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Extended Abstract

Introduction

The relationship between intramyocellular lipid (IMCL) content and insulin sensitivity presents
a fascinating paradox. In obese and diabetic individuals, elevated IMCL levels are associated with
insulin resistance, impaired glucose uptake, and metabolic dysfunction. Conversely, endurance
athletes, despite having higher IMCL levels, exhibit enhanced insulin sensitivity and superior
metabolic health. This paradox underscores the complex interplay between IMCL, muscle fiber
composition, lipid droplet proteins, and cytokines in determining metabolic outcomes.

This review explores the mechanisms underlying the endurance athlete's paradox, focusing on the
roles of muscle fiber types, lipid droplet-associated proteins, and myokines such as interleukin-6
(IL-6) and interleukin-15 (IL-15). By elucidating these mechanisms, we aim to provide insights
into potential therapeutic strategies for improving insulin sensitivity in obese populations.

This narrative review synthesizes findings from peer-reviewed studies on IMCL, lipid droplet
proteins, and myokines in the context of insulin sensitivity and muscle metabolism. Key
databases, including PubMed, Web of Science, and Google Scholar, were searched for relevant
literature up to September 2024. Studies were selected based on their relevance to IMCL, muscle
fiber types, lipid droplet proteins, and myokines in endurance athletes and obese individuals.

The role of exercise training on muscle fat content

As obesity and fat reserves increase, insulin sensitivity tends to decrease. Diabetic and obese
individuals have higher levels of Intramyocellular Lipid (IMCL) compared to lean individuals.
The increased intra-muscular fat content in obese individuals can impair glucose uptake by
muscles, which may reduce insulin sensitivity. Interestingly, despite the higher fat content in their
muscles, the oxidation of fatty acids appears to be impaired in obese individuals. Studies suggest
that the skeletal muscle of obese individuals lacks the metabolic adaptation necessary to respond
effectively to lipid exposure. This may result from an inability to enhance mitochondrial
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respiration in the presence of lipid substrates, as well as a failure to induce mitochondrial
proliferation. However, it seems that endurance athletes are an exception. Their muscles contain
more IMCL than those of lean individuals. It is a debated topic as to why the increase in
triacylglycerol (TAG) in endurance athletes is linked with improved insulin sensitivity, while in
obese and diabetic individuals, it is associated with increased insulin resistance. This paradox
highlights the complex relationship between IMCL, metabolism, and insulin resistance in
different populations.

Since the amount of type | fibers in insulin-sensitive obese people is higher than in insulin-
resistant obese people, it is believed that type I fibers have a higher buffering ability for increased
levels of IMCL, so they can prevent increased levels of ceramide and lipotoxicity. It has been
shown that the content of IMCL in the subsarcolemma (SS) of type Il fibers of diabetic subjects
is four times higher than that of exercised subjects. It is proposed that in type Il muscle fibers
IMCL content, size and number of SS area LDs are negatively related to insulin sensitivity.

The role of lipid droplet proteins in endurance athletes' paradox

Lipid droplets in muscle tissue are surrounded by proteins essential for their metabolism and
signaling. These proteins help mediate interactions with other cellular components and regulate
the droplets' positioning. Studies suggest lipid droplets can recruit proteins for fat hydrolysis or
storage. Decreased perilipin 3 (PLIN3) levels in obese individuals may lead to higher
intramyocellular lipid (IMCL) levels, while PLIN2 is typically lower in lean than in obese
individuals. Research indicates that PLIN2-deficient mice are resistant to diet-induced obesity.
This resistance can be attributed to a reduction in food consumption and an increase in physical
activity levels. Additionally, evidence suggests that genetic inhibition of PLINZ2 is associated with
a decrease in the size of lipid droplets.

In general, the content of PLIN2 is observed to increase in individuals with higher levels of
adiposity. Endurance athletes, characterized by an elevated fat oxidation rate and increased levels
of PLINS, are believed to enhance PLINS expression in muscle cells in response to exercise
stimuli. Conversely, it is noted that muscle cells in lean individuals and those with diabetes are
inclined to elevate PLIN3 levels. It is posited that the skeletal muscles of athletes utilize PLINS
to facilitate the storage of fat reserves, subsequently optimizing the oxidation of fat droplets for
energy. This hypothesis may be elucidated through the interaction between PLINS and adipose
triglyceride lipase (ATGL). PLIN5 demonstrates an ability to associate with ATGL, and its
capacity to sequester ATGL at the membrane highlights the critical role that PLINS plays in lipase
activity.

The role of IL-6 and IL-15 in endurance athletes' paradox

Changes in body composition correlate with alterations in cytokine secretion, particularly
interleukin-6 (IL-6), a pro-inflammatory cytokine crucial for immune response. Research shows
that muscle-derived IL-6 is linked to lipid metabolism rather than inflammation, and while obesity
is associated with higher IL-6 levels, IL-6 may also facilitate intramuscular fat storage. 1L-15,
another important myokine, helps regulate fat metabolism in skeletal muscles and is linked to
reduced adipocyte fat accumulation. Circulating IL-15 levels negatively correlate with body fat
mass. While training status can influence the IL-6 response to exercise, it's less significant than
factors like training intensity and duration. Notably, exercise increases I1L-15 levels, but training
does not affect its baseline levels.
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Conclusion

The relationship between intramuscular fat content and insulin sensitivity presents a complex
paradox, particularly when comparing obese individuals to endurance athletes. Research indicates
that while both groups exhibit higher levels of IMCL, the implications for insulin sensitivity differ
significantly. In obese individuals, increased IMCL is associated with impaired glucose uptake
and reduced insulin sensitivity, potentially due to a lack of metabolic adaptation and
mitochondrial dysfunction in response to lipid exposure. Conversely, endurance athletes, despite
having greater IMCL, demonstrate improved insulin sensitivity, suggesting that the context of fat
accumulation such as the size and location of lipid droplets, the presence of specific proteins like
PLIN and the roles of myokines such as IL-6 and 1L-15 plays a critical role in metabolic outcomes.
The differential effects of IMCL on metabolism highlight the necessity for further research to
elucidate the underlying mechanisms that allow endurance athletes to utilize intramuscular fat
effectively while avoiding the metabolic dysfunction observed in obesity. Understanding these
distinctions may provide insights into potential therapeutic strategies for improving insulin
sensitivity in obese populations.

Keywords: Lipid Droplet; Skeletal Muscle; Metabolic Diseases; Muscle Lipid Paradox;
Endurance Athlete

Article Message

It appears that the mere increase in intramuscular fat content does not significantly contribute to
heightened insulin resistance. The literature suggests that factors such as the specific locations of
fat storage, the size of fat droplets, the types of bioactive lipids present, metabolic adaptation,
associated coat proteins, and cytokines may contribute to the observed paradox of muscle fat
accumulation in endurance athletes.

Funding

This research received no specific grant from any funding agency in the public, commercial, or
not-for-profit sectors.

Authors' Contributions

All authors participated in designing, implementing, and writing all parts of the present study.
Conflict of Interest

The authors declare that the research was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of interest.

Acknowledgments

The researchers wish to extend their sincere appreciation to the esteemed officials of the Faculty
of Physical Education and Sports Sciences at Guilan University.

Sport Physiology, Volume 16, No 62, 2024



DOI: 10.22089/spj.2024.17168.2332 AY-YY Lao FY o)lad V& 0,90 N Fo ¥ lisli o o359 555092 jud

> LN
/ 319 Siels Muliiofeiuig
‘ https:/Sp].SSIC.aC.Ir :ay pit olKsg T

N
$29y0 :Wlio £ g8
Cunlud g (FINWEE U (32 @0 (gt DL 1 3 ol (51510405 59 5 91
éle é‘)" 5 Lﬁ':"m‘ é')m))s » hﬁ"’”""
" i (i goaw ¢ 1 a0 o>

Ol ety (LS oKails ¢ L3355 pole 5 (Sdan i 0aSlaily (L3559 (659l e Sliwl
U‘)‘" El ‘Q)Lf oKisls “5.1':)')5 f’?l‘g 9 SNy sasisls «‘5.(:))')5 6)5J5;)~5 G@A}u ‘_g):So Y

sty f e Rose ooy
Sport Sciences Research Institute

VXL AIYY 15 iy ey VFo¥ e ANNY 5ol oy )5 Vo (o810 bl o fus )

Mohebbi@quilan.ac.ir : Jues! ¢ oowe duos & Jgiue 00 giik

Combas 5 Dlae il oz gess o blol i glinnl G805 55 (uSsoll ((VFY) L 0a5 0 dus o ginn o (e ( BOE Ll 0920
TY-AVAEVNF o5 53alaesed il 913l i GIS85,5 53 (ol

oS>

S abw yo 09h bl s aldae wiile (Jamdl) 2y opdd €l joa Sl Jo gy el umw ()7 20T
Gl ez e wl ) QUly ol gy olhd e b obw 30 05 o0 0y d 2y Wiyl Wygo 4 g Slas
A ol (S o232 0053 03151 31 oy st 391 A5 1l gF A tewl Caydgise (61510 Card b oyl Lol (S 6 pusd cyiadao JSC
Wl oo i) (Gdas s Jsbw (350 (132 Gl ol (Bl 9 039 I8 L 0gd yzie Jobw (b o o jo JHLS
oLy &S GlaigS s tawl Wglao Soliiw! (4 )ICS 559 50 o ay cpl Lol 0410 pudiincs BLS ) (yd gunil 4 Coglio b g gud90 (1l g
927 S50 (252 05 Joro Ylokol .39 0 0ubline (rd gl &) Copmlins (il 31 (VA (3953 (2252 (Slgiomo a3
99 &9 <uld lylo Yool g Gl 31,31 9 00559 oo cawl (fKow 99w (Lodad 99278L ol jo ¢ 042 ©lyhad oS 5
ol 0138 oo 15l T panedgilio 5 (o80 JUSKw 2 Ylosior | caiilivgy oo 1y o) 1 a8 pelans 45 o3 W i - 0ibly crgliio
930 b Ao opl .08 oo oS ] CurBge ricmad 9 (Jolw 6152 ple 9 dagsd Ol phad (o Jolsi & ouiomod W pdig p
o) 93io ol 5 1y U (yaiig 1 i oSl galito YIS g Sl LA 33 (252 o pad s BLG 1 8590, b o ligiions
&9 <abd slylo b Gl o181 g 1510559 oy (GDas Bl 50 (252 gead 50 Wl g LSluil (] » (Fu called il yil g

.Msosw)).gv

s oliwl 8% 559 « SHae gy W90k (ST gl (s g Lo ¢ Sl alde « oy Ol o :,.54515 Q@j‘,

LV RYT)

93l e ey oo S5 4 (1) 955 e jeeol Sl 1o Dl 5 (B9l 4 Wi oo 5 Jols 05
Canglie ial3dl alavlsay Sl Cin Cnles 2alS 5 (V) GLUTA 2als alalsas ;S6l5 Lo 2alS b o>

terms and conditions of the Creative Commons Attribution (CC BY-NC- ND: No Derivatives)

@@@@ Copyright: © 2023 by the authors. Submitted for possible open access publication under the
BY __NC_ND license (https://creativecommons.org/licenses/by/4.0/ ).



https://creativecommons.org/licenses/by/4.0/
https://spj.ssrc.ac.ir/article_4446.html
mailto:Mohebbi@guilan.ac.ir
https://orcid.org/0000-0001-9858-5964
https://orcid.org/0009-0006-0024-2052
https://spj.ssrc.ac.ir/

N e C8 (22 g0 bl ol ()10 )9 (I 9815k

ol 6l 1 sidsed Conglin T3l 5 ST oz b Sama (i il S (T ) (el 4
e el )0 o)z 45 958 o0 (27 0L s b S8l o sl el jen (B) (e 5 oS jopol 2l 4o
G2l ] il 5 oz 0 il i sl o oz oS b Bl Gikear b sl 03 d Sensl il
o ooy lis ¢ Jlo ylaie ay sl ol ot B mad golin s b ol 381 (] (F) Sl ol pods o gansi] 45 sl
S9Sse Sidged G03 Ole G2 5 s Sl Ol Gl e ST Sk o (o Gl il aS el
Caglio b e ygumlonST lojen (iolidl ygas ( cdSwl alae ;o (LCFA) "ol 0,056 oy el Gl a3l (V)
o () 0L (23 B pas Jds & (FFA) Yol3T G > slaon daw (il (A) el las e <l ol o gl
FFA 095 5L o8 )2 3lz o131 o Lol cams oo (2al331 1) ()T Gl 5 05 0 0y slonsl &y iy (oo yhwd
@hls oL anglio 1o o Brae (5] Sl wo)s Pl i Slaoad )0 0z Gl erelaST ol
() oo ol (g lobine yobey Jlo i o335

Lowdly FFA) Sl3T w2 (slaseal 5 (TG) Ty S5 5 Galil 5 ool il a1 Wlioo (27 9l @3
aS Cewl oals oolo las gl LBl ple ;o o,z D 0,30 Cage Wilgl oo o,z 0L polie (plpll e oxie
Ol 4 a5 lodsay €M) 0gd Jsho b o Slae jo0 S 4 i Wil oo S plo o (g5lwo pusd oy
a5 Gl ool 5l (S g s o JuSis 1) oy 009 I AT vga Sl alae a8 o oS $ig]
aS Cewl (LDS) @ oz olyhad IS a4y i slo Jsbo (3,0 o)z pBd aiS 0033 095 0 1) o o) Wls o
o onisy M Jgiap) Joiliod 5 one ¥l Joilind £ 0nsS pastlind ol 45 (sirlsiod 4 5 L
aSs slgsl SILDS oS conl 7 hkae ans 3 ol g)cnlil (] oDl gl palaSis,y aSiis slid qlie oS 5 ()
8y 533 4 ot Dl )55, 45 53 ) Al s g o (35 Syl 231555,
e ol 1o 05 o 3 25 o 35t sl |y IS LDS (Dl ok, (OF) 353 antls o ol
Joles aas o Jglate guudS” @ LDS aS sy oo Hhai 4y cpl pls ¢V F) WS o (6 S ol FFAS S g3g.d
A5l Al IS5, 031 L (2o 5 Bl L3 3 (Dlie Jsko 55,9 2

atis ol SLAIL alia ;s AMCL) ' Slae sl 5,5 slos 1 s 7V &5 slls gl 9,8l 5 (s o1 3
ool 5 Yozl 5 (V0) 598 oMlae Lawgs ;I8 cusls &le Wlgs oo Gl ol 3l 5 IMCL adl o358l =olaws (V)
s ol Slo Wools 51 B el ool ools lis a5 )b ylan s alS' | dgud! 4 Sl Wlgs oo 3,k
Sl g el ol e rdguil 4 Conlus 2alS b Sl cMae 10 (TAG) g pedS Juw] (55 gazs a5 ol
Jawliso a5 ol lis glaadllas yo diwly e 30 (V) o)l o 0 1) (dgudl & Conlus 20158 TAG

. Long-Chain Fatty Acids

. Free Fatty Acids

. Triglyceride

. Lipotoxicity

. Lipid Droplet

. Phosphatidylcholine

. Phosphatidyl Ethanolamine
. Phosphatidyl Inositol

. Intramyocellular Lipid

0. Triacylglycerol

P OoOoO~NOOOT, WN -

Y a)w Ald 099 F.Y uluwdl.a ‘gf:’j)ﬁ ‘5)9]9;)...9



olSed 5 oo vy
2le o5, boadadss slacs, wdlae (ATGL) Y5Ld oy pucdS (555001 izan § TAG (DAG) ' Jg S
i 1555 5 ey o 15 € L V) 351 (el & Canglio 38 oy sl 5 423l 2al58 o
@ Cwglio LIMTG zolaw IS05,0 e ol 81 jo az ST el oads ools lis sidgh ,0 Wgd co Cgue Ll
ol 3l dslie 1o (6, IMCL (glgiome  eliiwl o] )IK05 50 cOlae au) co a5 a4y )ls puitine bLS 1yl guud]
aS Sl pl Al @SSOV F) i 50 (6 i sslawnST s )b gl ls IG5, o8 cpl 5 ogdle (VE) o ls 2
sanlice LDS o3lail b abasly ol ax 51 60 )lo pudits abasl) ol 31 (VO2MaX) ¥ 6 pae 5SS Ta> b LDS sloss
33l o g gl 4 Camslas il58l L el )55 0 TAG Lislidl 1 aS ged50 ol .(VA) Sl oo
O35 S 93lly «Blyys (5Kl pion £9d90 el olyor (rdgudl 4 Cooglie Al L (ol 5 Gl
S oo oy 1y el 4 Saagliie b () LLS )T g paed plia LIMCL Ll 1 oS el (5l 90 990 (Shaliitnl
ol o ) 59 I 99154 50 IMCL ks

shls Gl o8l o1 g5 sla,b (IMTG) ¥ SMae (9,0 Jg S Jwlis )5 Slgiome a5 Conl o ools L
(55 oSt (el 21 o b 5ty el ol s sl Gl 13151 a5 (el 4 ol
Sloduzy g (5edl 09,5 S a5 Pl (glgime ¢ Jilie s (V) Gl sais oalive Il g9 sla,5 o abaly ol Lol
Aoy b oY) aiyls Gy slaacl gleil b gonel wis jo 5eKiinl lasl 5l Slitie a5 s o d oo
Vool clpliy €12) wil atasly SMae b g9 4 Conl (Son ] gooss 3 ol b3, o 1 gg5 sla b iy
ey byl 0 duel s zshaw Gll Glojee 5 S g58 Syl 0 IMTG zslaw alidl ez (else acgorxs
PSB! oyl Clin 31 53 Waal s 25 o 42,51 823l 38 31 el &y anglin s, il oo
@ pylie Gl o815l dguil a4y Colu slylo Gl o181 01 g5 slayb e aSITSl b 04y (YY) o,las 55>
Al yili8l melaw (6l (6 iy Sy 8L SUlg | ggs sla b aS o )ls vgzg slizel cpl (V) conl yion sl
ol 3l elem 53 (V1) S S el> (S gisnd 5 Sl ol (P11 Al e cnlple 18 IMTG
Sl (2bo g Glr o3 51 iy (elinl ())58555 50 IMCL (slgizms 45 wisls lad ()5 57 5l (9 cadly
Ol gl eizmen ol iy (bs o8l 4y S (g lobine jsbay el (LSS5 55 0 | ggi sla,l g (YY)
&8lg,0 g el T g5 sl )b o9 3YL @ bogyye ctalainl 105,49 ;0 IMCL i (glgime 7.5+ 51 g a5 wisls
lag] a5 col opl ax gl aSS ol 1 g4 sla b 4 cans (g0 IMCL lgize ol YA g45 sla )l
g (YY) 2,2 Oy olasl o8l & el oy @l pdad slases ]38l do 4 IMCL 1580 wis S (6 S aes
oS 2 10550 LDS 0l alS s (559 (slollad o ol 5 o Sam 5 ¥ m aalllas ecdbio el
0900 sz oyl o5lasl i34l Yz WS oo slpaiing waled S (YY) Wi ,S5 saalie IMCL (o 1) (5 lolins
(V) 5500 2t gl &1 sl G213 43 ol Lo

. Diacylglycerol

. Adipose Triglyceride Lipase

. Maximum Volume of Oxygen Consumed
. Intramyocellular Triacylglycerol

. Ceramide

. Van Loon

He

~No U~ wWN R

2y O)Lo.& Ald ISTE Al uLa.w)b ‘6&})5 6)9“9")“"9



Yy e C8 (22 g0 bl ol ()10 )9 (I 9815k

ol 9 95800 TFIY Gl ar AL WS (sla )l s ps Gralil s (5l (i pe a5 il (LiS () Sen 5 Y a0
et )b Gl caalaST end b il Sty cnl el ol o o3l cnl o el gl 4 Sl o133 L By
Al 4555 (V) 5385 @Ml IMCL (slyzone a3l o 1t cogmnl & ol 33000 ol e 5 52, (5 3
ol o aSglaisSa «(YF) cowl oo sanlie Dlac la )b (o 55 pdgudl dlalgdy 5568 Qi jo glay 4l
ahaulgay SIS Qa1 g9 sla )b jo a5 cul Jb> jo cplecwl o Il go8 sla)b 4y cod 5605 Qi | g6
(Y5) e gl allgty 3S3IS i 51 iy ol VIO M AL

b la,b cilises £lgsl e e (5,0 oy Slsione 5o Dslis Ylazs| el oads sanlive Slalllae o 455k o los
cos 4l 0 IMCL (glgime a5 wisls ylas o) Ko ¢ ¥ opdis (glandllas jo .ol bLS )| jo ol gl 4 ol
LDs s s |, Gglas ) g ol 00,5 0y o3 01,81 51 siin ply Jlem  ubo ol 3T g6 sla,l5 (SS) T sledsS L
50 a8 wisls plis 0g3 anlllae yo oLSee 5 Fens (YY) susls 1 €9 s, SS 4zl o ondio >3 555
ol oyl shie bl deudl @ Gl LSS axb LDs slass g ojlail AMCL (glgizas Il g5 i sla,ls
sob e (YA) 0isS oo i |y gl 4y Cowlus 25343 SS jo aBlpai LDS a5 wo,S #,)kae | 4y ,lai oyl
Sloiza e g ol Y o181 51 iy ply g0 B g0 £45 (ubs g 3l o131 0 IMCL zglas a5 conl oaids ools Lis
asdllas Lwl)y e 30 (V) cal Il 98 slo )l 51 iy (5 loliae jobody og,S dan jo | 45 sl o IMCL
Sloze Gl g Conl (&Y o181 51 iy Bl g0 U g0 g8 (ubo g 3l 01,8l 0 IMCL zolaw a5 ols jlis (6,550
(Y) ol 1l g9 sla )l 5l yion (s lobins Hoboas laog S ann yo | g55 sla,l ;o IMCL

st 5 e Silplie sl e Gl 511, dym] 42 Cangli Wi e 6L 3 DAGS gand oy s i &
@ Comlus DAGS YL zshaw 0925 b cteliil oI55, 50 a5 aisls olad o San 5 & Slol (V+) ol azils
5 3l S8 50 oz e Dol (SisSz 4 barpe sili g5090 (il (gmpn (7)) Sl iy 55 bag] (e
Mg eoite (ploodon 61 e I DAGS (ol ol (asuine a5 &g los .0 o0 (735, 1) LS5 59 b (ko
Sl Sl o 2l ) 53 85 el L & iy TAG 55,000 DAGS s sl poons 31 (2 5 oo
3 5 S i) (V) 35,55 o S DAG il slip Byl o5 (ot 5 ol 9 16 L) 5,105 51
slop Szl (1) 5500 oo o cal (55500 Jaio] 555 oyl 22 Cunslio slal 1 DAG slag gl sl
(1, 2-DAGs 4 2, 3-DAGS) (5,5 slap 893l 9 (1, 3-DAGS ) (g LSLu p,855! 5 wiloads olwlil g ow,,» DAG
2,3- 51,3-DAGS asle g <l 1,2-DAGS g4 5| oISl SMlae ;0 DAG pguwgs sga (YY) wiloals 8 20 DAG
2805 8 C S 5 b 511, ol & Enslo 12-DAGS 3 dap g3l (! ohas 51 s DAGS
Al (0F) el Jlaji 5 3l 38 51 2t ¥ i cales (sDls 831 5 K505 i 3 o sliis 5 403 o
Sl awsSae alayly ygudl 4 ol L 1,2-DAGS o lodsS )l (slgiome o stolisw] ol 15559 sliiulay oSl

1. Dubé

2. Nielsen

3. Subsarcoplasm
4. Daemen

5. Amati

6 .Protein kinase C

Y a)w Ald 099 F.Y uluwdl.a ‘gf:’j)ﬁ ‘5)9]9;)...9


https://en.wikipedia.org/wiki/Protein_kinase_C

Ohes g (o vy
&2 5l G (SrmnS Fged 45T 0510 0925 (LSS5 5 50 Jelse (S NICE PO sl plgsse alple «(1F)
g oo Jolse (nl Cagll carge (35,5 Dl el 5 Codled g aims o el |, DAGS

SHaS 2 Slgm0 53 (o9 Sl o5

Bl ol 55 piny egdge wns )5 o 1y Gl o3 IMCL slsins wiion 3l50 o o5 LT 45
5 IMTCL (glyiomo cundlyss (g3lon (208 (o] cBlaio 5 0yzeS (2l 5 wolo Lt o) en o ' cilaills tagly
L e 2By asly cod OMSe oyl Yoz a5 Wogs odudie pl o) Ken 5 coladle .S 2ol 1) IMCL & 545
2 5 sl gl Yol o w5 9 Sl iy S7D) 0 LS |, Jolosss s el b
wssly ylid oL en g (290 iyl idl OMae ob)ye Cadled iU d gl 4 Caaglie Sgge 0 4 A5 ls 59
398 o 3l 01,81 jo laael 1w VYF g DAG o /YA jials o IMTC /Y)Y iul3dl cow (5l90 (o aian VF
Looadasdns slas, ;0 TAG (glyore lolize e iulidlaS ols lis 10 bo asdllas leaxdl ol 5l Colas o (YY)
VY 555 o0 DAG mhaws (g,lolne (ol o (55190 (0 pod azad 00 3l Ly 0,2 slie

Wlgs oo (seliiwl 185559 ¢ Jlo i el ol 31 Sl SMae 10 0y gelonnST AMCL gazs pogdle NI
I Laals Gl ol 8l Cilae  owdid o g (S )5 Lol iy a8 wll oolo las Cllas cpl 5l Coles o ail @glaie
@ ol (I Codgazme w3, dhanlyts (59 (B 5l &5 39 (pl dalllas (ol 0 Az gl S5 WS (o
(Sl adliw ol Bl icads 0 (YF) 0,50 jodd (Sow,S Lyl 5o i 0500 Lol o8l 09 sl ol 31 o gl
3als o655l a5l B pan &y 50 g daad oo (LA ) 150950 5 38 025 Sz emlannST Uy falS
OglaanST 0l 5 Gliee sl 039 b Glar o131 a8 Cunl (o yo cnl tpaind 09 (Rl 5 O (22 RS B S
YY) 350 o (335 299500l Gialil S SnTslr sl bl puilSo Slyiay &5 ainspo lis |y o
Ot 08l al3l o alidee ool )3 (259 lacedlad (o3 a5 0l (lis Lo sla gy I o
(YA X)) 098 o0 ol o, Sles S9uts § 25>

4l (nlosdoe azlye PLSIL Gl o131 )0 © p2 ladel GglannST oS sy o0 S5 @y baatdly (ol azgi b
A 030 B8 ) Bymeys 35,5 5 il o 3l o3l ISl alie aims e ot o Slilllae Lo
3 G g i Gl 5o (SUlg 99 o 4 Wil oo Bl 09 al (F1) 95d o0 Colos il (Sl
S oshy Ll e ;0 (F) wll (g 0T e 2S5 W jo QU5 095 Lo s L 5 0y slimgm ;50>
5 ol Y FY) wiols Gl | Gy (218 mes, boddadss s, 10 (6,08 gl oSl jo P L LS
(P FF) 531 oly0m 3l Slo, 13 (6 S 5h0n ot 5 S im0 Skt S50t b 53l 2505 o8 o o
SRl jskieay Gl enilSe Blsiea oz (238 ) b eadandss slac, o TYoaticde oty n (Rl
3 ey ez 45 dye Ll 4 Lol (1) el oad saslin oy slaasal arlannST Vil 5 il S
0555 5 358 gl & Cuaglie dnags s lyicge ootz cosliols (38550 ol e 4y Dle sla ol
oo bo (8 Sladllas aset ccdlae () 5l colas 0 0l so iol33l 55 gmmlonST e IMCL iol581 b el

GL(MU; ‘LJ"‘ > as)‘LC (\c&) Q}M:Ga L:uu) u)La.c )é QS’L’)“XSW L)M.Q.u QW (S 6)‘9& U“)‘N as ol UL"M"

1. Malenfant
2. Uncoupling Protein 3

2y O)Lo.& Ald ISTE Al uLa.w)b ‘6&})5 6)9“9")“"9



Y5 2l 7 g0 Bl holiisl {55559 5950,

Slezxl BYs 51 (S wilgs o a5 (VF) cwl Gl o181 51 5ol (K85 ,5 o381 jo sl aiile baaed 528150
Bl greliial G559 50 edgad] 4y Sl

Gl ol 3l g LI035 50 o] 58 Ten sloaisS 9 LDS slass sl crozs Joxe jo &iglis NICESPFWANES Sk
oyl & ol S5 Jlazol LN S FF) il o855 50 £33 sl lyee 9 At 5 39 55 S
2 IMCL zslaws yiol38l LS 5o wilgs oo 3la 01,8 j0 5 (Sdgilin et 090 a5 sy oo Hlas a5 0yl 5 ogdle il
Aol ansly i b g Gl ol B S gilie YL

ol (10559 S 9915l 48 22 Ol g S (g ) S

ol 4y (gl slge (al 0955 «95 50 Sl oz slasaul 5 JoymudS zolaw Gl Ll Gl a5 5k les
S g 5 edl g 51 il 455 590 5 alaiome S5 4 bagryz ol 3 L Yl b go Gali3l Jobe
(FA) 5525 oo plml LDS 5 gz 3lwo oS (SiomanS gi5ed 5l 6555l jslaets (FY) wiS oo (5 5 ol
(FR) aad oo 5 Sondl gl polgSis, a5 3 U>lye ol a5 Cenl _ilies ol e (sl ls LDS (5,05 S0
Vool b ety ol e N8 51 oy T KidliSns 5 padolie 2 45 Wilowd S5 (4u55g 0 lods 51 LDS xlaw
Sy S saz e sl BT cnl Casdes JuS g ok izt nle b (opz Slla8 lee Jole 50 (coge S
ey (F e Jlo s (F) S o0 J5US 40325 g 3k ald j0 2550 lam T g oz lyld a5
2P0 wes e I (o7 ileonBI L gy a5 9,8 e S ) alagnetn LDS o5 0S8 o
oy OV 3yl 2 IMCL ol 2al331 1o Ylaim! 5lo 01,3 4o (PLIN3) ¥ o 60 5ieS (slgioee Canl o]
O o bents n onl slyioee Yt .aily axsls ol jod 4 oy meadpilio | (s e S, Wi oo boinatSo p o)
Sl Gglaie gwliinl o[855, ¢ sl ol 3

Gh Sy, 45 Sl oty 4Lt PLIN 95 ety 0955 coiies (o5 0 o0lgils sliacl 5l LDs I sl
PLIN2 g o a3l 35 o 60 955 pb s Logoe a5 PLINT ol oolgils ol (sliacl .(OY) w5l (s pulote
<l s Les PLINL (OY) i PLINS (OXPAT) 4 PLIN4 PLIN3 (TIP-47) 4 (ADRP, adipophilin)
ot i g onl g oo cdalive 5 Sdlas cdl o eolgls ol slacl plo Ll wgd o sdalice gm0
0F) 35)ls o> gilwo > pudais jo

aS Cowl oo ooly lis aigd Jate glaie o3lasl L LDS 4y s oo oz 45 PLIN oolgils slaiyiggy 51 G o
(B0) 35 o0 0033 5 SgS o5kl L LD ;3 PLING 4 PLIN3 5 595 o <l 5,5 sla LD ,s PLIN2 4 PLINL
Sl 55 05,58 j5bay PLIN 6olgils 5l giae cpl (00) 595 o o il ples ;s L ya PLIN2 asle PLIN3
Gl s (589 Sudlad Do Sl e (8559 Solad (o3 oS a0 oo LS Lo slaatdl 5 09d oo Olo (22
e 55 T ol g 998 oo lo S o)z <l 0 Lulul 35 PLINA (0%) 0gé oo olial o> <l PLINS
G o IS jeboay 0 ool oS wiile glannST slacdly o PLING (00) cal (5 5eS ol 4 B 5 Sl
(OY) ol ous 428 55 LDs 53,55, PLINS

1. Perilipin

Y a)Lm';’: Ald 099 F.Y uluwdl.a “;&)’)9 ‘5)9]9;)...9



SrS sl oibad cdlad 510F) o)ls i oy ldad LSis 0 d(OA) ole oYL by alises slo gk ;o PLIN2
b3 oo oL 4 398 o b plaatdly g ars 3 ] (O) 08 oo S | Lo Jg el Julis 5 39,55k 9 035
g o 2olS LD & L) 0 edS 55 jemsl wyiws sabcitS slaglw ;0 PLIN2 o3l s oylo
T0+ Gliee 4 525 0y pedS 6 5 59 008 (e @By (nl Cllaie g 2B anlys il 5 ssd GialS l abawlga
(0%) 098 c0 (§5Bgmd malS s PLINZ 05l s Lo ol 0 0gdle ((OA) wuly oo 2alS

(oSl @Mae ;5 PLINZ (glgizo PLIN2 5 o s Oglas J,.,L» pogdle s oo lid lbaidl yiores
PLINZ 68l sla g dimo oo lis a5 conl Sldlas b gued gl opl (F2) ol 3l b5 5l eS ,6Y o;
bt maw ol g eS lde il o Jl s wglie pl witae pglie olde sl 5l 5U Bl blas s
ez Slhd oslal pals L PLIN2 (SLis) oS pw a5 ol oadosls ylid pozmen (FY) ail oo yiion S
A.Ia..uljd.v PLIN2 u—’j"ﬁf U’““"‘JS‘ as ;.\..A)Ga ).la) LY) AJ;U.)‘ C.'L..a Q"‘ O d.‘>5.a Lv u.ul).‘Lu (7\) Sl 0392 o‘).o.a
J.)Lso u.,.:\).s‘ J.S)lo Sy (27 as §¢|)é‘ B PLIN2 6‘9:‘"“' Egoma yo ol S ulj..‘aﬁ olaws 9 o)’bj‘ W‘Jé‘
ko ;0 IMLC iy 0,53 L PLIN2 os 5l oo Lo cadline jobay a5 conl a5 ol lo a5 p3Y (PY)
Gilw 0,33 50 Canl (Ko PLIN2 coite oudais (ol plis ((FY) sl ol jor gl 4y Gl g0 9 SDlae
Sy sl alae 5,b wljlyw}\gmb asly i oy ohhd o0 pnddsS o5 JSKG 4 o gl
32 O 50 (gl ST g 3 9O (w3 59 S pod ik

S8 10 ¥ Bpan ST zgl do 0 VO S b celitul (a3 sle (il a5 wiols lis (YVY) o) Sen 5 "ol
Sloze (nl podle sl oad plp 93 Gl 4 B g9 93 2 ;0 IMTG (dlgime alfl con (0l Gy
O3 b gaan PLIN2 Ly oS el Jl> jo cpl ccdl (lidl (B g g0 10 30 plp VP (i 4 (5,005 g5
aS ol las (6,58 adlas o b (FF) <l iulidl bl an Gl 4 | g o)l 0 s IMTG (glgiowe
ol38l o LDS slaws (ioli8l b fleye Gla lo e jo atan jloa Sow 4 eglad Sy yed g Jlg o) Sl yed
TAG zshaw g 8l iol38l 1 g1 )b g5 90 ;2 ;0 PLINS oS Jl> 5 w098 o | £95 sla,b ;o PLINS 4 PLIN2
Sl phad gl ;o PLINS wilS'go i ay g5 b ol sl «(P0) <ol (ralS sl js abans Lol caile B s 90y
i3 IMTG (g5lw0 53 50 3dgd Sl b el by ped glin l5e a5 sl o wsls ylid Slallas « o>
A JOUES S IRV - VI (4 @ JE CT-X Y] ST N PR ON POUN IPRV PRt o] L1 IPOIN V1 b L S Y JO ISP ¢ P D IRVRAKS
;0 PLINS a5 cewl oals ool ylid 550 (ggm 5l anil anils gl 285 LDS (50,550 5 ped golie Sguge o
O Gilwoym>d )0 0aiiS s i gl oolaiwl bawslw b DAG jiaw jo &Sl b a4 Ul Sdlac
(F0) 3l IMTG IS

Ay 5 IMTG jiw jo ol Jleasl 5 g G 105 30 Sl OMae 5dsd 10 pediies Hoboas Ylez>! PLIN2
PLINZ #glaw 5 39 o0 IMTG (g loline (ialS o goliin] o yoi a5 ai0ls ojlid _agsy jo .(FA) <ol LDs
FE £0) cosl Mac (0 IMLC i]381 b gucans PLINZ o] 33] a5 Jl> )0 «(F) 0,5 i )13 (3 o3 ).,JL,M:;U

1. Adipose Triglyceride Lipase
2. Shaw

3. VO: peak

2y O)Lo.& Ald ISTE Al uLa.w)b ‘6&})5 6)9“9")“"9



Yy 2l 7 g0 Bl holiisl {55559 5950,
Cabs sl 33151 5SS (o555 50 LDS ojluil Sl 4 azgi L a8 sl ouds (28 €555 nl cnlpl 15+
b o3l 51 eSS e 50 PLIN2 ol 5e 04 co 8L 55 )5 o3lail LLDS [ i PLIN2 4 ol g0 g4
Ol e golie Juo wuiles co Yol 09 oo a28,5 Jlas ;o PLIN2 s ATGL Lo Jolss a5 oK (V+) col
€9 obo slyls 1,31 ,o PLIN2 L LDS calioanigy gaw a5 pudly asiils Hlai (o .00 zendgi 05,5 90 0 |, LDs
Jolse cnl ggomme Yool (FY) w8l i (obs ol,31 18 ATGL sy oo ks 4y g canl LIKE5 5 5l i 9

0 aslss 5 655 1o 5 3l o3l 5o Sgisead Called aalS o
wies ) C-aibl a4l jo @l 2Y0 5 IS Jlos 3las ZFY 6l,lo PLINS gPLIN2 cowl onds ool yLis aSbxT|
aboo sl gl &yee 4 PLIN3 Lo PLIN2 03l sl Jolw ;o (V)) &)l 295,05, 6,k alis
o sl imgs (YY) o)l (25 pg590l & (o35 5l laes 3T JWES! ;o PLINS aS 09 oyl » ygead lotl jo (YY)
o o o blie 5o ol atales 15U JoSo g KuSedls g Sliwd-F jeile 005 oS 5 PLINS S e oS ols L
95w A Cowl oad ools lad Cdlas ol 5 coles jo (VF) cenl 0uls 0l TAG (g5luo 55 g LDs g4l o
Syl Jis a [, TG pes o1 oyl Ll a8 ol Jl> 50 (ol 048 0 TG zalaws [ialS s SIRNA L PLIN3
lazdly (V) ol muiiins bl 1 il cdSul oMae 1o b o) ¢ygumlonnST ol (ol 33 LPLINS 251580 .(YO)
Olidos gl wa, oo a5 4 (YY) canl I g95 sla)b 5l man | g5 s, ;0 PLINS (50 a5 a0 so ylis
wilosls las by iagh oy a5 sbas il adlie 5SUsS ooz oy ;o PLINS jolis jogas o
358 (B aS Iy «(VA) cel oy &Y ol 8l 5l g lobie jebay ool 3> g 3l ol 31 )3 PLINS (slgixe
045 .(F) 5,5 so5 1,8 Culiinl (e g Sl obces oSl oae [0 PLINS aus oo slpiiny Oladllas

LY cwl ol o IMTG (glgizme yial38l b Mlac glo Joko ;o PLINS ol ion (Lo a5 sl oals ools ylias
(A) coloais 00yd S 2568 oLl 5 00,5 ed )55 50 1y 1 g9 sla )b PLINS lee ols o0l 9925
095 95 2 1 g9 sla)l )5 IMTG (lyiome (190,50 i 0929 b (252 32,5 5l (m &5 Sl (pl 25l 5SS
a5 o9 Jb 0 cplecdl ol | ggi slayli o LDHPLING slass 00,5 0 o5 o)) 555,59 50 Lt conisanlllas
aS wil cpl ladls cpl 0szg cde wls plple (Ar) <8l iol33l LD-PLINS i 58 S o6 ol,81 o

(DY) Cesl oS 3l 51,31 10 IMTG (glgiome ay o PLINS (glgiocs

WDgr S Sodlad sllo a8 Wl ol 8l yo gy G138 00, 59, Cin aS sls LESPLINS glaizs yo o138 0235, 53]
oo 5o loline iol38l Lol cos PLIN2+LDS il33l cpian g1 £45 sla,l5 ,0 ol TPLINS (glgime iol38) o
SHOYY) casls iol58l )b g8 g0y 0 LD-PLINS (l50 ¢ Jilas o .o cowlice LD+PLINS (l50 g PLIN2,S 3
PLINZ 5 g3l coglio 5 55len o pos a5 Cal 0als o0l Lis LDS (slo gy o o yed 5l o0 Ol sy Jlaie
5 Ol HYA) aub oo a3l yes 1,0 PLING Lol ¢ 0,05 g0 g5 cubis (glyls ol 31 CGIS8 ¢ ATGL  PLIN3
3ol sz <dL CGIS8 3 ATGL PLINL o ol a5 wws oo plis Lo oladllas ;o ool a5 el Jl>
Sodlad a4y atly 09928 Slss Gl b o0 S5t (09 Sdlad g (s Sl 0 Bl g oz n 1B ),

(V) b ial8 YL cas b g sl Ol yes 510 Leas CGI-58 o aS glaisSas wogs o) 59

1. C-terminal

Y a)Lm';’: Ald 099 F.Y uluwdl.a “;&)’)9 ‘5)9]9;)...9



oy Ko g saxo YA
sanlive (BY) 3,15 LDS 55,53k 1 coate (i oIS, 5bds 5 9bco cylar S aile u5lpanS T sloczily 1o PLING
LD 5gy00n ol (BV) Slically b ilil 4 sl 15 DAG gazs (ialS L PLING sl ol o5 ol ooy
S 5l 45 o3 1Y) el shpan sl Laly )3 s erlSs 5 & il b sl roXication als
PLINS cl> ol 5o canl (pl p 2,8 .(FF) wub oo ial38 FA (g5lo ol wogd ails p 5l joum (s loe ol o
ER) asl asly g5lod codled o Slae o Sb> 1@ PLINS o) oo i 4y 5 098 Jaie ATGL o wilgs o
S A PLING ol s ol s & o5 L 55 Ua s bS] a3 o]l (5n 5o
(AY) 998 o0 (5,955 o 5 LDS Jolas (238l s

s oalB sloJoles ;3 PLING (S s o sl o 08l s e sl Lpoyiasl 5 PLING i b L5l 4o
leST oyl Glojan 5 998 o0 LDS Sz sS 5 aS LSAT G (Mae glaJsbe jo 5 LD (adifSas
Sl pban cnl g s (IS ks Jol o 45 ols ot Sdarlie ol eais snlia (AT) il o gl
it s ol b 58lge liions ales oy o 5 4 Lol S(AF) ol Il ol 10 Loy ¢yl il 38
skoygys o0bopsd TAG L0,k waliss ;5 Yais] PLING 45 0,5 ko |, dsd b ol o Kad 5 ' gl
aS ol ool plias as )8 cpl sl coles 0 (AD) ojls i Jeko 7,5 © iz ool arwlanlST baws 5l iy
b e 2l VY ooy amslannST (IS lie 5 0l oo Gl (ki Jols S PLINS W30 (slo b0 0
Syt ;o 0 Dglite luigTa Sl dlae )0 gy el llyd (nl o &5 cul Jb o ol
S5 o iy oo IMTG 2alS b sl Gialdl Gl 5 53t oo slaeed e PLING a3l slo o
aasol yoo oz 5 e 10 admndl ds Caoglie 4 PLING (i g 03 arlgo [Siiio L PLING il agiisne ,o LDS
(AD) o i

ISl Slae ;3 PLINS e (AF) conl 1l 55 slob 51 siin | 55 slab 4o PLING oLy il edlae 4o
LD+PLING olass 3,5 Iy 6 Joline ks (6015 5 5 o2 i o2 535 it 31 ma cabpg dlad (s, ls ol 3
6550 lagisy 4 S )b s glaise 50 oBTPLING (5 5 1 58 sl 5l it | g5 sla)ls 5o
Sloidiy ) Kep g TSl (YY) Cublas (6t slandis Al 3l G o S g ol Lol g i e
3131 15 65 sl o5 o35 el 8355 co 03,5 s ya5 oly31 15 g5 PLING (6lfs LDS i3l s oty 55 i S
08,5 155 1, ailie gl 525 o) 5ie 5 T SKewgSiliz, (AY) 055 _co eanlica PLING a3 LDS gl 00,55 oy yos
w50 % 2oz I8 w25y sS993 50 PLINS 5 IMTG (glyiome (ol o iz (2l8 2, ol plis oS
Slaass 2 laBLEl J1 (555 (nyed o) Sleiiy (lSiegh (nl b oo (2o 55 PLINS G p2S (olae
sl s il IMTG (glyiome aliitol o yo 5 o el Sl 45 sl ol g5l 4355 (AA) 5, PLING
Ao, #Y PLINS oo Yo PLINZ slocyidgyn sloome oopped 5l el Y ClldS 5l Ly oS ol Jb> 0 o0l
IMTG 52, PLIN (slopuig s cansl (5o e co Ui o ool gl il Lial33l oo $Y PLING
Sliime 53 3B L Gl cnl & aites eade ol GiSen 5 Tz LBl 4RSI age (BB (28 3l

1. Mason
2. Phielix
3. Rinnakoski
4. Jevons

2y O)Lo.& Ald ISTE Al uLa.w)b ‘6&})5 6)9“9")“"9



o e 4y o e alac S o (AR) 0gd o el )05 s 10 S g ralS e Ylez>I PLINS
asdlas cplazd 5158 PLINS (glgizee ;o (6 Lol w09 co (5,08 g0 PLINS (g 000 VI8 iol38l s i 8o
Ol bS] g 10 g Al Ay il (6,0 ge ;0 jdaud al 3 0 YL PLINS oS wuS' o slpiny
() Gl 550 (6,058 5o 0y S

Tobe 458 5ol dF)) il (i PLINS (lio 5 6 5VL (o2 (gl 53 rolial o)) 8055 55 45|
ol Jles yiien (o8))9 Culld iluand 4 guly po (grelitul IS5, o 31 (Dlae sla ok o5 058 0
e (Y8) Wl PLINS iolidl a4 g ymion bles cubo g 2V ol 8l dlae slo Joluw aSJl> o asjls PLINS
Slp ol 516 oS o eolinwl oy pB8 (omaius sl PLINS 5118005 ,9 ol 31 oSl @dlae a8 coul (]
ooz gs ATGL 5 PLINS Lo Joles Lawgs il s 3 ol auS eolasul gy @lhd 5 a s gulanS]
ik il e g5, PLING Lawgi ATGL (¢l oUlsi 955 hate ATGL 4 Wlgi oo PLING (V8) wily
4 S 585559 01,81 Jo PLINS zglas a5 il asiils ol 45 .(AY) cel (g3Ld codled o Slae ;o PLINS sl>
3 PLINS (oo (Shsad si ol bl | 3 ot 5ol ] o b b g ol jity i 5 3l oY o3
(OF) Wl LD (s59lgm 10 o lo i bopod 6w o0 Hha5 4 . (VA) ais cdwline gl 4 conlis
5275 51LD o815 PLINS aiis it « Sl cslos Slac 5 58 ooy blbs g Blod & auisy o
65 iln b Ll o PLIN (255 (OF) aits J38 51 LD e 4 lald (s s J555 50 b sl Ul
AY) Ceul oads 225 151 525 (CMA) Vsl b 556651

el @l o351 5 ol seliiul oI55 59 ;o PLINZ #olaws 5 o)l & LDS jiiw ;o PLIN2 caods> jsbay
Lol el 3l ol 31 51 5S> 8" sliinl o)L, IK55,9 ;0 (2,2 Dl ad olail as” el Jdo ol 4 NI 6,55k oyl
S3lwo B3 o &5 Cesl Ayl (65155l s o0 Sl 4y 0095 0 PLINZ zolaw (Al o (5559 (2 yod &S]
ladsl Gl o3 SIS alae Wlgs oo 5 99800 (22 S8 0 S5 S8 4 0z lased]
Sgd oo b (Sgnd F 5 (10,5 dgd5e ol ot L IMTG (g5l 0,55 ioli8lay e 5.3 PLING LauS cladlows )
(AY) 09 oo s Sloally [L a8lal &y &l ;0 DAG g yialS 4y leguigee ;o PLINS o5l in Lo
@ Sl )0 oo 18 IMTG (sl (al8l b ganon PLIN (slagesisyy sloime (2l 31 Ylotal ol ol
ol e (55l it 00,8 3 o5 8055 p9 YWkl 5 ol e sl 0,5 5 5 S8 g
(A=) asS eolaiwl byl 51 Jols g, (oym Gialidl as el jo aled oo a5 aiiwa PLIN

ol 150539 g5 9313l 9 AhaS 39 92 (530 33 g o gilio S 10 L gilo
oads aslid wiyls ads Sl OMlae (o b oz peedsilie j0 a5 T SlapSenle 5l golass L3 sl L o
ol gilie oS )0 o i 3,10 guae Bl ien aSILS) TlayS o) ol eolsils oS gl ol lee jo .l
i a8 (A0) vgi o a3l oledl s (pgule SO laiear IL-6 dapyT Gle 1o (AF) o)l Jok o,Slae 4
IL- 5 S a5 cowl ouls ools (lis a5 Jl>y0 S oo Wyl Gz slacigae plp jo B slopudlSe )0 oo

1. Chaperone-Mediated Autophagy
2. Cytokine
3. Interleukin

Y a)Lm';’: Ald 099 F.Y uluwdl.a “;&)’)9 ‘5)9]9;)...9



RULS S E R v
oS el o o0l Lt dm ST AF) Gl Lo o ) pradpplio b aShy 1 ol e el b aliae | s2ioe 6
sl areiioli Al 39,0 yz (@il yeS 0 IL-6 L8 (AF) sl ol o 0,31 45 1L-6 b 33l L Sl

5l o giioe IL-15 .53 o wogmms LSl S3liae 18 oyz medsilio 19 mie GloinEsle 5| Koo S IL-15
@7 9 dbae S8b LS sniasplis &5 wes S ) (052 sladske 10 (257 geS Sl (e (ST EMLAe
Doge 4 N (27 009 b (e ysb 4 (59,5 )3 IL-1S mhaw o5 5l 392y eunde (pl il (o2 peddgille o
P Ehe,n Ve Gl wbe 0,2 a0 YT Gals 4 IL-15 mhau 38l ey 50 (AY) el bl )l o oo
28 i Lawdly VIDL slgiome wuo 0 Y7 falS 5 oS 5sed 6000 FY 2ol (805 )0 slag kS 65
Sialdl 4 wlsi e IL-15 (YU zsbas 3,15 oyz edsilio )3 oot 5 1L-15 a8 ams oo (,LE3 s ol (AA)
S SIS IMTG oz 2l &) ol (Sas 45 (12) 355 i (SMae ol ;5 o yz (bl (gl
L O ) YL el Sae Jloys 05,5 b dglin 13 la o3l o IL-15 lawsdly zobans cains so lid Slalllas
Lo yo Sl s 4 g oo 3la 031 50 IL-15 b ial33 487 5,0 5g2g slizel oyl az )51 el (Vo)) iyl
5 e rSelr p sadlne Sl ol (Sae 3l o3l jo TL=19 mhaw 2al33 AV V- V) wsl Slol oy b b
sl 4zl el plo b ol Cdl 45 ayr o 5l i o3l

LU gilo T 5 39 ()9 S o8

30 e ey D g Dol aS Cewl ead ooy lad el ules Jlews Sy Cdled Sy 4 IL-6 S gile
oslat jsb 4y Lawsdly 1L-6 mhacs ey 5 assiie soglad (s yod S5 b 450V +¥) ils ool 285 1L-6 tyl53l
5 s SelS 5, 4 oLl Jsb o 1, IL-6 wilgi o ISl bl oSl o &S5 .00+ F) sl e sl
KT P97 pob 4 abae (5SS pohaw ol sl () 9 egn gl ;5 IL6 GLe (V0 0) WS udss TNF
S e b 1 ISl odlae (5 L6 Ssbie 25 aamsly (ol (V- F )+ V) sy ge Gial3dl Sl o3Las o
Gololire yoss IL-6 il el «gily 30,550 (Staliul oy i aam Vo 51 ay cioly lid ol e g ) i
aS Jl>yo ol glad plpy Y8 Jolee oiuli8l IL-6 v ol> o jad duds G 4y sl jo wauzdly o (PN IRORARY
g " dg,S anlllas yo (Vo A) 0g pln A L ol (g ped ddr S @ ol o Gl Gl (el Al I ey
L syl cp s azan il gl 51 ol (el a0 Gl ;0 TL-6 Slewdly laws 5wl ools lid o, Sen
s 6l Ken g Cdy,S a5 sl axls cds b anlllae ol gl s plSin 45 il o EalS YU S
Sl gyl o 0 gyl Oyl azin (iS5l ey Vil iy is,S ool lhas o 5l ol
b iolS g o 0oliesl IL-6 zxbans 3y yad (6,551 (gl oo o 51 a5 o oot () - 3) iy zals
5 g Y| o agi s Geluly ol €0 oA Ve AV Sl sas 5,155 IL-6 mhaw il
SIS g b Sutn e o b il 5 il ol e T bl antls il g ¢ 116 sl o1,
BT sl 3525 L SOV VY VYY) ol L o Bl 2015 5 gl &y Gl Sguge L 1L-15 .l oS Dlias
005 Celled Gyl oo (Rl (0555 Colled alag S Sl Gy 115 mhaw az ST ols Glas e 5 A
ONY) 5, IL-15 has 53 (5,50

1. Fischer
2. Croft

2y O)Lo.& Ald ISTE Al uLa.w)b ‘6&})5 6)9“9")“"9



S 5 A
i GlS8555 5 Bl S3l Blae slosbe 5,0 i lyie e ol o tesy @l IS sbe
@ Caglie (Rl 0l Jokeissyd 2 Sl Gl B o sy oo S5 Ll el gole Sl 3 5 i
sz Slyhad olail e oy 0,33 ey Dglas NN o o las OVl (ygie bl alil coge (i yd gund]
o5 oS3l sbml jo wiilgs oo LB ghle 5 (ids oS n (Sdplie Bl dovn) 55510 slaaiss
Ceos 45 31 3925 5 (6,500 (I slacslis Ylonm| sl axals ha el o135, Dlas oz
Sz 0yed a5 Jb o saisS oy o5 s o LDs (o Ol yebay ailes e aod  cwelaisl o8l jo 1> aas
it (53l 1 Sl slapaln 355 0 Selatlin 8 Shae P 5 s Copm &1 20 Gl i 3
lariign alizs sl g, jleslaiul b (g pin sloyimgh ploul 4y .cewl saile iz Liil ooz 90 0l jo o]

el 5l (Gelitl LS55 50 S 93l (nl slun) Slapasils SEres S jolaien
Wlio ply

B0 s BB ek 4 ol 4 (Dlae sladshe J21s oz Glgime )0 Bro SlBlAS w0 Sl
Olylad ojlasl ¢ oy 0038 b la Joxe wiile alse a5 a2s co lid Slalllae Lol 2yt gud] 4y Cooglie
el Son Lol gile g bad jo (cadisy loinaiis n ( Slnlio 6,55 oz ge Jldianm ) slovnnd £55 (02
caasl ansle e celaiwl o859 OMlae jo oy mesd ol saslice uSgall o

&bw

1. Khalafi M, Mohebbi H, Symonds ME, Karimi P, Akbari A, Tabari E, et al. The impact of moderate-
intensity continuous or high-intensity interval training on adipogenesis and browning of subcutaneous
adipose tissue in obese male rats. Nutrients. 2020;12(4):925.

2. Mohebbi H, Rohani H, Hassan-Nia S. The effect of 12 weeks endurance training at 2 different
intensities on GLUT4 mRNA expression of soleus and gastrocnemius muscles in obese mice. Apunts
Medicina de I'Esport. 2016;51(191):93-9.

3. Saidie P, Mohebbi H, Rahmani Nia F, Mohammad Ghasemi F. Effect of unsaturated-high-fat-diet and
aerobic training program on serum levels of adiponectin isoforms, insulin resistance and lipid profile
in male obese rats. Journal of Sport Biosciences. 2018;10(1):103-18. (Persian)

4, Safarimosavi S, Mohebbi H, Rohani H. High-intensity interval vs. continuous endurance training:
Preventive effects on hormonal changes and physiological adaptations in prediabetes patients. The
Journal of Strength & Conditioning Research. 2021;35(3):731-8.

5. Gastaldelli A, Miyazaki Y, Pettiti M, Matsuda M, Mahankali S, Santini E, et al. Metabolic effects of
visceral fat accumulation in type 2 diabetes. The Journal of Clinical Endocrinology & Metabolism.
2002;87(11):5098-103.

6. Rohani h, safarimosavi s, Mohebbi H. The comparison of 12 weeks continuous training at fatmax and
anaerobic threshold intensities and high intensity interval training on antioxidant enzymes and lipid
peroxidation index in pre-diabetic patients. Med J Tabriz Uni Med Sciences Health Services.
2020;42(2):168-76. (Persian)

7. Hoseeini M, Mohebbi H, Ghafoori H, Rezadoost MH. The effect of aerobic training in hypoxia and
normoxia conditions on the signaling pathway of lipogenesis and lipolysis in the liver of male rats fed
a high-fat diet. Journal of Practical Studies of Biosciences in Sport. 2024;12(30):8-26. (Persian)

8. Bonen A, Chabowski A, Luiken JJP, Glatz JF. Mechanisms and regulation of protein-mediated cellular
fatty acid uptake: molecular, biochemical, and physiological evidence. Physiology. 2007;1-14..

9. Mohebbi H, Rohani H, Hassan-nia S, Pirooznia N. The effect of obesity and endurance training-
induced weight loss on UCP3 mRNA expression in C57BL/6 mice. Iranian Journal of Endocrinology
and Metabolism. 2013;15(3):311-21. (Persian)

Y a)Lm';’: Ald 099 F.Y uluwdl.a “;&)’)9 ‘5)9]9;)...9


https://pubmed.ncbi.nlm.nih.gov/32230849/
https://pubmed.ncbi.nlm.nih.gov/32230849/
https://pubmed.ncbi.nlm.nih.gov/32230849/
https://www.sciencedirect.com/science/article/abs/pii/S1886658115000535
https://www.sciencedirect.com/science/article/abs/pii/S1886658115000535
https://www.sciencedirect.com/science/article/abs/pii/S1886658115000535
https://jsb.ut.ac.ir/article_67026.html?lang=en
https://jsb.ut.ac.ir/article_67026.html?lang=en
https://jsb.ut.ac.ir/article_67026.html?lang=en
https://pubmed.ncbi.nlm.nih.gov/29939900/
https://pubmed.ncbi.nlm.nih.gov/29939900/
https://pubmed.ncbi.nlm.nih.gov/29939900/
https://pubmed.ncbi.nlm.nih.gov/12414878/
https://pubmed.ncbi.nlm.nih.gov/12414878/
https://pubmed.ncbi.nlm.nih.gov/12414878/
https://mj.tbzmed.ac.ir/Article/22735
https://mj.tbzmed.ac.ir/Article/22735
https://mj.tbzmed.ac.ir/Article/22735
https://mj.tbzmed.ac.ir/Article/22735
https://jpsbs.birjand.ac.ir/article_2591.html?lang=en
https://jpsbs.birjand.ac.ir/article_2591.html?lang=en
https://jpsbs.birjand.ac.ir/article_2591.html?lang=en
https://journals.physiology.org/doi/full/10.1152/physiologyonline.2007.22.1.15
https://journals.physiology.org/doi/full/10.1152/physiologyonline.2007.22.1.15
https://ijem.sbmu.ac.ir/browse.php?a_id=1502&sid=1&slc_lang=en
https://ijem.sbmu.ac.ir/browse.php?a_id=1502&sid=1&slc_lang=en
https://ijem.sbmu.ac.ir/browse.php?a_id=1502&sid=1&slc_lang=en

OlyKod g a0 vy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

Mohebbi H, Azizi M. Maximal fat oxidation at the different exercise intensity in obese and normal
weight men in the morning and evening. Journal of Human Sport and Exercise. 2011;6(1):49-58.
Hosseini SM, Mohebbi H, Ghafoori, Hossein, Rezadoost, Mohammad Hosseine. The effect of hypoxia
and normoxia training on autophagy in male rats hepatocytes with a high-fat diet. Journal of Applied
Health Studies in Sport Physiology. 2024;11(1):39-52. (Persian)

Henne M. And three’sa party: lysosomes, lipid droplets, and the ER in lipid trafficking and cell
homeostasis. Current opinion in cell biology. 2019;59:40-9.

Nguyen TB, Olzmann JA. Getting a handle on lipid droplets: Insights into ER—lipid droplet tethering.
Journal of Cell Biology. 2019;218(4):1089-91.

Goodpaster BH, He J, Watkins S, Kelley DE. Skeletal muscle lipid content and insulin resistance:
evidence for a paradox in endurance-trained athletes. The Journal of Clinical Endocrinology &
Metabolism. 2001;86(12):5755-61.

Blaak E. Basic disturbances in skeletal muscle fatty acid metabolism in obesity and type 2 diabetes
mellitus. Proceedings of the Nutrition Society. 2004;63(2):323-30.

Kiens B. Skeletal muscle lipid metabolism in exercise and insulin resistance. Physiological Reviews.
2006;86(1):205-43.

Jorbonian A, Mohebbi H. Effects of aerobic training and caloric restriction on intramuscular lipid, lipid
profile and insulin resistance after 18 weeks high fat diet in male rat. Journal of Applied Exercise
Physiology. 2018;14(27):237-48. (Persian)

Gemmink A, Daemen S, Brouwers B, Huntjens PR, Schaart G, Moonen-Kornips E, et al. Dissociation
of intramyocellular lipid storage and insulin resistance in trained athletes and type 2 diabetes patients;
involvement of perilipin 5? J Physiol. 2018;596(5):857-68.

Coen PM, Dubé JJ, Amati F, Stefanovic-Racic M, Ferrell RE, Toledo FG, Goodpaster BH. Insulin
resistance is associated with higher intramyocellular triglycerides in type | but not type Il myocytes
concomitant with higher ceramide content. Diabetes. 2010;59(1):80-8.

Coderch L, Ldpez O, de la Maza A, Parra JL. Ceramides and skin function. Am J Clin Dermatol.
2003;4(2):107-29.

Skovbro M, Baranowski M, Skov-Jensen C, Flint A, Dela F, Gorski J, Helge JW. Human skeletal
muscle ceramide content is not a major factor in muscle insulin sensitivity. Diabetologia.
2008;51(7):1253-60.

Van Loon LJ, Koopman R, Manders R, van der Weegen W, van Kranenburg GP, Keizer HA.
Intramyocellular lipid content in type 2 diabetes patients compared with overweight sedentary men and
highly trained endurance athletes. American Journal of Physiology-Endocrinology and Metabolism.
2004;287(3):E558-E65.

He J, Goodpaster BH, Kelley DE. Effects of weight loss and physical activity on muscle lipid content
and droplet size. Obesity Research. 2004;12(5):761-9.

Gemmink A, Goodpaster BH, Schrauwen P, Hesselink MK. Intramyocellular lipid droplets and insulin
sensitivity, the human perspective. Biochimica et Biophysica Acta (BBA)-Molecular and Cell Biology
of Lipids. 2017;1862(10):1242-9.

Dubé JJ, Amati F, Stefanovic-Racic M, Toledo FG, Sauers SE, Goodpaster BH. Exercise-induced
alterations in intramyocellular lipids and insulin resistance: the athlete's paradox revisited. American
Journal of Physiology-Endocrinology and Metabolism. 2008;294(5):E882-ES.

Henriksen EJ, Bourey RE, Rodnick KJ, Koranyi L, Permutt MA, Holloszy JO. Glucose transporter
protein content and glucose transport capacity in rat skeletal muscles. American Journal of Physiology-
Endocrinology and Metabolism. 1990;259(4):E593-ES8.

Nielsen J, Mogensen M, Vind BF, Sahlin K, Hgjlund K, Schrgder HD, @rtenblad N. Increased
subsarcolemmal lipids in type 2 diabetes: effect of training on localization of lipids, mitochondria, and
glycogen in sedentary human skeletal muscle. American Journal of Physiology-Endocrinology and
Metabolism. 2010;298(3):E706-E13.

Daemen S, Gemmink A, Brouwers B, Meex RC, Huntjens PR, Schaart G, et al. Distinct lipid droplet
characteristics and distribution unmask the apparent contradiction of the athlete's paradox. Molecular
Metabolism. 2018;17:71-81.

2y O)Lo.& Ald ISTE Al uLa.w)b ‘6&})5 ‘5)519.)).;.5


https://rua.ua.es/dspace/bitstream/10045/16863/1/JHSE_6_1_06.pdf
https://rua.ua.es/dspace/bitstream/10045/16863/1/JHSE_6_1_06.pdf
https://jahssp.azaruniv.ac.ir/article_14619_2ec8e4f1cd8dda64003c5d0f30e92113.pdf
https://jahssp.azaruniv.ac.ir/article_14619_2ec8e4f1cd8dda64003c5d0f30e92113.pdf
https://jahssp.azaruniv.ac.ir/article_14619_2ec8e4f1cd8dda64003c5d0f30e92113.pdf
https://pubmed.ncbi.nlm.nih.gov/31003052/
https://pubmed.ncbi.nlm.nih.gov/31003052/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6446839/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6446839/
https://pubmed.ncbi.nlm.nih.gov/11739435/
https://pubmed.ncbi.nlm.nih.gov/11739435/
https://pubmed.ncbi.nlm.nih.gov/11739435/
file:///C:/Users/Morteza/AppData/Roaming/Microsoft/Word/Blaak%20E.%20Basic%20disturbances%20in%20skeletal%20muscle%20fatty%20acid%20metabolism%20in%20obesity%20and%20type%202%20diabetes%20mellitus.%20Proceedings%20of%20the%20Nutrition%20Society.%202004;63(2):323-30
file:///C:/Users/Morteza/AppData/Roaming/Microsoft/Word/Blaak%20E.%20Basic%20disturbances%20in%20skeletal%20muscle%20fatty%20acid%20metabolism%20in%20obesity%20and%20type%202%20diabetes%20mellitus.%20Proceedings%20of%20the%20Nutrition%20Society.%202004;63(2):323-30
https://pubmed.ncbi.nlm.nih.gov/16371598/
https://pubmed.ncbi.nlm.nih.gov/16371598/
https://asp.journals.umz.ac.ir/article_1809.html?lang=en
https://asp.journals.umz.ac.ir/article_1809.html?lang=en
https://asp.journals.umz.ac.ir/article_1809.html?lang=en
https://pubmed.ncbi.nlm.nih.gov/29110300/
https://pubmed.ncbi.nlm.nih.gov/29110300/
https://pubmed.ncbi.nlm.nih.gov/29110300/
https://pubmed.ncbi.nlm.nih.gov/19833891/
https://pubmed.ncbi.nlm.nih.gov/19833891/
https://pubmed.ncbi.nlm.nih.gov/19833891/
https://pubmed.ncbi.nlm.nih.gov/12553851/
https://pubmed.ncbi.nlm.nih.gov/12553851/
https://pubmed.ncbi.nlm.nih.gov/18458871/
https://pubmed.ncbi.nlm.nih.gov/18458871/
https://pubmed.ncbi.nlm.nih.gov/18458871/
https://pubmed.ncbi.nlm.nih.gov/15165998/
https://pubmed.ncbi.nlm.nih.gov/15165998/
https://pubmed.ncbi.nlm.nih.gov/15165998/
https://pubmed.ncbi.nlm.nih.gov/15165998/
https://pubmed.ncbi.nlm.nih.gov/15166296/
https://pubmed.ncbi.nlm.nih.gov/15166296/
https://pubmed.ncbi.nlm.nih.gov/28739280/
https://pubmed.ncbi.nlm.nih.gov/28739280/
https://pubmed.ncbi.nlm.nih.gov/28739280/
https://pubmed.ncbi.nlm.nih.gov/18319352/
https://pubmed.ncbi.nlm.nih.gov/18319352/
https://pubmed.ncbi.nlm.nih.gov/18319352/
https://pubmed.ncbi.nlm.nih.gov/1699426/
https://pubmed.ncbi.nlm.nih.gov/1699426/
https://pubmed.ncbi.nlm.nih.gov/1699426/
https://pubmed.ncbi.nlm.nih.gov/20028967/
https://pubmed.ncbi.nlm.nih.gov/20028967/
https://pubmed.ncbi.nlm.nih.gov/20028967/
https://pubmed.ncbi.nlm.nih.gov/20028967/
https://pubmed.ncbi.nlm.nih.gov/30174227/
https://pubmed.ncbi.nlm.nih.gov/30174227/
https://pubmed.ncbi.nlm.nih.gov/30174227/

Yy

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Bajpeyi S, Reed MA, Molskness S, Newton C, Tanner CJ, McCartney JS, Houmard JA. Effect of short-
term exercise training on intramyocellular lipid content. Applied Physiology, Nutrition, and
Metabolism. 2012;37(5):822-8.

Kolczynska K, Loza-Valdes A, Hawro |, Sumara G. Diacylglycerol-evoked activation of PKC and
PKD isoforms in regulation of glucose and lipid metabolism: a review. Lipids Health Dis.
2020;19(1):113.

Amati F, Dubé JJ, Alvarez-Carnero E, Edreira MM, Chomentowski P, Coen PM, et al. Skeletal muscle
triglycerides, diacylglycerols, and ceramides in insulin resistance: another paradox in endurance-
trained athletes? Diabetes. 2011;60(10):2588-97.

Eichmann TO, Lass A. DAG tales: the multiple faces of diacylglycerol—stereochemistry, metabolism,
and signaling. Cellular and Molecular Life Sciences. 2015;72:3931-52.

Jayasinghe SU, Tankeu AT, Amati F. Reassessing the role of diacylglycerols in insulin resistance.
Trends in Endocrinology & Metabolism. 2019;30(9):618-35.

Perreault L, Newsom SA, Strauss A, Kerege A, Kahn DE, Harrison KA, et al. Intracellular localization
of diacylglycerols and sphingolipids influences insulin sensitivity and mitochondrial function in human
skeletal muscle. JCI insight. 2018;3(3).

Malenfant P, Tremblay A, Doucet E, Imbeault P, Simoneau J-A, Joanisse DR. Elevated
intramyocellular lipid concentration in obese subjects is not reduced after diet and exercise training.
American Journal of Physiology-Endocrinology and Metabolism. 2001;280(4):E632-E9.

Kelley DE, Goodpaster B, Wing RR, Simoneau J-A. Skeletal muscle fatty acid metabolism in
association with insulin resistance, obesity, and weight loss. American Journal of Physiology-
Endocrinology and Metabolism. 1999;277(6):E1130-E41.

Riccardi G, Giacco R, Rivellese AA. Dietary fat, insulin sensitivity and the metabolic syndrome.
Clinical Nutrition. 2004;23(4):447-56.

Mohebbi H, Safari Mosavi SS, Rohani H. The Effect of 12 Weeks Continuous Training at Fatmax
Intensity or Anaerobic Threshold, and High Intensity Interval Training on Fat Burning Capacity in Pre-
Diabetic Patients. Sport Physiology. 2019;11(41):31-46. (Persian)

Hosseini SM, Mohebbi H. The effect of different exercise intensities in hypoxia and normoxia
conditions on liver fat content, blood cells, and endurance performance of male rats under high-fat diet.
Sport Physiology. 2024;16(61):65-86. (Persian)

Boyle KE, Zheng D, Anderson EJ, Neufer PD, Houmard JA. Mitochondrial lipid oxidation is impaired
in cultured myotubes from obese humans. International Journal of Obesity. 2012;36(8):1025-31.
Tabari E, Mohebbi H, Karimi P, Moghaddami K, Khalafi M. The effects of interval training intensity
on skeletal muscle pgc-1A in type2 diabetic male rats. Iranian Journal of Diabetes and Lipid Disorders.
2019;18(4):179-88. (Persian)

Ghasemi F, Mohebbi H. The effect of high intensity interval training in normoxia and hypobaric
hypoxia situation on the expression of genes involved in liver mitophagy in male Wistar rats fed with
high fat diet. Journal of Applied Exercise Physiology. 2023;18(36):75-95. (Persian)

Khalafi M, Mohebbi H, Karimi P, Faridnia M, Tabari E. The effect of high intensity interval training
and moderate intensity continuous training on mitochondrial content and PGC-1a. of subcutaneous
adipose tissue in male rats with high fat diet induced obesity. Journal of Sport Biosciences.
2018;10(3):297-315. (Persian)

Ghasemi F, Mohebbi H. The effect of High intensity interval training in normoxia and hypobaric
hypoxia situation on liver mitochondrial biogenesis in male Wistar rats fed a high fat diet. Metabolism
and Exercise. 2023;1.

Tabari E, Mohebbi H. The effects of high and moderate intensity interval training on skeletal muscle
of TFAM and NRF1 in type 2 diabetic male rats. Journal of Practical Studies of Biosciences in Sport.
2022;10(21):8-18. (Persian)

Tanner CJ, Barakat HA, Dohm GL, Pories WJ, MacDonald KG, Cunningham PR, et al. Muscle fiber
type is associated with obesity and weight loss. American Journal of Physiology-Endocrinology and
Metabolism. 2002;282(6):E1191-E®6.

Y a)Lm';’: Ald 099 F.Y uluwdl.a “;&)’)9 ‘5)9]9;)...9


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3589127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3589127/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3589127/
https://pubmed.ncbi.nlm.nih.gov/32466765/
https://pubmed.ncbi.nlm.nih.gov/32466765/
https://pubmed.ncbi.nlm.nih.gov/32466765/
https://pubmed.ncbi.nlm.nih.gov/21873552/
https://pubmed.ncbi.nlm.nih.gov/21873552/
https://pubmed.ncbi.nlm.nih.gov/21873552/
https://pubmed.ncbi.nlm.nih.gov/26153463/
https://pubmed.ncbi.nlm.nih.gov/26153463/
https://pubmed.ncbi.nlm.nih.gov/31375395/
https://pubmed.ncbi.nlm.nih.gov/31375395/
https://pubmed.ncbi.nlm.nih.gov/29415895/
https://pubmed.ncbi.nlm.nih.gov/29415895/
https://pubmed.ncbi.nlm.nih.gov/29415895/
https://pubmed.ncbi.nlm.nih.gov/11254471/
https://pubmed.ncbi.nlm.nih.gov/11254471/
https://pubmed.ncbi.nlm.nih.gov/11254471/
https://pubmed.ncbi.nlm.nih.gov/10600804/
https://pubmed.ncbi.nlm.nih.gov/10600804/
https://pubmed.ncbi.nlm.nih.gov/10600804/
https://pubmed.ncbi.nlm.nih.gov/15297079/
https://pubmed.ncbi.nlm.nih.gov/15297079/
https://spj.ssrc.ac.ir/article_1422.html?lang=en
https://spj.ssrc.ac.ir/article_1422.html?lang=en
https://spj.ssrc.ac.ir/article_1422.html?lang=en
https://jpsbs.birjand.ac.ir/article_2591.html?lang=en
https://jpsbs.birjand.ac.ir/article_2591.html?lang=en
https://jpsbs.birjand.ac.ir/article_2591.html?lang=en
https://pubmed.ncbi.nlm.nih.gov/22024640/
https://pubmed.ncbi.nlm.nih.gov/22024640/
https://ijdld.tums.ac.ir/browse.php?a_id=5844&sid=1&slc_lang=en
https://ijdld.tums.ac.ir/browse.php?a_id=5844&sid=1&slc_lang=en
https://ijdld.tums.ac.ir/browse.php?a_id=5844&sid=1&slc_lang=en
https://asp.journals.umz.ac.ir/article_4637_d569f880c813c3dbf18995659866ca0b.pdf
https://asp.journals.umz.ac.ir/article_4637_d569f880c813c3dbf18995659866ca0b.pdf
https://asp.journals.umz.ac.ir/article_4637_d569f880c813c3dbf18995659866ca0b.pdf
https://jsb.ut.ac.ir/article_69481.html?lang=en
https://jsb.ut.ac.ir/article_69481.html?lang=en
https://jsb.ut.ac.ir/article_69481.html?lang=en
https://jsb.ut.ac.ir/article_69481.html?lang=en
https://jme.guilan.ac.ir/?_action=article&kw=22252&_kw=Mitochondrial+Biogenesis&lang=en
https://jme.guilan.ac.ir/?_action=article&kw=22252&_kw=Mitochondrial+Biogenesis&lang=en
https://jme.guilan.ac.ir/?_action=article&kw=22252&_kw=Mitochondrial+Biogenesis&lang=en
https://jpsbs.birjand.ac.ir/article_1761.html?lang=en
https://jpsbs.birjand.ac.ir/article_1761.html?lang=en
https://jpsbs.birjand.ac.ir/article_1761.html?lang=en
https://pubmed.ncbi.nlm.nih.gov/12006347/
https://pubmed.ncbi.nlm.nih.gov/12006347/
https://pubmed.ncbi.nlm.nih.gov/12006347/

Ol)en g (oxo v¥

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Schulze RJ, McNiven MA, editors. Lipid droplet formation and lipophagy in fatty liver disease.
Seminars in liver disease. Thieme Medical Publishers; 2019.

QiuS, XuH, LinZ, LiuF, Tan F. The blockade of lipophagy pathway is necessary for docosahexaenoic
acid to regulate lipid droplet turnover in hepatic stellate cells. Biomedicine & Pharmacotherapy.
2019;109:1841-50.

Olzmann JA, Carvalho P. Dynamics and functions of lipid droplets. Nature Reviews Molecular Cell
Biology. 2019;20(3):137-55.

Sletten A, Seline A, Rudd A, Logsdon M, Listenberger LL. Surface features of the lipid droplet mediate
perilipin 2 localization. Biochemical and Biophysical Research Communications. 2014;452(3):422-7.
Li M, Paran C, Wolins NE, Horowitz JF. High muscle lipid content in obesity is not due to enhanced
activation of key triglyceride esterification enzymes or the suppression of lipolytic proteins. American
Journal of Physiology-Endocrinology and Metabolism. 2011;300(4):E699-E707.

Sztalryd C, Brasaemle DL. The perilipin family of lipid droplet proteins: Gatekeepers of intracellular
lipolysis. Biochim Biophys Acta Mol Cell Biol Lipids. 2017;1862(10 Pt B):1221-32.

Greenberg AS, Coleman RA, Kraemer FB, McManaman JL, Obin MS, Puri V, et al. The role of lipid
droplets in metabolic disease in rodents and humans. J Clin Invest. 2011;121(6):2102-10.

Kimmel AR, Sztalryd C. The perilipins: major cytosolic lipid droplet-associated proteins and their
roles in cellular lipid storage, mobilization, and systemic homeostasis. Annu Rev Nutr. 2016;36:471-
509.

Straub BK, Stoeffel P, Heid H, Zimbelmann R, Schirmacher P. Differential pattern of lipid droplet-
associated proteins and de novo perilipin expression in hepatocyte steatogenesis. Hepatology.
2008;47(6):1936-46.

Moghaddami K, Mohebbi H, Tabari E, Faridnia M. A comparison of the effect of 12 weeks of interval
training with high and moderate intensity on perilipin 3 of visceral adipose tissue and insulin resistance
in type 2 diabetic male rats. Journal of Sport Biosciences. 2019;11(1):35-48. (Persian)

Zhang E. Hepatic PLINS deficiency impairs lipogenesis through mitochondrial dysfunction. Int J Mol
Sci. 2022;23(24).

Morales PE, Bucarey JL, Espinosa A. Muscle lipid metabolism: role of lipid droplets and perilipins.
Journal of Diabetes Research. 2017;2017:1789395.

Tsai TH, Chen E, Li L, Saha P, Lee HJ, Huang LS, et al. The constitutive lipid droplet protein PLIN2
regulates autophagy in liver. Autophagy. 2017;13(7):1130-44.

Peters SJ, Samjoo IA, Devries MC, Stevic |, Robertshaw HA, Tarnopolsky MA. Perilipin family
(PLIN) proteins in human skeletal muscle: the effect of sex, obesity, and endurance training. Appl
Physiol Nutr Metab. 2012;37(4):724-35.

McManaman JL, Bales ES, Orlicky DJ, Jackman M, MacLean PS, Cain S, et al. Perilipin-2-null mice
are protected against diet-induced obesity, adipose inflammation, and fatty liver disease. J Lipid Res.
2013;54(5):1346-59.

Phillips SA, Choe CC, Ciaraldi TP, Greenberg AS, Kong AP, Baxi SC, et al. Adipocyte differentiation-
related protein in human skeletal muscle: relationship to insulin sensitivity. Obes Res.
2005;13(8):1321-9.

Bosma M, Hesselink MK, Sparks LM, Timmers S, Ferraz MJ, Mattijssen F, et al. Perilipin 2 improves
insulin sensitivity in skeletal muscle despite elevated intramuscular lipid levels. Diabetes.
2012;61(11):2679-90.

Shaw CS, Shepherd SO, Wagenmakers AJ, Hansen D, Dendale P, van Loon LJ. Prolonged exercise
training increases intramuscular lipid content and perilipin 2 expression in type I muscle fibers of
patients with type 2 diabetes. Am J Physiol Endocrinol Metab. 2012;303(9):E1158-65.

Shepherd SO, Cocks M, Meikle PJ, Mellett NA, Ranasinghe AM, Barker TA, et al. Lipid droplet
remodelling and reduced muscle ceramides following sprint interval and moderate-intensity
continuous exercise training in obese males. Int J Obes (Lond). 2017;41(12):1745-54.

Wang H, Sreenivasan U, Hu H, Saladino A, Polster BM, Lund LM, et al. Perilipin 5, a lipid droplet-
associated protein, provides physical and metabolic linkage to mitochondria. J Lipid Res.
2011;52(12):2159-68.

2y O)Lo.& Ald ISTE Al uLa.w)b ‘6&})5 ‘5)519.)).;.5


https://pubmed.ncbi.nlm.nih.gov/31041790/
https://pubmed.ncbi.nlm.nih.gov/31041790/
https://pubmed.ncbi.nlm.nih.gov/30551439/
https://pubmed.ncbi.nlm.nih.gov/30551439/
https://pubmed.ncbi.nlm.nih.gov/30551439/
https://pubmed.ncbi.nlm.nih.gov/30523332/
https://pubmed.ncbi.nlm.nih.gov/30523332/
https://pubmed.ncbi.nlm.nih.gov/25172666/
https://pubmed.ncbi.nlm.nih.gov/25172666/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3074947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3074947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3074947/
https://pubmed.ncbi.nlm.nih.gov/28754637/
https://pubmed.ncbi.nlm.nih.gov/28754637/
https://pubmed.ncbi.nlm.nih.gov/21633178/
https://pubmed.ncbi.nlm.nih.gov/21633178/
https://pubmed.ncbi.nlm.nih.gov/27431369/
https://pubmed.ncbi.nlm.nih.gov/27431369/
https://pubmed.ncbi.nlm.nih.gov/27431369/
https://pubmed.ncbi.nlm.nih.gov/18393390/
https://pubmed.ncbi.nlm.nih.gov/18393390/
https://pubmed.ncbi.nlm.nih.gov/18393390/
https://jsb.ut.ac.ir/article_71615.html?lang=en
https://jsb.ut.ac.ir/article_71615.html?lang=en
https://jsb.ut.ac.ir/article_71615.html?lang=en
https://pubmed.ncbi.nlm.nih.gov/36555245/
https://pubmed.ncbi.nlm.nih.gov/36555245/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5476901/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5476901/
https://pubmed.ncbi.nlm.nih.gov/28548876/
https://pubmed.ncbi.nlm.nih.gov/28548876/
https://pubmed.ncbi.nlm.nih.gov/22667335/
https://pubmed.ncbi.nlm.nih.gov/22667335/
https://pubmed.ncbi.nlm.nih.gov/22667335/
https://pubmed.ncbi.nlm.nih.gov/23402988/
https://pubmed.ncbi.nlm.nih.gov/23402988/
https://pubmed.ncbi.nlm.nih.gov/23402988/
https://pubmed.ncbi.nlm.nih.gov/16129713/
https://pubmed.ncbi.nlm.nih.gov/16129713/
https://pubmed.ncbi.nlm.nih.gov/16129713/
https://pubmed.ncbi.nlm.nih.gov/22807032/
https://pubmed.ncbi.nlm.nih.gov/22807032/
https://pubmed.ncbi.nlm.nih.gov/22807032/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3492857/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3492857/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3492857/
https://pubmed.ncbi.nlm.nih.gov/28736444/
https://pubmed.ncbi.nlm.nih.gov/28736444/
https://pubmed.ncbi.nlm.nih.gov/28736444/
https://pubmed.ncbi.nlm.nih.gov/21885430/
https://pubmed.ncbi.nlm.nih.gov/21885430/
https://pubmed.ncbi.nlm.nih.gov/21885430/

Yo

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

Laurens C, Bourlier V, Mairal A, Louche K, Badin P-M, Mouisel E, et al. Perilipin 5 fine-tunes lipid
oxidation to metabolic demand and protects against lipotoxicity in skeletal muscle. Scientific Reports.
2016;6(1):38310.

Macpherson RE, Vandenboom R, Roy BD, Peters SJ. Skeletal muscle PLIN3 and PLIN5 are serine
phosphorylated at rest and following lipolysis during adrenergic or contractile stimulation. Physiol
Rep. 2013;1(4):e00084.

Louche K, Badin PM, Montastier E, Laurens C, Bourlier V, de Glisezinski I, et al. Endurance exercise
training up-regulates lipolytic proteins and reduces triglyceride content in skeletal muscle of obese
subjects. J Clin Endocrinol Metab. 2013;98(12):4863-71.

Gemmink A, Daemen S, Brouwers B, Hoeks J, Schaart G, Knoops K, et al. Decoration of myocellular
lipid droplets with perilipins as a marker for in vivo lipid droplet dynamics: a super-resolution
microscopy study in trained athletes and insulin resistant individuals. Biochim Biophys Acta Mol Cell
Biol Lipids. 2021;1866(2):158852.

Najt CP, Lwande JS, Mclntosh AL, Senthivinayagam S, Gupta S, Kuhn LA, Atshaves BP. Structural
and functional assessment of perilipin 2 lipid binding domain(s). Biochemistry. 2014;53(45):7051-66.
Sztalryd C, Bell M, Lu X, Mertz P, Hickenbottom S, Chang BH, et al. Functional compensation for
adipose differentiation-related protein (ADFP) by Tip47 in an ADFP null embryonic cell line. J Biol
Chem. 2006;281(45):34341-8.

Diaz E, Pfeffer SR. TIP47: a cargo selection device for mannose 6-phosphate receptor trafficking. Cell.
1998;93(3):433-43.

Bulankina AV, Deggerich A, Wenzel D, Mutenda K, Wittmann JG, Rudolph MG, et al. TIP47
functions in the biogenesis of lipid droplets. J Cell Biol. 2009;185(4):641-55.

Buers I, Robenek H, Lorkowski S, Nitschke Y, Severs NJ, Hofhagel O. TIP47, a lipid cargo protein
involved in macrophage triglyceride metabolism. Arterioscler Thromb Vasc Biol. 2009;29(5):767-73.
Covington JD, Noland RC, Hebert RC, Masinter BS, Smith SR, Rustan AC, et al. Perilipin 3
differentially regulates skeletal muscle lipid oxidation in active, sedentary, and type 2 diabetic males.
J Clin Endocrinol Metab. 2015;100(10):3683-92.

Whytock KL, Parry SA, Turner MC, Woods RM, James LJ, Ferguson RA, et al. A 7-day high-fat,
high-calorie diet induces fibre-specific increases in intramuscular triglyceride and perilipin protein
expression in human skeletal muscle. J Physiol. 2020;598(6):1151-67.

Covington JD, Bajpeyi S, Moro C, Tchoukalova YD, Ebenezer PJ, Burk DH, et al. Potential effects of
aerobic exercise on the expression of perilipin 3 in the adipose tissue of women with polycystic ovary
syndrome: a pilot study. Eur J Endocrinol. 2015;172(1):47-58.

Kleinert M, Parker BL, Chaudhuri R, Fazakerley DJ, Serup A, Thomas KC, etal. nTORC2 and AMPK
differentially regulate muscle triglyceride content via Perilipin 3. Mol Metab. 2016;5(8):646-55.
Shepherd SO, Strauss JA, Wang Q, Dube JJ, Goodpaster B, Mashek DG, Chow LS. Training alters the
distribution of perilipin proteins in muscle following acute free fatty acid exposure. J Physiol.
2017;595(16):5587-601.

Faridnia M, mohebbi h, Khalafi M, Moghaddami K. The effect of interval and continuous training on
the content of perilipin 1, ATGL and CGI-58 in visceral adipose tissue of obese male rats. Scientific
Journal of Kurdistan University of Medical Sciences. 2019;24(1):78-89.

Bosma M, Minnaard R, Sparks LM, Schaart G, Losen M, de Baets MH, et al. The lipid droplet coat
protein perilipin 5 also localizes to muscle mitochondria. Histochem Cell Biol. 2012;137(2):205-16.
Kuramoto K, Okamura T, Yamaguchi T, Nakamura TY, Wakabayashi S, Morinaga H, et al. Perilipin
5, a lipid droplet-binding protein, protects heart from oxidative burden by sequestering fatty acid from
excessive oxidation. J Biol Chem. 2012;287(28):23852-63.

Montgomery MK, Mokhtar R, Bayliss J, Parkington HC, Suturin VM, Bruce CR, Watt MJ. Perilipin
5 deletion unmasks an endoplasmic reticulum stress-fibroblast growth factor 21 axis in skeletal muscle.
Diabetes. 2018;67(4):594-606.

Mason RR, Mokhtar R, Matzaris M, Selathurai A, Kowalski GM, Mokbel N, et al. PLIN5 deletion
remodels intracellular lipid composition and causes insulin resistance in muscle. Mol Metab.
2014;3(6):652-63.

Y a)Lm';’: Ald 099 F.Y uluwdl.a “;&)’)9 ‘5)9]9;)...9


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6668071/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6668071/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6668071/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3831900/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3831900/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3831900/
https://pubmed.ncbi.nlm.nih.gov/24178794/
https://pubmed.ncbi.nlm.nih.gov/24178794/
https://pubmed.ncbi.nlm.nih.gov/24178794/
https://pubmed.ncbi.nlm.nih.gov/33160079/
https://pubmed.ncbi.nlm.nih.gov/33160079/
https://pubmed.ncbi.nlm.nih.gov/33160079/
https://pubmed.ncbi.nlm.nih.gov/33160079/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4238800/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4238800/
https://pubmed.ncbi.nlm.nih.gov/16968708/
https://pubmed.ncbi.nlm.nih.gov/16968708/
https://pubmed.ncbi.nlm.nih.gov/16968708/
https://pubmed.ncbi.nlm.nih.gov/9590177/
https://pubmed.ncbi.nlm.nih.gov/9590177/
https://pubmed.ncbi.nlm.nih.gov/19451273/
https://pubmed.ncbi.nlm.nih.gov/19451273/
https://pubmed.ncbi.nlm.nih.gov/19286631/
https://pubmed.ncbi.nlm.nih.gov/19286631/
https://pubmed.ncbi.nlm.nih.gov/26171795/
https://pubmed.ncbi.nlm.nih.gov/26171795/
https://pubmed.ncbi.nlm.nih.gov/26171795/
https://pubmed.ncbi.nlm.nih.gov/31958145/
https://pubmed.ncbi.nlm.nih.gov/31958145/
https://pubmed.ncbi.nlm.nih.gov/31958145/
https://pubmed.ncbi.nlm.nih.gov/25342854/
https://pubmed.ncbi.nlm.nih.gov/25342854/
https://pubmed.ncbi.nlm.nih.gov/25342854/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5021677/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5021677/
https://pubmed.ncbi.nlm.nih.gov/28560826/
https://pubmed.ncbi.nlm.nih.gov/28560826/
https://pubmed.ncbi.nlm.nih.gov/28560826/
https://sjku.muk.ac.ir/article-1-4329-en.html
https://sjku.muk.ac.ir/article-1-4329-en.html
https://sjku.muk.ac.ir/article-1-4329-en.html
https://pubmed.ncbi.nlm.nih.gov/22127648/
https://pubmed.ncbi.nlm.nih.gov/22127648/
https://pubmed.ncbi.nlm.nih.gov/22532565/
https://pubmed.ncbi.nlm.nih.gov/22532565/
https://pubmed.ncbi.nlm.nih.gov/22532565/
https://pubmed.ncbi.nlm.nih.gov/29378767/
https://pubmed.ncbi.nlm.nih.gov/29378767/
https://pubmed.ncbi.nlm.nih.gov/29378767/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4142393/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4142393/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4142393/

OlyKod g a0 Y

86. Shaw CS, Swinton C, Morales-Scholz MG, McRae N, Erftemeyer T, Aldous A, et al. Impact of

exercise training status on the fiber type-specific abundance of proteins regulating intramuscular lipid
metabolism. Journal of Applied Physiology. 2020;128(2):379-89.

87. Phielix E, Meex R, Ouwens DM, Sparks L, Hoeks J, Schaart G, et al. High oxidative capacity due to
chronic exercise training attenuates lipid-induced insulin resistance. Diabetes. 2012;61(10):2472-8.

88. Rinnankoski-Tuikka R, Hulmi JJ, Torvinen S, Silvennoinen M, Lehti M, Kiveld R, et al. Lipid droplet-
associated proteins in high-fat fed mice with the effects of voluntary running and diet change.
Metabolism. 2014;63(8):1031-40.

89. Jevons EFP, Gejl KD, Strauss JA, @rtenblad N, Shepherd SO. Skeletal muscle lipid droplets are
resynthesized before being coated with perilipin proteins following prolonged exercise in elite male
triathletes. Am J Physiol Endocrinol Metab. 2020;318(3):E357-e70.

90. Ramos SV, MacPherson RE, Turnbull PC, Bott KN, LeBlanc P, Ward WE, Peters SJ. Higher PLIN5
but not PLIN3 content in isolated skeletal muscle mitochondria following acute in vivo contraction in
rat hindlimb. Physiol Rep. 2014;2(10).

91. Granneman JG, Moore HP, Mottillo EP, Zhu Z, Zhou L. Interactions of perilipin-5 (Plin5) with adipose
triglyceride lipase. J Biol Chem. 2011;286(7):5126-35.

92. Kaushik S, Cuervo AM. Degradation of lipid droplet-associated proteins by chaperone-mediated
autophagy facilitates lipolysis. Nat Cell Biol. 2015;17(6):759-70.

93. Laurens C, Bourlier V, Mairal A, Louche K, Badin PM, Mouisel E, et al. Perilipin 5 fine-tunes lipid
oxidation to metabolic demand and protects against lipotoxicity in skeletal muscle. Sci Rep.
2016;6:38310.

94. Nara H, Watanabe R. Anti-Inflammatory Effect of Muscle-Derived Interleukin-6 and Its Involvement
in Lipid Metabolism. International Journal of Molecular Sciences. 2021:9889: (18)22.

95. Hirano T. Interleukin 6 and its receptor: ten years later. Int Rev Immunol. 1998;16(3-4):249-84

96. El-Mikkawy DM, EL-Sadek MA, EL-Badawy MA, Samaha D. Circulating level of interleukin-6 in
relation to body mass indices and lipid profile in Egyptian adults with overweight and obesity. Egyptian
Rheumatology and Rehabilitation. 2020;47:1-7.

97. Ye J. Beneficial metabolic activities of inflammatory cytokine interleukin 15 in obesity and type 2
diabetes. Front Med. 2015;9(2):139-45

98. Carb6 N, Lopez-Soriano J, Costelli P, Alvarez B, Busquets S, Baccino FM, et al. Interleukin-15
mediates reciprocal regulation of adipose and muscle mass: a potential role in body weight control.
Biochim Biophys Acta. 2001;1526(1):17-24.

99. Quinn LS, Anderson BG, Conner JD, Wolden-Hanson T. IL-15 Overexpression Promotes Endurance,
Oxidative Energy Metabolism, and Muscle PPARS, SIRT1, PGC-1a, and PGC-1f Expression in Male
Mice. Endocrinology. 2013;154(1):232-45.

100.Tarantino G, Citro V, Balsano C, Capone D .Age and interleukin-15 levels are independently
associated with intima-media thickness in obesity-related NAFLD patients. Front Med (Lausanne).
2021;8:634962.

101.Nielsen AR, Hojman P, Erikstrup C, Fischer CP, Plomgaard P, Mounier R, et al. Association between
interleukin-15 and obesity: interleukin-15 as a potential regulator of fat mass. J Clin Endocrinol Metab.
2008;93(11):4486-93

102.Jonas MI, Kurylowicz A, Bartoszewicz Z, Lisik W, Jonas M, Wierzbicki Z, et al. Interleukins 6 and
15 levels are higher in subcutaneous adipose tissue, but obesity is associated with their increased
content in visceral fat depots. Int J Mol Sci. 2015;16(10):25817-30.

103.Nash D, Hughes MG, Butcher L, Aicheler R, Smith P, Cullen T, Webb R. IL-6 signaling in acute
exercise and chronic training: Potential consequences for health and athletic performance. Scand J Med
Sci Sports. 2023;33(1):4-19.

104.Steensberg A, van Hall G, Osada T, Sacchetti M, Saltin B, Klarlund Pedersen B. Production of
interleukin-6 in contracting human skeletal muscles can account for the exercise-induced increase in
plasma interleukin-6. J Physiol. 2000;529 Pt 1(Pt 1):237-42.

105.Keller C, Hellsten Y, Steensberg A, Pedersen BK. Differential regulation of IL-6 and TNF-alpha via
calcineurin in human skeletal muscle cells. Cytokine. 2006;36(3-4):141-7.

2y O)Lo.& Ald ISTE Al uLa.w)b ‘6&})5 ‘5)519.)).;.5


https://pubmed.ncbi.nlm.nih.gov/31917629/
https://pubmed.ncbi.nlm.nih.gov/31917629/
https://pubmed.ncbi.nlm.nih.gov/31917629/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3447923/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3447923/
https://www.metabolismjournal.com/article/S0026-0495(14)00159-0/fulltext
https://www.metabolismjournal.com/article/S0026-0495(14)00159-0/fulltext
https://www.metabolismjournal.com/article/S0026-0495(14)00159-0/fulltext
https://pubmed.ncbi.nlm.nih.gov/31935113/
https://pubmed.ncbi.nlm.nih.gov/31935113/
https://pubmed.ncbi.nlm.nih.gov/31935113/
https://pubmed.ncbi.nlm.nih.gov/25318747/
https://pubmed.ncbi.nlm.nih.gov/25318747/
https://pubmed.ncbi.nlm.nih.gov/25318747/
https://pubmed.ncbi.nlm.nih.gov/21148142/
https://pubmed.ncbi.nlm.nih.gov/21148142/
https://pubmed.ncbi.nlm.nih.gov/25961502/
https://pubmed.ncbi.nlm.nih.gov/25961502/
https://www.nature.com/articles/srep38310
https://www.nature.com/articles/srep38310
https://www.nature.com/articles/srep38310
https://pubmed.ncbi.nlm.nih.gov/34576053/
https://pubmed.ncbi.nlm.nih.gov/34576053/
https://pubmed.ncbi.nlm.nih.gov/9505191/
file:///H:/des/1.%09https:/erar.springeropen.com/articles/10.1186/s43166-020-00003-8
file:///H:/des/1.%09https:/erar.springeropen.com/articles/10.1186/s43166-020-00003-8
file:///H:/des/1.%09https:/erar.springeropen.com/articles/10.1186/s43166-020-00003-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4559335/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4559335/
https://pubmed.ncbi.nlm.nih.gov/11287118/
https://pubmed.ncbi.nlm.nih.gov/11287118/
https://pubmed.ncbi.nlm.nih.gov/11287118/
https://pubmed.ncbi.nlm.nih.gov/23161867/
https://pubmed.ncbi.nlm.nih.gov/23161867/
https://pubmed.ncbi.nlm.nih.gov/23161867/
https://pubmed.ncbi.nlm.nih.gov/34095164/
https://pubmed.ncbi.nlm.nih.gov/34095164/
https://pubmed.ncbi.nlm.nih.gov/34095164/
https://pubmed.ncbi.nlm.nih.gov/18697873/
https://pubmed.ncbi.nlm.nih.gov/18697873/
https://pubmed.ncbi.nlm.nih.gov/18697873/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4632828/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4632828/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4632828/
https://pubmed.ncbi.nlm.nih.gov/36168944/
https://pubmed.ncbi.nlm.nih.gov/36168944/
https://pubmed.ncbi.nlm.nih.gov/36168944/
https://pubmed.ncbi.nlm.nih.gov/11080265/
https://pubmed.ncbi.nlm.nih.gov/11080265/
https://pubmed.ncbi.nlm.nih.gov/11080265/
https://pubmed.ncbi.nlm.nih.gov/17197194/
https://pubmed.ncbi.nlm.nih.gov/17197194/

106.Keller C, Steensberg A, Hansen AK, Fischer CP, Plomgaard P, Pedersen BK. Effect of exercise,
training, and glycogen availability on IL-6 receptor expression in human skeletal muscle. J Appl
Physiol (1985). 2005;99(6):2075-9

107.Steensberg A, Febbraio MA, Osada T, Schjerling P, van Hall G, Saltin B, Pedersen BK. Interleukin-6
production in contracting human skeletal muscle is influenced by pre-exercise muscle glycogen
content. J Physiol. 2001;537(Pt 2):633-9

108.Fischer CP, Plomgaard P, Hansen AK, Pilegaard H, Saltin B, Pedersen BK. Endurance training reduces
the contraction-induced interleukin-6 mMRNA expression in human skeletal muscle. Am J Physiol
Endocrinol Metab. 2004;287(6):E1189-94.

109.Croft L, Bartlett JD, MacLaren DP, Reilly T, Evans L, Mattey DL, et al. High-intensity interval training
attenuates the exercise-induced increase in plasma IL-6 in response to acute exercise. Applied
Physiology, Nutrition, and Metabolism. 2009;34(6):1098-107.

110.Yfanti C, Fischer CP, Nielsen S, Akerstrom T, Nielsen AR, Veskoukis AS, et al. Role of vitamin C
and E supplementation on IL-6 in response to training. Journal of applied physiology.
2012;112(6):990-1000.

111.Cipryan L. The effect of fitness level on cardiac autonomic regulation, 1L -6, total antioxidant capacity,
and muscle damage responses to a single bout of high-intensity interval training. J Sport Health Sci.
2018;7(3):363-71.

112.Khalafi M, Maleki AH, Symonds ME, Sakhaei MH, Rosenkranz SK, Ehsanifar M, et al. Interleukin-
15 responses to acute and chronic exercise in adults: a systematic review and meta-analysis. Front
Immunol. 2023;14:1288537.

113. Pistilli EE, Quinn LS. From anabolic to oxidative: reconsidering the roles of IL-15 and IL-15Ra in
skeletal muscle. Exerc Sport Sci Rev. 2013;41(2):100-6.

Y a)Lm';’: Ald 099 F.Y uluwdl.a “;&)’)9 ‘5)9]9;)...9


https://pubmed.ncbi.nlm.nih.gov/16099893/
https://pubmed.ncbi.nlm.nih.gov/16099893/
https://pubmed.ncbi.nlm.nih.gov/16099893/
https://pubmed.ncbi.nlm.nih.gov/11731593/
https://pubmed.ncbi.nlm.nih.gov/11731593/
https://pubmed.ncbi.nlm.nih.gov/11731593/
https://pubmed.ncbi.nlm.nih.gov/15304377/
https://pubmed.ncbi.nlm.nih.gov/15304377/
https://pubmed.ncbi.nlm.nih.gov/15304377/
https://pubmed.ncbi.nlm.nih.gov/20029520/
https://pubmed.ncbi.nlm.nih.gov/20029520/
https://pubmed.ncbi.nlm.nih.gov/20029520/
https://pubmed.ncbi.nlm.nih.gov/22207723/
https://pubmed.ncbi.nlm.nih.gov/22207723/
https://pubmed.ncbi.nlm.nih.gov/22207723/
https://pubmed.ncbi.nlm.nih.gov/30356659/
https://pubmed.ncbi.nlm.nih.gov/30356659/
https://pubmed.ncbi.nlm.nih.gov/30356659/
https://pubmed.ncbi.nlm.nih.gov/38235143/
https://pubmed.ncbi.nlm.nih.gov/38235143/
https://pubmed.ncbi.nlm.nih.gov/38235143/

