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Хронічна хвороба нирок (ХХН) ‒ спершу безсимптомний, але 
хронічний стан, що характеризується прогресуючою втратою 
функції нирок із часом. Етіологія ХХН охоплює цукровий ді-
абет, гіпертонію, автоімунні захворювання, полікістоз нирок 
та інші генетичні захворювання, нефротичний синдром тощо. 
Поширеним явищем є розвиток таких ускладнень: гіперто-
нія, анемія, захворювання кісток і серцево-судинні усклад-
нення (як-от серцева недостатність, ішемічна хвороба серця, 
аритмії, захворювання клапанів серця, зупинка серця тощо) 
з підвищеним ризиком смерті та госпіталізації. Через значний 
рівень захворюваності та смертності від ХХН надзвичайно 
важливі раннє виявлення та первинна профілактика.

Окислювальний стрес впливає на реактивність мікросудин і вважається однією з найважли-
віших причин ендотеліальної дисфункції, що є в основі ХХН. Нещодавно було також дослі-
джено роль мікроРНК, приблизно 22 некодуючих нуклеотидних молекул РНК, які опосеред-
ковують посттранскрипційне «мовчання» генів, в окислювальному стресі. Окремі молекули 
мікроРНК, як-от мікроРНК-335-5p, miR-92a, miR-92a-3p, стосуються ендотеліальної дис-
функції. Це відкриває нові діагностичні й терапевтичні можливості та потребує подальших 
досліджень у галузі ХХН.

Мета цієї оглядової статті ‒ систематизація нових знань про роль мікроРНК у регуляції окис-
лювального стресу та реактивності мікросудин при ХХН.

Ключові слова: мікроРНК, окислювальний стрес, реактивність мікросудин, хронічна хво-
роба нирок.
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Chronic kidney disease (CKD) is an initially asymptomatic, 
but chronic condition characterized by a progressive loss of 
kidney function over the time. Etiology of CKD includes dia-
betes, hypertension, autoimmune diseases, polycystic kidney 
disease and other genetic diseases, nephrotic syndrome, etc. 
The development of complications such as hypertension, ane-
mia, bone diseases, and cardiovascular complications (like heart failure, coronary artery disease, 
arrhythmias, valvular heart disease, cardiac arrest etc.) with an increased risk of death and 
hospitalization is common. Due to the signifi cant rate of morbidity and mortality from CKD, early 
detection and primary prevention are extremely important. 

Oxidative stress aff ects microvascular reactivity and is considered to be one of the most import-
ant causes of endothelial dysfunction, underlying CKD. Recently, the role of miRNA, a non-cod-
ing approximately 22 nucleotides long RNA molecules which mediate post-transcriptional gene 
silencing, in oxidative stress has also been investigated. Individual miRNA molecules, such as 
miRNA-335-5p, miR-92a, miR-92a-3p relate to endothelial dysfunction. This opens new diagnos-
tic and therapeutic possibilities and requires further research in the fi eld of CKD. The aim of this 
review article is to systemize recent knowledge on the role of miRNA in the regulation of oxidative 
stress and microvascular reactivity in CKD.

Keywords: Chronic kidney disease, cardiovascular complications, microvascular reactivity, miR-
NA, oxidative stress.
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Chronic kidney disease and microvascu-
lar reactivity
Chronic kidney disease (CKD) is a chronic con-
dition that is manifested by progressive and 
irreversible changes in the structure and func-
tion of the kidneys. The disease has 5 stag-
es based on the eGFR value, where the 1st 
stage is the mildest form and is characterized 
by the preservation of the glomerular fi ltra-
tion value (eGFR >90ml/min/1.73m2), while 
the 5th stage is the most severe with excep-
tional damage to glomerular function, mani-
festing itself in reduced glomerular fi ltration 
(eGFR<15 ml/min/1.73m2) and resulting in 
renal failure [1]. In addition to damage to 
kidney function, patients are at the increased 
risk of complications and mortality, primarily 
cardiovascular. Cardiovascular complications, 
such as coronary artery disease, congestive 
heart failure, hearth rhythm disorders and 
cardiac arrest are responsible for the major-
ity of mortality and morbidity in patients with 
CKD [2]. Among those with CKD the incidence 
of traditional risk factors (e.g. advanced age, 
high blood pressure, valvular disease, smok-
ing, lipid disorders, diabetes, male gender, 
etc.) and non-traditional risk factors (e.g. al-
buminuria, anemia, atherosclerosis, reduced 
glomerular fi ltration, infl ammation, extracel-
lular volume load, oxidative stress, endothe-
lial dysfunction) for cardiovascular diseases 
is increased [3], and the risk of death from 
cardiovascular disease is bigger than the risk 
of eventual need for renal replacement ther-
apy [4]. Approximately half of dialysis pa-
tients have more than two comorbidities; the 
number of hospitalizations and the number 
of days spent in hospital is 1.9 and 12.8 per 
patient-year, and the subjective assessment 
of the quality of life is lower compared to the 

healthy population [5]. The progress of the 
disease is faster as the patient is in a higher 
stage [6]. CKD is a huge burden on society, 
since the global prevalence is 13.4% (11.7-
15.1%) [7]. It was estimated that between 
4,902 and 7,083 million patients in the end-
stage renal disease (ESCD) worldwide need re-
nal replacement therapy [7]. One of the main 
causes of the association between CKD and 
cardiovascular events is endothelial dysfunc-
tion. Risk factors for endothelial dysfunction 
in CKD is acute and chronic infl ammation and 
nitric oxide defi cit [8]. Like most chronic dis-
eases, CKD is characterized by a persistent in-
fl ammatory state. The causes of infl ammation 
in CKD can be found in reduced kidney func-
tion, volume load on the kidneys, the dialysis 
process, and numerous comorbidities. Infl am-
mation is manifested by increased markers 
of infl ammation, among which are cytokines, 
acute phase proteins and adhesion molecules. 
This is presented as schematic in Figure 1. 
The production of pro-infl ammatory cytokines 
is increased, acidosis is common, and infec-
tions are frequent, all of which lead to chronic 
infl ammation in CKD [9]. Research links in-
fl ammation with many complications of CKD 
such as atherosclerosis, heart failure, left ven-
tricular hypertrophy, calcifi cation of blood ves-
sels, atrial fi brillation, and increased mortality. 
Infl ammation also accelerates the progression 
of CKD, resulting in insulin and erythropoietin 
resistance, bone pathologies, oxidative stress, 
anemia and dysfunction of endothelium [10]. 
The most important markers are C-reactive 
protein (CRP), interleukin-1 (IL-1), interleu-
kin-6 (IL-6), tumor necrosis factor-α (TNF-α), 
adhesion molecules, adipokines, and CD40 
ligand [10]. They are positively associated 
with the severity of CKD. Adhesion molecules 

Figure 1. Etiopathogenesis of infl ammation in CKD;

CKD: Chronic kidney disease, CRP: C-reactive protein, ICAM-1: Intercellular Molecule 1, Il-6: Interleukin 6, IL-1: Inter-
leukin 1, TNF-α: Tumor necrosis factor alpha, VCAM-1: Vascular cell adhesion molecule 1 (based on references: [8 – 11])
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(ICAM-1 and VCAM-1), glycoproteins respon-
sible for the adhesion between cells or cells 
and the extracellular matrix, are induced by 
infl ammation and up-regulated in CKD pa-
tients as a result of their reduced clearance 
and increased synthesis, resulting in endothe-
lial dysfunction in CKD patients [11]. 

The most signifi cant mechanisms that con-
tribute to the occurrence and development 
of CKD are tissue hypoxia and reduced tissue 
perfusion due to dysfunctional endothelium. 
Unregulated angiogenesis, endocrine, met-
abolic and immune disorders along with hy-
pertension and apoptosis of endothelial cells 
contribute to the pathogenesis of CKD. As a 
result, the development of fi brosis and even-
tual organ failure occurs. Due to progressive 
disruption of homeostasis, progressive organ 
damage ultimately occurs. Despite the notion 
that adverse alterations of the vascular func-
tion are most pronounced distal to the level of 
small arterioles [12], most of studies focus on 
macrovascular complications, while microvas-
cular complications remain neglected. Mac-
rovascular complications result in cardiovas-
cular diseases such as heart attack, cardiac 
arrest, heart failure and heart rhythm disor-
ders as previously mentioned. Also, the risk 
for cerebrovascular disease is increased [13]. 
This is due to traditional risk factors such as 
high blood pressure and diabetes and non-tra-
ditional ones associated with uremia, such as 
oxidative stress and abnormal calcium and 
phosphorus metabolism, as well as cerebral 
hypoperfusion and changes in the structure 
of the heart [13]. Microvascular complications 
coexist and precede macrovascular ones, 
which is why it is important to detect them 
early and act with the aim of preventing the 

development of macrovascular complications. 
Both types of complications are mediated by 
the same mechanisms, such as accumulation 
of uremic toxins, chronic infl ammatory state, 
and oxidative stress, indicating that prevent-
ing the development of one type would direct-
ly contribute to preventing the other [14].

Alterations in blood vessels
Earlier research shows that in CKD patients, 
compared to healthy controls, the microvas-
cular density in skeletal muscles and the heart 
was reduced by 32%, which was proven by 
biopsy, autopsy, and imaging [12]. The de-
crease in microvascular density occurs due to 
reduced blood supply of micro vessels. How-
ever, the most signifi cant vascular changes 
are atherosclerosis and vascular calcifi cations 
(VC). Vascular changes in CKD are present-
ed as schematic in Figure 2. CKD aff ects the 
medial layer of blood vessels by increasing 
the formation of calcifi cations. VC are the re-
sult of a multifactorial process that leads to a 
change in the phenotype of vascular smooth 
muscle cells into cells like osteoblasts [14]. 
Known mechanisms are mineral dysregula-
tion and hyperphosphatemia, which occurs 
as CKD progresses. A study conducted on 
mice proved that SIRT6, a protein deacety-
lase and mono-ADP ribosyltransferase en-
zyme which is secreted in states of stress, 
has a defensive function in patients with CKD 
[15]. SIRT6-transgenic (SIRT6-Tg) mice had 
reduced VC, whereas vascular smooth mus-
cle cell-specifi c (VSMC-specifi c) SIRT6 knock-
down mice had severe VC in CKD. The results 
showed that SIRT6 prevents VC by repressing 
the osteogenic transdiff erentiation of VSMC, 
which can be a potential site of therapeutic 
action for VC in CKD. 

Figure 2. Blood vessels alterations in CKD. CKD: chronic kidney disease; (based on references: [12, 14, 16])
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As already noted, endothelial dysfunction un-
derlies development of vascular component and 
complications in CKD. The method of choice for 
measuring endothelium-dependent microvas-
cular reactivity is non-invasive laser Doppler 
fl ow (LDF) measurement. Patients with devel-
oped CKD demonstrated signifi cant changes in 
thermal hyperemic reaction [16]. Signifi cant 
deviations were observed in LDF parameters 
such as the amplitude of thermal hyperemia 
(TH) and the area under the TH curve and de-
viations in the level of C reactive protein (CRP) 
[16]. Microvascular reactivity depends on the 
equilibrium of many factors, among which en-
dothelin, prostanoids and nitric oxide stand out 
[17]. To be able to understand the pathophys-
iological mechanisms in CKD, the evaluation of 
microvascular function is extremely signifi cant.

Association between oxidative stress and 
microvascular reactivity in CKD
Oxidative stress is an important factor in the 
pathophysiology of CKD due to the reduction 
of antioxidants as well as the increased pro-
duction of ROS. This imbalance leads to toxic 
eff ects through the generation of peroxides 
and free radicals that harm all component of 
cell, including DNA molecules, proteins, and 
lipids. Bases are damaged and DNA chains are 
broken. Base damage is indirect and is caused 
by reactive oxygen species, for example su-
peroxide, hydrogen peroxide and hydroxyl 
radical [18]. Since kidney is an organ charac-
terized by a high metabolism, it is abundant in 
mitochondrial oxidation reactions. Because of 
that, it is prone to damage by oxidative stress. 
In CKD, an increase in the concentration of 
oxidative stress markers such as mitochondri-
al superoxide and oxidized LDL, homocysteine 
was recorded and defi ciency of SOD and GSH 
was also reported [19]. Complications of CKD, 
such as hypertension, infl ammation, anemia, 
and atherosclerosis, are strongly associated 
with oxidative stress [19]. It is considered 
that oxidative stress is one of the most signif-
icant causes of endothelial dysfunction, which 
is the underlying mechanism of the origin and 
development of many chronic diseases, in-
cluding CKD. Patients treated with hemodial-
ysis (HD) are at particular risk of developing 
microcirculatory disorders, which is directly 
connected with increased oxidative stress. 
A study of 33 patients treated with HD who 
do not show signs of peripheral arterial dis-

ease (PAD), along with a control group of 20 
healthy individuals, demonstrated that micro-
circulation disorder in patients undergoing HD 
procedures was associated with endothelial 
damage due to oxidative stress [20]. In both 
groups, the transcutaneous oxygen tension 
(TcPO2) of the microcirculation of the dorsum 
of the foot was measured, and vitamin C (200 
mg per day) and vitamin E (600 mg per day) 
supplementation was used in 8 patients for a 
period of 6 months to examine the eff ect of 
antioxidants on TcPO2. The results indicated a 
signifi cantly lower value of TcPO2 in patients 
with HD compared to healthy controls. Vita-
min supplementation has led to a signifi cant 
raise in the value of TcPO2 and signifi cantly 
reduced serum levels of markers of endothe-
lial damage and lipid peroxidation such as 
thrombomodulin and thiobarbituric acid reac-
tants [20]. There are some indications that in 
CKD, calcifi cation of blood vessels occurs un-
der the infl uence of oxidative stress. For ex-
ample, celasterol, a natural plant ingredient, 
has been shown to reduce oxidative stress 
resulting in a reduction in calcifi cation of arte-
rial rings in rats and humans [21]. Celasterol 
increases mRNA and levels of heme oxygen-
ase-1 (HMOX-1) and reduces reactive species 
of oxygen, which indicates that celasterol ex-
erts an inhibitory eff ect on vascular calcifi ca-
tion through HMOX-1, which may be a possible 
therapeutic site for treatment of CKD. Oxida-
tive stress promotes remodeling of blood ves-
sels in kidneys and increases preglomerular 
resistance, which favors the development of 
acute and chronic kidney injury, diabetic ne-
phropathy, and increased blood pressure. An 
important role in this mechanism is played by 
the NADPH oxidase family through the pro-
duction of superoxide [22]. Superoxide is the 
main reactive oxygen species (ROS). An ex-
cess of superoxide and related ROS reduces 
the biological eff ects of NO, whose role is to 
regulate systemic blood pressure and kidney 
function itself through vasodilation [23]. ROS 
are an important link in the pathophysiology 
of hypertension. Blood vessels are abundant 
with NADPH oxidase, which produces ROS 
that damage the kidney vasculature. Oxida-
tive stress leads to dysfunction of endotheli-
um, infl ammatory state, hypertrophy, apopto-
sis, migration of cell, development of fi brosis 
and angiogenesis [24]. An interesting ther-
apeutic goal is the regulatory role of NO in 
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the control of renal microcirculation. Similar-
ly, oxidative stress and cardiovascular events 
are associated with paraoxonase-1 (PON1) 
enzyme polymorphisms [25]. Paraoxonase-1 
(PON1) is a lipoprotein-associated esterase 
whose role is to hydrolyze oxidized LDL-cho-
lesterol, and its low activity increases risk of 
cardiovascular events [26]. In addition, im-
munohistochemistry demonstrated increased 
expression of PON1 on capillary endotheli-
um in patients with diabetes or hypertension 
[26]. An important factor in oxidative stress 
is hypoxia, which leads to apoptosis of kid-
ney tubular cells, resulting in kidney fi brosis 
with the loss of peritubular capillaries, which 
loop back to hypoxia and forms a vicious circle 
that ultimately leads to the fi nal stage of CKD 
[27]. Hypoxia can also occur in the earlier 
stages of CKD due to an imbalance of vasoac-
tive substances, where the renin-angiotensin 
system (RAS) plays an important role. Local 
activation of the RAS leads to spasm of ef-
ferent arterioles, which consequently leads to 
hypoperfusion and hypoxia of postglomerular 
peritubular capillaries. Another mechanism by 
which hypoxia aff ects endothelial dysfunction 
is directly, via NADPH oxidase activated by an-
giotensin II [27]. Thus, angiotensin II has a 
dual role in oxidative stress, through hemo-
dynamic and non-hemodynamic mechanisms, 
both mediated by inducing hypoxia. For this 
reason, in the treatment of hypertension and 
CKD, great attention is paid to blocking the 
RAS eff ects. Vascular reactivity is also aff ect-
ed by CKD, which was proven in a study where 
skin vasodilation after local heating and glo-
merular fi ltration rate (eGFR) were measured. 

Compared to healthy controls, patients with 
CKD had an increased ratio of isofuran to 
F2-isoprostane, an oxidative stress biomarker, 
associated with renal, hepatic, and coagula-
tion failure, and weakened vasodilation [28]. 
In addition, it was determined that the rela-
tive lack of l-arginine and oxidative stress lead 
to reduced skin vasodilation due to local heat-
ing in patients with CKD. In that study skin 
vascular conductance was weakened in CKD 
compared to healthy controls [29]. Another 
link between higher rates of oxidative stress 
and endovascular dysfunction was discovered 
in the study where endothelial cells were cul-
tured with the serum of diabetics with CKD, 
where a signifi cant increase in expression of 
aldose reductase mRNA was noted [30]. The 
use of vitamin E and probucol, anti-hyperlip-
idemic drug, prevented the increase of aldose 
reductase, cytosolic NADPH-dependent ox-
idoreductase, in endothelial cells, which in-
dicates the role of glycation, polyol pathway 
and oxidative stress in the progression of mi-
crovascular dysfunction [30]. All previously 
mentioned links between oxidative stress and 
microvascular reactivity are shown schemati-
cally in Figure 3. 

Considering all the mentioned studies, the im-
portance of oxidative stress in microvascular 
damage leading to the advancement of CKD is 
indisputable. However, there is a lack of stud-
ies that address the missing link of potentially 
altered antioxidative mechanisms and CKD. 
Furthermore, the misregulation of antioxida-
tive mechanisms could occur at the level of 
gene transcription and expression.

Figure 3. The connection between oxidative stress and chronic kidney disease. 

ROS: Reactive oxygen species (based on references: [18-30])
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MicroRNAs (miRNAs)
MicroRNAs (miRNAs) are RNA molecules ap-
proximately 22 nucleotides long. They are 
non-coding, and their role is post-transcrip-
tional gene silencing [31]. They arise from 
RNA precursors by sequential cleavage of 
transcripts by the enzyme’s ribonuclease III 
(Dicer and Drosha). The gene silencing com-
plex is formed with the help of the Argonaute 
eff ector protein, which creates the miRNA-in-
duced silencing complex (miRISC) [31]. This 
complex leads to suppression of translation 
and/or destabilization of mRNA by the mech-
anism of sequence complementarity [31]. A 
vast of more than 1,800 miRNA molecules 
in the human genome target approximately 
60% of human mRNAs [31]. Because of their 
role in the process of translation and desta-
bilization of mRNA, they are associated with 
various diseases. Several miRNA molecules 
have recently been promoted as an interest-
ing therapeutic target and an area that re-
quires further research, related to endothe-
lial function and CKD. For example, through 
a series of in vivo and in vitro experiments, 
the importance of miR-124-3p in the regula-
tion of renal mitochondrial function and in the 
progression of CKD was suggested, in study 
on db/db mice to db/m mice [32]. In db/db 
mice, a reduced expression of miR-124-3p 
and an increase in FOXQ1 and a downregula-
tion of Sirt4 (mitochondrial protein with ribo-
syltransferase, deacetylase, lipoamidase, and 
deacylase enzymatic activities) were found, 
which ultimately results in mitochondrial dys-
function and leads to the progression of CKD 
[32]. Importantly, this study directly linked a 
specifi c miRNA molecule to the progression of 
CKD. Furthermore, there is an association of 
miR-21-5p expression with the regulation of 
lipids, peroxidation process and mitochondri-
al respiration in H9C2 cells [33]. Particularly 
interesting is that the increased expression 
of miR-21-5p reduces the content of cellular 
lipids and their peroxidation, which indicates 
a reduction in the amount of oxidative stress 
[33]. The reason for this is a decrease in the 
intake and utilization of lipids in the cells and 
an increased utilization of the glycolytic path-
way [33]. The same authors previously found 
that nephrectomy in CKD infl uences miR-21-
5p in the left ventricle via receptor-α and by 
infl uencing oxidation of fatty acids and glycol-
ysis trough the transcripts expression [34]. 

Another miRNA molecule, specifi cally miR-
NA-335-5 p, is also associated with endotheli-
al aging, which is considered the initial event 
in the development of atherosclerotic cardio-
vascular disease (ASCVD). MiRNA-335-5p ex-
pression is increased in endothelial cells un-
der the infl uence of oxidative stress and high 
levels of glucose, hydrogen peroxide and tu-
mor necrosis factor lead to endothelial aging 
by reducing the expression of SIRT7, NAD+ 
dependent deacetylase [35]. Taken together 
these fi ndings enabled a better understanding 
of the pathophysiology of the aging process 
of endothelial cells and open a new venue of 
therapeutic possibilities. Oxidative stress and 
dysfunction of endothelium, which favor the 
development of cardiovascular incidents, are 
linked to the accumulation of uremic toxins. 
In conditions of oxidative stress in kidney en-
dothelial cells, the expression of miR-92a in-
creases and leads to the formation and pro-
gression of atherosclerosis and the process 
of angiogenesis, and the expression of the 
miR-92a molecule itself is enhanced by ure-
mic toxins that accumulate in CKD [36]. These 
conclusions were drawn based on the mea-
surement of miR-92a levels in human CKD se-
rum compared to healthy controls. 

For many miRNAs, a change in expression due 
to oxidative stress has been demonstrated. 
Ten such miRNA molecules were identifi ed on 
cultured HK-2 kidney tubule cells [37]. For ex-
ample, the level of miR-205 was signifi cantly 
reduced in states of oxidative stress, and it 
was concluded that miR-205 has a protective 
role in oxidative and ER stress through the 
suppression of Egl nine homolog 2 (EGLN2) 
and reduced intracellular ROS, which can open 
new therapeutic possibilities in acute kidney 
injury (AKI) and CKD. The direct connection 
between CKD and miRNA molecules is man-
ifested by diff erences in urinary miRNAs of 
CKD patients compared to healthy controls. 
A signifi cant increase in miR-21, miR-126 
and miR-141 and a decrease in miR192 and 
miR204 were detected in CKD patients [38]. 
MiR-21 has a role in control of the proliferation 
and apoptosis of smooth muscle cells by in-
fl uencing autophagy via PARP-1/AMPK/mTOR 
signalling pathway [39], and is a marker of 
at least 29 diseases [40]. MiR-126 through 
the AKT2/HK2 axis aff ects the mechanisms of 
proliferation, migration, invasion and apop-
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tosis of non-small cell lung cancer cells [41], 
and its lower levels are observed in CKD pa-
tiens compared to healthy controls [42]. MiR-
141 expression is increased under oxidative 
stress and ischemia-reperfusion injury (IRI). 
Since the development of acute kidney injury 
is most often caused by IRI and since there 
is no adequate treatment, it is necessary to 
continue investigating molecular mechanisms 
and fi nd diagnostic and therapeutic options for 
prevention of the onset of AKI and its progres-
sion in CKD. With this idea, research was con-
ducted with the aim of determining the role of 
miR-92a-3p in the pyroptosis of tubular epi-
thelial cells (TEC). Kidney cell damage, which 
ultimately leads to CKD, is associated with the 
pyroptosis process through the classical path-
way mediated by caspase-1 and the non-clas-
sical pathway mediated by caspase-4/5/11 
[43]. Interestingly, it appears that there is a 
possibility to decrease oxidative stress by al-
tering specifi c miRNAs. E.g., the study, con-
ducted in vitro and in vivo, linked the inhi-

bition of miR-92a-3p with reduced oxidative 
stress of tubular epithelial cells. and pyropto-
sis through the action of Nrf1 in kidney IRI 
[44]. Increased expression of miR-19-a-3p 
and miR-20-a-5p for mesenchymal stem cells 
originated from human inducible pluripotent 
stem cells (iPS-MSC) also plays an important 
role in the preservation of renal function. Com-
pared to iPS-MSCs alone, therapy with dou-
ble overexpression of the mentioned miRNAs 
proved to be more successful in preserving re-
nal function in the presence of CKD and isch-
emia-reperfusion injury [45]. The study was 
conducted on rats, as was the study in which 
chronic intermittent hypoxia (CIH) was inves-
tigated, which contributes to the worsening of 
renal function and is the main pathophysio-
logical mechanism of obstructive sleep apnea 
(OSA) [46]. This study also linked a miRNA 
molecule, specifi cally miR155, and kidney 
damage. Increased expression of miR155 was 
demonstrated in kidney cells exposed to CIH 
[46]. In the same study, the infl uence of miR-

Figure 4. Association of miRNAs with oxidative stress and chronic kidney disease.

CAT: Catalase, Cu/Zn SOD: Cooper Zinc Superoxide Dismutase, FOXQ1: Forkhead box Q1,
H202: Hydrogen Peroxide, miRNA: microRNA, Mn SOD: Manganese Superoxide Dismutase,
NOX-2: NADPH oxidase 2, NOX-4: NADPH oxidase 4, POX: peroxidase, ROS: reactive oxygen species, SIRT4: Sirtuin 4, 
SIRT7: Sirtuin 7 (based on references: [31-46]).
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155 in the modulation of the NLRP3 infl am-
masome, which participates in kidney damage 
by activating caspase-1 and pro-interleu-
kin-1β cytokines, was studied. Overexpres-
sion of miR-155 has been shown to promote 
NLRP3 pathway activation and CIH-induced 
infl ammasome activation. These results open 
the possibility for pharmacological blockade of 
the NLRP3 pathway in the therapy of CKD and 
OSA. The schematic diagram (Figure 4) pres-
ents the association of the mentioned miRNAs 
with oxidative stress and CKD.

MicroRNAs (miRNAs) and antioxidative 
defense systems
MiRNAs, in addition to ROS production, also 
aff ect antioxidant systems. They act on the 
ROS level using the enzymes NADPH oxidase 2 
(NOX2), NADPH oxidase 4 (NOX4) and proline 
oxidase (POX), where individual miRNA mole-
cules such as miR-3, miR-21, miR-34a, miR-23b 
they have an activating eff ect, while miR-124-
5p, miR-21-a-23p, miR-253, miR-182 have an 
inhibitory eff ect [47]. MiRNAs act on important 
antioxidant systems such as catalase (CAT), 
which is inhibited by miR-30b, miR-146a and 
miR511b, superoxide dismutase (Cu/Zn SOD 
and MnSOD), inhibited by miR-21 and miR-206, 
and glutathione peroxidase (GPX) and glutathi-
one reductase (GR) aff ected by miR-144 [47]. 
This is shown schematically in fi gure 4 Inter-
estingly, models for these studies were mouse 
models of cardiac injury, renal tumors, glioma 
cells, mesenchymal stem cells (MSCs) from aged 
mice, macrophages derived from bone marrow 

(BMDM) from wild type and p47phox−/− mice 
etc. And for the eff ect of miRNAs in altering ox-
idative stress in CKD, there are no such studies 
yet. Taken all together, the role of miRNA in the 
regulation of oxidative stress is indisputable and 
manifests itself on several levels.

In conclusions: The main cause of death in 
CKD patients are pathologies related to the 
cardiovascular system. The causes of excep-
tional cardiovascular morbidity and mortality 
can be found in endothelial dysfunction, pro-
nounced vascular calcifi cations, and increased 
arterial stiff ness. Although vascular reactivity 
is altered compared to the non-CKD popula-
tion, it is not given enough attention in clinical 
practice. Therefore, improving the endothelial 
function of patients with CKD is an important 
challenge for clinicians and an aspect in which 
great progress in treatment is possible. The 
combined approach of analysis of diff erent 
markers and research could be the starting 
point for the development of optimal thera-
peutic tools. The present fi ndings may pro-
vide better understanding of the underlying 
mechanisms of endothelial aging in CKD. Ac-
cording to our knowledge, the role of miRNAs 
in the regulation of antioxidant systems that 
aff ect microvascular function in CKD has not 
been investigated at all. By researching these 
pathways, an exceptional contribution could 
be made to the prevention, early detection, 
and treatment of CKD. The goal is a personal-
ized approach to each patient, which achieves 
maximum treatment effi  ciency.
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