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FFFER R OMEE (353) : To investigate the feasibility of developing a method for detecion of
gene doping in power-athletes, we devised an experimental model system. Myostatin is a
potent negative regulator of skeletal muscle development and growth, and myostatin-
knockout mice exhibit a double-muscle phenotype. To achieve knockdown, we constructed
plasmids expressing short hairpin interfering RNAs (shRNAs) against myostatin. These
shRNAs were transfected into C2C12 cultured cells or injected into the tibialis anterior
(TA) muscle of adult mice. By performing in vitro and in vivo experiments, we found that
some shRNAs effectively reduced the expression of myostatin, and that the TA muscle
showed hypertrophy of up to 27.9%. Then, using real- time PCR, we tried to detect the
shRNA plasmid in the serum or muscles of mice into which it had been injected. Although
we were unable to detect the plasmid in serum samples, it was detectable in the treated
muscle at least four weeks after induction. We were also able to detect the plasmid in
muscle in the vicinity of the TA. This gene doping model system will be useful for further
studies aimed at doping control.

AEA IR E AR
(BEHHAL - )
[ERESEN LiEESE & &t
2009 £ 11,900, 000 3,570, 000 15, 470, 000
2010 £ 9, 800, 000 2,940, 000 12, 740, 000
2011 4 71,600, 000 2,280, 000 9, 880, 000
2012 6, 800, 000 2,040, 000 8, 840, 000
ik 36, 100, 000 10, 830, 000 46, 930, 000

WHFEoTEE < B Oy 1 B R FR
B & OLF - ME : fEHE - AR — Y RE S AR — Y B
F—U— N EEERY SFAERT BIER IARZTF U @e5T /v s AT




FEBAAR S W) D 5

F—bE > ZIZAR—YOMBEEEE L. 5
BHEOEBEEZEL, 727 7 L —DMICK
THRAENITETH D, His& Iwis T A
VU—hORTEIELSOH DL F—t
THDHNIEMLE T R—E 7 2HER L
HEBEICBET A0 0HEME I OT A
AxBRTH L EREBELLTEBD, K
WFIEIEZ O L & 72 2 B HFEHE & Al 5
DO TH D, WO E > ME,
FeAREFZ DR 19~20 R TS L 7- 5o
2B AEE S 19300219 (WL a=7
DHEAT Z BB AR LIEIT DA D= LD
MR ) ZHED TWZBE, EBAMIZS LTS
FEZ BRI AR T DR BRI R &« 72T AL
THZLEEBELIZZEIZEL>TWD, 2D
it ERIES UL, B 7 AU — h o3k
FIR—v o 7HWLELGF =70
Mitiofm, =V —r 72V —FrDZ L 3
BT ORI R EICHISHATRETH
N XT > A PR IRAE DR FE R R % s < [H
RICETTED2 LD EHIFINTWV,

2. WHEOHEM

(72— b bifaT F—E 2 7&K
T5] O0FE—HL LT, FTxrBEat K
— BT RN T D FEERET L7200
ETNVERREMLL, IHIZZEDOETIVE
BAREMF ST N— B8 ETELTEA
L7=79 A3 F% RealTime PCR iEIC &
BMETDHIENAENE I NERBRIET S Z
ENRETH D,

3. WOk

Bof R—E 72 BET57-012F, B
I F—E U 72X > TEDOREN S

RETIVEBRBRDBLETHY | NT—FRT A
U— FOERTHLEEMEIZERL, 2N
PN AERZ B8 F— v 7 E

TIVOVERZRI T, I A AXTF AL EE
OiEE 72 EEHIR L TWDSRTT 4 7 L

Fal—F—LLTHLNTWAEH Y

BTHO, TNNENTLE -2 22RERIK
(B b, ¥, A X ETHMHNTWNDS) T
IEHOERBEMEML TS, IFAH
FonED LR T B LT

WADIZOWTIEK 1ICE EHTEL,

j ":2::;:': I— Follistatin
i

4

H
-_ +—[ACvAI
I |

X 1 EEERIER D A — RNIZBD D I AR X T O
BeE, IERIZ TN T D 2 E RS
Schiaffino S et al. FEBS J. 2013 Mar 21. doi:
10. 1111/febs. 12253.

BinF F—v 7 Tld, BEFHRELER
TIEETHWHLNTWAFRERIGH LT, #
— NGB E LRI EOREE A EE
ﬁéﬁ\7xu~b@F—Hy7ﬁf%f%

(LB IR ERGY 120 ME&%W%ﬁ%T/f
L7z EWOHBIZHEI bOEEEL, 5L
fmuﬁg%ﬁ%ﬁ//77ﬁbfiﬁ<
//7?&/%%ﬁﬁbto_®ﬁ%%ﬁw
FORM, FIEMDICBT A2 IAAZ T UER
FORREMZ, X7 B2 S5 #H
Ea~o 22 L= (X 2),

Cytoplasm RISC
Incorporation
— into RISC = 1
Unwindin:
— . T ! g
SiRNA Delivery to cytoplasm
(transit across cellular membrane) g E
<5 Processing —

‘ Target recognition

Nuclear export

\ mRNA
e SRNAS Cleavage
]\T anscription
Delivery to nucleus %
(transit across cellular and nuclear membrane)
shRNA-expressing \De/mifd mRAA
pDNA Nucleus -

2 : shRNAIZ X% RNA T, 7°7 A X RIT & o THARE
PIUZE A & 472 shRNA (32 —%4 v | @ mRNA &Rl L,
BEFREBAL N 2R TESES, SRIOERTIZI A
AHRF L mRNA XX —7y hTH D,

I BT, FEREICT AV — R ORIED S B
T R—Er e+ L2 BEL, K
ERYT TN BEALETTAI KO
RealTime PCR {E(2 L % HilE 2 377~



4. WFIEEE:
FPELF = 7 ETLVERROM
NEAZOWT, 3 FEUER LTI A AZTFT D
)9 I BRI E—DaA L ANT T +OD
25, FTv U A FRAHRE MR C2C12
ZRAWT, TORIMEEZBRLE (F—4 AR
BoR), 2y hu— (U6 LHEZD) Tk,

SHILZDETNERREME ST, TR
2 FICHAAEN TS R—E v VEET
BN U7 fAE L g S 2R AT, %
DOFERE, MR B O HITE NE# TS K
TholebDD, A% 1 7 AN THILZ,
B L7 (RSB & ORI OB #
) MmBEERETES 2 2R LT (X 5),

HHEDRBD OGN 2fEHOa X T 7 b
(ZFhEh K2, K3 i) &~ U ADRifE
BAICES L, BRI A N2, EEiR
BRIz, R, IS4 AZF L mRNA B &
CIFREF U Z R EREDNEDT DD
[ZfE- T (1K 3), RITISE RS 27.9%F2 FE 1
ML, NBIZLPAZ A N L—= 7
LICBE#HEIERSEDSZ LIRS L, 7T
/D%ﬁﬁj—ﬁ%ﬁj L7 ( 4)0 _ 10 20 30 40 10 20 30 40

Real-time PCR amplification cycles -5. Real-time PCR amplification cycles.
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