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Alzheimer’s disease (AD) is an irreversible, progressive neurodegenerative disease that accounts for 62% 
of dementia cases in elderly. Early diagnosis of AD is crucial for successful treatment in order to slow 
disease progression and avoid deterioration. Current diagnostic tools for AD are unable to detect the 
disease in its early stage; in addition, they still have several limitations. Many studies have shown that 
microRNAs (miRNAs) are implicated in the pathogenesis of AD, and alterations of their levels in blood 
make them potential biomarkers for AD. We aimed to evaluate the plasma microRNA-483-5p as a non -
invasive biomarker for early diagnosis of AD in mild cognitive impairment (MCI) stage in order to improve 
treatment outcomes. 40 patients with MCI and AD, and 20 apparently healthy controls were investigated. 
Plasma levels of miRNA -483-5p were measured by real time polymerase chain reaction (PCR) and 
expressed as fold change. Receiver operating characteristic (ROC) curve analysis was done to assess 
diagnostic performance of the assay. Plasma levels of miRNA-483-5p were higher in MCI and AD patients 
than controls (mean = 8.04, 2.84 and 0.21 respectively, P<0.001), and decreased in AD patients in 
comparison to MCI patients (mean = 2.84 and 8.04 respectively, P = 0.032). There were significant positive 
correlations between plasma levels of miRNA-483-5p and age (r = 0.338, P= 0.008) and Dementia Rating 
(DR) scale (r = 0.351, P = 0.026), and significant negative correlations between plasma levels of miRNA-
483-5p and Functional Daily Living Activity (FDLA) scale (r = -0.441, P<0.001), Mini Mental State 
Examination(MMSE) (r = -0.478, P< 0.001) and Montreal Cognitive Assessment (MOCA) scale (r = -0.396, 
P= 0.002). ROC curves revealed that miRNA-483-5p has high diagnostic performance in differentiating 
MCI and AD patients from healthy controls with specificity 95%, 90% and sensitivity 85%, 90% 
respectively. In conclusion, miRNA-483-5p may be a promising non -invasive biomarker for early 
diagnosis of AD in MCI stage. 

lzheimer’s disease (AD) is a 

debilitating neurodegenerative 

disorder characterized by 

irreversible progressive memory loss, 

behavioral changes and impairment of 

thinking skills [1]. It is estimated that more 

than 40 million individuals globally are 

suffering from AD, with an expected rise to 

about 100 million by 2050 [2]. Increasing 

numbers of AD cases around the world 

poses heavy burdens on individuals, 

families, societies and economy. Although 

progress has been made in identifying genes 

associated with AD, the causes of AD are 

not well understood [3].
 

The main pathological changes in AD are 

the formation of extracellular amyloid 

plaques by accumulation of abnormal 

amyloid β (A β) and the formation of 

intracellular neurofibrillary tangles of 

hyperphosphorylated tan protein [4].
 
Other 

cellular and molecular changes have also 

been described. These include prominent 

activation of inflammatory and innate 

immune responses, neuronal and synaptic 

loss, calcium dyshomeostasis, oxidative 

stress, mitochondrial damage, decrease of 

acetylcholine neurotransmitter and 

alterations in the cell cycle regulatory 

mechanisms [5].  

A 
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AD starts with preclinical asymptomatic 

stage that occurs several years before the 

onset of the noticeable cognitive symptoms, 

and progresses through to mild cognitive 

impairment (MCI) due to AD, towards mild, 

moderate and severe dementia stages. Thus 

early diagnosis of AD in the preclinical 

stage before the onset of dementia will 

increase the probability of a successful 

treatment in order to restrict or prevent 

cognitive abnormalities that are associated 

with the disease [6]. 

Currently, the diagnosis of AD is based 

on clinical examination, neuropsychological 

testing, magnetic resonance imaging (MRI), 

positron emission tomography (PET) and 

cerebrospinal fluid (CSF) assay for total and 

hyperphosphorylated tau protein and Aβ42 

peptide. However, none of these diagnostic 

techniques could individually diagnose AD, 

and they still have several limitations [7].
 

Diagnosis of AD using 

neuropsychological testing is influenced by 

subjective factors such as patient's 

intelligence. In addition, neuropsychological 

testing is used to assess the patient's 

symptoms for AD, therefore, it is unable to 

diagnose the disease early in the pre-

symptomatic phase [8].
 

Neuroimaging techniques require 

expensive, sophisticated equipment, not 

available in all clinical centers that limit 

their accessibility and feasibility for routine 

clinical use [9].
 
CSF requires an invasive 

lumbar puncture procedure which may not 

be safe and easily accomplished in elderly 

due to degeneration of lumbar disc and 

narrowing of the intervertebral spaces [10].
 

In addition, blood contamination may occur 

in 20% of CSF samples collected by lumbar 

puncture which may affect Aβ42 peptide 

levels [11].
 

Therefore, there is an urgent need to 

identify reliable, easily accessible, specific, 

non-invasive blood based biomarkers to 

improve diagnosis of AD at early stages and 

allow monitoring of disease progression 

[12].
 

MicroRNAs (miRNAs) are short, non-

coding, single-stranded 22 nucleotides long 

that are transcribed in all tissues and cells 

[13].
 
Their biogenesis starts in the nucleus 

with the formation of the primary miRNA 

transcript and ends in the cytoplasm with the 

formation of mature miRNA molecules that 

mediate epigenetic, post-transcriptional 

regulation of gene expression by transcript 

degradation or translation repression [14]. 

MicroRNAs are involved in various 

intracellular processes such as development, 

proliferation, differentiation, DNA repair, 

aging, apoptosis, inflammation and 

metabolism [15].
 
In addition, miRNAs have 

numerous extra-cellular actions as they are 

released by donor cells and taken up by 

acceptor cells playing an important role in 

intercellular signaling [16].
 

Extracellular 

miRNAs can be detected in various human 

biological fluids such as blood, saliva, urine 

and CSF [17]. 

There is increasing evidence that 

miRNAs have regulatory functions in 

different pathological conditions and their 

altered expression in plasma and serum can 

be used as a diagnostic tool to investigate 

various human diseases including cancer, 

muscular dystrophy, cardiovascular diseases, 

diabetes mellitus, aging and 

neurodegenerative diseases such as AD, 

Parkinson’s disease and stroke [18].
 

Our study aimed to investigate circulating 

miRNA-483-5p as a potential non-invasive 

blood-based biomarker for early diagnosis of 

AD in order to start therapies as soon as 

possible to avoid disease deterioration.  
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Subjects and Methods 

Subjects 

This case-control study was conducted on 60 

Egyptian subjects, aged from (50 - 85 years), of both 

sexes. They were divided into 20 patients with AD, 

20 patients with MCI and 20 age and sex matched 

apparently healthy subjects. The patients were 

diagnosed according to the criteria of the Diagnostic 

and Statistical Manual of Mental Disorders, Fifth 

Edition (DSM-V) [19], Functional Daily Living 

Activity (FDLA) scale, Mini Mental State 

Examination (MMSE), Montreal Cognitive 

Assessment (MOCA) scale, and Dementia Rating 

(DR) scale. They were selected from the Neurology 

Department at Al Zahraa university hospital and the 

Geriatric department at Al Demerdash university 

hospital during the period from August 2019 to 

December 2019. 

Written informed consents were obtained from all 

subjects or from relatives of the patients if their 

cognitive functions were impaired. The study 

protocol was approved by Research Ethics 

Committee of Faculty of Medicine for Girls, Al-

Azhar University. 

 Inclusion criteria 

Hachinski Ischaemic Score ≤4 for Alzheimer group. 

Permitted medications stable for 4 weeks before 

screening. Geriatric Depression Scale score<6. Visual 

and auditory acuity adequate for neuropsychological 

testing; good general health with no diseases 

precluding enrolment. All the selected individuals were 

right handed and litrate. 

 Exclusion criteria 

Previous transient ischemic attacks (TIAs) or 

cerebrovascular strokes, or traumatic brain injuries. 

History of epilepsy. History of psychiatric disorders as 

depression and psychosis. History of drug addiction, 

alcohol dependence, psychoactive drugs, acetyl 

cholinesterase inhibitors or other drugs enhancing 

brain cognitive functions. Diabetes Mellitus. Cancers. 

Advanced hepatic, renal, cardiac,or pulmonary 

disorders. 

Methods 

All patients and control groups were subjected to: 

-Full medical history from patient himself or from 

relatives if his cognitive functions were impaired. 

-Thorough clinical examination and neurological and 

psychometric assessment by FDLA, MMSE, MOCA and 

DR scale scores. 

-Radiological investigations: MRI of the brain to 

evaluate brain atrophy using glopal cortical atrophy scale 

and hippocampal atrophy using medial temporal atrophy 

scale. 

 Laboratory investigations 

About 5 ml of venous blood were collected under 

complete aseptic precautions from each subject and 

divided into two vacationer tubes. The first tube 

contained 3 ml blood left to clot for 30 minutes at 

room temperature before centrifugation for 20 minutes 

at 3000 rpm. Serum was separated and used for 

measurments of fasting blood glucose (FBG), urea, 

creatinine, uric acid, alanine transferase (ALT), 

aspartate transferase (AST) and albumin levels that 

were done by Cobas c311 auto-analyzer, using 

commercial kits supplied by (Roche Diagnostics, 

Germany). FBG, liver and kidney functions were done 

to exclude Diabetes Mellitus, hepatic and renal 

disorders as mentioned in the exclusion criteria.The 

second tube contained 2 ml anticoagulated blood with 

EDTA that was centrifuged at 3000 rpm for 20 minutes 

and plasma was separated and stored at -20°C till the 

time of measurement of miRNA -483-5p plasma levels 

by real time polymerase chain reaction (PCR).  

 Plasma miRNA -483-5p measurement 

-RNA extraction 

Total RNA was extracted from plasma samples using 

the miRNeasy Mini Kit (Qiagen, Germany, cat.no. 

217004) according to the manufacturer's instruction. 

Briefly 200 μL of plasma was mixed with 1000 μL (5 

volumes) Qiazollysis reagent and incubated for 5 

minutes at room temperature. Then 200 μL (1 

volume) of chloroform was added and the tube was 

vortexed vigorously for 15 seconds. After 3 min 

incubation at room temperature, the tube was 

centrifuged at 12,000 xg for 15 min, in which the 

sample was separated into 3 phases; an upper 

colorless aqueous phase containing RNA, a white 

interphase and a lower red organic phase. 600 μL of 

the upper aqueous phase was transferred into a 2 ml 

sample tube and placed in Qiacube (Qiagen, 

Germany, cat.no. 9001292) for automated extraction 

of miRNA using RNeasy Mini Spin column 

according to manufacturer's instruction. The RNA 

purity and concentration in the extract was assessed 

by the Nano Drop ND-1000 (Nano drop, United 

States). 
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-Reverse transcription 

Extracted RNA was reverse-transcribed into cloned 

DNA using the miScript II RT Kit (cat.no. 218160) 

according to the manufacturer’s instruction. Briefly, 2 

μL of miScript reverse transcriptase Mix, 2 μL of 10 

x miScript Nucleics Mix, 4μL of 5 x miScript Hispec 

buffer and the template RNA were added to each tube 

with a total volume 20 μL/reaction. After gentle mix 

and brief centrifugation, the tubes were placed in 

Rotor gene cycler and the run conditions were 

adjusted as follows: incubation for 60 min at 37°C, 

then incubation for 5 min at 95°C to inactivate 

miScript reverse transcriptase mix. 

-RNA quantification 

Quantification was performed with real time PCR 

using the primers for miRNA-483-5 (Qiagen, 

Germany, cat.no. MS00009758), and Housekeeping 

gene SNORD68 (Qiagen, Germany, cat.no. 

MS00033712), according to the manufacturer’s 

protocol. Briefly,12.5 μL of 2x Quanti Tect SYBR 

Green PCR Master Mix (Qiagen, Germany, cat.no. 

218073), 2.5 μL of 10x miScript Universal Primer, 

2.5 μL of 10x miScript Primer Assay which contains 

miRNA-specific primer , 2.5 μL of RNase-free water 

and 5 μL of template cDNA were added to each tube 

with a total volume 25 μL / reaction. After gentle mix 

and brief centrifugation, the PCR reaction was done 

on rotor gene Q 5 plex (Qiagen, Germany) with the 

following cycling conditions (initial activation step at 

95 °C for 15 min followed by 40 cycles of 

denaturation at 94 °C for 15 sec, annealing at 55 °C 

for 30 sec, and extension at 70 °C for 30 sec). 

Fluorescence measurements were made in every 

cycle. Melting curve analysis was performed to 

ensure specificity of amplification. Temperature was 

increased very slowly (from 65°C to 95°C) with 

monitoring of fluorescence signal. 

-Calculation of PCR results  

The average of the Ct values for the Housekeeping 

gene and the gene being tested in the experimental 

and control conditions were taken, returning 4 values. 

The 4 values were gene being Tested Experimental 

(TE), gene being Tested Control (TC), Housekeeping 

Gene Experimental (HE), and Housekeeping Gene 

Control (HC). The differences between TE and HE 

(TE-HE) and TC and HC (TC-HC) were calculated. 

These were ΔCt values for the experimental (ΔCTE) 

and control (ΔCTC) conditions, respectively. Then, 

the difference between ΔCTE and ΔCTC (ΔCTE-

ΔCTC) was calculated to arrive at the Double Delta 

Ct Value (ΔΔCt), [ΔΔCt= ΔCTE-ΔCTC]. Since all 

calculations were in logarithm base 2, every time 

there was twice as much DNA, the Ct values 

decreased by 1 and would not halve. The value of 2^-

ΔΔCt was calculated to get the expression fold 

change. As there was an inverse correlation between 

ΔCt and miRNA expression level, lower ΔCt values 

were associated with increased miRNA [20].  

Statistical Analysis 

Data were collected, revised, coded and entered to the 

Statistical Package for Social Science (SPSS) 

(Released 2015. IBM SPSS Statistics for windows, 

Version 23.0. Armonk, NY: IBM Corp.). The 

quantitative data were presented in the form of 

means, standard deviations (SD) and ranges when 

parametric, and medians with inter-quartile ranges 

(IQR) when non parametric. Also qualitative 

variables were presented as numbers and percentages. 

The comparison between groups with qualitative data 

was done by using Chi-square test. The comparison 

between two groups with quantitative data and non-

parametric distribution was done by using Mann-

Whitney test. The comparison between more than two 

groups regarding quantitative data with parametric 

distribution was done by using One Way ANOVA 

test followed by post hoc analysis using Least 

Significant Difference (LSD) test. While the 

quantitative data with non-parametric distribution 

were compared by using Kruskall-Wallis test 

followed by post hoc analysis using Mann-Whitney 

test. Spearman correlation coefficients were used to 

assess the correlation between two quantitative 

parameters in the same group. Multivariate linear 

regression analysis was done to detect the factors 

most affecting the plasma levels of miRNA-483-5p. 

Receiver operating characteristic (ROC) curve was 

used to assess the best cut off point between groups 

with its sensitivity, specificity, positive predictive 

value (PPV), negative predictive value (NPV) and 

area under curve (AUC). The confidence interval (CI) 

was set to 95% and the margin of error accepted was 

set to 5%. So, the P-value was considered significant 

at the level of < 0.05. 

Results 

Twenty patients with MCI were compared 

with twenty patients with AD and with 

twenty age and sex matched controls. There 

was non-significant difference in age and 

sex among patients and control groups 

(Table 1).  



THE EGYPTIAN JOURNAL OF IMMUNOLOGY 63 

By comparing the neuropsychological scales 

between all studied groups, we found a 

highly significant decrease (P<0.001) in 

FDLA scale, MMSE and MOCA scale in 

MCI and AD groups when compared with 

control group, and in AD group when 

compared with MCI group. The DR scale 

showed a highly significant increase 

(P<0.001) in AD group when compared with 

MCI group (Table 1).  

As regards number of subjects having 

brain Atrophy, there were non-significant 

difference (P=0.077) between MCI and 

control groups, and a highly significant 

increase in AD group when compared with 

control group (P < 0.001), and in AD group 

when compared with MCI group (P = 0.003) 

(Table 1).  

Expression levels of miRNA-483-5p in 
the plasma of patients and controls  

The plasma levels of miRNA-483-5p 

showed a highly significant increase 

(P<0.001) in MCI and AD groups when 

compared with control group, and a 

significant decrease (P= 0.032) in AD group 

when compared with MCI group (Table 1, 

Figure 1). 

 

Table 1. Comparison between the studied groups as regards to demographic data, neuropsychological scales, 
radiological characteristics and plasma levels of miRNA483-5p 

Variables 
Control group MCI group AD group 

P-value 
Post hoc analysis 

n = 20 n = 20 n = 20 P1 P2 P3 

Age in years 
Mean ± SD 62.60 ± 7.98 62.50 ± 6.90 66.70 ± 6.10 

NS• - - - 
Range 50 – 85 50 – 73 60 – 85 

Sex 
Females 6 (30.0%) 9 (45.0%) 12 (60.0%) 

NS* - - - 
Males 14 (70.0%) 11 (55.0%) 8 (40.0%) 

FDLA Scale 
Mean ± SD 9.45 ± 0.60 7.50 ± 1.05 3.85 ± 0.99 

< 0.001• < 0.001 < 0.001 < 0.001 
Range 8 – 10 6 – 9 3 – 6 

MMSE 
Mean ± SD 29.45 ± 0.69 20.90 ± 1.97 9.70 ± 3.15 

< 0.001• < 0.001 < 0.001 < 0.001 
Range 28 – 30 18 – 23 4 – 15 

MOCA Scale 
Mean ± SD 29.20 ± 0.95 21.70 ± 1.49 6.90 ± 3.13 

< 0.001• < 0.001 < 0.001 < 0.001 
Range 27 – 30 20 – 24 3 – 15 

DR Scale 
Median (IQR) - 0 (0 - 1) 3 (3 - 3) 

< 0.001‡ - - < 0.001 
Range - 0 – 1 2 – 3 

Brain Atrophy 

Negative (n& 
%) 

17 (85.0%) 12 (60.0%) 3 (15.0%) 

< 0.001* NS < 0.001 0.003 
Positive (n& 
%) 

3 (15.0%) 8 (40.0%) 17 (85.0%) 

miRNA-483-5p 

(fold increase) 

Median (IQR) 
0.21 (0.03 – 

1.16) 
8.04 (5.59 – 

9.75) 
2.84 (2.41 - 

7.9) < 0.001‡‡: < 0.001 < 0.001 0.032 

Range 0.01 – 4.58 0.80 – 11.92 1.01 – 10.68 

*Chi-square test; • One Way ANOVA test; ‡ Mann Whitney test; ‡‡: Kruskal-Wallis test. 

P-value >0.05 is not significant (NS). P1: MCI group VS control group; P2: AD group VS control group; P3: AD group VS MCI group. 
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Figure 1. Box blot showing comparison of median and IQR of miRNA-483-5p between the studied groups. 

 

Correlation between the plasma levels of 
miRNA-483-5p and different parameters 
in all patients groups 

There was a significant positive correlation 

between plasma levels of miRNA-483-5p 

and age of the patients (r = 0.338, P = 0.008) 

(Table 2, Figure 2). As regards the 

neuropsychological scales, there were 

significant negative correlations between 

plasma levels of miRNA-483-5p and FDLA 

scale (r = -0.441, P<0.001), MMSE (r = -

0.478, P<0.001) and MOCA scale (r = -

0.396, P= 0.002) (Table 2, Figures 3A, B,C 

respectively), and a significant positive 

correlation between plasma levels of 

miRNA-483-5p and DR scale (r = 0.351, P 

= 0.026) (Table 2, Figure 3D).  

Moreover, there was a significant 

relationship between plasma levels of 

miRNA-483-5p and number of patients 

having brain atrophy (p = 0.017). While 

there was non-significant relationship 

between plasma levels of miRNA-483-5p 

and sex of the patients (P= 0.839) (Table 3). 

Table 2. Correlation between the plasma levels of miRNA-483-5p and different parameters in patients with MCI 
and AD 

Variables 
miRNA-483-5p (fold increase) 

r P value 

Age 0.338 0.008 

FDLA Scale -0.441 < 0.001 

MMSE -0.478 < 0.001 

MOCA Scale -0.396 0.002 

DR Scale 0.351 0.026 

P-value <0.05 is significant. 
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Table 3. Relationship between the plasma levels of miRNA-483-5p and sex and brain atrophy in patients with MCI 
and AD 

Variables 
miRNA-483-5p (fold increase) 

Median(IQR) P-value‡ 

Sex 
Females 

Males 

3.92 (2.41-8) 

5.00(2.41-8.25) 
NS 

Brain Atrophy 
Negative 

Positive 

5.58 (1.89 – 7.50) 

8.25 (2.84 –10.29) 
0.017 

‡: Mann Whitney test. P value>0.05 is not significant (NS).  

 

 

 

Figure 2. Correlation between plasma levels of miRNA-483-5p and age of the patients. 
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Figure 3. Correlation between plasma levels of miRNA-483-5p and neuropsychological scales. A) Correlation 

between plasma levels of miRNA-483-5p and FDLA scale. B) Correlation between plasma levels of miRNA-483-
5p and MMSE. C) Correlation between plasma levels of miRNA-483-5p and MOCA scale. D) Correlation between 
plasma levels of miRNA-483-5p and DR scale.  

 

Multivariate linear regression analysis 

Based on multivariate linear regression 

analysis, the age was found to be the most 

factor affecting the plasma levels of 

miRNA-483-5p in the patients (P = 0.012) 

(Table 4). 

ROC curve analysis of miRNA-483-5p 

Analysis of ROC curve was performed to 

assess the diagnostic potential of miRNA-

483-5p. At a cutoff >3.46 the assay was able 

to distinguish between MCI patients and 

controls, the AUC was 0.962, with 90% 

sensitivity and 95% specificity (Table 5, 

Figure 4 A). 

While, at a cutoff >1.53 the assay was 

able to distinguish between AD patients and 

controls, the AUC value was 0.908, with 

90% sensitivity and 85% specificity (Table 

6, Figure 4 B). 

Finally, the assay was able to distinguish 

between AD and MCI patients at a cutoff 

>3.92, the AUC value was 0.698, with 90% 

sensitivity and 60% specificity (Table 7, 

Figure 4 C). 
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Table 4. Multivariate linear regression analysis for factors most affecting the plasma levels of miRNA-483-5p 

 

Unstandardized Coefficients Standardized Coefficients 

P-value 

B SE Beta 

(Constant) -15.034 7.979  NS 

Age 0.187 0.070 0.415 0.012 

FDLA Scale -0.179 0.803 0.107 NS 

MMSE -0.354 0.363 0.628 NS 

MOCA Scale -0.092 0.223 -0.206 NS 

DR Scale 1.861 1.486 0.697 NS 

P-value >0.05 is not significant (NS). 

Table 5. Diagnostic potential of miRNA-483-5p to distinguish MCI patients from healthy controls 

Parameter AUC(95%CI) Cut of Point Sensitivity% Specificity% PPV% NPV% 

miRNA-483-5p 0.962 >3.46 90 95 94.7 90.5 

AUC, area under curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.  

Table 6. Diagnostic potential of miRNA-483-5p to distinguish AD patients from healthy controls 

Parameter AUC(95%CI) Cut of Point Sensitivity% Specificity% PPV% NPV% 

miRNA-483-5p 0.908 >1.53 90 85 85.7 89.5 

AUC, area under curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.  

Table 7. Diagnostic potential of miRNA-483-5p to distinguish AD patients from MCI patients 

Parameter AUC(95%CI) Cut off point Sensitivity% Specificity% PPV% NPV% 

miRNA-483-5p 0.698 >3.92 90 60 69.2 85.7 

AUC, area under curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.  
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Figure 4. Analysis of ROC curves of miRNA-483-5p. A) ROC curve analysis of miRNA-483-5p as a differentiating 

marker between MCI patients and controls. B) ROC curve analysis of miRNA-483-5p as a differentiating marker 
between AD patients and controls. C) ROC curve analysis of miRNA-483-5p as a differentiating marker between 
AD patients and MCI patients. 

 

Discussion 

Mild cognitive impairment is the earliest 

clinical stage of AD that is characterized by 

mild impairment in memory and other 

cognitive domains with preserved functional 

abilities and without symptoms of dementia. 

Nearly, more than 50% of MCI patients 

progress to AD within 5 years, while some 

of them remain stable or recover to normal 

overtime [21].
 

Currently, there are no effective 

treatments to prevent or even delay the 

progression of AD. Thus, early detection of 

MCI is crucial for early intervention before 

massive neuron loss occurs and for delaying 

its development into AD [22].
 

During the last decade, blood- based 

biomarkers have gained increasing attention 

for early detection of AD as they are non-

invasive, and have low cost when compared 

to CSF analysis and neuroimaging 

techniques [23]. The current blood 

biomarkers are limited and monitoring of 

Aβand tau protein levels in the blood alone 

explain only some aspects of AD 

pathophysiology and may not reflex the 

complex molecular pathophysiology of AD 

[24]. In addition, most studies have been 

performed on blood samples at the late-stage 

AD. Thus the major challenge is identifying 

reliable, effective, blood-based molecular 

biomarker characteristic of the early-stage 

AD [25]. 
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Peripheral blood miRNAs represent one of 

the most promising biomarkers that facilitate 

early detection of AD and allow monitoring 

of disease progression and evaluation of 

therapeutic interventions [26].
 

Circulating 

miRNAs in the blood are abundant and 

stable as they are transported in exosomes or 

lipoproteins which protect them from 

degradation [27].
 

Several studies investigated the role of 

miRNAs in AD pathogenesis and their 

applicability for AD diagnosis. They have 

determined several miRNAs with 

differential expression in AD patients 

compared to controls. However, results of 

these studies have been inconsistent with 

lack of reproducibility and validation. This 

could stem from limitations in comparability 

across studies due to differences in the 

patient’s stage of AD and variability in 

sample handing and processing conditions 

[28].
 

Technical variations, lack of 

methodological standardization and different 

methods of data processing and 

normalization have been also taken into 

consideration. Therefore, the most promising 

miRNA biomarker candidates have not been 

selected yet [29]. 

In addition, most of previous research 

studies focused on miRNA biomarkers for 

AD patients only and ignoring the pre-

symptomatic AD cases. Moreover, little 

studies reported miRNA signature in 

patients with MCI due to AD [30]. 

We aimed to measure the plasma level of 

miRNA- 483-5p in MCI patients in 

comparison to controls and AD patients, and 

investigate its role as a potential non-

invasive, blood-based biomarker for early 

detection of AD in MCI stage, so that 

treatment could be begun as soon as possible 

in order to prevent deterioration of the 

disease. 

In our study, we found that the plasma levels 

of miRNA- 483-5p were significantly 

increased in MCI and AD patients compared 

to controls, and significantly decreased in 

AD patients compared to MCI patients. Our 

results were supported by Nagaraj & his 

colleagues [31]
 
who found that among the 

miRNAs which significantly differentiated 

MCI and AD patients from controls, 

miRNA-483-5p and miRNA-486-5p showed 

the highest statistical significance, 

particularly miRNA-483-5p which has the 

highest fold increase in MCI and AD 

patients compared to controls. They 

identified miRNA-483-5p as a potential 

regulator of several key proteins/signaling 

pathways involved in the pathology of AD 

[31].
 

It is thought that when the deformities 

occur in the brain of AD patients at 

molecular level, an abnormal expression of 

miRNAs occur in the body fluids such as 

blood and CSF. Impairments of blood brain 

barrier (BBB) and blood cerebrospinal fluid 

barrier (BCSFB) occurred in AD allow 

circulating miRNAs to reach the brain and 

regulate functions of brain cells. The 

opposite is also possible and the brain or 

CSF derived miRNAs, packed in exosomes, 

may be able to enter the blood stream, 

mediating cross-talk between the brain, the 

CSF and the blood [32]. 

Thus the increased miRNAs levels in 

MCI patients compared to control may result 

from their pathological roles in the initiation 

process of AD, and the decreased miRNAs 

levels in AD patients compared to MCI 

patients may reflect the complex process 

during disease progression while the exact 

mechanisms for their alteration is not clearly 

determined [33].
 

Our results demonstrated that the plasma 

levels of miRNA-483-5p were positively 

correlated with age of the patients, DR scale 
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and number of AD patients having brain 

atrophy, and negatively correlated with 

FDLA scales, MMSE and MOCA scales in 

MCI and AD patients. Age of the patients 

was found to be the most factor 

affectingmiRNA-483-5p plasma levels 

according to multivariate linear regression 

analysis.  

In consistent to our findings Burgosand & 

his colleagues [34] found that miRNAs 

profiles in blood plasma of AD patients 

correlated with the disease status [34].
 
It is 

suggested that blood-based miRNA 

biomarkers should be considered as a 

molecular signature of complex AD 

pathology of a systemic nature, rather than 

reflection of AD pathological hallmarks in 

the brain or CSF only [35]. 

We have analyzed whether sex 

differences in our patients would affect the 

plasma levels of miRNA-483-5p, and we did 

not find any significant correlations between 

sex of the patients and their plasma levels of 

miRNA-483-5p. 

In accordance to our findings, Siedlecki-

Wullichand & his colleagues [36]
 
did not 

find significant differences between sexes 

neither in the levels of miRNAs nor in their 

values as a molecular signature [36]. 

However, the existence of sex differences in 

AD is well established, not only in the 

prevalence but also in the severity of disease 

progression [37]. The prevalence of AD is 

higher in women than in men and they could 

be more susceptible than men to the 

neuropathological cascade of AD. This 

could be explained by increased life 

expectancy of female in addition to estrogen 

deprivation post-menopausal, that could 

cause cognitive impairment [38].
 

Finally, we investigated the diagnostic 

accuracy of miRNA- 483-5p as a potential 

blood-based biomarker for AD, through Roc 

curve analysis. Our results revealed that 

miRNA-483-5p presented excellent 

diagnostic performance in differentiating 

MCI patients from controls with high AUC 

(0.962), specificity (95%) and sensitivity 

(90%). In addition, it has the ability to 

separate AD patients from controls with 

AUC (0.908), specificity (83%) and 

sensitivity (90%). The least AUC (0.698), 

specificity (60%) and sensitivity (90%) were 

for separation of AD patients from MCI 

patients.  

Parallel to our findings, Nagaraj & his 

colleagues [31] who analyzed the Roc curve 

and found that miRNA-483-5p has the 

highest fold changes up regulation (in the 

range of 8-13) in MCI and AD patients with 

AUC over 0.9, specificity and sensitivity 

over 0.80 when compared to control. They 

considered miRNA-483-5p as the novel AD 

biomarker among all miRNAs they 

examined [31]. 

In conclusion, the circulating levels of 

miRNA-483-5p are remarkably increased in 

plasma of MCI and AD patients in 

comparison to controls. Moreover, miRNA-

483-5p has high diagnostic accuracy for 

distinguishing both MCI and AD subjects 

from healthy controls. Thus, we propose that 

miRNA-483-5p can be a non- invasive, 

blood- based biomarker for early diagnosis 

of AD in MCI stage in order to improve 

treatment outcomes and restrict deterioration 

of the disease.  

Further studies are needed with large 

sample size of MCI patients and follow up 

for several years to determine whether the 

plasma level of miRNAs could be used as a 

prognostic marker for monitoring disease 

progression from MCI to AD. Moreover, 

future studies will help to better understand 

the regulatory role of miRNAs in the 

biogenesis of AD in order to develop 

potential therapeutic targets.  
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