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Testosterone-mediated Neuroprotection in NO Induced Cell
Death of Motor Neuron Cells Expressing Wild Type
or Mutant Cu/Zn Superoxide Dismutase

Nam HeeKim, M.D., Hyun Jung Kim, B.S.*, Manho Kim, M .D.*,
Kyung Seok Park, M.D.*, Kwang-Woo Lee, M.D.*

Department of Neurology, Dongguk University International Hospital
Department of Neurology, College of Medicine, Seoul National University*

Background: Testosterone is reported to have neuroprotective effect in various neurological diseases. Recently, the
mechanism involved in nitric oxide (NO)-mediated motor neuron death is under extensive investigation. The Cu/Zn-
superoxide dismutase (SOD1) mutations has been implicated in selective motor neuron death of amyotrophic lateral
sclerosis (ALS) and it is said to play an important role in NO-mediated motor neuron death. However, neuroprotective
effect of testosterone on motor neuron exposed to NO has rarely been studied. M ethods: Motor neuron-neuroblastoma
hybrid cells expressing wild-type or mutant (G93A or A4V) SOD gene were treated with 200 ) S-nitrosoglutathione.
After 24 hr, cell viability was measured by MTT assay. To see the neuroprotective effect of testosterone, pretreatment
with 1 nM testosterone was done 1 hr before S-nitroglutathione treatment. To study the mechanism of protective effect,
20 uM flutamide (androgen receptor antagonist) was also pretreated with testosterone 1 hr before S-nitroglutathione
treatment. Results: S-nitrosoglutathione showed significant neurotoxic effect in all three cell lines. Percentage of cell
death was somewhat different in each cell line. 1 nM testosterone showed neuroprotective effect in G93A and wild-type
cell line. In A4V cell line, testosterone did not showed neuroprotective effect. The neuroprotective effect of testosterone
was reversed by 20 ) flutamide. Conclusions: These results indicate that testosterone induces neuroprotection in NO-
mediated motor neuron death directly through the androgen receptor. This neuroprotective effect of testosterone varies
according to the types of SOD1 gene mutation. These data suggest that testosterone may be of therapeutic value against
ALS.
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ALS 329 10%+ 7548 L9544 HE 5
(Familial ALS, FALS)e]Z, o] & 20%°lA Cu/Zn
superoxide dismutase (SOD) f+3%}2] Ed¥e|7} ¢
Qlgdo] ¥rEHTh? o]2jgt FALSS} AHbE ALSE #H<
7|0l 358 AR FZHIL 910}, SOD1 EdHol=
ALSY| HeHA7|HY Al d+F 2d= JZE2
Ak AA7HA] ALSSE A#E 10099F0] d+= Cu/Zn
SOD1 FHAAS Edwe|7 Y=o HYH
Cu/Zn SOD1 T g o] v]ZAAQl 7|5 F5ol 93t 4
3 &4 B AlZY S-A ¥4, glutamateZ Q1
St SEE=A ° neurofilament?] oA n|EZE g o}
Aol Fo] ALSS] ¥ 7|HoE AAEIL Qo Lo
nitric oxide (NO)2+ ALS®] THA| o thgt A7t &g
o]20jz|1 Qltk, NO= nitric oxide synthase (NOS)
o 93] A= superoxide anion (0y)d} ¥H-33}]
=4 57t E49l peroxynitrite (ONOO)E FA3tc,
Ho] SOD1L A3 W @A tyrosine”|2t perox—
ynitrite®] ¥ wiziste] TuiA o] A4S doql
o} ? o] f3t Aadt= AlEZ ) Tl o] WA | o]of o
E Az Y AT HG9 FofE YT ZN AEZAE
doFlt
2L 5o AFEPJAT A BAHAH o] &
o] Ma} ¥R QUh " Estrogens YZstolmH,
&Y Y AR EPAS A AR RS a7t IS
| olm] & glow, EHWHo] Cu/Zn SOD F+AAE
st LEAHAZANA NOo| 23t AlZARe] ti3fjA
= B3aart 9lgo] Bad vprh loh” ¥HH testos—
terone< ¢ 9% (spinobulbar muscular
atrophy, SBMA; Kennedy s disease) 9]¢ A7 &34
Aghof| sl 1 B0l AFE BZF A9 glon,
53] ALSS}F #HsiA = A7t mi$ vt Aol

Testosterone &&4lAA| o] st FFaTRE
e ¢ 40} H7h0) S FAIFA 2] FH), 7|5, 1
2o o] ottt P SFAFN A AR LEES
ZAstA © HpAZbA| 2 A §A], dlE
Fa3% AEE ot BT SA4E SFAFAEY BE
= F7HN7IH, L EAAESFAY YBSE FXgh
Testosterone A7+ A YA Z A androgen 4§
AE T AFEZAES et Fe2 2AS5F
9] androgen #&AE LA EFAFAEZF
NSC349 A& testosterone®] AIEZ A& F-2J31A &
A Ed =

o|&} 2] testosterone®] FFAFAEA thste] 4l
BEZANE YEhfr, PAMAEHZO| B A7 EYA

)

d
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A4 H5a-go] g3t T 2052 AU o
ALSO|A & testosterone®| REaME veld 7154 0]
Atk oo AAEL 2 AYA B E= Wo] QIzE
SOD1 FAAE Hdsts &FABAZE o|&st At
ol % o 7I7he testosterone®] NOE AAs=
S—nitrosoglutathion (GSNO)ol| &3] 7}sj&4 A E £A4F
of tiste] Rz amrt JeAE BHAstGeH olgdt B
32kg-0] SOD1 F4AY] EdRolof whet ofwgt FA
© 2 YeY=XE 7 #E5HH.

CH&ah B

1. MzZHifat SOD1 REX}

TTABAZ-ABREAZF FF AZ(VSC 4.1DE
poly—(L—ornithine)2 2| Wi FH Al A Dulbecco
s modified Eagles medium (DMEM) /F-12 growth
medium (Gibco, Grand Island, NY, USA)¢| Sato s
components (Sigma, St. Louis, MD, USA)¢} 2% $-
3 (HyClone)& 37iet vigFHo g 371CoA wigst
Atk VSC 4.1 AlZ3+= Appel BAFY] A4t 4(Baylor
university, USA)OJA A|Fs ALE SFAFHAEYY
E4ES HRSIESE 1599 F9 vjote] EEAAFAZet
b4 N18TG29] A RA|ZFE AZE st T
ANzzoltt, Aol AAH(wild—type, WT)I EH O]
SOD1 +AAE= Hayward 8HAF (University of
Massachusetts, Boston, USA)7} 7|53 Aoz AA

= =9WO(GI3A or A4V) Q17F Cu/Zn SODE o4&
St LEAFAEZE vE7] f8l B E= WHol Cu/Zn
SOD ¢DNAE pcDNA 3.0 (Invitrogen, Carlsbad,
CA)°l BamH13} EchoRI19] Agtasg o]&ste] 77}
5}9] cloning& 3%tk WT SOD12] 4¥ A ofu]i=Ato]
alanine®| valineZ ¥ FHZHA4V), 282 93WH
A glycine®] alanineC 2 v SOD1 F+HAHGISA)E
AJA NEE 22 WT, A4V, GI3AE At &
AAA Y (Superfect, Qiagen, Valencia, CA)Z AlAH A
G418 (Gibco, Grand Island, NY)¢] 400 pg/mle] =
2 e MgAolA 7] FHo] A& AHEst o A
a7l Ao §4AAGE SOD1o] HHE L JY=AE
Q17 SOD1 & FA|(1: 500: Binding Site,
England)& AHE3t Western blot 2.2 &<13} %t}

X MEZ 2

2. M= H{QF 2 ME=E 2
1) Testesterene?| &A =
WT AZ9 GI3A A|E, A4V N ZE AHE3te] Z42) 2
3)o] AEE 3t o Z+2o] AL 3uje2 APt
(n=6). A Ztzto] N|ZFE 96-well plate o £F3}
I 24A17F Fob wjokst & A28 wjgFd oz Zrop 9]

flo
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Cu/Zn Superoxide Dismutase §% A}

t}, Testosteroned %A =5 F¢lsl7] $sto 7}

o8 5%(0.25~128 nM)?| testosterones EEF }
o o< 7_‘47}3}551‘3} EV\] 24A7ko] At o Z} well
M MzAEES SHsIAT. ol& Fd A

testosterone?] = HAE o3t

rr J}L

ol

o

2) GSNO7t 23A1AM=L| MEZ0| O|X|l= FE
WT AZ2F GI3A NE, A4V NZE Agste] Zhzh 2
39 AES st o Ztzte] AF2 3ujRR Al
(n=6). BA Z+z+o] A2FE 96-well HjA| o] 1x10*
cells/well ¥22 ZF welld 200 pL7} =& BF35t0
37°C, 5% CO; 27 3ol A} 247k B¢t vjokst & Aj&2
< ujFHo g Zrof Fck GSNOQ &3 w2 =4
&%8 200 xM T 2 mM2 GSNOE Ag3te] o]&loj
AgE Age® AiE FR st o]E EYE o¥
Ao ME ZF welld 200 xM ¢ GSNOZF E39 ujj%
HE H7lsth, oAl 24A1%F0] A Fof Zh wellof| A
Nz ES % 24390y, o|F AFAE GSNOY
FEE ZF welld 200 pMZ 3T,

3) Testesterene0| GSNOSMol n|x|= I&

WT AlZ9F GI3A AE, A4V ANEE A-§3te] 242
59 Ag @ A5
(1=6), TR 71710] AZEE 96-well WAG] o7
QA2 Bt WK § A ooz ol 2ol
Testosterone?] &3S B7] 93t AL du] Ao A
5 EYZ2 1 nM 9 testosterones E3}Hs}= vkl
oz Zol ok wjdde ZotE F 1AZe] Ad 9
21719 wellol] |28 g HS F7Fsk3ith. GSNOS Al
EE4E B7] 9% Aol 200 M GSNOE Z§Hst
HjoFal-2 F7lsle welld GSNOEZ=7F 200 puMo| Hx
=3 3?9&‘4 Al 24A7F0] At Zof 7} wello| A 9] Al
AEES A8

_l

4) Testesterene?| GSNOSAo]| Cist zk=2o
=25 oi7ide] ofF

WT MZ9 GI3A A|E, A4V N ZE AHgste] 742} 3
39 AHE ot o Zhzhe] A2 ouj=2 Algstqich
(n=6). WA 228 AE2FE 96-well HjA]of| E53}1
24X B wiFet & A2 wjFH o= Zol ot
Androgen &4 XA 20 M flutamided
testosteroned} FA|o E3st= Ao R Zop £
o}, B FHES otz H 1A17o] Ad Fof ZHzhe] wello
A2 vjgAS H7FstAth GSNOQ MEZEAS HY)
A3t Ao 200 uM GSNOE ZFHeE RS A7}t
sttt ThA] 24A170] A $of ZF wellof| A &] Al ZAY
e =

| andregen

5 MEZMZg =X
M EZAEEL 3-[4,5—-dimethylthazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT)7} &3 U+

AZ o) v EZE ol A2 BoA} uHS 3] e
9 v Fueh Mavt AREE A0S ol gT HEAE

Aoz 245t MTT €95 mg/ml in PBS,
Amresco, Solon, OH)& A|XZo| AHzjste] 3A7H F¢F
Z-EA7] & MTT €8E A AL, formazan A A
£ 200 u 9 dimethyl sulfoxide (DMSO, Merck,
Darmstadf, Germany) °| €3|A|#, DMSOE =&
4tot 540 nmoll A SFE=E SH 53

3. Xtz 2| A 24

SPSS Z219 (Release 11.5)E ©]-43+% Wilcoxon
Signed Ranks Test2 B7}8t%l2H p € 0.05¢% A&
TAALE ou] Q= AR KT

2 o

MEgo| W

1. Testesterenel =0 [ME M=
g} (Fig. 1)

ANl 7FA] A ZF9] testosterones THAFd F=Z A |
Skl 24A17F F3F vjoket $ Al AEES H7] Y8 Al
3t MTT assay©lAl testosterone? &%= W3} wpat
HE Mz AEEO] v HYoE HIES 4 &
AN A EFo AHCE EQT 5 Y= 5=

140

—
[== T o |
(== =]

c AW
—8— G93A
wW.T

= o o
o O

Viability (% control)

o
L= R =

OnM025rM05nM 1nM- 2nM - 4nVi- 8nM 16V 32niM 40nM 64nM 128nM

Figure 1. Cell viability changes in WT, A4V and G93A cells
by different testosterone doses. At the dose between 0.25 and 8
nM of testosterone (testosterone propionate), cells presented no
significant change in cell viability. Increased testosterone treat-
ment reduced the viabilities of all three cell groups in a dose
dependent manner from the 16 nM of testosterone. Filled trian-
dle, filled diamond, and filled box indicate wild type, A4V, and
GO93A, respectively. Each point represents the mean viability
ratio to the control value of each cell group with SEM (error
bar), and was calculated from the results of 6 sets of experi-
ments.
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(10 nM oJshollA= BELY Fa7t glgler 1 o4
9] FEOA HEEC] AR LTS &+ AU

WT AlZF9] 39 0.125 nM3& 8 nM Ako] 2] o
A AELY 2 "It ¢ldle 16 nM o] s&
A BEEo| ZAaEE AF16 nMAA 12% T2, 64
nMolA 17% 74, 128 nMolA 22% ZHa)o] Y22 ¢
4 AAHP0.05). A4V HZEF2] FLE 0.125 nMT
8 nM Ato]9] FroA= &L W3t gldlen 16
nM o|49] sroA AEgo] A EE= HF(16 nMoﬂfﬂ
17% 72, 64 nMol|Al 18% 74, 128 nMolA 30% 7+
Aol A & 5 AATHPC0.05). GISA AlEF9]
S AR 16 nM o9 FEoA BEEO] HaEE=
74364 nMo A 18% 724, 128 nMOl|A 17% Z4)o] §)
A (p<0.05). Testosterone®] LE=(16 nM °o|AhHE
A= H A 7HA] H|ZF RFo A A Ze] HEET} At
=, testosteroned] ¥ & Z7to] wat NEZYEZo] A
A} AAaEE AFE B

MBMIEL| £

rir

2. GSNO7I 28 dZEE0l o0lxl= I

(Fig. 2)

GSNOE A3 A WT MEZEF+ Az AEE0]
80.77T+1.71%E Z}Z+ 744 Hai . AdV AlZFE=69.21
+4.14%, G93A A ZFE 73.90+4.83%2 NZYEE
o] ZtAEE WET 4= A}, 779 A A9 AZAY
&2 27T vty FAZHORE ou] Q&= AolE
B diZf Bl ZFA o B2 NES9] A 2
A& B, o] o] A APTE vl FAFo| it ?

| M Control B GSNO (200 11M) (] GSNO + TE(1 )|

120
i b b
100
a
E 80 a 2
=]
=
=
= 60
]
= a0}
20}
0 " i L
A4V G93A W.T

Figure 2. Protective effect of testosterone on wild-type or
mutant SOD1-transfected VSC 4.1 cells treated with GSNO.
GSNO induced significant cytotoxicity in all cells.
Testosterone inhibit nitric oxide induced cytotoxicity in wild-
type and G93A. an=6, P<0.05 (when viability is compared with
that of control group); bn=6, P<0.05 (when viability is com-
pared with that of SOD1 cells treated with 200 xM GSNO).

3. TestestereneOl GSNOO| 2|5t MZ=Mo
Olxlz & (Fig. 2)

WT A|Z9] vjeF Au}t GSNOZE Hdt Z& =79
H3) 80.77+1.77%2] MEZAZLS Holg H|3) GSNO
2 A2 1X7F Ao 1 nM testosterone= AA At #-2
92.50+£2.07%ZA testosterone®] 2|3 A|ZAYZEgo]
Z7HE S TESIAT. GI3A M2 wjF Hito|Nx
GSNOZ A& st & x| H|3] 73.90+4.83%2)
A ZAYEEE Held B3] 1 nM testosterone A3
St 72 93.26+7.64% Al testosterone®] 2|3 A|lEAY
E&o] T7HES TESHT. A4V A2 wi¢F At
GSNOZ A3t & x| Bl 69.21+4.14%2] Al
ZAZEE ¥ 20 1 nM testosterone A g &
2 74.27+3.62%%A4 TAHLE Fo3 AlZEEEY
Afol & Ho|A| gkektt,

4. Testesterene 2| GSNO-induced texici—
tyoll CHSt 2F22| andregen +Ex| Oi7H4<]
o (Fig. 3)

WT AM2Z9 ujeF 23 GSNO2} 1 nM testosterones
A g 2 92.50£2.07%9 AEES BolY flu-
tamideE A A 2|5 64.78+3.18%ZA flutamide
o 93] testosteroned NEZAEE F7F 37} YAH
= WA G93A A= v 23 GSNO2H 1 nM
testosteroned A3 F2 93.26+7.64%2 HEEES
Hol1 flutamide® ¥7 A2 Alofl= 80.43+6.75%=
A flutamide©l] &3l testosterone® AZAZEE 7}

I GSNO (200 £ M)

1201 [ GSNO + TE(1 M)
[] GSNO + TE(11 M) + FA(20 M)
100}
| a
Z 80t 4
= a
o T
= 60
D
o
2 40|
20|
0 = ; =
A4V G93A W.T

Figure 3. Protective effect of testosterone against GSNO-
induced cytotoxicity in G93A and wild-type cells was reversed
by flutamide (androgen receptor blocker). an=6, P<0.05 (when
viahility is compared with that of SOD1 cells treated with 200
#M GSNO and 1nM testosterone enanthate).
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Cu/Zn Superoxide Dismutase §% A}

a3} Qlole B,

2k

i

2 AFolA testosterone B A =] HE o
A SOD1 &FAI A A ZF0] tsto] A ZPEES] HIE
O7A gou uFEE HstH PEEo| HaHE
A
M ZAEAL testosteroned] o8] FEE o YEE0
AAEHQHL 258 £E oY 1F5E9 testos—
terone©| A ZAte] 220l FIFE F=A1, Al=ZY 23t
ol ot ojAH el AIRIA = FEE oo & a4
of it FT UFEoA AEZAYEE LY U A
< M= I B FY F7HQ A7 dasgl
ot AEEE A9 NEZYEEY The ' FHO
2 1889 testosterone AFEA] AZE AL oA
AES AN 5= Y= F2E diE 78S AlARRE
o}, kA A4 A8 Al AT testosteroned] AHgE
o gt 7|2 A AEE o]&F 5= T ol &
ol dafA= to B F7HHQ At e g FEo|
AAES £ Ao NOE LA 7= GSNOZF A4
EE= WHol QI7F Cu/Zn SODE L&t FFAIHA 29
AEEE AstAZIY o3t AHEE9 A= Cu/Zn
SOD9| Wo] o] i k= ¥o]o] Fiof wet =27 vt
dohe AS Flstgen WIs G93A AZ oA
testosterone AAAE 3 ol NEALE REAL
2 9AT & Atk As sl GSNO= &9 W
oA NO FoA| = g5t A2 M ZAEARE 75t
= ZAo=E d7A th o]#3t GSNO| o3t Al ZAE
A= Bel-2, p53, p21 modulation®} cytochrome ¢ -
g], caspase 3 A3t HHS £ * Cu/Zn SOD
FHAZE GSNOO| 93t Al ZAEAbe]| P& A= A
o2 HuEY 9ty Ciriolo 57 & Q1ZHe] Al BA|E
F AlZFo| WT T GI3A Ho] Cu/Zn SOD +3%E
FAAALE F GSNOE A= stdS o GI3A Ho]
Cu/Zn SOD FAAE 74 AlZ7F WT Cu/Zn SOD
ARE 7H] Az BTk Al ZApgAte] o qigtsiths A
Astglom o2t A7 F3f NOo|| &g Al ZApd AL
o Cu/Zn SOD7} #ost A|EZ& NOO digt Hh-g-of
Cu/Zn SODY WHo|7t ¥&FZ mE dAstqlch. o4
o AFE T & ©W NOo| g3t NEZEA 7] A
Cu/Zn SOD7} 83 933 3r& thA] 3 1 &1
A oH Holol o f Ei= ol ]9 uwtt NO-uj7j
A0 U= gE2gE AM2 742 Blo] Cu/Zn
SOD7} Al Yol A NOof| &J3ff Ze#j=l= vhe<& 242 o
A 2H8IAL 3= At &40 & 4= Al o
Testosterone> A ZY = A|Zutof| 2= &

13

o 2SMBMZEFO|A NO S4of CiSt Testosteronel| Es5 1}

Aot Agtsto] 283ttt Testosteroneo] MZWE] =4
A<t Agtstd 1 AA AA7F AARIAE 2Hg-5te] &
AFARe HAE ST = Y A 27 5=
ettt ” Testosteroned] &8 AAZF S7te= £4 44
As EFAFANEY gF adte] THE 2 gt
a8y I FA A 2 §HAE= RNA processing©l
#HHE F TR AR Yol obF gy A A gt
olyst FHA 475 ol testosterone> MAPK
family 91 ERK1/2& Z45A7]= HI+AAF 84716 =
UEetACEH” 18]1 testosterone A|Euto] EA|5t=
testosterone®| &A|o Z-&sto] NZW ZdEs S7t
Al7]a ol we} lipopolysaccharide (LPS) thAHA 2l
A3t ZAEY A= mitogen—activated protein
kinase (MAPK) family % p38< &43A|7Ic} * E3H
testosteroneo] AZWo F&A|F AF Ao, dF
((5%)9] testosterone =& X Z| A 5-alpha-—
reductased] s 1 &AE§o] g% 73tH dihy-
drotestosterone (DHT) 2. & W3lo] 4839 ©-L 75
Al 2371 = 5t 23] UH(0.1%)9] testosterone
aromatase®| 23l estradiol® WP T ] estrogen 4
EAof 283l estrogen®| FAA}F BA47]5S YEHY
71% gt ® & Aol Al testosterone EEAIHAE
O] NjZAto]| ko] GI3ALE WT MEZFA HEais
eyt o]#3t AIZ R 5282 androgen 484
AR flutamideo] &8t} ol2|gt Z-go] JA ==
%<& Hol= v androgen &4 Wi/ 2H-E&-YS 2l
g Ak 2 AAAA testosterones TA| A&
A AT Aol AAA| S wj(D7|7tel) REanrt v
Bl HS 793t testosterone®| HAAE 2A3t= &
AR} AdstE = Bl 3AA @49 o3 gE 55k
NO°| Hgt H524-8-3 et lS 7HsAdol o &3t
ul2kA] QoA A3t testosterone?] 2 71 7H2-H|
H|F- 22 409 REae] I Aol AL o] o of
A= ST 271 A7t dasit

B AFA AEF WE testosteroned] AEZEHS
Z-go| =24 yehd 7142 gAskA| gt gt 71A] 7}
T4, GSNO°| thgt A|ZA7L 22| Ao A o
AEE Uehd FE gt AlEZ &4 dA A 2
Zre] A ZF9] Cu/Zn SOD H3AFe] 2fo]2 Qlsf A2
o2 gIA A S 53 MEAE 427|1 testosterone
2 o3t A ZALY 7)H F dFT A¥Ho R 2Hgs)
= 7HeAde A4 £ A &, FA7A g
NO°|| &gt MlZALS] 7| thget HFEE 273t §)
£ v}, 43 Cu/Zn SOD HolE oge 42 5 &
FES AR 7|1 e F2e ddEe
A 7148HA st AAHOZ Cu/Zn SODE Ho
H E= Holo FR7of wt NOo| 93 NZA}L doj
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£ 7|™o] ZF Mzt Zpol7t Sl 7ol ol
5t AEfollA] testosterone] AM|EZE S GI= testos—
teroneo] 2% 4= A= A2E Il AZAE Hojuk=
AlZFodt F3tElo] Uegd Aot oE 7HeA2, &
7| Mo 22 L B3l AZAPE dojuA| T
Cu/Zn SOD FHAE] zto]2 QIsf| A|lZAtel THAH Al
ZY ALY HEu} ¢Fe] Zpol 7} WAV sEe] of H A3
X testosterone?] AlZGA| 2R S 2H-go] FH3] ot
gt 5320 NEZA= 93-S v|X]A] Kot F 2
ojt}, o]of gt ALt 7ML £ AFUeE= Y
o AAHOEE A4V HONEZFE 77 A= ¥
A A7t w2v GI3A HONEFE 7 Fxteh=
QJAokAto] T2t waba 2L testosteroned 243}
A HEE A4VeF GI3A WOl ZFE 717 FAto A
Y At bE 5 des A5 5 ey, ¥
ookt Hol fiX|o it AR E EQlst= Aol
o},

H AR A3 Qo= ALSS] W7 A3 g5kl &
o A ALS®} testosterone®t2] TAAL 73] AJAL
2 7R 9] FAEC] Uoh” AR, Al Sl A
ol Ao 117 P2 ALSY Aot ALS
HE ojA Fd e FR3E 2ol 7} glom FAo
A 1.5~2, 58 ©f @o| et A ALSS| &l 7]
A 742 o]t zto]& AT gl o] 22 §ith. 17
I HT FEED Q= A8 3 A7) 7 GA|E
o B4 482 409 o]F9f testosterone©] HA} 7
331, sex—hormone binding globulin (SHBG)Z 60
] o]% o] Z7}5ly o]o| wla} free testosteroned A
3tet 2 22 ALS transgenic mice model (mutant
hSODD ©]-&3t A= FHoA dAET T I
H st Aol TE Zpol7t QI =4, s FehA
ol Z2HoAo HBHAHOZ testosterone?] L=z &
EZsh= Lo ALSY =8 A/EL7 & dA%d &
ZA YA EE testosteroned] EFA|Zo|H ESF ALS
oA FE giEE= FEo|tt* FJHRFHOE testos—
terone H41% & 53] 575 #HE 5, 7, 11H
HAl7, 383 108 X173 9 nucleus ambiguus -9
o 1eEE BESH, F¢ F a5 4 Y A
9] lamina IX9] )& a—motor neuron®) 7} £ &
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