University, Egypt. Patients and control subjects were
asked to give written informed voluntary consent.

Methods

Clinical Assessments
Full history taking and clinical examination were done for
every patient. Systolic and diastolic blood pressures were
recorded for each patient and control. The medical records
reviewed to confirm the medical

were history.

Additionally, all patients were subjected to carotid duplex

using HDI 5000 machine using 7.5 MHz linear transducer,
brain CT, and echocardiography.

Blood Sampling

Six mL samples of venous blood were drawn from every
patient (within average 12 hours from patient admission)
and control subjects in sterile tubes under aseptic condi-
tions. The drawn blood was divided into three portions.
First portion of whole blood was kept in EDTA sterile
tubes until used for complete blood picture. Second por-
tion of blood was allowed to clot and then centrifuged
using benchtop centrifuge (Jenway, UK) at 8000 x g
for 5 min to separate the serum which was kept frozen at
—80°C until used for RNA extraction and other biochem-
ical analysis. Third portion of blood was kept in sodium
fluoride tubes and then centrifuged to separate the plasma
until used for measuring blood glucose level.

Biochemical Analysis

Total cholesterol (TC) was measured using established
enzymatic methods using Stanbio kit (USA).>*® HDL-C
method.*”

enzymatically.*’

was estimated by HDL-C precipitant
(TG) were

LDL-C concentrations were determined by Friedewald’s

Triglycerides assessed
formula.*' Serum TNF-a was measured using Sandwich
ELISA kit which was supplied by NOVA (China).

RNA Extraction and Reverse Transcription

Total RNA was extracted using MiRNeasy extraction kit
(Qiagen, Valencia, CA) using QIAzol lysis reagent accord-
ing to the manufacturer’s instructions. After extraction,
RNA quantity was assessed using the NanoDrop 2000
spectrophotometer (Thermo Scientific, USA) at 260/280
nm. RNA was reverse transcribed to cDNA using miScript
IT RT Kit (Qiagen, Valencia, CA) according to the manu-
facturer’s instructions. The total RNA (100 ng) in a final
volume of 25 pL RT was used for reverse transcription.
The programmed thermal cycler condition was done initi-
ally at 25°C for 10 min, then at 37°C for 110 min, and
finally at 95°C for 5 s. After that, prepared cDNA was
stored at —80°C for further analysis.

Measurement of miR-155 and mRNA Expressions

The quantitative detection of miR-155, mRNAs JAK2/
STAT3 was performed using premixed SYBR green PCR
master mix (Applied Biosystems, USA). The thermal
cycler conditions were programmed as follows: primary
hold at 90°C for 10 min, followed by 45 cycles consisting
of 3 min at 90°C, 30 s at 95°C, and 1 min annealing

International Journal of General Medicine 2021:14

1471

Dove:


http://www.dovepress.com
http://www.dovepress.com

Adly Sadik et al

Dove

extension (40-fold). Annealing temperature was 54—60°C.
The housekeeping genes were U6 for miR-155 and B-actin
for mRNA. The PCR primer sequences were as follows:
miR-155, F: 5-AACTTGTAAACTCCCTCGACTG-3', R:
5'-CCTTACGTGACCTGGAGTCG-3', JAK2 F: 5'-CAA
TGATAAACAAGGGCAAA TGAT-3’, R: 5-CTTGGCA
ATCTTCCGTTGCT-3". STAT3,F:5-GCCAGAGAGC CA
GGAGCA-3 R:5-ACACAGATAAACTTGGTCTTCAG
GTATG-3', U6, F: 5'-GTGCTCGCTTCGGCAGCA-3', R:
5'-CAAAATATGGAACGCTTC-3', B-actin, F:5-GGCTG
TATTCCCCTCCATCG-3',R: 5'-CCAGTTGGTAACAAT
GCC ATGT-3'. Expression levels were calculated by the
relative quantification method (ACt).

Statistical Analysis

Data were analyzed using GraphPad Prism version 7.0
software (USA). The normally distributed data were
expressed as mean + SE, whereas variables with
a skewed distribution were presented as median (inter-
quartile range). The statistical comparisons between dif-
ferent groups were carried out using unpaired Student’s
t-test for parametric data and Mann—Whitney U-test for
nonparametric data as expression of miRNA and mRNA.
The correlation between variables was evaluated using
Spearman’s rank correlation coefficient and Pearson corre-
lation tests (2-tailed). The level of significance was identi-
fied at P<0.05. Receiver operating characteristic (ROC)
curve was constructed and the area under curve (AUC)
was used to assess specificity and sensitivity of the circu-
lating miR-155, mRNAs (JAK2/STAT3) as diagnostic bio-
markers for acute ischemic stroke.

Results

The present study included 46 stroke patients; 25 men
(54.3%) and 21 women (45.7%) with mean age 58.3 +
2.1 years, our control group included 26 men (52%) and
24 women (48%) with mean age 56.8 + 3.1 years, with no
statistically significant difference regarding age between
the two groups (P=0.08). Table 1 shows the demographic
and laboratory data of the studied groups. There were
significant differences between stroke patients and healthy
subjects in terms of systolic and diastolic blood pressure,
fasting blood sugar, cholesterol levels, LDL-C, and ESR
(P= 0.01, 0.04, 0.0001, 0.02, 0.02, 0.0001 respectively).
The basal cardiovascular assessment of stroke patients
revealed that traditional cardiovascular events were fre-
quently reported in 9 patients (19.6%) who were diabetic,
19 (41.3%) who were hypertensive, 14 (30%) who were

Table | Demographic and Laboratory Data of Our Ischemic
Stroke Patients and Control Subjects

Variables Stroke Control P value
Patients Subjects
(n= 46) (n=50)
Age (years) 583 + 2.1 56.8 + 3.1 0.08
SBP (mmHg) 146.5 + 3.03 118 +24 0.01*
DBP (mmHg) 882+ 1.8 75.7 £2.02 0.04*
Duration of stroke (hrs) | 3.4 +0.12 —_ -
FBS (mg/dl) 142 £ 2.8 1055+ 1.9 0.0001*
TC (mg/dl) 1764 + 8.8 1552 £ 5.6 0.02*
TG (mg/dl) 161.7 £ 6.5 1583 + 5.2 0.7
LDL -C (mg/dl) 1137 £75 952 £ 42 0.02*
HDL- C (mg/dl) 299+ 14 286+ 1.6 0.6
Hemoglobin (gm/dl) 95+02 104 = 0.16 0.0006*
TLC (x10%/microl) 10.1 = 0.69 7307 0.005*
Platelets (x|0°/microl) 2475+ 112 | 2415+ 138 0.9
ESR mm/hr 552 %35 221 £ 1.2 0.0001*
Ejection fraction % 538 +29 NA
Diabetes mellitus 9 (19.6%) e —_—
Hypertension 19 (41.3%) —_— —
Smoking 14 (30%) e —_—
Drug abuse 2 (4%) e —_—
Stroke recurrence 6 (13%)
Atrial fibrillation 4 (9%) _— —_—
Carotid 27 (59%) NA _—
atherosclerosis
Significant carotid 7 (15%) NA —_—
stenosis

Notes: Data are presented as mean *SE; *P < 0.05 was considered statistically
significant.

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; NA,
not available; FBS, fasting blood sugar; TC, total cholesterol; TG, triglycerides;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low density lipoprotein cho-
lesterol; TLC, total leucocytic count; ESR, estimated sedimentation rate.

smokers, and 22 (47.8%) patients who were dyslipidemic.
Additionally, 2 (4%) were drug abusers, history of recur-
rence was present in 6 (13%) patients, positive family
history in 4 (9%) patients, and atrial fibrillation was
detected in 19 (41.3%) patients. Based on carotid arteries
duplex ultrasound, carotid atherosclerosis was detected in
27 (59%) patients and significant carotid stenosis was
detected in 7 (15%) patients (Table 1).

Concerning the relative expression of miR-155 in
serum obtained from stroke patients and control sub-
jects; it was highly expressed in stroke patients as com-
pared to controls, reaching 8.5 fold change at P value
<0.001 (Figure 1A). The relative expression levels of
mRNAs (JAK2/STAT3) were highly up-regulated among
stroke patients reaching 2.9 and 4.2 fold changes at
P values <0.001 and <0.001, respectively as compared
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Figure | The relative expression level of miR-155 (A), JAK2 (B) and STAT3 (C), as well as the level of TNF concentration (D) among stroke patients and healthy controls.
Notes: Horizontal lines inside the box plots represent the median, the boxes mark the interval between the 25th and 75th percentiles; the whiskers denote the intervals
between the 10th and 90th percentiles. Filled circles indicate data points outside the 10th and 90th percentiles; statistical differences were analyzed using Mann—Whitney

test; data are presented as mean * standard error, significant difference at P<0.05.

to controls, as shown in Figure 1B and C. Furthermore,
the mean serum levels of TNF-a in our patients were
higher as compared to control subjects (P <0.0001)
(Figure 1D).

By comparing the relative expression of miR-155 level
with the presence or absence of different important risk
factors for ischemic stroke such as diabetes, hypertension,
smoking, carotid atherosclerosis, stroke recurrence, atrial
fibrillation, we found significant association between the
relative expression level of miR-155 and hypertension
(P=0.01), carotid atherosclerosis (P=0.001) and atrial
fibrillation (P= 0.04) (Figure 2). Also, we found significant
elevation in the relative expression of JAK2 in acute
ischemic patients with history of atrial fibrillation, recur-
rence, smoking, and carotid atherosclerosis (Figure 3).
STAT3 was significantly elevated in patients with hyper-
tension, diabetes, smoking, stroke recurrence, atrial fibril-
lation, carotid atherosclerosis (Figure 4). While level of
TNF-a concentration was significantly higher in stroke
patients with hypertension, diabetes, smoking, stroke
recurrence, atrial fibrillation, carotid atherosclerosis
(Figure 5).

On performing Spearman correlation we found that
miR-155 was positively correlated with STAT3 (r=0.71,

p < 0.0001), JAK2 (r=0.73, p < 0.0001) and TNF-a (r
=0.71, p < 0.0001), also, STAT3 was positively correlated
to JAK2 (r=0.58, p < 0.001) and TNF-a (1=0.67, p <
0.001), in addition, JAK2 was positively correlated to
TNF-a (1=0.52, p < 0.0001) among our studied subjects,
as shown in Figure 6. Additionally, miR-155 was posi-
tively correlated with age of patients, duration of stroke in
hours, systolic blood pressure, total cholesterol levels, and
ESR among ischemic stroke patients. JAK2 was positively
correlated with age of patients, duration of stroke in hours,
blood pressure and HDL-C levels; STAT3 was positively
correlated with systolic blood pressure and HDL-C, and
TNF-0 was correlated positively with age of patients,
duration of stroke in hours, blood pressure, triglycerides,
HDL-C, and ESR levels among ischemic stroke patients
(Table 2).

The potential utility of circulating miR-155, JAK2/
STAT3 as biomarkers for stroke patients was determined.
Our analysis indicated that, at cut off point 1.75, miR-155
had sensitivity= 85.7% and specificity= 100% and at cut
off point 1.25, JAK2 had sensitivity= 61.9% and specifi-
city= 84.2 2.05, STAT3
had sensitivity= 83.3% and specificity= 67.8, as shown

and at cut off point

in Figure 7.
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Notes: Statistical differences were analyzed using Mann—Whitney test; data are presented as mean * standard error, significant difference at P<0.05.

Discussion

Recently, many cellular changes have been implicated in
stroke pathogenesis and several miRNAs have been found
to play a crucial role in the atherosclerosis process and have
levels stroke

different expression according to the

etiology,*** which elucidates their new role in ischemic
stroke diagnosis and therapy. Various studies documented
the essential role of miR-155 as a pro-inflammatory trigger
inducing the inflammatory signal transduction cascade in
atherosclerosis.*****> Activation of JAK2/STAT3 signaling

pathway stimulates the release of the inflammatory mediators

such as TNF-a in the peripheral macrophages which in turn
increase the inflammatory reaction.*® Thus, we evaluated the
relative serum expression of miR-155 and the mRNAs
(JAK2/STAT3) in acute ischemic stroke patients and its
associations with the inflammatory biomarker TNF-a. levels
and different stroke risk factors.

Our study revealed that increased expression of miR-
155 in acute ischemic stroke patients was associated with
significant elevation in the relative expression of JAK2/
STAT3 with significant increase in the inflammatory cyto-
kine TNF-a. Also, miR-155 and mRNAs (JAK2/STAT3)
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were positively correlated with TNF-a levels, one of the  positively correlated with ESR that was significantly
most important inflammatory biomarkers related to increased in our patients. ESR is an independent inflam-
ischemic stroke.***’ We also found that miR-155 was matory marker for early prediction of poor stroke
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outcomes.*®*® Also, there was a significant association
between miR-155 and mRNAs’ (JAK2/STAT3) expres-
sion. This direct relation between miR-155 and STAT3

was also reported by Escobar et al in another inflammatory
model (uveitis) which revealed that STAT3 binds directly
to the miR-155 locus and that STAT3 is required for
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miR-155 expression and that mature miR-155 expression JAK2 is an upstream to STAT3, we believe that miR-155
is defective in the absence of STAT3 via Chromatin and STAT3/JAK2 form an axis that promotes post-stroke
Immunoprecipitation (ChIP) Analyses technique.’® As cellular inflammation. Accordingly, we hypothesize that
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Table 2 The Correlation of Circulating miR-155, JAK2, STAT3 and TNF-a with Other Parameters Among Ischemic Stroke Patients

Parameter Age SBP DBP Stroke Duration TC TG LDL-C HDL-C ESR
MiR-155 r=046 | r=034 | r=0.18 r= 0.55 r=20.37 r =0.07 r=0.14 r =-0.002 r =0.3
p=0.002* | p=0.03* p=0.21 p<0.001* p=0.008* p=0.62 p=0.32 p=0.99 p=0.03*
JAK2 r=03 r=032 | r=046 r=0.3 r=0.013 r=20.105 r=0.09 r=-037 r =0.09
p=0.04* p=0.04* | p=0.002* P= 0.04* p=0.93 p=0.48 P=0.53 p=0.008* p=0.5
STAT3 r=0.14 r =0.34 r=0.15 r=0.105 r =0.09 r =0.002 r=0.18 r=-042 r =0.06
p=0.32 p=0.03* p=0.27 P=0.48 p=0.53 p=0.9 P=0.2 p=0.005% p=0.68
TNF-a r03 r=0.66 | r=0.36 r=0.39 r=20.15 r=0.34 r=0.14 r=-059 r =036
p=0.04* | p<0.001* | p=0.02* P=0.006* p=0.27 p=0.03* P=0.3 p<0.001* p=0.02*

Note: *P < 0.05 is significant.

triggering JAK2/STAT3 axis and TNF-o may be one of the
underlying mechanisms of the inflammatory role of miR-
155. Thus, targeting this axis may be beneficial for treat-
ment. The inflammatory response that occurs after brain
ischemia is a complementary process of both brain injury
and recovery, where elevated levels of inflammatory med-
iators accompanied by reduced levels of anti-inflammatory
neuro-protective mediators have been linked to poor
prognosis.'*!

We found a significant association between the relative
expression of circulating miR-155 and atherosclerosis.
This is in agreement with Li et al who reported increased
expression of miRNA-155 in the plasma and atherosclero-
tic veins of atherosclerosis patients.”® MiR-155 is involved
in the atherosclerotic process inducing macrophage cell
differentiation and stimulation.® Nazari-Jahantigh et al
reported a direct association between inhibition of miR-
155 expression and decrease in plaque size and macro-

phage number.?’

Additionally, we found a significant
increase in the expression of JAK2/STAT3 in patients
with atherosclerosis. JAK2/STAT3 signaling pathway
is involved in the inflammatory process associated with
atherosclerosis controlling the monocyte macrophage dif-
ferentiation which is a crucial step in augmenting
atherosclerosis.’**> These results elucidate the important
role of miR-155 and JAK2/STAT3 signaling pathway in
the process of atherosclerosis, a major risk factor of
ischemic stroke.

Regarding hypertension, one of the most important
modifiable risk factors of stroke, accumulating evidence
suggests that miR-155 is related to AT1R that could con-
trol blood pressure by modulating TGF-f1 signaling
pathway.”® Also, Johnson et al documented the crucial
role of STAT3 for angiotensin II induced hypertension

via its effect on vascular endothelium and oxidative
stress.”” In our study, we found a significant increase in
circulating miR-155 and STAT3 among stroke patients
with hypertension in comparison to patients without
hypertension, along with a significant positive correlation
with systolic blood pressure, in agreement with earlier
studies.”®”” Our findings determined the significant role
of miR-155 and STAT3 in ischemic stroke pathogenesis
through controlling the arterial blood pressure and its
validity to be used as biomarkers for risk stratification.

In our study we found a significant association between
miR-155 and total cholesterol levels. Thus, increased
expression of mMiRNA-155 which is associated with
hypercholesterolemia may at least partly emphasize the
link between atherosclerosis and stroke which was pre-
viously reported in our study. Similarly, Faccini et al found
a significant association between miR-155 and cholesterol
in patients with coronary artery disease.®” Our study
revealed a significant negative correlation between JAK2/
STAT3, TNF-a and HDL-C. The presence of dyslipidemia
stimulates the release of inflammatory cytokines such as
TNF-a which results in activation of JAK2/STAT3 path-
way which aggravates atherosclerosis, and by inhibiting
the JAK2/STAT3 pathway, the formation of lipid particles
inside the vessels as well as the formation of atheromatous
plaque can be prevented.®!

Atrial fibrillation has a well-described role in the
pathogenesis of stroke. In our study, we explored a novel
significant relation between circulating miR-155 and atrial
fibrillation in stroke patients. These results are supported
by Tran et al who reported that miR-155 increases the
secretion of nerve growth factor (NGF) signaling and the
inflammatory cytokine IL-8 from the epicardial adipose

tissue which potentiates the development and maintenance
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Figure 7 Receiver operating characteristic curve analysis displaying the discriminatory ability of JAK2 (A), STAT3 (B) & miR-155 (C) in differentiating stroke patients from healthy controls.
Note: Significant difference at P<0.05.

Abbreviation: AUC, area-under-the receiver operating characteristic.
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of atrial fibrillation.®” Currently, there is no available bio-
marker for early diagnosis of atrial fibrillation. Studies
have found that miRNAs can serve as a good biomarker
for diagnosis.®® The miRythm study evaluated 86 circulat-
ing miRNAs in atrial fibrillation patients and they found
that circulating miR-21 and miR-150 were down-regulated
in atrial fibrillation patients compared to controls, and
suggested that studying miRNAs can be an important
method
regulation.** Importantly, our study pointed out that miR-

to understand more about cardiac gene
155 may provide additional information for reassessing
atrial fibrillation, which may trigger stroke. Regarding
JAK2/STAT3, we also found a significant increase in
their expression in stroke patients with atrial fibrillation.
Interestingly, Xue et al reported up-regulation in STAT3
expression in the atrial tissue in rheumatic heart disease
patients with atrial fibrillation compared to sinus
patients.®® In vivo inhibition of STAT3 decreased the atrial
fibrosis present in an animal model, which elucidates the
important role of STAT3 as an essential mediator in the
fibrotic process and atrial remodeling.®®

MiR-144 and miR-223 were linked to diabetes in
ischemic stroke patients.®” In our study we did not find
any significant association between miR-155 and diabetes,
consistent with Fichtlscherer et al’s study which was done
on patients with coronary artery disease.°® On the contrary.
we found significant increase in STAT3 expression and
TNF-a level in diabetic stroke patients. Yang et al also
documented significant increase in STAT3 expression and
TNF-a level in diabetic patients with macrovascular com-
plications which are related to the inflammatory role of
JAK2/STAT3 pathway in inflammation.®’

Smoking is considered one of the major cardiovascular
risk factors that induce endothelial dysfunction and
atherogenesis.”’ Smoking can increase the expression of
miR-155 in the endothelial cells which induce the release
of inflammatory mediators and cell death.”’ Also, smoking
can cause impairment in miR-155 expression that induces
acute lung injury by targeting SOCS1 and emphysema.”*”*
In our, study we did not find a significant association between
smoking and miR-155 expression. On the contrary, we found
a significant increase in STAT3/JAK2 expression and smok-
ing. The relation between STAT3 and nicotine in athero-
sclerosis model was studied by Xu et al, who reported
a direct relation between STAT3 and nicotinic acetylcholine
(nAChRal)
interactions decreases nicotine-induced atherosclerosis by
targeting Akt/mTOR pathway.’*

receptors ol and inhibition of these

We assessed the relation between circulating miR-155
and mRNAs (JAK2/STAT3) and stroke recurrence. Only
mRNAs (JAK2/STAT3) were associated with stroke recur-
rence. A previous study documented the association of
miR-17 and stroke recurrence among five miRNAs sig-
nificantly associated with acute stroke.”” Other studies
have linked genetic polymorphisms of miRNAs to stroke
recurrence.’®’” This means that there is no direct relation
between significant expression of specific miRNA and
disease outcome, and there are still unknown mechanisms
which play a significant role in miRNAs’ profiling along
the course of the disease.

Over and above, ROC analysis was used to explore the
fact that ischemic stroke patients with over-expression of
miR-155 and mRNAs (STAT3/JAK2) are at a higher risk
for ischemic stroke development as the calculated cut-off
value, sensitivity and specificity are appropriate for the
discrimination between patients and controls. Moreover,
miR-155 and mRNAs (STAT3/JAK2) were strongly corre-
lated with several risk factors associated with stroke.
Therefore, we suggest that miR-155 and mRNAs
(STAT3/JAK2) could be accessible complementary bio-
markers in order to improve the diagnostic performance
of stroke. There were some limitations in our study, the
relatively small number of patients studied, also, it was
important to assess these biomarkers again after stabiliza-
tion of patients and detect its association with patient out-
comes. The significant association between some stroke
risk factors and miR-155 and target genes still raises the
question about the main mechanism that leads to this
significant expression, there are still unknown molecular
mechanisms in miRNAs’ profiling that have to be eluci-
dated. Therefore, we still need further studies to answer
these questions.

Conclusion

In light of the presented findings, we can conclude that
circulating miR-155 expression and mRNAs (JAK2/
STAT3) are significantly elevated in acute ischemic stroke
patients and significantly correlated to the inflammatory
cytokine TNF-a which could collectively trigger post-
stroke inflammation. Also, there were significant associa-
tions between miR-155 and mRNAs’ (JAK2/STAT3)
expressions and important risk factors of stroke such as
hypertension, AF, dyslipidemia, smoking, and athero-
sclerosis. These significant associations could help us to
know more about the role of different stroke risk factors in
stroke. Furthermore,

the pathogenesis of ischemic
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miR-155 could be used as complementary inflammatory

biomarker for differentiating ischemic stroke patients from

healthy subjects, and targeting miRNAs could control

a variety of coding genes which constitute the future of

gene therapy for post-stroke recovery. However, further

clinical studies are still needed to determine the exact

role of miRNAs and different signal transduction expres-

sions in the stage of post-ischemic stroke injury, which

may shed more light on debated mechanisms of stroke and

new approaches for management.
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