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Momusayus u yenw: CkeneTHas MyCKyJaTypa COCTaBlsieT OoJiee TPETH OT MAacChl Tela
YeJIOBEKa; MPU HOPMAJIbHOM YPOBHE JIBUIaTCJIbHOW aKTUBHOCTH CKEJICTHBIC MBIIIIIIBI
UTPAIOT KIIYEBYIO POJIb B PETYJISAIUHN YTICBOIHO-KUPOBOTO OOMEHA M MHCYJIUHOBOMN
YYBCTBHUTEJILHOCTH OpraHu3Ma. XpPOHHYECKOE CHIKCHUE JIBUTATEIbHOW AKTUBHOCTH
(TUTIOKWHE3MS) BBI3BIBACT CHUKCHHE CIIOCOOHOCTH MBIIIIL OKUCIISATh dKUPHI U YTIICBOIBI,
MOHMKACT MHCYJIMHOBYIO YYBCTBUTEIBHOCTD, COACPIKAHUE MUTOXOHAPUN B HUX U UX
MaccCy, 9TO OKa3bIBa€T HEraTWBHOE BIMSHUE HAa METa0OIHM3M M pabOTOCIIOCOOHOCTH
yenoBeka. MHTEpecHO, YTO BBIPAKEHHOCTh HETATHBHBIX 3(P(PEKTOB THIIOKUHE3UU
pas3nIryHa ISl pa3HbIX MBI (HalpUMep, KaMOaJIOBHIHOM MBIIIIBI rojieHu (M. soleus)
W YeTHIpeXIiIaBoi MbImIpbl Oexpa (M. vastus lateralis)), omHako MosekysspHbIE
MEXaHU3MbI, OOBSICHSIONIME O3TH pa3inyas, H3y4eHbl SBHO HemoctatodHo. llenb
pabOThI — COMOCTABUTh M3MEHEHUS TPAHCKPUIITOMA B MBIIIIAX Oepa U rOJICHU MOCIIe
TPEXHEACIbHOW TUIOKUHE3MM W BBIIBUTH T'€HBI, aCCOIMUPOBAHHBIC C OOIIMM U
VHHKAJbHBIM OTBETOM Ha THITOKHHE3HIO.

Memoovt u ancopummer. B sxcriepuMenTe ydactBoBaiu MoJobie (25-38 ner, n = 12)
3I0pOBBIC MYKUYMHBI. MccaenoBaiv BiIUsiHUE 3-HEACIbHOM MOCTEILHONW THMIIOKUHE3UH
Ha CWIy W paboOTOCIOCOOHOCTHh (BBIHOCIHMBOCTH) MEIIII-pa3rudareneii KOJIEHHOTO
cycTaBa M crudateneil TOJCHOCTOMHOro cycTtaBa. J[0 W Tocie THIMOKWHE3WH Opanu
ouornicnueckne mpoObl TKanu u3 M. soleus m m. vastus lateralis mns uccmemoBanms
akcnpeccun  Oenok-koaupyronux reHoB (PHK-cekBeHupoBaHue, OJIHOKOHIIEBBIC
npouteHus, 66 MiH npoureHuii/oopaser, NextSeq 550, Illumina).

Pesynomamer: I'unokuHe3us: IpuBeia K BRIPAKEHHOMY U COITOCTAaBUMOMY CHH)KEHUIO
CHJTBI MBIIIII 00EUX MBIIICUHBIX Ipymn Ha 12 %, Torna Kak CHIYKEHUE BBIHOCIMBOCTH
ObLIO 0OHAPYXKEHO TOJIBKO st MbItL rojieru (10 %). TTocne runokuHesun B M. soleus
W3MEHUITH SKCIPECCHIO B TPH pasa OoJibliie TeHOB, 4eM B M. vastus lateralis (6osee 600
u 1500 MPHK cooTBeTCTBEHHO); 3TH U3MEHEHHUS OBLIM CBSI3aHBI MPEUMYIIIECTBEHHO CO
CHIDKEHHEM dKcrpeccui. THTepecHo, UTO JIBE TPETH FCHOB, N3MEHHUBIIUX SKCIPECCUIO
B M. vastus lateralis, nepecekanuch ¢ n3meneHussMu B M. Soleus, T. e. GbUTH «OOIIIMI»
Ui o6enx Mbimi. Cpeay HUX TeHbI, YBETHMYUBIIUE JKCIPECCHI0, o0oratuim (QyHK-
IMOHAJILHYIO KaTerOpPHI0 «KJICTOYHAss MEMOpaHa» M BKIIIOYAIU PsJi TPAHCIOPTEPOBR,
TOTJ@ KaK TEHbl, CHU3UBIINE 3KCIPECCHI0, OBUIM aCCOIMHPOBAHBI C MHTOXOHI-
PHAIBHBIMHM  JBIXaTCAbHBIMU (PEpPMEHTAMH, PETYJIATOPaMH JKHPOBOrO OOMEHa u
CapKOMEpHbIMU OejkaMu Z-1ucka. MHOTOYMCICHHBIE TEHbI, «YHHKAJIbHBIC» IS
m. soleus, oGoraTuau cxoaHbIe (QYHKIIMOHATBHBIC KaTeropuu. OTIUYUTEIBHOM
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0COOCHHOCTBIO «YHHKAJIBHOT0» OTBETa 3TOM MBIMIBI OBUIO TO, YTO CPEAM TEHOB,
CHM3MBILUX 3dKcmpeccuto, 0buto Oonee 200 TeHOB, KOAMPYIOMIMX pPa3IHYHbIE OENKH
MUTOXOHJIpUH, a TCHbI, YBEIUYMBIIAE DKCIPECCHIO, OBLTH aCCOIMUPOBAHBI C
Pa3IMYHBIMU TPOBOCTAIUTEILHBIMEA CUTHAIBHBIMU KacKajaMu (BKITIOYasi CUTHAIbHBIN
nyTb TNF) u cexperrpyemMbiMu pakTopamu.

Bvigoovi: Hamm  pe3ynbTaThl  MOKa3bIBAIOT, YTO pa3iMiusg B  H3MCHCHUH
(YHKIIMOHANBHBIX BO3MOXHOCTEH MBI Oenpa W TOJEHW TMocie 3-HeelbHOM
THIIOKMHE3UH KOPPENUPYIOT € HW3MEHEHUSIMH WX TPaHCKPUINTOMHOTO MPOQUIISL.
BrisiBneHre oOmMX ¥ YHUKAJIBHBIX MEXaHU3MOB, JIEXKAIMX B OCHOBE OTBETa Pa3HBIX
MBIIII, OTKPBIBAET IMEPCHEKTHBBI JJIsI MOMCKAa (DapMaKOJIOTUYECKUX MOJXOMOB JUIS
TapreTHOW NPOMUIAKTUKN CHIDKEHHS (PYHKIMOHAIBHBIX BO3MOXKHOCTEH Pa3HBIX MBIIII]
MPY TUTIOKWHE3UH.

Disuse-induced transcriptomic changes vary
in different skeletal muscles: common and unique mechanisms

Popov D.V.*, Kurochkina N.S., Zhedyaev R.Yu., Borzykh A.A., Lednev E.M.,

Vepkhvadze T.F., Shpakov A.V.

Institute of Biomedical Problems, RAS, Moscow, Russia
* danil-popov@yandex.ru

Key words: disuse; transcriptome; skeletal muscle

Motivation and Aim: Skeletal muscle makes up more than a third of human body mass;
with a normal level of physical activity, skeletal muscles play a key role in the regulation
of carbohydrate and fat metabolism and insulin sensitivity of the organism. Chronic
decrease in motor activity (disuse) causes a decrease in the ability of muscles to oxidize
fats and carbohydrates, reduces insulin sensitivity, the content of mitochondria and
muscle mass, which has a negative impact on human metabolism and performance.
Interestingly, the severity of the negative effects of disuse varies for different muscles
(for example, the soleus muscle and the vastus lateralis muscle), but the molecular
mechanisms that explain these differences are clearly not well understood. The purpose
of the work is to compare transcriptomic changes in the muscles of the thigh and lower
leg after three weeks of disuse and to identify genes associated with a common and
unique response to disuse.

Methods and Algorithms: Young (25-38 years old, n = 12) healthy men participated in
the experiment. The effect of 3 weeks of bed rest on the strength and performance
(endurance) of the knee extensor and ankle flexor muscles was studied. Before and after
disuse, biopsy tissue samples were taken from m. soleus and m. vastus lateralis to study
the expression of protein-coding genes (RNA-sequencing, single-end reads, 66 million
reads/sample, NextSeq 550, Illumina).

Results: Disuse led to a pronounced and comparable decrease in muscle strength of both
muscle groups by 12 %, while a decrease in endurance was found only for the lower leg
muscles (10 %). After disuse in m. soleus changed the expression of 3 times more genes
than in m. vastus lateralis (more than 600 and 1500 mRNAs, respectively); these changes
were associated primarily with decreased expression. Interestingly, two-thirds of the
genes that changed expression in m. vastus lateralis intersected with changes in
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m. soleus, i. e. were “common” for both muscles. Among them, genes that increased
expression enriched the functional category “cell membrane” and included a number of
transporters, while genes that decreased expression were associated with mitochondrial
respiratory enzymes, lipid metabolism regulators, and sarcomeric Z-disk proteins.
Numerous genes “unique” to m. soleus, enriched similar functional categories. A
distinctive feature of the “unique” response of this muscle was that among the down-
regulated genes were more than 200 genes encoding various mitochondrial proteins,
while the up-regulated genes were associated with various pro-inflammatory signaling
cascades (including the TNF signaling pathway) and secreted factors.

Conclusion: Our results show that differences in changes in the functional capacity of
the thigh and lower leg muscles after 3 weeks of disuse correlate with changes in their
transcriptomic profile. Identification of common and unique mechanisms underlying the
response of different muscles opens up prospects for the search for pharmacological
approaches for targeted prevention of decreased functionality of different muscles during
disuse.
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