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Abstract 
Stroke represents a worldwide major cause of death and long-term adult disability. Various human diseases pathogenesis, 
including stroke, are associated with dysregulation of long noncoding RNA (LncRNA) and microRNA (miR). However, their potential 
role is yet to be elucidated. This work aimed to assess the role of LncRNA X-inactive specific transcript (XIST), miR-340-5p, 
and 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase (PFKFB)3 as peripheral blood biomarkers for acute cerebrovascular 
stroke diagnosis and severity prediction. This cross-sectional study included 120 participants divided into 3 groups; healthy 
controls, acute ischemic stroke patients, and acute hemorrhagic stroke patients. XIST, miR-340-5p, and PFKFB3 expression 
were assessed by RT-qPCR, whereas PFKFB3, hypoxia inducible factor 1-alpha (HIF-1α) and vascular endothelial growth 
factor (VEGF) serum proteins were measured by ELISA. Compared to healthy control, XIST and PFKFB3 mRNA expression 
were significantly upregulated in stroke patients, with the highest levels in hemorrhagic type, while miR-340-5p expression was  
significantly downregulated and its lowest level was in hemorrhagic stroke. Serum PFKFB3, HIF-1α, and VEGF levels were 
significantly elevated in stroke patients with the highest levels in hemorrhagic stroke. These biomarkers correlated with National 
Institute of Health Stroke Scale (NIHSS). Regression analysis using NIHSS as dependent variable confirmed that PFKFB3 mRNA 
relative expression was the independent predictor (β = 0.7, P = .003). Receiver operating characteristic analyses revealed 
that XIST, miR-340-5p, and PFKFB3 mRNA relative expression levels were useful biomarkers discriminating ischemic from 
hemorrhagic stroke (AUC were 0.99, 0.979, and 0.980, respectively). XIST, miR-340-5p, and PFKFB3 might be involved in acute 
cerebrovascular stroke pathogenesis and progression providing opportunities for early detection and assessing the severity.

Abbreviations: HDL-C = high-density lipoprotein–cholesterol, HIF-1α = hypoxia inducible factor 1-alpha, INR = International 
normalized ratio, LDL-C = low-density lipoprotein–cholesterol, LncRNA = long noncoding RNA, miR = microRNA, NIHSS = NIH 
stroke scale/score, PFKFB3 = 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase, PT = prothrombin time, RBG = random 
blood glucose, TC = total cholesterol, TG = triacylglycerol, VEGF = vascular endothelial growth factor, XIST = X-inactive specific 
transcript.
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1. Introduction
Stroke is an acute cerebrovascular disease of 2 main clinical 
types: ischemic and hemorrhagic. Ischemic stroke, accounting 
for around 80% of cases, is triggered by blood flow interruption 
to the brain, while an abnormal vascular structure or a blood 
vessel collapse triggers hemorrhagic stroke.[1] Stroke remains 
a massive health problem, ranking the second cause of death 
and disability worldwide in 2019, placing heavy burdens on 
patients’ families and society.[2] In Egypt, stroke is also a devas-
tating neurological disorder, responsible for 6.4% of all deaths, 
coming in as the third cause after heart and liver diseases.[3]

The molecular pathophysiological mechanisms underlying 
stroke remains unclear, however a large body of evidence sug-
gests that excitotoxicity, mitochondrial dysfunction and oxida-
tive stress are major contributing factors.[4] Hyperacute clinical 
assessment is still challenging. Hence, further research is signifi-
cantly important to develop sensitive and reliable blood-based 
predictors to distinguish an ischemic from hemorrhagic lesions 
and further provide additional information for pathogenesis 
understanding and urgent management.[1]

Long noncoding RNAs (LncRNAs) are a category of non-
coding RNAs, implicated as key players in both physiolog-
ical and pathological conditions of various cellular functions. 
LncRNAs control their target genes expression at epigenomic, 
transcriptional, or posttranscriptional levels. Besides, lncRNAs 
can downregulate microRNAs (miRs), serving as molecular 
sponge.[5] A plenty of dysregulated lncRNAs have drawn wide 
attention to partake in acute stroke pathology, serving as poten-
tial biomarkers for diagnosis, prognosis, progression monitor-
ing, as well as novel potential therapeutic targets.[6]

LncRNA X-inactive specific transcript (XIST) is a major reg-
ulator of mammalian X chromosome inactivation. LncRNA 
XIST is described as an oncogene in several types of cancers by 
activating a variety of tumorigenic signal pathways involving 
hypoxia-induced angiogenesis and glycolysis.[7] It was upreg-
ulated in diabetic coronary artery disease patients[8] and in 
ox-LDL treated vascular smooth muscle cells, suggesting it to be 
a potential target for atherosclerosis-related vascular disease.[9] 
LncRNA XIST level was also found to increase in atherosclero-
sis and heart attacks, which are high-risk factors of stroke.[10,11]

MicroRNAs (miRs) are another class of noncoding RNAs, 
governing gene expression through targeting the mRNA for deg-
radation or translational repression. In the setting of stroke, a 
growing number of preclinical and clinical studies have revealed 
an association between certain microRNAs levels and stroke as 
potential sensitive biomarkers in the diagnosis, as well as ther-
apeutic tools.[12]

Most recently, bioinformatics analysis revealed the interac-
tion between lncRNA XIST and miR-340-5p.[13,14] Recent stud-
ies indicated the protective role of miR-340-5p in a variety of 
cardiovascular and cerebrovascular diseases, including myocar-
dial ischemia–reperfusion injury.[14] MiR-340-5p was elucidated 
to be a specific regulated target for neural protection in various 
experimental models.[15,16]

Accumulating evidence implicates metabolic reprogramming as 
a key driver of the inflammatory response in stroke.[17] Thus, another 
target has been selected to be investigated, 6-phosphofructo- 
2-kinase/fructose-2,6-biphosphatase (PFKFB)3, a member of 
the PFKFB family of bi-functional isozymes. PFKFB3 has a cru-
cial role in regulating glycolysis by catalyzing the synthesis of 
fructose-2, 6-bisphosphate that is a powerful allosteric activa-
tor of the key enzyme of glycolysis, 6-phosphofructo-1-kinase. 
PFKFB3 is ubiquitously expressed in human tissues, with the 
highest concentration in muscle, fat, kidney, lung, and brain.[18] 
Overexpression of PFKFB3 was revealed in activated inflamma-
tory cells and numerous tumor cells. PFKFB3-driven glycolysis 
was also reported in the activation of endothelial cells, while 
endothelial cell-specific deletion of PFKFB3 reduces pathologi-
cal angiogenesis.[19]

Despite prior preclinical studies that have demonstrated the 
role of lncRNA XIST, miR-340-5p, and PFKFB3 in the pathol-
ogy of ischemic stroke,[20–25] no available data concerning their 
clinical significance in both types of stroke has yet been studied, 
to the authors’ knowledge. Therefore, this study was directed 
towards evaluation of the diagnostic value of lncRNA XIST, 
miR-340-5p, and PFKFB3 in acute cerebrovascular stroke types 
and their significance in predicting the severity in Egyptian 
patients.

2. Subjects and methods

2.1. Study population

The current cross-sectional study was conducted in the 
Departments of Medical Biochemistry, Clinical pathology, 
Pharmacology, and Neurology, Faculty of Medicine, Tanta 
University, Tanta, Egypt. For this study, 120 participants were 
enrolled, categorized into 3 groups, each of 40 as follows: 
group 1 represented the healthy controls; group 2 represented 
acute ischemic stroke patients, and group 3 represented acute 
hemorrhagic stroke patients. The stroke patients were consec-
utively recruited from the intensive care unit of the neuropsy-
chiatry department, Tanta University Hospital, Tanta, Egypt. 
The inclusion criteria included those diagnosed with acute 
stroke (hemorrhagic and ischemic) based on neurological 
examination and brain imaging (either computed tomogra-
phy and/or magnetic resonance imaging). The exclusion cri-
teria included patients older than 60 years and younger than 
40 years; traumatic brain injury; brain tumor; other brain 
inflammatory diseases; cerebrovascular malformations; other 
ischemic diseases; advanced renal, and hepatic insufficiencies; 
heart failure; chronic infectious diseases; coagulation disor-
ders; autoimmune diseases; and patients who refused to give 
consent.

The control group was healthy volunteers without a history 
of stroke, other neurological or systemic diseases and matched 
the patients’ groups in age and sex distribution.

All patients were subjected to thorough history taking and 
full clinical assessment including general and neurological 
examination. The severity of stroke was assessed with the NIH 
Stroke Scale/Score (NIHSS) by experienced neurologists within 
the first 24 hours after the stroke event. An informed consent 
was obtained from all individuals included in this study. The 
study followed the ethical guidelines of Helsinki Declaration, 
revised in 2008, and was approved by the Research Ethical 
Committee, Faculty of Medicine, Tanta University, Tanta, Egypt 
(approval code 36264PR63/1/23).

2.2. Sample collection and biochemical investigations

Within 24 hours of admission, 5 mL of peripheral venous blood 
were collected from each participant under standard infection 
control guidelines. Blood samples were divided into 2 parts; 1 
part was collected on ethylene diamine tetra acetate (EDTA) for 
RNA extraction, the other part was drawn into plain tubes for 
separating serum to determine random blood glucose (RBG), 
triglycerides (TG), total cholesterol (TC), high-density lipopro-
tein cholesterol (HDL-C), and creatinine levels using automated 
chemistry analyzer (Beckman coulter AU48, Siemens, Kearney, 
NE, USA). Low-density lipoprotein cholesterol (LDL-C) was 
calculated according to Friedewald formula. Enzyme-linked 
immunosorbent assay (ELISA) was used for the assessment of 
serum hypoxia inducible factor 1-alpha (HIF-1α) and vascular 
endothelial growth factor (VEGF) levels utilizing ELISA kits (cat 
no MBS2702488 and MBS355343 respectively, MyBioSource, 
San Diego). Additionally, serum level of PFKB3 was determined 
by ELISA kit purchased from FineTest, Wuhan, China (Cat no. 
EH11044) following the manufacturer’s instructions using ELISA 
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Reader (Stat Fax®2100, Fisher Bioblock Scientific, Illkirch-
Graffenstaden, France).

2.3. Quantitative analysis of lncRNA XIST, miR-340-5p, and 
PFKFB3 mRNA expression by real-time polymerase chain 
reaction (RT-qPCR)

Total RNA was extracted from the fresh EDTA blood using the 
Direct-zol™ RNA MiniPrep (cat. no. R2051, ZYMO Research, 
Irvine) following the manufacturer’s instructions. The concen-
tration and quality of RNA were tested using NanoDrop 1000 
(Thermo Fisher Scientific, Waltham, MA). Next, the extracted 
RNA was converted to cDNA by reverse transcriptase using 
TOPscript™ RT DryMIX (dT18/dN6 plus) (cat. no. RT220, 
Enzynomics, Daejeon, Republic of Korea) according to manu-
facturer’s instructions. The resulting cDNA was amplified using 
TOPreal™ qPCR 2X PreMIX (SYBR Green with low ROX) (cat. 
no. RT500S, Enzynomics, Daejeon, Republic of Korea). Rotor 
Gene Q5 plex System (Qiagen, Germany) was used for amplifi-
cation and relative quantitation of lncRNA XIST, miR-340-5p, 
and PFKFB3 mRNA expression relative to the housekeeping 
gene using 2−ΔΔCT method. Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was used for LncRNA XIST and PFKFB3 
mRNA expression, while RNU6 was used for miR-340-5p as 
an endogenous control. Both reference genes were validated for 
constant expression within the groups.

The primers sequences for the investigated 
genes were as following: lncRNA XIST Forward: 
5’-AGCTCCTCGGACAGCTGTAA-3’ and Reverse: 
5’-CTCCAG ATAGCTGGCAACC-3’, miRNA 340-
5p Forward 5’-CGGCGGCTTATAAAGCAA TGAGA-
3’ and reverse 5’-CCAGTGCAGGGTCCGAGGTAT-3’, 
PFKFB3 Forward: 5’-GTGCCTTAGCTGCCTTGAGA and 
Reverse: 5’-CCGACTCGATGAAAAACG CC-3’, GADPH 
Forward: 5’-ACAGCCTCAAGATCATCAGC-3’ and 
reverse: 5’-GGTCATGAGTCCTTCCACGAT-3’, and RNU6 
Forward: 5’-CTCGCTTCGGCAGCACAT-3’ and reverse 
5’-TTTGCGTGTCATCCTTGCG-3’. Thermal cycling profile 
was as the manufacturer instructed; 1 cycle of initial activa-
tion of DNA polymerase at 95°C for 15 minutes, then repeated 
3-step cycling for 45 cycles of (denaturation at 95°C for 10 sec-
onds; annealing at 61°C for 15 seconds and extension at 72°C 
for 30 seconds). The process was followed by melting curve 
analysis to ensure the specificity and identity of PCR product. 
Negative controls were included in each PCR run. Samples were 
tested blindly and in duplicates.

2.4. Statistical analysis

Statistical package of Social Science (SPSS) version 20 (SPSS Inc., 
Chicago) was used for data analysis. Data showed normal dis-
tribution according to Shapiro–Wilk test. Continuous quantita-
tive data were expressed as mean ± standard deviation (SD) and 
analyzed applying analysis of variance (ANOVA) test followed 
by post hoc Tukey test. Bonferroni correction was conducted 
to adjust the significance level for each pairwise comparison, 
thus reducing the likelihood of obtaining a false positive (type 
I error). Qualitative data were represented as frequencies (n) 
and percentages (%) and analyzed applying chi-square test. P 
values of <.05 were considered statistically significant. Pearson 
correlation was conducted to evaluate the relation in-between 
the different variables. Multiple linear regression analysis was 
used for predicting stroke severity. A receiver operating charac-
teristic (ROC) curve analysis was run for the studied biomarkers 
to assess the performance of the studied parameters to reach the 
best compromise in the setting of different types of acute stroke.

The effect size and power of the study were retrospectively 
checked using SPSS at α-error computed to 0.05. The effect sizes 

(partial eta2) were 0.729, 0.819, 0.969, 0.888, 0.967, and 0.935 
for HIF-1α, VEGF, PFKFB3 concentration, PFKFB3 expression, 
miR-340-5p, and lncRNA XIST respectively. The power of the 
study was 1.0 for all of them.

3. Results

3.1. Demographic, clinical and laboratory data of the 
studied groups

The study was carried out on 80 stroke patients; 40 patients 
with ischemic stroke and 40 with hemorrhagic type in addi-
tion to 40 healthy controls of matched age and sex. The demo-
graphic, clinical, and laboratory data of the participants were 
presented in Table 1. There were overall statistically significant 
differences among the studied groups regarding the medical 
history of diabetes mellitus, hypertension, and ischemic heart 
disease. Also, comparison of the laboratory findings showed 
statistically significant differences regarding most routine lab-
oratory data.

3.2. Serum levels of HIF-1α, VEGF, and PFKFB3 in the 
studied groups

As indicated in Table 2, the mean values of HIF-1α, VEGF, 
PFKFB3 serum levels were significantly higher in both stroke 
groups compared with those reported in the control group, 
where the highest significant values were for hemorrhagic stroke 
patients (P < .001).

3.3. The expression levels of lncRNA XIST, miR-340-5p, 
and PFKFB3 mRNA

Compared to healthy controls, lncRNA XIST expression level 
was significantly higher in both stroke groups. The highest levels 
were observed in the hemorrhagic stroke followed by ischemic 
stroke patients (3.632 ± 0.511 and 1.587 ± 0.092 respectively). 
Also, PFKFB3 mRNA expression was significantly higher in 
both stroke groups compared to control group; the hemorrhagic 
stroke patients showed higher values than those ischemic stroke 
(3.028 ± 0.372 and 1.554 ± 0.376 respectively). On the other 
hand, a significant reduction of miR-340-5p expression was 
observed in stroke patients with the lowest levels observed in the 
hemorrhagic stroke patients (0.423 ± 0.054 and 0.767 ± 0.052) 
(Fig. 1) (all P < .001).

3.4. Correlation analysis of the studied biochemical and 
molecular markers with NIHSS scores

On performing Pearson correlation analysis to correlate the 
studied biochemical and molecular markers with NIHSS 
scores in stroke patients; significant positive correlation was 
revealed between NIHSS scores and each of lncRNA XIST and 
PFKFB3 mRNA expression levels, and the serum levels of each 
of PFKFB3, VEGF, and HIF-1α, as well. On the other hand, 
miR-340-5p expression was correlated in the reverse manner 
(Table 3).

3.5. Multiple linear regression analysis for predicting stroke 
severity

Multiple linear regression analysis was run using NIHSS score 
as dependent variable, and our studied parameters as indepen-
dent variables, it was observed that PFKFB3 mRNA expres-
sion (β = 0.7, P = .003), was the independent predictor of acute 
stroke severity (Table 4).
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3.6. Diagnostic performance of the studied markers

ROC curve analysis was applied for lncRNA XIST, miR-
340-5p, and PFKFB3 mRNA expression as diagnostic bio-
markers of early stroke (Fig. 2A). The optimal cutoff point 
for lncRNA XIST expression was 1.37, area under the curve 
(AUC) of 0.996, with sensitivity 96.5% and specificity 
97.5%. While, for miR-340-5p expression, the optimal cut-
off point was 0.78, AUC of 0.991, with sensitivity 95% and 
specificity 95%. For PFKFB3 mRNA expression, the opti-
mal cutoff point was 1.34, AUC of 0.981, with sensitivity 
87.8% and specificity 95%. Moreover, the potential diag-
nostic value of these biomarkers for discriminating ischemic 
stroke patients from hemorrhagic ones was investigated. The 
optimal cutoff point for lncRNA XIST expression was 2.02, 
AUC of 0.99, with sensitivity 95% and specificity 95%, 
while in miR-340-5p expression, the optimal cutoff point 
was 0.63, AUC of 0.979, with sensitivity 97.5% and spec-
ificity 92.5%. For PFKFB3 mRNA expression, the optimal 
cutoff point was 2.21, AUC of 0.980, with sensitivity 95% 
and specificity 92.5% (Fig. 2B).

4. Discussion
Revascularization procedures are time-sensitive, and their effects 
remain limited up to 24 hours for endovascular thrombectomy 
and to 4.5 hours for intravenous thrombolysis; therefore, early 
detection of acute ischemic stroke and its differentiation from 
hemorrhagic type is critical. Thus, a rapid diagnostic test based 
on blood biomarkers in conjunction with conventional diagno-
sis methods, including cranial imaging, should be ensured. These 
biomarkers could allow extensive clinical phenotyping, improve 
diagnostic precision, predict clinical outcomes, select patients 
for clinical trials, monitor disease progression, and identify new 
therapeutic targets. In stroke, the number of candidate biomark-
ers is persistently increasing, however, no marker can simulta-
neously enjoy appropriate specificity, sensitivity, promptness, 
accuracy, and cost effectiveness in routine controlling.[26]

Interestingly, the current study is the first we are aware of to 
unravel the usefulness of peripheral blood lncRNA XIST, miR-
340-5p, and PFKFB3 mRNA expression levels in the diagnosis 
of acute ischemic and hemorrhagic stroke patients and their cor-
relation to disease severity.

Table 1

Demographic and clinical data of the studied groups.

Variable
Group 1

Control group (N = 40)
Group 2

Ischemic stroke patients (N = 40)
Group 3

Hemorrhagic stroke patients (N = 40)

One-way ANOVA/ 
Chi2/t-test

F/χ2/t P value

Gender
 � Male 22 (55%) 20 (50%) 26 (65%) 1.9 .387
 � Female 18 (45%) 20 (50%) 14 (35%)

52.13 ± 4.58 53.05 ± 4.91 53.25 ± 5.79
Age (yr) − 13.43± 3.11 15.381± 2.92‡ 0.549 .579
NIHSS
 � Medical history 0 (0%) 7 (17.5%)† 16 (40%)†,‡ −2.898 .005*
 � Diabetes mellitus, n (%) 0 (0%) 19 (47.5%)† 23 (57.5%)† 20.762 <.001*
 � Hypertension, n (%) 0 (0%) 13 (32.5%)† 2 (5%)‡ 33.19 <.001*
 � Ischemic heart disease, n (%) 6 (15%) 10 (25%) 7 (17.5%) 22.4 <.001*
 � Smoking, n (%) 105.15 ± 11.12 120.90 ± 23.35† 119.85 ± 22.29† 1.398 .497
 � RBG (mg/dL) 162.80 ± 18.49 182.05 ± 27.1† 178.20 ± 21.09† 7.98 .001*
 � TC (mg/dL) 101.75 ± 9.38 161.30 ± 22.75† 124.55 ± 25.93†,‡ 8.18 <.001*
 � TG (mg/dL) 51.20 ± 4.53 51.05 ± 5.34 48.98 ± 7.25 84.78 <.001*
 � HDL-c (mg/dL) 91.25 ± 19.86 104.54± 27.5† 102.79 ±20.32 1.83 .165
 � LDL-c (mg/dL) 0.97 ± 0.09 1.23 ± 0.15† 1.29 ± 0.2† 4 .021*
 � Creatinine (mg/dL) 11.94 ± 0.23 17.39 ± 0.68† 16.36 ± 2.6†,‡ 51.37 <.001*
 � PT (seconds) 0.98 ± 0.03 1.51 ± 0.12† 1.52 ± 0.12† 138.52 <.001*
 � INR 484.17 <.001*

Categorical data are presented as numbers (n) and percentage (%); continuous variables are presented as mean ± standard deviation; statistical study was achieved using 1-way ANOVA with post hoc 
Tukey test for multiple comparisons, chi-square, or t-tests.
Abbreviations: HDL-C = high-density lipoprotein–cholesterol, INR = International normalized ratio, LDL-C = low-density lipoprotein–cholesterol, NIHSS = National Institute of Health Stroke Scale, PT = 
prothrombin time, RBG = random blood glucose, TC = total cholesterol, TG = triacylglycerol.
*Indicates statistical significance.
†Significant difference versus control group (P < .05).
‡Significant difference versus ischemic stroke group (P < .05).

Table 2

Comparison between HIF-1α, VEGF, PFKFB3 serum levels among the studied groups.

Variable
Group 1

Control group (N = 40)
Group 2

Ischemic stroke patients (N = 40)
Group 3

Hemorrhagic stroke patients (N = 40)

One-way ANOVA

F P value

Serum HIF-1α (ng/mL) 0.76 ± 0.04 1.14 ± 0.17† 1.35 ± 0.19†,‡ 157.1 <.001*
Serum VEGF (pg/mL) 176.43 ± 31.85 271.39 ± 15.94† 294.05 ± 22.36†,‡ 264.33 <.001*
Serum PFKFB3 (ng/mL) 0.52 ± 0.09 2.09 ± 0.17† 2.92 ± 0.24†,‡ 1841.6 <.001*

Data is presented as mean ± standard deviation, statistical study was achieved using 1-way ANOVA with post hoc Tukey test.
Abbreviations: HIF-1α = hypoxia inducible factor 1-alpha, PFKFB3 = 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3, VEGF = vascular endothelial growth factor.
*Indicates statistical significance.
†Significant difference versus control group (P < .05).
‡Significant difference versus ischemic stroke group (P < .05).
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LncRNAs have vastly been described as key regulators in 
multiple physiopathology processes.[5] Accordingly, evaluation 
of their expression levels could be of significance to elucidate 
the mechanism underlying complex diseases including stroke. 
Recently, a growing body of evidence has reported the func-
tional value of lncRNA XIST in the pathophysiology of cerebro-
vascular disorders, but few studies have focused on its clinical 
value.[10,11]

Our results revealed that lncRNA XIST expression was dis-
tinctly increased in peripheral blood from stroke patients in 
comparison to control subjects, where it was remarkably higher 
in hemorrhagic than ischemic stroke patients. Concordant with 
our findings, lncRNA XIST was highly expressed in ischemic 
brain tissue and involved in neuronal damage and neurological 
dysfunction, while its depletion attenuated ischemia/reperfusion 

(I/R)-induced neurological deficits, inflammatory response, and 
apoptosis as reported by Wang Y et al (2021), Wang J et al, 
(2021), and Zhang M, et al (2021).[20–22] Decreased lncRNA 
XIST expression was also reported to restrain oxidative stress 
and apoptosis in rat hippocampal neurons.[27] Furthermore, it 
was revealed that upregulated lncRNA XIST had a vital role 
in hypoxia-induced angiogenesis in human brain microvascu-
lar endothelial cells and regulating endothelial cell damage.[28] 
These molecular mechanisms, in combination with our results 
support the pathological roles of lncRNA XIST in acute cere-
brovascular stroke.

LncRNAs serve as molecular sponges for specific miRNAs 
to regulate their expression and downstream gene expression. 
LncRNA XIST has been elucidated to sponge miR-340-5p.[13,14] 
In the present study, we showed that compared to the control 

Figure 1.  The expression levels of (A) lncRNA XIST, (B) miR-340-5p, (C) PFKFB3 mRNA in the studied groups. The statistical study was achieved using 1-way 
ANOVA with post hoc Tukey test; a Significant difference versus control group (P < .001); b Significant difference versus ischemic stroke group (P < .001). GAPDH 
= Glyceraldehyde-3-phosphate dehydrogenase, LncRNA XIST = long noncoding RNA XIST, miR-340-5p = microRNA-340-5, PFKFB3 = 6-phosphofructo- 
2-kinase/fructose-2,6-biphosphatase 3.

Table 3

Correlation matrix between the studied biochemical and molecular markers and NIHSS scores.

Variable NIHSS Serum HIF-1α Serum VEGF Serum PFKFB3 PFKFB3 mRNA expression miR-340-5p expression

Serum HIF-1α r 0.290
P .009*

Serum VEGF r 0.224 0.320
P .046* .004*

Serum PFKFB3 r 0.300 0.473 0.455
P .007* <.001* <.001*

PFKFB3 mRNA expression r 0.457 0.537 0.485 0.819
P <.001* <.001* <.001* <.001*

miR-340-5p expression r −0.327 −0.450 −0.471 −0.828 −0.860
P .003* <.001* <.001* <.001* <.001*

LncRNA XIST expression r 0.333 0.468 0.472 0.856 0.831 −0.920
P .003* <.001* <.001* <.001* <.001* <.001*

r, Pearson correlation coefficient.
Abbreviations: HIF-1α = hypoxia inducible factor 1-alpha, LncRNA XIST = long noncoding RNA X-inactive specific transcript, miR-340-5p = microRNA-340-5, NIHSS = National Institute of Health Stroke 
Scale, PFKFB3 = 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3, VEGF = vascular endothelial growth factor.
*Indicates statistical significance (P < .05).
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group, miR-340-5p expression was significantly reduced in 
both stroke groups, and it was lower in hemorrhagic stroke 
than ischemic stroke. Current results concur with prior stud-
ies reporting low expression of miR-340-5p in acute ischemic 
and hemorrhagic stroke.[23,24] Recent studies also indicated the 
protective role of miR-340-5p in cellular and animal models of 
neuroinflammation.[29,30]

As miRNAs modulate the expression of downstream target 
genes, the present study proceeded to investigate miR-340-5p 
downstream signaling molecules, showing significant increase of 
both HIF-1α and VEGF levels in all stroke patients compared to 
control and in hemorrhagic more than ischemic stroke patients. 
This was in accordance with earlier report.[31]

Although it seems to be the first such demonstration, it comes 
in line with an earlier study validating that miR-340-5p is an 
upstream regulator of Sirt3,[32] which was demonstrated to reg-
ulate HIF-1α/VEGF signaling and exert protective roles in vivo 
and in vitro against stroke-induced damage, maintaining blood 
brain barrier (BBB) integrity and attenuating neuroinflamma-
tion.[33] These findings can support the protective role miR-
340-5p in hypoxic conditions as stroke.

Under hypoxic conditions, HIF-1α is activated, mediating 
various pathological processes by regulation of genes involved 
in oxidative stress, inflammation, apoptosis, autophagy, and 
energy metabolism. One of HIF-1α target genes is VEGF, which 
increases substantially during severe and sustained hypoxia 
leading to BBB disruption.[34] On the other hand, inhibition 
of HIF-1α in the early acute phase of stroke can significantly 
downregulate VEGF and improve neuronal survival and senso-
rimotor function.[35]

PFKFB3 is another downstream target of HIF-1α, it cat-
alyzes 1 of the rate-limiting checkpoints of glycolytic flux. 
HIF-1α/PFKFB3 signaling has been implicated in the control 
of pathological angiogenesis,[36] cognitive dysfunction and neu-
roinflammation,[37] as well as neuronal damage in epilepsy.[38]

The current results showed significant increase of PFKFB3 
mRNA expression and its serum level in stroke patients com-
pared to control group, with significant higher levels in hemor-
rhagic group versus ischemic group. To our knowledge, this is 
the first study evaluating PFKFB3 transcript in stroke patients’ 
peripheral blood and its serum level. Our findings are sup-
ported by previous studies reporting hypoxia-enhanced glycol-
ysis being involved in microglia-mediated inflammatory injury 
during ischemic and hemorrhagic stroke.[39,40]

Consistently, Li et al reported that during cerebral I/R 
injury, PFKFB3 expression was upregulated in cortical neurons 
directing neuronal glucose metabolism to aerobic glycolysis, 
leading to excessive reactive oxygen species production, mito-
chondrial dysfunction, and eventually neuronal apoptosis.[41] 
Furthermore, Yan et al demonstrated that pharmacological 
inhibition of PFKFB3 enhances resolution of inflammation and 
improves ischemic brain injury.[25] Accordingly, PFKFB3 could 
hold a therapeutic strategy to reprogram metabolic profile and 
improve stroke patients’ outcomes.

Of note, lncRNA XIST expression showed strong positive 
correlation with both PFKFB3 mRNA expression and serum 
level of PFKFB3, while showed low to moderate positive cor-
relation with each of serum levels of VEGF and HIF-1α, as 
well as NIHSS score. On the other hand, miR-340-5p expres-
sion strongly correlated in the reverse manner. Additionally, 

Table 4

Multiple linear regression analysis for potential predictors of stroke severity.

Variable

Unstandardized coefficients Standardized coefficients

t P-valueB Std. Error Beta

LncRNA XIST expression 0.387 0.838 0.134 0.462 .645
miR-340-5p expression 4.632 5.105 0.265 0.907 .367
PFKFB3 mRNA expression 2.663 0.860 0.700 3.097 .003*
Serum PFKFB3 −1.394 1.440 −0.207 −0.968 .336
Serum VEGF 0.003 0.017 0.021 0.174 .862
Serum HIF-1α 0.936 1.839 0.062 0.509 .612
Dependent Variable: NIHSS

Abbreviations: HIF-1α = hypoxia inducible factor 1-alpha, LncRNA XIST = long noncoding RNA X-inactive specific transcript, miR-340-5p = microRNA-340-5, NIHSS = National Institute of Health Stroke 
Scale, PFKFB3 = 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3, VEGF = vascular endothelial growth factor.
P < .05 is significant.

Figure 2.  Receiver operating characteristic (ROC) curve of lncRNA XIST, miR-340-5p and PFKFB3 gene expression for (A) early detection of stroke, (B) discrim-
inating ischemic and hemorrhagic stroke. LncRNA XIST = long noncoding RNA XIST, miR-340-5p = microRNA-340-5p, PFKFB3 = 6-phosphofructo-2-kinase/
fructose-2,6-biphosphatase 3.
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multiple linear regression analysis using NIHSS score as 
dependent variable, showed that PFKFB3 mRNA expression 
was independent predictor of acute stroke severity. Indeed, 
ROC curve analysis revealed that lncRNA XIST, miR-340-5p, 
and PFKFB3 mRNA expression were useful biomarkers for 
early stroke detection and discriminating ischemic from hem-
orrhagic stroke.

Taken together, we could postulate that hypoxia following 
stroke upregulates lncRNA XIST which sponges miR-340-5p 
causing upregulation of the HIF1-α/PFKFB3 signaling pathway, 
resulting in metabolic reprogramming that may have a close 
relationship with disease severity. Therefore, this study can raise 
the possibility that dysregulation of lncRNA XIST/miR-340-5p 
and HIF1α/PFKFB3 pathways might be underlying mediators of 
stroke pathogenesis.

5. Conclusion
The present study illustrates the upregulation of lncRNA XIST 
and PFKFB3 and the downregulation of miR-340-5p in stroke 
patients, recommending collaboration between them, in addi-
tion to their role in differentiating stroke type. The study may 
also propose lncRNA XIST/miR-340-5p and HIF1α/PFKFB3 
pathways as probable pathogenesis and therapeutic targets for 
stroke. Despite, the current work is the first to focus on the 
association between lncRNA XIST, miR-340-5p and PFKFB3 
expression in stroke patients, however we acknowledge that 
these results need further validation across larger more diverse 
populations to elucidate the reproducibility and applicability 
of the drawn findings. Also, using different molecular tech-
niques are needed to clarify the precise molecular interacting 
mechanisms by which they are involved in the pathogenesis of 
stroke and to explore their potential role as targets for stroke 
treatment.

Author contributions
Conceptualization: Hemat E. El-Horany, Marwa M. Atef.
Data curation: Hemat E. El-Horany, Marwa M. Atef.
Formal analysis: Mahmoud El-Horany, Hemat E. El-Horany, 

Rania Nagi Abd-Ellatif, Lamees M. Dawood, Mona M. 
Watany, Mohamed Abdelaziz Basiouny, Islam Ibrahim Hegab, 
Mona Y. Alsheikh, Ahmed M. Kabel, Marwa M. Atef.

Investigation: Mahmoud El-Horany, Hemat E. El-Horany, Rania 
Nagi Abd-Ellatif, Lamees M. Dawood, Mona M. Watany, 
Mohamed Abdelaziz Basiouny, Islam Ibrahim Hegab, Mona 
Y. Alsheikh, Ahmed M. Kabel, Marwa M. Atef.

Methodology: Mahmoud El-Horany, Hemat E. El-Horany, Rania 
Nagi Abd-Ellatif, Lamees M. Dawood, Mona M. Watany, 
Mohamed Abdelaziz Basiouny, Islam Ibrahim Hegab, Mona 
Y. Alsheikh, Ahmed M. Kabel, Marwa M. Atef.

Validation: Mahmoud El-Horany, Hemat E. El-Horany, Rania 
Nagi Abd-Ellatif, Lamees M. Dawood, Mona M. Watany, 
Mohamed Abdelaziz Basiouny, Islam Ibrahim Hegab, Mona 
Y. Alsheikh, Ahmed M. Kabel, Marwa M. Atef.

Visualization: Mahmoud El-Horany, Hemat E. El-Horany, Rania 
Nagi Abd-Ellatif, Lamees M. Dawood, Mona M. Watany, 
Mohamed Abdelaziz Basiouny, Islam Ibrahim Hegab, Mona 
Y. Alsheikh, Ahmed M. Kabel, Marwa M. Atef.

Writing – original draft: Hemat E. El-Horany, Marwa M. Atef.
Writing – review & editing: Hemat E. El-Horany, Ahmed M. 

Kabel.

References
	 [1]	 Boursin P, Paternotte S, Dercy B, Sabben C, Maïer B. Semantics, epide-

miology and semiology of stroke. Soins. 2018;63:24–7.
	 [2]	 Owolabi MO, Thrift AG, Martins S, et al; Stroke Experts Collaboration 

Group. The state of stroke services across the globe: report of world 

stroke organization–world health organization surveys. Int J Stroke. 
2021;16:889–901.

	 [3]	 Abd-Allah F, Moustafa RR. Burden of stroke in Egypt: current status 
and opportunities. Int J Stroke. 2014;9:1105–8.

	 [4]	 Sekerdag E, Solaroglu I, Gursoy-Ozdemir Y. Cell death mechanisms 
in stroke and novel molecular and cellular treatment options. Curr 
Neuropharmacol. 2018;16:1396–415.

	 [5]	 Cao H, Wahlestedt C, Kapranov P. Strategies to annotate and charac-
terize long noncoding RNAs: advantages and pitfalls. Trends Genet. 
2018;34:704–21.

	 [6]	 Ghafouri-Fard S, Shirvani Farsani Z, Hussen BM, et al. Emerging 
impact of non-coding RNAs in the pathology of stroke. Front Aging 
Neurosci. 2021;13:780489.

	 [7]	 Zhao C, Bai X, Hu X. Knockdown of lncRNA XIST inhibits hypoxia- 
induced glycolysis, migration and invasion through regulating miR-
381-3p/NEK5 axis in nasopharyngeal carcinoma. Eur Rev Med 
Pharmacol Sci. 2020;24:2505–17.

	 [8]	 Sohrabifar N, Ghaderian SMH, Alipour Parsa S, Ghaedi H, Jafari 
H. Variation in the expression level of MALAT1, MIAT and XIST 
lncRNAs in coronary artery disease patients with and without type 2 
diabetes mellitus. Arch Physiol Biochem. 2022;128:1308–15.

	 [9]	 Mo L, Jiang HB, Tian GR, Lu G-J. The proliferation and migration of 
atherosclerosis-related HVSMCs were inhibited by downregulation of 
lncRNA XIST via regulation of the miR-761/BMP9 axis. Kaohsiung J 
Med Sci. 2022;38:18–29.

	[10]	 Lin B, Xu J, Wang F, Wang J, Zhao H, Feng D. LncRNA XIST pro-
motes myocardial infarction by regulating FOS through targeting miR-
101a-3p. Aging (Albany, NY). 2020;12:7232–47.

	[11]	 Hu W, Duan Z, Wang Q, Zhou D-H. The suppression of ox-LDL- 
induced inflammatory response and apoptosis of HUVEC by lncRNA 
XIAT knockdown via regulating miR-30c-5p/PTEN axis. Eur Rev Med 
Pharmacol Sci. 2019;23:7628–38.

	[12]	 Fullerton JL, Thomas JM, Gonzalez-Trueba L, et al. Systematic review: 
association between circulating microRNA expression & stroke. J 
Cereb Blood Flow Metab. 2022;42:935–51.

	[13]	 Guo Y, Gao Y, Liu S. lncRNA XIST is associated with preeclampsia and 
mediates trophoblast cell invasion via miR-340-5p/KCNJ16 signaling 
pathway. Transpl Immunol. 2022;74:101666.

	[14]	 Bai Q, Li Y, Song K, Huang J, Qin L. Knockdown of XIST up-regulates 
263294miR-340-5p to relieve myocardial ischaemia–reperfusion injury 
via inhibiting cyclin D1. ESC Heart Fail. 2022;9:1050–60.

	[15]	 Zheng Y, Zhao P, Lian Y, Li S, Chen Y, Li L. MiR-340-5p alleviates oxygen- 
glucose deprivation/reoxygenation-induced neuronal injury via PI3K/
Akt activation by targeting PDCD4. Neurochem Int. 2020;134:104650.

	[16]	 Wang J, Liu G. Protective effect of microRNA-340-5p against  
oxygen-glucose deprivation/reperfusion in PC12 cells through targeting 
neuronal differentiation 4. Mol Med Rep. 2020;22:964–74.

	[17]	 Yang S, Qin C, Hu Z-W, et al. Microglia reprogram metabolic pro-
files for phenotype and function changes in central nervous system. 
Neurobiol Dis. 2021;152:105290.

	[18]	 Alvarez R, Mandal D, Chittiboina P. Canonical and non-canonical roles 
of PFKFB3 in brain tumors. Cells. 2021;10:2913.

	[19]	 Liu Z, Mao X, Yang Q, et al. Suppression of myeloid PFKFB3-driven 
glycolysis protects mice from choroidal neovascularization. Br J 
Pharmacol. 2022;179:5109–31.

	[20]	 Wang Y, Li Y, Ma C, et al. LncRNA XIST promoted OGD-induced 
neuronal injury through modulating/miR-455-3p/TIPARP axis. 
Neurochem Res. 2021;46:1447–56.

	[21]	 Wang J, Fu Z, Wang M, Lu J, Yang H, Lu H. Knockdown of XIST 
attenuates cerebral ischemia/reperfusion injury through regulation of 
miR-362/ROCK2 axis. Neurochem Res. 2021;46:2167–80.

	[22]	 Zhang M, Yang J-K, Ma J. Regulation of the long noncoding RNA 
XIST on the inflammatory polarization of microglia in cerebral infarc-
tion. Exp Ther Med. 2021;22:1–10.

	[23]	 Xu C, Yu H, Chen B, Ma Y, Lv P. Serum exosomal mir-340-5p pro-
motes angiogenesis in brain microvascular endothelial cells during  
oxygen-glucose deprivation. Neurochem Res. 2022;47:907–20.

	[24]	 Zhou W, Huang G, Ye J, Jiang J, Xu Q. Protective effect of miR-340-5p 
against brain injury after intracerebral hemorrhage by targeting 
PDCD4. Cerebrovasc Dis. 2020;49:593–600.

	[25]	 Yan J, Li A, Chen X, et al. Glycolysis inhibition ameliorates brain injury 
after ischemic stroke by promoting the function of myeloid-derived 
suppressor cells. Pharmacol Res. 2022;179:106208.

	[26]	 Simpkins AN, Janowski M, Oz HS, et al. Biomarker application for 
precision medicine in stroke. Transl Stroke Res. 2020;11:615–27.

	[27]	 Wang X, Wang C, Geng C, Zhao K. LncRNA XIST knockdown atten-
uates Aβ25-35-induced toxicity, oxidative stress, and apoptosis in 



8

Elhorany et al.  •  Medicine (2024) 103:52� Medicine

primary cultured rat hippocampal neurons by targeting miR-132. Int J 
Clin Exp Path. 2018;11:3915–24.

	[28]	 Yan G, Zhao H, Hong X. LncRNA MACC1-AS1 attenuates microvas-
cular endothelial cell injury and promotes angiogenesis under hypoxic 
conditions via modulating miR-6867-5p/TWIST1 in human brain 
microvascular endothelial cells. Ann Transl Med. 2020;8:876.

	[29]	 Gao L, Pu X, Huang Y, Huang J. MicroRNA-340-5p relieved chronic 
constriction injury-induced neuropathic pain by targeting Rap1A in rat 
model. Genes Genomics. 2019;41:713–21.

	[30]	 Bao Y, Zhu Y, He G, et al. Dexmedetomidine attenuates neuroinflam-
mation in LPS-stimulated BV2 microglia cells through upregulation of 
miR-340. Drug Des Devel Ther. 2019;13:3465–75.

	[31]	 Ewida HA, Zayed RK, Darwish HA, Shaheen AA. Circulating 
lncRNAs HIF1A-AS2 and LINLK-A: role and relation to hypoxia- 
inducible factor-1α in cerebral stroke patients. Mol Neurobiol. 
2021;58:4564–74.

	[32]	 Huang C-X, Jiang Z-X, Du D-Y, Zhang Z-M, Liu Y, Li Y-T. The MFF-
SIRT1/3 axis, regulated by miR-340-5p, restores mitochondrial homeo-
stasis of hypoxia-induced pulmonary artery smooth muscle cells. Lab 
Invest. 2022;102:515–23.

	[33]	 Yang X, Zhang Y, Geng K, Yang K, Shao J, Xia W. Sirt3 Protects against 
ischemic stroke injury by regulating HIF-1α/VEGF signaling and 
blood–brain barrier integrity. Cell Mol Neurobiol. 2021;41:1203–15.

	[34]	 Pan Z, Ma G, Kong L, Du G. Hypoxia-inducible factor-1: regula-
tory mechanisms and drug development in stroke. Pharmacol Res. 
2021;170:105742.

	[35]	 Barteczek P, Li L, Ernst A-S, et al. Neuronal HIF-1α and HIF-2α defi-
ciency improves neuronal survival and sensorimotor function in the 
early acute phase after ischemic stroke. J Cereb Blood Flow Metab. 
2016;37:291–306.

	[36]	 Perrotta P, de Vries MR, Peeters B, et al. PFKFB3 gene deletion in 
endothelial cells inhibits intraplaque angiogenesis and lesion for-
mation in a murine model of venous bypass grafting. Angiogenesis. 
2022;25:129–43.

	[37]	 Liu Y-F, Hu R, Zhang L-F, Fan Y, Xiao J-F, Liao X-Z. Effects of dex-
medetomidine on cognitive dysfunction and neuroinflammation via the 
HDAC2/HIF-1α/PFKFB3 axis in a murine model of postoperative cog-
nitive dysfunction. J Biochem Mol Toxicol. 2022;36:e23044.

	[38]	 Pan W, Song X, Hu Q, Zhang Y. miR-485 inhibits histone deacetylase 
HDAC5, HIF1α and PFKFB3 expression to alleviate epilepsy in cellular 
and rodent models. Aging (Albany, NY). 2021;13:14416–32.

	[39]	 Sun X-G, Chu X-H, Godje Godje IS, et al. Aerobic glycolysis induced 
by mTOR/HIF-1α promotes early brain injury after subarachnoid hem-
orrhage via activating M1 microglia. Transl Stroke Res. 2024;15:1–15.

	[40]	 Kong L, Wang Z, Liang X, Wang Y, Gao L, Ma C. Monocarboxylate 
transporter 1 promotes classical microglial activation and pro- 
inflammatory effect via 6-phosphofructo-2-kinase/fructose-2, 6- 
biphosphatase 3. J Neuroinflammation. 2019;16:240.

	[41]	 Li Z, Zhang B, Yao W, Zhang C, Wan L, Zhang Y. APC-Cdh1 regu-
lates neuronal apoptosis through modulating glycolysis and pentose- 
phosphate pathway after oxygen-glucose deprivation and reperfusion. 
Cell Mol Neurobiol. 2019;39:123–35.


