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ANALYSIS OF THE EXPRESSION LEVEL 
OF CIRCULATING MICRORNAS
IN THE BLOOD OF PATIENTS
WITH ALZHEIMER'S DISEASE

Over the past few decades, there has been a steady decline in fertility worldwide, while life expectancy has been increasing. This is leading 
to an ageing population. In today's aging world, cognitive disorders and dementia in the elderly are key problems. Thus studying the regulation of 
the molecular mechanisms of age-related cognitive impairment is an urgent task. Fourteen elderly and senile individuals with Alzheimer's disease 
participated in this study. The expression of circulating microRNAs at all stages was determined using kits from Qiagen (Germany). 

A study was conducted to determine the expression level of circulating microRNAs: hsa-mir-483, hsa-miR-132, hsa-mir-29c, hsa-mir-193b in 
the blood serum of elderly and senile people suffering from Alzheimer's disease.

The data obtained by us indicates that in patients suffering from Alzheimer's disease, the levels of these micro-RNAs depended on age and 
the degree of cognitive impairment. Circulating mir-132-5p microRNA was detected in the blood serum of senile people suffering from moderate 
dementia, in contrast to elderly people with mild degree of dementia. 
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Introduction. Over the past few de-
cades, there has been a steady decline 
in fertility worldwide, while life expectan-
cy has been increasing. This leads to 
an aging population, which is becoming 
a global phenomenon and perhaps one 
of the most significant social changes of 
the 21st century. In today's aging world, 
cognitive disorders and dementia in the 
elderly are key issues. 

In Russia, the population of patients 
with Alzheimer's disease is 1 million 248 
thousand people. However, less than 
10% of the estimated number of patients 

with dementia has been officially regis-
tered [2, 3].

Alzheimer's disease is a neurodegen-
erative disease characterized by a grad-
ual, barely noticeable onset in pre-senile 
or elderly age, a steady progression of 
memory and higher brain functions dis-
orders leading to dementia, with the 
formation of a characteristic complex of 
neuropathological, neuroimaging and 
biochemical signs [2]. 

Many risk factors lead to the devel-
opment of Alzheimer's disease, which 
are conditionally divided into modifiable 
and unmodifiable.  The risk of develop-
ing Alzheimer's disease increases in the 
presence of risk factors such as low in-
tellectual activity, physical inactivity, obe-
sity, smoking, uncontrolled hypertension, 
hyperlipidemia, diabetes mellitus, etc. [1]. 
Elderly and senile age, a family history of 
Alzheimer's disease and the carriage of 
genetic polymorphisms, the presence of 
the e4 allele of apolipoprotein E, female 
gender, and a history of traumatic brain 
injuries are among the unmodifiable risk 
factors for the development of this dis-
ease.

The current hypothesis of the devel-
opment of the disease suggests that 
β-amyloid or amyloid plaques initiate a 
pathophysiological cascade leading to 
the accumulation of intracellular tau pro-
tein, which spreads through the cerebral 
cortex, directly triggering the process of 
neurodegeneration and the development 
of clinical manifestations of Alzheimer's 
disease [5].

Currently, an active search is under-
way for effective markers of the molec-

ular mechanism of disease develop-
ment. Research in recent decades has 
clearly demonstrated the important role 
of microRNAs in the development of the 
pathogenesis of Alzheimer's disease 
through post-transcriptional control of 
gene expression. 

The aim of the study was to deter-
mine the expression level of circulating 
microRNAs: hsa-mir-483, hsa-miR-132, 
hsa-mir-29c, hsa-mir-193b in the blood 
serum of elderly and senile people suffer-
ing from Alzheimer's disease.

Materials and methods of research. 
This study was conducted at the Geriatric 
Center of the Republican Clinical Hospital 
No. 3 (RCH No. 3) in Yakutsk. 14 people 
with Alzheimer's disease were randomly 
selected (Table 1). The diagnosis was es-
Tableished in accordance with the clinical 
recommendations "Cognitive disorders in 
the elderly and senile" approved by the 
Ministry of Health of the Russian Federa-
tion in 2020 [2]. The study was approved 
by the local Ethics Committee of the M.K. 
Ammosov Northeastern Federal Univer-
sity. Voluntary informed consent to partic-
ipate in the study was obtained from each 
patient and/or guardians/relatives.

In the study, patients were divided into 
two age groups, age correlated with the 
degree of cognitive impairment. Venous 
blood sampling was performed in the 
morning, on an empty stomach. To obtain 
the serum, the blood was centrifuged at 
3000 rpm for 7 minutes (4 °C). Biologi-
cal samples were frozen and stored at a 
temperature of -85 0 C. before the study. 

Before the start of total RNA isolation, 
plasma was purified from cellular debris, 
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apoptotic cells and blood platelets by 
double centrifugation: the first - 800 rpm, 
the second - 12,000 rpm.

The expression level of the following 
microRNAs was determined in the blood 
serum of all examined patients: hsa-
mir-483, hsa-miR-132, hsa-mir-29c, hsa-
mir-193b. To quantify microRNAs in real 
time, in accordance with the recommen-
dations of Qiagen, the authors developed 
primers (Table 2). The sequences of mi-
croRNA primers were taken from the mi-
croRNA database: https://www.mirbase.
org.

Total RNA extraction was performed 
by the trizol-chloroform method. Total 
RNA was subjected to reverse tran-
scription according to the protocol of the 
manufacturer of the miRCURY LNA RT 
Kit (art. 339340, "Qiagen"). After that, 
real-time PCR was performed using the 
miRCURY LNA SYBR Green PCR kit 200 
(art. 339345, "Qiagen"). Reverse tran-
scription and polymerase chain reaction 
were performed on a BioRad CFX96 de-
vice (Bio-Rad, USA). 

Exogenous microRNA - cel-miR-39-
3p belonging to Caenorhabditis elegans 
(RNA Spike-In Kit, For RT and miRCURY 
LNA miRNA PCR Assay art. 339390 and 
YP00203952, respectively) was used as 
a control for the samples, with respect to 
which the concentration of the studied 
microRNAs were derived. The microRNA 
expression levels were calculated using 
the ΔCt method as follows: ΔCt = average 
Ct value References microRNA (cel-miR-
39-3p) - average Ct value (microRNA of 
interest). The level of relative microRNA 
expression corresponded to the value of 
2^ (ΔCt). 

Statistical analysis was performed us-
ing the SPSS 18.0 for Windows program 
("SPSS, Inc.", Chicago, IL, USA). The 
differences between the groups were as-
sessed using the Mann-Whitney U-test. 
The comparison of the indicators was 
carried out using the chi-square test. Cor-
relations were determined using Spear-
man's rank correlation. A statistically sig-
nificant difference was considered to be 
the value of p<0.05.

Results and discussion. Among all 
the microRNAs studied by us, statistical-
ly significant differences between elderly 
and senile individuals were observed in 
the content of mir-132. mir-132 was not 
detected in the blood of elderly people, 
while in senile people the expression 
level of circulating microRNA reached 
0.035±0.002 cu (Figure).

The levels of circulating mir-193b in 
the blood of elderly and senile people 
did not change statistically, but we dis-
covered that the content of mir-193b in 

the blood of senile people tended to de-
crease.

The level of circulating mir-29c and 
mir-483 tended to increase in the group 
of elderly people, but did not reach statis-
tic significance.

We analyzed academic sources on the 
nature of changes in the level of microR-
NAs in patients suffering from moderate 

cognitive impairment and Alzheimer's 
disease (Table 3).

Many studies have shown that the 
level of circulating miR-132 increases in 
the blood in neurodegenerative diseases 
such as Alzheimer's disease [26], Parkin-
son's disease [27], multiple sclerosis [8] 
and amyotrophic lateral sclerosis [21], 
this fact emphasizes its connection with 

 Brief description of the patients included in the study

Research Group Elderly patients Senile patients
Number of patients, n 7 7

Sex, n Male - 4
Female - 3

Male - 5
Female - 2

Age at the moment 
of research, years 61.71±10.35 82.14±2.76

Concomitant diseases, n Angina pectoris - 1
Hypertension - 6

Hypertension - 1
Angina pectoris - 2
Encephalopathy - 4

The stage of development of Alzheimer's 
disease according to the Clinical Dementia 
Rating (CDR) scale, n

1 point - 6
2 points - 1 2 points - 7

Bartel index, n 100 points - 1
96 points - 6 61 points - 7

Sequences of primers used in the study

microRNAs Праймеры
hsa-miR-483-5p 5’- AAG ACG GGA GGA AAG AAG GGA-3’
hsa-miR-132-5p 5’- ACC GTG GCT TTC GAT TGT TAC TAA A -3’
hsa-miR-29c-5p 5’- GAC CGA TTT CTC CTG GTG TTC -3’
hsa-miR-193b-5p 5’- GGG TTT TGA GGG CGA GAT GAA -3’

Table 1

Table 2

Expression levels of circulating microRNAs: mir-132 (A), mir-193b (B), mir-29c (C), mir-483 (D) 
in the blood serum of patients with Alzheimer's disease
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neuropathological processes and deter-
mines its potential as a biomarker of neu-
rodegenerative diseases.

It should be noted that human mir-132 
consists of two homologous microRNAs: 
hsa-mir-132-5p and hsa-mir-132-3p. Mir-
132 is evolutionarily conservative and 
has the same sequence and structure in 
humans, rats, mice, monkeys and other 
species. Mir-132 has tissue specificity 
and is highly expressed in nerve-related 
tissues [28].

To determine the molecular mecha-
nisms by which mir-132-5p may be in-
volved in the development of Alzheimer's 
disease, we used the TargetScan Re-
lease 7.1 database to predict mir-132-5p 
binding targets (Table 4). Analysis using 
the TargetScan database showed that 
mir-132 directly targets gene transcripts: 
MAPT (Tau protein) and PTBP2 (protein 
2 binding the polypyrimidine tract). This 
suggests that an increase in the level of 
mir-132 may have protective properties, 
since it reduces the amount of tau pro-
tein, however, overexpression of this mi-
croRNA changes the ratio of tau protein 
isomers 4R:3R in neuronal cells, which 
can lead to the development of neurode-
generative diseases [6]. 

According to the TargetScan data-
base, in the human body, mir-132 sup-
presses the expression of three gene 

transcripts: SIRT1 (sirtuin-1 deacetylase) 
and MAPK1 (mitogen-activated protein 
kinase). The protein expressed by the 
SIRT1 gene has protective properties: 
it protects the brain of mice from neu-
rodegenerative diseases [12], and also 
demonstrates the phenotype of delayed 
aging and an increase in life expectan-
cy [16]. The results obtained by Hadar et 
al. practically confirm the involvement of 
mir-132 in the regulation of transcript ex-
pression of the SIRT1 gene [11]. It has 
been esTableished that in Alzheimer's 
patients, the MAPK1 enzyme is activat-
ed at an early stage [19], which indicates 
the involvement of this enzyme in the 
pathological process. In a study by Deng 
et al. Activation of mir-132 expression 
has been shown to improve the cognitive 
functions of rats with Alzheimer's disease 
by inhibiting the MAPK1 signaling 
pathway [7].

In addition, a study by Wang et al. has 
shown that a decrease in the level of mir-
132 leads to an increase in the amount 
of the nitric oxide synthase-1 (NOS1) 
enzyme and triggers excessive produc-
tion of nitric oxide followed by aberrant 
S-nitrosylation (SNO) of specific proteins 
associated with neurodegeneration and 
tau pathology, such as cyclin-dependent 
kinase-5. This leads to an increase in tau 
protein phosphorylation and the devel-

opment of neurodegenerative diseases 
[23]. 

Walgrave et al. has shown that the 
pathogenesis of Alzheimer's syndrome 
leads to a deficiency of mir-132 in mouse 
brain tissue, and the addition of mir-132 
alleviates memory deficiency in Alzhei-
mer's disease [22]. Smith et al. and Xie 
et al. have found that mir-132 deficiency 
in the mouse brain leads to increased tau 
protein expression, phosphorylation and 
aggregation in mice [18, 25]. 

Thus, the data obtained by us indi-
cate that in the body of patients suffer-
ing from Alzheimer's disease, the levels 
of micro-RNA: hsa-mir-483, hsa-mir-132, 
hsa-mir-29c, hsa-mir-193b depended on 
age and degree of cognitive impairment. 
Circulating mir-132-5p microRNA was 
detected in the blood serum of senile 
people suffering from moderate demen-
tia, in contrast to elderly people with mild 
degree of dementia.
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A brief review of studies on the expression of microRNAs (mir-29c, mir-193b, mir-483) 
in patients with cognitive impairment 

microRNAs Number of examined Sample Difference Sources 

mir-29c AD (n = 20), Ctrl (n = 20) Serum ↓  [24]

mir-193b MCI (n = 43), AD (n = 51) Plasma ↓  [13]

mir-483
AD (n = 20), MCI (n = 20), Ctrl (n = 20) Plasma ↑  [15]
AD (n = 20), MCI (n = 34), Ctrl (n = 37) Plasma ↑  [14]

Note. AD - Alzheimer's disease; Ctrl – individuals in the control group; MCI-moderate 
cognitive impairment.

 Predicted/confirmed target genes of hsa-mir-132-3p involved in the pathogenesis
of Alzheimer's disease

microRNA Gene Transcript binding site in an 
untranslated area Cumulative PCT

mir-132

MAPT
PTBP2
PTBP2
PTBP2
SIRT1
SIRT1

MAPK1
MAPK1
MAPK1

4113-4119
57-63

372-378
4506-4512
1680-1686
1614-1620
1379-1386
2225-2232
8111-8118

0.5
0.51
< 0.1
< 0.1
0.38
< 0.1
0.78
0.77
< 0.1

Table 3

Table 4
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