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My research in biomedical gerontology.

Katsuiku Hirokawa
Emeritus professor
Tokyo Medical & Dental University Director,
Institute of Health and Life Sciences

Tokyo Medical & Dental University Open Laboratory

Abstract

My basic concept on aging stands on that the aging process should be primarily
observed at individual level, including cellular level and animal models. This review
referred my personal experience at the time of medical student, and research study
in NIH, TMIG and Tokyo Medical & Dental University in order to explain how I was
involved by research study of aging of immunity. Brief explanation was made on that
aging of immunity preferentially occurs in acquired immunity of T cells, closely associated
with thymic involution. Then, the method was introduced about quantitative assessment
of immunological vigor using human peripheral blood. This assessment is useful for
maintenance of human health and prognosis of various diseases. Actually, age-related
decline of immunological vigor is closely associated with the length of lifespan and age-
related increase of various diseases. The last part mentioned how to promote the future
study of aging. The important point is that researchers in any fields of biology and medicine
are requested to review their study from the viewpoint of aging, gerontology or geriatrics.
Then, they can surely add a new aspect to their study and reports of aging study including
some new aspects are expected to increase.

Keywords : Aging, Immunity, Selection of research field, Quantitative assessment of

immunological vigor, Age-associated diseases
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WhE 2 H S TR AR ST 5 [21,22],

5) BMREEEY TS MElatEsE
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The role of muscle satellite cells in muscle regeneration during aging

Shuichi Machida and Tomoko Funakoshi
Graduate School of Health and Sports Science,

Juntendo University,

Summary

Sarcopenia is the involuntary loss of skeletal muscle mass and strength that occurs with
aging, resulting in physical frailty. However, the molecular mechanisms that mediate the
process of sarcopenia are not well defined. Skeletal muscle repair capacity progressively
decline with aging. Satellite cells are population of adult muscle stem cells that play a key
role in mediating muscle regeneration. Recent studies show that satellite cells progressively
undergo cell-intrinsic alterations that profoundly affect stem cell regenerative function
with aging. This review will focus on satellite cell characteristics and function in muscle

regeneration during aging.

Keywords : Sarcopenia, muscle satellite cells, muscle regeneration, aging
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PG & v 28 7 % 58S 5 B RAEIC 2 2 (K1),
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H OB BB 3D TR ICHIBE S hTwa e £ 2 bR
TWhb,

B 754 MTEIE. MIESIC & D 2 W BB DO EEAYK
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2. Y7354 MARDIEXIFI 2
MK, B Db o T2 MR LT 5
Tel, p8cEe b7 ) DNABMR T S —I2 X 5285
ZEROEBME LR M 5 5ED D 5, 1975 412
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Pax7"" g & 015 W87 DNA 88 % 53453 2 Ui
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F BN 331 & T - 2R (apical-basal) MPEBGHRIL. TN EIHHIBRANHE/EMN 5 2 LT, Ml
BIEZ 5453y Z7ICHBEL TV 5. EREOEERIIEIES >3y A KROEY) 2 R & BRiEIC & - THE

HahTws [11]
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NZENAHEPEBRICER 35 2 & T, AR
HNEfi% R EOREE A4 F I v 7 ICHL w5, &
B E M, Wiy o8y BEA RO #EY) 2 /L L
BRI L o THERE S LT W B 720, FOkeld EEz oHE
FEFE 2 AR S ESTR N R 5 (11 MM R -1,
A& F T 72 LRz A R A D T BB D R A2 2
LHEREZ DO DAL 5T, AT, KL Rk
falz B TIE R E A L7 il o5 s &1 B
ENTWn5,

4. U754 MERDEMREICHIT DIEEERFDEE

IxI g, EardoE W BT THPE % FE o T
PRI L. — T OB ZZFICHEE SN 2 &
T, WIS ZNENR R 2825 & v 2Hiliso
LA EANT 1 OO TH D, LdS> T FER
B gtid. LB sE 0% 4 2 T BRI R R M e 1k
OERIIEETH 72 EZONL, —F. HHEMO)
W25 UARYE 2 F o 723 2 Dol UHEE o gl s
FEHENLZWMBSHRE LD, Thbh, EHERTO
SN BT B RAEDSIR F 73 R B R Ped B &
Do T T4 MIBRIE. FRHEO TSR & S
M (M 794 M=y ¥ = EIHEN D) ITE LT
%o A TOFT I A M= v ¥ = 2SHIKE A TRk
REAEVHL, 774 MROEGHREICEEL S
2B ENG;oTE [12]0

Btk = 7 A O F B AT 589 90% ORIk
774 MlIE, HLHERF TH 5 Myl O # 1z
TR VAR H 5 [13]6 Kuang & & Myf5-Cre/
Ro0sa26-YFP < 77 A %& B\ 72 Myfs FSBLMINE 0 5 3838 B
FEBRD S, FRAERBE» WA ETED Mys 5B L
Twiwi 75 4 Ml (Pax7 Bk Myfs Fatk) o
FRNE, 9 10% FEAET 5 2 & 2R L2 [14], 155
FZox T ZAEHWCRENSHT L& 2 A, &AL
L 72 Pax7 Mtk Myf5 BaPEflilaiE, 56— 2ROk, TH
SFEEH NI RS EL L. Pax7 Bath Myfb e &
& B IZ Pax7 Btk Myf5 BitEfile 2 @il 5 2 & & FLl
L 726 — 7 Pax7 Btk Myf5 B PE M B & 55 S L2 i -
THRFRDERT B D > 720 BHIZERA S, Pax7 By
T Myf5 BV RNE Pax7 Btk Myfs Btk R L Y & B
CHBEBEENTEH W C L AUR SN, Pax7 Btk Myf5 B4
Bl — @M I3 2 Mai MR TH h . Pax7 Bk
Myf5 BRI & 0 RO LoRRE Y A E S 5 4
794 MllaTh b EEZ SN [14].

Notch ¥ 7 F IVid¥ 774 MIBO HOERE Z 58]
WZHET B EDBMSENT WS, Pax? Btk Myf5 &k
DO WL F L Notch3 L&k % B3 5 —J7. Pax7 Btk
Myf5 Bt O i i BRI IE Notch ) 47> K T& % Deltal
BT 5 [14]o L7zd% > T Pax7 Btk Myf5 e
MR Ix. Pax7 BalE Myf5 B PEMAE 2356309 % Deltal 12
X o TNotch ¥ 7 F VA AL & THOHEBATEES
NBLVo2 A= X AHPRBEINz [14], 2 HICHH
7V — 7%, Pax7 Btk Myf5 B VeI 12 Wat 52 2514
® Frizzled7 # & 38 8l L. Wnt7a 2% Wnt/PCP #% % %

AL CHBSHT L L R L7 [15]. Mtk X
F® 12T 5% Van Gogh-like protein 2 (Vangl2) %
SRNAIWCE Y Vv o ¥ r3hE, 2K
PN D 2 EH» S, Vangle2 AFEW 2 5 B oy 221,
Pax7 Witk Myfs Mo H OB 2 REL, ¥ 75
A M T — VORI ERE R EEHEAHS L EXHNT
w3 [15]

F 754 BB OWEELE, MyoD &, 22k
SRR B S AL, Pax7 Btk MyoD et L 7% 2 B OB
Mifa & Pax7 Btk MyoD Btk o ai BRANIASE N S v b
[16, 17]s Tory 5ix. PAR HEGKTDH % Mg K 7
@ PAR3 3 & UF PKCiota D ENIDWTHRzE 2 5,
PAR3 & PKCiota t& & % 1 f mif BRI ~ RS R o3 i S
nNaz ez L7 [16]. PAR3 Iz fE#E S 5
V) VAL p38a/ BMAPK &4 L. MyoD OinE % fitit
E€ 5%, —J PAR ARG S e Wbl p3s
a/BMAPK ®V) YALIZ R SN FHOHRES %, siRNA
I2& D PKCiotaz / v 27 ¥ 3% i ALl E &
N7z L7225 T, PAR BEKO I FR5 FIZ NG AL
L7297 94 Mllao H OB BN & 5 5 SR R 2z o
NG U ABPETDLHEERANALTHLEEZ LN
72 [16]e L L7230, RWFSEIE in vivo T OIS
FIIRENTES T, F BT I3 W Mtk %
HAWRTH B0, SHIVHEYRETVEf- 72
S 2R AT RS AR 2B

Fah N 8 E kD 1 D TH 5 Scrib HE1KD Scrib 13,
bk & U7z B o MiRE B & U8 R o 365 % R
IS 2 [ AT A BT L LTS T %o FEBE,
KGR ARABA L EIZIZETO EEEFAICILE L
T Scrib OFBUK TR BAEREIBE SN TH Y (18],
Scrib R FONT BRIAY 7 ZLHIOLE O BRI %
AT 2 EbhoTwS [19], Frid, 754
M DM A e 212 B 1) B Scrib OEENZ DV TN
[(20]c 7 T4 MMMIZIEEALT 5 & Scrib & FE LB
L. #—40%10, Scrib ¥ v /8 7 BI3MMEAL X e fr £
72 IE RIS R~ S e (K3). HEFlh o3
74 IR IE R RS L OV T Serib & FEBMERE L
THB Y. myogenin % I3 % i /b P Mg 1k Scrib
EEFEBL Tz, —7J7, Pax7 Btk MyoD B HE
HEBGHNL L Scrib DFEBATH R L Tnize 754 Ml
FaF S IYIZ Serib BIZF A RIS E L 2AH, 754
M oA L < #Hl S, AN X 0 iR E S
WYL EHAEREFELL (K4), 754 Mo
Scrib KIEIC X 2 BIEIIHIIC 1L, IGF-1 % & O #FH N+
DEZIEDRT ARG L TWAE I EDS Dot T T
A MHIFLLS Scrib % BRI FEH S 4 C b AT S 7z
ZENS. FT T4 M OBGEIREE D HEFFIZ I Scrib
DWPERFEBBEDBR DGR EATREE NI, T 72,
Scrib ZHWEMIZHMIEL LT 54 MO HOCHE
HMAMEINDL Z &5, Scrib OEHITHOHE DL
HDAT v T bZldbhoize UEOENS,
Scrib ZHEKRGFEICY T 5 4 MR OME, 51k, H
CHEB OB OE G JoE 2 9l 52 LT &
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M3. B—fiREO;FHEEIC KDY TS MAED Scrib FIRSNEE
(A) H—iiE OIRER IR E T 0o REHH 2 S BB X 0 H— i % B L2835 & Wifialk 11
HAETHH 754 MK 1 0SS, 20 HIC39%, 3HORIGEGRENEESNSE, B) ¥75
A MHIHE D Scrib 7 ¥ 37 M O FIEYA, Day 0 DRI OIREE TId Scrib 135 L T, 15 H HoiE M
ALBFIZ Scrib X TERANCIEH L. 2 H B IERFRE T 72 @ Bt s s e S s Eimicdh 5 (), &
g &5 3 HBICIE Pax? Btk oo B OB 33Tk Scrib OFBLIZA 513, MyoD koMb
LM ClE s se 3y % (201,

E4. Scrib RIEVY IR (EEBEARETH D

HHEEGNC & 2 G, BB <y A Tid% < oF AR (f: BERE I 42 > dMyHC) 23R 51525
H7 I A MR Scrib KT 7 AT LA LR S [20]0

BB OTEIIBWTEELREGHZH) 2P L0
7;607’: (5) [20]0

5. BYEERFHRIBEE & HREE

Ji, B PR BB W IE  (Alveolar rhabdomyosarcoma,
ARMS) 3. BHEICEAHEI R DL NEoKig
RIS AMRGAECTH V. £ DA, Yta
KRR NC X B PAX3-FKHR 3 %\ & PAX7-FKHR ¥ *
SHEETORBEPED SN L, ik, ARMS BE O

FAE D BN FE 125 U C PKCiota 7 ¥ 78 7 B S S8 8§
52D s Nz [21]c ARMS EFIV < X DOfiH
fk12B VT H PKCiota DB BN FER S N fze F
72 C2C12 #5 3E M bR 13 LR i i L X0V © PKCiota %
L TWD—J7. ARMS H MR I3 B 512 v
siRNA Z MW T PKCiota %/ v 7 #7745 &, ARMS
HRMBtkD a0 = — Bl A IEE L KT L722a5
C2C12 etk Cld &  BEP A oo 72 (21,
Z ORRIE, PKCiota O RFEBUIMO L2 RASA & [Fkk
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5. U734 MARDESRRECHTS Scrib DA

W7 I A4 ML 5 & Scrib & FSBIIN S, GO IER BRPE F 72 13 BRI Serib &2 ELT 5o
Lo Serib Z8H (Serib®™) &, ¥ 7 74 MO ZHEF L, HEER2ZHET S, —T, BN
@ Scrib FEH (Scrib™") &, BATHIIH & H AL < o $ b B, Scrib IZHEKEMIS, 7 F4

AL oS8 iy e & P AUASHIE T 2 [20]0

IZARMS IZBWTH A SN, DAL OBGHRE AL
HGLTWB I LERKET S, ARMS HAHINE 13 1 i
REATTGHE L T\ % 721 Tld e < B b 2sii o il S
TWwb 729, ARMS kMl T & sE33 % PKCiota 2%
W LREIC S 2 BB DWW T, SO &
bbb,

BB TH LT 2 2V XBHIA a7 4 —
(Duchenne muscular dystrophy, DMD) . A g K
EIH Y A THHVA MO T 4 Y OBETER -
KABIZ & o THERHAMWETIL L 120 HEEIC LD
HELHRET 2R YA MR 74 Y OFRRUE, ¥

AT T4 IR L7 HRAMEC O AFEBIL TW b & #E
AONTELD, BHLL2H 754 MillcBW T
AN % F o THRBLT 2 2 L i Shk
[22], IEMEALT 7T 4 MHIIRICHEH T 2 IREMO P X b
074 V3R T- O 15 TH 5 Parlb & B ER
L. JEHSGHNIZ X Par3 A RTELE s (KM6), YA+
74 Yid Parlb 0B 2 HHT L2 T, F7I4 b
MO It 2L 12 % DMD €70V CH 5 mdx
T AHKDOT T T A MiLZ, YA M7 4 YARIEA
LTCWwab 72, it b IC Parlb B & U Par3 O tk1L
I 5T, IERHGHRPHH I N TV L, EDOR

6. EHELIEYTSA MARDI A FOT 1« VIFIERFFD OB LICEE TH D
PR Y 7T 4 MIRIEHEERZICEELSI NS &, 2K (basal) fIICY A ba 7 4 » & Parlb, THY (apical) i
Par3 BRAET 5 L9 1X% 5. SOMMALIC X O I FRAHDHEL 22 0. F P A EY) 284 < B CAE BN & w5k
MEZER T4 mdx ¥ AHKO Y X ba 7 4 YRIEY T I 4 MTIEEEALZ ISR S 2 53, FEFRS 2T
EINL, Flo—HOMILITHIZIED 2 VITHILBEAFES NS, FORE, ANEYdEaieeriRa ., BEz2a0
BRI % e S 5 — . AL E 2 iR 5 [22],
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W) 7B AP EATE S D . W A F CBTEI AT R &
N2 AL EE e Fhar SRR 0 A5 % [22]6
AR RIE, 2N T CHBMEOIEIIILAENEZ 2 5hT
&72DMD IZBWT, %754 MllaomtosEds &
b 7% ) PRYE D DMD SIEDH /2R AN = AL LD
WREtEE R L TB ) REFEERY (K6 ).

6. BHbHIC

AEFH T, BERTICE 5295754 MO IEFr
43 B8 20 B Ay v B NS O W TR T ORFZE R % S L
Too BERENIBDTMAH S FFEAEIC L 28 2 5
D HTERAING & @il 7 — VL % HEH3 5 B S %
FREICHEDR S 5 7201, MR X 250 - FER R
WEN L7200 A S 0k > TE 2 TR
Bro- R OEIN N T VR & T A A, R
BERCHHETORAT — VBV THZEHMIZRL S
EEZOND, 774 Ml - IR % R
W HNT v AEmEARNDEBHE L, CoRNNZER A
VNG YV AIHREDORIEIC O RN D EFHENL,
VAR T RAIERT & RS 572010, 4. IR
F-OMBEFEIZOCTHE LT L BERDH 5,
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Muscle satellite cells and cell-polarity

Daiki Seko, Shizuka Ogawa and Yusuke Ono
Department of Stem Cell Biology, Atomic Bomb Disease Institute,
Nagasaki University Graduate School of Biomedical Sciences, Nagasaki 852-8523, Japan

Summary

Skeletal muscle tissue stem cells are satellite cells with remarkable regenerative capacity
after muscle injury. Satellite cells are localized between the basal lamina and surface of
myofibers, which is called the satellite cell niche. Accumulating evidence has demonstrated
that cell fate decisions in satellite cells are influenced by the satellite cell niche through
the polarized distribution of cell polarity proteins, controlling asymmetric cell division,
which allows a stem cell to generate a daughter cell that self-renews and another cell that
undergoes differentiation. Here we review recent progress in our understanding of the cell-
polarity proteins and stem cell fate decisions in muscle satellite cells.

Keywords : Satellite cells, Asymmetric cell division, Skeletal muscle, Cell-polarity
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[#a5]
RAFTAA VKDY T T4 FHINEO G HBRAE
dili AR, BRIE EEE
BHHORFR T ANHEEREREER AV AT OE—Y 3 VA T A%
e

B TH AV 7 74 Millglx, £HROFHEHOKE., FE, BXOEKEHS T
Wb BEIIKRIFIREEICH A0 F 5 4 ML, BIEGRIE L LT L. S El
BETAHILTHOBEZIT ). ZOMBET, —HOMIIIECHER L TRIEIREIZKED ., &K
GALIREED T 75 4 MHIBSHER SN TWD, 2O L) 2HHAERICBIT 20754 Ml
DIRDBFIE, IS ORI FICE o TR SN TWDE 2 90 o TE 72, E, &
KRIE 2 6 R IIVE YR E D W ENE Z EDRHLNIZEN, ZNHIETRIL T4 4
AV EFEN TS, BfliZEGE T2 EERVESRYA MAAL V2L, T
FEBIZH T I 4 M OEEL R IR E o RELEA TS, T2, 754 MR
DB B2 525 AT 4 Y odiZid, MGCE > TEEAEPZILTLL00DH D,
FAET OFHERICT R 2R & OBEMEAITRIE SN TV D, AT, BBHOFAREIC

WBEGRBIATNA Y EZTDIEHRFIZOWTRMNT 5,

F—T— R 5, . BRIk

1. [FU®IC
BEGITBAR RV L 2B EZITR TV 2
NEFETLHICENZEETH 5. HomEBET
DI EI 239 O, BRI 2 AT & L
THLNAHT T4 MIlRTH 2. 774 MllKIZE
BATKIEIRIBIC D 2 05, oM BGEd s L 20
A 2R LCEIE L WiniBRi 2 IEK 3 5. 5%
12 & o TR L 720 B S, & 5 WIZEE O
FRAEICRLA LCy Bz it oTe . 151, B L O
KICHRT %0 T2 oWBT, FHRERAIRO — I3 H
ORI R > TROILRIREED Y7 5 4 M IR S
(B1)e TNETEHLOWMEIZL T, BHHOFAS
BIZBI LTI 4 FMllRORSL Y GHEaGHE) 135
BORTIZEsTHRE SN TS Z ERPLNIZENT
&720 774 MRS T MRS (=) &
RS M~ b)) 7 ZRs BRI, S ST
BERIVEVRIA M4 v EOWMEN T3 O FEF
Thbo

SEAE, BRIV U ROBERT BFRL T A

ARG BEIFERE T 1920397
HHHALF AR 1-1
TEL : 042-677-2966

FAX : 042-677-2961

E-mail : fujiin@tmu.ac.jp

FHA VEWIEND) #RWTHIENHLNELD,
HHEBOF WS, ded A+ h A vid, EE
i) 2479 & Z AN X o TERKA THm S,
MRS SN2 b L@EF#HIN TV, LA Lk
DFFZEIC & > T\ FHIDGHE LIS B aG 5<e S350
Lo THDHEI I NS A T H A v, HEWIZH
WENTWAERA T AL UHFRESIN TV D, BEICFHE
ENTVWBEYAF I 4 3 ORI YRR
M EOLBOEIMERAEFTHOMPHMESI N TV
B ARTIET T 74 Mo E R e R 2B D
LIAFHA VRN L. BRHOBARHKICE 2 5
WE L L ORI OV THEE Y %,

2. YAMA A VDES

<4+ A4 (Myokine) &) EHIX, HrwirE
R Myo EAEEIYIE &\ 9 B Kine 7 5 K 5 & iE T
Hbo CNEFTOMRICE T, YA FH A4 Y OHFIZIE
PRI 4 5 Olidds (B 20 BN I IR DRk 22 &)
WHERT 2 b0, 5550 - HOOWRIZERG H 212
TEHT 2000552 PO E RS T. BHEGHICH
CHOOHITIE, HOEKRLEM,. H 25\ IEFHOHAZ
EbH2LbDNL DL IN TS, Pedersen 1+
A+ A4 v OEFEL [ERGBHECEIL, 2220565
WENDLHTA M HA VBIURTF FTH Y G-
WHWIIAEHT 2 b0 e LTwa 1], EHzHIE,
WD ZEARAEST 5 2 & THA ORI 2 HT 5
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H1. BBEROYTSA MARRDIRDEN

Y77 A ML &SRB O RICATE L, RILIRIBICH 50 HidtEDH T2 &7 74 b

MR L, BB L. LSRG LTS

ILIREIZHE 5

VH Y FOMEERTIOTHIUL, ¥ 7 Eofhic
LS TRTF R, IRE. BIOREEDE Vo201
BIAANA VOERIIEINSLLEZ TS, T2,
SEFRFICMTh O~ A4 7 0 RNA BEHmL,. Z2hb
BEBHPSTWENTWS EHERHY [2, 3], 4
##id small RNAD XS T b=A4Fh 4 vOEHKIC
GEINnTnEEbns,

RAFAA VL) PSR A5 72 DIEETH
DA B OFREIE (AR PN 0 A B P B AR
LT TN REREE 2L T0W5E I &5
WkENT Wiz, 1986 412 Bischoff & i, Bids & Higk L
2T 4 M2 R L CHREE X B o e & sy
i WV =1 A DGRV /T R A DAL R el i N
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e 20
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F&EhH B DN

2. BREOHBYORMNDY TS MARRDIETEICK
(FIRE k4 07— % & ITIMEX)

b DA

M2 B3 50 WAL L 72T 74 Mo —#id

T U7 94 MIBLOBIEA TS 2 2 & 2 #ih L7z (I
2) [4]1. HifEPSIEE L2229 754 Ml (E
ATV HmMEAS SIS NIy V7 BT
HY, TNSIFBAERENTVEIA T AL VITH
5o

3. YA A HNAVICEKDTTS4 MABBDREEETE
MG EZ T4 & RIERED 2975 1 M
R L S AL, B - S oA & TRl wtaE & ey
LC. BB E2BET 5, £, HH LMo —
WiE. 774 MESHE L 2w E D ICHOER L
Ty RIEREIZRE S, 20X )T 7514 MllLoIRES
BEiE, MR S 0% L OREATHRNAEN T 5 =
ETHisShbLEZ 6N Tw5 [5]. HlZIE, M
NI, MEME. H 2 IS TIE%
BoHA M4 YBEEZWL. 774 MilllaoMaRE
W MEFRHEZRBLTCNDS (6], /720 754
ML A IY & CMifgs~ M) 2 ABEET, 222
HGF (Hepatocyte growth factor) 7 & OB4HEKF A5
HERFFEEINTUDBLET TR, ZOPITEL L A=A
VA PLASYT T4 MITLOBIBICKE {HEE L2
5 [7]e 3510, Bk E#L EOWENSRELR 28
EAA T C MR 75 % 58H 3 % &L BT O T AR REDSBIRY
BT A2 E05 [8, 9], MERIMEICE TN 41
WEHEWE D754 MO REZRB L T &2
bbb, TOHRT, FRBHRHHMHROFIE T (1 4
HA ) IERERS T BERE SN T2 b 0%
35 (KM3)e

3.1 Y751 MilezEE T YA T A
RAEDBE T 5 & I AGERAAICEE L TE 2
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RO FH R

BIEL-FHR

TR

X3. Y754 MEROKEEREICRD YA A 1Y

R7UT =IOV AL ML YRTESA YHFUWE
NDA5, S HITHEE L72HifiiA © bR R T-2500H 3
M, ENSIEH 774 MIRICER L OimA L] &k
¥ WMERTEIY T 74 MllaoghE & 3L iR
HHEEEHSTWS [10],

IGF-1 (Insulin-like growth factor-1) &3 (2l T
HEINDEFNVEYT, BERFISE L CTHEBR LK H
IWEND, FHMHIZBWTDH IGF-1 OFHIIMRR X
nNTBH, A ML yF, @AM, H5VITMEEIGED
&9 IRl 2 08 S 5 X9 BRI X o THyRHE D
Lt s g [11]. EHW O IGF-1 15w Em I
Lo TH T4 MIBICER L, HioERICHEKT %
(11, 121, R X > THMHED S5 Méntnmli
BT I A4 Mg O EMRIGFIR 1244 L. Ras-ERK
(Extracellular signal-regulated kinase) ¥ 273 VB XY
IRS-PI3 ¥ 7" F V& LTI & b &2 R S5 [13,
141,

FGF-2 (Fibroblast growth factor 2) ¥ MK IEL;
X o TR 2 EKNTTH 2% [15 16]. FGF-213%
< DM T MAPK (Mitogen-activated protein kinase)
VT F VRSB EEELT A 2 & T Mot E
T A EEH S, Y774 MR TIE. KILIREDR
S M E I A 2 BRIC p38a/ BMAPK 25iEHAL L. Zh
ZFGF223 M) A=, o Tw5 [17]. F7-. HHH
OFHANI BT, MEEBO G125 SHo#T
FGF-2 I X % Erkl/2 B OEEALDAT K TH S Z &
PSS PIZENTWS [18],

HGF b M5 1c & o THIlAMC I S, 7 7 4
MO %2 3G L & & 5 [19]. Rodgers (&~ Z o FH
PRNCHEGSE S5 25 & TOMPZT TR BFHO
T4 Mg %)7'“1[17)“_&._126 ZEERM L, ROk
WoHT 74 MildEE o774 Mg s il <

HEHEE 52w rvilfiko< s 2032y ta—k
% %) IR OFEITK & o F O % SN % & |

FEBITHIIERHIZIE F > TR vwb oo, HllgsZ24
DLBEIETHORAPNE T > THEI N Gh o7 K
1k (Gy) W& G oM OMBBIEHICAZZEDTES
COFIIREEIL Goere & RIS 1720 Rogders O i

Tt M OY T 7 4 PIIEDS G N EHET DT
5 L7272 5 ol S 7z HGF 28 mTOR (mammalian
target of rapamycin) ¥ 7 FV ¥ ZF @2 EMALT 5 720
EHHSNTwD [200 2o kHic, HEICL->TY
774 MAREASH A &R AR I, B8 L 2o
MO EN D<A T4 VAL LTHvTw
5o

3.2 YT NMEEEIDIEYE
A4

IL-15 (Interleukin-15) ZEHMEMHICE < FHT 594
MHAYTHY NSWICEREEEICER L. 280
IANF—RHzRlHTLr~A T4 2 LTEBEN
Twb [21]e =/ TIL1512% 287 MM 2 4 L.
BRHGOEKICEDS EERTWS [22], BREKT
MR IL-15 21EH 3¢5 L, ¥ U RT7EROTLEE ¥
VN7 S ROIIRIDEED S, WiRMEO I KR2IAE T B
(23, 241, IL-15 o IER &R, Tiak L 72 IGF-1 & &
ML= CTHELAZ ERHLNIZENTWS [23],
BREW S 812, —BhoE# 2179 L BHEGO IL-15
mRNA 25803 % 7220 T4 < Mg o IL-15 D
WRLHIEPHEINTVS [25], B ML —=v2
W2 & BRI RO R RO, ~ 4+ Ah L L
T IL-15 HSREBEISAER L 7=/ R CTh BRI DE 2
bNb,

LIF (Leukemia inhibitory factor) 3 F IfiL % &l fid o

- MEEBET AN AT
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HRHPIHIE & L TR o294 b A4 2 TH B
TGP S PWMENIEIA T AL ELTHHDS
N5 [26]c FEANEE) L E % O LIF © mRNA % 3
M2 2 &, B X OEFE R~ 0 38 B B0
W (Ao n) FLIFEEZFET L LGS
NTws [26], B2 HHWESND LIF b EHEHO
RICHEND L LI N T b, Spangenburg 5
F.LIFD )/ v 7277 b7 ATIBAMNIC X 551K
FHOMKDAET VDS, LIF OHGIZL > TERDL
AFxa—3NbZEEFR L [27]. In vitro D FEER
TLIF 2% 7 54 MFICEMT %5 &, JAKL (Janus
kinase 1). STAT1 (Signal transducer and activator of
transcription 1), B X OSTAT3 - L7z 7 F vk
BCHHAMEME ST 5 2 LAVREN TV [28,29], 21
LDHFEN S, LIF ZEHEH 2 S 55774 b
MRS A< A4 A4 v THY, Hhhr—=v7r7
WCEBMHMEREZG SR TEEREHEZH) LEZ N
5o

3.3 YFSANHRROEEZEICHIE T 2141

~ A+ X% F >~ (Myostatin/Growth differentiation
factor 8) & TGF-f (Transforming growth factor beta)
A=NX=T7 7 I =R TBHA AL THY, T
GRH T - FWSNTERB RS IMERT 2~ A 4
A ELTHLENRTWS [30], ¥4+ A5 F v off
HEHETLEHERPELLEZENS, AR F
VAR O MR GE & b & Jl L CE R AR T
LTWwaEEZXON5,

YA T AYF L OMBBNY 7 FIVid, o TGF-SA—
N—7 7 31 — L FRIC Smad ¥ 787 &4 L TIRIE
ENd, YA F RS F BN ZE (ActRIB) 12
METHE IRLET Y — Lo B L GEMHAL D E
L. Smad2 3 & Uf Smad3 ®) Y #1t% 4 L C. Smad4
AL EE 5. TS DAL Smads IFBEABAT L.
WSS R B b B IR T ORI NE T 5 BHEmHEE
HIREE C2C12 i ML & W 72 385l JEBR S B v T,
~ A4 F A % F 1 Cdk (Cyclin-dependent kinase) @
4 ey —Thbs p2l OFEBIEM,. B IO Cdk2 DI
HHf 25 &2 L, MREM O G ¥, 5 S Hi~of
TRIm e [31]e ¥4 A AFF ViY77 14 M
JRIZH LTh. p2l oFB 2 FE S TRIEIZE &
5 RIS, HOHEBOKTZIISREZ T [32], &
LIZ¥ A+ X% F i, Smad3 AL CTHiMLoEE
BT Tdh % MyoD ##Hl L. Wififeoma %2 H
32 [33]c SHXIIC, A F AT F VITMHOME
ERCHET A2 LD, ZOMEEMILILICES
THYAMTT7 4 —EORERIIGHTE 21 RENE D E 2
LNTW5 [34],

4. ImlC RDEHBERETNENY A DAY

M & o THMBORLE (1)) BETIsLE
HIS, BB OMAERDBET T 5. TORKMIFTF
A METBORRBINT72L S Tw b 2%, ZUAeE &

WZNAES % 1 0 2 1b (Intrinsic mechanism) & 1512,
= v Fr LI EERE D%l (Extrinsic mechanism)
BRESHELTWS [5], FlxIE EiwT v bog
FEMIAILIR % 45 WK ISR 5 & BRLS 2o ER
(1815 BIUWIN (26 £5) 234m+ % [3Ble TDF
FE, BRI T 2R OB 2T 5 2
LxRLTW5, F72. Parabiosis & FEN 2 2 kD
XY ADIE % s L CTHRBRIE 2 3245 ¢ 5 Tz i
W5k, v T ZCH Y 7 A OB % EEEH
SEDLTENURTH D, £~ 7 A (2-3 7 Hilw) @
Mg A2 A5 &g~y A (19-26 7 A ) OF#
W OFAERIIER~ Y ZADOLX)VIZE THAE L7270,
IR & 2 M R OE R T O 2L DS i b RE I B L T
WBZEATRIEEINT: [9]6

Y774 MIROBILIMEIZ X > TR T 5 2 LAk
HEINTBY [36]. HFHAEROIKT & O #EAITRIE S
NTWs, THIEINMEICL>THT 74 Millio B C#HE
BREMET L. WO AEMRTE 2T LIRS
b0 COYTIA MITBOKEZLZTI ST AH =
AALELT, FGR2RM AN L2V 7 I 4 Milleoig
HALAZF 5N T WD, 22-24 7 AOE R~ 7 A T,
F7 74 ML= v 512 FGF-2 O R BAH M L. FGF
PrF 7 EHET A & %R Sproutyl 254 L
Twizo 72, FGF #EHZ2 HET 5 L Mg L 597
74 MO T 2 L7z [37],

RIEVEY A S A A D1 2TH 5 IL-6 (Interleukin-6)
. INESIS X o THHIREE AN S 2 BALK T & LCTH
S, R OFENM L OMEI R E R TWS [38],
IL-6 ZZRD T dh % JAK-STAT #E#% b s (18 +
R) X THEMALL, 794 Mo BCO#i#EL
KT EE5, CORKEHES S EKIEHOYFTFF 4 b
AR SEM U, o FAERA MBI L 72 [39], IL-6 ik
b oA AL v ELTHONE ST THY)., £
OEFERIZ G OMRBHRE 2 L LI 5 [40],
—#VEO B & o THLH R LI X BRI % A%, K
RN EB) 2179 ERHREO IL6 REIZL LAKTT
LT EPHMLNTWS [41], #EH ML — =¥ 7 I3EHK
MOFAERON FICHER)TH 275 [42], IL6 LD~
AF N A VBEDREEL T2 2345 B 2078
PUETH 5,

5. 80OHIC

RATHA VIRIIIETE > TELEB D Vs, ki &
B AT A VA IN TS, BRHOESL=D
MDD B~ A AN A YRR L, € DOIERERE %W
SMCTENR, HLax=T7 LR EOERBOREBRDOY
Bi - IO 2S5 W R D 50 FEERIZ, Hx Hl
HET2~A 25 F OEHZHHT2HETF L LT,
Follistatin % GASP (GDF-associated serum protein)
PGS, ENSIFAEEORENS T LTHIERE R
TWw5 [43], F7z. AR RES DML 2 BRI
UG S & % FEBRGRATHEN. S, SIS X o THOMWDSHE
SNDEIATHA ORIV REL %25 72 [44], #HH)
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TR D Y. SRIZZOFHML 0T A 7 =X L OfFH
BRDOLNT WD, YA+ I A Y OWfFEIZ. Frvar=
T REEMHIRBORROIEMN T TR, TNHHEHY
HRYE L3O, BLONS <= —D5RIC
DN EELTTTH L,
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Regulatory mechanism of satellite cell function by myokines

Yasuro Furuichi and Nobuharu L. Fujii

Department of Health Promotion Sciences, Tokyo Metropolitan University

Abstract

The skeletal muscle stem cells, known as satellite cells, play a crucial role in postnatal
skeletal muscle growth, regeneration, and hypertrophy. Satellite cells are quiescent in
the resting state but are activated after muscle injury. Subsequently, they proliferate,
differentiate, and fuse with damaged myofibers. A few activated myogenic cells return to
the stem cell state (self-renewal) to maintain the satellite cell pool. The behavior of satellite
cells during muscle regeneration is regulated by extrinsic factors. The skeletal muscle
has been recently recognized as an endocrine organ that secretes bioactive factors called
myokines. Skeletal muscle releases growth factors and cytokines in response to muscle
injury, which in turn, triggers satellite cell activation and enhance cell proliferation. In
addition, some myokines cause age-related changes in mass and function of skeletal muscles.
Here, we describe the effects of myokines on satellite cell behavior in regenerating muscles
and the underlying functional mechanism.

Keywords : secretion, myogenesis, muscle regeneration, aging

_33_






FERELALIISE 40 (1) ; 35-39, 2016

(#5551
G-CSF 12 & % & ik
Wik A
B SRR LD PRI
£

MR ER 2 0 = — i K F (Granulocyte-colony stimulating factor ; G-CSF) ZZ#fkid~ ™ 2
T A2 1535 T TR Y Re B A A 1 A B AR IO BT B0 G HE B 210 G-CSF 2 &K IZ 2R
FHHMIICHEB L, G-CSF H#5Z X 0 5B FHAERES NS, HAEOEEGEMETH
% i A @ R I B A AR R TR Ui AR5 4 TR b 2RI
BWT G-CSF BRI EHEIZHB A L TBD ., G-CSF i< G-CSF B HRRKIE~ 7 A
DFFATIZ BT, G-CSF E iy A O BRWIHMEFICERE 2 Z#Z2#HoTnwad, T2y X
B Y A b a7 4 —1&, @MEHEEIC X DRI 2B OEEC X 0 LIS
L7035, FAEZ B R U 72 AR 2 (2B EE L T AR DM L TRIRD AL T %,
YA MR 74 —FET NI AIBNT, B G-CSF #5513 RM oM A 2 R LR %
9 5b, INS XD G-CSF Mg M EHIEH LG RO EEZRE L Tnwb,

F—"— K : Muscle, Satellite cell, G-CSF, Muscular dystrophy

1. [FU®IC

BN A OBKICHEET A HHEHBEK LTV
LML TH Y. KW OIGHLTLEMERHCE D > T2,
ROIME R B RERIE 2 EOBRRUGHHEERH VA b
74 — %D L L7 R R % Lo B S <
HHH, FRBIIED B BEOHLERIEH L LMD
BRI AR ORA XD T FBIIIE R SR T
Chholze LML SERMHTARDDEETIE R
L TNSOHRBIZETOEZHELLEE L, 512
IR ER EPSIICELZ B H Y. BIETIIE
WAL ORBIE I N TV 5,

JEARIZ 38\ T AAE o JE PR L i 20 & 3 5
R ASD 0 . MBS R O RIEE - 4
2o TV, RARICB 2 FEFEHIL D S B %
fHMIE~ D5 % HIH S 5 75 F R IR IR R S8 A R o
TR AL - BB L TR 2 AL AL
TWwb, ThbbLERICBIT 55RO mAeESL %
I L TA e % BISE T 5 72 012id. B o ki
JaFEE 2 RN T WL S D HETH b, B4R

ARG SRS T 160-8582
HRUER A X AR T 35

TEL : 03-3353-1211 (P 62310)
FAX : 03-3353-2502

E-mail : yuasa@keio.jp

Mea B RTHCI D HHROGAL - BADS R 22
FENAEE ICHE S Tw b, JBAEPHOKEIZBWT
EEMGEMRIHZE I NS X)W RD, FN5id Pax3
R Pax7 # 3B L. %\ T bHLH Kz 5 K% MyoD.
Myf5. MRF4, Myogenin 2SNERFEH LA E LT
At - B - B LR ISR S 5 K& iR ZTER L
T, 2O &I ks G HRFREAMEXRFEIL L TR
DEEHIF RN BT REOF B2 P L. B &0 0wl
Jia 2 & B4R ASIG 56 2 i 3R 2 L Tl iia~ & 41t
LTl BEHGEAREORI SO0, M2l
N OMERERERE, BERERME, bR 2 EL <. £ LT
CER L T BEDH Do £ 2 ThRAEM O K5 LE R
2D 5 EMMIC LT, LX) REHZET LY
BAAFAET B 2 % FEAEN T A & AT L. #h A
DYGH - SAUIRAER T-ORE 21TV AR T EA
EIBSHLTWS ZENTRETHE EEZEZ LN,

2. G-CSFZA/AEDYIRARFICEITDHIR
OISR & B AR 5 A2 12 B W CRIRRIR S 1S
BT DEA R R T W THHWRT &2 RCER
LAZ ) == T &ATo 120, =7 ZAWEIRIZB W T
G-CSF (granulocyte-colony stimulating factor : ik £k
= —HRET) OZHEERDFEETHINE O MIAFAE
FTAHRE V) HBETHMBHL T D I EBHL
(1-3)o ¥ AWBIFIRIZIB T B G-CSF ZAMAE DI %
Whole mount in situ hybridization #:12 & ) & FE 5 #4
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MR~ —H — OB L 728 25, BT
o~ —5—TdH % pax3 L IZFHEBIAS—FH L &
A BB S LG O M FMN R & TRIY
% myf5 % myoD OFEIHIBA L FM L T 5B Z &2V
L7z (4)o EOITEMZ S BLERAL 2 RIEGMIC X D B
FLzE A, KREoOHRTYH Pax3. Pax? #5383 54
e LTl RSB ERTELL, ZNH0TCH
HOMBLER TDH 5 MyoD % FB LIk 5 012551t
LG 72 R AL A A& AT AE 241912 G-CSF 248K %
CHRBLTWD Z W55 720 GCSF ZHEERD I
W & 3L 5. G-CSF i 4% 5 O fi AL o il i 7
SHIPITHIL L 72MIIBIC BT, bRl 7% & k%
IR < B G- L T B T REMEAVRIZ S 7z,

3. G-CSF 5= DIEFERF CH %

G-CSF & 1 1fi Bk o> 34 05 i <0 38 1L 5 e, o0 SR A ~
B EVEA % EDMBZNDENERA A S LT 54
A ML Y THDBH, BEHITT BMEHIEE A
Tdh o720 ZZ Tin vitro IZBWT, &5 M0
LTGCSENRED L) lEHNH 02 i3T5 L
E L7 w7 AMFEMBOMBEKE LTSN TwS
C2C12 B 1 8 T3 0 BE 0 IR F C b ALILHY Fll % e
ARG ALIRTE % HERE S 5 25, I 8 BE o0 R C LI K
PR 5T 5 2 EH S TwW5B, C2C12
M 2 A IR TR R 5 & B o R L3
MIMEB VT GCSF ZR AP RBLTB Y, KERIC
J S M L & b L 72 B8121E G-CSF 2 Bk 0 58
WHAWERT D LR INT, & 51T GCSF % 5ia8
AR 5 2 &2 X . G-CSF i BRSPS R 50
LRI ORFEA R R SN B S L AVHIBH L 720 — T
TR G-CSF 2%k o Al fifk % 7 L G-CSF
YUFNVETO Y 745 E C2C12 MIKL O BATE X FIH] X
. Mg O8I G-CSF W HZ N T TH B Z &
A L7z ¥ 512 C2C12 ML R #E# H 12 G-CSF %
W4 % &, STAT3, AKT. ERK. JNK, p38 % &®
YA MHAVZEERDOTRIZH L ENHMSNTW DA
N> 7 F W ST L S B Z LAV L 720§
%5 G-CSF W 3 M AR S ISHIBN > 7 L &2 1
AT A ENTELILEBRL TS, ZhbHn
&5 G-CSF I 3l o B H 2 5 W IR F T d
% eI L 72,

4. G-CSFZEKIIRMABEMBEROHSMRICHE
BULTWS

SO I R4 & MRS G-CSF 2R DRI BT 5
FEHOFMERGEET 52 & & Lz, AN TOBE»S
G-CSF S FE ARG B 2 15 155 IS R0 9k b 9 o - 6 5 el
TR L TH S, BHEHEHILA L Uik TH
BEREE REF L T AR TR D b D Z L?
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W DR F A« Wi AR AP BN B O BT
AMEBITEAERD LNV, LA LBASHA ZERK

THIADPEE SN BT, R 2 AN
fLa, 2k - 95l Lok i 20T 2 A8 C el 45 il
&5,

BAR T OB P AEBLG & Wit 3 5 72 D B 5
EFNVERERTLILE Lz, I 7 FMEFHICHET S A
VIF bR AT ERBHMN R EIRYIEET 2 WE T
HY. HAGECHET 2 EENTIETL CHY L TW
o WNVTYF MXRIYUVEHBAMNERTLHZLICE)Y
A BERE A EE TV EEE L, GCSF ZARD I
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[ZHFEIYIC G-CSF s < I L T 5 Z &A%
WL 720 BGAFII T o IER & AR RBVE & H MR < i
G-CSF ZHMRIIBB I N 572, Thd X ) GCSF
AR B P AR I 0 55 SR N L R RS S B L
G-CSF 258 #& i FF A 120 < B 5- LT B W RE I SR g2
a7z,

5. G-CSF 3EBMEETROBEZR{ET

G-CSF Z B HFMILCTHRIL TEBY . in vitro T
ML OB 2 m MRS S & X0 AR R A
2BV F 3L 2 5 S e R E 2 RET 5 2 & AT
BENTze HAPLHONTVWEZ EZPHRMARIZBITS
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LX) TH D, ThbbEEEZZTTWARVIER
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% L. G-CSF #4555 2 & THiTEICHB T 5 G-CSF
DMPERFT L L L Lize ZOHE. GCSF %45
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Skeletal muscle regeneration by G-CSF

Shinsuke Yuasa M.D, Ph.D.
Assistant Professor
Department of Cardiology
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Abstract

Granulocyte colony stimulating factor receptor (G-CSFR) is highly expressed in somite
of murine embryos and regenerating adult muscle after injury. G-CSF administration
promotes skeletal muscle regeneration in murine skeletal muscle injury models. G-CSFR
is asymmetrically expressed in activated satellite cells and G-CSF is critically involved in
the maintenance of long-term satellite cell population. G-CSF administration significantly
improved the long-term survival of murine model of muscular dystrophy.

Keywords : Muscle, Satellite cell, G-CSF, Muscular dystrophy
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