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Skeletal Muscle Function and Life-Related Disease

Yuichiro Nishida!’, Takuro Tobina? and Hiroaki Tanaka?’

Abstract

Skeletal muscle accounts approximately 40 percent of body weight, and this is a major tissue which uptakes
blood sugar and lipid in order to store them or use them for energy production. Deterioration in skeletal muscle
function can be a major cause of life-related disease, such as type 2 diabetes, obesity, hypertension, and
hyperlipemia. Recently, studies using gene expression profile methods reveal comprehensive feature in gene ex-
pression in skeletal muscle in patients with life-related diseases and in exercised skeletal muscle. For instance, the
expression levels of genes involved in energy metabolism (TCA cycle, electron transport, and ATP synthesis) is si-
multaneously decreased in skeletal muscle in people with life-related disease. On the other hand, certain type of
exercise can be a stimulus in order to induce the expression of genes related to energy metabolism in human skele-
tal muscle. In this review, we overview skeletal muscle function and life-related diseases, and especially the effect

of mild training on skeletal muscle gene expression.
Key words: gene expression, mitochondria, lactate threshold
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Expression: SAGE) & W) ik Fikdd b0, HH
SIEHRE. COFEY B CILEMMERE O RER T
FEHOBIZFRBICKTEEEZ R, AT,
BHET 707740 > 7FEICE VL PIZSNAEFE
TR BT 2 BIEHEREEA 2B 126§ 5 5 O BIE.
FICABBERENBEIBH ORI >VTEHBIL v
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2. BRBICHITS TCA Y1 7L, BFH%.
ATP &R

1A VRBHRHERFE L OBEOMBATIE,
TCA %4 71, BFEEFR (cytochrome oxidase %
NADH dehydrogenase % DE#)  ATP &§BEES,
D 7DD AN F -G Mb s RIZFOREBL
RNV PEEEHED, HBLTETLTYS (Kelly et
al., 2002, 2944-2950; Patti et al., 2003, pp.8466-8471),
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512, BEMMAED NADH dehydrogenase i&1E®
BFEA 2 ikt (MEEETIFE24 X)L

Cytochrome c oxidase
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Shavkyry IEEAN

ITCAY AL 70 R

Isocitrate dehydrogenase Fatty acid binding protein
Malate dehydrogenase

Oxoglutarate dehydrogenase 1p-B{L%

Acyl coenzyme A dehydrogenase

1R FEER Enoyl coenzyme A hydratase
NADH dehydrogenase
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TAEBER

Phosphofructokinase
Pyruvate Kinase

12 VTF Y AR
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Hydroxyacyl-coenzyme A dehydrogenase ~ -
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1ATP &R
LATP synthase ) \
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ﬁ N\
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utathione peroxidase —
Peroxiredoxin / 1Volutage dependent anion channel
1Chloride intracellular channel
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L aB-crystallin
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THH (Kelly et al, 2002, 2944-2950), I b3 F
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—7. PEEORANER ML —= 7 (65-80%
peak VO.) (&, I b3 > KV 7 AR R & & 5
T OPRIEFORRZFERT L LML T
% (Hittel et al., 2005; Radom-Aizik et al., 2005), L
L, TRETIC, BEEFIIND AND Z EAES K
BEHEEEENIC LD I b MY TS A HET BTN
X ZIENEIPHER TR Do, B, K4 135
BEBEEEOBR WL —= v 725, & ME#EO TCA
¥4 7 WV (isocitrate dehydrogenase 2, malate dehy-
drogenase 1 and 2, oxoglutarate dehydrogenase) .,
BEFZ%E% (NADH dehydrogenase, cytochrome c
oxidase). ATP &HiE## (F, and F, subunits) %,
IAINF - ERABTHEHELOZLOMETOREBE
BlEgIcEmaE5Z L 2B S LA (HP S, 2005),

IOEH %I Ay P THEEEICHES SEET B
ARIBES AL 22EHIIE, T hay MY 7o
G (2% h LA NF—ELE LT HFTORNM) S L
TVH0xd Ly, EELIX, IbaY F 70O
HWEET L L THESNTVS PGC-1 (Wu et al,
1999) DO|ET-HEBA, DL S LliBhS&M-THmYT %
DPET LT &, ZTORKE. 120% FLELM it 58 1 T60
SO—BED) (FLEEBHELE TR W) 2. 20
BEFORBLtBOLEHRME LI 2R
(Tobina et al., 2006) , FLEEHETHO F L —= > 72 &
5IbarF)TRIZTHOFERIE., MO PGC-1
BEFOBEIZLZIDEHEESND,

3. IEERH

REIC L) LB Lo HIEN S o iEH I, T8
MRA~HUh A h, SRR A S 3 b a s Y TAHIRR
gt sh, REMIZI PP T B-BLx &)
TR SRS, RiEC 2 BEERE T Aok iT
B LEEAET LTV 5 4% (Blaak et al., 2000). A
B FIIERHORERILEE MO 5 EHPSH
A EMBNTVS (Holloszy et al., 1984), FLAEE
MEMEOE L —= v /S THEESI N0, BN
TONRHE % %189 fatty acid binding protein 3 &
VI BETFR, B-BIbIlBWTEELEW L RAT
acyl-coenzyme A dehydrogenase very long chain *°
enoyl coenzyme A hydratase 1 peroxisomal.
hydroxyacyl-coenzyme A dehydrogenase & \» 9 ift{%
FHTH-7: (HP S, 2005), FLEEBMEMEED F L —

SV RMHERE T 7 7 A VESET 2 HAzSH S
EABECHEBH S T 5 A% (Motoyama et al., 1995;
Shono et al., 2002; Sunami et al., 1999), T 6D
BIZFREBOEAY ZOROBELFF A AL L
Hgshs,

4. FNa—-X - 7L 7F K8

e L AR DT B TR, BERE Y
I=7 T ABETORAIPIH EhTnb Lok
HhH A (Patti et al., 2003, pp.8466-8471; Wells et
al., 2000, pp.297-304, 2003, pp.149-159), —F. FLBEE
MEHEOMEB L, BERORKRWEHXETH S
phosphofructokinase %> pyruvate kinase * & &+ 8 2
OBETORRZAESES (HbP S, 2005), =Dk
BEDEFYTLX, IR D 5O 2V F—ftis L KL »
SNLINF—Hiidd 4 TH D, Zhbl L AR
BT LIRAKILI D SD AN F—HIEH L 2 BHEH
DEMREE 25, & o T, FLEEBNMRGHIE 2R EA B
B4 5 MEF 2T T L RK{IEA BT 50z
TORBOMBML DTV h e ER D, BEROM
T OSBRI, BHOUGEIHES T LMY H
Bo EBRIS, — @0 FLREM T (6057H) (EShiE
BIZA 2 2) VKL WHERGAREZ #0 B 4%, &h
LRI RO BN CTH 2 ALREDER b IML T
W72 (Sakamoto et al., 1999),

E bEBBICE. BRELEREO02o05 14 TD
creatine kinase H{ZFAFEBL TV 5, BERKEVI L
12, BRI DGR TLENEE] creatine kinase & H
DEJULTAZH SN, ZORIL G mEfE Ao
HiW» H 5 L DHEHDH S (Hojlund et al., 2003, pp.
10436-10442), ¥ &bt FA THEE creatine kinase
READORAMEHERG BT &M EA T v, BT
EZ ki, 6MEMOILMMMME N L —=> 713, b
i85 DHEY creatine kinase M T DO RIMME R L
7o (H¥ 6. 2005),

5. BMEX ML X

REALA N L AIBERSOSAE (CEE L REERALT
Wb, FIZITHERBOEFVEMOFEEHICBVT, #iL
1Lt fz7 glutathione peroxidase 1 M FEBFLE T A5t
HENTHY (Knoll et al.,, 2005). I HAHPEEILAEL
TOREKHN—2LEZLRD, LIhoT, RIHHIRR
TV AL Ml NHERBILDEOLXVEED S
ARV TWAED, b MEBHORERILEL B
BHEIEO2VTHEHOSN TV EVONRIKTH S
(Ji, 2002), FiE, NHERBEOMBILHHRDOL XV EHD



4 JUMAETS - AR - vERIE H522% W19 FRI9EIZA

ARLIVHER, BILA ML AAETHE, Zhid,
BERLUT OHEOHRSIIFOHIINT LI *HD S
EV) “R—=RXTR” EVH Ay T MIETNTVS
(Finkel and Holbrook, 2000)., HBRiEWZ &2, FLEE
BMESREED b L — = > 713 3 DO FHEMHIBRLRIE T,
9 7% 5 glutathione peroxidase 4, peroxiredoxin 1
E2DEBLNESEIHENDH S (HPSH, 2005),
IoT, SOEBTO YT a3, BHLEBLA ML 2%
HEUSELWHRNLEFR—-ATALEZONEESL),

E—trrav s BALAFIyROVIE, BB LI
DRELGZ--EAXFAMLBHERNTAZEILED, &
HEZEMU»OoFo@EHNHIHLEILNTNS, BRF
DETFNVEHPOHTIEE— 2 a vy J BEADOERIET A
ROONTBY, FRHEDOEEZ D CHRIEDIKT 4
BRHFEORELHNFET L THRELRIBELTNS
(Yamagishi et al., 2001), L& . F#Hoe—
Yay 7 ZBAEMICE DEMT S L) 2 LATE
BTREINTWEY, L bERE LRHRIZER IS
Vo FAE, LBMMEMEDO L —=2 7T, k= }
v a v 78&H (heat shock protein 27kDa protein 1)
R5Ff &KV (aB-crystallin) OBIEFRBEIE
AT EERRVHLA (HF S, 2005), ShoniEiit,
aB-crystallin O@BEFREBSREEEFETH VLV
ME & —%T 5 (Yoshiocka et al., 2003), Lk L7:=&
Bh, —fEZ, k= b av 7EALG TR ERVOR
BUIPERMB CTET L TV A, heat shock protein
90kDa (W IZHML TV A I NG TWEH
(Hojlund et al., 2003, pp.10436-10442), #H:H 4+~ &
iz, FLEEMM ML — =2 ZI12id, heat shock
90kDa B #t{ZF TdH 5 heat shock 90kD protein
18 DFEBL XN 2T HEHRO S (HIP S,
2005) o

6. BFAHRX

AR ML —= 273, Mt @lTs0Ar0nah
BREAOHEEFTEHOLIEVI T LRI oTVS
(Green et al., 2004) . MBI ML BV THEM
B WbLRETFET Yy TV Fal—vartal
e TEY, W) X 2 pH FEFEN L OST 2
HoXLEEFEZOLND, BN LI, FHRHOERY
EEAA YA VU OREICM b SN R E
TROBENH L, Tabb, PL—=r 7L 51
YA YEREZROYWEENKI VERET, FBHICE
¥ % voltage dependent anion channel 3 (Hs.491597,
NM_005662) MIZFHBRL XV H¥EMEERL L
(Teran-Garcia et al., 2005, pp.E1168-1178), FLEEH

56 DIRGHEE + L — =~ ¥ Tid. voltage-dependent
anion channel 3 * FCHEBHAE X ICHDLLI VL 2HD
#{x+ (voltage-dependent anion channel 1, chloride
intracellular channel 5 %) »&FHEIh/z (HB S,
2005)s SOML—=VFTA A VIERSEWDTUHET
52 DB D> THE D (Nishida et al., 2004, pp.
315-320) . voltage dependent anion channel 3 ® #H
FEASERNC L B4 > R ) VIEEHOHEICEETH S
EVHIEZETRT S,

7. B EBHRECESE Y 3:8EF

—#%M12, titin & four-and-a-half LIM domain 1
ZENEFRFGHIGE L HFEICHET A REFLEEILN
TWwb, BITFEICLDE, EB L= FRICHEL
WA YR VIREHOWEL R LAEDOERHTIL,
titin & four-and-a-half LIM domain 1 ®&EL XL
M@ LT/ (Teran-Garcia et al., 2005, pp.E1168-
1178) s FNHDHFHA ¥ ) Y IRSFHOFMIZ LD
EI) Db EPIIRMTHEH, 1 R v REHS®E
MR E S OILBMMBEEDO L - 7I2LoTH
(Nishida et al., 2001, 2004, pp.315-320), ZHh & 22
DOREFOEBL NAHFEEHCE E L7 (HF S, 2005),
T, HRRV I L2, HIRROEF VB TRERL X
N ORINAEED 5T % decorin T A5, FLEEM
fli b L—=2 7 O%RIHIME s his,

8. RAMBIEF

Decorin & 9 \Z&HE R CRITTEIEDH LN B8
A%, FUERBHMLER) I & 0 #08] & W 5 FlA B ELit =T
T Lo, KMOLDOTIZISOHE DL H -7
(HHP &, 2005), —F7. FLAEBHME P L—=> 7ick h
BAasH F 5 RABE T 24THE R o 2o ThH0H
Wid, B EROREICSETICASA TSN X
DIEPICEELRET VR VwE SRS v, 72, KM
METFORD»S ., MR, S5RENDE T T4 KA
FroLyic, EHEHIRHELET A58 b ofHR
DGWHERANF L CHERTOBLIL L &y,

9. F&H

TG DRI T 2GR O 5 4E & BB L
TEY, TROHOHBIEL LD L ) ICHFEL, B,
EV) T EFEFYMIB R DD L0 0nHhORTH S,
BHECHRETH A LEZ LN TV B L L OFHEHRIET
FHEEL, HATRBLAUENEFLLHESATVS
BHETF 2 )3 5 FLBEBESREE F L — = > 7%, BHAO
BETRBEEIRZAZLIEV ARy IS0 F
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FLPFE RS TIEOR R, LEEEEN L —=
T \DOHB 2V TEE TP - T IIEAD—
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fTebhTVEOREITHY, Fho 2L LTOTDH
B L TWwWE LW,
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