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Abstract:

Exercise training and physical activity induce physiological responses and adaptations in skeletal muscle that are
beneficial for maintaining health, preventing and treating chronic muscle diseases. These responses and adaptations are
mainly caused by transcriptional responses that are stimulated in response to any type of exercise, whether resistance or
endurance. Changes in key metabolic, regulatory, and myogenic genes in skeletal muscle occur as an early and/or late
response to exercise, and these epigenetic changes, which are influenced by environmental and genetic factors, cause
changes in transcriptional responses. Gene transcription can occur in response to various environmental factors through
changes in DNA methylation patterns, histone modifications, changes in the DNA packaging structure in chromosomes,
and changes in the levels of factors controlling gene transcription, which have been described as epigenetic changes. In
addition to being the main elements of the locomotor system, muscles can also control various physiological processes as
an endocrine system by expressing various genes and secreting various factors called myokines. Gene expression is
controlled by different factors at the transcriptional and post-transcriptional levels. Among the factors controlling post-
transcriptional gene expression are miRNAs, which can regulate gene expression under the influence of the environment.
MyomiRs are essentially miRNAs expressed in muscle tissue that change their expression levels in response to exercise
and can affect the function of various genes through different pathways by affecting the muscle tissue transcriptome. The
effect of physical activity and exercise training on these epigenetic changes and how systemic metabolism or its
metabolites affect epigenetic changes in skeletal muscle have been studied in previous studies. In this article, the role and
function of MyomiRs under the influence of exercise training are reviewed.

Keywords: Exercise Training, Gene Expression, Muscle Adaptation, MyomiRs, MiRNAs.

How to Cite: Zafari, A., Amini, R., Mahmazi, S. (2025). Brief review of the effects of exercise training on MyomiRs. Journal of
Physiology of Training and Sports Injuries, 2(4):10-25. [Persian].

AV VEY line) 65555 Slocs] 5 2 yed (53505250 dolilad


mailto:PTSIJournal@gmail.com
mailto:zanjan.ptsijournal@iau.ir
mailto:ardeshir.zafari@iau.ac.ir
mailto:r.amini@iau.ac.ir
mailto:sanazmahmazi@iau.ac.ir

Q Fontar Taef e ﬁ
\ )

fG)LDu:)—Y 3)50 VYF-YIANY 2“&)\) é.))b
YO-Ve im0 - VFoY ol VYNNIV iy G,
oligS 59,0 AJlio

MYOMIRS 1 (20359 o pod Ol o 59 y0

[T EYR I WA U PUCSRARP S -0 XY

Ol s (ool Sl3T oKl iy wly ¢ 5359 pole 05,5 <5359 (S359925e8 slolin! =)
Ol ol (aodll ol3T olitils ooyl 9y « s 55)gm 09,5 ¢ comdgm Hbsbiwl ¥
(Jgime 89 5i) Sl ol oDl ST oSy ¢l 9oy e 505 05,5 S5 o] Y
sanazmahmazi@iau.ac.ir : e =S cow o]

odus>

S ey «Zeadles S (gl a5 290 g0 (UKl EMLae jo e, 5 (So3slsn it Slagaly sloml cel So collad g 3559
E5 2 & iS5 )0 a5 (pwasiy) Slagewly Lawgs Bues dags 5500 5 bzl (ol sl dsbe (Dlae poje sbaslom STk ys
Seigme 9 (soral ( Selglio (GuulS g Lol (sla 3 )0 Dlyaasd D98 g0 Sloml cais o Sy eliinl az 5 Soglie Az ¢y yel
5 heme Jalse 8l cos 4 (Sl Sl cnl 5 00l 55y (g 4 SR 20 bls sl gly lsie 4 oS aliae o
& dlie e Jelse 4wl ;o Wlgise S (cmngiyy Wigbise mgis) GElL jo st obml el iyl 18 (SIS
Ol o35 5 Wpgiges,S 50 DNA (guy ity [Lslo o 5o gt lyeesd DNA (gdliin lagSl jo s alausl
hol B, as (nl 2 egdle wilae wiload oy Sl al Sludd (lyie 4 4T wes (59, LS (emsiy) 0T S Jelse
Olyie cod alizee sloysiS s 5 g 55UsS slagys Glo JLd 4 00,8 90l s Glsie 4 Al o At 0 (SIS > s
0 9 9y g 0 (Folite slayeSh hawgs by lo waled S8 oo jo 1y (S95UeS STiglen b sla anl b e Sabe
b p3U Cod Sad 4 aS siies e MIRNA - cesis) 5l ey 05 Ol 00S 58 elge aloz 51095 o0 S8 (cmagis, )
iy a3 4y geasly 0 45 ok alie L 4o ond Sl sle MIRNA Lol ;s b MyomiR axyles pelas 1, by ol alys oo
alae c8b pyin Sl » 236 b (8655 slagyy o Shoe p caliss (Gloyae 51 aklgi so g 03,8 1o lag] Glo wham (o559
2Ol lacdplbin b Sests padgilio (3l (Sisar 5 (S5 ol SlsiS nl (23559 (03 5 (S Slled 3l sl s
Sflas g A Hoye 4y Alie ol ol a8 S 18 aslllas 5)50 iy o g o Sl adlae o (S ol Ol s
Sl o aSls (85,9 Sl el 30 cou s MyomiR

Lo MIRNA (e MyomiR. sMas 6,550 )5 Glo o (o555 o ped 1goadS 519

(8559 Sl g 0 o3 (5590 b dolilad MYOMIRS 1 o5))9 cp yo5 SIS patSes 590 ko (g 5loges tpu s (giumal €0 )l (6 il 1 ROOUan] 0 gulds
NO-Ve (E)Y OFY s

AV VEY line) 65555 Slocs] 5 2 yed (53505250 dolilad


mailto:sanazmahmazi@iau.ac.ir

LTS

lemqwdm,sﬂud) Sl 4 M&)om
TPl ass o8 s Galises  Seilso § (Sglie slajls b glacdlas

s 65k 4 ol a5 ol SVl el Sy ISl alac

bi S 1 (2559 5 (o8 U (STl jliw gen Sl a e b o
Sy B9 5 055 5 e (e SIS 4 (SN ooy LSl
e ilen b ol £33 52 3975 5 (5555 5 (S Sdlad (e
Ol Ol Wl oo oS il g walod J2S ) oy calises Sl 58
iy yod 0w s 15 3l o |y oS _de ol sonlas sla g5
(S iy )0 pslie 5 ol gl ST g doslin caienl oL
b 6528) 11X 5 (G 551051 o i gy B )
@Yl 4z 9 LIl Sl oSS e dsulie (LB 651 (2 S
G333 s 5 s (on (saspaiab (pslas slaclled 5 Ko |
@ 5l 45 Wigd e Jlb Sud L5, dlas slaes 5 o cali|
el iyl olegls s & —wal3T g Jlasl o YL olewsly
OieaS JEEI g @i s Slp (S e ymr S 9 GRIF
O35S 05033 9 2y ool b (g 0uS e o3l g olaxs Rl
Slaaspl cdale steliul (b)) «opl 5 ogdle [F) ¥l oot o
g 03> (Al 6550 slem as sl S 45 2 geilae S|
Slacntign dame ralal opndS (ows oS oo ASLD Ry dan g
s Gl L ) Sl S 8,5 darg 5 ST J !
Db rdns Slacytyn i )0y (e (5 g SlBCRSg n
plesl g Gad Jlad ez ;0 oS (Dlode JBoyipmla Lo 4 o>
e laslyd pl oo go Giuli8l s oo 7y (Slolsale slo ol
b y055 )l g Lok yrdgen daciadlidyne o (eiyp i Gl &
) Jelse [0Y] was o (il 1) Sdlae sla b ojlasl 5 oo
2 (gdoe il )0 (09 wyiw 0 ;0 L (el )b g Dl ) (goustie
a5 05,005 so 13l Seglie Dl yed iU IDM_ace B9y ,0le
QS i Iy OMa e 0l B o s ol (0 0,8 Coigs b Ko
Sl yed )5l oo axslis ( Mae By ,mls [00 YAl
‘_ng)'L:J )" GJL.:.‘..».J 6‘)-.’ 5% d)igo Lgl.(bd)lf)'h.: Lol e | 6.«9[.0.4
hadoe £y (Gh—ae ady (Sdplie 5 (S5 calio—don
Ol s (B9 5l o U s,k )0 oo (Josse slapen SIS
DP9 4 odadg—ly lays (e jo )35 g 58 Ghali8l a5 aes o
aS ool by Jsb jo 1) ol Bl iz (clSu T dlac o

S
U/u)u/f./“ %j/uﬁﬁ){/’ ﬁ

Frn
ub’um

doddo .

e jleslii il b (b Jos 2 lsie 4y Sy collad
@ Klgien g WS 0 By 551 45 05 oo iy i (SUS—]
ol plo b Gloma (Solel ( S ((Jad (o559 slacadlas
oS Sl G Slaccdlad Sl slasgame 5 ()59 09— il
San S Gleie 4y g ol (gla 1z g 00l (g5 540l e Sl
b o lge b oo aladl cans s Laii Uy iy glablanly b oles
O g Pd Celled auS o Jlio | el b Lo e sl
35 b el (I an5e g e lie Lad> (sl (o559
Sl S & (D)5 (r S Sl (559 9,8l )0 (8L,
Sollad pae Eal s sl 5 Al (gl AU ((pogee Dl
o Ml ouized 9 90 £ alad (Sla sh (e g S
9 Slgy oS (Jie Jlgs atile jhe 0 See b hasi o lo s lon
Codlad pac 5 (5o o oo Gl ) Seldy a5 L) o
O il ol yo cwliol oldé 135, b oS oKin 0539 45 Sy
0,38 £9,0 10 .08 dbul | Jaw $Y¥eb g dumie o ysee Sl Sl con |
0255 5 S g (S5 S b lai o (o0 glas o £ oy
Sl a3 el @Bl 2l lonisS S 5,k 4 e ulial glié
el Wlgs oo iy JS (glimgen b3k b Lad> Baa b 55
S Sdes 5 o0ty (Sl alide )0 (Sglte ()55l (naiz sl
ol Ui omlal slapcilSin yigy o5 53 iy Sgete |y oo
Lo Y] 55 salys SaS 05 sloasl p dgupe 4 lags )55l

Base oy cullab 5 (o555 203 €59 9% Lbis Sidansed 52
oS sl sleslatwl b as « celiiw] Ol yoi \Xigd oo plein o2
e el e (ks (B s ] 0 5 0ad et ;5o
s s SN 0 ecpl 5 0,500 05l | (g5le0 (0 yeT 4y Loges Saliis |
P (G ed sl 5l a5 Sl (Saslie b ()08 (n oS S3l9ne
e s 2 b g OIS g 00l TS 1SS L (oo ped slmo 90 )
Al 5o Seglie sl Saglio (oS Sl 5 pete (Mde e
o3l 5 (551t e ralitiol o Dlie 08 slmy) gy o Dliae Ll
(S slralad 1.0 e esliul ISl ES_as ame
O ey E98 al g WS (o0 caS e L], Djad g Calin
ey vl s)ls ob (oS 5 5 lojpn

Sliayed ;o az 5 Guliiul Oliyyed )5 4z () Jsb 5o

23 S8 g sy 50 Ly ol slagealy 5l (slas gorma o aglie
L) Gos alae (5 2 slavaly (35,2 a8 dasl ass o &5 o
G 8 (IS > £gl Al 59,5 0,5 A &S > ol (6l
S SRy b (oloymd 3529 gl oo Jub lide Dae — (orac

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad



LTS

5 dae b Jl asle Sdsbie sbas, 55l 5 b oS g
Lov YAl g5 o 2155, crioran g and] @ g Sl

Ll i 5 danie (Szif gl St (e OOeles (IS 5k 4
ol 3l aele (550 9 sl oaizmy (3355 Jsb 50 pdgilie g
] Gl s 3o 0,0 iy sy 5 Alllas & 3l s 5
O3 2999y Selled Ly ol 5o Dyt o a4y S5 0l i
El i g DNA g e .ol a8, i DNA g5 )5 05
2 ol dilosgs aslllas 8,90 (STl laolngy G b (Ot sn
Lgs a5 o] asle ssilly S5 ) Sy il S ol I
Gk 3l 05 Ol Sl (See g o0 (5 S alauly Lo mIRNA
B daz 5 Gloolagg) p g didd s (omagis J| oy e Ygo
YO L V4 o5kl L S o5 RNA sl JsSIse e MIRNA .5 13K,
e b MRNA Gy 36 L (5 S gl 5l o 45 aies 35920558
el Jolse 5l cnlplo Wb oo (B9 p Jomaze 8IS 5 ez 5
o Ml bosls 2ol 1) ()5 Jg—ame 5 005 o 0 (e (2
o= 8l S o b MIRNA S5 iolidl coos 5 ol 4 .aisS oo
o ol 5 o] welii 950 (35 SV5a e g el oo
b ol Uy e gl 05 Jg—ame ol Gl 6t Lo o |
b3, BB YL jes e 5 5l 4 axg5 L ls MIRNA sgalss
i Lo gy dile (50,8 50 Slule dax 31 oy Slale 4o
il ) Jlexst e 30,5 50 sls MIRNA Slules ol ogdle
0l e 28l b el g Jslow b Jslw LU o ba)] a5 ans oo
Wil e ol eg i 4 atilys e o Seg! Ol s [FY F-]
3 s b e o2l @3 aile ame (slacS e b cow
2 68 5 e | S (Sl Dl 5l [V ] 8
s slagss ol sl b S iy 0lan alail K, - lS lalas
Ol 2o a5 (60 Ses 5 (Sdpilie s, Llo slags B 50w o
aw [VOX ] aiss i) - sas oo gl (o pod Slada @ g 00 1,38
9 OF—ed Slyedd DNA (it im (ol (Seiif gl s
@ Sea] i i e wela 1) 05 bt MIRNA o lles
L eos ole s 5 pgjses,S Ll a5 595 oo &S 1 pess
ol s s DNA - Iy a5 T g Wi e e L8 J_...L, ol
998 S8 1) by pand (ol b (g5l Jled ail oo Sl i
oy 2 5 s o e ol L3 ad ) 2 (dhnoe Sl a0
s 00iS olmyl (Lo ol 3 it 31 i by s I Laomo 4y
RNA Sy Slpesd DNA g dlie 4 Ol or Seis)!
oileg,S 50 6,5l Sl s 5 b MIRNA alox 1 3850, 1t slo
IVE] sg0s ool

S
U/u)u/f./“ %j/uﬁﬁ){/’ ﬁ

Frn
ub’um

Gl a b [FF] s o Sas Sw culled cute Sl a4 g
S eig g oz 5l LS cpaiz pa—b Jlb Cely (Kojgl 5
LS gy ¢ A LS eig «Dliadgine (g0l b oo Jled
5 Oje b oo B Jlad 5LuS (o5 ol 309l pandS 4 atuly
B9 olod b 531 K > S Vo] wigd 0 C 5luS (g
ok 655 09008 o 55 45 Slinngige (njginl L oad JUb sl
Sglie jLwgan 2 (535 S SIS (coge (R 35 o0 elats
S e WU (o Bga slaJus (@Bl 50 1S 0 Ll o JS
Sl Sy GRS e oy Slaudgise (nigiol b oo o Jlud
Szl 5,55k o Slawdgise (igiol boad Jlab SLS (085 n
oo lagh i gz g (nl b aamo o lis )59 Jsbo o alae
L g wog oads aseine B a5  Sdglie YN a5 wlosls oyl
gl boaaJlad LS (g p 0 elS s oo obml (3555
boas Jlad 5LeS gy o Jled aiis aiuily Slawdgioe
GRS gn 5o e Salled 5 (5355 Gl 3l Slinndgige o jeio]
S5 L oo e o 5 sle 8 oaiiS Jlad oulats 3k 5l
S se slags Ol 4 i oo S50 WIS, po5 ST
a5 o 33l ) s 5 ol oS sie DNA s sals (5,380
520 (5250 855 relg25alenlS 4y dily LS (255 VF]
JUb 5 005 anly (5555 Db et s bl ly slagets
S pgism ST ST Lot Jlab oS (s Jlab sl ol o
sl LS g cnl 2 ogdle D55 sn ez €53 559 JU 5 Wl
Sl nSheaS gloael (05" i3 b g9 g9 GdgogellS oS &
Tor> S5 g Cowgme 0SSl 93 )95 M wls g
S O ST g S Pliwls (g Sl pSLeS lains
Gl mizman ams s Uil |y ISl al e g0y Gllani g
ks Ay odigd Jate (g diile et (smgiy) S5 pplas
§ o 0 OAIIS Lol 90,5556 (g5l Dl Bsige (05500 e g
aled )0 298 (oo (Ml alde ;0 Piwls Ggtnad SlonSleS
@ J580s0 laguly ;o (goaie slacglas a5 cul S5 4y p3Y
O o I ek 4000 992 (heglie g (Sualitul (559 (o 00559
5 5LeS=T amjsnlsind (Sl sely layltal (5l Jlad oglie
et sl |y Lo (msdg b g (sl B sl 5 LajleS (0tis
ke (Bo e @zl 53 9 (e < 58 bl S Gl
g jleS o n 09,5 Jd b (eliiul o ped an 50 il
39l SIS layltal (fog b 5 (ol slo Sl
o 55 5 gee b oo Jlad SLaS egp S Slidgige
Figm ol 4 e Ll Sy poj STy 5SS L oa 5 led

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad



LTS

ol ot cguilan ST oy 1 598> a8 w0 ooyl e B aisS ol
Ly 8509 31 (BB g o &5 02 L (oloS 20 Wl oo o ST
sl el snle 0aiS oS slagys ;o (Jle oS oo J S
gl o 28l W jgag 00t 55,55 555 5 i (S'el il aile
el clle s S e ol Sl Al ae s bagys oyl
A iogad ias o ploxil (5,08 Oliyyes a5 ol Bl 4 _wlise
waed oo ol | g cnl st gl S oS o 3D wisd (o
g g (Sl i T Sl cn 29 45 (5550 &
Gl liee Gl dad (Goped a1 G G eS8
9 WS (o0 ()59 45 Samsl 3l 31 51 VL i S 2508 03 o glan
Lo auS oo (B39 &5 Sl (93131 )3 (o0 (5,51 oaims s
bl 1y g e Bl 3 o Slotll iy sloabaw Iy aly Ly ials
Loy a0l cal poslsl Sow cllss 51

) (SO9ute (Sl A5 WS oo

(ST Fige Sln e 5 eeelaS 05 Sy PGCL-a 5

gl & 25l St el 5 0z sladi] ygmaslias]
D5 oo alagne Bald (yed dnde Gl ey PGC-La (4 ens!
oy Sl 534S ol Lt le g e ) 58l (oS aiged
IV ooyl 4005 ol gagn 5l (Fglite (ygeaidlite o
ah il Sl b alie o oS alite
s el s 55 MRNA zlass igl33l b PGCI-0L yg0 Misiogess

VPRV

53 S oS WS o anl el ol 9 390 sy (el 3555
S 5 05l IVPL o )ls (2 cnagis; 3l Jsd )3 (ymms o
sl sed Ll 8 g lac lons 53 (Setifigl Slodits g )]
Sk b e ehate (B Gy el Jo S0 gO0n e
M52 50 oz n (218 sla, 5l (AU PGC-La Ggaw Mo plo
gy 45 and oo il 1, PGC-1a a5 05 oo (5 S ol
O Mite wiidu oo Sgnte |) (o b Lo o (ST gilie 3 Ses LS
o018 0 Sdglis abh > L cul S PGC-1a ,o DNA
e o ped s s, e odleay [YA] o sl Lo sl
gabae o gl 4 Coglie b oo slagys (lo saliiwl (5359

D] sls 215311, PGC-100 ;5 DNA ygedlito 55

05 iz 53 DNA (g Moite Comd g Slgs o (o5 559 0 pod

9 DNA (5dte zohaw (485 il 593 & dlinsly D90 4 )
0y (S 55 (piz MRNA (Lo sl
)l);é axlllac 5,90 U;})jggd&wlus@*@@gf )5 dod

Lol €5 )ls 892 g it

aby Sl o oo Spgpe e 9 3 (el A b SO 5l
ulMdlL;)fw|oMo¢mtm¢muwbwww)~

Sl agad (el del S 51 e (0 ped Al 0,90 SOl e

S
U/u)u/f./“ %j/uﬁﬁ){/’ ﬁ

Frn
ub’um

DNA yguwdio .Y

85 el (S o SlapeniSe I (S DNA (5o
@ X5 oo o3y00 00 DNA 5 518 o5 cadlad 1y 3l cp s
50 35790 Slagn it Hor—dliio b (VS 9o
3L g Jlas! aases CpG g5 09— 2ol CPG3’ (suuigelS g5 60
laz oo 5l Slid S Lawgs a5 Sl G165 5 g (5955
3065 sl el 5 e DNA 51 lodlgils Jaw s ol pl asloads
O oS & omisete Jeiol = S5l e 098 Sy a5 050
S9d SAT (gt S B oS (oo Jiie 0 jgiem ouilenSly
4 CpG 3 45 lacn et 53, DNA o dlote 2y [1Y]
L) 05 sl fang A1 g0 & eisd o Sl ol 30
5 005 0 cbiliz Ly b I ol 5,0 1,3 CPG il 4 (V-
bl Ll a8 aes oo plas JolSs Jsbo 5o Ll cbili> 5 (55l lone
P CPG Rl a8 oy o0 Sl o (63 Sloe )5 5 (o
3 oleg)S LSl e L) 0 lo b wload Lad> JLelSS Jobo
Jiio DNA 0225 i3, DNA &) sy, slo 556 JL_l
bl byl 1) DNA (yspadlie o5 ais sl 5T bl andl 5
gl (o0 o 09,5 A 4y LS Shoe ulo] g WS o0 B3
oxilosdly & oo 09,5 S (3958l &5 (plasla il 5 Joie DNA
oo 09,5 &5 (ol hunil 5 e DNA 0 oo 5 JBI ) 059
DNA 5 35,138 31 o5 ol 2 b g o0 Jae ol a5 (ol et |,
ly Jete 09,5 Bd> 9 ol Joiun a5 plasl il 3 ke
o 2959) 295w b g Mo i & (9 Mo (13,5 (ogSne
DAl sgnoe 05 ole Sl (SBgals 4 e

by 33 DNA (g dliogn & yie (3))9 9 (S Sullad

ahauly 5 adsl ol S sasLis 4 358 oo Sl alae suglS
slodtas Ll nlple ] (955 b ISl Mas 6,550
ikl sl 4 e oy Collad g (55 el )b
Ol (e g 5 05 Oler hbon i b &5 0500
15 i B oo Sgete |y oo Ll udled 5 silinn ST b b (S gilie
M55l A onnlS 325l 5 (53lwalj dlae (Ll Jolo
Somns 450830 5 (3900 25 B o S5 > 0 ATP Gras
e S Sla—dgige (peiol g3l—w Jled g AMP & ATP
pY ATP o dgs sl sl ST pn Jaslio (iul38l ¢ yioman 0o 0
eS| e slaaist odsi U el ol o ls 3gg edlas oLl o
ST JUd sladisT .S (oo (sagi) Gl ol 4 101y |, DNA
Olyie a8 gt Jijpiol-S wiile () pdsilio Tzl Loy
Joe DNA ygus Mo 40 ooliw | 3590 Juie (slrog,5 o FaSlonl
0099 (e 5 Jrdad Az S 0 Iyv] RPU PP P CY PR VEL gy

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad



ol odle [P0l s w13 ol Sl slaonnsS pulass
6“‘@“9—‘-’ o &})3 4.2.»30 A )| o Thrl72 J.’x.a BN ‘) )L....S
aS wels Lz Ll A2 o il bl e dlac 5l SISl alac
5 THr389 )3 jLisS S6 (cegom) eion IRl b (eglie (255
I, MTORCY S JUS v Ser240/244 13 S6  _og39m ) (S
ool 1 (0] eVl jo oo sl _te (L5 gulis g wiS oo Jlad
5 MIONA (gl slagSIl p (toglie (o559 (0 yod S (o0
CPG sl Joxe 51 (YOFNOR) 78 15 00,38 o il ISl alae
FOlez oloye b aulie )3 (oglia (2505 5l Sl (150

Los] wisls (las 1, " s 5olsa" slagSl

Omsd Ol i ¥
5 oY ael ol 5l 8 ik slagetsn oy
H3 H2B H2A H1 glasl 4 Ssiasd cyaiig s geiy Abiand (ye35,]
S8 sladsbs plos atan ;0 DNA JsSUse (gon iy ;0 HA 4
Ll g (polail jue Ojp0t lagntign (nl WS 0 25 50
JsSse wili oo 5 witen LLI)| ;5 DNA JLsbo b o3 (S 25l
H3 H2B H2A isied paiigy slaz isles pSTye |, DNA (sla
9 dleioo sl (6 elST Ll Sy jals &js0a S 0 HA
el 4 i3l 9 00,05 g USle (nl Js> 590 93 399> DNA
Sl 50 gt (Sl (ol (Slel S o ol pg395lS 5
200l Jlosl Sl g 00 ated Lo b LL3)| o pg)9lSss
S el pind e bl aile dilate ol el (glaol
slesl o bz gaulyial laply 5l Sy ad alsgale
O JWs 4 5 (Symad slaininy b DNA Julss Wil o (]
95 53> gt a2l 00 DNA Cilises (glo Cuond o515 o520
5o Loy a5 aly Gl my)l) 50 4l Sy atin (reg
Jolss ;5 DNA L g 03,55 b a5 (sl o abolol oS il guas o
Yo B0 s 45 Sy o0 o6 4y Jlio 5N (oo Sy g e
09 93885 8 (635 y0 4l I (S slopd (el suiledly
285 %S oo )18 il Slaez 5 5l e Sl S 5wl e
s loanlp )58 o il wleyS oSles 5 sl
9o Ole melas )0 s sl Jolge SIDNA LS o baginse
o8 ) 5 alis slacdly ooy 5 Slio Su555 o) Sleglass
oz 5 5l o Slet G2 Pt Sl Ol dlea 1 5L sla
b Gl aies Gaedl jgiand 5 Gamdliie (gl (g
slagesly sl 5ok Jemily o] o S 5 5 Sl Sl 00,8
@ gl 50 Sy by Sl (pl oS 1z S (oo ol B (63 Shee

Q Sinshar Tsorfsiis?
\ 4 T

L Yo
A,

Fran

ugf'}m’

S e8,9 4 gl 5 DNA odlite ;o Dlyess ans o plis a5
oy ol b ds—bioe Jlad (5 ol Jalsl jo g el by w1
ol S e A bl e gD )0 oailendl Ol s
Sdxe (g yoi Slowd> Job o 75 A2 oo lais a5 09l oo Jra>
44[; C?‘la—”’ a5 Sl ool oval i ‘uﬂ » aj){.c d.ubb.a ]
(03,55 (o3 Sl Jgaro gshans) (S po5 40l 51 S cygoms o
(e G b 50 Jo30 () (naiz Nigd (oed (5L Do oS o
Ailazd )3 108 aslllas 8,90 OV )0 0B 559 (p el 4 S alae
odiiSpelall g o (2l )M g (o539, 45 B () Jg92)
Jld slaai s 3l il oy 55 5l a5 cl b ,uuS 5. DNA
o8l (g uS g o Sl Jlo (e j0 g S oo cdidlone (50
liogeed (oS Al S0 5l e LS () (rl Slageg a0 o
U’“"J‘)S‘ ).u mMRNA CJa_u.v A.vs_..uu;a LEYTS Ley) Celwaw b 9 )
b bl (n o3 (bl Sl om abalidl ()l Lol il o
Ll 003,85 MRNA Folaw 9,50 ;0 3Ll yuod 023 o0 &) (Sioglie
O ol Ll o oo 7y 58 pose—aS T ;iSO Lo i JLad
FC SECI [N B PPV SV RSN B RV - PR URING S ICOS OO
oglio b sloli wl oy yo3 o 4y el s DNA &l poss
30 G lS 55 SO LS 5U5e,ames Dlg il an bl Sy
O3 )l o b (295 Do (sl Vb ad b iyl Sl g g S|
Vb age ()59 465 50 9 Wbion Il S DaB b e SV
Lol g go alittogenn (3559 5l any csjd O] Sgagn ilo oo
350 50 a5 jelailen (ol o iulj8l o celw 4w U o] s g5,
3o )L.._MJ u.)‘)».a._...u 9 Comwgao 0)49 OAMSW}QS )94.§L9 UH)L.UJ
St 5 ot B e am Lol il oo 2815 05 4 Gy

Ly¥] Ol 0929 (seliiwl 33,5 ,0 MRNA

Figer Sl s 2l Il (oY) (K em 5 50,5558

SlpilSa 3l TRNA (guysis orkass )33 slageasly 5 p3jom,
P ol s (Sl alae pgjom) Fiom » Seial s (S5
aisls las gyl ase )5 I8 T swelinn |y geglae slo 5,9 Jsb
L po aglie (3555 b Baee MYC (o sgis, 5 pa5m s 3550 S
il iy s Lt aS o teli ol b5 b &5 Lol i
(soglin 3355 50 Sl (B9 smle sanil B Jsb o ez
3 Sl St Grizren s IDNA (5 599 b pojom) 5o
Lo IDNA ;o MYC L Lo o Glaia e 5 odiiScy 55 o>lsi
gl 5l iy (eglie (59 0905 LS e Fgegn b el g
Sl S piln g Sl piom ) e S drie

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad



Ol (oo oba 35500 plml WS oo i ) ] oS
sl 3 il gt oLt (o 5l slaccdled bowss (s
O Oseedleel b (3559 09dee e L Mils gt
el badye el plSul alas laggis jo Gugd eailedly
sy Siledld 5 ileg,S ws b g codld oS g5k
Dl (G5 rped ablige e G 4 edienguly slag
IV Y] 59 o H3 (gt oygmadlitnl ial33l Ceely
OgewMio VY

HA g H3 (slaggiusd (3,1 5 el slooilandl jo (gaudiita
e (g 05 g0 Lol T 4y Jite 09,5 S oSSm0 )
Omigeie Juidl = 8l 5w (1STy ol SIBLS Jstns dajl el 5
ooliul acnsd 4 e 09,8 S Jl glp imnsm Glaze &
4 ate wilgee oad akite lagiyl 5 lagpid S s
b JW 1) 0f (smgisy S (oo 0d (ileg,S 4 a5 olacnSy
i 45 2l alite 65 b (6 cgige il oo Lan ) aiiST 0g8
Sei! oMo b bogsediie (B n 09l o0 Dolite slagaly 4
S aS o S e JW ) 0F ey o5 Sl b se
ool Laiye 05 Ol 95 g Oleg)S o515 L laggeadliie
St i) E570 S 5 Sisesn (>lg o HKA (gdliie
IAT oo Gl (s Gy L g el g3

Oyl ygimd .Y, ¥

T Bogimmd 259505 5 o soilanBly 0 (5l jgid
alae )0 H3 Gy Goedlj9tnd mhao ali8l Sl (3359 20 o0
Ogel ez 3l pols So UK sl s ol by 058 oo (SIS
A LS Gean (O b oad JUd 5leS nSg LS Slandsise
e GelsosalSlpendS 4y atidly SLeS (290 5 C JlaS (esn
ISl alas o (559 Jsb )0 (ygedl jaiad 4y dtnly SEIUSw
b o gt Sl psd 40 1) b s ol cladllae [Y ] aiis oge
@ s S Glisn 5 kS Sliudgise (il s e
sty S oo aly g |, H3 Losiions (5050l S
wyzs a5 4 pl5 S5 gliae 45 (5900 Gammdliusl 51 8 HB
L5+ ¥ sl (passin; €970 sl p3¥ SlapasilSo 5 (pilog S
Ogewdlasy LYY

4 e oS Col Slglie Comdg 5l ok [Slas S sy
Clld ol gl Jobe S0 oemsisy 5 Seil Ol
2 aS weoee Gl 5 ke g 00,8 sl ) Ml (gt
Do Giali8l i3y Jsbo po 1, SLSY (05 eyiws 50 @l
Tobew jpax 5o aS Cul (S gl el S s GgediSY

S

ol 3 b ooy o515 g olass a8 (oo youil Jsho SloS e
o 3, Sae 0aisS asiie olse 5 DNA Jislo o laogjsilSss
iblio 4 DNA (oo ,Slae gla is sl o DNA Cilieo slo
Gblie m2) WS (oo CS,0 cmgiy; Sl 3 a5 dpd oo MU
38bes 5 jtirbs JiuS o bap] cudigiy) o5 bl o8 5 gopliss
L DNA ofignsilis oSy @ (WS (i85 slal lacdl
2 Ol s oS 390 48 (ilag )T g slaiesn
e Jobo Sy Gt Lulyd o (o g dts iliSe slacend
logys 295 o b 3l J b uileg S anenils 5 LS Lo Sl i ol
&5 0l 5o 8 laieey @ o Sl aS ay oo a4y 5w Lai e
6,8 es (s pdyllasil pileg S ;0 DNA sl Sy soo 0
0392 oy iy S Atpundls & Cunl (> (15log S92l (6 5
5 Sl oS DNA sl o Sgtn slaceisn o515 (n
gl s olulis |y oy atilgi e (5o, 4 (omaglsy slomSlaS
Wl &5 Gloj aten JUd Loy Lalypd cnl jo auled (msis)
b GRlBl G Gl Sgp Shasi g o515 5 a1, VU by S
iloy JUdyet baoj ogd o0 ol a5 35000 Sl (iles,Ss e
9 oeleg S 958 4 (ilog S 5l il oo e Ll o (ileg S
g wiler Jlbpe b wigd Jlb wiilg oo b)) 0gd b (WSl
Al U oleg S gr 098 5b e b S5 (sl Wilg5 o DNA
S el peadlinl 1YL ol LIy o,
b b bl (o, S I Jebne GlegSo e
el Ggaadliie g gemdlygind 5l (VL zslaw (gmadlinl
3 o alie el oaizy s sulp pgiens Gerdlie
JSis g ulegS @515 pals el oS Jlade 5 mb gl
e pola oS Jl> 50 0090 g0 o)) (cmagig) oo JUad g ey ST
logs ole sl slosl® 5l g oleg S e S 0 yomie (5
o)l Gged Sl i p e 3l 3 il
OgrMaital H3 (i 15 ) Gomdlite s (Al Slalllas
alae ;0 H3 (ginnd ;5 (n e Goemdljoiad 9 H3 (i 10 (050

Lve b] (F Jgas) wisls ol |,

s gmadlianl ¥
ol & sl 38 il Al S s gl

S T3 Jel Sl 05,5 ol (gt Slanz 5 5l ey et
3 Sl ol gdioe Jie Ggted laps 5l cn gl eniledly
oS ) iy DNA JsSJge S5 a5 098 o0 sl S o)l
05 il L 1) pgmadliial 485 )18 elais lagsyn
bl il 5 sl gt Lawgs DNA (gdlital S (oo Ly
b Mild (gt 9 S (g0 L) (gt ) Jusl 09,5 Sy &S

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad



LTS

Zan ol Jlb 0 wgd oo ol MyomiRs wgd o ol
MiR- (MiR-133a MiR-1 Juls a5 ol oas  olulis MyomiR
MiR-208D (555 oo by Sl alas o Lais) MiR-206 (133b
Jsb 5 ©ad g5 b byl olo glaw 5 035 MiR-499 5 MiR-486
JyS 50 s MyomiR o Shae o IS ol a0 [YF] 518 Sisly o0 o5
PRESIPR g ORI SN PESARRCL TRPSRTS PR IS0
slagassn oo de MyomiR Ly Gl @b 5l (g culled
D4509 45 355 (28 UlFien oSS (et 4 10 (oo il 1) (e
5506 cod b MyomiR 5 &l (o035 jlawy adayly e MyomiR
lae po 1) (55 bl Gl )5l S glacaled 5 (5555
5% & yasis MICTO-RNA o oS oo pubas 8 5 S
3,8 4 yamis MRNA K 5 Baa sle MRNA i 6 Lo b wlgs oo
asl ansly Jolss olojen jeb 4y Micro-RNA poix> U wilgs o
iz slay; ole «n e 5l o a2 paiz J S L MyomiRs
MIR-1 5 2al33l 1) bcasdlges 555 MiR-133a .S oo aulais |,
I, odliges sules MiR-486 5 MiR-206 MiR-133b MiR-133a
4 e Mir-486 3 MiR-133b MiR-133a .auS o Sy ,o0
5 MiR-1332 (MiR-1 «coles o 5 oo (dlas sloobe by pa
!y ogdle aS o Sy 1y (Mlae sl Jske (55Lejl MiR-206
Gl a5 bl wsbe 6,58 slan]s s b MyomiR
(MiR-499 5 MiR-208b MiR-133a aiile) wted 5,8 Sdlas
) S, Sles lgie 4 MIR-206 o MIR-1 a8 ol S8 oLLs
MyomiRs ;Lo o &l LOV FY V] siloas slpiiy il
33 el 00 Gy Al pss oLl cdlad jgi> ,o Sl b
MiR- MIR-1 (gl adsl slaciisig, «go,Shas Ll 4ol Jow
&b sl MicroRNA o pals | s 900 MiR-133a 4 206
MiR- 5 MIR-1 95 2 caliiul sla sy ;o bl Ghal8l wabg ye
o Alolidly oLl ISl alas > 133a
2 opdle audly
4 S oo Ll (SMae sladobe )3 (sotr A e (SDas
g g0 palais SISl sloazale g5kl o mir-181 ¢ Jle lsie
ool (b o BB Gl o g Dlae sla sl e o Mir-214
Sl @ Fely yo Sl dlae o s MyomiR Ly .ol a3
083 oo Lis a5 WS e pesd Dlae ol b oobil el o

ol by Hg |
8L 4 dgase a5 gle Micro-RNA - L. oyl

Sy oadly cplanil Jss alae gy b o )85l o auly oo
g 1) sited 30 Ll o e Micro-RNA o5 JsSse sl e
MyomiR slassly 5,50 50 5 5 JelS Sledlbl clallas [#0] 0
9 )J)}:.A L) Ja.a..:fc cd.:..?u..: Lng)““"‘“’ L)"‘ )b sL{b MICI’O-RNA ))L..J 9 L{b

S
U/u)u/f./“ %j/uﬁﬁ){/’ ﬁ

Frn
ub’um

2 05y (3559 Jeb ye [¥Y] ses e F, olSY VL
L Smial o8 cnl wsie sl oaisaS slag; slayges
SraslSKe [PY] col L gy, g o Ol s
slodse ;o (Ssgl SIS, dg5- LY ol 2 smadlsSY
el 50 Cnjd OIS Gl egdle il g SLe (Jobe
5 SUSY aS 59d oo Slgaing o)l i Solbwgen slacys ool
adl axdls lacdl g o Jsho (rm (b)) (A5 aiiles oo (gandlSY
IVY] ans W G5ps 51 am g Job 5o 1) (s (slagaly
Slixe 45 05 oo dlonl OLSY clglic aavly 4 a5 awdaSY
L alie lagghas po ;0 39250 lagnsd @ J5SY 095 (095
25 olagyS Jlsle 5o s el wnl B cnl el gl
Oae gl (8,9 wile (il p )0 098 o0 ()5 Gl pela A
(ST Cadguze Jdod g wiS oo had 555l 4], SolS Ce 4y
09 SUSY e s )0 05800 Jld shlsee 5 e
S92 Joho dtwn @ wlgi oo SUSY cnl b oo (3Bl 09> 9 Jobe
S JAL Loyt 90Dy (sl JiSY 095 g Sloie 41
Ol ale Jal i 0,8 wol)8 a4 az g b aumndlasY

Qe.‘ Wlas 3 ogdee by ol iledld 5 eileg S sbx)
has S8l pao s yo &5 wiS b 1) plagy Cesl (e Sl s
Sl g Wgdioe (Sl (il b 6 55l carge il i
SaS LY Spae b b (Sdnbe sloiesn 5 lawl
(Sl OS] S5t o (S 4 Ceaglite )3 a5 glo ) e 9S oo
OgadSY By Sl Sl (Ko 50 (S g 8 Shos pelais
Sl slapssle jl (oidu Wlgioe pdi cpl Ngd S8
ol b ol b LA T sal plae o0 b alae oo 55k
i s Sl alae ;0 el SY (STl slasely 5
530 5 oanl 0 (6Gmes Ol (JJo aed 4y e
el (65978 oS

miRNAs .¥
a5 wies sloaSas 6 K>S sl RNA s Micro-RNA
logos 5 2l cumisin) 5l o o 50 L3 o waldsd )3 (coten 285
@95y sy 5l o e 5o 1 Olie bas 5 oF i ole
Blriw sl lisle slwl SUlgs b las S5 s MIRNA oS
ol )3 g Wgd o 425l PHi-MIRNA (slaslo i 51 45 s (6 oo
Jo5 JLMIRNA & oD g ;0 (s 9 Pre-MIRNA & a0
059 b daz i lee Sl Ban slo MRNA & Jlal b 2l oo
s bl JJo 4 Ygess o MiCro-RNA 5425 0598 o0 MRNA
Ly (055 39955l addllae 1o c BS Gred 4y g ol Soiliugen
B L Sl sleasale 5l as ole Micro-RNA Vo] s

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad



63 » e lie o (g yeT Sl e (6000 4 i 03 (o0
OS5 sl Gayed Jsb 50 (IS ek Ll o wals e
Helial (e Job 33 5 Sloeng: S medglie Vb ol b (ol
P2 9 Soslie yed b el 0y Sras angie ol L
W5 4z 2 g $5pl g p ol el gtalital (e
g sl » (Sl ©jpe 4 Wl &5 Wb placdslie
ol jo aney b jo ele waled WIS 30 e slaplal
Ll 5 el 0 0Ll ln T ay a8 lilllas yiiy 5 sl o8 Lo

L5 0T wlows alwl alKiglej] Sllgs 5 alKiulsj]

S0 S8 Gy (50L5 poliie el LI SISSIS a5 elSn
alae ;5 gradlie (gt 4 (ptipmgen S3L3L Gkl &S
Secta sl e (G (el g wad 0 (il ], (SIS
Obal (Sl alae 4 1) (F Gl o0 4z 51055 oo o813 (ygeadliie
5SS e B alie Jae o a5 el o odalice Lol c8ls pass
DVAT S o oo 1) o s 000 500 510 (508" 3 S

st b a8 el galS sl Shae b (6,500 Cudgplia SiSY
o wlosls las (5 B9 9 (5 09,0 Slalllae by oo I )
OBl g O (0,5 Al F (s SLeS 8 )b 5l SLSY
eld (g o ShoS” alanly 4 92diSY 2ol )3 0 Ole
JSY loog 3l ()5 Glagsignl 5l esliial b asS oo sl |,
orid osiladl 3ok 5l 45 dasyce S 4 5 Wload lulis
Sejon S 4 nl podle S (oo Cugl |) (Sl Sl
WBO o0 5 00l (5 IS (slay] Fgegn (>3 50 ol e dSY
ol IVaxel ojls cote Staea laciisy, ool ol b s
oo St a3 a5 Cel JUb sty Sodlie S bSY
S Sl e ;o Lo 4 ]) (Seiif gl Joo SlapanilSo y 03 oo
oloys SLESY L 45 Lo bige s s bapladl 5 ozl plo o
oSS 9 Vs Ggtand oSS zsha (5L Jdo 4 wniad
Y0l wogs ipglio o sial plp 30 cqealSgean 5 ¥ 5dlials ¢yt
o S5l iy by 0 00 algs SSY il aalllas
W (S0 B9 P 1393 s 9 3,1 (6t DliESS & 5L
el o3 0 Sl a5l 69,8 o T

&5l ol gl g clamsgio Sad b (leglie Dl a3 Jsbo 50
g dal 5l eolizal (gl enl oz sloonnd ) ooliiul w e
5 2z ol @ oy S 65 ol (b S (Splie anl
oligS 020 b oy (slasml .l (6598 igd oo 4525 g pulS
WS (oo e (S e sLas 5l (U e a5l e st b
A (G5 e 1 995 Sl a0y b oy ool a7 b o

Q Sinshar Tsorfsiis?
\ 4 T

L Yo
A,

Fran

ugf'}m’

g soliiwl (i35s SISTY Jeaz ailosls &l Sdac— Sl jles
A5 o a1 Sl alac o e MYomIR aJgs 5 ceglie

ot 3 S olsie 4ty paiolte - N6 (i s
O S0 el s SO ales ST B ee RNA s la jouS18
Gl 5 RNA &l s apiedts a4y o8 a8 coul il sl
Ol s 50 ooe B Y 5l e aites (JoSUge Sl i
S5k 209 S 9 S Seled w5 o> 55 s Micro-RNA
el 5 05 o 5B 1 s MICro-RNA 5l Y 51asl 5 Lte S oo
2 05 o0 adsl slo MiCro-RNA s oy 55301 Juie - NB i ol
MmiR-133a MiR-1 Lo &lg oo ¥ jlauily Juie ( gdSwl alac
el e S0 &jle 4 ame eS|, miR-206 4 miR-133b
o ] sses L5 cassST slas Sles s s MyomiR 4 ¥
L MyomiR 4V jlauil s Joe Sielos s clils (s s
Ol Y 5l dete ol (Phie ol 5l g ol s sl
o olm gy nl b S oo o 1) Olae luil g Wb
GRS Y Slyadls et olos gl 355 o plal e Jsbo e
J.....n ‘U"‘ » osy.c [VV] ..\..Sb_a J...er.u.o l) Oac )JLo_l 9 -.\Jl.lb_n
e g3loile 5 saled Slaanl B 5o (sage G Wlgi oo ¥ kil 5
Jue 9V 5hidl s Lo o Vi coml 5l Ly ol arisls Sl
L leoetisn & ol ool oSheS S 0j50 4V el
GIB eass; 5 o gl & il e - NB 3ol )b
Dohie 555 5 sloil Wl JsSlpe slashs, il ans
Gl 3,k 5l oad Jlasl wlodlol wims bl 1, Sl
Jelse 55 5 VF Syl 5 o 5 1 51yl 5 o sl Salanls
rized Ao Jed ol anlp g aas e rals |,
- N6 sosS Gl Sy O Ul es-ll 4 atwly LSTes
Do a5 ims oo (lis Bli> cpl ol Sl alae (o w}yo’lg}g.a
S 0 oS a8 wslys e VY Al s e s YAl
o o], o Protein / RNA Jalse Lo g lo Micro-RNA culled
vy T sl asls o501 e - NB 2ol 33,k 5l oy yod 5
b oS e iy bl LU bedl b b oISl alac
Sl aslg pe a5 WS ST L enlale 5 (tigy slapse o
oI eenl 2 odle oS Jlesl 1 Seail 5 Shb oSS!
Jo 3 lae sla sk J51s &/ 5 ocuplie iz § (s3]
b 1y 8l Ol jo auay jad alawly S nds ol oo o ol
sl ATP G pae siojls (3559 Jobo 5o (Sdhae (oLl ol )b oS
alae ol 5l 0550 Ol 5 (B sy ol L L (sl
ool joumg S 5 aws oo gly (559 55 5551 YL Lol & S
O).J}:LA S A ‘) 4.4..»../.1" L;ledu.w‘ ‘Uol} 0)‘9.a 3o 9 JA@P 9

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad



LTS

Slas asl Lol oo ped by, Wil e
S ool 1) S ol sles )55l

Jlail cel pedS Jobs (39,9 sk Galidl alae oLal )
4 Ay Sl ey oS peS 9 958 o0 el 9090 llS 4 plST 52
Glae gilo et aad o LSS 1) 90 g5 90 50llST gl
ab 0.8 1, MECP2 (g0 65 (ol 90905 punndS” 4 astisly 5LS” (put59
Sl Sleets (oileg,S silwil @b 5l &S (egn WS (o0
€5 Oad9osallSlpenndS &y atly LS (g SRl oS e Slxl
DNA y5eediiognles el ¢ oslio (o5 atbn Caid 5l oy )bz
2 o3 hedhasi Glp 1) coe (Sl i oS ol alae o
Lov ] asS o ol 395 mle

bpesille Gl &b

slasy (Bl 4 el o a5 sl o S guil plasl S Sl alae
2 kS 4 a5 WS oo mh 5 (g n Al Elyl 5 GuSenle ook
lasiy «ilac aind JHao jub Soatw haw ;o asly calac 595
O5T e by o 1) lepls ST ol a4 (6,500 SLalS 5 slaownl 4
4 Gy ymn Jabos T slaJsSiss 51 Al on Lo S S 05 o
Micro- mRNA (SLalSg5 sloanul (ol a5 gl ol51 Lapg;esS]
REay eSS S she SeilS s ) (S 0 Slavswl 5 L RNA
S Sladsis 53,5 il 4 o8 AL By ) (Sl alie
Flacdl ple jo Ol sy sbul 4 ol aS canl 5 b2 4 Jobo
3 om Slyass s ogdle da J5S5 55 ol aiiua Lo Micro-RNA 3, ,b
Giss IVT] s o aals b Gl (ool (sloss o smasis)
IR 3l Jslo 5 slosSeiy oad ol el siaglio
o) 5 608 48,5 ks (g7 Bl Langs o 355 o0 alie 3l
SISl Al 5l oo i b 51 S gm0y Bl
S!St oty Gl glsil siluslil alls &
ol jo s wies £, b Micro-RNA oJg Lo 4wl so
S oo St |y (Sdgilio slas 5500

o] (5o jlilniiy g (6 o5 ans O
Sslie slas 55le 5 Slats sboml cely (S0 (n o3 5 G)9
5 &0, os oyl san A jonie AT 0l o eadlS )l H (s00e
oo b Slglie slags oy 4Dl Jlas falS izran 5 cadles
» IV Slapile | Slodazmn 4ol (LB 5k 4 3580
slosel Jlb slagtign (SLAT g s9d o0 Jud (Sl alae
ot Byl 5o el S 45 WS e ol3T 1, slacadplin § SoilS'y
9 e (559 S5l 6 b alauly Yozt g aril oo ol
Sl gl 6y Olsre 4 ol (See lacgibis (nl 5l (S a8l
3 sy Slpmsd 5 98 Joe Sl alae o (Seis gl Sl

S
U/u)u/f./“ %j/uﬁﬁ){/’ ﬁ

Frn
ub’um

(NS g 4y 3959 5l Irol Ayl 5ls sl

Ly &b
Sl 0l ool ylis aigd co oolawl (65,5 adei (gl gumlanST]
oSLeS 2 )l Al eolsS 05 b oy el S Sl oS
U gl 4 Conglie 51 ailgs so a5 LVY] 8l LoDl (ygusn
Sl pes 5085 Gl | ol g pFol> lagise jo l3é w3,
3 SzsS Gt 298 e0 i 0 byl Slislgiul wae Y5k
Ol odee i &5 > 50 09 o0 Jiie (93 Gl 4 Sl
Sgiise Sl 055 090 4 45 355 e a3 Sl (oS00l &
-byaes lis ynaSTy sl abae aiile ()50 slocdly ;o wilgs oo g
Ot oSS &5 Sl S9S par Sy Dl (oS00
WS e 5lee 15 F o T ) L pdlituls ygtans alax 51 LFF] Lajdloals
L el sl o wamd g0 G G5t (gt
Gk ol Sirebss slaggyy ke Syl g wesoe falS
Soely Gilple WS GRTelr G el
Ol 9005 melas | Lodiuls (gt (uSliaS Col (Siae Sl 59
Ot pSLaS s a3 oS bl onl G5k 5
Ole peizmed b hige 10 by (onSg 0ty alanly b ladlouls
|, ATP ok 5 2alS |, NADHNADH o < iul;8l |, BDNF
OYLS)5 53 s b (S bls)l a5 amsee Giljél
[seaxal

SS)]

3,le
SLogsse 3 0 sy 2 Sln oSyl
S g 5o ydsi e CPTID PGCLa g o138 o il ige
eIl slogs Grizer 5 B 5 ¥ slansgiee Jeli

el M gilin 5 Jloxl 5E saimolis a5

Sltisly 5 090 GuiyS a3z 9ly 155l Cdplie

Slie anli Jsb s a8 WS e oy ile slend
s 1 il sla sl culls a5 WS e bl |, slaabas
u_;d.o)l)o 6“)"’" MLJ).: g_i: 9 UJ)QJ 4....«l> s_ia ‘ = J...S‘So
u_;‘)Lo}S asle w; 4.>)> L;LK&AJQM»‘B ‘:)La.c O9y° 61.&3“]4.[5
ATP (ol jsb 4 el o ools (Lt VL SlianS o by s
SN gl A wl, jeSB L ke gle s 9 myoD
sbnl el o Blae sloJsho 355 5 5oLt lais nge ooiiS pulass
ATP ol 5 oogdle [A] 598 o ISl alae jo Sy ) Ol pris
Gl sle pled o atils & gtwad Oluasd jo sl Ol
el gl 4ty 08y S e S e S aS o _eslie (s pod

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad



LTS

[5] Bannister, A.J., Kouzarides, T. Regulation of chromatin by
histone modifications. Cell Res. 2011; 21:381-395. doi:
10.1038/cr.2011.22. [DOI] [PubMed] [Google Scholar]

[6] Barres, R., Yan, J., Egan, B., Treebak, J.T., Rasmussen, M.,
Fritz, T., Caidahl, K., Krook, A., O’Gorman, D.J., Zierath, J.R.
Acute exercise remodels promoter methylation in human skeletal
muscle. Cell Metab. 2012; 15:405-411. doi:
10.1016/j.cmet.2012.01.001. [DOI] [PubMed] [Google Scholar]
[7] Chriett, S., Dabek, A., Woijtala, M., Vidal, H., Balcerczyk, A.,
Pirola, L. Prominent action of butyrate over beta-
hydroxybutyrate as histone deacetylase inhibitor, transcriptional
modulator and anti-inflammatory molecule. Sci. Rep. 2019;
9:742. doi: 10.1038/s41598-018-36941-9. [DOI] [PMC free
article] [PubMed] [Google Scholar]

[8] Das, S., Morvan, F., Morozzi, G., Jourde, B., Minetti, G.C.,
Kahle, P., Rivet, H., Brebbia, P., Toussaint, G., Glass, D.J., et al.
ATP Citrate Lyase Regulates Myofiber Differentiation and
Increases Regeneration by Altering Histone Acetylation. Cell
Rep. 2017; 21:3003-3011.

doi: 10.1016/j.celrep.2017.11.038. [DOI] [PubMed] [Google
Scholar

[9] Davidsen, P.K., Gallagher, 1.J., Hartman, J.W., Tarnopolsky,
M.A,, Dela, F., Helge, J.W., Timmons, J.A., Phillips, S.M. High
responders to resistance exercise training demonstrate
differential regulation of skeletal muscle microRNA expression.

J. Appl. Physiol. 2011; 110:309-317. doi:
10.1152/japplphysiol.00901.2010. [DOI] [PubMed] [Google
Scholar

[10] Delezie, J., Handschin, C. Endocrine Crosstalk Between
Skeletal Muscle and the Brain. Front. Neurol. 2018; 9:698. doi:
10.3389/fneur.2018.00698. [DOI] [PubMed] [Google Scholar]
[11] Diao, L.T., Xie, S.J., Lei, H., Qiu, X.S., Huang, M.C., Tao,
S., Hou, Y.R,, Hu, Y.X.,, Sun, Y.J., Zhang, Q., et al. METTL3
regulates skeletal muscle specific miRNAs at both transcriptional
and post-transcriptional levels. Biochem. Biophys. Res.
Commun. 2021, 552:52-58. doi:
10.1016/j.bbrc.2021.03.035. [DOI] [PubMed] [Google Scholar]
[12] Eftekhari, E., Zafari, A., Gholami, M. Physical activity, lipid
profiles and leptin. J Sports Med Phys Fitness. 2016
Apr;56(4):465-9. Epub 2015 Mar 13. PMID: 25766051.
[PubMed] [Google Scholar]

[13] Feng, J., Chang, H., Li, E., Fan, G. Dynamic expression of
de novo DNA methyltransferases Dnmt3a and Dnmt3b in the
central nervous system. J. Neurosci. Res. 2005; 79:734-746. doi:
10.1002/jnr.20404. [DOI] [PubMed] [Google Scholar]

[14] Figueiredo, V.C., Wen, Y., Alkner, B., Fernandez-Gonzalo,
R., Norrbom, J., Vechetti, 1.J., Jr., Valentino, T., Mobley, C.B.,
Zentner, G.E., Peterson, C.A,, et al. Genetic and epigenetic
regulation of skeletal muscle ribosome biogenesis with exercise.
J. Physiol. 2021; 599:3363-3384. doi: 10.1113/JP281244. [DOI]
[PubMed] [Google Scholar]

[15] Fischer, C.P. Interleukin-6 in acute exercise and training:
What is the biological relevance? Exerc. Immunol. Rev. 2006;
12:6-33. [PubMed] [Google Scholar]

[16] Fyfe, J.J., Bishop, D.J., Zacharewicz, E., Russell, A.P.,
Stepto, N.K. Concurrent exercise incorporating high-intensity
interval or continuous training modulates mTORC1 signaling
and microRNA expression in human skeletal muscle. Am. J.
Physiol. Regul. Integr. Comp. Physiol. 2016;310: R1297-R1311.
doi: 10.1152/ajpregu.00479.2015. [DOI] [PubMed] [Google

Scholar

S v
U/u)u/f./“ %j/uﬁ:}{/’

Srain
el

[y alas (g5lail 5 6,550 cules )0 5 (oS SudliSos (o oo
Sioled (S 9 Sl Sl (nl G ol il (S
plod b 0yS )8 5o 550 yidir Wb 5090 (nl 5 Conl oy
Wi oo £y Sl alae o 1555 Jsb o oS (JLSe ool
S by s (gl axed 08 (g)lnl (3559 ¢, cnl 5l s )
ol (Sl S B S i s o ol
e 5 93 8 g oMol s 9 DNA (orudlitegen
oS (Slapansilfe Sl abie ;5 (3))5 4 oaimsgialy suulS
b ogimad 53 55 6,500 Sl psd o Jlo cnl b aits (8555 L 6,550
(ol yegdle s o 7, b MiCro-RNA ol SCais ol Ol s
Do 5 Db (55 4 (Selifigl Sl 2 Ghig b a0 S 4
2 elital g (Staglie Sla by dine) cnl 5o Sl (K (3355
is5anl (lalllas ok Sglize b_uswl e 5 cesgis, ety
Slog,S (Dol ) (b Sk 5l et Slateehy o |y S5l
3,50 S0P (el iy, (Sl C-’M g S Gl G
@SIYL Sals celaul gwglin cpojelol>) yo),9 E98 g (axlllac
2 oo GLiS (Do (Y eblolisS o yad (sladel 5

3L oLy

D59 by ;0 (sx8lie olal 5gS g aS Wiyl e el sy
RYIRY

&l

[1] Alibegovic, A.C., Sonne, M.P., Hojbjerre, L., Bork-Jensen,
J., Jacobsen, S., Nilsson, E., Faerch, K., Hiscock, N., Mortensen,
B., Friedrichsen, M., et al. Insulin resistance induced by physical
inactivity is associated with multiple transcriptional changes in

skeletal muscle in young men. Am. J. Physiol. Endocrinol.
Metab. 2010;299: E752-E763. doi:
10.1152/ajpend0.00590.2009. [DOI] [PubMed] [Google
Scholar]

[2] Awad, S., Kunhi, M., Little, G.H., Bai, Y., An, W., Bers, D.,
Kedes, L., Poizat, C. Nuclear CaMKII enhances histone H3
phosphorylation and remodels chromatin during cardiac
hypertrophy. Nucleic Acids Res. 2013; 41:7656-7672. doi:
10.1093/nar/gkt500. [DOI] [PMC free article] [PubMed]
[Google Scholar] [Retracted]

[3] Bagley, J.R., Burghardt, K.J., McManus, R., Howlett, B.,
Costa, P.B., Coburn, JW., Arevalo, J.A., Malek, M.H., Galpin,
A.J. Epigenetic Responses to Acute Resistance Exercise in
Trained vs. Sedentary Men. J. Strength Cond. Res. 2020;
34:1574-1580. doi: 10.1519/JSC.0000000000003185. [DOI]
[PubMed] [Google Scholar]

[4] Bajpeyi, S., Covington, J.D., Taylor, E.M., Stewart, L.K.,
Galgani, J.E., Henagan, T.M. Skeletal Muscle PGClalpha —1
Nucleosome Position and —260 nt DNA Methylation Determine
Exercise Response and Prevent Ectopic Lipid Accumulation in
Men. Endocrinology. 2017; 158:2190-2199. doi:
10.1210/en.2017-00051. [DOI] [PubMed] [Google Scholar]

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad


https://doi.org/10.1152/ajpendo.00590.2009
https://pubmed.ncbi.nlm.nih.gov/20739510/
https://scholar.google.com/scholar_lookup?journal=Am.%20J.%20Physiol.%20Endocrinol.%20Metab.&title=Insulin%20resistance%20induced%20by%20physical%20inactivity%20is%20associated%20with%20multiple%20transcriptional%20changes%20in%20skeletal%20muscle%20in%20young%20men&author=A.C.%20Alibegovic&author=M.P.%20Sonne&author=L.%20Hojbjerre&author=J.%20Bork-Jensen&author=S.%20Jacobsen&volume=299&publication_year=2010&pages=E752-E763&pmid=20739510&doi=10.1152/ajpendo.00590.2009&
https://scholar.google.com/scholar_lookup?journal=Am.%20J.%20Physiol.%20Endocrinol.%20Metab.&title=Insulin%20resistance%20induced%20by%20physical%20inactivity%20is%20associated%20with%20multiple%20transcriptional%20changes%20in%20skeletal%20muscle%20in%20young%20men&author=A.C.%20Alibegovic&author=M.P.%20Sonne&author=L.%20Hojbjerre&author=J.%20Bork-Jensen&author=S.%20Jacobsen&volume=299&publication_year=2010&pages=E752-E763&pmid=20739510&doi=10.1152/ajpendo.00590.2009&
https://doi.org/10.1093/nar/gkt500
https://pmc.ncbi.nlm.nih.gov/articles/PMC3763528/
https://pubmed.ncbi.nlm.nih.gov/23804765/
https://scholar.google.com/scholar_lookup?journal=Nucleic%20Acids%20Res.&title=Nuclear%20CaMKII%20enhances%20histone%20H3%20phosphorylation%20and%20remodels%20chromatin%20during%20cardiac%20hypertrophy&author=S.%20Awad&author=M.%20Kunhi&author=G.H.%20Little&author=Y.%20Bai&author=W.%20An&volume=41&publication_year=2013&pages=7656-7672&pmid=23804765&doi=10.1093/nar/gkt500&
https://pmc.ncbi.nlm.nih.gov/articles/PMC10018330/
https://doi.org/10.1519/JSC.0000000000003185
https://pubmed.ncbi.nlm.nih.gov/32459413/
https://scholar.google.com/scholar_lookup?journal=J.%20Strength%20Cond.%20Res.&title=Epigenetic%20Responses%20to%20Acute%20Resistance%20Exercise%20in%20Trained%20vs.%20Sedentary%20Men&author=J.R.%20Bagley&author=K.J.%20Burghardt&author=R.%20McManus&author=B.%20Howlett&author=P.B.%20Costa&volume=34&publication_year=2020&pages=1574-1580&pmid=32459413&doi=10.1519/JSC.0000000000003185&
https://doi.org/10.1210/en.2017-00051
https://pubmed.ncbi.nlm.nih.gov/28398573/
https://scholar.google.com/scholar_lookup?journal=Endocrinology&title=Skeletal%20Muscle%20PGC1alpha%20%E2%88%921%20Nucleosome%20Position%20and%20%E2%88%92260%20nt%20DNA%20Methylation%20Determine%20Exercise%20Response%20and%20Prevent%20Ectopic%20Lipid%20Accumulation%20in%20Men&author=S.%20Bajpeyi&author=J.D.%20Covington&author=E.M.%20Taylor&author=L.K.%20Stewart&author=J.E.%20Galgani&volume=158&publication_year=2017&pages=2190-2199&pmid=28398573&doi=10.1210/en.2017-00051&
https://doi.org/10.1038/cr.2011.22
https://pubmed.ncbi.nlm.nih.gov/21321607/
https://scholar.google.com/scholar_lookup?journal=Cell%20Res.&title=Regulation%20of%20chromatin%20by%20histone%20modifications&author=A.J.%20Bannister&author=T.%20Kouzarides&volume=21&publication_year=2011&pages=381-395&pmid=21321607&doi=10.1038/cr.2011.22&
https://doi.org/10.1016/j.cmet.2012.01.001
https://pubmed.ncbi.nlm.nih.gov/22405075/
https://scholar.google.com/scholar_lookup?journal=Cell%20Metab.&title=Acute%20exercise%20remodels%20promoter%20methylation%20in%20human%20skeletal%20muscle&author=R.%20Barres&author=J.%20Yan&author=B.%20Egan&author=J.T.%20Treebak&author=M.%20Rasmussen&volume=15&publication_year=2012&pages=405-411&pmid=22405075&doi=10.1016/j.cmet.2012.01.001&
https://doi.org/10.1038/s41598-018-36941-9
https://pmc.ncbi.nlm.nih.gov/articles/PMC6346118/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6346118/
https://pubmed.ncbi.nlm.nih.gov/30679586/
https://scholar.google.com/scholar_lookup?journal=Sci.%20Rep.&title=Prominent%20action%20of%20butyrate%20over%20beta-hydroxybutyrate%20as%20histone%20deacetylase%20inhibitor,%20transcriptional%20modulator%20and%20anti-inflammatory%20molecule&author=S.%20Chriett&author=A.%20Dabek&author=M.%20Wojtala&author=H.%20Vidal&author=A.%20Balcerczyk&volume=9&publication_year=2019&pages=742&pmid=30679586&doi=10.1038/s41598-018-36941-9&
https://doi.org/10.1016/j.celrep.2017.11.038
https://pubmed.ncbi.nlm.nih.gov/29241530/
https://scholar.google.com/scholar_lookup?journal=Cell%20Rep.&title=ATP%20Citrate%20Lyase%20Regulates%20Myofiber%20Differentiation%20and%20Increases%20Regeneration%20by%20Altering%20Histone%20Acetylation&author=S.%20Das&author=F.%20Morvan&author=G.%20Morozzi&author=B.%20Jourde&author=G.C.%20Minetti&volume=21&publication_year=2017&pages=3003-3011&pmid=29241530&doi=10.1016/j.celrep.2017.11.038&
https://scholar.google.com/scholar_lookup?journal=Cell%20Rep.&title=ATP%20Citrate%20Lyase%20Regulates%20Myofiber%20Differentiation%20and%20Increases%20Regeneration%20by%20Altering%20Histone%20Acetylation&author=S.%20Das&author=F.%20Morvan&author=G.%20Morozzi&author=B.%20Jourde&author=G.C.%20Minetti&volume=21&publication_year=2017&pages=3003-3011&pmid=29241530&doi=10.1016/j.celrep.2017.11.038&
https://doi.org/10.1152/japplphysiol.00901.2010
https://pubmed.ncbi.nlm.nih.gov/21030674/
https://scholar.google.com/scholar_lookup?journal=J.%20Appl.%20Physiol.&title=High%20responders%20to%20resistance%20exercise%20training%20demonstrate%20differential%20regulation%20of%20skeletal%20muscle%20microRNA%20expression&author=P.K.%20Davidsen&author=I.J.%20Gallagher&author=J.W.%20Hartman&author=M.A.%20Tarnopolsky&author=F.%20Dela&volume=110&publication_year=2011&pages=309-317&pmid=21030674&doi=10.1152/japplphysiol.00901.2010&
https://scholar.google.com/scholar_lookup?journal=J.%20Appl.%20Physiol.&title=High%20responders%20to%20resistance%20exercise%20training%20demonstrate%20differential%20regulation%20of%20skeletal%20muscle%20microRNA%20expression&author=P.K.%20Davidsen&author=I.J.%20Gallagher&author=J.W.%20Hartman&author=M.A.%20Tarnopolsky&author=F.%20Dela&volume=110&publication_year=2011&pages=309-317&pmid=21030674&doi=10.1152/japplphysiol.00901.2010&
https://doi.org/10.3389/fneur.2018.00698
https://pubmed.ncbi.nlm.nih.gov/30197620/
https://scholar.google.com/scholar_lookup?journal=Front.%20Neurol.&title=Endocrine%20Crosstalk%20Between%20Skeletal%20Muscle%20and%20the%20Brain&author=J.%20Delezie&author=C.%20Handschin&volume=9&publication_year=2018&pages=698&pmid=30197620&doi=10.3389/fneur.2018.00698&
https://doi.org/10.1016/j.bbrc.2021.03.035
https://pubmed.ncbi.nlm.nih.gov/33740664/
https://scholar.google.com/scholar_lookup?journal=Biochem.%20Biophys.%20Res.%20Commun.&title=METTL3%20regulates%20skeletal%20muscle%20specific%20miRNAs%20at%20both%20transcriptional%20and%20post-transcriptional%20levels&author=L.T.%20Diao&author=S.J.%20Xie&author=H.%20Lei&author=X.S.%20Qiu&author=M.C.%20Huang&volume=552&publication_year=2021&pages=52-58&pmid=33740664&doi=10.1016/j.bbrc.2021.03.035&
https://pubmed.ncbi.nlm.nih.gov/25766051/
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=-6nDMC8AAAAJ&citation_for_view=-6nDMC8AAAAJ:Tyk-4Ss8FVUC
https://doi.org/10.1002/jnr.20404
https://pubmed.ncbi.nlm.nih.gov/15672446/
https://scholar.google.com/scholar_lookup?journal=J.%20Neurosci.%20Res.&title=Dynamic%20expression%20of%20de%20novo%20DNA%20methyltransferases%20Dnmt3a%20and%20Dnmt3b%20in%20the%20central%20nervous%20system&author=J.%20Feng&author=H.%20Chang&author=E.%20Li&author=G.%20Fan&volume=79&publication_year=2005&pages=734-746&pmid=15672446&doi=10.1002/jnr.20404&
https://doi.org/10.1113/JP281244
https://pubmed.ncbi.nlm.nih.gov/33913170/
https://scholar.google.com/scholar_lookup?journal=J.%20Physiol.&title=Genetic%20and%20epigenetic%20regulation%20of%20skeletal%20muscle%20ribosome%20biogenesis%20with%20exercise&author=V.C.%20Figueiredo&author=Y.%20Wen&author=B.%20Alkner&author=R.%20Fernandez-Gonzalo&author=J.%20Norrbom&volume=599&publication_year=2021&pages=3363-3384&pmid=33913170&doi=10.1113/JP281244&
https://pubmed.ncbi.nlm.nih.gov/17201070/
https://scholar.google.com/scholar_lookup?journal=Exerc.%20Immunol.%20Rev.&title=Interleukin-6%20in%20acute%20exercise%20and%20training:%20What%20is%20the%20biological%20relevance?&author=C.P.%20Fischer&volume=12&publication_year=2006&pages=6-33&pmid=17201070&
https://doi.org/10.1152/ajpregu.00479.2015
https://pubmed.ncbi.nlm.nih.gov/27101297/
https://scholar.google.com/scholar_lookup?journal=Am.%20J.%20Physiol.%20Regul.%20Integr.%20Comp.%20Physiol.&title=Concurrent%20exercise%20incorporating%20high-intensity%20interval%20or%20continuous%20training%20modulates%20mTORC1%20signaling%20and%20microRNA%20expression%20in%20human%20skeletal%20muscle&author=J.J.%20Fyfe&author=D.J.%20Bishop&author=E.%20Zacharewicz&author=A.P.%20Russell&author=N.K.%20Stepto&volume=310&publication_year=2016&pages=R1297-R1311&pmid=27101297&doi=10.1152/ajpregu.00479.2015&
https://scholar.google.com/scholar_lookup?journal=Am.%20J.%20Physiol.%20Regul.%20Integr.%20Comp.%20Physiol.&title=Concurrent%20exercise%20incorporating%20high-intensity%20interval%20or%20continuous%20training%20modulates%20mTORC1%20signaling%20and%20microRNA%20expression%20in%20human%20skeletal%20muscle&author=J.J.%20Fyfe&author=D.J.%20Bishop&author=E.%20Zacharewicz&author=A.P.%20Russell&author=N.K.%20Stepto&volume=310&publication_year=2016&pages=R1297-R1311&pmid=27101297&doi=10.1152/ajpregu.00479.2015&

""-},oc 17y

LTS

Advanced Resistance Training Techniques and Methods. Int. J.
Environ. Res. Public Health. 2019; 16:4897. doi:
10.3390/ijerph16244897. [DOI] [PubMed] [Google Scholar]
[29] Laker, R.C., Lillard, T.S., Okutsu, M., Zhang, M., Hoehn,
K.L., Connelly, J.J., Yan, Z. Exercise prevents maternal high-fat
diet-induced hypermethylation of the Pgc-lalpha gene and age-
dependent metabolic dysfunction in the offspring. Diabetes.
2014; 63:1605-1611. doi: 10.2337/db13-1614. [DOI] [PMC free
article] [PubMed] [Google Scholar]

[30] Lane, S.C., Camera, D.M., Lassiter, D.G., Areta, J.L., Bird,
S.R., Yeo, W.K., Jeacocke, N.A., Krook, A., Zierath, J.R., Burke,
L.M., et al. Effects of sleeping with reduced carbohydrate
availability on acute training responses. J. Appl. Physiol. 2015;
119:643-655. doi: 10.1152/japplphysiol.00857.2014. [DOI]
[PubMed] [Google Scholar]

[31] Li, J., Pei, Y., Zhou, R., Tang, Z., Yang, Y. Regulation of
RNA N(6)-methyladenosine modification and its emerging roles
in skeletal muscle development. Int. J. Biol. Sci. 2021; 17:1682—
1692. doi: 10.7150/ijbs.56251. [DOI] [PMC free article]
[PubMed] [Google Scholar]

[32] Liberti, M.V., Locasale, J.W. Histone Lactylation: A New
Role for Glucose Metabolism. Trends Biochem. Sci. 2020;
45:179-182. doi: 10.1016/}.tibs.2019.12.004. [DOI] [PubMed]
[Google Scholar]

[33] Lim, C., Shimizu, J., Kawano, F., Kim, H.J., Kim, C.K.
Adaptive responses of histone modifications to resistance
exercise in human skeletal muscle. PLoS ONE. 2020;15:
€0231321. doi: 10.1371/journal.pone.0231321. [DOI] [PMC free

S v
u/u)u/f./" %j/u//]{“/’ §€

[17] Gao, Z.,Yin, J., Zhang, J., Ward, R.E., Martin, R.J., Lefevre,
M., Cefalu, W.T., Ye, J. Butyrate improves insulin sensitivity and
increases energy expenditure in mice. Diabetes. 2009; 58:1509—
1517. doi: 10.2337/db08-1637. [DOI] [PMC free article]
[PubMed] [Google Scholar]

[18] Gibb, A.A., Epstein, P.N., Uchida, S., Zheng, Y., McNally,
L.A., Obal, D., Katragadda, K., Trainor, P., Conklin, D.J.,
Brittian, K.R., et al. Exercise-Induced Changes in Glucose
Metabolism Promote Physiological Cardiac Growth. Circulation.
2017; 136:2144-2157. doi:
10.1161/CIRCULATIONAHA.117.028274. [DOI] [PMC free
article] [PubMed] [Google Scholar]

[19] Hervouet, E., Peixoto, P., Delage-Mourroux, R., Boyer-
Guittaut, M., Cartron, P.F. Specific or not specific recruitment of
DNMTs for DNA methylation, an epigenetic dilemma. Clin.
Epigenetics.  2018;10:17. doi: 10.1186/513148-018-0450-
y. [DOI] [PMC free article] [PubMed] [Google Scholar]

[20] Hoffman, N.J., Parker, B.L., Chaudhuri, R., Fisher-
Wellman, K.H., Kleinert, M., Humphrey, S.J., Yang, P.,
Holliday, M., Trefely, S., Fazakerley, D.J., et al. Global
Phosphoproteomic Analysis of Human Skeletal Muscle Reveals
a Network of Exercise-Regulated Kinases and AMPK Substrates.
Cell Metab. 2015; 22:922-935. doi:
10.1016/j.cmet.2015.09.001. [DOI] [PubMed] [Google Scholar]
[21] Horak, M., Novak, J., Bienertova-Vasku, J. Muscle-specific
microRNAs in skeletal muscle development. Dev. Biol. 2016;
410:1-13. doi: 10.1016/j.ydbi0.2015.12.013. [DOI] [PubMed]
[Google Scholar]

article] [PubMed] [Google Scholar]

[34] Lindholm, M.E., Marabita, F., Gomez-Cabrero, D.,
Rundqvist, H., Ekstrom, T.J., Tegner, J., Sundberg, C.J. An
integrative analysis reveals coordinated reprogramming of the
epigenome and the transcriptome in human skeletal muscle after
training. Epigenetics. 2014; 9:1557-1569. doi:
10.4161/15592294.2014.982445. [DOI] [PMC free article]
[PubMed] [Google Scholar]

[35] Longo, N., Frigeni, M., Pasquali, M. Carnitine transport and
fatty acid oxidation. Biochim. Biophys. Acta. 2016; 1863:2422—
2435. doi: 10.1016/j.bbamcr.2016.01.023. [DOI] [PMC free
article] [PubMed] [Google Scholar]

[36] Maasar, M.F., Turner, D.C., Gorski, P.P., Seaborne, R.A.,
Strauss, J.A., Shepherd, S.O., Cocks, M., Pillon, N.J., Zierath,
J.R., Hulton, AT., et al. The Comparative Methylome and
Transcriptome after Change of Direction Compared to Straight
Line Running Exercise in Human Skeletal Muscle. Front.
Physiol. 2021; 12:619447. doi:
10.3389/fphys.2021.619447. [DOI] [PubMed] [Google Scholar]
[37] Margolis, L.M., McClung, H.L., Murphy, N.E., Carrigan,
C.T., Pasiakos, S.M. Skeletal Muscle myomiR Are Differentially
Expressed by Endurance Exercise Mode and Combined Essential
Amino Acid and Carbohydrate Supplementation. Front. Physiol.
2017; 8:182. doi: 10.3389/fphys.2017.00182. [DOI] [PMC free
article] [PubMed] [Google Scholar]

[38] Marosi, K., Kim, S.W., Moehl, K., Scheibye-Knudsen, M.,
Cheng, A., Cutler, R., Camandola, S., Mattson, M.P. 3-
Hydroxybutyrate regulates energy metabolism and induces
BDNF expression in cerebral cortical neurons. J. Neurochem.
2016; 139:769-781. doi: 10.1111/jnc.13868. [DOI] [PMC free
article] [PubMed] [Google Scholar]

[39] McGee, S.L., Fairlie, E., Garnham, A.P., Hargreaves, M.
Exercise-induced histone modifications in human skeletal
muscle. J.  Physiol.  2009;  587:5951-5958.  doi:

[22] Hughes, D.C., Ellefsen, S., Baar, K. Adaptations to
Endurance and Strength Training. Cold Spring Harb. Perspect.
Med. 2018; 8:a029769.  doi: 10.1101/cshperspect.
a029769. [DOI] [PMC free article] [PubMed] [Google Scholar]
[23] lzzo, L.T., Wellen, K.E. Histone lactylation links
metabolism and gene regulation. Nature. 2019; 574:492-493.
doi: 10.1038/d41586-019-03122-1. [DOI] [PubMed] [Google
Scholar]

[24] Jacques, M., Hiam, D., Craig, J., Barres, R., Eynon, N.,
Voisin, S. Epigenetic changes in healthy human skeletal muscle
following exercise—A systematic review. Epigenetics. 2019;
14:633-648. doi:  10.1080/15592294.2019.1614416. [DOI]
[PMC free article] [PubMed] [Google Scholar]

[25] Karnib, N., EI-Ghandour, R., El Hayek, L., Nasrallah, P.,
Khalifeh, M., Barmo, N., Jabre, V., Ibrahim, P., Bilen, M.,
Stephan, J.S., et al. Lactate is an antidepressant that mediates
resilience to stress by modulating the hippocampal levels and
activity of histone deacetylases. Neuropsychopharmacology.
2019; 44:1152-1162. doi: 10.1038/s41386-019-0313-z. [DOI]
[PMC free article] [PubMed] [Google Scholar]

[26] Keller, P., Vollaard, N.B., Gustafsson, T., Gallagher, 1.J.,
Sundberg, C.J., Rankinen, T., Britton, S.L., Bouchard, C., Koch,
L.G., Timmons, J.A. A transcriptional map of the impact of
endurance exercise training on skeletal muscle phenotype. J.
Appl. Physiol. 2011; 110:46-59. doi:
10.1152/japplphysiol.00634.2010. [DOI] [PMC free article]
[PubMed] [Google Scholar]

[27] Kietzmann, T., Petry, A., Shvetsova, A., Gerhold, J.M.,
Gorlach, A. The epigenetic landscape related to reactive oxygen
species formation in the cardiovascular system. Br. J. Pharmacol.
2017; 174:1533-1554. doi: 10.1111/bph.13792. [DOI] [PMC
free article] [PubMed] [Google Scholar]

[28] Krzysztofik, M., Wilk, M., Wojdala, G., Golas, A.
Maximizing Muscle Hypertrophy: A Systematic Review of

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad


https://doi.org/10.2337/db08-1637
https://pmc.ncbi.nlm.nih.gov/articles/PMC2699871/
https://pubmed.ncbi.nlm.nih.gov/19366864/
https://scholar.google.com/scholar_lookup?journal=Diabetes&title=Butyrate%20improves%20insulin%20sensitivity%20and%20increases%20energy%20expenditure%20in%20mice&author=Z.%20Gao&author=J.%20Yin&author=J.%20Zhang&author=R.E.%20Ward&author=R.J.%20Martin&volume=58&publication_year=2009&pages=1509-1517&pmid=19366864&doi=10.2337/db08-1637&
https://doi.org/10.1161/CIRCULATIONAHA.117.028274
https://pmc.ncbi.nlm.nih.gov/articles/PMC5704654/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5704654/
https://pubmed.ncbi.nlm.nih.gov/28860122/
https://scholar.google.com/scholar_lookup?journal=Circulation&title=Exercise-Induced%20Changes%20in%20Glucose%20Metabolism%20Promote%20Physiological%20Cardiac%20Growth&author=A.A.%20Gibb&author=P.N.%20Epstein&author=S.%20Uchida&author=Y.%20Zheng&author=L.A.%20McNally&volume=136&publication_year=2017&pages=2144-2157&pmid=28860122&doi=10.1161/CIRCULATIONAHA.117.028274&
https://doi.org/10.1186/s13148-018-0450-y
https://pmc.ncbi.nlm.nih.gov/articles/PMC5807744/
https://pubmed.ncbi.nlm.nih.gov/29449903/
https://scholar.google.com/scholar_lookup?journal=Clin.%20Epigenetics&title=Specific%20or%20not%20specific%20recruitment%20of%20DNMTs%20for%20DNA%20methylation,%20an%20epigenetic%20dilemma&author=E.%20Hervouet&author=P.%20Peixoto&author=R.%20Delage-Mourroux&author=M.%20Boyer-Guittaut&author=P.F.%20Cartron&volume=10&publication_year=2018&pages=17&pmid=29449903&doi=10.1186/s13148-018-0450-y&
https://doi.org/10.1016/j.cmet.2015.09.001
https://pubmed.ncbi.nlm.nih.gov/26437602/
https://scholar.google.com/scholar_lookup?journal=Cell%20Metab.&title=Global%20Phosphoproteomic%20Analysis%20of%20Human%20Skeletal%20Muscle%20Reveals%20a%20Network%20of%20Exercise-Regulated%20Kinases%20and%20AMPK%20Substrates&author=N.J.%20Hoffman&author=B.L.%20Parker&author=R.%20Chaudhuri&author=K.H.%20Fisher-Wellman&author=M.%20Kleinert&volume=22&publication_year=2015&pages=922-935&pmid=26437602&doi=10.1016/j.cmet.2015.09.001&
https://doi.org/10.1016/j.ydbio.2015.12.013
https://pubmed.ncbi.nlm.nih.gov/26708096/
https://scholar.google.com/scholar_lookup?journal=Dev.%20Biol.&title=Muscle-specific%20microRNAs%20in%20skeletal%20muscle%20development&author=M.%20Horak&author=J.%20Novak&author=J.%20Bienertova-Vasku&volume=410&publication_year=2016&pages=1-13&pmid=26708096&doi=10.1016/j.ydbio.2015.12.013&
https://doi.org/10.1101/cshperspect.a029769
https://pmc.ncbi.nlm.nih.gov/articles/PMC5983157/
https://pubmed.ncbi.nlm.nih.gov/28490537/
https://scholar.google.com/scholar_lookup?journal=Cold%20Spring%20Harb.%20Perspect.%20Med.&title=Adaptations%20to%20Endurance%20and%20Strength%20Training&author=D.C.%20Hughes&author=S.%20Ellefsen&author=K.%20Baar&volume=8&publication_year=2018&pages=a029769&pmid=28490537&doi=10.1101/cshperspect.a029769&
https://doi.org/10.1038/d41586-019-03122-1
https://pubmed.ncbi.nlm.nih.gov/31645737/
https://scholar.google.com/scholar_lookup?journal=Nature&title=Histone%20lactylation%20links%20metabolism%20and%20gene%20regulation&author=L.T.%20Izzo&author=K.E.%20Wellen&volume=574&publication_year=2019&pages=492-493&pmid=31645737&doi=10.1038/d41586-019-03122-1&
https://scholar.google.com/scholar_lookup?journal=Nature&title=Histone%20lactylation%20links%20metabolism%20and%20gene%20regulation&author=L.T.%20Izzo&author=K.E.%20Wellen&volume=574&publication_year=2019&pages=492-493&pmid=31645737&doi=10.1038/d41586-019-03122-1&
https://doi.org/10.1080/15592294.2019.1614416
https://pmc.ncbi.nlm.nih.gov/articles/PMC6557592/
https://pubmed.ncbi.nlm.nih.gov/31046576/
https://scholar.google.com/scholar_lookup?journal=Epigenetics&title=Epigenetic%20changes%20in%20healthy%20human%20skeletal%20muscle%20following%20exercise%E2%80%94A%20systematic%20review&author=M.%20Jacques&author=D.%20Hiam&author=J.%20Craig&author=R.%20Barres&author=N.%20Eynon&volume=14&publication_year=2019&pages=633-648&pmid=31046576&doi=10.1080/15592294.2019.1614416&
https://doi.org/10.1038/s41386-019-0313-z
https://pmc.ncbi.nlm.nih.gov/articles/PMC6461925/
https://pubmed.ncbi.nlm.nih.gov/30647450/
https://scholar.google.com/scholar_lookup?journal=Neuropsychopharmacology&title=Lactate%20is%20an%20antidepressant%20that%20mediates%20resilience%20to%20stress%20by%20modulating%20the%20hippocampal%20levels%20and%20activity%20of%20histone%20deacetylases&author=N.%20Karnib&author=R.%20El-Ghandour&author=L.%20El%20Hayek&author=P.%20Nasrallah&author=M.%20Khalifeh&volume=44&publication_year=2019&pages=1152-1162&pmid=30647450&doi=10.1038/s41386-019-0313-z&
https://doi.org/10.1152/japplphysiol.00634.2010
https://pmc.ncbi.nlm.nih.gov/articles/PMC3253010/
https://pubmed.ncbi.nlm.nih.gov/20930125/
https://scholar.google.com/scholar_lookup?journal=J.%20Appl.%20Physiol.&title=A%20transcriptional%20map%20of%20the%20impact%20of%20endurance%20exercise%20training%20on%20skeletal%20muscle%20phenotype&author=P.%20Keller&author=N.B.%20Vollaard&author=T.%20Gustafsson&author=I.J.%20Gallagher&author=C.J.%20Sundberg&volume=110&publication_year=2011&pages=46-59&pmid=20930125&doi=10.1152/japplphysiol.00634.2010&
https://doi.org/10.1111/bph.13792
https://pmc.ncbi.nlm.nih.gov/articles/PMC5446579/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5446579/
https://pubmed.ncbi.nlm.nih.gov/28332701/
https://scholar.google.com/scholar_lookup?journal=Br.%20J.%20Pharmacol.&title=The%20epigenetic%20landscape%20related%20to%20reactive%20oxygen%20species%20formation%20in%20the%20cardiovascular%20system&author=T.%20Kietzmann&author=A.%20Petry&author=A.%20Shvetsova&author=J.M.%20Gerhold&author=A.%20Gorlach&volume=174&publication_year=2017&pages=1533-1554&pmid=28332701&doi=10.1111/bph.13792&
https://doi.org/10.3390/ijerph16244897
https://pubmed.ncbi.nlm.nih.gov/31817252/
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Environ.%20Res.%20Public%20Health&title=Maximizing%20Muscle%20Hypertrophy:%20A%20Systematic%20Review%20of%20Advanced%20Resistance%20Training%20Techniques%20and%20Methods&author=M.%20Krzysztofik&author=M.%20Wilk&author=G.%20Wojdala&author=A.%20Golas&volume=16&publication_year=2019&pages=4897&pmid=31817252&doi=10.3390/ijerph16244897&
https://doi.org/10.2337/db13-1614
https://pmc.ncbi.nlm.nih.gov/articles/PMC5860829/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5860829/
https://pubmed.ncbi.nlm.nih.gov/24430439/
https://scholar.google.com/scholar_lookup?journal=Diabetes&title=Exercise%20prevents%20maternal%20high-fat%20diet-induced%20hypermethylation%20of%20the%20Pgc-1alpha%20gene%20and%20age-dependent%20metabolic%20dysfunction%20in%20the%20offspring&author=R.C.%20Laker&author=T.S.%20Lillard&author=M.%20Okutsu&author=M.%20Zhang&author=K.L.%20Hoehn&volume=63&publication_year=2014&pages=1605-1611&pmid=24430439&doi=10.2337/db13-1614&
https://doi.org/10.1152/japplphysiol.00857.2014
https://pubmed.ncbi.nlm.nih.gov/26112242/
https://scholar.google.com/scholar_lookup?journal=J.%20Appl.%20Physiol.&title=Effects%20of%20sleeping%20with%20reduced%20carbohydrate%20availability%20on%20acute%20training%20responses&author=S.C.%20Lane&author=D.M.%20Camera&author=D.G.%20Lassiter&author=J.L.%20Areta&author=S.R.%20Bird&volume=119&publication_year=2015&pages=643-655&pmid=26112242&doi=10.1152/japplphysiol.00857.2014&
https://doi.org/10.7150/ijbs.56251
https://pmc.ncbi.nlm.nih.gov/articles/PMC8120468/
https://pubmed.ncbi.nlm.nih.gov/33994853/
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Biol.%20Sci.&title=Regulation%20of%20RNA%20N(6)-methyladenosine%20modification%20and%20its%20emerging%20roles%20in%20skeletal%20muscle%20development&author=J.%20Li&author=Y.%20Pei&author=R.%20Zhou&author=Z.%20Tang&author=Y.%20Yang&volume=17&publication_year=2021&pages=1682-1692&pmid=33994853&doi=10.7150/ijbs.56251&
https://doi.org/10.1016/j.tibs.2019.12.004
https://pubmed.ncbi.nlm.nih.gov/31901298/
https://scholar.google.com/scholar_lookup?journal=Trends%20Biochem.%20Sci.&title=Histone%20Lactylation:%20A%20New%20Role%20for%20Glucose%20Metabolism&author=M.V.%20Liberti&author=J.W.%20Locasale&volume=45&publication_year=2020&pages=179-182&pmid=31901298&doi=10.1016/j.tibs.2019.12.004&
https://doi.org/10.1371/journal.pone.0231321
https://pmc.ncbi.nlm.nih.gov/articles/PMC7145008/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7145008/
https://pubmed.ncbi.nlm.nih.gov/32271843/
https://scholar.google.com/scholar_lookup?journal=PLoS%20ONE&title=Adaptive%20responses%20of%20histone%20modifications%20to%20resistance%20exercise%20in%20human%20skeletal%20muscle&author=C.%20Lim&author=J.%20Shimizu&author=F.%20Kawano&author=H.J.%20Kim&author=C.K.%20Kim&volume=15&publication_year=2020&pages=e0231321&pmid=32271843&doi=10.1371/journal.pone.0231321&
https://doi.org/10.4161/15592294.2014.982445
https://pmc.ncbi.nlm.nih.gov/articles/PMC4622000/
https://pubmed.ncbi.nlm.nih.gov/25484259/
https://scholar.google.com/scholar_lookup?journal=Epigenetics&title=An%20integrative%20analysis%20reveals%20coordinated%20reprogramming%20of%20the%20epigenome%20and%20the%20transcriptome%20in%20human%20skeletal%20muscle%20after%20training&author=M.E.%20Lindholm&author=F.%20Marabita&author=D.%20Gomez-Cabrero&author=H.%20Rundqvist&author=T.J.%20Ekstrom&volume=9&publication_year=2014&pages=1557-1569&pmid=25484259&doi=10.4161/15592294.2014.982445&
https://doi.org/10.1016/j.bbamcr.2016.01.023
https://pmc.ncbi.nlm.nih.gov/articles/PMC4967041/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4967041/
https://pubmed.ncbi.nlm.nih.gov/26828774/
https://scholar.google.com/scholar_lookup?journal=Biochim.%20Biophys.%20Acta&title=Carnitine%20transport%20and%20fatty%20acid%20oxidation&author=N.%20Longo&author=M.%20Frigeni&author=M.%20Pasquali&volume=1863&publication_year=2016&pages=2422-2435&pmid=26828774&doi=10.1016/j.bbamcr.2016.01.023&
https://doi.org/10.3389/fphys.2021.619447
https://pubmed.ncbi.nlm.nih.gov/33679435/
https://scholar.google.com/scholar_lookup?journal=Front.%20Physiol.&title=The%20Comparative%20Methylome%20and%20Transcriptome%20after%20Change%20of%20Direction%20Compared%20to%20Straight%20Line%20Running%20Exercise%20in%20Human%20Skeletal%20Muscle&author=M.F.%20Maasar&author=D.C.%20Turner&author=P.P.%20Gorski&author=R.A.%20Seaborne&author=J.A.%20Strauss&volume=12&publication_year=2021&pages=619447&pmid=33679435&doi=10.3389/fphys.2021.619447&
https://doi.org/10.3389/fphys.2017.00182
https://pmc.ncbi.nlm.nih.gov/articles/PMC5362638/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5362638/
https://pubmed.ncbi.nlm.nih.gov/28386239/
https://scholar.google.com/scholar_lookup?journal=Front.%20Physiol.&title=Skeletal%20Muscle%20myomiR%20Are%20Differentially%20Expressed%20by%20Endurance%20Exercise%20Mode%20and%20Combined%20Essential%20Amino%20Acid%20and%20Carbohydrate%20Supplementation&author=L.M.%20Margolis&author=H.L.%20McClung&author=N.E.%20Murphy&author=C.T.%20Carrigan&author=S.M.%20Pasiakos&volume=8&publication_year=2017&pages=182&pmid=28386239&doi=10.3389/fphys.2017.00182&
https://doi.org/10.1111/jnc.13868
https://pmc.ncbi.nlm.nih.gov/articles/PMC5123937/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5123937/
https://pubmed.ncbi.nlm.nih.gov/27739595/
https://scholar.google.com/scholar_lookup?journal=J.%20Neurochem.&title=3-Hydroxybutyrate%20regulates%20energy%20metabolism%20and%20induces%20BDNF%20expression%20in%20cerebral%20cortical%20neurons&author=K.%20Marosi&author=S.W.%20Kim&author=K.%20Moehl&author=M.%20Scheibye-Knudsen&author=A.%20Cheng&volume=139&publication_year=2016&pages=769-781&pmid=27739595&doi=10.1111/jnc.13868&

Yy

SOCIEF),
» Yo

S

Physical ~ Activity. Antioxidants. 2020; 9:498. doi:
10.3390/antiox9060498. [DOI] [PubMed] [Google Scholar]
[52] Rivas, D.A., Lessard, S.J., Rice, N.P., Lustgarten, M.S., So,
K., Goodyear, L.J., Parnell, L.D., Fielding, R.A. Diminished
skeletal muscle microRNA expression with aging is associated
with attenuated muscle plasticity and inhibition of IGF-1
signaling. FASEB J. 2014; 28:4133-4147. doi: 10.1096/fj.14-
254490. [DOI] [PMC free article] [PubMed] [Google Scholar]
[53] Roberts, M.D., Haun, C.T., Vann, C.G., Osburn, S.C.,
Young, K.C. Sarcoplasmic Hypertrophy in Skeletal Muscle: A
Scientific “Unicorn” or Resistance Training Adaptation? Front.
Physiol. 2020; 11:816. doi: 10.3389/fphys.2020.00816. [DOI]
[PMC free article] [PubMed] [Google Scholar]

[54] Robinson, M.M., Dasari, S., Konopka, A.R., Johnson, M.L.,
Manjunatha, S., Esponda, R.R., Carter, R.E., Lanza, |.R., Nair,
K.S. Enhanced Protein Translation Underlies Improved
Metabolic and Physical Adaptations to Different Exercise
Training Modes in Young and Old Humans. Cell Metab. 2017;
25:581-592. doi: 10.1016/j.cmet.2017.02.009. [DOI] [PMC free
article] [PubMed] [Google Scholar]

[55] Rowlands, D.S., Page, R.A., Sukala, W.R., Giri, M.,
Ghimbovschi, S.D., Hayat, I., Cheema, B.S., Lys, I., Leikis, M.,
Sheard, P.W., et al. Multi-omic integrated networks connect
DNA methylation and miRNA with skeletal muscle plasticity to
chronic exercise in Type 2 diabetic obesity. Physiol. Genomics.
2014; 46:747-765. doi:
10.1152/physiolgenomics.00024.2014. [DOI] [PMC free article]

- st —Trers 92
\ "

Y

~
L]
*»

10.1113/jphysiol.2009.181065. [DOI] free
[PubMed] [Google Scholar]

[40] McGee, S.L., Hargreaves, M. Epigenetics and Exercise.
Trends Endocrinol. Metab. 2019; 30:636-645. doi:
10.1016/j.tem.2019.06.002. [DOI] [PubMed] [Google Scholar]
[41] McGee, S.L., Hargreaves, M. Exercise adaptations:
Molecular mechanisms and potential targets for therapeutic
benefit. Nat. Rev. Endocrinol. 2020; 16:495-505. doi:
10.1038/s41574-020-0377-1. [DOI] [PubMed] [Google Scholar]
[42] Mokhtari, H., Zafari, A., Nemati, N. The Effect of a Period
of Resistance-Interval Training Versus Resistance-Aerobic
Training on Insulin-Like Growth Factor-1 and Strength and
Muscle Mass in Trained Young Men. Jundishapur Scientific
Medical Journal. 2024; 23[5]:412-424. 10.32592/jsmj.23.5.412
[Persian]. [DOI] [Google Scholar]

[43] Mooren, F.C., Viereck, J., Kruger, K., Thum, T. Circulating
microRNAs as potential biomarkers of aerobic exercise capacity.
Am J. Physiol. Heart Circ. Physiol. 2014;306:H557-H563. doi:
10.1152/ajpheart.00711.2013. [DOI] [PMC  free article]
[PubMed] [Google Scholar]

[44] Mottahedy, M., Bagherpour, T., Zafari, A., Nemati, N.
Effect of a Single Session of Intense Resistance Exercise with
Glutamine Supplementation on the Relative Expression of Alpha
and 11X Isoforms of Fast-Twitch Myosin Heavy Chain Gene in
Male Rats. J Gorgan Univ Med Sci 2024; 26 (2) :12-21 [Persian].
URL: http://goums.ac.ir/journal/article-1-4377-fa.html. [DOI]
[Google Scholar]

[PMC article]

[PubMed] [Google Scholar]

[56] Ruple, B.A., Godwin, J.S., Mesquita, P.H.C., Osburn, S.C.,
Vann, C.G., Lamb, D.A., Sexton, C.L., Candow, D.G., Forbes,
S.C., Fruge, A.D., et al. Resistance training rejuvenates the
mitochondrial methylome in aged human skeletal muscle.
FASEB J. 2021;35: €21864. doi:
10.1096/fj.202100873RR. [DOI] [PubMed] [Google Scholar]
[57] Russell, A.P., Lamon, S., Boon, H., Wada, S., Guller, I.,
Brown, E.L., Chibalin, A.V., Zierath, J.R., Snow, R.J., Stepto,
N., et al. Regulation of miRNAs in human skeletal muscle
following acute endurance exercise and short-term endurance
training. J.  Physiol.  2013;  591:4637-4653.  doi:
10.1113/jphysiol.2013.255695. [DOI] [PMC  free article]
[PubMed] [Google Scholar]

[58] Sailani, M.R., Halling, J.F., Moller, H.D., Lee, H.,
Plomgaard, P., Pilegaard, H., Snyder, M.P., Regenberg, B.
Lifelong physical activity is associated with promoter
hypomethylation of genes involved in metabolism, myogenesis,
contractile properties and oxidative stress resistance in aged
human skeletal muscle. Sci. Rep. 2019; 9:3272. doi:
10.1038/s41598-018-37895-8. [DOI] [PMC  free article]
[PubMed] [Google Scholar]

[59] Sanchez, A.M., Candau, R., Bernardi, H. Recent Data on
Cellular Component Turnover: Focus on Adaptations to Physical
Exercise. Cells. 2019; 8:542. doi: 10.3390/cells8060542. [DOI]
[PMC free article] [PubMed] [Google Scholar]

[60] Schaffer, B.E., Levin, R.S., Hertz, N.T., Maures, T.J.,
Schoof, M.L., Hollstein, P.E., Benayoun, B.A., Banko, M.R.,
Shaw, R.J., Shokat, K.M., et al. Identification of AMPK
Phosphorylation Sites Reveals a Network of Proteins Involved in
Cell Invasion and Facilitates Large-Scale Substrate Prediction.
Cell Metab. 2015; 22:907-921. doi:
10.1016/j.cmet.2015.09.009. [DOI] [PubMed] [Google Scholar]
[61] Seaborne, R.A., Sharples, A.P. The Interplay Between
Exercise Metabolism, Epigenetics, and Skeletal Muscle

[45] Mueller, M., Breil, F.A., Lurman, G., Klossner, S., Fluck,
M., Billeter, R., Dapp, C., Hoppeler, H. Different molecular and
structural adaptations with eccentric and conventional strength
training in elderly men and women. Gerontology. 2011; 57:528—
538. doi: 10.1159/000323267. [DOI] [PubMed] [Google
Scholar]

[46] Newman, J.C., Verdin, E. Ketone bodies as signaling
metabolites. Trends Endocrinol. Metab. 2014; 25:42-52. doi:
10.1016/j.tem.2013.09.002. [DOI] [PubMed] [Google Scholar]
[47] Nielsen, S., Scheele, C., Yfanti, C., Akerstrom, T., Nielsen,
A.R., Pedersen, B.K., Laye, M.J. Muscle specific microRNAs are
regulated by endurance exercise in human skeletal muscle. J.
Physiol. 2010; 588:4029-4037. doi:
10.1113/jphysiol.2010.189860. [DOI] [PMC article]
[PubMed] [Google Scholar]

[48] Nitert, M.D., Dayeh, T., Volkov, P., Elgzyri, T., Hall, E.,
Nilsson, E., Yang, B.T., Lang, S., Parikh, H., Wessman, Y., et al.
Impact of an exercise intervention on DNA methylation in
skeletal muscle from first-degree relatives of patients with type 2
diabetes. Diabetes. 2012; 61:3322-3332. doi: 10.2337/db11-
1653. [DOI] [PMC free article] [PubMed] [Google Scholar]
[49] Ogasawara, R., Akimoto, T., Umeno, T., Sawada, S.,
Hamaoka, T., Fujita, S. MicroRNA expression profiling in
skeletal muscle reveals different regulatory patterns in high and
low responders to resistance training. Physiol. Genomics. 2016;
48:320-324. doi: 10.1152/physiolgenomics.00124.2015. [DOI]
[PubMed] [Google Scholar]

[50] Tarmast, D. The Critical Role of Nutrition in Acceleration
of the Rehabilitation Process in Athletes. Journal of Physiology
of Training and Sports Injuries, 2024, 2(1):29-39. [Persian].
https://doi.org/10.71702/eps.2024.1106824. [DOI] [Google
Scholar]

[51] Petracci, I., Gabbianelli, R., Bordoni, L. The Role of
Nutri(epi)genomics in Achieving the Body’s Full Potential in

free

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad


https://doi.org/10.1113/jphysiol.2009.181065
https://pmc.ncbi.nlm.nih.gov/articles/PMC2808551/
https://pubmed.ncbi.nlm.nih.gov/19884317/
https://scholar.google.com/scholar_lookup?journal=J.%20Physiol.&title=Exercise-induced%20histone%20modifications%20in%20human%20skeletal%20muscle&author=S.L.%20McGee&author=E.%20Fairlie&author=A.P.%20Garnham&author=M.%20Hargreaves&volume=587&publication_year=2009&pages=5951-5958&pmid=19884317&doi=10.1113/jphysiol.2009.181065&
https://doi.org/10.1016/j.tem.2019.06.002
https://pubmed.ncbi.nlm.nih.gov/31279665/
https://scholar.google.com/scholar_lookup?journal=Trends%20Endocrinol.%20Metab.&title=Epigenetics%20and%20Exercise&author=S.L.%20McGee&author=M.%20Hargreaves&volume=30&publication_year=2019&pages=636-645&pmid=31279665&doi=10.1016/j.tem.2019.06.002&
https://doi.org/10.1038/s41574-020-0377-1
https://pubmed.ncbi.nlm.nih.gov/32632275/
https://scholar.google.com/scholar_lookup?journal=Nat.%20Rev.%20Endocrinol.&title=Exercise%20adaptations:%20Molecular%20mechanisms%20and%20potential%20targets%20for%20therapeutic%20benefit&author=S.L.%20McGee&author=M.%20Hargreaves&volume=16&publication_year=2020&pages=495-505&pmid=32632275&doi=10.1038/s41574-020-0377-1&
https://jsmj.ajums.ac.ir/article_203455.html?lang=en
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=-6nDMC8AAAAJ&sortby=pubdate&citation_for_view=-6nDMC8AAAAJ:s85pQhAUCrAC
https://doi.org/10.1152/ajpheart.00711.2013
https://pmc.ncbi.nlm.nih.gov/articles/PMC3920240/
https://pubmed.ncbi.nlm.nih.gov/24363306/
https://scholar.google.com/scholar_lookup?journal=Am%20J.%20Physiol.%20Heart%20Circ.%20Physiol.&title=Circulating%20microRNAs%20as%20potential%20biomarkers%20of%20aerobic%20exercise%20capacity&author=F.C.%20Mooren&author=J.%20Viereck&author=K.%20Kruger&author=T.%20Thum&volume=306&publication_year=2014&pages=H557-H563&pmid=24363306&doi=10.1152/ajpheart.00711.2013&
http://goums.ac.ir/journal/article-1-4377-fa.html
http://goums.ac.ir/journal/article-1-4377-fa.html
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=-6nDMC8AAAAJ&sortby=pubdate&citation_for_view=-6nDMC8AAAAJ:hQUaER0FWQ4C
https://doi.org/10.1159/000323267
https://pubmed.ncbi.nlm.nih.gov/21311168/
https://scholar.google.com/scholar_lookup?journal=Gerontology&title=Different%20molecular%20and%20structural%20adaptations%20with%20eccentric%20and%20conventional%20strength%20training%20in%20elderly%20men%20and%20women&author=M.%20Mueller&author=F.A.%20Breil&author=G.%20Lurman&author=S.%20Klossner&author=M.%20Fluck&volume=57&publication_year=2011&pages=528-538&pmid=21311168&doi=10.1159/000323267&
https://scholar.google.com/scholar_lookup?journal=Gerontology&title=Different%20molecular%20and%20structural%20adaptations%20with%20eccentric%20and%20conventional%20strength%20training%20in%20elderly%20men%20and%20women&author=M.%20Mueller&author=F.A.%20Breil&author=G.%20Lurman&author=S.%20Klossner&author=M.%20Fluck&volume=57&publication_year=2011&pages=528-538&pmid=21311168&doi=10.1159/000323267&
https://doi.org/10.1016/j.tem.2013.09.002
https://pubmed.ncbi.nlm.nih.gov/24140022/
https://scholar.google.com/scholar_lookup?journal=Trends%20Endocrinol.%20Metab.&title=Ketone%20bodies%20as%20signaling%20metabolites&author=J.C.%20Newman&author=E.%20Verdin&volume=25&publication_year=2014&pages=42-52&pmid=24140022&doi=10.1016/j.tem.2013.09.002&
https://doi.org/10.1113/jphysiol.2010.189860
https://pmc.ncbi.nlm.nih.gov/articles/PMC3000590/
https://pubmed.ncbi.nlm.nih.gov/20724368/
https://scholar.google.com/scholar_lookup?journal=J.%20Physiol.&title=Muscle%20specific%20microRNAs%20are%20regulated%20by%20endurance%20exercise%20in%20human%20skeletal%20muscle&author=S.%20Nielsen&author=C.%20Scheele&author=C.%20Yfanti&author=T.%20Akerstrom&author=A.R.%20Nielsen&volume=588&publication_year=2010&pages=4029-4037&pmid=20724368&doi=10.1113/jphysiol.2010.189860&
https://doi.org/10.2337/db11-1653
https://pmc.ncbi.nlm.nih.gov/articles/PMC3501844/
https://pubmed.ncbi.nlm.nih.gov/23028138/
https://scholar.google.com/scholar_lookup?journal=Diabetes&title=Impact%20of%20an%20exercise%20intervention%20on%20DNA%20methylation%20in%20skeletal%20muscle%20from%20first-degree%20relatives%20of%20patients%20with%20type%202%20diabetes&author=M.D.%20Nitert&author=T.%20Dayeh&author=P.%20Volkov&author=T.%20Elgzyri&author=E.%20Hall&volume=61&publication_year=2012&pages=3322-3332&pmid=23028138&doi=10.2337/db11-1653&
https://doi.org/10.1152/physiolgenomics.00124.2015
https://pubmed.ncbi.nlm.nih.gov/26850043/
https://scholar.google.com/scholar_lookup?journal=Physiol.%20Genomics&title=MicroRNA%20expression%20profiling%20in%20skeletal%20muscle%20reveals%20different%20regulatory%20patterns%20in%20high%20and%20low%20responders%20to%20resistance%20training&author=R.%20Ogasawara&author=T.%20Akimoto&author=T.%20Umeno&author=S.%20Sawada&author=T.%20Hamaoka&volume=48&publication_year=2016&pages=320-324&pmid=26850043&doi=10.1152/physiolgenomics.00124.2015&
https://doi.org/https:/doi.org/10.71702/eps.2024.1106824
https://sanad.iau.ir/Journal/eps/Article/1106824
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Eei2kU8AAAAJ&sortby=pubdate&citation_for_view=Eei2kU8AAAAJ:V3AGJWp-ZtQC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Eei2kU8AAAAJ&sortby=pubdate&citation_for_view=Eei2kU8AAAAJ:V3AGJWp-ZtQC
https://doi.org/10.3390/antiox9060498
https://pubmed.ncbi.nlm.nih.gov/32517297/
https://scholar.google.com/scholar_lookup?journal=Antioxidants&title=The%20Role%20of%20Nutri(epi)genomics%20in%20Achieving%20the%20Body%E2%80%99s%20Full%20Potential%20in%20Physical%20Activity&author=I.%20Petracci&author=R.%20Gabbianelli&author=L.%20Bordoni&volume=9&publication_year=2020&pages=498&pmid=32517297&doi=10.3390/antiox9060498&
https://doi.org/10.1096/fj.14-254490
https://pmc.ncbi.nlm.nih.gov/articles/PMC5058318/
https://pubmed.ncbi.nlm.nih.gov/24928197/
https://scholar.google.com/scholar_lookup?journal=FASEB%20J.&title=Diminished%20skeletal%20muscle%20microRNA%20expression%20with%20aging%20is%20associated%20with%20attenuated%20muscle%20plasticity%20and%20inhibition%20of%20IGF-1%20signaling&author=D.A.%20Rivas&author=S.J.%20Lessard&author=N.P.%20Rice&author=M.S.%20Lustgarten&author=K.%20So&volume=28&publication_year=2014&pages=4133-4147&pmid=24928197&doi=10.1096/fj.14-254490&
https://doi.org/10.3389/fphys.2020.00816
https://pmc.ncbi.nlm.nih.gov/articles/PMC7372125/
https://pubmed.ncbi.nlm.nih.gov/32760293/
https://scholar.google.com/scholar_lookup?journal=Front.%20Physiol.&title=Sarcoplasmic%20Hypertrophy%20in%20Skeletal%20Muscle:%20A%20Scientific%20%E2%80%9CUnicorn%E2%80%9D%20or%20Resistance%20Training%20Adaptation?&author=M.D.%20Roberts&author=C.T.%20Haun&author=C.G.%20Vann&author=S.C.%20Osburn&author=K.C.%20Young&volume=11&publication_year=2020&pages=816&pmid=32760293&doi=10.3389/fphys.2020.00816&
https://doi.org/10.1016/j.cmet.2017.02.009
https://pmc.ncbi.nlm.nih.gov/articles/PMC5423095/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5423095/
https://pubmed.ncbi.nlm.nih.gov/28273480/
https://scholar.google.com/scholar_lookup?journal=Cell%20Metab.&title=Enhanced%20Protein%20Translation%20Underlies%20Improved%20Metabolic%20and%20Physical%20Adaptations%20to%20Different%20Exercise%20Training%20Modes%20in%20Young%20and%20Old%20Humans&author=M.M.%20Robinson&author=S.%20Dasari&author=A.R.%20Konopka&author=M.L.%20Johnson&author=S.%20Manjunatha&volume=25&publication_year=2017&pages=581-592&pmid=28273480&doi=10.1016/j.cmet.2017.02.009&
https://doi.org/10.1152/physiolgenomics.00024.2014
https://pmc.ncbi.nlm.nih.gov/articles/PMC4200377/
https://pubmed.ncbi.nlm.nih.gov/25138607/
https://scholar.google.com/scholar_lookup?journal=Physiol.%20Genomics&title=Multi-omic%20integrated%20networks%20connect%20DNA%20methylation%20and%20miRNA%20with%20skeletal%20muscle%20plasticity%20to%20chronic%20exercise%20in%20Type%202%20diabetic%20obesity&author=D.S.%20Rowlands&author=R.A.%20Page&author=W.R.%20Sukala&author=M.%20Giri&author=S.D.%20Ghimbovschi&volume=46&publication_year=2014&pages=747-765&pmid=25138607&doi=10.1152/physiolgenomics.00024.2014&
https://doi.org/10.1096/fj.202100873RR
https://pubmed.ncbi.nlm.nih.gov/34423880/
https://scholar.google.com/scholar_lookup?journal=FASEB%20J.&title=Resistance%20training%20rejuvenates%20the%20mitochondrial%20methylome%20in%20aged%20human%20skeletal%20muscle&author=B.A.%20Ruple&author=J.S.%20Godwin&author=P.H.C.%20Mesquita&author=S.C.%20Osburn&author=C.G.%20Vann&volume=35&publication_year=2021&pages=e21864&pmid=34423880&doi=10.1096/fj.202100873RR&
https://doi.org/10.1113/jphysiol.2013.255695
https://pmc.ncbi.nlm.nih.gov/articles/PMC3784204/
https://pubmed.ncbi.nlm.nih.gov/23798494/
https://scholar.google.com/scholar_lookup?journal=J.%20Physiol.&title=Regulation%20of%20miRNAs%20in%20human%20skeletal%20muscle%20following%20acute%20endurance%20exercise%20and%20short-term%20endurance%20training&author=A.P.%20Russell&author=S.%20Lamon&author=H.%20Boon&author=S.%20Wada&author=I.%20Guller&volume=591&publication_year=2013&pages=4637-4653&pmid=23798494&doi=10.1113/jphysiol.2013.255695&
https://doi.org/10.1038/s41598-018-37895-8
https://pmc.ncbi.nlm.nih.gov/articles/PMC6397284/
https://pubmed.ncbi.nlm.nih.gov/30824849/
https://scholar.google.com/scholar_lookup?journal=Sci.%20Rep.&title=Lifelong%20physical%20activity%20is%20associated%20with%20promoter%20hypomethylation%20of%20genes%20involved%20in%20metabolism,%20myogenesis,%20contractile%20properties%20and%20oxidative%20stress%20resistance%20in%20aged%20human%20skeletal%20muscle&author=M.R.%20Sailani&author=J.F.%20Halling&author=H.D.%20Moller&author=H.%20Lee&author=P.%20Plomgaard&volume=9&publication_year=2019&pages=3272&pmid=30824849&doi=10.1038/s41598-018-37895-8&
https://doi.org/10.3390/cells8060542
https://pmc.ncbi.nlm.nih.gov/articles/PMC6627613/
https://pubmed.ncbi.nlm.nih.gov/31195688/
https://scholar.google.com/scholar_lookup?journal=Cells&title=Recent%20Data%20on%20Cellular%20Component%20Turnover:%20Focus%20on%20Adaptations%20to%20Physical%20Exercise&author=A.M.%20Sanchez&author=R.%20Candau&author=H.%20Bernardi&volume=8&publication_year=2019&pages=542&pmid=31195688&doi=10.3390/cells8060542&
https://doi.org/10.1016/j.cmet.2015.09.009
https://pubmed.ncbi.nlm.nih.gov/26456332/
https://scholar.google.com/scholar_lookup?journal=Cell%20Metab.&title=Identification%20of%20AMPK%20Phosphorylation%20Sites%20Reveals%20a%20Network%20of%20Proteins%20Involved%20in%20Cell%20Invasion%20and%20Facilitates%20Large-Scale%20Substrate%20Prediction&author=B.E.%20Schaffer&author=R.S.%20Levin&author=N.T.%20Hertz&author=T.J.%20Maures&author=M.L.%20Schoof&volume=22&publication_year=2015&pages=907-921&pmid=26456332&doi=10.1016/j.cmet.2015.09.009&

Yy

SOCIEF),
» Yo

S

-
S P B
B/
o et
b"VaVHdd’f
Biol. 2015; 16:178-189. doi: 10.1038/nrm3941. [DOI]

[PubMed] [Google Scholar]

[74] Viollet, B. The Energy Sensor AMPK: Adaptations to
Exercise, Nutritional and Hormonal Signals. In: Spiegelman B.,
editor. Hormones, Metabolism and the Benefits of Exercise.
Springer Nature; Cham, Switzerland: 2017. pp. 13-24. [DOI]
[PubMed] [Google Scholar]

[75] Widmann, M., Niess, A.M., Munz, B. Physical Exercise and
Epigenetic Modifications in Skeletal Muscle. Sports Med. 2019;
49:509-523. doi: 10.1007/s40279-019-01070-4. [DOI]
[PubMed] [Google Scholar]

[76] Williams, K., Carrasquilla, G.D., Ingerslev, L.R.
Hochreuter, M.Y., Hansson, S., Pillon, N.J.,, Donkin, I.,
Versteyhe, S., Zierath, J.R., Kilpelainen, T.O., et al. Epigenetic
rewiring of skeletal muscle enhancers after exercise training
supports a role in whole-body function and human health. Mol.
Metab. 2021; 53:101290. doi:
10.1016/j.molmet.2021.101290. [DOI] [PMC free article]
[PubMed] [Google Scholar]

[77] Xie, S.J., Lei, H., Yang, B., Diao, L.T., Liao, J.Y., He, J.H.,
Tao, S., Hu, Y.X., Hou, Y.R., Sun, Y.J., et al. Dynamic m(6)A
mMRNA Methylation Reveals the Role of METTL3/14-m(6)A-
MNK2-ERK Signaling Axis in Skeletal Muscle Differentiation
and Regeneration. Front. Cell Dev. Biol. 2021; 9:744171. doi:
10.3389/fcell.2021.744171. [DOI] [PubMed] [Google Scholar]

Q Sinshar Tsorfsiis?
\ 4 T

Y

~
L]
*»

Remodeling. Exerc. Sport Sci. Rev. 2020; 48:188-200. doi:
10.1249/JES.0000000000000227. [DOI] [PubMed] [Google
Scholar]

[62] Seaborne, R.A., Strauss, J., Cocks, M., Shepherd, S.,
O’Brien, T.D., Someren, K.A.V., Bell, P.G., Murgatroyd, C.,
Morton, J.P., Stewart, C.E., et al. Methylome of human skeletal
muscle after acute & chronic resistance exercise training,
detraining & retraining. Sci. Data. 2018; 5:180213. doi:
10.1038/sdata.2018.213. [DOI] [PubMed] [Google Scholar]
[63] Severinsen, M.C.K., Pedersen, B.K. Muscle-Organ
Crosstalk: The Emerging Roles of Myokines. Endocr. Rev. 2020;
41:594-609. doi: 10.1210/endrev/bnaa016. [DOI] [PMC free
article] [PubMed] [Google Scholar]

[64] Sleiman, S.F., Henry, J., Al-Haddad, R., El Hayek, L., Abou
Haidar, E., Stringer, T., Ulja, D., Karuppagounder, S.S., Holson,
E.B., Ratan, R.R., et al. Exercise promotes the expression of brain
derived neurotrophic factor (BDNF) through the action of the
ketone body beta-hydroxybutyrate. eLife. 2016;5: €15092. doi:
10.7554/eLife.15092. [DOI] [PubMed] [Google Scholar]

[65] Soci, U.P.R., Melo, S.F.S., Gomes, J.L.P., Silveira, A.C.,
Nobrega, C., de Oliveira, E.M. Exercise Training and Epigenetic
Regulation: Multilevel Modification and Regulation of Gene
Expression. Adv. Exp. Med. Biol. 2017; 1000:281-322. doi:
10.1007/978-981-10-4304-8_16. [DOI] [PubMed] [Google
Scholar]

[78] Yu, M., Stepto, N.K., Chibalin, A.V., Fryer, L.G., Carling,
D., Krook, A., Hawley, J.A., Zierath, J.R. Metabolic and
mitogenic signal transduction in human skeletal muscle after
intense cycling exercise. J. Physiol. 2003; 546:327-335. doi:
10.1113/jphysiol.2002.034223. [DOI] [PMC free article]
[PubMed] [Google Scholar]

[79] Zhang, D., Tang, Z., Huang, H., Zhou, G., Cui, C., Weng,
Y., Liu, W., Kim, S., Lee, S., Perez-Neut, M., et al. Metabolic
regulation of gene expression by histone lactylation. Nature.
2019; 574:575-580. doi: 10.1038/s41586-019-1678-1. [DOI]
[PMC free article] [PubMed] [Google Scholar]

[80] Zhang, Y., Sun, Z., Jia, J., Du, T., Zhang, N., Tang, Y., Fang,
Y., Fang, D. Overview of Histone Modification. Adv. Exp. Med.
Biol. 2021; 1283:1-16. doi: 10.1007/978-981-15-8104-
5 1. [DOI] [PubMed] [Google Scholar]

Table 1. Effects of endurance and resistance training on DNA
methylation in skeletal muscle.

Reference Exercise Doses Methylation Changes and

Gene Expression

[66] Solsona, R., Sanchez, A.M.J. Exercise and ribosome
biogenesis in skeletal muscle hypertrophy: Impact of genetic and
epigenetic factors. J. Physiol. 2021; 599:3803-3805. doi:
10.1113/JP281984. [DOI] [PubMed] [Google Scholar]

[67] Stephens, N.A., Brouwers, B., Eroshkin, A.M., Yi, F,,
Cornnell, H.H., Meyer, C., Goodpaster, B.H., Pratley, R.E.,
Smith, S.R., Sparks, L.M. Exercise Response Variations in
Skeletal Muscle PCr Recovery Rate and Insulin Sensitivity
Relate to Muscle Epigenomic Profiles in Individuals with Type 2
Diabetes. Diabetes Care. 2018; 41:2245-2254. doi:
10.2337/dc18-0296. [DOI] [PubMed] [Google Scholar]

[68] Taylor, J.L., Amann, M., Duchateau, J., Meeusen, R., Rice,
C.L. Neural Contributions to Muscle Fatigue: From the Brain to
the Muscle and Back Again. Med. Sci. Sports Exerc. 2016;
48:2294-2306. doi: 10.1249/MSS.0000000000000923. [DOI]
[PMC free article] [PubMed] [Google Scholar]

[69] Theilen, N.T., Kunkel, G.H., Tyagi, S.C. The Role of
Exercise and TFAM in Preventing Skeletal Muscle Atrophy. J.
Cell. Physiol. 2017; 232:2348-2358. doi:
10.1002/jcp.25737. [DOI] [PubMed] [Google Scholar]

[70] Tiffon, C. The Impact of Nutrition and Environmental
Epigenetics on Human Health and Disease. Int. J. Mol. Sci. 2018;
19:3425. doi: 10.3390/ijms19113425. [DOI] [PMC free article]
[PubMed] [Google Scholar]

Barres et al., Acute session, Hypomethylation  of PGC-/aq,

(2012) 6] Intensity: 80% VO,, TFAM, MEF2A Y PDK4 after
Volume: until 1.674 exercise. Hypomethylation
kJ of PPAR-d 3 h post exercise

Bajpeyi et al., Acute session, Hypomethylation of PGCla and
(2017) [4] Intensity: 50% VO,, higher mRNA levels in
Volume: until 650 responders to exercise
kcal

Lane et al., Acute session, Hypermethylation
(2015) [30] Intensity: 50% VO,, of COX411yFABP34 h after
Duration: 120 min the training session. DNA
methylation of PPARs increased
only in the fasting group

[71] Turner, D.C., Gorski, P.P., Maasar, M.F., Seaborne, R.A.,
Baumert, P., Brown, A.D., Kitchen, M.O., Erskine, R.M., Dos-
Remedios, 1., Voisin, S., et al. DNA methylation across the
genome in aged human skeletal muscle tissue and muscle-derived
cells: The role of HOX genes and physical activity. Sci. Rep.
2020; 10:15360. doi: 10.1038/s41598-020-72730-z. [DOI]
[PMC free article] [PubMed] [Google Scholar]

[72] Vechetti, 1.J., Jr., Valentino, T., Mobley, C.B., McCarthy,
J.J. The role of extracellular vesicles in skeletal muscle and
systematic adaptation to exercise. J. Physiol. 2021; 599:845-861.
doi: 10.1113/JP278929. [DOI] [PubMed] [Google Scholar]

[73] Venkatesh, S., Workman, J.L. Histone exchange, chromatin
structure and the regulation of transcription. Nat. Rev. Mol. Cell

DY VFo ¥ i) £ o859 slacaml 5 (p o3 ($55)50 53 dnlikad


https://doi.org/10.1249/JES.0000000000000227
https://pubmed.ncbi.nlm.nih.gov/32658040/
https://scholar.google.com/scholar_lookup?journal=Exerc.%20Sport%20Sci.%20Rev.&title=The%20Interplay%20Between%20Exercise%20Metabolism,%20Epigenetics,%20and%20Skeletal%20Muscle%20Remodeling&author=R.A.%20Seaborne&author=A.P.%20Sharples&volume=48&publication_year=2020&pages=188-200&pmid=32658040&doi=10.1249/JES.0000000000000227&
https://scholar.google.com/scholar_lookup?journal=Exerc.%20Sport%20Sci.%20Rev.&title=The%20Interplay%20Between%20Exercise%20Metabolism,%20Epigenetics,%20and%20Skeletal%20Muscle%20Remodeling&author=R.A.%20Seaborne&author=A.P.%20Sharples&volume=48&publication_year=2020&pages=188-200&pmid=32658040&doi=10.1249/JES.0000000000000227&
https://doi.org/10.1038/sdata.2018.213
https://pubmed.ncbi.nlm.nih.gov/30375987/
https://scholar.google.com/scholar_lookup?journal=Sci.%20Data&title=Methylome%20of%20human%20skeletal%20muscle%20after%20acute%20&%20chronic%20resistance%20exercise%20training,%20detraining%20&%20retraining&author=R.A.%20Seaborne&author=J.%20Strauss&author=M.%20Cocks&author=S.%20Shepherd&author=T.D.%20O%E2%80%99Brien&volume=5&publication_year=2018&pages=180213&pmid=30375987&doi=10.1038/sdata.2018.213&
https://doi.org/10.1210/endrev/bnaa016
https://pmc.ncbi.nlm.nih.gov/articles/PMC7288608/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7288608/
https://pubmed.ncbi.nlm.nih.gov/32393961/
https://scholar.google.com/scholar_lookup?journal=Endocr.%20Rev.&title=Muscle-Organ%20Crosstalk:%20The%20Emerging%20Roles%20of%20Myokines&author=M.C.K.%20Severinsen&author=B.K.%20Pedersen&volume=41&publication_year=2020&pages=594-609&pmid=32393961&doi=10.1210/endrev/bnaa016&
https://doi.org/10.7554/eLife.15092
https://pubmed.ncbi.nlm.nih.gov/27253067/
https://scholar.google.com/scholar_lookup?journal=eLife&title=Exercise%20promotes%20the%20expression%20of%20brain%20derived%20neurotrophic%20factor%20(BDNF)%20through%20the%20action%20of%20the%20ketone%20body%20beta-hydroxybutyrate&author=S.F.%20Sleiman&author=J.%20Henry&author=R.%20Al-Haddad&author=L.%20El%20Hayek&author=E.%20Abou%20Haidar&volume=5&publication_year=2016&pages=e15092&pmid=27253067&doi=10.7554/eLife.15092&
https://doi.org/10.1007/978-981-10-4304-8_16
https://pubmed.ncbi.nlm.nih.gov/29098627/
https://scholar.google.com/scholar_lookup?journal=Adv.%20Exp.%20Med.%20Biol.&title=Exercise%20Training%20and%20Epigenetic%20Regulation:%20Multilevel%20Modification%20and%20Regulation%20of%20Gene%20Expression&author=U.P.R.%20Soci&author=S.F.S.%20Melo&author=J.L.P.%20Gomes&author=A.C.%20Silveira&author=C.%20Nobrega&volume=1000&publication_year=2017&pages=281-322&pmid=29098627&doi=10.1007/978-981-10-4304-8_16&
https://scholar.google.com/scholar_lookup?journal=Adv.%20Exp.%20Med.%20Biol.&title=Exercise%20Training%20and%20Epigenetic%20Regulation:%20Multilevel%20Modification%20and%20Regulation%20of%20Gene%20Expression&author=U.P.R.%20Soci&author=S.F.S.%20Melo&author=J.L.P.%20Gomes&author=A.C.%20Silveira&author=C.%20Nobrega&volume=1000&publication_year=2017&pages=281-322&pmid=29098627&doi=10.1007/978-981-10-4304-8_16&
https://doi.org/10.1113/JP281984
https://pubmed.ncbi.nlm.nih.gov/34197648/
https://scholar.google.com/scholar_lookup?journal=J.%20Physiol.&title=Exercise%20and%20ribosome%20biogenesis%20in%20skeletal%20muscle%20hypertrophy:%20Impact%20of%20genetic%20and%20epigenetic%20factors&author=R.%20Solsona&author=A.M.J.%20Sanchez&volume=599&publication_year=2021&pages=3803-3805&pmid=34197648&doi=10.1113/JP281984&
https://doi.org/10.2337/dc18-0296
https://pubmed.ncbi.nlm.nih.gov/30072402/
https://scholar.google.com/scholar_lookup?journal=Diabetes%20Care&title=Exercise%20Response%20Variations%20in%20Skeletal%20Muscle%20PCr%20Recovery%20Rate%20and%20Insulin%20Sensitivity%20Relate%20to%20Muscle%20Epigenomic%20Profiles%20in%20Individuals%20With%20Type%202%20Diabetes&author=N.A.%20Stephens&author=B.%20Brouwers&author=A.M.%20Eroshkin&author=F.%20Yi&author=H.H.%20Cornnell&volume=41&publication_year=2018&pages=2245-2254&pmid=30072402&doi=10.2337/dc18-0296&
https://doi.org/10.1249/MSS.0000000000000923
https://pmc.ncbi.nlm.nih.gov/articles/PMC5033663/
https://pubmed.ncbi.nlm.nih.gov/27003703/
https://scholar.google.com/scholar_lookup?journal=Med.%20Sci.%20Sports%20Exerc.&title=Neural%20Contributions%20to%20Muscle%20Fatigue:%20From%20the%20Brain%20to%20the%20Muscle%20and%20Back%20Again&author=J.L.%20Taylor&author=M.%20Amann&author=J.%20Duchateau&author=R.%20Meeusen&author=C.L.%20Rice&volume=48&publication_year=2016&pages=2294-2306&pmid=27003703&doi=10.1249/MSS.0000000000000923&
https://doi.org/10.1002/jcp.25737
https://pubmed.ncbi.nlm.nih.gov/27966783/
https://scholar.google.com/scholar_lookup?journal=J.%20Cell.%20Physiol.&title=The%20Role%20of%20Exercise%20and%20TFAM%20in%20Preventing%20Skeletal%20Muscle%20Atrophy&author=N.T.%20Theilen&author=G.H.%20Kunkel&author=S.C.%20Tyagi&volume=232&publication_year=2017&pages=2348-2358&pmid=27966783&doi=10.1002/jcp.25737&
https://doi.org/10.3390/ijms19113425
https://pmc.ncbi.nlm.nih.gov/articles/PMC6275017/
https://pubmed.ncbi.nlm.nih.gov/30388784/
https://scholar.google.com/scholar_lookup?journal=Int.%20J.%20Mol.%20Sci.&title=The%20Impact%20of%20Nutrition%20and%20Environmental%20Epigenetics%20on%20Human%20Health%20and%20Disease&author=C.%20Tiffon&volume=19&publication_year=2018&pages=3425&pmid=30388784&doi=10.3390/ijms19113425&
https://doi.org/10.1038/s41598-020-72730-z
https://pmc.ncbi.nlm.nih.gov/articles/PMC7506549/
https://pubmed.ncbi.nlm.nih.gov/32958812/
https://scholar.google.com/scholar_lookup?journal=Sci.%20Rep.&title=DNA%20methylation%20across%20the%20genome%20in%20aged%20human%20skeletal%20muscle%20tissue%20and%20muscle-derived%20cells:%20The%20role%20of%20HOX%20genes%20and%20physical%20activity&author=D.C.%20Turner&author=P.P.%20Gorski&author=M.F.%20Maasar&author=R.A.%20Seaborne&author=P.%20Baumert&volume=10&publication_year=2020&pages=15360&pmid=32958812&doi=10.1038/s41598-020-72730-z&
https://doi.org/10.1113/JP278929
https://pubmed.ncbi.nlm.nih.gov/31944292/
https://scholar.google.com/scholar_lookup?journal=J.%20Physiol.&title=The%20role%20of%20extracellular%20vesicles%20in%20skeletal%20muscle%20and%20systematic%20adaptation%20to%20exercise&author=I.J.%20Vechetti&author=T.%20Valentino&author=C.B.%20Mobley&author=J.J.%20McCarthy&volume=599&publication_year=2021&pages=845-861&pmid=31944292&doi=10.1113/JP278929&
https://doi.org/10.1038/nrm3941
https://pubmed.ncbi.nlm.nih.gov/25650798/
https://scholar.google.com/scholar_lookup?journal=Nat.%20Rev.%20Mol.%20Cell%20Biol.&title=Histone%20exchange,%20chromatin%20structure%20and%20the%20regulation%20of%20transcription&author=S.%20Venkatesh&author=J.L.%20Workman&volume=16&publication_year=2015&pages=178-189&pmid=25650798&doi=10.1038/nrm3941&
https://doi.org/10.1007/978-3-319-72790-5_2
https://pubmed.ncbi.nlm.nih.gov/31314464/
https://scholar.google.com/scholar_lookup?title=Hormones,%20Metabolism%20and%20the%20Benefits%20of%20Exercise&author=B.%20Viollet&publication_year=2017&
https://doi.org/10.1007/s40279-019-01070-4
https://pubmed.ncbi.nlm.nih.gov/30778851/
https://scholar.google.com/scholar_lookup?journal=Sports%20Med.&title=Physical%20Exercise%20and%20Epigenetic%20Modifications%20in%20Skeletal%20Muscle&author=M.%20Widmann&author=A.M.%20Niess&author=B.%20Munz&volume=49&publication_year=2019&pages=509-523&pmid=30778851&doi=10.1007/s40279-019-01070-4&
https://doi.org/10.1016/j.molmet.2021.101290
https://pmc.ncbi.nlm.nih.gov/articles/PMC8355925/
https://pubmed.ncbi.nlm.nih.gov/34252634/
https://scholar.google.com/scholar_lookup?journal=Mol.%20Metab.&title=Epigenetic%20rewiring%20of%20skeletal%20muscle%20enhancers%20after%20exercise%20training%20supports%20a%20role%20in%20whole-body%20function%20and%20human%20health&author=K.%20Williams&author=G.D.%20Carrasquilla&author=L.R.%20Ingerslev&author=M.Y.%20Hochreuter&author=S.%20Hansson&volume=53&publication_year=2021&pages=101290&pmid=34252634&doi=10.1016/j.molmet.2021.101290&
https://doi.org/10.3389/fcell.2021.744171
https://pubmed.ncbi.nlm.nih.gov/34660602/
https://scholar.google.com/scholar_lookup?journal=Front.%20Cell%20Dev.%20Biol.&title=Dynamic%20m(6)A%20mRNA%20Methylation%20Reveals%20the%20Role%20of%20METTL3/14-m(6)A-MNK2-ERK%20Signaling%20Axis%20in%20Skeletal%20Muscle%20Differentiation%20and%20Regeneration&author=S.J.%20Xie&author=H.%20Lei&author=B.%20Yang&author=L.T.%20Diao&author=J.Y.%20Liao&volume=9&publication_year=2021&pages=744171&pmid=34660602&doi=10.3389/fcell.2021.744171&
https://doi.org/10.1113/jphysiol.2002.034223
https://pmc.ncbi.nlm.nih.gov/articles/PMC2342514/
https://pubmed.ncbi.nlm.nih.gov/12527721/
https://scholar.google.com/scholar_lookup?journal=J.%20Physiol.&title=Metabolic%20and%20mitogenic%20signal%20transduction%20in%20human%20skeletal%20muscle%20after%20intense%20cycling%20exercise&author=M.%20Yu&author=N.K.%20Stepto&author=A.V.%20Chibalin&author=L.G.%20Fryer&author=D.%20Carling&volume=546&publication_year=2003&pages=327-335&pmid=12527721&doi=10.1113/jphysiol.2002.034223&
https://doi.org/10.1038/s41586-019-1678-1
https://pmc.ncbi.nlm.nih.gov/articles/PMC6818755/
https://pubmed.ncbi.nlm.nih.gov/31645732/
https://scholar.google.com/scholar_lookup?journal=Nature&title=Metabolic%20regulation%20of%20gene%20expression%20by%20histone%20lactylation&author=D.%20Zhang&author=Z.%20Tang&author=H.%20Huang&author=G.%20Zhou&author=C.%20Cui&volume=574&publication_year=2019&pages=575-580&pmid=31645732&doi=10.1038/s41586-019-1678-1&
https://doi.org/10.1007/978-981-15-8104-5_1
https://pubmed.ncbi.nlm.nih.gov/33155134/
https://scholar.google.com/scholar_lookup?journal=Adv.%20Exp.%20Med.%20Biol.&title=Overview%20of%20Histone%20Modification&author=Y.%20Zhang&author=Z.%20Sun&author=J.%20Jia&author=T.%20Du&author=N.%20Zhang&volume=1283&publication_year=2021&pages=1-16&pmid=33155134&doi=10.1007/978-981-15-8104-5_1&

Y¥

o %é

0’0‘ - P N
SRS U/u:u/f./“bcj/d/]{/’ N
¢ (4 ad
Jlf;w’!
Reference Exercise Doses Methylation Changes and Reference Exercise Doses Methylation Changes and
Gene Expression Gene Expression
Seaborne et An acute bout of Hypomethylation of AXINZ, Nitert et al., 6 months of Hypomethylation  of RUNX1,
al.,  (2018) resistance exercise GRIK2, CAMK-1V, TRAF1, (2012) [48] endurance exercise MEF2A, THADA y NDUFC2
[62] (acute RE), followed UBRS, RPL35a, HEG1, and spinning (2-3
by 7 weeks PLA2G16 y SETD3 sess/week, 1 h)
(3d/week) of
resistance  exercise
(loading), 7 weeks of Alibegovic et 4 weeks, 6 days per Hypermethylation
exercise cessation al., (2010) [l] week, Volume: 30 of PPARGCI1A after 8 bed rest.
(unloading) and a min, Intensity: 70% Hypomethylation of
further period of 7 VO, max PPARGC1A after a training
weeks (3d/week) program
resistance  exercise - - . -
(re-loading). Robinson et 12 weeks, 3 times Shifts in the DNA methylation
al.,  (2017) perweek, 4 x4,90% less than 10%
Bagley et al., 3 x 10 repeats, 70% Global DNA hypomethylation in [54] VO2 3 min active
(2020) [3] RM, press and leg trained compared to sedentary. rest, 3 days of
extension Hypermethylation of GPAM y treadmill,  walking
SREBF2 in trained and (45 min 70%)
hypomethylation of SREBF2 in
sedentary. No changes in DNA - - - .
methylation of genes are Lindholm et 3 months (reswt_ance Change_s in DNA methylatlon in
associated with hypertrophy and al.,  (2014) to1 leg), 4 sessions, 5000 sites and different gene
inflammation. [34] 45 min expression in 4000 genes.
Abbreviations. AMPK: AMP-activated protein kinase; AXIN1: CAMK-  Turner et al., 1-6 sessions per Hypomethylation of HOXB1 y

IV: calcium/calmodulin-dependent protein kinase type 1V; GPAM:
mitochondrial ~ glycerol-3-phosphate  acyltransferase 1; GRIK2:
lonotropic glutamate kainate receptor type 2 subunit; HEG1: Cardiac
development protein with EGF 1-like domains; HOXA3: HOXBL1:
MAPK: mitogen-activated protein kinases; MEF2A: myocyte-specific
enhancer factor 2a; NDUFC2: C2 subunit of NADH dehydrogenase;
NR4A3: nuclear receptor 4A3; NRF1: nuclear respiratory factor 1;
PDK4: pyruvate dehydrogenase kinase 3; PGC-1a/PPARGCIA:
peroxisome proliferator-activated receptor gamma 1-alpha coactivator;
PLA2G16: PPAR: Peroxisomal Proliferator Activated Receptors;
RPL35a: RUNX1: redness-related transcription factor 1; SETD3: SET
domain containing 3; SLC27A4: solute carrier family 27 member 4;
SREBF2: sterol regulatory element binding protein 2; TFAM:
mitochondrial transcription factor A, THADA: TRAF1: TNF receptor
associated factor 1; UBR5: E3 ubiquitin-protein ligase UBR5; THADA,
associated thyroid adenoma is a protein.

Table 2. Effects of endurance and resistance training on histone
modification in skeletal muscle.

Resistance and Endurance Exercise

Reference Exercise Doses Epigenetic Changes and
Gene Expression
McGee et al, Volume: 60 min, 72 Higher global acetylation
(2009) [39] + 2% VO, max of H3K36
Yu et al., (2003) Intensity: 85% Higher phosphorylation of

[78] VO, max, Rest: 60 s H3Histones

(2020) [71]

week for 6 months

HOXA3.

Sailani et al., More than 3 times Hypomethylation in 714

(2019) [58] per week promoters of the physically
active than inactive men.
Promoters for genes encoding
critical insulin-responsive
enzymes in glycogen
metabolism, glycolysis and TCA
cycle were hypomethylated in
active relative to inactive men.

Rowlands et 16 weeks, 3 d/w, Hypermethylation in NRF1 y

al., (2014) 40-60 min/sess SLC27A4

[55]

Stephens et

10 weeks * 4 days,

Hypermethylation in responders

al.,  (2018) Progressive intensity compared to non-responders.

[67]

Maasar et al., (1) change of Hypomethylation after 30 min,

(2021) [36] direction versus; (2) mainly  in AMPK,  MAPK,
straight line, running protein binding, insulin, and
exercise. Wash-out axon  guidance  pathways.
period of 2 weeks Hypermethylation of VEGFA,
between trials. PPARGC1A, NR4A3

Rowlands et 16 weeks, 3 days per Hypomethylation of 409 CpGs

al.,  (2014) week, Participants sites and hypermethylation of

[55] were  randomized 146 CpGs sites.

into endurance or
resistance  exercise
groups comprising
supervised
progressive-loading
exercise sessions 3
x/week on  non-
consecutive days
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Table 3. Effects of endurance and resistance training on mi-RNAs
generation in skeletal muscle.

Endurance Exercise

Reference Exercise Doses Epigenetic Changes and
Gene Expression
Russel et al., Acute: 60 min Acute: up-regulation of

(2013) [57]

70%VO,max, Chronic
(10 days), Progression:
from 45 a 90 min to
75%V0,,

4 days of HIIT: 6 x 5
min (90-100% VO,), 2
min of resting

miR-1, —133a, 133b, —181
and down-regulation of
miR-9, —23a, —23b, y —31.
Chronic: up-regulation of
miR-29b and  down-
regulation of miR-31

Keller et al.,
(2011) [26]

4 days/week, 70%
VO;max, 45 min

Lower  expression  of
miRNAs (14 vs 7), Lower
levels of miR-1, miR-133,
miR-101 y miR-455.

Nielsen et

al.,
[47]

(2010)

Acute: 60 min, 65%
Pmax, Chronic (12
weeks), 5 days per
week, 55-91% Pmax,
60-150 min

Acute: Higher expression
of miR-1 and -133a,
Chronic: all miRNAs were
lower and restored after 2
weeks of intervention

Fyfe, J.J. et

al.,
[16]

(2016)

2 x 10 min, 1 min rest,
120% lactic umbral

Lower expression of miR-
133a, miR-378 y miR-486

Margolis,

L.M.

et al,

(2017) [37]

90 min, 2.2 + 0.1 L/min,

Lower  expression  of
myomiR in the highest
loaded group (miR-1-3p,
miR-206, miR-208a-5p, y
miR-499), Higher
expression of myomiR in
the endurance group

Resistance Exercise

Reference

Exercise Doses

Epigenetic Changes and
Gene Expression

Davidsen et

al.,

[

(2011)

12 weeks
5 days/week
60 min per session
20 sets by muscle group

17 miRNAs were detected,
and miR-78, miR-29a, miR-
26a, and miR-451 were
lower in the low-responders.
miR-451 was up-regulated.

Rivas et al.,
(2014) [52]

3  series of 10
repetitions, 80%
Maximun repetition, 2
types of exercises

17 miRNAs were
differentially expressed in
young people and no
changes were found in old
individuals. Only miR-423-
5p was up-regulated in both
young and old.

Ogasawara

et al.,

[49]

(2016)

12 weeks:
10 reps at 70% of 1 RM
for 3 sets with 2 min
rest intervals.
3 days/week for 6 week.

26 miRNAs were different
between high and low
responders, miRNA-136-5p
and miRNA-376a-3p were
up-regulated both in the
acute and chronic treatment

Mueller et

al.,
[45]

(2011)

2 sessions per week for
12 weeks of training
with  two  weekly
resistance exercise
sessions or eccentric
ergometer sessions

Lower  expression of
miRNA 1
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