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Expression of Ubiquitin and Neural Cell Adhesion Moleculein the
Muscles of Spastic Cerebral Palsy Patients

Sung Hoon Jung, M.D.*, Soo Bong Hahn, M .D., Sun Young Kong, M.S., Hyun Woo Kim, M .D.

Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, Korea,
Department of Othopaedic Surgery, Boondang Jesaeng General Hospital, Sungnam, Korea*

Purpose: This study was performed to examine the histopathologic changes of muscles and the expression
patterns of ubiquitin and N-CAM (neura cell adhesion molecule) in accordance with cerebral palsy patient’s
spasticity.

Materialsand Methods: We studied thirteen specimens from seven patients with spastic cerebral palsy, five
patients suspected to have neuromuscular diseases, and one normal person. We performed the routine histolog-
ic procedures, the reverse transcriptional polymerase chain reaction (RT-PCR), and immunostaining.

Results: There were no disease-specific abnormalities related with the degree of spasticity on histopathol og-
ic evaluation. However, in the cerebral palsy patients, the degree of spasticity seems to have positive correla-
tions with the expression of ubiquitin gene and negative correlations with the expression of N-CAM gene. On
the other hand, in the immunostaining procedures, the reactions to ubiquitin protein were all negative and reac-
tionsto N-CAM protein were strongly positive only in two hereditary motor sensory neuropathy patients.

Conclusion: The results of our study 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.
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Table 1. Summary of Patients

o
Er)

neural cell adhesion molecule (N-CAM)®]
0@ WaE BASRA sk

e Skat 129 shA] o] gAIEF R <lE)
S84 ol Ades Al HA A<l g4 1
HE gde® st = d AR B A
TR el tigk 2 S AAssled 2A
’d AA Hdw] (spastic CP quadriplegia) &

AT, A8 5 B A A3 S (heredi-
tary motor sensory neuropathy, type I) 3
ZF 37, Al B W o) #x 1%, IR
4 (dermatomyositis) 2} 15 0]t}. /g v}y
Aol M) 259 AAEE & A 3 FF9
I oJAtel] oJa] S =HJ=wl modified Ash-
worth’s scale (MAS)Z °]-&3t] 1574 4
STEZHE AT BE HdnHH] Shxto A A
BET S7HE 2 Aol FAHJen, 35 &
Al 1559 AHEE BAa Yuz] 490

Pts. No. Sex/Age Diagnosis MAS* Pathology
1 M/24 Normal control 0 Normal
2 M/6 Dermatomyositis 4 Normal
3 M/12 Hereditary motor sensory 4 Group atrophy consistent
neuropathy (typeI) with neurogenic atrophy
4 M/21 Unknown origin gait abnormality 4 Type | predominancy
5 M/11 Hereditary motor sensory 4 Group atrophy consistent
neuropathy (typeI) with neurogenic atrophy
6 M/11 Hereditary motor sensory 4 Group atrophy consistent
neuropathy (typeI) with neurogenic atrophy
7 F/7 Cerebral palsy 1 Normal
8 F/8 Cerebral palsy 1 Normal
9 F/8 Cerebral palsy 1 Normal
10 F/20 Cerebral palsy 4 Normal
11 F/11 Cerebral palsy 4 Normal
12 M/5 Cerebral palsy 4 Normal
13 F/4 Cerebral palsy 4 Type | predominancy

*: modified Ashworth’s score
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=229 ¥ o2 haematoxylin and eosin
g gax2Asle A (enzyme histochem-
istry) ® Gomori trichrome 94 Aldstl o
v Wz G4 (immunohistochem-
istry)S 9181 3% hydrogen peroxide (H:Os)
2 ZAY UAA peroxidaseE EZHAI F
blocking serumo.2 A-2o|A 10&3F WA
t}. Anti-torpedo dystrophin 2284, ubiq-
uitin €2 (DAKO, Denmark), N-CAM
Uz} A (Santa cruz, California, USA)Z
37°Cell Al 2A17F REEAIFTE. Avidin-biotin
(Zymed Histo Plus kit, San Francisco, CA,
USA) WS o] gste] Az sle dME &
gt om blocking serumolAl LapakA] @A
S AL 7} dAA PBS 902 A
t}. 3,3 -diaminobenzidine (DAB, Vector
laboratories, Inc.., Burlingame, CA, USA)
o7 WAsla Mayer' s hematoxilin® & thzx
S Fagk & 70, 90, 100% o2 L= Lol A
getal BYste] Fadn| Aol Al BEAsA T

o5 279 RNA E8¥E Trizol® (Invitro-
gen, Carlsbad, Canada)E °]&3% acid
guanidium thiocyanate-phenol chloroform

Table 2. Primer of ubiquitin, N-CAM and GAPDH

extraction WHo 2 Algsigitt. FEFE RNA
1 4l DEPC waterg #7kste] 508 3]4A171
% Spectrophotometry (4=260 nm)Z &=
£ St S o2 HA RNAYS S
393, DEPC waterg #7lste] =71 0.5
pg/m7t H| =2 St

AccuPower”-RT PreMix (Bioneer, Korea)
kit 20 4o F#FE total RNA 5 pgs H7ksta
deoxyribonucleotide triphosphate (dANTP,
Promega, USA) 1 dE HFHo=w H73k &
Thermo Hybrid PCR reactor (USA)E ©]&
72°Col A 582 Ww-AIZ T AccuPower“-PCR
premix tube (Bioneer, Korea)el A1=t&
cDNA 1 49} primer 10 pmoleZ ¥, HA)
F37F 20 7 HEs FRTE HAUkeo 4
Az el AFEE primere FnEAI
Gene BankE o]&3lo] A&=Qlem A7|IME
< Table 29 Zt}. Ubiquitin® N-CAM<] 7
T 9 CollA 137 A F HA°C bx, 54°C 5=
9} 72°C 30% 2oz 27 cycled A3t
72°CollA 2%3F MPAIAT. GAPDHS 7%
Zkzve] primer®t Y Aoz 33Nt
o]% 2% Agarose gelel RT-PCR 232 o]
Z ¢cDNA 3 b= wellell ¥ 100 voltollA <F
1583 A7195A17 k. DNA ladderg &7 A
719%3td ubiquitin®} N-CAM<e] 2% 7}
120 bp, 140 bpllAl fx 2aS golets)]
GAP DH®| 4% 226 bpolld 42 &d&
Jatdct. EIE F A FdE ultraviolet
gxg stz #9 ¥ Imagepro’ TZI1H
< o]&3ste] GAPDH f3#ke] ods 7E2
AR Hd H=gE St vBlwskit,

H

dob kIR

L Forward
iquitin

Ubiqu Reverse

N-CAM Forward

Reverse

GAPDH Forward

Reverse

5-GGG TGT CAGTAT CTT TAACGGC-3
5-CAGACG GGC AAA GAT ACA CA-3
5- CGT AGA AAA CAT TGCACA GA-3
5-CTATGA ACA TGCACGCATAC-3
5- GAA GGT GAA GGT CGG AGT- 3

5- GAA GAT GGT GAT GGG ATT TC- 3
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a719] 4 BYgo R FAH U I 2
Agukstel] ZAsh &AxA 358 A (ATPase
pH 9.4, pH 4.3, pH 4.6, NAPH-TR)lIA
Al 18 AR A 28 2R FS veR T
Aslo] A (Fig. 1A). & A8 3 (fiber
type grouping)tt & /& %Al(fiber type
predominency), 5% 2419 9150l Hti7t
e B 27 A4S Hgon 1HoAw A 1
d5 A4S EAY(Fig. 1B). Dystrophin
FANME & S wet Fdel Hwd
T2 H9oen utrophin &7} W= 8l
o E3F nEFEsglel 2 AEE #EAE F e
Gomori trichrome ¥4 °lx+ ragged red
fibertd nemaline M= fidtt. 44 %
2 7 AW S ) 3y AEY9Ad 2 4

ol et 219 &23F 915 (small grouped
atrophy)e] #ZHAH(Fig. 10). 94 n/d9
w3 o] e A 18 2 ARF 4 &

Zo] B

RE A5 ubiquitin @] thg G
& SAWMES BIH(Fig. 2A-C). 33 N-

gajo] ©4) gsron] = 9%o|
% 9 47 A%8E 84 39
246 Azad 2@ N-
CAM 2go] #&= A (Fig. 3A-C).

1) Ubiquitin S} 2
AR 259 dRE ol&ste] AA RNAE
A v Alggt A

AEW F QAL FHES

£
=

Fig. 1. Histopathological findings ( x 20). (A) Normal muscle cells were noted in patient 7, who was a cerebral palsy
patient (H-E staining). (B) Type | fiber was dominant in patient 13, a cerebral palsy patient (ATPase pH 9.4
staining). (C) Small grouped atrophy was noted in patient 6, a hereditary motor sensory neuropathy patient

(H-E staining).

Fig. 2. Theimmunochemical staining of ubiquitin protein (x 20). (A) Negative reaction was noted in patient 1, a con-
trol group. (B) Thisfigureis a negative control of patient 7, and you can compare it with other stained figures.
(C) Negative reaction was noted in patient 13, acerebral palsy patient.
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I 2 AAEZE $SA(MAS 155) HA4vk] o ddidem e dde] gEEgion R

AL 7, A 8, A 9ol &= ubiquitin £ A A A9l v)de] By Aol a5l 3%

Aol v A Hlg] wgtoyt BHEE w3k #H4 &% 3 A4 AANS FAdAE BF

A 455 AP S5 E ubiquitin 4 s A

7 ddel gE fAksel vlel S7HE Axde] &

2 (Fig. 4). F24 &5 % 42 289 L

S @2 3% 2 Al 19 < ARE tAE HA

Ql =] B o) fAelM e It vsst At o HF AT & xotd I &

A w2 2Ee 2 3 e Tl FE IR IR RS
FASHAL Tk A A W2 S e

2) N-CAM |&AL L&

e @zt e @t 128 AlQdsta 2F
At (Fig. 5).
solM A=}

=3 A4k U B
=39 g 10, 11, 12, 135

A S &8 e o] B 7l doju ofm At
o] A= ZrollAe] x="A1A4 (gluconeogen-
esig)oll 2xo]A] HT}, o]2jgt oF FH o] wigld
thak Aol felgt vkgo] glE whd Aol o

Fig. 3. The immunochemical staining of N-CAM protein ( x 20). (A) Negative reaction was noted in patient 1, a con-
trol group. (B) This figure is a negative control of patient 13, and you can compare it with other stained fig-
ures. (C) Strong positive reaction was noted in patient 5, a hereditary motor sensory neuropathy patient.

1 2 3 4 5 6

226 bp
120 bp

8 9 0 1 12 13

GAPDH
Ubiquitin

Pra—,
@ o
o o o

F
o

Percent (%)
3

n
o

(=]

Ubiquitin Expression

Fig. 4. Ubiquitin gene expression. In the cerebral palsy patients, there seemed to be positive correlations between the
expression of ubiquitin gene and the degree of spasticity. 1: normal control, 2: dermatomyositis, 3: hereditary
moator sensory neuropathy, 4: unknown origin gait abnormality, 5, 6: hereditary motor sensory neuropathy, 7,

8,9, 10, 11, 12, 13: cerebral palsy.
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Fig. 5. N-CAM gene expression. In the cerebral palsy patients, there seemed to be negative correlations between the
expression of N-CAM gene and the degree of spasticity. 1: normal control, 2: dermatomyositis, 3: hereditary
motor sensory neuropathy, 4: unknown origin gait abnormality, 5, 6: hereditary motor sensory neuropathy, 7,
8,9, 10, 11, 12, 13: cerebral palsy.

7F 7hstEl m el g Eo 287t
= A7 dojupAl B mek & ARVE ®x] Ubiquitin® 1%, 24174, & FH3hH(muscle
&9 ZAole vt dAel & 9o 2 23 unloading) 9t 2& E84 AEl(disuse condi-
sl ok tion)ol A A stE=d Aol olgd B84
ARG wHAAep] Sxls FA2Y HFAEA dEHE fEEvn & ¢ A B3 A o
AR Qe 25 75, ¥d W3 2 g7 AepeldA AA=Er} Hdejdes 2 HEA
T =, =AA ooz 3] FFLH}H F&o]  (myopathic) ZHWS/L Hol=d o|zig A%k
AgH e A57F &3ttt # AFelMe & A o s 259 7E5S AsH7IEA 34 1
AA B2 g e Al 24 984S VFer FAAHE Az A4 F U, Ad=
st} 28 ARzl mebd SRS Aeste] 2 7F 15FCIUY $AF 7, Ak 8, b 994 o
oA B AFEA = AHS AP 9d 2FEY © @ ubiquiting 2dE 2YEd
Ab FEEA AAWglA ubiquitin A4 2 o= ubiquitine] obd Y& ARE B & &
de A= 1575°I9" 3z 3olA o & =mrF o 43E7] WEelgtn 53 B &
Akl e vre fHA HHS HYn, A= 4 G
SFoINE FAECME =S FHA Hdo] & g, N-CAM 3z Ed-e A1 gt
ZE Aok kA 259 AA e ubiquitin ¥ A} WS AL BE S A Hdo| F
Az wze] AABAE FFE = 5 Aok JMEAY. Sold % @ AL HAvp] FxlolA
Castle” 5& 224 Hdu] Szl gloir & A =rt Wgid $ha) o] A=) E9kd dx)
Fo] 2AEH WgE sstuA AR HAdur ol vlE] duiF ez g Hds Helthe ol
H) Siate 2520 1A 28 ZA45E Holm o N-CAMS e wxAAol} F3:47
2 2 18 2AF9 vt oo shv e8ly o FW e v B o =A ol Al
A5S By a0 e 7R BARAe #E WA E(myotube) ] EHolA YERIA| T A
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