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gle strand conformational polymorphism) 2.2 ZAlslazl aixich, = 1179 2t}
AA71E0] A A EElg DNAE o2 PCR 2 PCR-SSCPE A3 A3 sarcospan
#AA] exon 39 FAE ¥ Eduicls FAEY + gldlen, sarcospan AR 2EE
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A€ 9 EQdclge BAV gl Ao Btk el fHxke] w¥Ee] Al Hls) i

2718 FEE BEAT A3 d7F HojA BAE A¥Irle ojdn AtgEnh 3% Ad A
FZ 237 g9 2ol DNA % RNAE ¥2]5t9 sarcospan FAAY ol F&/F-&
Aol
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Se-Youp Lee, M,D,, Seong-Il Suh, M,D,"*

Congenital fibrosis of the extraocular muscles syndrome(CFEOMS) was
genetically related to the region of chromosome 12(pll.2~ql12) by linkage
analysis. Recently the gene encoding sarcospan, one of transmembrane com-
ponents of the dystrophin-glycoprotein complex which falls within the
genetic locus pll.2 of chromosome 12, was suggested to be related with
CFEOMS. In this study, we analysed the genetic status(deletion and/or
mutation) and the expression of sarcospan gene in 8 CFEOMS patients by
using PCR(polymerase chain reaction), RT(reverse transcription)-PCR and
PCR-SSCP (single strand conformational polymorphism) analysis. In PCR
and PCR-SSCP analysis, we could not detect any deletion or mutation in
exon 3 of sarcospan, and in RT-PCR, 3 out of 4 CFEOMS samples were
found to be slightly the increased expression of sarcospan gene compared to
that of normal control. In conclusion, the genetical relationship between
sarcospan gene and CFEOMS could not be related with deletional and muta-
tional events of sarcospan gene. Even though, sacospan gene showed slight-
ly the increased expressional patterns in CFEOMS samples, the relationship
was difficult to explain because the cases were too small. Taken together,
in order to confirm the relationship between sarcospan gene and CFEOMS,
analysis of DNA and RNA from extraocular muscle were further needed(J
Korean Ophthalmol Soc 40:3414~3421, 1999).

Key Words : Congenital fibrosis of the extraocular muscle syndrome, Dyst-

rophin, Glycoprotein, Sarcospan
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AT Fol olFo Mot ofx o FHEF A
< & geiA UA gt

%29 linkage analysis 52 & E3&ko
QA 1299] pll. 2~ql2 FHol A7 F-A=};
o A Lt HA/F FF T #Ho| Hay
2 e Crosbie 52 1248 944 pll. 29
AR et sarcospanTAAZE A b ARF
Z373 #He] glg ez HuF bk Uy,
SarcospanfAAH4HEE multisubunit protein
B39l dystrophin-glycoprotein B9} g

7 ®el5le A2 2 Hol dystrophin-glycopro-
tein E§NE T e 2482 LHFY
¥ Dystrophin-glycoprotein E&de 2%
(sarcolemma) ol H1X| &= TjoZA 223} A
¥&74 (subsarcolemmal cytoskeleton) 3 Al ¥
9] 71AAtelel AZe) Fdter], o o] folA
A b oleigt AZo] FHHY A ETE F4}
2 olojz|A Ha A=ole Z8AEe] disot
dofuiAl gtz 48id AP, asEE dys-
trophin-glycoprotein E8A< Z4 28715l
P Aoz &8 ey 2 FE3 75
ofz 7 "ra|A UAl= @tk =3 sarcospan
AAe} @wdHo|l Duchen muscular dystrophy
A @A BHA ZFAaEe] ol sarcospan &
Az AHEo] AlERte] 9A]817] YA e dys-
trophin®] &z} Ado] 9d& Aoz HAY,
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B A1+ linkage analysis’d A3 i 4
%5 2370 BHEE AR 94A 129
pll.2~ql2°) $ix3ch= Bavt Sla EF 94
A 12¥ pll. 20 HXF sarcospan FHA7}
dystrophin-glycoprotein complex®] 7484

e Holl g7sted AH AT /s T
BAE Ao 3l sarcospan FAALY] A<,
Edgo] & ol wd Fo FAA AA 9 o]
g dolR it st

[<¥ =]
T =

chat 2
L8R W el ZASE ZAl

AA gt H/F FFIT A e F A
£ ez 3Nt (Fig. 1,2). 8%He #xis 8
A2} 7HE FAA Fdel gl B4 3% En
PCR dzFo2 AH oot Af5 F5Td 7t
o] gl A4 18& ‘?H’Z}P_E AEE A
st 7 1T& 321 2Y olejdle &
HEo] W i G ¢A Z3dch ®WE
228 HAle AR EA HE2T UAS S
A& 2 3l Masson trichrome B4& 3IAch
FHP L 2L n3E 23L Bouindol
2332 Weigert B ntEAU o] Gt
%89 +4 ¥ Biebrich scarlet-acid fuchsin
Hof| HMZ F FFol| I+ FH aniline bluedy
o] Gt

2. oMz =5E{ DNA % RNAZZ|

ooz Helgd €Y 5~10ml 5% dex-
tran/saline €948 ¥ A2dA 2083 WX
Z AEAL I s 1,000 rpmeE 1083
LA} o FEAE AANAT 28 F AxH
Atell 0.2% AEaS 9o AETE A7 &
FH%9 1.6% ’5]%”“3 W3 A3t Wy gt
oo . REd AEE25H DNA ¥
RNA #&l& Qiagen3|Ate] DNA 2 RNA #&
kitg AFEsln A BFEEA(UV spec-
trophotometer) & ©]43ld DNA ¥ RNAFLZ
£ ARt
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Figure 1, Pedigree of the congenital fibrosis of
the extraocular muscle syndrome family, Filled
symbols indicate individuals clinically affected
with congenital fibrosis of the extraocular muscle,
Individuals tested are indicated with number,
Square indicates male and circle indicates female.
A diagonal slash through a symbol denotes that
the individual is deceased. The pedigree of family
II can not be defined exactly.

Figure 2, Typical appearnace of congenital fibro-
sis of the extraocular muscle syndrome family.
Note severe ptosis, downward fixation of eyes and
chin-up head position.
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Table 1, Nucleotide Sequence of PCR Primers used in This Study

Primer Sequence (5 > 3') Description
GAPDH-S* CGTCTTCACCACCATGGAGA Exon 4
GAPDH-AS" CGGCCATCACGCCACAGTTT Exon 7

PseudoMTAP-S
PsudoMTAP-AS

AGGGACCTCGTTTTATCTCTTGA
CTAGCATTTTCTTTCGGGGTCTG

chromosome 3
chromosome 3

F74 ACGACATGGAGCCGAAGAAG Sarcospan Exon 1
F213 CTTCCTCATGGCGAGCATCA Sarcospan Exon 1
R232 ACGACATGGAGCCGAAGAAG Sarcospan Exon 1
F431 CCACCACTATTCGCAGCTCA Sarcospan Exon 3
R489 TGGCAAGAGTCGAGTGTGGT Sarcospan Exon 3
R637 CAGGCCAACAAGCACACAG Sarcospan Exon 3

*GAPDH-S: glyceraldehyde-3-phosphate-dehhydrogenase-sense
"GAPDH-AS: glyceraldehyde-3-phosphate-dehhydrogenase-antisense
*PseudoMTAP-s: Pseudomethylthioadenosine phosphorylase-sense

3 SEHELAMES PCR) % AFAHRT)-PCR

FRELAHNES 542 10Xreaction buf-
fer (15mM MgCls, 100mM Tris-HCl pH
8.3, 500mM KCD <t 10mMel dATP, dTTP,
dCTP ¥ dGTP, Z8l2 20mM sense % an-
tisense primerg Z7 14E P& EFE
100ng®] #eld DNAS® 2.5 unit®] Taq poly-
merase (Permian Elmer corporation) & %<&
3 FHTE 5042 &3S W33 3049 min-
eral oil& %% t}& DNA thermal cycler
(Perkin Elmer corporation) & A&t PCR
£ Ag&ct. RT-PCRE 9% cDNA 42
223t RNA 2ugs oligo-dT(16mer) & AM&-3}
o 404 §Fo2 AHALE APt whe &
o] 24L& B3t RNA 2ue, 5mM MgCls,
50mM KCl, 10mM Tris-Cl(pH 8.3), ZztZ+
1mMe} dATP, dCTP, dGTP ¥ dTTP, 1 U
RNase inhibitior, 2.5U MuLV reverse tra-
nscriptase 18|31 2.5#M oligo-dT (16mer) &
gl 42=C A 1A1ZE Q9% oA SR HRgAlAH
&ttt PCRE 3% primerg §433817] 9
3 Genebank accession number x89105 (sa-
rcospan-1 #42H) % AF016028 (sarcospan-2
Rz & ol gt e, & AP AMEF pri-
mer 9714 E-& Table 1o JehdAdc} el

DNA % RNAZEE #A43 cDNA9Y ZHE
AZE3d7l 98t 227t pseudo-MTAP (methyl-
thioadenosine phosphorylase) ¥ GAPDH
(glyceraldehyde-3-phosphate-dehydroge-
nase) ol gt PCRE FAlo A48k},

4, PCR-SSCP (Single Strand
Conformational Polymorphism) £44

PCR-SSCP #4& Orita 52 "Pgol s}
AR, w4 PCRL 10X reaction buffer
(15mM MgCl;, 100mM Tris-HCl pH 8.3,
500mM KCI 104t 10mM dATP, dTTP,
dGTP Z+ 244, 10mM dCTP 14, alpha *P-
dCTP (3,000 Ci/mM, 10 mCi/ml) 1 283
204M sense ¥ antisense primerE® Z42t 104,
5 unit®] Taq polymerase(Perkin Elmer cor-
poration) & ¥& ¥ FTHFEZ BuE £ ¢
F31 0.5ml tubeoll 9.544 B3 F A7]q 0.5
“e RT-PCR E& 4w 3 &35 3 2019
mineral oil& %% & DNA thermal
cycler (Perkin Elmer corporation)& AMg-38le]
PCRE A&ttt Denaturatione 95¢C 18,
annealing® 58C 1%, extension® 72T 28°
2 3t 35 AlelEE A3t §4€ PCR 4
B 14dE 949 98% formamide, 20mM
EDTA, 0.05% bromphenol blue, 0.05%
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xylene cyanol &43 Z 431 90CoAM 283t
¥ ¥ 6% non-denaturing polyacrylamide 2
(gel) oA 247 (cooling system) & AHE-3H 10
CTE fAstAM TBE €39 (Tris-Borate-
EDTA buffer) 2 10 Watt, 16A13F A719%3s}
At A7 %d AL Whatman filter paper’d
oA gel dryer& AHEEl] AZAIZ] F zA7hkAL
7159 (autoradiography) & Ald3 F 9o
78 st

1M 2otz MRE &% BXlel Yalx3

2l < YR SRS
NE ZAR7F Ao Helx] ¢kx Ao w4
=

2, PCR % PCR-SSCPE4{E o|8¢&t
sarcospan FXXle] o|A R HAY

Sarcospan F3Ae] AE FEE goldr] Y3}
o #z} 8%, F71E 3w Yo 2HE DNA
£ #el3 ¥ sarcospan §AA F M A7) £
exon 39 i3t PCRE AAE 2= iz 9
71 BFoIA sarcospan A2 % (207 bp)
o] T o] o] FAAle] A HHA o A

Figure 3. Light micrographs of inferior rectus of
congenital fibrosis of the extraocular muscle syn-
drome. Muscle fiber is nearly total displacement by
collagen fiber (arrow) (Masson's trichrome, X 200).
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% S5 #AL 52 ¢ F AT Fig.
4). o] @ pseudoMTAP 4zl th3 PCRE
Al AAlsle] &3 DNAYHE ZHEskioh
Zel3 sarcospan frAzRe] EAWHC|E BABP)
Y&t PCR-SSCP #41& AAIR A3 gz 2
7S BFAM "G FdNA ool de A
& 24T § %19] exon 3 FSld= EAQRolr}
AeE &+ AN (Fig. ).

3. RT-PCRZ 0|&8} sarcospan {XA} gid st

RNA®E 7Fed 8z} 43 gz} 715 19
< e s dAednh. A dEZFOHE |-
3 2 e vigt] MA 9ot H/F F
=T 8 SO [4 %27 282 MR I-

+

[y

9] %ol sarcospan FAAte] Wdo] tha
Z7He o] e A2 Holu JH= [-99] A$
T td #ZaHe] de Aoz BHoH(Fig. 6).

Pedigree | Pedigree ||
123456 7TMB8OP12ZNP

Figure 4. PCR analysis of sarcospan gene(207 bp)
in congenital fibrosis of the extraocular muscle
syndrome patients using F431 and R637 primers.
M, N and P represent molecular size marker, nor-
mal control and negative control, respectively.

Pedigree | Pedigree Il
N1234567PBBP1T 2N

Figure 5. PCR-SSCP analysis of sarcospan gene in
congenital fibrosis of the extraocular muscle syn-
drome patients using F431 and R637 primers. N
and P represent normal control and negative con-
trol, respectively.
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Figure 6-A. RT-PCR analysis of sarcospan gene
(207 bp) in congenital fibrosis of the extraocular
muscle syndrome patients using F431 and R637
primers. M, N and P represent molecular size
marker, normal control and negative control,
respectively. B, The amounts of sarcospan gene
expression were quantitated by a gel documenta-
tion system and image analysis software. The rel-
ative index is defined arbitrarily the ratio of the

densities of sarcospan and GAPDH.

B aee dhs Siee CEEL IR L
Fslm W] G4 12091 TR
g gnn geid ot

°ﬂ ol¢} #HE FHA
59 4301] Crosble o] FaA 129 e
2] o} sarcospan 347} dystrophin® &3
A o]F& ALoF Kol olntx HH ejb HH
% 2373 Aol & Aoz A% v g},
T3} Crosbie 5°] #2l3 25Kde| sarcospan
Az} AHE-E dystrophin® E3AE st <
SAE] AET L Zxo) X8t Alxe] 7R
2 AEHe] AEEAAe] AZd Fa3 JES
& Aoz A7tEm Ut

B dAqes A4 e d/F 32T ddd

MUY RZFFE —

#2217} linkage analysis® @4 129 pll.2
~ql2dl AxF Hezw Bnd up Uz £ G4
1281 pll. 29 9113 sarcospan FAz7F A4 9
I AHF TF T Bl UE Aoleks Bt
Ao MH et H/F FF7 sarcospan T3
ztete] BAE ol BuAt el &2 # »47t
ZozHe YAg st EYMEE —‘v_—i]ﬂ =5
S DNA % RNAE Eelatditt, 238 ¥ PCR%
W o] 83} sarcospan FAAe] AE B EdRo]
FEE Yol 1z primerE 23Nt PCR%
primere 7Fsdld G/C Hl&°] 50~60% F ==
5 %2 Genebank accession number X89105
(sarcospan-1 320 ¥ AF016028(sarcospan-2
FAR) & ol g3t AAEATt 2 HE ALEE
primer’} §°]& 22 sarcospan #32F] DNA
2 cDNAE & 7FsdAE Yol Buxt &4 ¢
FANezRe Bl € 43 DNA ¥ cDNAE
F74 2 R637, F431 ¥ R637 z2li F213 ¥
R4892 %o slod PCRE AAIg Aa Add
0|43 HE primer’de cDNAE FTEdHov
F431 2 R637%%2 cDNA % DNAE && 7153t
of B Ao AME-E primer’t JHHCE sar-
cospan FAHzAE &% 7bedE ¢ & AU
Sarcospan %X\if"}r: 3709] exonl.Z FAE]
o o] F exon 3° 7MY B 971FE 7K
o] B Ao exon 39 thdtd FFHo=R
Agsinct. dANFERZRE 23 DNA 100ngs
o]-g3ld F431 ¥ R637 primerg °©]&3ld PCR
& AAIE 27 B2 2 F4 DNAA 25 PCR
Abgo] Faslo] sarcospan FAARE] exon 39&
Aol gle AR AzEn Ad Q2 /T
23737} sarcospan w3k Aede AAZE ¢l
= o= Al

ofd fHxte] vEAsE 3 ZHEHe AE
2 FAzle] FAE By olde) fHizte] EHWo]
7} #odste AEE 8 Utk 2#8AM sar-
cospan A2l exon 39 EIWe| £F& &
ol 1z} PCR-SSCP ¥4& AAlstd et #7
G573l A PCR AHEQ ©]Fe o|ie] e 72
$7} AR ol exon 3¢ EAW

olg} AMA
et HHE 237FE WAV} gl Aor B
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Atk a22u exon 1 E 20 EQRIZL A&
T geng gog orld diF dyel Tay
Aoz QzreEc), golx AFE uieh ol ofd
Az v L A& 2 ARl o) BZE
4 dEd #HZo fAAe promoter F-91¢]
cytosine@d71el W A3} (methylation) 7} -+ 2}
uhd o) Aol ol glgo] A AN?. &
3 FaAAz e pl6INK4alcyclin de-
pendent kinase 4 inhibitor)°] HEHN #H
Ztoltt, @Y sarcospan ARk promoter
2ol ¢47] MYe] &R @& A pro-
moter®-91e] WAz} AR HFPL 3o HAE
of & ool zehM @8] sarcospan 3
2] LEYE HAH o2 ARF FIFTHY
PAE Golrmzat $xte] YAAEZFE RNA
g ®2)8 o cDNAE §Asted RT-PCRZ
AX G AT sarcospan?] W&ol 4He| Fate]
7% AAd g thh FrtE FFE Bien 1
B Aee thih Zhd FdE B sarcospan
AR FHZIPLE AR b2 HAHF ST
3 #AA7L & Aoz AAHAT 4F 47t '
2 oot BAlEle o2l g Aoz Aztdn

u)E ojete] WA 9 AelA 5o & '
& BEo| 2 duid A AR i &
2o Hlal dael 27 2 H9F r1se Aolvt
Jokz LelA ok ol Aol ok e
Eolgt Wa 2748 vehd & Aok, dEAHY
24 Duchenne muscular dystrophy®l 7
$oll& dystrophin &4 W& F2 FA29
Afs 2 H 55 8§ dov gdde 9
2 9 yelgog ool glovt I A et
uhH) (progressive external ophthalmoplegia)
o] 7% ejetant Aoz o)ite] Zejelo gl
on oy ALl plEE=Eol DNAS o4
| SRR, ajeg ol 7hA] ¢tae] A
2 H2Fd BEAE A7 Re F
AZE 2 dpe AA i ot
237 gate] W3} sarcospan AR ©]
ko] BAE Lol Bzt HAlsHT Y
sarcospan® °olidel AA i HAHF FIFT
& FEFch o] Aol FFNN FAHAEI &

[+

o kit
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A2 8xle] RE M Eo|A sarcospan® °]Xdel
zE Aoz Aztslo] #xte] FAMERFE
DNA 2 RNAZ ¥asld dgsdct. 22y
o] Aghel F8 WA} QtTolnzE Yoz Y
37t doldt ejekZe® RE] DNA ¥ RNAE
B2)8le] sarcospan FAAe| exon 3 ¥R ok
2} exon 1 2 29 o]dfF el AF3tnA
gtk =3k HZo sarcospani sarcoglycan
complex?te] 23 #Ao] sarcospane] Zx
o A F A2 ke Ba¥7} 9lo] sar-
coglycan subcomplexdl] di3 7= F8& A
oz Atggc, YoM B =&e Ad H&F
Z3F wgt ohel felvetilA &3 A9
gg fHNE APt 2O =S F
gleka AYzhe
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