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A review of current research shows the role of noncoding micro-RNAs (miRNAs) of the epigenome in biological
processes such as early cell growth, proliferation, differentiation, development, ageing, and apoptosis under envi-
ronmental factors. Changes in miRNA expression levels depend on the cells' exposure to the toxicant. For example,
the expression of miRNA-146a decreases after exposure to Cd but increases after exposure to aluminium. Some of
the main epigenetic mechanisms involved in Cd-induced stress responses are described. Current data on epigenetic
modifications' role in Cd tolerance development are summarized. They can be used in plant breeding and molecular
research to improve resistance to Cd-induced stress. A key direction in this field of epigenetics is understanding the
functional significance of changes that occur during embryogenesis to form normal developmental trajectories in
adult phenotypes. The facts of how environmental signals trigger the remodelling of embryonic epigenetic configu-
rations, and phenotype changes that can be inherited over several generations are demonstrated. The effect of Cd on
miRNA expression in placental samples was evaluated to better characterise intrauterine disorders. In humans, en-
vironmental factors, including heavy metals, organic pollutants, and drugs, adversely affect the function of miRNAs
in the placenta. Specific miRNAs against the background of oxidative stress are identified as potential biomarkers in

human malignant tumours, expanding their potential as therapeutic targets.
Key words: epigenetic modifications, noncoding miRNAs, gene expression, cadmium, epigenetic mechanisms as

preventive, diagnostic and therapeutic markers.
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morphofunctional state of organs and tissues of ex-
perimental animals and humans in normal ontogenesis
under the influence of external factors”, state registra-
tion number 0111U009598.

Introduction.

Exposure to environmental toxicants, especially
heavy metals (HMs) such as cadmium (Cd), is of global
concern due to their widespread distribution. The con-
centration of heavy metals (HM) in soil, air and water
increases and exceeds natural levels due to metal min-
ing and production, agricultural and other anthropo-
genic activities. They pollute groundwater and soil and
can actively enter plants, entering food chains through
crops [1, 2]. Data on the exact mechanisms of action of
environmental HM are of primary importance in health
risk assessments, and the results of clinical and epide-
miological studies on humans are used to determine the
relationship between their effects and the occurrence of
diseases [3, 4].

The effect of environmental HM on the epigenome
has attracted considerable interest in the last few de-
cades [5]. Epigenetics studies changes in the chemical
composition of nucleotides or associated histone pro-
teins rather than changes in the genetic code or the
DNA sequence itself. Mechanisms of epigenetics include
DNA methylation and demethylation, histone modifica-
tions, and non-coding RNAs such as miRNAs. Under en-
vironmental factors, violating gene expression patterns
regulated by epigenetics can lead to developing autoim-
mune processes, cancer and other diseases [6]. Given
the critical role of epigenetics in regulating gene and
protein expression, including epigenetic changes (EC)

induced by environmental HM in the health risk assess-
ment process is currently fundamental [7].

The aim of the study.

Analysis of current scientific data regarding the in-
teraction of environmental factors, using the example of
the heavy toxic metal Cd, with the epigenome, which
includes non-coding microRNAs (miRNAs) that influence
gene activity, can modulate their expression, and this, in
turn, leads to is a violation of protein synthesis in cells
and the development of many pathological changes.

Main part.

Compared to the many studies in the field of genet-
ics, research in the field of epigenetics has appeared
relatively recently. Unlike genetic changes, which are
difficult to reverse, pharmaceutical drugs can reverse
epigenetic aberrations. Therefore, epigenetics tools are
used as preventive, diagnostic and therapeutic markers.
With the development of drugs that affect specific epi-
genetic mechanisms and are involved in regulating gene
expression, epigenetic tools are an effective approach
applied in the clinic to treat diseases [8].

There is more and more evidence environmental
HM can manifest their toxicity through miRNAs, caus-
ing aberrant changes in their expression, which are di-
rectly related to various pathophysiological conditions
and signalling pathways [9]. In this regard, the review
focuses mainly on the role of non-coding miRNAs in
these processes. Since the first discovery about 20 years
ago, thousands of miRNAs have been discovered in vari-
ous biological species. MiRNAs are endogenous RNAs of
approximately 23 nucleotides in length that play an es-
sential role in gene regulation in plants, animals, and hu-
mans by pairing with target matrix RNA (mRNA) genes
to control their posttranscriptional expression. Detec-
tion of miRNAs, identification of their target genes in
mRNA, and conclusions about the functions of miRNAs
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are essential strategies for understanding their role in
normal biological processes and disease development
[10].

The field of toxicoepigenomics, which studies the
relationship between epigenetic changes (ECs) and dis-
ease status in response to exposure to HM, is currently
at the forefront of the science of environmental hygiene
[5]. EC data are successfully used as biomarkers of envi-
ronmental factors’ effects, including disease predictors.
EC can be hereditary, i.e. cause inherited phenotypic
changes without changing the DNA sequence, for exam-
ple, those obtained in response to exposure to toxicants
on the mother during pregnancy [11].

EC studies in plants are aimed at identifying miR-
NAs that are widely involved in plant development and
morphogenesis by controlling splicing, translational ex-
pression or DNA methylation in mRNA targets, as well
as defining the profiles of miRNA expression patterns
and their role in responses to biotic and abiotic factors,
caused by the environment [12].

The miRNA-393/target module was identified, which
is a conserved miRNA family present in many plants
which mainly targets genes encoding auxin receptors.
Auxin, primarily indole-3-acetic acid (IAA), is a versatile
signalling molecule that regulates many aspects of plant
growth, development, and stress response. In this, miR-
NAs are the central regulators of auxin response path-
ways, influencing their perception by plants. The combi-
nation of miRNAs and autoregulation of auxin signalling
pathways, as well as interactions with other hormones,
create a regulatory network that controls signal trans-
duction to maintain homeostasis. This module is infor-
mative for genetic manipulation of optimal conditions
for the growth and development of crops and is also
used to increase yields using molecular selection [13].

Altered expression of miRNAs involved in the growth
and development of several plants exposed to abiotic
stress conditions such as drought, salinity, temperature
extremes, nutrient deprivation and exposure to HM
has been reported. These miRNAs are key targets for
genetic manipulation aimed at creating resistance to
these factors [14]. The regulation of miRNA expression
stimulates the biosynthesis of therapeutically significant
compounds, such as the production of vincristine and
vinblastine (antitumor drugs obtained from pink peri-
winkle (Cataranthus roseus)) [15]. The fact that plant
food miRNAs can survive digestion and subsequently
affect gene expression in various organs of the consum-
er’s body is a cause for concern [16].

In plants, miRNAs play a vital regulatory role in biotic
and abiotic stresses, including stress caused by Cd [17].
To understand the mechanism of Cd-induced stress,
genetic mechanisms that are important for plant stress
tolerance have been identified. In this regard, ECs have
great potential. Some of the main epigenetic mecha-
nisms involved in Cd-induced stress responses are de-
scribed. It includes chromatin remodelling, DNA meth-
ylation, histone acetylation, and miRNA dysregulation.
Current data on their role in Cd tolerance development
and can be used in plant breeding, and molecular re-
search to improve resistance to Cd-induced stress are
summarized [18].

For the general population, the main route of Cd
intake is food. Rice (Oryza sativa) grains contaminated
with Cd pose a severe health risk to more than half of

the world’s population, for whom rice is the staple food.
The role of miRNA-166 in modulating Cd tolerance and
its accumulation in rice was analyzed. The expression
levels of miRNA-166 in root and leaf tissues were sig-
nificantly higher at the reproductive stage than at the
seedling stage. After exposure to Cd, the expression
of miRNA-166 in the roots of rice seedlings decreased.
Overexpression of miRNA-166 increased Cd tolerance,
associated with a reduction in Cd-induced oxidative
stress (OS). Moreover, overexpression of miRNA-166 re-
duced Cd translocation from roots to shoots and its ac-
cumulation in grains. It has been shown that miRNA-166
targets the genes that encode the synthesis of proteins
of the HD-Zip family in plants. In rice, the activity of the
OsHB4 gene, which encodes the synthesis of proteins
of this family, increased after exposure to Cd but was
suppressed by overexpression of miRNA-166. Activation
of OsHB4 increased sensitivity to Cd and its accumula-
tion in leaves and grains. In contrast, inhibition of OsHB4
function by siRNA-166 enhanced Cd tolerance. These
results indicate a critical role of miRNA-166 in Cd ac-
cumulation and tolerance by regulating the function of
OsHB4, a target gene for miRNA-166 and a target gene
for Cd [19]. In another rice research, the study of altered
expression of miRNAs after exposure to Cd revealed 19
new miRNAs associated with the activation of the syn-
thesis of 11 unknown proteins. After exposure to Cd,
activation of miRNA-319 and miRNA-393 was observed,
while the expression of miRNA-398 was suppressed.
The activity of miRNA in plant homeostasis depends on
the localization of the influencing factor inside the plant.
In roots, exposure to Cd leads to inhibition of miRNA-
390 expression. Many miRNAs are involved in processes
that promote growth, minimize OS, and protect plants
from toxicants [20].

Data on the ability of sunflower (Helianthus annuus
L), Indian mustard (Brassica juncea) and eucalyptus ca-
maldulensis (Eucalyptus camaldulensis) to remove Cd
from contaminated soil and water due to epigenetic
factors are given [21]. The identification of miRNAs and
corresponding mRNA target genes, induced in response
to Cd stress in rapeseed (Brassica napus), was carried
out. In this plant’s example, miRNA’s participation in the
regulation of transcription factors, protection against bi-
otic stress, and ion cell metabolism in response to Cd
exposure has been demonstrated [22]. After exposure
to this heavy metal, miRNA-268 reduces plant growth
activity. An increase in their expression level is associ-
ated with an increased content of hydrogen peroxide
and malondialdehyde, which are indicators of increased
0OS [18]. Improvements in research technologies in epig-
enomics allow the identification of additional miRNAs
in plants that may be involved in effective regulatory re-
sponses after exposure to HM.

ECs caused by Cd in aquatic organisms were studied.
Its exposure leads to an inverse correlation between
miRNA-122 expression and metallothionein levels in ti-
lapia (a fish). Its elevated level is useful for alleviating
Cd-induced cellular stress. A similar study on Daphnia
pulex (the first crustacean whose genome was deci-
phered) demonstrated a positive correlation between
miRNA-210 and hypoxia after its exposure. It is assumed
that Cd and hypoxia increase the generation of reactive
oxygen species (ROS) by enhancing the activity of ERK,
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Akt, and hypoxia-inducible factor 1a (HIF1la) genes, fol-
lowed by increased expression of miRNA-210 [23].

The role of epigenetic modifications in embryogen-
esis is determined by the ability of epigenetic factors to
modulate the expression of embryonic development
genes in response to environmental signals. Epigenetic
mechanisms (DNA methylation, histone modification,
and miRNA expression) have a unique impact on ver-
tebrate development; in this aspect, zebrafish (Danio
rerio) are widely used as a vertebrate model organism in
studies of the developmental process due to their high
fecundity and rapid organogenesis [24]. The zebrafish
model allows us to understand the interaction between
EC dynamics and various biological effects. A key focus in
this field of epigenetics is understanding the functional
significance of changes occurring during embryogenesis
for the formation of typical developmental trajectories
and adult phenotypes. The facts of how environmental
signals trigger the remodelling of embryonic epigenetic
configurations and phenotype changes, which can be
inherited over several generations, have been demon-
strated [25, 26]. The advantage of zebrafish for study-
ing the transgenerational effect of xenobiotics on key
epigenetic processes, including miRNA expression, is
emphasized [27]. A comparative approach between ze-
brafish and mammalian models showed that changes in
gene expression profiles are strictly associated with EC
[28].

Traditional animal models for biological research,
such as mice, reveal specific miRNA expression patterns
that may be potential early biomarkers of the harmful
effects of environmental toxicants, including carcino-
gens, and miRNA-134, miRNA-132, and miRNA-124-1
are biomarkers for rapid screening of potential chemical
carcinogens [10].

It was compared the effect of HM and changes in
the expression of miRNA in the placenta of newborns,
which is known to be the primary regulator of the intra-
uterine medium and damage to which can lead to ad-
verse consequences for the health of the offspring. The
effect of Cd on miRNA expression in placental samples
was evaluated to characterise intrauterine abnormali-
ties better. In humans, environmental factors, includ-
ing HM, organic pollutants, and drugs, adversely affect
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the function of miRNAs in the placenta. Identification
of a panel of expressed miRNAs revealed 112 miRNAs
consistently expressed in more than 70% of placental
samples in response to Cd exposure. Placental miRNA
profiles signalled the intrauterine influence of environ-
mental factors [29].

There is a significant relationship between the
change in miRNA expression profiles induced by HM
and the development of diseases. However, in humans,
the interpretation of miRNA response data to Cd is com-
plicated because this metal can exist in the body for
years, within 7-16 years or even 45 years, while minor
exposure to Cd leads to its bioaccumulation in human
tissues. To the extent tissues concentrate Cd, toxic reac-
tions increase [9].

ECs play a critical role in several stages of biological
processes, such as early cell growth, proliferation, dif-
ferentiation, development, senescence, and apoptosis.
Changes in miRNA expression levels depend on the
cells’ exposure to the toxicant. For example, the expres-
sion of miRNA-146a decreases after exposure to Cd but
increases after exposure to aluminium. There are spe-
cific variations of miRNA response throughout the spec-
trum of HM [30].

Thus, the given review shows that miRNAs, as an
epigenetic mechanism, have great potential in regulat-
ing vital processes in the development and growth of
plants, animals, and humans. The central and absolute
dogma of genetics, which is that information in cells
flows in only one direction, from DNA to RNA and then
to proteins, is now essentially debunked by the role of
the environment in modulating gene expression.

Conclusions.

The presented research results indicate that miRNAs,
as one of the epigenetic mechanisms, have great poten-
tial in regulating the vital development and growth pro-
cesses of plants, animals, and humans.

Prospects for further research.

The Discovery of new miRNAs, identification of their
target genes in mRNA, and conclusions about the func-
tions of MiRNAs are essential strategies for understand-
ing their role in normal biological processes and disease
development.

OcmpoecbKa C. C., Abpamoe C. B., fjuuko €. H., Bucenko A. 4.,

KoHoseanoea O. C., JaHinb4yeHKo A. K.

ENIFTEHETUYHI EQEKTU BAXXKUX META/1IB HABKOJ/IULLHbOIO CEPEAOBULLIA
HA NMPUKNALI KAAMIKO

[OHINPOBCbKMIA MeaUUHUIA IHCTUTYT TpaaULiliHOT | HeTpaguLiiHOT meguuunHK (M. QHinpo, YKpaiHa)
s.ostr2018@gmail.com

BoenadicyvyacHux00cnioneHb MoKa3aHa posab Hekooyrouuxmikpo-PHK (MiPHK)enizeHomyy bionoeiyHuxnpoyecax,
MAKUX AK PAHHE 3POCMAHHA KAIMUH, nposnigepauis, dugepeHyito8aHHA, pO38UMOK, CMAPIHHA Ma arnonmos npu
0ii pakmopie 0oskinnsa. 3miHu pisHie ekcnipecii MiPHK 3anexcumes 8i0 moKcukaHmy, AKomy nid0aromeca KAiMuHU.
Hanpuknad, ekcripecia miPHK-146a 3Huxyemocs nicaa 0ii Cd, ane 36inewyemeoca nicas 0ii antomiHito. OnucaHo oeaki
3 OCHOBHUX efizeHemMuU4YHUX MexaHiamis, Wo bepyme y4acme y cmpecosux peakuisax, sukaukaHux Cd. MiocymosaHi
Cy4YacHi 0aHi npo pose eniceHemMu4yHUX MoOughiKayill, AKy 8oHU gidieparome y po3sumky monepaHmHocmi 0o Cd
i MOXymb 6ymu 8UKOPUCMAHI 8 ceneKkyil pocauH ma MonekynapHUX 00CAiOMeHHAX 04 MOKPAweHHa cmilikocmi
0o Cd-iHOykosaHoeo cmpecy. Kawoyosum Hanpamom y Uili eanysi enieeHemuKku € pO3yMiHHA YHKUiOHAMAbHOI
3HaYyw,ocmi 3MiH, Wo 8UHUKAOMb nid yac embpiozeHe3y 0418 (hopMyB8aHHA HOPMAbHUX MPAEKMOpIli po3sumMKy
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y 0opocnux peHomunis. [TpodeMOHCMPOBAHO haKMU Mo2o, AK CU2HAAU O08Kin/AA 3aMyCKaloms pemooento8aHHsA
embpioHanbHUX erizeHemMUYHUX KoHgicypayili ma 3miHu heHomuny, AKi MOXyme ycraoKosyeamucs npomsa2om
KiflbKOX rMoKosiHb.. LLJob6 Kpauwe oxapakmepulysamu eHympiwH6oympobHi nopyweHHs, oyiHosanu enaus Cd Ha
ekcripecito MiPHK y 3paskax naayeHmu. Y A0UHU haKmopu HABKOAUWHbL020 Cepedosuld, BKAOYAHU BAXKI
mMemaru, op2aHivyHi 3abpydH8aYi Mma niku, HeaamusHo 8nausaromMe Ha pyHKYito MiPHK y naaueHmi. CneyugivHi
MiPHK Ha mai okucHo2o cmpecy ideHmudikyromsca AK nomeHyiliHi 6iomapKepu npu 3M10AKICHUX MyXAUHAX AOOUHU,
W0 PO3WUPIOE MOHIUBOCMI IX 30CMOCYBAHHA AK Mepanesmu4Hi MilleHi.

Karwuoei cnoea: enieceHemuyHi moougpikayii, HekoOyroyi miPHK, ekcnpecia eeHis, Kaomil, enizeHemu4Hi
MEXQAHI3MU AK Npoginakmu4Hi, diaezHocMu4Hi ma meparnesmu4Hi MapKepu.

3B’A30K ny6niKauii 3 n1aHOBMMMU HAayKOBO-A0CAIA-
HUMU poboTamu.

[aHa poboTa € pparmeHtom HAP Kadeapun megunu-
HoT 6iosorii: «Po3BUTOK i MOpdOPYHKLIOHANbHNI CTaH
OpraHiB i TKAHWH eKCnepUMeHTaNbHUX TBapUH i toaen
B HOPMIi, B OHTOreHesi nif, BNJIMBOM 30BHilLHIX ¢paKTo-
pie», Ne aep»asHoi peecTpayii 0111U009598.

Bcryn.

BnNAnB TOKCMKaHTIB HaBKOJIMLLIHLOIO CepefoBULLA
(HC), ocobnunBo BaxkKux meTanis (BM), Takux AK Kaamiit
(Cd), BUKNMKaE rnobanbHe 3aHEMOKOEHHA Yyepes X Wn-
poKe nowmnpeHHs. KoHueHTpawia BaxKknx metanis (BM)
Yy TPYHTI, NOBiTPi Ta BoAi 36iNblLUYETLCA Ta NepeBULLYE
NPUPOAHI piBHI BHAcNifOK BUA0OYTKY Ta BUPOOHULTBA
MeTaniB, CiIbCbKOrOCNOAAPCbKOI Ta iIHLWOI aHTPOMNOreH-
HOI AisnbHOCTI. BoHM 3abpyaHioOTbH FPYHTOBI BOAM Ta
IPYHT, MOXYTb aKTUBHO HaZAXOAUTU B POC/IMHMW, NOTPa-
NAAKYN B XapyOBi NAHLIOMM Yyepes CinbCbKorocnoaap-
CbKi KynbTypu [1, 2]. [laHi Npo To4YHi mexaHismu BNaAnBY
BM HC matoTb nepluopagHe 3Ha4€HHA B OLiHKaX pU3nKy
ONA 300pOB’A, @ pe3ynbTaTn KNiHIYHKUX Ta enigemiono-
rYHUX OOCAIAXKEHb Ha N0AAX BUKOPUCTOBYHOTLHCA ONA
BM3HAYEHHA 3B’A3KY MiX X edpeKTaMmn Ta BUHUKHEHHAM
3axBOPIOBaHb [3, 4].

3HAYHMI iHTepec OCTaHHI KinbKa AeCATUNITL BUKAU-
Kae sname BM HC Ha enireHom [5]. EnireHeTUKa BUBYaE
3MiHM XiMIYHOTO CKNaay HyKNeoTuAiB abo nos’sA3aHux 3
HMUMM FICTOHOBUX BiNKiB, @ HE 3MiHM FEHETUYHOTO Koay
4yn camoi nocnigosHocTi AHK. MexaHisamu enireHeTuKu
BK/IIOYAOTb METUNOBAHHSA | agemeTuntoBaHHs JHK, mo-
Aundikauii rictoHiB i Hekoaytoumx PHK, Takmx ak miPHK.
MopylweHHA naTepHiB eKCnpecii reHis, perynboBaHUX
enireHeTUKoto, nig, Bnavsom daktopis HC, moxe npwu-
3BeCTM [0 PO3BMTKY ayTOIMyHHMX MPOLLECiB, paky Ta
iHWKMX 3axBoptoBaHb [6]. BpaxoBytouM BaXKnMBYy ponb
enireHeTUKM y perynauii ekcnpecii reHis Ta 6iskiB, BKAtO-
YyeHHA enireHeTUYHUX 3miH (E3), iHaykoBaHux BM HC,
y NpoLuec OUiHKM PU3MKY A4 300POB’A B AaHUI Yac €
dyHAameHTanbHUM [7].

MeTta gocnigeHHs.

AHani3 cy4yacHMX HayKOBMX AAHWX CTOCOBHO B3a-
emogii GaKTopiB HAaBKOIMLIHBLOTO CEPEAOBULLA, HA NPU-
KNnagj BaXKKOro ToKcmuHoro metany Cd, 3 enireHomom,
[0 AKOTO HanexaTb Hekogytoumx MiKpoPHK (MiPHK), siki
BM/IMBAlOTb HA aKTUBHICTb reHiB, MaloTb 34aTHICTb MO-
OyNoBaTU iX eKCnpecito, a ue, y CBOK 4Yepry, TArHe 3a
coboto nopyLeHHA cuHTe3y Binka B KNiTMHaxX Ta po3BK-
TOK 6araTboX NATONOTIYHMX 3MiH.

OCHOBHa YacTuHa.

MOpiBHAHO 3 YMCNEHHUMW AOCHIAMKEHHAMM B ra-
Ny3i reHeTUKM, AOCAigKeHHs B 06nacTi enireHeTuKku
3’ABUANCA BiAHOCHO HegaBHO. Ha BiaMiHy Bif reHeTnu-
HUX 3MiH, AKi Ba)XKO NOBEPHYTU Ha3apj, enireHeTU4Hi
abepauii MoxKyTb 6yTM 060POTHI 3aBAAKM dapmaLes-

TUYHMM npenapatam. |[HCTPYMEHTU enireHeTMKU BUKO-
pucTOBYIOTLCA AK NPOGINAKTUYHI, AiarHOCTMYHI Ta Tepa-
neBTUYHI MapKepu. 3 po3po6KOIO NiKiB, LLLO BNMBAIOTbL
Ha KOHKpPETHi enireHeTUYHi mexaHiamu Ta 6epyTb y4acTb
Y perynauii ekcnpecii reHis, BUKOPUCTAHHA enireHeTny-
HUX IHCTPYMEHTIB € eheKTUBHMM NiAXOA0M, AKUI 3aCTO-
COBYETbCA B KANiHiLi 415 NiKyBaHHA 3axBOptoBaHb [8].

[enani 6inblue aokasis Toro, Wwo BM HC MoXKyTb BU-
ABNATU CBOK TOKCUYHIiCTb Yepe3 MiPHK, Buknmkatoum
abepaHTHi 3MiHM IXHbOT eKcnpecii, ki 6eanocepeaHbO
nos’A3aHi 3 pisHMMKM naTodi3ioNOriYHUMKM CTaHaMK Ta
CUTHaNbHUMK Wwnsxamm [9]. Y 383Ky 3 umm, y ornagi
30cepesyKeHo yBary, B OCHOBHOMY, Ha poni y LMX Npo-
uecax Hekogytoumx miPHK. 3 momeHTy nepworo Bia-
KpuTTA, 6113bKO 20 POKIB TOMY, BUABAEHO TUCAYI MiIPHK
Yy pi3HuMx 6ionoriyHnx Buais. MiPHK € eHgoreHHumm PHK
OOBXMHO NPUBAN3HO 23 HYKNEOoTUAM, AKi BigirpatoTb
BaXX/IMBY POJb Y PerynALii reHiB y pOC/lvH, TBApWH i Nt0-
OVHW, YTBOPIOKOYM NapW 3 reHaMM LLiNbOBUX MATPUYHMX
PHK (MPHK) ana KepyBaHHS iX MOCTTPaHCKPUMLiNHOW
ekcnipecieto. BuasneHHs MiPHK, igeHTudikauia ix re-
HiB-mileHen B MPHK Ta BUCHOBKM npo ¢yHKLii MiPHK
€ BA)K/IMBOIO CTpATErielo gnAa Po3yMiHHA iXHbOI poni B
HOpManbHMX BioNOFYHMX NpoLecax Ta PO3BUTKY XBO-
po6 [10].

O6nactb TOKCMKOENIreHOMIKM, Lo BUBYAE
B33aEMO3B’A30K MiX enireHeTMyHummu 3miHamum (E3) Ta
CTaTyCOM 3aXBOPOBAHHA Y BiANoBigb Ha Bnans BM, B
OaHWA Yac 3HAXOAMTLCA HA MepefHbOMY Kpai HayKu
npo ririedy HC [5]. daHi E3 3 ycnixom BUKOPUCTOBYHOTb-
cA AK biomapkepu pesynbTaTie Bnamney ¢aktopis HC, y
TOMY YMCNi AK NPeauKTOpK 3axBoptoBaHb. E3 moxke ByTn
CNagKoBMMM, TOOTO. BUKIMKATM ycnaZKoBaHi peHoTU-
niyHi 3miHM 6e3 3miHKn nocnigosHocti AHK, Hanpuknag,
OTPMMAHMMM Y BigNOBIAb BNAMBY TOKCUKAHTIB Ha MaTip
nig yac saritHocTi [11].

LocnigeHHa E3 y pocanH cnpAMoBaHi Ha igeHTu-
dikauito miPHK, aKi WKMPOKO 3anyyeHi 40 pO3BUTKY Ta
mopdoreHesy PoC/iMH 33 AOMNOMOTO YrNpaB/iHHA po3-
LLenNeHHAM, TPAHCAALIMHOM eKcnpecieto abo meTunio-
BaHHAM JHK y MPHK-miweHAX, a TAKOXK Ha BU3HAYEHHA
npodinis natepHis ekcnpecii MiPHK Ta ix poni B peakuiax
Ha 6ioTMyHi Ta abioTnuHi dakTopU, BUKAMKaHI HC [12].

BusHaueHo moaynb miPHK-393/target, akuii sasnse
coboto KoHcepBaTMBHe cimelicTBo MiPHK, wo € B 6ara-
TbOX POC/IMHAX i AKE B OCHOBHOMY HaLli/leHe Ha reHw,
O KOAYITb ayKCUMHOBI peuenTopu. AyKCUH, Hacamne-
pes iHaon-3-ouTtoBa Kucnota (IOK), € yHiBepcanbHoO
CUTHa/IbHOKO MOJIEKYNIOLD, fIKA peryntoe 6araTo acrnekTis
POCTY, PO3BUTKY Ta peaKuii pOCAMH Ha cTpec. Y ubomy
MiPHK € ronoBHumu perynatopamu WAAxis BiAnosiaj
AYKCUHY, BMIMBAKOUYM HA MOFO CNPUNHATTA POCAMHAMM.
KombiHauia miPHK Ta ayTtoperynsuia curHanbHUX WS-
XiB QyKCUHY, @ TaKOX B3aEMOZAiA 3 iHLWMMM TOPMOHa-
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MW CTBOPIOIOTb PEryNATOPHY MEpPEKY, AKa KOHTPOIOE
nepefavy curHany Anaa nigTPUMKW romeocTtasy. Lei
MOAy/b € iIHGOPMATUBHUM ANA TEHETUYHUX MaHinyna-
Ui 3 ONTUMaNbHUMM YMOBaMU 3POCTAHHA Ta PO3BUTKY
CiIbCbKOTOCMOAAPCHKUX KYNbTYp, @ TaKOX BUKOPUCTO-
BYETbCA ANA NiABULLEHHA BPOMKAMHOCTI 33 LOMNOMOrow
MonekynspHoi cenekuii [13].

MosigomnaeTbeA Npo 3miHeHy ekcnpecito MiPHK, wo
6epyTb y4acTb y 3pOCTaHHI Ta PO3BUTKY pALY POCAUH,
LLLO 3a3HaNM abioTUYHMX CTPECOBUX YMOB, TaKMX SIK MO-
CyXa, 3aCONeHHA, eKCTpeMasibHi TemnepaTtypu, no3bas-
NIEHHA NOXMBHUX pe4voBuH Ta Bnamue BM. Li miPHK €
KAHOYOBUMWU MILLEHAMMU ANA TEHETUYHUX MaHINynauin,
CNPAMOBAHUX Ha CTBOPEHHA CTIMKOCTI UMM daKkTopam
[14]. 3a ponomoroto perynsauii ekcnpecii miPHK ctu-
MY/HOETbCA BIOCMHTE3 TepaneBTUYHO 3HAYYyLLMX Cho-
YK, TAaKUX K BUPOBHMLUTBO BiHKPICTUHY i BiHBNACTUHY
(MpoTUNYXNIMHHMX NpenapaTiB oAep:KyBaHMX 3 6APBIHKY
poskeBoro (Cataranthus roseus)) [15]. 3aHEMNOKOEHHSA
BUKNMKAE TON daKT, wo MiPHK pocnnHHOi ixKi 30aTHI BK-
YKMBATU NpUW NepeTpaB/eHHi Ta 3ro40M MOXYTb BMNAMBa-
TW Ha EKCMNPECIto FeHiB y Pi3HUX OpraHax TiJla CNoXMBaya
[16].

Y pocamHax miPHK rpatoTb KUTTEBO BaXK/AMBY pe-
ryNATOPHY PO/ib Ha BIOTUYHI | abioTUYHI cTpecu, BKtO-
yaloum crpec, BUMKAMKaHui Cd [17]. Wo6 3posymitn
mexaHisam Cd-iHgyKkoBaHoro cTtpecy, 6yno BUSABAEHO
reHeTUYHi MexaHi3mu, AKi € BaXamBumm ana 3abesne-
YeHHA CTIMKOCTi pOCAnH A0 cTpecy. Y LboMy BifHOLIEHHI
E3 matoTb Bennkuii noteHuian. OnmMcaHo Aeski 3 ocHo-
BHUX €MnireHeTUYHMX MexaHi3miB, Wo 6epyTb yyacTb y
CTPECcoBMX peakKLifx, BUKAMKaHux Cd. Lle ctocyeTbes pe-
MOAENOBAaHHA XPOMATUHY, MeTuatoBaHHA AHK, auetun-
NOBAHHA TiCTOHIB Ta gucperynauii miPHK. MiacymoBsaHi
CyYacHi AaHi Npo posib, AKY BOHW BiAirpatoTb y pO3BM-
TKy ToniepaHTHOCTI Ao Cd i MOXyTb BYyTU BUKOPUCTAHI B
cenekLii pOCNH Ta MONEKYNAPHUX AOCAIAXKEHHAX ONA
noKpaleHHs cTiikocTi Ao Cd-iHaykoBaHoro ctpecy [18].

[na HaceneHHA 3araloM OCHOBHWUM LUIAXOM HaZX0-
axeHHa Cd € npoayKTu xapyyBaHHA. 3epHa pucy (Oryza
sativa), 3abpygHeHi Cd, ctaHOBNATb cepiio3Hy Hebesne-
Ky 340pOB’to Ginblue NOMOBUHU HACeNEeHHA CBIiTY, ANA
KOTPOro pUC € OCHOBHMM NPOAYKTOM Xap4yyBaHHA. Mpo-
aHanizoBaHo ponb MiPHK-166 y moaynauii TonepaHT-
HocTi go Cd Ta ii Hakonu4yeHHA y pucy. PiBHi ekcnpecii
MiPHK-166 y TKaHWHax KopeHA Ta y AncTi 6ynun 3HayHo
BULMMWN Ha PEnpoOayKTUBHIN CTagii, HiXK Ha cTagii npo-
pocTkiB. Micna Bnamey Cd ekcnpecia miPHK-166 y Ko-
peHAX MPOPOCTKIB pucy 3HMXKyBanacA. Hapekcnpecia
MiPHK-166 36inbwyBana TonepaHTHicTb go Cd, wo 6yno
noB’A3aHo i3 3HUXKeHHAM Cd-iHAyKOBaHOIo OKMCHOro
ctpecy (OC). binbwe TOro, Hagekcnpecia MiPHK-166
3HMMKYBaNa AK TpaHcaokauito Cd Big KopeHiB Ao naro-
HiB, TaK i MOro HakonuM4yeHHA B 3epHax. [loKasaHo, Wo
MiPHK-166 opieHTOBaHa Ha reHu, Wo KoayTb Y POC/In-
Hax cuHTe3 binkis cimerictea HD-Zip. Y pucy akTUBHIcTb
reHa OsHB4, skt Koaye cMHTE3 BiNKiB LbOro CiMeNncTBa,
niasuwysanacs nicna snamey Cd, ane npurHiyysanacs
Haaekcnpecieto miPHK-166. Aktnsauia OsHB4 36inbLy-
Ba/sia YyTAmMBicTb A0 Cd Ta MOro HaKOMUYEHHA Y IUCTI Ta
3epHax. HaBnaku, npurHiveHHs ¢pyHkuii OsHB4 3a gono-
moroto MiPHK-166 nigsuuyysano tonepaHTHictb Cd. L
pe3ynbTaTM BKA3ylTb Ha KPUTMYHY ponb MiPHK-166 y
HakonuyeHHi Cd Ta ToNepaHTHOCTI A0 HbOTO 33 PAaXyHOK
perynauii pyHKuUii OsHB4, akui € LiNbOBUM reHoM Ann

MiPHK-166 Ta reHom-miweHH0 ana Cd [19]. B iHwomy
LOCNIOXKEHHI pUcy BUBYEHHA 3MiHeHOT ekcnpecii miPHK
nicns snamey Cd Buasmao 19 Hosux MiPHK, nos’A3aHmx
3 aKTUBaLi€eo cuHTesy 11 HeBigomumx 6inkis. Micha Bnau-
By Cd cnoctepiranacs aktuauia miPHK-319 ta miPHK-
393, toami Ak ekcnpecia MiPHK-398 npurHivyBanacs.
AkTMBHICTb MiPHK y romeocTasi pocivH 3anexuTb Bif,
NIOKanisaujii YWHHWKA BMNIMBY BCepeaMHI POCANHMN. Y KO-
piHHA BnAMB Cd NpU3BOANUTbL A0 NPUTHIYEHHA eKkcnpecii
MiPHK-390. barato miPHK 6epyTb yyacTb y npouecax,
AKi CNPUAIOTb 3POCTaHHIO, MiHIMI3ytoTb OC Ta 3axumuLa-
I0Tb POCAUHM Big, Aii TOKCcMKaHTiB [20].

HaBogATbcA fJaHi NpO  34aTHICTb  COHALUHWMKY
(Helianthus annuus L), iHaiicbKoi ripumui (Brassica
juncea) Ta eBKaninTa KamanbgyneHcbkoro (Eucalyptus
camaldulensis), 3aBasKku enireHeTUYHUM paKTopam, BU-
panatv Cd i3 3abpyaHeHoro rpyHTy Ta Boam [21]. Mpo-
BeAeHo iaeHTUdiKaLito miPHK Ta BignosigHux reHis-mi-
weHei y mPHK, aki iHAyKytoTbCA y BiANOBIAb Ha cTpec,
BMKNUKaHuMI Cd, y pinaky (Brassica napus). Ha npuknagai
L€l POCAMHN NPOAEMOHCTPOBaAHO y4yacTb MiPHK y pe-
rynauii dakTopis TpaHcKpunu,i, 3axucTi Big, HioTMyHOro
cTpecy, ioHHOMY KAiTMHHOMY MeTabonismy y BianoBiab
Ha snsmBe Cd [22]. Michs BNAMBY LbOro Ba*KKOro meTany
MiPHK-268 3any4aeTbca 4,0 3HUKEHHA aKTUBHOCTI POCTY
pocauH. MiaBulLeHHsA piBHA iX eKcnpecii nos’sasaHe 3i
36iNbLLIEHMM BMICTOM NEPEKUCY BOAHIO i MaNOHOBOrO
Anianbaerigy, aki € iHgMkatopamu nigsuweHoro OC [18].
YN0CKOHANEHHSA TEXHONOTIM AOCAIAKEHHSA B enireHOMIL,i
[o03Bonse ineHTMdiKyBaTM AoaaTkosi MiPHK y pocauh,
AKI MOXKYTb OYTW 3anyyeHi 40 eDeKTUBHUX perynaTop-
HUX peakuin nicna snansy BM.

BuyeHo E3, BukAuKaHi Cd, y BOgHMX OpraHismis.
Moro BnavB npu3soauTb A0 3BOPOTHOI Kopenauii mMix
ekcnpecieto MiPHK-122 ta piBHAMW MeTanoTioHeiHy Y
TMAANii (Bug, pubu). Moro nigsuLLEHN piBEHb KOPUCHUI
4na ocnabneHHa KNiITMHHOro cTpecy, obymosneHoro Cd.
AHanorivyHe gocnigxeHHs Ha Daphnia pulex (nepwa pa-
KonogibHa TBapuHa, Unii reHom 6yB po3LMdpoBaHUiA)
NPOAEMOHCTPYBANO0 NO3UTUBHY KOpenauito mi miPHK-
210 Ta rinokcieto nicna noro sBnamey. MNepeabavaeTbes,
wo Cd Ta rinokcia 36inblWyOTb YTBOPEHHA AKTUBHMUX
dopm KucHio (ADK), nocmntooum akTUBHICTL reHis ERK,
Akt Ta dakTopa, Wo iHAYKYeTbCA rinokcieo 1la (HIF1la),
3 NoganbluMm NocuaeHHAM ekcnpecii miPHK-210 [23].

Ponb enireHeTMYHUX moaudikauin B embpioreHesi
0bymoBnEeHa 34aTHICTIO enireHeTUYHUX ¢akTopiB Mo-
OyN0BaTU eKcnpecito reHiB eMBbpioHaNbHOrO PO3BUTKY
y Bignosiab Ha curHaan HC. EnireHeTM4YHi mexaHizmu
(metnnioBanHAa [AHK, mogudikauia rictoHiB Ta ekc-
npecis MiPHK) maloTb yHiKa/ibHUI BMNMB Ha PO3BUTOK
XpebeTHMX, Y LibOMY acMeKTi LUIMPOKO BUKOPUCTOBYHOTb-
ca pubKM JaHio (Danio rerio) sk MogenbHUIA OpraHiam
XpebeTHUX Yy [OCNIAKEHHAX NPOLECY PO3BUTKY 4vepes
iX BMCOKY NIOAIOYICTb Ta WBUAKUIA opraHoreHes [24].
Mogenb pnbok gaHio A03BONAE 3PO3YMITU B3aEMOZ,O
MiXK AgMHamikoto E3 Ta pisHOMaHITHUMKM GionoriyHMMMK
edpektamu. KnovoBMM Hanpamom y Uil ranysi enire-
HETUKN € PO3YMiHHA QYHKLiOHANbHOI 3HAYYLLLOCTi 3MiH,
LLLO BMHMKALOTb Nig Yac embpioreHesy ana dopmyBaHHsA
HOPMaNbHUX TPAEKTOPIM PO3BUTKY Ta AOPOCAUX deHO-
TMniB. MpoaeMoHCTpoBaHO paKTh Toro, AK curHaam HC
3anycKatoTb PeMoeNtoBaHHA eMbpioHabHMX enireHe-
TUYHUX KOHirypauin Ta 3miHKM PeHoTUNY, AKI MOXKYTb
yCMafKoBYBATMCA NPOTArOM KilbKOX MOKOAiHb [25, 26].
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Haronowyetbcs Ha nepeBari pubOoK AaHio 418 BUBYEHHSA
TpaHcreHepauiiHoro edpekTy KCeHobIOTUKIB Ha K/OYOBI
enireHeTUYHi nNpouecu, BKloYatoum ekcnpecito miPHK
[27]. NopiBHANBHMIA NiAXiA MiXK mogenamu pubok aaHio
Ta CCaBUSAMM MOKas3aBs, WO 3MiHa npodinis exkcnpecii
reHiB cyBopo nos’AsaHa 3 E3 [28].

Ha TpaguuinHux TBapuHHWX mogensx ana biono-
FYHUX JOCNIAKEeHb, TAaKUX, AK MULLI, BUABAAIOTHLCA cre-
unoiyHi natepHm ekcnpecii miPHK, aki moxyTb 6yTn
NOTEHUiMHUMW paHHIMKM BiomapKepamu LWKiAAMBOroO
BMNAMBY TOKCMKaHTIB HC, y TOMYy YMCNi KaHUEPOreHis, i
MiPHK-134, miPHK -132 i miPHK -124-1 € 6iomapKepamu
O WWBWUAKOTO CKPUHIHTY MNOTEHLiMHMX XiMiYHUX KaHLLe-
poreHis [10].

3ictasnanu snamns BM Ta 3miHn ekcnpecii miPHK y
naaueHTi HOBOHAPOAXKEHWX, AKa, AK BiOMO, € OCHO-
BHMM PEerynsaTopoM BHYTPIlWHbOYTPOOHOrO cepesa-
OBULLA Ta MOLIKOAMKEHHA SIKOrO MOXe MpPU3BECTU [0
HECNPUATAMBUX HACNIAKIB ANA 340pOB’A MOTOMCTBA.
LLlob6 Kpalle oxapaKTepm3yBaTH BHYTPILIHbOYTPOBOHI no-
pyweHHs, ouiHtoBanu Bname Cd Ha ekcnpecito MiPHK y
3pasKax nnaueHTu. Y atognHu daktopu HC, BkaoYaoum
BM, opraHiuHi 3abpyaHtoBayi Ta NikK, HEraTUBHO BMJIU-
BatoTb Ha ¢yHKuito MiPHK y nnaueHTi. laeHTndikayis
naHeni ekcnpecosaHmx miPHK, suasmna 112 miPHK, wo
NOCTIHO eKcnpecytoTbea Binblu Hix y 70% 3paskis nna-
LueHTH y Bignosiap Ha Bnaue Cd. Mpododini nnaueHTapHoi
MiPHK curHanisyBanu npo BHYTPilHbOYTPOOHMI BNANB
dakTopis HC [29].

ICHYE 3HAYHWI 3B’A30K MiX 3MiHOIO Mpodinis eKc-
npecii miPHK, iHaykoBaHnx BM, Ta po3BUTKOM 3axBO-
ptoBaHb. O4HAK Yy NIOAMHW iHTEpNpeTaLia gaHMX Bigno-
Bigi MiPHK Ha Bnive Cd ycKnagHETbCA TUM aKToMm,

LLLO e meTan 34aTHUIM iCHYBaTWU B OpPraHi3ami pokamu, B
merKax 7-16 pokis abo HaBiTb 45 poKiB, NpY LUbOMY He-
3HauHui Bnamne Cd npusBoauMTb A0 Moro bGioakymynauii
B TKAHWHAX NOANHU. Y Mipy TOrO, IK TKAHWHU KOHL,EH-
TpytoTb Cd, TOKCMYHI peaKuii nocuntotoTbes [9].

E3 rpatoTb BMUpiWanbHy poab Ha AEKiNbKOX CTagi-
AX 6ioNOriYHMX MpOLLECiB, TaKMX AK PAHHE 3POCTaHHA
KNiTUH, nponidepalis, ANdpepeHLitoBaHHA, PO3BUTOK,
CTapiHHA Ta anonTo3. 3MiHuM piBHiB ekcnpecii miPHK 3a-
NIeXKUTb Bif, TOKCMKAHTY, AKOMY MiAAal0TbCA KAITUHU.
Hanpuknaa, ekcnpecia miPHK-146a 3HUKyeTbCcA nicnA
Aii Cd, ane 36inbwyeTtbea nicns Aji antomiHito. Mo Bcbo-
My cneKkTpy BM icHytoTb cneumdivHi Bapiauii Bignosigi
MmiPHK [30].

TakKMM YMHOM, HaBeAEeHWI OrNAf CBiAYMTL MpPO Te,
wo MiPHK, sk enireHeTUYHUI MexaHi3m, MatoTb Beu-
KW NOTEHLiaN y perynsaLii )KUTTEBO BaXK/IMBUX NpoLecis
Y PO3BWUTKY Ta POCTi POC/NH, TBAPWUH Ta NOAMHWN. LleH-
Tpa/ibHa Ta abCcoMOTHA AOTMA FEHETUKM, KA NONATAE B
TOMY, LLO iHGOPMaLLif B KNITUHAX TeYe Ti/IbKWU B O4HOMY
Hanpamky, Big AHK go PHK, a notim go 6inkis, B AaHni
yac no cyTi po3BiHYeHa Yepe3 poab HC y moaynaLii ekc-
npecii reHis.

BucHoBKM.

HaseneHi pesynbrat gocnigKeHb cBigyaTb Npo Te,
wo miPHK, aK ogMH 3 enireHeTUYHNX MexXaHi3MiB, MatoTb
BE/IMKUIA MOTEHUjan y perynsuii XUTTEBO BAXKIANBUX
NpoLLeciB PO3BUTKY Ta POCTY POC/IUH, TBAPUH Ta /IOAEN.

MepcneKkTUBM NOAANbLUIUX [OCNIAMKEHD.

BuasneHHa HoBux MiPHK, ineHTUdiKauis ix reHiB-mi-
weHel B MPHK Ta BUCHOBKM npo ¢yHKUjii MiPHK € Bax-
NINBOIO CTpATErielo ANA PO3YMiHHA iXHbOI pPoni B HOp-
MasibHUX BioNOTYHMX NpoLEecax Ta PO3BUTKY XBOPOO.
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ENIFTEHETUYHI E®EKTU BAXKKUX METAJIB HABKOJIMLLHbOIO CEPEAOBULLA HA NPUKNALI KAAMIKO

OctpoBcbKa C. C., Abpamos C. B., inuko €. H., Bucenko A. [l., KoHosanosa O. C., laHinbyeHKo A. K.

Pestome. B ornagi npeacrasieHi Cy4acHi yABAEHHA NPO 3HaYeHHA enireHOMHUX 3MiH, CNPUYUHEHUX TOKCUYHUMMU
daKkTopamu O0BKINAA, TakuX AK Kagmiit (Cd), Ha peanisauito deHoTMNy B Npoueci ekcnpecii reHiB. LieHTpanbHa Ta
abcontoTHa forma reHeTUKM, Aka nonaraaa B Tomy, Wo iHbopmal,ia B KAiTUHAX Teye TiIbKM B OAHOMY HaNpPAMKY, Big,
OHK go PHK, a notim go 6inkiB, B 4aHW Yac no cyTi po3BiHYeHa Yepes posb Hekogytounx PHK Ta ricToHoBux 6inkiB y
MoZaynALuji ekcnpecii reHiB 6€3 3mMiH reHeTUYHOro Koay Yu camoi nocnigosHocTi JHK. O6nacTb TOKCMKOENireHOMIKY,
LLLO BMBYAE B3AEMO3B’A30K MiXK enireHeTMYHUMM 3MiHAMM Ta CTaTyCOM 3aXBOPIOBaHHS Y BiAMNOBIAb Ha BMN/INB BaYXKKMUX
MeTaniB, B AaHUI Yac 3HaxXo4MTbCA Ha NepegHboMy Kpai Hayku. Lli gaHi 3 ycnixom BUKOpUCTOBYOTbCA AK Biomap-
Kepu pe3ynbTaTis BNaMBY GaKTOPiB HABKOULIHBOIO CepefoBMLLA, @ TAKOXK AK NPEeANKTOPU 3aXBOptoBaHb. EnireHe-
TUYHI MmoguMdiKauil MOXKYTb BYTU CNaZKOBMMM, HAaNPUKAAZ, NPW BMAMBI TOKCMKAHTIB HA MaTip Mif Yac BariTHOCTI. €
Bce binblie goKasis Toro, wo Kaamii (Cd), Mmoxke BUABAATU CBOK TOKCUYHICTb Yepes Hekoaytoui MikpoPHK (miPHK),
BMKAMKaOUM abepaHTHI 3MiHM iXHbOI eKkcnpecii, Wwo 6e3nocepesHbo NOB A3aHI 3 pi3HMMM naTodizionorivHMmm cra-
HaMM Ta CUTHANbHUMM WAAXaMU. [LoCAiaKeHHA enireHeTUYHUX 3MiH Y POC/IUH CNPAMOBAHI Ha BU3HauyeHHA npodinis
naTepHiB ekcnpecii MiPHK y peakuisax Ha 6ioT1YHi Ta abioTMyYHi cTpecn, cnpuymHeHi Cd. BOHM MiHIMi3yOTb OKMCHWIA
CTPEC Ta MOXKYTb BYTU KNOYOBUMM MiLLEHAMM A/1A TEHETUYHMUX MAHINYAALIN B OTPMMAHHI NO3UTUBHUX Pe3yNbTaTis,
BK/1HOYAOUM CTIMKICTb A0 MOCYXM, EKCTPEMAZIbHMX YMOB 3POCTaHHA Ta CTiMKICTb A0 Aii TOKCMKAHTY. B ekcnepumeHTi
Ha TBapMHax BUSABIEHUI LWKIANMBUI 418 HOPMANbHOT KNITUHHOI GyHKLiT npodinb ekcnpecii Ta ansperynauii miPHK,
LLLO B KiHLEBOMY MiACYMKY NPU3BOAUTL 40 PO3BUTKY Pi3HMX 3aXBOPIOBAHb Ta A0 TpaHCcPopMaLl,ii HopManbHOT KAiTH-
HU y pakoBy. Ha muwax BuaBneHo cneundiyHi natepHu ekcnpecii MiPHK, ki € noTeHUitHMMM paHHiMK biomapke-
pamMu BMMBY KaHLLepOreHiB. Ha BigMiHy Big reHeTUYHMX 3MiH, AKI BaXKKO NOBEPHYTU Ha3ag, enireHeTU4YHi abepauii
MOXYTb ByTh 060pOTHI 3aBAAKM PapMaLeBTUUHMM NpenapaTam. IHCTPYMEHTU enireHeTUKN BUKOPUCTOBYHOTLCA AK
NPodiNaKTUYHI, AiarHOCTUYHI Ta TepaneBTUYHI MapKepu.

Knwouosi cnosa: enireHeTn4YHi mogudikauii, Hekogytodi miPHK, ekcnpecis reHis, Kaamili, enireHeTUYHI MexaHis-
MW AK NPodiNakTUYHI, AiarHOCTUYHI Ta TepaneBTUYHI MapKepu.

EPIGENETIC EFFECTS OF HEAVY METALS OF THE ENVIRONMENTAL BY THE EXAMPLE OF CADMIUM

Ostrovska S. S., Abramov S. V., Dychko E. N., Vyselko A. D.,

Konovalova O. S., Danilchenko A. K.

Abstract. The review presents modern ideas about the significance of epigenetic changes caused by toxic
environmental factors, such as cadmium (Cd), on the realization of the phenotype in the process of gene expression.
The central and absolute dogma of genetics, that information in cells flows in only one direction, from DNA to
RNA and then to proteins, is now essentially debunked due to the role of non-coding RNAs and histone proteins
in modulating gene expression without changing the genetic code or the DNA sequence itself. Sphere of toxic
epigenomics, which studies the relationship between epigenetic changes and disease status in response to exposure
to heavy metals, is currently at the forefront of science. These data are successfully used as biomarkers of the results
of exposure to environmental factors, as well as predictors of diseases. Epigenetic modifications can be hereditary,
for example, when the mother is exposed to toxicants during pregnancy. There is increasing evidence that cadmium
(Cd) can manifest its toxicity through non-coding microRNAs (miRNAs), causing aberrant changes in their expression,
which are directly related to various pathophysiological conditions and signaling pathways. Studies of epigenetic
changes in plants are aimed at determining the profiles of miRNA expression patterns in response to biotic and
abiotic stresses caused by Cd. They minimize oxidative stress and can be key targets for genetic manipulation to
obtain positive results, including resistance to drought, extreme growth conditions, and resistance to toxicants. In
an experiment on animals, a profile of expression and disregulation of miRNAs harmful to normal cellular function
was revealed, which ultimately leads to the development of various diseases and the transformation of a normal
cell into cancer. In mice, specific patterns of miRNA expression were revealed, which are potential biomarkers of
the influence of carcinogens. Unlike genetic changes, which are difficult to reverse, epigenetic aberrations can be
reversed by pharmaceutical drugs. Epigenetic tools are used as preventive, diagnostic and therapeutic markers.
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The above research results indicate that miRNAs, as one of the epigenetic mechanisms, have great potential in
regulating the vital processes of development and growth of plants, animals, and humans.

Key words: epigenetic modifications, miRNA, gene expression, cadmium, epigenetic mechanisms as preventive,
diagnostic and therapeutic markers.
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