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H4 T 2FgolAol HIABZH LR Aoy JEe she @Al
HEolA7] Xl MEo® 4HA AtkSon et al, 2005). o] =
< HAAMFEH AAM A5 STEFo] EREHA ¥ W] 129
FHo] HeE dA 2 oA STEFEo| ARET] o|FHE EHIEHZA &
of 2zt Aol X dow A4 EF EVMssitHDwyer et al,
2015). ©] vk mPo] tig FH A= A 2 FFol thsiA
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(Lepper and Fan, 2010; von Maltzahn et al., 2013). T3+ Pax7 ©

|

ru[o

B3I U= SHSEVIHAEE THAATE BolFoZ APEA]
ANAY EE Pax? FAAE THZV|NE Eolxoz AL ANAS
o A9IA] 25 &S dod ZS5AAl EVlsdtte =i
B Eo] JtHGunther et al., 2013; Sambasivan et al., 2011). Z&]aL
AEFAor shte] ZAfF fd EAskE F MY SHE7IAER
S 2% 10070 o)/el AT 4 MY ZAEES ANE + A
s =85 X FHJAHCollins et al, 2005). webA, ZSE7|AHE
F(Muscle stem cell pooDe} 52|45 = (Muscle regeneration
capacity)2 433 "I #AAVE AS ASE AFEHM o] Tjs|

A AARE A7 JgE Faevt ok
AF7HA Bag Ao o5 vigided tid 9344 dT=
oFE# o7 YA T2 E(Testosterone)e] T=5 F7HA171H A AA 9

FAsGe W 2HRY WHH 2 el G 3y B2E x|

o

Hl g3t F7hgkebal delx QltkSinha-Hikim et al., 2002). L2]a1
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V. 43 A5 2 2 (Materials and Methods)

V-1. v}-$2Mice)

AtA Al EdWolo] o] 14 AgMA ] EAEE FAA
(Gonadotropin releasing hormone 1)¢] Y%7} A% Gnrhl"™™e n}
$-2~(Cattanach et al., 1977)¢] &5 Jackson laboratoryZF-& <=

Aoz Fulstach wel: Gnrhl™™® x Gnrhl™ $Ax& 1 o)

oft

o8 fAAHetersl U5 He Fahol MASNET FHE A
(Genotyping) 23} #A<&S % Gnrhl™ ¢} Gnrh1™ §@x8S 7}
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[Fol] AFEH ZFA& ALX|ZF 4 Z(hindlimb muscle) & <A 73221 TA
muscle(tibialis anterior muscle) % &8 Z3Z & Al&3st9Y. [F&
Z2 dlideE 97 9Ysted TA musclee 2ml FH(0030 120.094,

Eppendorf) <9 Optimal cutting temperature compound(4583,



Tissue-Tek®) ol F11 x| FA(-196C)o A 158 I8 T A LH

A A (cryostaD ol Al 2AAAH-E RFET REEAN Z2ZAAEHLS
PBS(Phosphate buffered saline)oll <Al& 54 F+ W 3t 4%
paraformaldehyde®] 10% A3t} o] permeabilization buffer(0.4%
triton X-100 in 5% BSA)ell 10& ®H$-A|Zlt}. Blocking buffere} 1z

A

i

o]

rr

Q&= M.OM kit(FMK-2201, Vector Inc)e] solutions
S A8 13 &Ale] 314 &2 Pax7(1:100, DHSB), Ki67(1:1000,
abcam), Laminin(1:2000, abcam) T3} o] AR&3l4ch Edu |44

7d% Click-iT® Edu Imaging Kitse] protocols

filo
AN
N
b
£
a
o

W
2

Ed

FUS =8 A 24h HA 02 F W FYsAT 22 FAE =

o

ol &wlE 5% BSA(bovine serum albumin)E AH&3FH T 231 A
o] 34}&-S mouse 594, rabbit 488, rat 488 = 1:4000.% AL-&3}
At} Mounting solutione Vectashield(H-1200, vector laboratories)E

AbESHA T

FAZEY B RGAEYEFHA ASE IHEAS ARATEA o

A 791 TA(tibialis anterior muscle), &#=]<¢l GA(gastrocnemius

muscle), A2 Q(quadricep muscle), AF5<+¢!  Tri(Triceps

muscle)®] 9 2§ 2F& Agagoh EuE AATEE Imp] &
1 = |
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njnto g2 ZA Aol 0.2% collagenase type 11(17101015, Gibco) in
DMEM/High Glucose &< AZw dSml¥ 1A[%F 30& X+ 37C7F
AE 3] A 7](rotator) WollA ¥E-S-A|ZIt}h. Washing buffer(10% horse
serum in DMEM/High Glucose)s A1&9 Smi¥ i AA&EE7]
(1200rpm, 5min, 4C)E =9 H FTAE& AAZIH Dispase

solution(dispase 4ml, washing buffer 6ml, collagenase type I1I 0.0037g)

o

ZF AE 5mlA

oL

I 308 ZF 37CTF fFAE 7] el A gk
SAZY. 20 gauge HFES 10ml FAR7]o] ZEo} dispase solution
mixture-2 petri-dish ¢1o1A 10 &A1tk LA E2]71(1200rpm,

5min, 4C)
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29 3 A4ZHS A A 40 4m strainer® 3 H A
=0 12 &A VCAMI1-biotin(553331, BD Pharmingen), CD31-
APC(551262, BD Pharmingen), CD45-APC(103112, Biolegend), Scal-
FITC(553335, BD Biosciences)E 1:100 ¥]& = FACS buffer(10% horse
serum in autoclaved PBS)ol Y1l 4C dZx7oA A Z3} 3083 w
SA1Z15}y. FACS buffer2 s ®H A4 & 2z 3+A| Streptavidin-PE-
Cy7E 1100 Hl&E MEA Ei 4C d=oA 1583 ¥-§AIZ

o). FACS Arialll 7]Al2 VCAMI', Scal’, CD31", CD45 ¢l "H A9
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TA muscle(tibialis
anterior muscle) #-$¢ &8 %A L& A83599th. Laminin A= @

A5k o] & Leopard program(ZOOTOS, Korea)S Ea

S B AEE ES5EAL ARES T AR S
GA(gastrocnemius muscle) =212 AR8-3t3 . 0.2% collagenase type
11(17101015, Gibco) in DMEM/High Glucose &<l M Z% 5ml¥ 2
3 37C oA 1AZE HEEAIZIT o]F 24 T4 AF Wi (Pasut
et al, 2013l wie} WP3tA . < 4 SA 2 Vectashield(H-1200,
Vector Laboratories)= Ah&3te] 23S AA3FH I 500um B &3

8 A

V-6 FHEZE o2 A

YA s =222 Testosterone propionate(T1875-5G, Sigma)et 5« -
Dihydrotestosterone(A8380-1G, Sigma) + /& AH&3t9o. 242

Silastic tube(508-009, Dow corning)E o] &3l wlH® vhg-2 744 <]

3 by | y|
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= 5§ d3tE o]2](subcutaneous implantation)d}1t}. Testosterone
propionate®] 4% lem Zo]e] tubeE AFESIHI  La-

Dihydrotestosterone®] 7%+ 0.5cm Zo]o] tubeE A}&3te] tube
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WRE IRE A4 A4S AASRAT. 3 ~ 419 B A np

2o o] & 7k Zo] At vhe-27F Ao AHEH AT

ry
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J BRAjE 2 EZ TA muscle(tibialis anterior muscle)ol] 1.2%
BaCl; in Saline, 100ul & 91&:3 o}&& WaFolA 50u3 Yo H

]_

%2
£
rl

S £4S F7] A vz 2% Avertin(0.02ml

)
ol

3 #)

/g body weight)& Fiste] wid & dF& Pt

IV-8. &4 *]2](Statistical Analysis)

A4 fodde 5PH9

Y

A Al W] Ao =2RE U2 raw

HU

dataS 7}A L student rtest= eIttt 28 &4 239 AL
error barse ¥F AHS.EME Yebdlth =3 p valuerl 0.05 R

o e A9 * AR YEgth



V. A 3 (Results)

V-1, AL &9 AA 2§27 E 47 Gnrhl §312 238 A4

dA7HA Had el =g mad A 25E7IAEY #A
of #oste AE AS HES Notch 2wt AFdo] wig Z
qE =91,

< A&" mhezd A A 25E71AE7E 1A J5A = A

A2 4 9 (Fukada et al., 2011, Y3 F3A 3L Notch

i
:
f

A& 9] co-activator FAFQIA}SQ] RBP-JE ZS=7|AXE Eo|x o=

i)
rh
>

2

o

= A& 4 JAThBjornson et al., 2012; Vasyutina
et al., 2007). =3 B AFHNAE AE7] o]F s 20| Sex
hormone-Mib1""*"™-Notch axis& %38 A ZKEZ7HAE A

A A 98-S dhE RS st thKim et al., unpublished).

o= Eg & o2 AHAAA(Orchidectomy) % FAA) A (Ovariectomy)
o] o] 9lar(Axell et al., 2006; Lara-Garcia et al., 2011) 3}8}%

oz g4 Bl oA TEZ AIAES dste 71T ¢ Az F



dotd 5 T=E EFe WHol EAIHKass et al, 2014). A
W §ASA wAz b AAoA HelrAs AdRnE 47
Se AAA AF sEEe G444 AFom ods) ksl WA
A} RUH A7 olF Hs2E Rut H4 9t Gnrhl 424
A<= up9-2(0]3} Gnrh1™™8) w}-$ 7} B 371¥ ¢ th(Cattanach et al.,

1977). A 27bA] Gnrh1™¥"¢ npo ~o] 29 w3

ofk
2
fiu)
ok
e
4
uls

AA7A waE wh g7 Wl 3L Fee) b AA vhes

olgste] Al THE7IME FAl s 4 EUuT. I A

i

I B AT A A7 W& Zo] £ HAZEE AY nhex
o ZHETIAE] = BAVNAC v @A FAHS A
g 4 A HFigure la, 1b, P<0.05, Kim et al., unpublished). &<
Aol Zol7b glo] T FEYES UEEA 1] $15H

IMe F8e A k2o FAG(TA muscle)®] A Z=5<71

X

ol

|25 A9

| B A R el Wa) 1 Aols AYA

g Al wls) gasol 9l

dlo

S FRIstd tHFigure 2c, 2d,

P<0.05). &A%k 3/Y F8 ol 47 Gnrhl"™¥™ w9 o] Zalo] 4

rr

AAAAS Aol7h Yo THF 4 F Hoechst F4& ol
glst A thFigure le, 1f, P>0.05). A HTA<S 33 o& 79

o) ZH2ANNE 2o

o,

A 25ENHNE FE FAs] 8t

o] 371Y Feeo] FZ Gnrh1™M™8 o9 o] A2 Z 2 Z(Hindlimb

-

muscle)& FAE FAFACH) WHL T BHD F AAAEI
2T
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Figure 1. A& 9] AA ZK=7|A % <71 Gnrhl 84 24 A

Al vk mElel A P ET.

(a-b) AZ 3/MY F3eo 47 Gnrhl” vl$-29F Gnrhl1™e o}~
o] FAHZFHTA muscle) AHE o] &st] A=A FANH S T3l A
A ZHE7IMNEY FE AT, (c-d ST MY FHg 4A
Gnrhl™ m}$-29} Gnrh1™#8 u}9 o] ok 7(TA muscle) EH &
o] &3 HARAGMRE T3l A IHSVIHNEY &5 FUT,
(e-) AZ 3MY F¥o 47 Gnrhl™ w929} Gnrhl™Me np$ ~
o ZHRE B4 T Y FE vud, (@-h) A% U1d FHe 5

Z Gnrhl™ vp-9-29} Gnrhl™™ nho-2o) Az Z7 o) EAete

A3} Scale bar: 25um
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# A ¢tHWang and Rudnicki, 2012). =3 ¢

< st thlepper et al, 2011). 18ar

)

o]
B

3

o

% 9 tHGunther et al., 2013). w}elA]

g

Aol %

(@)
T

o] A Gnrh1™¥"® n}9-2 9]

Y2 1.2% BaCl,, 1004l

S

tH(Figure 2a). 3}t

o] A @

| Gnrh1™E npeoso] ZgAlgel AdHe B

*]&

ol

o

(Figure 2b, 2d). ¥ Z&§<&

AHoz Aol7h yA| eFghth

(Figure 2c, P > 0.05). tjF-& &5
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Figure 2. 19180 &5 &4 43 $ Gnrhl 32 23 AA vt

(@ A% 3MY F39 47 Gnrhl™ w}$-29} Gnrhl™#M u}9 o]
A 7FZ(TA muscle)ol 1z 1.2% BaCl, 28 €4S F= A3 »2
=, b-d) 17 2% F 309 9 2844 J=E Aodane
ol g3 Wmd, () AZ 3NE FE F3 Gnrhl” vlg2x9)

Gnrh1™&Me mle ~ o] ok 7} Z(TA muscle)ol] 3xF 1.2% BaCl, =%

E4E FE AT BAE, ( 9 33 2554 3 309 FJ SS5AA
AT E AGFAHS o] 83l vl Scale bar: 25um
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V-3. Gnrhl F3Ax 28 AA FAH vfgzo] GAHAT=2ES o4

st AA S5E7IAE 7 AFdE T

Ao B o] AREZ] olFHE EuH7E HA 7] Wil Gnrhl #£3
A AR A vpg-2o] ESEVIHNEY FUF FE AR HFH
HKim et al., unpublished). §+# ThFdt THY A2 A3t =9

NA YR HFZ2ES AYWE FYUFAS o HAHoZ A2 9

o
r

7% FEIGE A7 Havlp dtkDwyer et al, 2015

Viswanathan and Eugster, 2011). w}x7}x|2 Gnrhl1™¥™ o}9 ~ o

kd
r (

ofh
o
5

AA SHE7IAE F7F FolE d FFo 7 3B &

A=AE Lolrr] Slste] A F

T
i

o]

oo
rot
4

TH EHE=
E(Testosterone, 5« -Dihydrotestosterone)&  Gnrh1™* o}

Gnrh1™™ w}-9-2of 242 ma} o] 25k thFigure 3a). w3} o] 2]
T 30do] AdstH sz = WUHAT 25 FHAd FE2ASH
Aa a2la e =27 9 FAUE Gurhl” k2o A9 &%
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V. § ¥ =& & (Abstract in English)

The study of muscle regeneration capacity in
Gnrhl deficient mice and muscle stem cell re-
establishment by androgen hormone

implantation

Gi-Chan Han

School of Biological Sciences
The Graduate School

Seoul National University

Gonadotrophin-releasing hormone (GnRH) is the primary
regulator of the hypothalamic-pituitary-gonadal axis. In the absence
of gonadotrophin-releasing hormone (GnRH), which is secreted from
hypothalamus, the follicle stimulating hormone (FSH) and luteinizing
hormone (LH) levels are substantially reduced after puberty.
Subsequently, the pubertal maturation and reproductive system are
impaired because of low serum levels of sex hormones, which are

essential to induce secondary sexual characteristics. The previous
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studies on Gnrhl-deficient mice, which have natural mutation in
Gnrhl gene, have been confined to fertility, nervous system, and
sexual behavior, but not skeletal muscle. Unlike a myriad of studies
which show the importance of adult muscle stem cells in maintenance,
proliferation, self-renewal and differentiation, there were no in-depth
study on the skeletal muscle in the absence of sex hormones. Here,
for the first time, this study shows the causal relationship between
sex hormone and formation as well as re-establishment of adult

muscle stem cell using Gnrhl-deficient mouse model.

Regardless of sexuality, Gnrh-1 deficient mice showed low
number of muscle stem cells. Moreover, the quantification of muscle
cross-sectional area after muscle injury showed that Gnrh-1 deficient
mice showed delayed muscle regeneration. When two types of
androgens (Testosterone and b5 o -dihydrotestosterone)-filled bio-
silastic tubes were implanted in Gnrh-1 deficient mice, the adult
muscle stem cell pool was rescued. Consequently, these results
showed that the sex hormone is indispensable for the establishment
of adult muscle stem cell pool. Also, muscle regeneration was delayed
in Gnrh-1 deficient mice after repetitive muscle injury but eligible
to regenerate muscle fibers. Lastly, androgen implantation is enable

to restore muscle stem cell pool in Gnrhl deficient mice.z 2 11| &
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Key words: Gnrhl deficient mice model, Muscle stem cell pool, Muscle
regeneration capacity, Androgen hormone implantation.
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