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dAA = Aen] Fole] S Ubiquitin %

Neural cell adhesion molecule 4=} 23

54 0B AFoA = HAJuky] Flolo A 5o AHA L mE FF
Welstx w3 2 Ubiquitin®t Neural cell adhesion molecule

(N-CAM) 84 2d Fds ddstax s

Ag 2o AR WA Sol TH Y AAZLHFAH Ao w &
s AW gAE = gtol 5% 1gal ERT o R FAA A 1
e gier AP Fe Al 2 AAS AAEAT AR
cHow AW AFE o JHA THEL AHfNEH
Ubiquitin % N-CAM ©®do] ojgt zAsstdAS A dslo]
Ubiquitin ¥ N-CAM 2 &8 =& #&s9r).

A 2AY Y LA E AAEZe mE AR EoAHQd W=
AATH HAwkH] Sofol A= A A o] 4g fAbell A Ubiquitin =}
Tde FrtetR N-CAM 47 #de fhaste $3S B
Z A3}t Mo A= Ubiquitin @ o] thdh Hkg-o] TE 3ol S5 of A
=Aolglen N-CAM w9 Fd4 5 2 4 AT
(hereditary motor sensory neuropathy) 2} 29 ol A vk 73l kA&

A8 8 AelA trhd AAA M Auk BolelA 259 FAw
of w3 Ubiquitin ¥ N-CAM F#x 2#d A= o 7]
o] BgHon gt et o Andgon FF 4w
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Aol A el Weldds dA7A S AFolA wo] Brezl WA, o] gy
z 4 2 HAAY AT AAe oh A

olu g AAolth Castle’ & ZH4 HAvkn] Farol Aol 8o
ek =482 WstE Baustded of vk ol 228k Wt
fAY wE A e S B owk oyt A 25 9 " A
T 5 Z(severity)ol wat A 18 A (type 1 fiber)2} Al 23 4 F
(type II fiber)e] ¢ = (atrophy) % 8]t (hypertrophy)7} tstA

Bty AR olgA AAFA @n HFH £2HGH 2A4L Wol

>
o
o
ol
Y
WE,
o
i‘l

EoolfE uddd F5E @Ed 3l olgta F5skAvh Booth' 52
AAR WA @AY AAEE Yo A {9
ngd el HupAs A A=} AE5E wdd

(fiber type distribution)el loiAl Al 18 4dF $Al(type-1 fiber

predominancy)®t Al 2BE 4

dE Bow, ZAfF 2719 WolA (variability) 53 Al 1 & <A

ol Wold F7te dol7t BeETE, T3 AgFE Fts AT
Haskdoh ojH g dwde] AFelA B

vpR] ghxpol A S AA o] AW 2

|2 A SIS

2% A BAAREA 2 2404 BN ATE o} n)

A3 (type-2B fiber deficiency) <

ki

2]
01§ A A olty. Marbini® 52 ©417% 32 #(denervation marker)=
neural cell adhesion molecule(N-CAM)-& ©] &3 ™ x4 3}34 <
75 APstA=d 64 wrke] oA oA EAH A oZ N-CAMY
o] 3 E A fr(grouped fibers)ol Al dojub= A S WS

ol AAA HAvkR] el SlojA e Al @ AEEA (motor

unit remodeling) 7} & A A= Aozt A N-CAML o
HEo] LxAAY TFAAHe] T g A Fk¥ (membrane



glycoprotein) & 2% A A9 A XM= HARA Foy &xlH
Aol Al YEbUA A’ H2
of ] 7pA] @R AE7de] A4 854 Aol A AT Ha

_,

A X (muscle wasting)¢ ¥

rH

rﬂ

s

=6 & W Ubiquitin proteasome proteolytic systemeo] % & 3t
Z1How 2edx  odrt. Ubiquitine €374 w9 (heat shock
protein)®] UF O Z 5 ME UoA 7| = v ZAE FHE &
A8t 7F 34 (immobilization), 217 (denervation), < F %3}
(muscle unloading)®} 2 &84 AH(disuse condition), =3}34
(aging process), 7]o}(starvation), et T/ o A (cachexic
states)5 9] #74 ol 243k 9w Ubiquitin &2 o] AT U w
WmAS E&sr] Y= A 7FA 9 HZERE4A; El(ubiquitin
activating), E2(ubiquitin conjugating), E3(ubiquitin ligating)”’} 2 &
A=kl

AR RH oz NATEY AT DAY FARE WS Fa@ Ay
4 oelg AUn olg #AW Folr F&g APshE A9 £3

o F2 A 5§92 FE(contracture) &2 7 o] A <% (tendon
transfer)ol Y +71 9% (tendon lengthening)S T2 A& 3tA ==
o oju 259 &= A5kt AE 4 fols =4 A= (Osteotomy) =
NGarle a2 dATdas HAviy] fxe A g z
2y gl Wal 9 Ubiquitin®}t N-CAM Az &d F44e #23)
Lz skt
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A} 8 °F(summary of patients)

el
-
[4 G

Sex/Age Diagonsis Biopsy site MAS! Pathology
M/4 Normal control Abductor hallucis longus 0 Normal
M/6 Dermatomyositis Gastrocnemius 4 Normal
M/12 Unknown origin Abductor hallucis longus 4 Normal

equinocavovarus deformity

M/21 Unknown origin Abductor hallucis longus 4 Type I predominency
gait abnormality

M/11 Hereditary motor sensory Abductor hallucis longus 4 Group atrophy consistent
neuropathy with neurogenic atrophy
M/11 Hereditary motor sensory Gastrocnemius 4 Group atrophy consistent
neuropathy with neurogenic atrophy
F/7 Cerebral palsy Abductor hallucis longus 1 Normal
F/8 Cerebral palsy Gastrocnemius 1 Normal
F/8 Cerebral palsy Abductor hallucis longus 1 Normal
10 F/20 Cerebral palsy Gastrocnemius 4 Normal
11 F/11 Cerebral palsy Gastrocnemius 4 Normal
12 M/5 Cerebral palsy Gastrocnemius 4 Normal
13 F/4 Cerebral palsy Gastrocnemius 4 Type I predominency
1. modified Ashworth’s score

AAe 522 S AA A (Liquid nitrogen, LN2)S o] &3t 24
Aol WpHorg FZAANAS A Zste] Harris Hematoxylin
GAo A 5 HF F s2E B A 3L, eosin § Ao A 3

@ AEke] 70, 90, 100% ethanol® B § Fsto] A HQl =7
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15+, 2bd Awkg- 9 (pH4.3, pH4.6)ol A 303t w-&A 7l $ Tris
bufferell 1%t 23] 3 RF-3 9 (incubation §H)2 = 37Tl A 14]
2 A Z T 1% calcium chloride & oA 30%% 33 A3}
il 2% cobalt chloeide 8 <4ellA 3& wh&stol Al Fo 1.5%
ammonium sulfide =& oA 33+ Ht-§ Fo] 2% Eo M F,

5
hed
70, 90, 100% ethanol® "3kl & st AT},

t}. Gomori Trichrome ¢ A

1% potassium permanganate T8 oAl 1&3F Akt Fo A 3
1% oxalic acid 8o 183 WS 313, 2% ferric ammonium
sulfate =8 Ao 1:&3F 725k th. ammoniacal silver& 9o Al 1 7F
HbS A]17]13 10% formalinol 3¥37F 343 = 0.2% gold chlorided
S Ho A 1-F2F 2S5 sEA T 1% oxalic acid 8 el 123t
WS-8 F 5% sodium thiosulfate =& folAl 583+ =3 H 70,
90, 100% ethanol® ©<stil HF st o 2z GAqAN F7
Al 5} S T

-

N
o

2}, W x2 35t 4 A ((Immunohistochemistry)

3% hydrogen peroxide(H:02)% %2 W WA peroxidaseE &%
A Azl & blocking seruml® A 2o|A 1087 ¥FSA AT
Anti-Torpedo  Dystrophin @3-,  Ubiquitin ¥ 2 A(DAKO,
Denmark), N-CAM %=} & (Santa cruz, California, USA)® 37T
o A 2417 ¥F-S-AJZ T Avidin-biotin(Zymed Histo Plus kit, San
Francisco, CA, USA)WH S o] &ste] WA xAssdMNS 3439

©. 1 blocking serumol A A= A SAE AL 7z GA oA PBS

folo = Al 81 ot 3,3’ -diaminobenzidine(DAB, Vector
laboratories, Inc., Burlingame, CA, USA)°o. & 2A53 Mayer's
hematoxiln® 2 Wx FMS F3s T 70, 90, 100% o & & F 2o A



geta Ydetel Bet@v etols) #aAsT

7b 25 x4 RNA &

RNA %2 % Trizol® (Invitrogen, Carlsbad, Canada)E ©]%38 acid
guanidium thiocyanate-phenol chloroform extraction WH oz A] 3]
st 529 45 T 1ge #8359 156ml conical tubedl %71 %
phosphated buffered saline(PBS, introgen, USA)S 2 33| A &3}
th. o]F Trizol® Imlg H7bd F 287 AL WA g
Homogenizer(Diax 100, Heidolph, Germany)Z Al-&3to] 24 S& #d
3} AAT. o]F 2ml e-tubeo] FZA AL 27 F chloroform(Sigma,
USA) 200u0/Trizol &S A do] HA7MA 71 & 15%7F vortexing A
Atk 2ol 233 WA A7 F AAEE7]E o835k 14000rpm

i

o= 156wz dAey AlFsAv. 94

mlo
nB
4z
=
ko
=
N
S
o
=

e—tube® 7], Isopropanol(Sigma, USA)
15% 7} vortexing A7l & 15%3F A2 WA AT o] F thA] A4
2715 o]&3dlo] 14000rpme. = 10E3F 94 &

Wy 2 75% DEPC(Diethyl Pyrocarbonate, Sigma, USA)-Ethanol &
NS Iml H7F 3 F thA] 7500rpm o= 583 YA Al AT A
S oHs WEal A2oA 533 AN F FRE] dx AFH
30t DEPCEAS #H7bste] 5% RNAES T3 Z3Th olF 1%
Agarose gel(Sigma, USA)S o] &3t FE¥ RNAE 100Voltol A
oF 1023t d719e Azt d7ldTo= 28s o 18s=2 Felde o

o

ol 3t F subunity density Hl7F 15-2.0A}c]<l 7% RNAE t}
& Aol ALEsIYg o 1 o]kl A= tA F= 4
1}, RNA A =

F%%¥ RNA 1wol DEPC waters Z7bste] 508 3|AA71 %



Spectrophotometry (A=260nm) = 3 ==S =43t 4" o=
A4 RNAYS =431, DEPC waterS 3 7Fste] 5 %7F 0.5ue/wl

e

o A T as A9 (RT-PCR)

(1) Clonal DNA(cDNA) # 2t

AccuPower® RT PreMix(Bioneer,Korea) Kit 20ulel A& % total
RNA 5pgs  #H7Fslar deoxyribonucleotide  triphosphate(dNTP,
Promega, USA) 1uE HFA o= 7t 5 Thermo Hybrid PCR
reactor(USA)E o] & 72Tol|A 53t vbg A At}

(2) 9AAL =R RS

AccuPower® PCR premix tube(Bioneer, Korea)oll #1 2% c¢DNA 1l
o} primer 10pmoleE % i, AA| 37} 20u7} 25 FHTE H
Zhetth. Zb kel e AFE ¥ primerv L E @3 Gene
BankE ol&sto] A% Holom 47| L2E& % 29 2t Ubiquitin
o] e 94TAA 1 FA F 94T 5%, 54T bz 72T 30x =
o2 27 cycleg A& 39 72TCoA 283 +H A H Y. GAPDH
°of AS Z7+Y primer®t FUT o FIAn. o], 2%
Agarose gelol RT-PCRZ#}=Z 4ojZ cDNA 35 welldl ¥3 100
voltell A} oF 15&3F H 719 % AlZt. DNA ladders 7 A71%9 %
3o Ubiquitin® 7% 120bpel A A2 &S 293893 GAPDH
o] AF 226bpell A FHA TS FAdsd. FdE FoFHAA E
do UV UxE AMatz &9 & Image-pro° T2 1:WL o] L3}
GAPDH frdzte] 2ds 7[Fox2 g4l vd Aes FA ot

W] 5k o}



® 2 9 THES

o 2| Hk - o]
adhesion molecule(N-CAM)¥ GAPDH 9]

A g

Ubiquitin, Neural cell

7144 (Primer of

Ubiquitin, N-CAM and GAPDH)
5- GGG TGT CAG TAT CTT TAA CGG C -
.1 Forward
Ubiquitin 3’
Reverse 5'- CAG ACG GGC AAA GAT ACA CA - 3
Forward 5 - CGT AGA AAA CAT TGC ACA GA - 3/
N-CAM? Reverse 5 - CTA TGA ACA TGC ACG CAT AC - 3’
Forward 5 - GAA GGT GAA GGT CGG AGT - 3
GAPDH® Reverse 5- GAA GAT GGT GAT GGG ATT TC - 3
' Ubiquitin® #7]19% % 120bpoll Al 9212 Faldt
" N-CAM<E #7]9% & 140bpell A 1A= &g
* GAPDHE #A719% & 226bpol Al 9122 &9l3

_10_



w2 TS 6W - SHAET AAAT Y 4y RgoR
T A e FAFGstdl EAstH EAFA s A
(ATPase pH9.4, pH4.3, pH4.6, NAPH-TR)ol A #| 138 <4/ A
28 AR AANER A AdT 2 AF8 T3 (fiber type
grouping)t} & A3 $Al(fiber type predominency), 54 <A 9
A=olyt vdgi7t e AN 2494718 BIon 19T 2 19
A5 A4S ®B Atk Dystrophin B9 Ao E 2 AFTS w

29 WY FAEE R ow utrophin T7F WHEE gl

A
Ed=gol &+ 23S ##HT 4 e Gomori trichrome @

°
£

=
288 9 3(small grouped atrophy)Z

H
g BANAE A 18 A5 S 2AS

UHEAT(H&ES ) (WP EAE6(H&ES M) (th) € 2H3(ATPase pH9.4)
21 2R TA A (X20). (7 HAeku] Al A7 M = FAd27] Y
g4y wdow FAH de IHAES} IS AR de Y
SHFo] Bt (W) FHA +F R A4 AAHFT AL AT 27T
AF 2ol BT () ¥ Adnky] el 130 A= EA3Hd oA FA
QA E = type I fiber7b A4 238 Holx 9t}



2. 2ABELA 27

g W
7}. Ubiquitin ©F¥lof] thgk =23
E A=A unbiquitin @] tigh J A o] SANESS H YT

b A1(H =) () FA7(F8 M x=T) (th #2413
192, Ubiquitin el Wit =245}k A4 (x20). 241, 247, 2413 B0 A

SANS S ReF T glrh,

1}, Neural cell adhesion molecule ©® o] 3 Zz23}stA A A7
A upd] Ao A= GAo] FHA] gkokom A EVE AAd FHA
+5 9 47 AAYST A2 F HolA BT HEF" AR MAEA

oA Z& N-CAM #d-& vebu ot

7} BALRZE) (%) #4113 () 845
93 N-CAM wulo] g 22 5st4 4(x20). #44 &5 9 27 A4uE
A4 BASAN BT G WSS wol: gl

_12_



AAT 259 dFE olfste] A RNAS A= 5 94
THELE d4NteS AT A H Ak S xpe] A g-ol G =)
ok A 7, 824 8, #xF 9 o] A= Ubiquitin fr & A} & o

oh Hu vhoroy 4559 BAARE 7 @AEclAAM =

Ubiquitin A Tdo] xRt Fristes A0S Bt 34

1 2 3 4 5 6 7 8 9 10 11 12 13

226 bp GAPDH
| e Ubiquitin

Ubigutin Expression

Percent (%)
[a3]
(]

20 -l e
20
0
1 2 3 ) 5 3 T g 3 ] 11 12 13
CP

134, Ubiquitin 42 2&
1'normal control, 2:dermatomyositis, 3:unknown origin equinocavovarus, 4:unknown

origin gait abmormality, 5,6:hereditary motor sensory neuropathy,

7,89,10,11,12,13:cerebral palsy
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s
AT 59 dFE ol &ste] Al RNAS A= §F A
TEHELE A4S AT A HAvkn] @AM = 4 128
Aeleta B5 FA g, 5ol vb @ A FA R Yokd @A
7, &2 8, @A 9 awol AHEZF wkY #A10, A 11, A 12,

1 2 3 4 5 6 7 8 9 10 11 12 13

226 bp GAPDH
140 bp N-CAM
N-CAM Expression
&j _____________________________________________________________________________________________________________

&

—

[

)

=

€

o

135, Neural cell adhesion molecule %=} &
1'normal control, 2:dermatomyositis, 3:unknown origin equinocavovarus, 4:unknown

origin gait abmormality, 5,6:hereditary motor sensory neuropathy,

7,8,9,10,11,12,13:cerebral palsy
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dutx oz AN =43 & x3td A 23 A8 ES T A
<5 AAAAH FAAASE AL Uk AFAA A G0 =EA
2% A HH 25 dude] Fa7t doju ofuiibo] A H W
ZFol A o] E =g Al A (gluconegenesis)ell 2:o] Al €t} oleld &} 3t
74 wisgle] did A FAg wrgo] & WHH AlAo] @A =
Aok 2 WA SAAAE A AHAJA 24 HHE Holy

AA7ZEA e g a3 7JHoe R A7EA FaF 7]de]l glon
olo = cytosolic calcium-dependent calpain system, lysosomal
protease system, ATP-dependent ubiquitin proteasome system % &
gAY BAHAA o5 A 1A VAL dEHow Wt}
T AE RaHow Ager. 53] 2 AFoA ¥ Ubiquitin @
W7l Ag ofe dJdoe® WAseE L AR UMY Fad
ZN1Hoz ad#Ad Yo}, ®=E calcium-activated pathway$} lysosomal
pathway+ <= Ul @l 3o oF 15-20% Fi& kA stal 44
f @ (myofibrillar protein)oll = #&8}x kErim FeA
E£3] lysosomal proteolysisi= T2  F8 A (receptors)tt d
(channels), <% #| (transporters)$} 22 AEe el (cell
membrane proteins) 3} 2o FTofgrin A lom T A ko]
U 282y 22 Axe] 4w ALT Jysosomal pathwayol <& &3
o] Ak Ubiquitinel )& ©@ ®ale A R wAR El
enzyme©l 9] 3 ubiquitin &4 3} (activation)ol]l 93| AlZtHT. o}
A2 ubiquitine  E2 enzyme(ubiquitin conjugating enzyme)o. =

+WE 1 E2 enzyme<s UA]  ubiquiting E3(ubiquitin  ligation

_15_



enzyme) 2.2  EWFA|AA  E3 enzyme©| ubiquitine 7]Z A
(substrate protein)@ A3 A1 71t o] 7] Al Ubiquitin 2% w-g-o]
Ex1 57] o]/ Ubiquitine] Z#3hAl ¥ WAl multiubiquitin AF&
o] AA ¥ o]¥3 multiubiquitin AbE-7] A e A 7E 265
proteasome . & - RFE o] wHE Za 7t dojuAl =il Ubiquitine
w3 HA gk wiEE o] AALEHE Y. FH Lol = E3(ubiquitin protein
ligase)ol ™g #AAlo] mEFH 1 Y+=d o= E37} ubiquitinationol
Hofste a4E FToA =4 9 7] (substrate) ol o] 7+ =7

Zolt}®. 53] Bodine' $& <%olA Mouse muscle atrophic
F-box(MaFBX) % #t¢} Muscle RING finger 1(MuRF1) & % #}7}
< W Ubiquitin &4 3te] So]4Ql d&s ste As FHAT
T ARG, 14, 2 A4 (suspension) T - UFS Yo o
7EA 2 A o] T fFHA HAS Adste] 2 A5S FaAIE

=

ol &3k, Ubiquitin®] <+ $15F0] dojAe T8 938 A

sk th. Ubiquitin &9 23] 7] 7] o} Hi(starvation), 3%
(sepsis), A 2+ (metabolic acidosis), T A F 551
(weightlessness), =359 9| 4H(severe trauma), 2274 & Y=

(denervation atrophy), & % AlgoAY oA oA (cancer

cachexia) & o] 7}# oA wAE A H®p B0 o

] pud =
o] HuEL YiRE 55 A4F ndS o]&3 Aoy 35S At
© 2 3}o] Ubiquitin-dependent proteolytic pathway?e] &3S %493

Wil Fadro B3td Holtl Tiao? T8 | d= shalo 9o
< wwAel Hy HSE FWszl sl Ubiquitin 2 20S

proteasome subunit HC3¢ mRNAZ AN 2 B
HEF FANAA mRNAZF Wo] ddES FHTOEZN Abgo] gl
oAA % =¥ F YT Ubiquitinol] o g @wiEs] 7)ol ofs] <+ &
27b dojde WYtk Willams® 5% H$3 Moz ghakate] gl

o] 4] Ubiquitin 2 20S proteasome subunit HC3, HC5, HC7, HC9%

I\

ol

ol

o

32

)
O
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71 o2  Ubiquitin

Fo9

Xga
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mRNAE

g

X
oy

proteasome proteolytic pathway=

ol

o)M= & ARo|A e Ubiquitin proteolysis & &4 o]

0]
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911 A Ubiquitin % &}
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Abstract

The expression of Ubiquitin and Neural cell adhesion molecule genes in
the muscles of spastic celebral palsy patients

Sung Hoon Jung

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Soo Bong Han)

Purpose : This study was performed to see the histopathologic
changes of muscles and the expression patterns of Ubiquitin and
N-CAM genes in accordance with cerebral palsy patient’s
spasticity

Materials and Methods : We studied thirteen specimens from seven
patients with spastic cerebral palsy, five patients who were
diagnosed as or suspected to have neuromuscular diseases, and one
normal person as a control group. Specimens were obtained during
orthopaedic operations . We studied the histopathologic changes
and the expression patterns of Ubiquitin and N-CAM genes
through the routine histologic procedures, the reverse
transcriptional polymerase chain reaction(RT-PCR), and
Immunostaining procedures.

Results : There were no disease-specific abnormalities related with
the degree of spasticity on histopathologic evaluation. However, in
the cerebral palsy patients, there seemed to be positive correlations
between the expression of Ubiquitin gene and the degree of
spasticity, and negative correlations between the expression of
N-CAM gene and the degree of spasticity. On the other hand, in
the immunostaining procedures, the reactions to Ubiquitin protein
were all negative and reactions to N-CAM protein were strongly
positive only in two hereditary motor sensory neuropathy patients.
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Conclusions : This study shows that in the cerebral palsy patients,
the degree of spasticity seems to have positive correlations with
the expression of Ubiquitin gene and negative correlations with the
expression of N-CAM gene. These results seem to be caused by
multiple mechanisms. If more studies about the changes after the
transcription of Ubiquitin and N-CAM genes are performed, these
results can be applied to the research and treatment of cerebral
palsy on molecular biologic aspects.

Key Words : cerebral palsy, spasticity, ubiquitin, Neural cell

adhesion molecule
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