4B FFFRTmr FEF LA
AL

Department of Graduate Institute of Clinical Medicine

College of Medicine
National Taiwan University

Master Thesis

o Rl T R e g
The Change of Serum Myostain
in Patients with Hyperthyroidism

f 4
Chen, Wei-Che

hE g R FoR
Advisor: Prof. Yang Wei-Shiung, Ph.D.

PERR 10L& 77
July, 2012



iEA R SALEE S R H S S o B S R endp B
B A BEERBE
FOABEHOES DT o B R o e E RS F 67 i

FARE R 7 R i enfs R L A R Pl iy 4R 4 g e

At5

Poo TEPIHP A AR B RIR DR o B B F SR AT 0 SR
AL G i iE o R el d B

gk

%o o X

H

N
(=
F_‘p
“}Z‘E
4

BETT

&
$o %A NI TLR R gz

“—\

o Bt R X F AR

ot
F_‘-

*m\i-

B ¥

£ RERLHHE G FRP 2 RATR NPT P EE LT AT B
AEend F R g BA R TR FE o R S T F RN S ATHN
B afihGFF o FELE R b FEFT Pl RFET S

EnTn s Fl ek 1 0E AR 242 o 8 RHEA S SR % P

ix

-
—-\\

g o B PN S BTRA D F 0 L A3 E o SRR XA R

=

\%3:

PRI TRA fck hl (F o BEHARE PGP F K E EYE O SR ARER
= g FehpE g o

SRR A FRA S RPE SR ok 0 R @FL LR TIER

N

=
\&1
3

B Y B AR o PRSP - RAgad S

1
-
3\
A
(\‘
1
-
¥
3
e
W
&
o

BB A EREEOHNERE

T R N E N T A K



BB oo 1
B B e 2
e B B e 3
B B B o 4
o R P AR ] 5
B T R BB e 7

B o B T B e 7

R T - T e 8
BZR BT HEE D e, 9
Frd P 8% L BTN TR s 11
TR 8 B AN TR R L, 14
B A R B B e, 16
R B E IR e, 18
AFE é‘»%%}fc .................................................................................... 19
13 W4 22



7 P&

2o RBFLRVETH RAFEE PRV AR 22
4% = #BMI 12 21 kg/m2 & 5 & & > #&i4R baseline 2. myostatin.............. .23
% = #BMI 1z 21kg/m2 4 5 & % > 4R baseline 22 IGF-1.................... 23
2w #-free T4 52 3.00 ng/dL 4 % & % » #& 4R baseline 2. Myostatin.......... 24

%7 #-free T4 52 3.00 ng/dL & % & % > $& 4k baseline 2. IGF-1...............24

2R R0 RRFLAPETHE AR HEH.. 25
£ = VR E ¥ ie R 9 18 2 £ jf myostatin £ IGF-1 BB 25
N KR8 R —“ﬁf gserum myostatin s R E & SRV B 25

% 4 : Hyperthyroidism i » corrected myostatin fefes 4p e @ {£.........26

L@ j&ﬂxj‘{#;é 7wit /s 9 ( corrected)myostatin £2 age ~sex ~BMI ~ free

T4 ~ GPT ~ Cre gamultiple linear regression...........cccocovvveiineninieneseseeen, 26

L - |k ,1&'9:11#;‘; 7wikip R 9 (Corrected)#$ myostatin 3§ 4c 22 5 > v‘F‘,‘ 227



W P 4

) R VR R R R e Ted



1+ ¢ <42

TR G A A Lehp s o Pk SAEURCE R ok S Al N
™ —jgrs € ig 2w oep :’)';‘;,?a%i ffk b aed i o AR Y A4 I E_F myostatin
follistatin 2 IGF-1 #_% %¢1 @ ;Wﬁ'u% = L A B = sl /F‘s%?é v 1R G AR
fgoep 4 g e L ¢ myostatin pathway £.F » § 3 F £ & chdk d o

BLETA LAl LY R R H R TR i 2 TE &
FreeT4 <t 54 82 TSH |50 %3 & S 28R > " Re 2 ¥ > 2§ #%
i X

YRS F L £ 5 10ml o &% Free T4~ TSH - ] * p¥ 2 £ 5 &
+77% (Enzyme-link immunosorbent assay, ELISA) » % & serum myostatin protein -
3 IGF-1-

FEd > ? AR R R R T PRI H*’?]fui?f#ﬂmlé: AR
H:ju% it 7wit e 2 Carbimazole # p bmg 2 30mg 4 - 2 = k@ * » &
Propylthiouracil = p 50mg = 300mg 4~ — T = =X ¢ * o A R% 7 FFE* > &
&ﬁ%m;é%ﬁAﬁ@ﬁﬁﬁ%Q%Wﬁﬁiwﬁ’i&imgﬁﬁﬂ%
TA-TSH ERDEHE 22 RHEREF R EFEZ L LHRY B o
Fioh 28 AE AT RORA N D F 2 BRT AT L TR RO REF LR
gz ® ;!Hr]ti s K,%j#?(Subtotal thyroidectomy)ips > 2 3 bdal iS5 R o
HREP AEEz e tekisdd o

¥e 23 P @ 1.Myostatin 2 IGF-1 Z > X0k o % B2 /0% 6 9% 24 %
v i S 2. RISV EBLIILSRIETY 24 F e K%Y 0
(albumin) ~ % F® % »ieps #& »icfis (Aspartate aminotransferase, AST) ~ 5 ¥&efiz & ¥

f#= (Alanine amino-transferase ,ALT)¥ »~f& iHCreatinine, Cre.) °
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2~ M (Introduction)

[-1#=%#+3R

Myostatin(MSTN) £23% 3+ 1997 # 4t 7 & Frsd » gt EAReR 5 A
transforming growth factor-B(TGF-B) superfamily = f 2. - o A& BRI} » B%
IH A F bR Z A 2P AR F R RO A > PTIUARGR G AR R
vev B G Of e B EeniE R o Myostatin i B3t s F ¢ 0 4 e ¢ g Ar
3 £0 myokine —rup & 2 dg g (Vup k) xR R IRguep B B IER o
[1]%7 5 3=p eog B b > 0w 4RSS R L TR & AL ﬁhié PSR

+ ILPEF )J-}Ja - s ’T{éfﬁ o [2] &g P o ¢ 4% myostatin s e

e e

AR ] ' i 1 & s [ (Cachexia)  [3]

A vep L BN g
Myostatin & p & © § 3% % 1§ = sep i“‘fﬁ)ﬁf}%mﬁv#ﬂj %0 4ot #-S-180 *

gl ie (1T 0 AR e )i~ o B ¥ g ) BUAR ek s 2
myostatin MRNA 2 R34 4c [4] ; 2 portacaval anastamosis i = *F# it ch= B >
w4 F F2yuR 5 2 myostatin protein fsvp @ 3 4o [5] 5 E-x BenF Brjl*w *%rt ’
4% i Addison’s disease( “ﬁlﬁ“é Fo)ihd e o PIT ORI
myostatin protein & 3 4 [6] ; #-+ &3 2 dexamethsasone & 2_ = 5 DLy X
,%%ﬁ:n’ﬂCushing syndrome B 7% = gk ¥ - H s gomyostatin 2 myostatin mMRNA 7
£ % ¢ H 4 > ¥ 2 £ frdexamethasone (¥ & IR AP B [7] 5 5 1o F BRI

B 4o I X ez pF o e .o sudh myostatin protein %
MRNA 8 4 2 3 4c[8] 3 4 % BRI P § 51k b 2R 5 Bl re 449 o e
P Hes o 7 g Flyep @ g myostatin protein 2 mRNA £ 3 4c o [9]

BAREE &Y o BBETIE % human-immunodeficiency virus(HIV) 4 @ & &



DR X HRehm 4 o ¢ gep ¢ dhmyostatin protein £ $i it B iy 4
fvo [10]7 #pok b i v T BDR F 0 2w F 2 chmyostatin protein shE
B Ee FRDAE e F ey FEF e o [11] #HRET RSB KR
w BT IR h Rk o e X HEehli g myostatin protein i ¢ kAR G OM -
[12]
FL E TR FIUE L.
F';P";f]lﬁs Uik ;}LBW;&EZ BT e MR A SR PR AL
:m“#H]&ﬁﬁ iR ggﬂ:xﬁuz‘ézs;mpﬂ M A F AL m“;w]ﬂ\ﬁl%
RMTRE G D0 g HASB RS DTRE ARG B e @O
;I“i]‘i‘% (free 4-lodine thyroxine) & 3 B - [13]
[z]1=% P&
BAE Ry ¢ o AP ESLG & Y myostatin ik & &1 0 #3f]1+,§sb i e
R HET Moo TR RIE T RT #“*}Jéﬁse AR F B R e i
myostatin % Insulin-like growth factor-1 (IGF-1) » ﬁ%gﬁiﬁﬁﬁ IR E A T

HOREF SR - ek ts £ R R L Simyostatin 2 IGF-1 0 n S A DB

’éﬁ_' o
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LR

EP el A ;IM'W;&EZ ﬁi@,&"'ﬁ R ;W?i it (euthyroidism, ®
;R&j‘u;‘—%?éﬁ F)egrdlie > #dbp 21 R FI 71 R o fekp 5% Flep A ftmd o
FRACELORATEF TR LL P ESRBAOAATR Bl L
Wobg o MECAFFHE2IUEAE ATERIRRTAFTRY FHP
Fooep 4 e g e

TR R S R F P £ 5 10ml o 5% Free T4~ TSH - [ * p¥ 2 £ £ »
172 (Enzyme-link immunosorbent assay, ELISA) » % z_& serum myostatin -
follistatin % IGF-1 -

FRRpd - 0 ;I%’*fjlﬁ W LA R T PRI H»“’f]lé‘?# DS bl ¢

2 Carbimazole & p 5mg £ 30mg ~ - % = =t i#¢ * > & Propylthiouracil = p

50mg 1 300mg 4 - I ==t ¥ o hiESkY R o kA F R TR L e T Rk
H;j‘ué T wd o T RGP HZ w R freeTA-TSHER A EHE » % 2 35% 8 h%
Fioh HEEBLLEHRY Ef o

HBEPARTER AP HisES o

¥es3E Pt L.Myostatin 2 IGF-1 8% 5 5 2 B2 5k b ehy 24 1k pF
o k2 R ISRTE BRI ISREOY 24P o k%9 kv (albumin)
* PP % ovps i viefis (Aspartate aminotransferase, AST) ~ p "=pk #& '=f+ (Alanine
amino-transferase ,ALT)£2 s~f& i+ Creatinine, Cre.) °
#k'ff'%fi PLOEE 2B B 4 R A e 2 B R%RT A
§er Ep R 4R S fukg o

RREGFE T PR LA T RO L R S Free T4 X0 %
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R B AE i E';-]»U:ju% il ¥ :}*“‘f iEE
¥ % &5 & 15772 (ELISAs) =& Myostatin & IGF-1

& 7F myostatin )k & i#]  E_# * competitive immunoassay Kits ¥ iz ¥ i 77 T4
& (Immunodiagnostik AG, Bensheim, Germany) protocol » &5 sz s 14+
(sensitivity) = 270 pg/ml » the intra- and inter-assay % £ (variabilities)-]: >+ 10%
and 15% - s &R E 2 % & - %k 2 & full-length myostatin peptide. %8 iz .k {3
" ERR AR G 1B > R & competitive myostatin antibody solution i F g T B ¢
coated wells = |- pF o %13 > 3 secondary antibody conjugated with peroxidase
dox > Y - ) PFIS R 4o~ the substrate, 3,3°,5,5’-Tetramethylbenzidine(for
peroxidase) - The absorption of each well r2 VersaMAX tunable microplate reader
(Molecular Devices, Sunnyvale, CA, USA) at 450 nm against 620 nm as a reference
3 2= B well = ek 3 - 12 The four-parameter logistic regression model :*+ &
KR o

& enlGF-1 Jk B P E H_* ELISA Kkits according to the manufacturer’s protocol
(Mediagnost, Reutlingen, Germany) » sz 14 % 0.09 ng/ml » @ the inter- and

intraassay variability 5 6.8% and 6.7% -
St e ik
oS F BT HE 1 f B X (mean £ SD) & 3 > 12 Student’s test  ~
Wilcoxon rank-sum test 2 Fisher’s exact testis @ stz & ¥ 4 - 4p k# |4 2_12 Pearson
correlation coefficients is & 45 » 12 4041 Ep: & Frmyostatina {4 jp| ens 4R 12 0 12
P>t 0.05 5 7 % cndi B ¥ o kit e 73t B AU S i STATALL

(StataCorp.) LP. Texas, USA) -
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4~ 5% % (Result)

LEEHBEATETH
T e R e S LT
it mitng o B L RIS LT BRI - BT R KB
PR BIME- L RBAE e AFREEHREDELEME LG R D

2 ose ]

£33 > @ fw i@ 7AST ~ ALT £ Creatinine ] e 2/ 5 53t L B o feirj £

PRI SRR~ THOR A YA L ARG £ BT o T RO R

f
R F mend 4 [ £ 45 9(Body Mass Index, BMI)4p #it et % 14 (P=0.028) -

L ¥ PR R AN A s TR

Aot R RIE A Bep 3R 48 M 4p 1R © myostatin 2 IGF-1 0 &7 kR
Wit it B ¥ e ] e cha - myostatin Jk & 2§ A ¥ £ B (16.74£6.19 V.S
16.48+5.32,P=0.392) » = ¥ ;{*\‘Hfjlﬁﬁ At R@%'ﬁ I /%"m IGF-1 E R P& ¥ 5 >0 4

L

4

e 42 (336.931102.81 V.S. 240.26+85.87, P<0.001) - i&— # enfa s Bais 47 o
s BMI e id 21 -7 eosfiic it B E A 35 m(det 22 2 & 2) 0 BMI A%
2] 32l eng K H b fehmyostatin 2 IGF-1 kR £ B2 Bl ¥ L8 0 &y
PR R m A F AR o o free T4 R & 3ng/dL -7 R e & ¥
Aad (et dw o~ & 7)) free T4 <3023t 3 en R K B 5 < myostatin &
ERFLAPHFLE  SHRECRTENFLE > i free T4 « 3t 3ng/dL e

Lo i IGF-L & BT % 3t froe T4 | 3% ng/dL 4l -
Q%HT\%EEE@ﬁ;ﬁ Il S € 2 %Q;Fjg*;'/é‘};‘ G B MBI B

Pk s BRArA A MBS L T ROREF ISR 0 5 BT BMI &
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R 4 AN ;}%H)’Fﬁ‘—% it it B e T s serum free T4 2 TSH k& v 5] 7 i “le
I it (Euthyroidism) sfak 7 o 5 Bl sy in o = v ¥ {8 hT B0 - myostatin k&
Bfez teFieanftpeils £8 > 6 w5 IGF-1 kR F < HREP
B Lu kil o

R ;}*M]lﬁﬁ iR B R s W S e 3 B AP B 4p R (& <) @ myostatin 2
IGF-1 » i & en T 2% F myostatin Jk & B ¥ = ¥t 5 o (25.78£7.08 V.S
16.48£5.32, P<0.001) » ip o 5 0T ¥ F IGF-1 ik B Bl & 5 % 49 4
(336.93+102.81 V.S. 338.6 +116.26, P=0.452) o fz 3% {1 4 L4+ o = L v i¥ {5 e T
ok F myostatin & & + & ¥ < 3t = L » 3¥ + (23.28£8.91 V.S 16.9 £6.86, P<0.001) -
1% F % © myostatin ELISA £_#-& 265 9 15 65§ el — AL (7 » f g
Ptz e T4 A d- teGdnagW Ak g2 E3
(degradation) -
R it *# f2 & myostatin #dg

Fla iz Bie > NP RSER S F D o 3P BB o Pl o 8 R AL
vEF o oA E R RS A (LR

MSTN(before, control)=MSTN(after, control)*04674+6.0668  (P<0.001)

d 3yl Fahmyostatin kR e (SRR EARF 0 T LE T
MSTN( corrected, before, control) =~ MSTN(after, control) = (MSNT(before,
control)-6.0668)/0.4674

A S R h AL i
MSTN( corrected, before, control) = (MSNT (before, control)-6.0668)/0.4674

B A - KT EY AF R
MSTN(corrected, before, patients)= (MSTN(before, patients)-6.60668))/0.4674

R (5 e RO & 5 RLL - myostatin k& ek o T
el A 47 7 ﬂ%ﬂ%i@,& 'g e {8 e - myostatin k& (& ) 0 R AU

12



W 8w - myostatin Jk K& T & A it (21.42+11.44 V.S, 25.58+7.08, P=0.063) -
YR {5 e R ok - myostatin g & AR B s 4T (R 4 ) T @ik &
¥ 2 5 myostatin )k & &2 Ed5 ~ BMI~ 5 free T4 )k & ~ 5 i ALT kA & 5
FCre kR &R Mg M o & 2 multiple linear regression 4 45 » P4 IRin B
W &K 2 b myostatin k& £ & BMI - ki free TA DR &~ i ALT ik &

% Cre kB X & MF sl (% ) o

vop g B A B 4 AR 1 A 4
% 11 % 14 p| myostatin % e 2 5 (AMSTN>0 or AMSTN<0) % 4 7 % /> 45
RHREDTH (o + - ) + = B & F H serum myostatin 3 4 (AMSTN>0) > @
- - 1 R F serum myostatin j* > (AMSTN<0) © ig7 2 & eh# &, BMI, «& i
ALT kA& ~ i Cre k& ~ n i free TAJER 2 & i IGF-1 R R R 5 ¥ A
£ - fe myostatin &5 1 2 (AMSTN<0)s & & # % 2] sh.e - myostatin Jk &

(A ) HH 4 (AMSTNO) PR K AT 5 8 -
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5~ 3 #(Discussion)

Myostatin @ & A A3 B3F 5 g = ovep “{ﬁﬁm)’i SIJ%"FKJF HWAawk® s 53775
B R HEsS NP B 0 myostatin By B 4 g f e biRand 4 [3-9)
4OEJET - A REELBRM A 7 [10,11,12] 0 KA > 4 F R T EIRA A 0k
Boodo B RIS A KE S A F g Pl B et g ogoi(soleus
muscle) % : YgAZiE P 4 2w -+ {2 myostatin mMRNA i 5 % 1+ [14] & ~ B R KX
&1 = Bagy(plantaris muscle) % 7 5« < (hypertrophy) » e < 384 e+ B
B3 s myostatin protein & IR &g ¥ 3 4c (myostatin 3 4v i+ Blficp § At b
H15] - Pk e B AR o F 03 A 5 (denervation) i@ < By P g% X
Pl = % feen B B ogovemyostatin B 3 ¥ - BAEF[16] 0 H & & ek Bl
Fred GRS e X E S~ X 0 IR o X 452 myostatin protein 2
myostatin mMRNA 7 & » - = B ¥ {$&2 - L = g ? {& » < %4 48 myostatin
MRNA j& > iz myostatin protein 3 4r o % — & pzs S e F % ¢ [17] 0 B2
w e+ BUep chmyostatin mMRNA g -5 2 myostatin protein 7 % o H & {v
myostatin 23 ¥ ¥4 ¢ 4p B <3¢ " activin A ~ follistatin ~ 2 phosphorylated
Smad2 (p-Smad2) & » X3 e 0 Fpt 42 myostatin g 8 F T P i
T % gL TE o - A BAY ® s ¥ % B dexamethasone {4 > myostatin
MRNA 5 - & myostatin protein ;X 7 % it o @ # & < &g 4 7 vep %‘1’5 LB
3| eE_myostatin mMRNA and activin A protein j > ~ myostatin protein 3 4c @

follistatin and p-Smad2 2§ ¢z % - &

1\‘*

:F PP Ho2berg e {ﬂ’ﬁ‘,‘;’l‘{iﬁ
** myostatin e L 4o o

Afpgyryd o @ ;{M]ﬂ%}&ﬁi B K AR T ;wij‘ti g Sl R g
myostatin 32k &2 F B EF LR L FIGF-1 T3k R4 o B g -
w3 {d 0 @ e myostatin 2 IGF-1 eh T 3ok R 42§ B F R o - S B YR
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B 2008 & o — 0T RORA AL A 3 ehde 4 AT [18] 0 AR AT RORE P 0iE
X 9 ;I»LHW;& i X ek B Hoaep ghmyostatin protein 2 myostatin MRNA 37 23
dv oA ® ;}”)}% Arig e @ ;}”)ﬁ%}‘—% it uikenx B > Hoewp g myostatin protein
% myostatin mMRNA 382§ BLEF|sc s o ¥ 7> #-0 ;}L’Jlf{% 4v 3 C2C12 ¥z > &
A3 iE + myostatin MRNA 04 B o AP e A MBEEPFT T > & o fr
Py E_R A i) o

B >+ HG/IGH-1 axis &= ¢ ;Nr](#%sh iRy 0 2001 & Iglesia s IR © ;P’ﬁ{
0 ik m&ﬂz h 5 IGF-1 ¢ Insulin-like growth factor binding
protein-3(IIGFBP-3);k & &2 @ HHJT\L el dn g o s e ¢ IGF-1 2
IGFBP-3 R|j > - @ « 75 Insulin-like growth factor binding protein-1(IGFBP-1) &
TR R R F AR A R Y HF T AA Py
BEig? IGF-1 tinh wAE¥ R 30 4udlie  ip R Xy FE -

BAPHFT Y 0 BEERAPBEIRG B oo SRR IO G TR E D

Ay [14~18] > daplL @ ;I”r]lﬁﬁ P JE R T o LI ;{fﬁz #_d myostatin s%

AR E o EAPLFIREBIL NS BRSNS AL
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» 0~ RRAEEY

R TS SEARN S A S T R i

Faup o A JE 4 e ¥ myostatin 4

F_k

sramyostatin > X @ myostatin » 3
Wy o AW HIDF 7 RIE he FEyep ¢ myostatin protein 2 myostatin
mRNA > myostatin protein £ myostatin mMRNA = ¢ J1 7 - R0l w[16,17] - ¥
shaep @4 75 A ¥ myostatin s e % (antagonistic hormone) - Follistatin
Myostatin &s~p £ 55erisd|t Blo{ 4 A PARHZL FHD - 5= 0 7Rk
H:ju;&a it —m@m&iﬁ g R - @ ¥ R {F ehmyostatin protein eh 3 £ F it X R
P g BT e S > NP BGR Ry H*”fjlﬁﬁﬁ‘i IECEIE G i I
%o%iﬁﬁﬂﬁpfﬁm’ﬂﬁﬁﬁﬁiéwﬁjN%i#ﬁmﬁﬁ%’&%
FAO - BACR EA FRBOTRE AR o NP IET Y P AL e R
Y SHAR A R

NPy G- BEAGER RPN FRD PR N7 52 &
A5 AT PR o R - myostatin & & < TSR] 0 F1UTF k48 - Acdk {7 myostatin
ELISA » #f11tig 2 iR cndi (T4 38 A o Pt ok 5-20C 7
24 3F 1703 e Fev MEd 2 e0'E 2 o F) G L5 myostatin ok 4 F fRaaF 4L ATy
* PR o R 22 12 3R e myostatin fA i i B 19 B a0 R B e e

Py o RITHRDIPRETZLE R PR E 0 TR e SRS TSR T

PeAt A (P A -

BEa T APpE ";P’”]‘Ltﬁnb R e E BRI 1 24 i
i myostatin £ IGF-1 Jk & » 4 S i myostatin ik & &7 ko e R i

AL RO R MR BEFAR AR X HEFRT o TR

‘“\

Eﬁﬁaéﬁ.'ﬁm.ﬂ- 7 IGF-1 ER binhn B EFFVHBE > AnhiEB 0k 4P

WERBF R o Ak g izl L e shmyostatin, follistatin 2 sp v
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samyostatin MRNA » £ fe & 344 el £ 2 { = B <3 8 myostatin 2 rep o %

¢ giEn .
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Abstract

Objectives: Myostatin, a negative regulator of skeletal muscle growth, may

modulate muscle in myopathy after development.

Background: Both hypothyroidism and hyperthyroidism may cause signs and
symptoms of neuromuscular dysfunction. We hypothesized that serum myostatin level
might be related to myopathy in hyperthyroidism.

Method: We measure serum myostatin level in patients with hyperthyroidism and
normal control, and check serum myostatin again after anti-thyroid drugs used in
patients with hyperthyroidism for 24 weeks. .

Results There is no elevation of serum myostatin level but elevated serum IGF-1
level, compared to euthyroidism. After anti-thyroid medication for 24 weeks, no
significant increase of serum myostatin protein levels was found and the serum IGF-1
level also had no obvious change. 11 of 24 patients have decrease of serum myostatin
protein levels after medication for 24 weeks

Conclusions :  There are no changes in myostatin level before and after medication.
Serum IGF-1 increase in patients with hyperthyroidism and no change after treatment.
Advanced measurement of serum and muscle myostatin protein, myostatin mRNA,
follistatin and other muscle related markers in more cases could be done.

Key Words: Myostatin, IGF-1, myopathy, hyperthyroidism,
18
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1~ W2

ERE . RSt S R R R R R R

Total Hyperthyroidism Euthyroidism P
Number 55 24 31 ns
Age 39.92 + 11.35 37.13 + 12.07 42.10 £ 10.46 0.054
Sex (M : F) M13: F42 M9 : F15 M4 : F27 0.033
Height (cm) 162.00 + 7.84 164.54+ 8.67 160.01 + 6.61 0.016
Weight (kg) 59.63 + 9.79 50.30 + 11.45  59.90 + 8.47 0.412
BMI (Kg/m2) 22.68 + 3.05 21.80 + 3.02 23.37 +2.95 0.028
Free T4 (ng/dL)  [1.93+1.33 3.18 + 1.11 0.97 + 0.18 <0.001
TSH (uIU/ml) 1.33 + 4.63 0.006 + 0.009 2.36 £ 6.02 0.030
AST (U/L) 22.82 + 5.97 26.54 + 3.65 19.93 + 3.7 <0.001
ALT (U/L) 26.45 + 18.82 26.67 + 13.19 18.55 + 10.67 <0.001
Creatinine (mg/dL) [0.71 £ 0.15 0.63 £ 0.15 0.77+0.11 <0.001
Myostatin (png/dL) (16.74 + 6.19 16.48 + 5.32 16.95 *+ 6.86 0.392
IGF1 (ng/ml) 281.14 £ 102.05 [336.93 + 102.81 240.26 £ 85.87 <0.001
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% = #-BMI 2 21 kg/m2 4 % & % > ¥ 4R baseline 2. myostatin

P

Myostatin (pg/dL)
(= control kt)

Hyperthyroidism BMI<21 n=11

16.9+5.76 0.225

Hyperthyroidism BMI1>21 n=13

16.12 +5.12 0.213

Control n=31 16.95 + 6.86
% 4pt p=0.2935
%= #-BMI 12 21 kg/m2 » 5 & %2 > & 4R baseline 2. IGF-1

IGF-1 P

(ng/ml) (= control ‘e t)
Hyperthyroidism BMI<21 n=11 346.54 + 128.06 0.017
Hyperthyroidism BMI>21 n=13 328.80 + 80.23 0.004

control

240.26 + 85.87

7 2 4p it p=0.069
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2w #-free T4 12 3.00 ng/dL & = & %2 > & 4R baseline 2. Myostatin

P
Myostatin (pg/dL)
(= control ket)
Hyperthyroidism FT4 < 3 n=11 16.24 + 6.04 0.383
Hyperthyroidism FT4 > 3 n=13 16.68 + 4.87 0.449
Control n=31 16.95 + 6.86

5 fpi p=0.115

%1 #-free T4 12 3.00 ng/dL » % = %= - & 4R baseline 2. IGF-1

P
IGF-1
(= control
(ng/ml)
Et)
Hyperthyroidism FT4<3 n=11 330.47 + 105.65 0.003
Hyperthyroidism FT4>3 n=13 342.40 + 104.34 0.001
Control 240.26 + 85.87

7w 4pt p=0.023
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4 = PR R LR L AP TR R A ik
Total Hyperthyroidism Euthyroidism P

Weight (kg) 60.79 + 9.54 61.07 + 11.69 60.58 + 7.68 0.426
BMI (Kg/m2) 21.32+2.84 22.42 + 2,92 23.66 = 2.70 0.053
Free T4 (ng/dL)  [1.20+ 0.75 1.51 + 1.04 0.95 + 0.20 0.002
TSH (uIU/ml) 3.40+ 12.60 3.15 £ 12.00 3.60 £ 13.29 0.449
Myostatin (ug/dL) 24.28 + 9.08 25.58 + 7.08 23.28 + 8.91 0.152
IGF-1 (ng/ml) 283.77 £ 106.18 [338.69 £ 116.26 241.27 £ 75.17 <0.001
Fe = Mgk ie R (8 2w g myostatin £ IGF-1 k &

Before treatment On treatment P
MSTN (ug/ml)  16.48 £ 5.32 25.58 + 7.08 <0.001
IGF-1 (ng/ml) 336.93 £ 102.81 338.68 + 116.26 0.452
FARN R {8 & €0 serum myostatin = ] B £ {5 R 2

Before treatment

On treatment P

(corrected)

MSTN (ug/ml)  21.24 + 11.44 25.58 + 7.08 0.063
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%1 Hyperthyroidism = - corrected myostatin fof@/x 4p &b i 14

fe corrected myostatin < correlation r

Age 0.021
BMI 0.0113
Free T4 0.1645
ALT 0.0755
Cre. -0.0523
IGF-1 -0.2095

%+ B ;!Hr]tﬁﬁ it it sk o (Corrected) myostatin #2 age -~ sex ~ BMI -~

free T4 ~ GPT -~ Cre & multiple linear regression

Coefficiency 95% Confidence P

Age -0.013447 -0.4692241 0.951
Sex 26.05068 -5.835615 0.103
BMI -0.4565568 -2.422567 0.63
Free T4 -1.057065 -7.459177 0.732
ALT 0.0907284 -0.3370014 0.66
Cre -82.36874 -191.0832 0.128
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F+ - VT R i ik n o o (Corrected) & myostatin 3 e £ S K

A MSTN(Co0)>0 A MSTN(corrected)<0 p

Number 13 11

Age 40 £ 14.61 33.73+10.21 0.2963
BMI 21.66 + 2.79 21.94 + 3.40 0.6639
ALT 37.46 £ 13.94 35.72+ 12.84 0.6423
Cre 0.67+0.16 0.58 £ 0.13 0.1339
Free T4 295+ 1.16 3.45+1.05 0.2347
MSTN(c) 14.06 £ 9.77 29.73 + 6.35 0.0007
IGF1 324.29 £ 97.34 351.87 + 111.74 0.6224
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Bl-  ddlie i ipl g = pl enat it ie iF
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95% CI —— Fitted values

L MSTN

2 linear regression # 4% control & > ¥ ¥ Coeeficincy=0.4674( p<0.0001) -
regression model = mstn=mstna*0.4674+6.0668 - ]+ j& degradation -

MSNTa=MSTN - # 4Rk ¢* model 3 myostatin 7k 5 6 B * degrade =73f ip|
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