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PROLONGED ALCOHOL CONSUMPTION INFLUENCES microRNA EXPRESSION
IN THE NUCLEUS ACCUMBENS OF THE RAT BRAIN
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The microRNA (miR) species analyzed in this study are involved in molecular mechanisms
of TLR4 and TLR7 signaling, mediating the development of neuroinflammation and neurodegeneration.
We have investigated the expression levels of miR-let7b, miR-96, miR-182, miR-155, and the mRNA content
of HMGBI1, TLR3, TLR4 in the nucleus accumbens (NAc) of the brain of rats exposed to long-term alcoholization.
The long-term alcoholization caused a decrease in miR-let7b, miR-96, miR-182, and TLR7 mRNA levels;
this was accompanied by an increase in miR-155, TLR4, and Hmgbl mRNA levels in the NAc of rat brain.
TLR7 is functionally linked to miR-let7b. The data of a simultaneous decrease in miR-let7b and TLR7 mRNA
are of interest for further studies; they may indicate on the lack of functionally significant links between
Hmgb1 and the miR-let7b-TLR7 system in NAc. The existing evidence of a functional relationship between TLR4 with
miR-155 and miR-182 and our observations on their expression changes during chronic alcoholization
are very interesting and require further investigation. The suggestion about the development of neuroinflammatory
process in NAc under prolonged alcohol exposure are relevant for studying the level of TLR gene expression in NAc,
as well as the expression of miR species, which may have a functional relationship with the TLR system.

Key words: nucleus accumbens; alcohol; neuroinflammation; TLR; miR

DOI: 10.18097/PBM(C20236904235

INTRODUCTION

Chronic alcohol consumption causes biochemical,
functional, and structural changes in various parts
of the brain [1-4]. Certain evidence exists about
occurrence of such changes in the nucleus
accumbens (NAc) of the brain during prolonged
alcohol consumption [5-7]; however, the mechanisms
mediating these effects remain poorly understood.
At the same time, it is well known that NAc
is an important part of the mesolimbic pathway and
serves as a key link in the system of internal
reinforcement, mediates the effects of psychostimulants,
in particular, ethanol [3, 4, 8, 9].

Altered content of microRNA (miR) species
has been found in plasma and in brain structures
during prolonged exposure to alcohol [10, 11].
MicroRNAs are a class of small non-coding RNAs
that can participate in the mechanisms of regulation
of protein synthesis in the cell by targeting mRNAs.
In addition to this well-known mediated regulatory
role, miR species can also act as physiological specific
ligands for toll-like receptors (TLRs) and thus initiate
immune response signaling cascades [12].

Many miR species can potentially control
the key mechanisms determining the development

of neuroinflammation and neurodegeneration during
long-term alcohol consumption [10, 13-17]. Some
TLR subtypes are also associated with the development
of neuroinflammatory and neurodegenerative events
in the brain during long-term alcohol consumption
[14, 15, 18]. Results of some studies suggest
existence of possible functional links between
miR-let7b, miR-96, miR-182, miR-155, and TLR
in the CNS [13-17]. In this regard, the aim of this work
was to compare the levels of these miRNAs and
the expression of TLR genes in NAc under conditions
of prolonged alcoholization in rats.

MATERIALS AND METHODS

Animals

Fourteen male Wistar rats (initial age 2-3 months,
body weight 280+30 g) obtained from the Rappolovo
nursery (Russia) were used in this study.

Long-Term Alcoholization

Long-term alcoholization of rats (n=7) was modeled
by intragastric administration of 20% ethanol solution,
which was administered using a gastric tube
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for 1 month at a dose of 2 g/kg of ethanol daily from
Monday to Friday (20 injections in total). Body weight
was measured weekly for accurate administration
of the exact dose of ethanol. During the experiment
animals of the control group (n=7) received
an equivalent volume of water via the gastric tube.

Biomaterial Sampling

At the end of the experiment, the rats were
guillotined without anesthesia on the last day
of alcoholization, and the brain NAc was sampled
using the boundaries defined in the rat brain atlas.
Brain samples were immediately frozen and
stored at -80°C.

RNA Isolation

Total RNA was isolated using the ExtractRNA
reagent (Evrogen, Russia) in full accordance with
the manufacturer's instructions. Samples were
treated with DNase (Promega, USA). Concentrations
of the resultant RNA was measured using
an Implen NanoPhotometer P330 spectrophotometer
(Implen, Germany). The purity of the isolated
product was evaluated by the ratio A,q/Assg
(normal £1.8).

RT-PCR

cDNA synthesis was performed by reverse
transcription (RT) using the MMLV RT kit (Evrogen)
in full accordance with the manufacturer's instructions.
Before RT, miR was polyadenylated using E. coli
poly(A) polymerase (New England Biolabs Inc., USA)
according to a previously described method [19].
RT for miR was performed in 10 pl using
the MMLV RT kit (Evrogen) and a specific
PolyT adapter (5'-GCGAGCACAGAATTAATAC
GACTCACTATAGGTTTTTTTTTTTTVN-3") [19].
Polymerase chain reaction (PCR) with real-time
detection (RT-PCR) was carried out in an Mx3005P
amplifier (Stratagene, USA) in 10 pl of the reaction

Table. Sequences of primers used in this study

mixture containing SYBR Green MIX (Biolabmix,
Russia) and a mixture of specific forward and
reverse primers (Beagle, Russia) shown in the table.
The relative level of mRNA and miR was calculated
using the 2*“ method; the mRNA content was
normalized to the expression level of the Gapdh gene,
the miR level was normalized to the expression level
of the U6 gene.

Statistical Data Processing

Statistical processing of results was performed
using the program Graph Pad Prizm v. 6. Groups
were compared using the Mann-Whitney U-test
for independent small datasets. Differences were
considered as statistically significant at p<0.05.

RESULTS AND DISCUSSION

It is known that the miRs species analyzed in this
study may be functionally linked to the signaling
pathways of toll-like receptors (TLR7 and TLR4),
which are involved in the initiation of neuroinflammatory
events that develop during chronic alcoholism
[10, 13—17]. miR-let7b is known to be an endogenous
TLR7 agonist [13, 18]. Changes in the miR-let7b
expression may have a functional relationship with
the TLR7 signaling cascade [13, 15, 18]. It has been
shown that activation of TLR4 is accompanied
by an increase in miR-155 in brain microglia
of wild type mice, but not in Tlr4 gene knockout mice
(TLR4-KO) [14]. In TLR4-KO mice, the content
of miR-96 in the cerebral cortex remained unchanged,
while prolonged alcoholization in wild-type mice
decreased the miR-96 level [16, 17].

In our experiment, prolonged alcoholization of rats
for 1 month led to a 1.71-fold decrease in the miR-let7b
level in brain NAc, a 3.87-fold decrease in the miR-96
level, and a 2.29-fold decrease in the miR-182 level.
On the contrary, the content of miR-155 demonstrated
a 1.41-fold increase (Fig. 1).

Primers
Gene
Forward (5'-3") Reversed (5'-3")

Tir4 ACTCTGATCATGGCATTGTT GTCTCAATTTCACACCTGGA
Tir7 TGAAAATGGTATTTCCAATGTG TAAGGGTAAGGTTGGTGGTA
Hmgbl CTCTGATGCAGCTTATACGA AAAAGACTAGCTTCCCCTTG
miR-182 TTTGGCAATGGTAGAACTCACACCG GCGAGCACAGAATTAATACGAC
miR-155-5p TTAATGCTAATTGTGATAGGGGT GCGAGCACAGAATTAATACGAC
miR-96-5p TTTGGCACTAGCACATTTTTGCT GCGAGCACAGAATTAATACGAC
miR-let-7b GCGGCGGCTATACAACCTACTGC GCGAGCACAGAATTAATACGAC
U6 TGCTTCGGCAGCACATATAC AGGGGCCATGCTAATCTTCT
Gapdh GCCAGCCTCGTCTCATA GTGGGTAGAGTCATACTGGA
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Prolonged alcoholization caused a decrease
in the level of both TLR7 mRNA and miR-let7b, in NAc
(Fig. 2). Unidirectional changes (increase contents)
were also found in the case of TLR4 mRNA (Fig. 2)
and miR-155.

The mechanism of interaction between
the miR-183C miRNA cluster (it includes miR-96
and miR-182) and TLR4 is not fully understood;

however, there are indications for such links
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based on miR-182-5p as an example [16, 17].
In our experiment, an increased content of TLR4 mRNA
in NAc corresponded to the reduced expression level
of miR-96 and miR-182.

According to [15], ethanol causes the formation
of HMGBI1-miR-let-7 complexes in microvesicles;
they cause the development of a neurotoxic effect
through the activation of TLR7 in neurons.
The results of our experiment revealed an increased
level of Hmgbl mRNA in NAc (Fig. 3), while
the levels of miR-let7b and TLR7 mRNA were reduced.
Such data, apparently, indicate the absence
of a functionally significant links between Hmgbl
and the miR-let7b-TLR7 system in NAc, since
differently directed responses were obtained regarding
the level of expression of Hmgbl and miR-let7b
in this brain structure.

CONCLUSIONS

Prolonged alcoholization influenced the level
of microRNA species (miR-let7b, miR-96, miR-182,
miR-155), as well as the level of TLR4, TLR7, and
Hmgb1l mRNA in rat brain NAc. Based on the literature
data, it can be assumed that the observed changes
in the miRNA levels may have a functional
relationship with the TLR system in NAc under
chronic alcohol exposure; however, further studies
are needed to confirm these suggestions. It seems
interesting to study the content of these miRNAs
in animals exposed to pharmacological agents
that have a significant impact on the functioning
of TLR signaling pathways, such as naloxone,
rifampicin, and azithromycin and others.
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XPOHUYECKAA AJIKOI'OIN3AIIUA UBMEHAET COIEP2)KAHUE MUKPO-PHK
B MPUJIEZKAIIEM AJAPE I'OJIOBHOI'O MO3TA Y KPBIC

M.U. Aupanemog’*, C.O. Epecko”’, C.A. lllamaesa’, HM. Mameees', E.P. bviuxoé', A.A. /lebeoes’, I1./]. Illabanoé’
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197376, Cauxr-IletepOypr, ya. Akan. [T1aBiosa, 12; *a51. moura: interleukinlb@gmail.com
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Hccnenyemsie B pabote Monexynsl MUKpo-PHK (miR) yuacTBYIOT B MOJEKYISIPHBIX MEXaHH3Max peaIn3alliy
TLR4- u TLR7-curHanm3anuu, 9TOo OMOCPENyeT DPa3BHTHE MPOIECCOB HEHpOBOCHMANCHUS M HEWpOAETCHEpaLny.
B pabote npeacraBiacHbl HOBBIE CBEACHUS OTHOCHTEIIBHO YPOBHS dKcmpeccur miR-let7b, miR-96, miR-182, miR-155
u comepxkanust MPHK HMGBI1, TLR3, TLR4 B mpuiexkamiem siape (nucleus accumbens, NAcC) roloBHOro mosra
y JUIMTENBHO aJIKOTOJIM3MPOBAHHBIX KpbICc. JIMTENbHas ankoroiu3anusi BbI3Bajla CHIIXKEHHE YPOBHS COZICPXKaHUS
miR-let7b, miR-96, miR-182 u MPHK TLR7, npusena k noseimeHuto yposHs miR-155, MPHK TLR4 u Hmgbl
B NAc romoBHOoro mosra kpeic. TLR7 wmmeer ¢ynkumoHampHy! cB3b ¢ miR-let7b. IlomydeHnple naHHEIC
00 omHoBpemMeHHOM cHmxkeHHHM miR-let7b mw MPHK TLR7 mnpencraBmsioTr wWHTEpec s JalbHEWIINX
UCCIIEZIOBAaHUH, OHM MOTYT yKa3blBaTh Ha OTCYTCTBHE (DyHKIIMOHAJIBHO 3HAYMMOH B3amMOCBsA3M Mexay Hmgbl u
cucremoit miR-let7b-TLR7 B NAc. Nmeronyecs: cBeneHus: 0 HaTMYUK (yHKIMOHAIBHOM B3auMOCBs3H Mexay TLR4
¢ miR-155 u miR-182 u nonydenHsle Hamu HaOmoneHUs 00 M3MEHEHHWH WX OKCIPECCHU TPH IITUTEIBHOU
AJIKOTOJIM3aLlMK TAaKXKe KaKyTCsl HAM BeChbMa MHTEPECHBIM HAONIONEHHEM, TPEOYIOIMM JAIbHEHIINX UCCIIeJOBAaHNH.
B cBs3M ¢ mIpeAronokeHneM O Pa3BUTHH HEHPOBOCIAIMTENBHOTO Tporecca B NAC MpH AJIUTEIFHOM BO3AEHCTBUHU
aJIKOTOJIsSl, CTAHOBUTCSl aKTyaJbHbIM HccienoBaHue B NAc ypoBHs 3kcnpeccuu reHoB TLR, a taxke skcnpeccuu
MoJieKys miR, koTopbeie MOTYT UMeTh ¢ cucTteMord TLR (hyHKIIMOHAIBHYIO B3aUMOCBSI3b.

Tonnwitl mexcm cmamovu HA PyccKom s3vlKe 0ocmynen Ha catime xcyprana (http://pbmc.ibmc.msk.ru).
KiroueBsble ciioBa: nucleus accumbens; ankoroins; HeiipoBocnanenue; TLR; mukpo-PHK
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