g A

=25 ¢ HioF SMEIM2 Dysferlin 22321 1 212]

Dysferlin Expression in Skeletal muscles of Patients with Myopathy
and Cultured Human Myoblast/Myotube

Eung Young Lee, M.S., Young-Chul Choi, MD., PhD.

Departments of Neurology, Brain Korea 21 Project for Medical Science, Yonsei University College of Medicine,

Seoul, Korea

Background: Dysferlin is a 230 kDa protein of the sarcolemma. This encoding gene is mutated in patients with
dysferlinopathy (limb-girdle muscular dystrophy 2B and Miyoshi myopathy), which is characterized byan active
muscle degeneration and regeneration process. Dysferlin is known to play an essential role in muscle signaling
and muscle fiber repair. We studied the gene to define its functional role in muscle repair and differentiation in
human skeletal muscle of the patients with myopathies and cultured human myoblast.

Methods: An immunohistochemical analysis of dysferlin and N-CAM in biopsied muscle tissue obtained from
eleven patients with myopathies [six patients with Duchenne muscular dystrophy (DMD), two patients with
dermatomyositis (DM), two patients with polymyositis (PM), and one patient with dysferlinopathy (MM)] and
eight normal controls. Cultured human myoblast obtained from normal muscle tissue was also analyzed by the

expression of dysferlin through immunocytochemical staining and western blot.

Results: The immunoreactivity of dysferlin was strongly expressed in regenerative muscle fibers of myopathies
except dysferlinpathy, which was co-localization with N-CAM by double immunohistochemistry. By western blot
analysis, the expression level of dysferlin was variable in myopathies compared to normal controls, but no
expression in dyferlinopathy. The expression of dysferlin in myotubes was significantly increased compared to

that in myoblast by immunostaining and western blot analysis.
Conclusions: These results indicated that the expression of dysferlin increased in regenerative and degenerative
muscle fibers and also increased in myoblast differentiation. Our study supports that dysferlin not only has a role

in skeletal muscle development but also in regeneration/repair process.
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Figure 1. Immunohistochemical staining of myoblast/myotube for dysferlin. (x200 magnification)

Actin Dysferlin

Figure 2. Western blotting in myoblast(A), myotube(B) for dysferlin. Graph shows the relative density of dysferlin

in myoblast/myotube.

chio] wg Bame} 7S Shelsiich, AF WL vk 2

Figure 3. Immunohistochemical staining of normal control for
dysferlin. (x200 magnification)
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Figure 6. Western blotting in DMD patients for dysferlin. Graph
shows the relative density. 1: Normal control, 2: dysferlinopathy,
3-8: DMD. (Average of relative density in DMD: 1.01)

Figure 7. Double immunohistochemical staining of PM and DM patients for dysferlin & N-CAM. A/D:
Dysferlin, B/E: N-CAM, C/F: Double. (x200 magnification)

2T o] thidtq St 278 9] TRt Sxte] ARF 1l E
A TR AT gelste] B, 1 ARl Z2219] dys—
ferlin Thll WD} Bl=BAL Roldl =5 Hld, AAH Dysferline DGCe} ¥AI§lo] ZHH o2 ZA-fdof 917
Ql A= 0.818 ZAsiyley, 53] thi i 24 5 gt St T Aot} Aol EX8ks DGCe AlE 959
gollA= dysferlin®] ®elo] A AslRlal, o]=2 Qlsf A 718 Al Yo Al 24S Adshe Tl o]
Q1 Bt 2| 0] AAE 7HARITE, o] BApe] A ZHxAo] o] ETARA, G 84 F Rt &4 AR AA 2o

=
o
o] w7} gho] AAElof o]oh e HAHS Bl

) Ao 225 bgEE Ameln Alxe] VA A AEEd 7o) vk
3, whEha o]z Qg WaAle) ek AR fRels AL Fa) AVl Aze] £4 fgle] Hrh M 24l elqte] w2
qlom 27 fofelrii 7R ReckFig, 8). dysferlin-null miceo | DGC2] 7)%50] $A|5) 5 L& utol

526 CHSHMEOIOIRIN NI267 NI42, 2007



Actin
= S S S @ Dy sferlin
1 2 3 4 5 6
12 -
] 099
’ 090 003
08 -
=
% e ¢ 044
04 -
02 b
000
0
1 2 ! 4 5 3
sample

TEE gk e] ey, =EA s A

ol 12
N
)
L
]

o_>,: o,
)
i
2
12 {-‘%
PN
J>_4 ~
xS
;

>i 2 e = u rE
oS
o
N Y,
lo
)
Ny
e
ﬂJ2

i AP A 2ol 2JsiA
oF=3} |2 dysferlin gl 0]
8 o g 4 A

= A= E570] Arolnh o]Zo] dysferlin
ojofyz=o] W)t 7];30]1—4:8,12,23,24
q

sferlinopathy Z2}-2]

1347d <ol

HEAS

Jetet. 2

A

e melrh e oje) adow
LA A

dy:
se} GaTh 8 BEY ARl B

Bt

==

J

urlo] B4 goleh FIAIAg Tolodars B2 A,
DGCS| 6. 4 £209] dystrophind] A15lof oln] A|z)
A7} sl A7 ol ol Ao A1 gl

g} 22EL xS0 AAE HSES

AES} A %

A4 o]

t}. Dysferlin® <2 7]—75_ 220 A BAIsHE H/«Mﬂ

o H 2 9lolt}t w3 94

591 2229 ®X4 °1x}§ o] A%]= N-CAM™
olF HYxA et 03&‘?‘& *}L oA B, dysferlind} 3-&
7o) HigRt mgom SR AL B 4 AN

2 ZobAZickn o uf ook o]t dysferhno1
FAgele] AL SPINES BHTAA HE

Agetels BYow *
W, SUsH Yeld W AvE SaR

elegans®) fer-10]9]}. fer-19] Seloli= FAALS] U

i

ﬂl{o mlm

Z22x|oj Rt} Dysferlin®] HPﬂQMO

Caenorhabditis

2B 7 8 HHQE ZA[EE0|A 2] Dysferlin 2sivt 71 2|9

Figure 8. Western blotting in PM & DM patients for dysferlin.
Graph shows the relative density. 1: Normal control, 2: dysfer-
linopathy, 3/4: PM, 5/6: DM. (Average of relative density in
PM & DM: 0.81)

]

Ao & Yol v T2R @ AL/ 2P Ao

7 B8 gutalt} * Dysferlin fer—13F &

Jola} o-gtho] Almuke stE x| 2l 9ole 71x] 2t

(230kDa)o|t}. o] 2 P utr o g Zhs o) 2

FH(calcium dependent phospholipid binding) ¥} THl 2] -t

A A Ao ATE o] Qle}, Dysferlin®] C2F 2 A7 A
A A

SHE0] PREE B U FUS AT U X

>
St
i)
1
lo
Q
[\l

A% synaptotagmins®] C2A FH7} o =& AsIAE
A1 Yok ¥ o)A X]—E’;E—,—H dysferlinS AL o] vy
0 349 US| S0 A U AOPIE
ek B2 U SUE A FY £ o

J

ﬁruru%ﬂnﬁi’l‘#—\;ri

oo $ S5 29 4 Al 41 ok Bl 22

2 93} A BT} Ato| Qirt YF AUk 2|5
sl Al AR SIS Bast 71zAe A= A4 Bgo
T} 270 ul g3to] = o Fo] XS apYoA AL L
A 9] §H S5 Slstel A A FHATL
*“”HOWT:} o %*l A= Zoldds &A= A28

d

1v

J Korean Neurol Assoc Volume 25 No. 4, 2007 527



Ry
lo
fru
i1}
>
= r
Ir
ol
ry
o,

=
Kl
=2
7
Q
>
=
£
o
<
w0
-
@
=
=
)

4 omR e ol oft

oN mR 12 BN o
ox
N
>
=
iy

| flo

u
oy -
o
T
pacs
o

= T o

i

1744 dysferlino] 27}t B8 Bt o] K o
of wzw, AEA o] dysterlin o] Hlal/ Ak
1 [e)

o |

Jo 30

L= 344 Alo|| dysferlin®] 283+ 93HS sirh= 72
=} g ZA|3) F= Aoltt® o5 Yie BEYste] A
43t As B chdTd B 1S AlQjskare gl
AL Zpol7h A = BES & & USich

Dysferlini} C2 9% Z3sto] =3t 129 of2] F-4
58 F985k= Tl AES] ferlin family 2 myoferling dys—
ferlin®} 714 G-Alslth, Mouse cell line C2C1204 AJ3E
myoferlin?} dysferlino] ¥ o]d AY ZAije] w=w,
myoferlin2 g HE-0] Q171 A Aofxl ZFEA oA go
W E 9T, ¥ dysferlin® SEA|EZ7} TN ZE &
At 53t i Fofl Hae o] WAL Myoferlin}
dysferlin®] 0|9} 7> T

of whe} tha o] Hmske 4 qlrkar AQFgte}, webA myo—

ferlin THAY I 59t SR37F s sfar, Wb dysferlin

>

Moo

l-‘O
ol
fd

AN
A4 ZAE wigF 23E HH, myoferlin®] 7-9+=
Al&stA] ghob =lgk 4= Il dysferline] Hx
Mol AEat ofe} YAd ERY AW AuoA=
TEEA| 7L TR B HA Ta) Zhto] IR A
= 7 A% ol= ZAlES AT 4], 23} v 5ete]
B BEE Alof| dysferline] &8 &5 3tk Z1E A8
T Aol

Dysferlin¥} WAL JEZ Q] b2l caveolin—32] 7%
olliz, dysferlino] ¢F¥sHA] A E AW Lo|YdF 2BF/
H| QA S 2R} 4T 5 378 9] gLl 4] o] A}A caveolin—3
o] a5 UEHlAL, caveolin—-3 ASS] AWE Zol|FYS
1C8(primary caveolin—3 deficiency; LGMDIC)o| A= dys—
ferlin®] FEHX A7 AT o= AT WY caveo—
lin—3%} dysferlin Ato]9] & 282 ARkl Qlet, EZL o

IS e FolgdTol fle <=2 &alE e dysfer—

tlo I

I
L ot
el
o

B
O

528 CHSHMEOIRIN NI267 W42, 2007

linTh caveolin—39] $§ M7 W0 ©JshAl Wk o 14
Bt Hpole,
ool 4TSS Aela) Hl, Wgto] uhe HAH 2
7ol opge gloit sz clet Aol 232 St
AN|Z Z¥Z}o)| A dysferlino] 2713 4L B 4= 9)9)
o REAT SRR BEEs B 5 Al
hat dystertin] WL 3 4 Sllek, ol Af9t A
T8)an Ao Ba} abgo A dysferlino] 83+ 93k
TR 1 B0k ol ATES AAshe Hle oA
o3t AT A= dysferlin 9 SVt AW L
2 Aol ol F 4= S Aol AR, E
o e A831517] $JéllA]= dysferlin®] 7|53 2
o2 A& Z myoferlin, caveolin—3 52| t}=2 &
NB, 4% kg S peAE AT} et o Baskt
= el

A

Ml
oL

2
o2

ol

[

o

o
o o ofN Moz o

il

ol
R

N

=

-

B =
9,
oz M Ao ol

S )
oy b oo

S

REFERENCES

1. Bushby KM. Making sense of the limb-girdle muscular dystrophies.
Brain 1999;122:1403-1420.

2. Liu J, Aoki M, Illa I, Wu C, Fardeau M, Angelini C, et al.
Dysferlin, a novel skeletal muscle gene, is mutated in Miyoshi
myopathy and limb girdle muscular dystrophy. Naz Gener 1998;20:
31-36.

3. Illa I, Serrano-Munuera C, Gallardo E, Lasa A, Rojas-Garcia R,
Palmer J, et al. Distal anterior compartment myopathy: A
dysferlin mutation causing a new muscular dystrophy phenotype.
Ann Neurol 2001;49:130-134.

4. Bushby KM. Dysferlin and muscular dystrophy. Acta Neurol Belg
2000;100:142-145.

5. Selcen D, Stilling G, Engel AG. The earliest pathologic alterations
in dysferlinopathy. Nexro/ 2001;56:1472-1481.

6. Britton S, Freeman T, Vafiadaki E, Keers S, Harrison R, Bushby
K, et al. The third human FER-1- like protein is highly similar to
dysferlin. Genomics 2000;68:313-321.

7. Fanin M, Angelini C. Muscle pathology in dysferlin deficiency.
Neuropath Appl Neurobiol 2002;28:461-470.

8. Bansal D, Miyake K, Vogel SS, Groh S, Chen CC, Williamson R,
et al. Defective membrane repair in dysferlin-deficient muscular
dystrophy. Nature 2003;423:168-172.

9. Lennon NJ, Kho A, Bacskai BJ, Perlmutter SL, Hyman BT,
Brown RH Jr. Dysferlin interacts with annexins Al and A2 and
mediates sarcolemmal wound-healing. J Bio/ Chem 2003;278:50466-
50473.

10. De Palma S, Morandi L, Mariani E, Begum S, Cerretelli P, Wait
R, et al. Proteomic investigation of the molecular pathophysiology
of dysferlinopathy. Proteomics 2006;6:379-385.

11. Cenacchi G, Fanin M, De Giorgi LB, Angelini C. Ultrastructural
changes in dysferlinopathy support defective membrane repair me-
chanism. J Clin Pathol 2005;58:190-195.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

De Luna N, Gallardo E, Illa I. In vivo and in vitro dysferlin
expression in human muscle satellite cells. J Newropathol Exp Neurol
2004;63:1104-1113.

Bansal D, Campbell KP. Dysferlin and the plasma membrane
repair in muscular dystrophy. Trends Cell Biol 2004;14:206-213.
Campanaro S, Romualdi C, Fanin M, Celegato B, Pacchioni B,
Trevisan S, et al. Gene expression profiling in dysferlinopathies
using a dedicated muscle microarray. Hum Mol Genet 2002;11:3283-
3298.

Tagawa K, Ogawa M, Kawabe K, Yamanaka G, Matsumura T,
Goto K, et al. Proteinand gene analyses of dysferlinopathy in a
large group of Japanese muscular dystrophy patients. J Neurol Sci
2003;211:23-28.

Doherty KR, Cave A, Davis DB, Delmonte AJ, Posey A, Early
JU, et al. Normal myoblast fusion requires myoferlin. Development
2005;132:5565-5575.

Matsuda C, Hayashi YK, Ogawa M, Aoki M, Murayama K,
Nishino I, et al. The sarcolemmal protein dysferlin and caveolin-3
interact in skeletal muscle. Hum Mol Genetics 2001;10:1761-1766.
Davis DB, Doherty KR, Delmonte AJ, McNally EM. Calcium-
sensitive  phospholipid binding properties of normal and mutant
ferlin C2 domains. J Biol Chem 2002;277:22883-22888.

Salani S, Lucchiari S, Fortunato F, Crimi M, Corti S, Locatelli F,
et al. Developmental and tissue-specific regulation of a novel dysferlin
isoform. Muscle Nerve 2004;30:366-374.

De Luna N, Gallardo E, Soriano M, Dominguez-Perles R, De la
Torre C, Rojas-Garcia R, et al. Absence of dysferlin alters myogenin
expression and delays human muscle differentiation “in vitro”.
Biol Chem 2006;281:17092-17098.

Petrof BJ, Shrager JB, Stedman HH, Kelly Am, Sweeney HL.
Dystrophin protects the sarcolemma from stresses developed during
muscle contraction. Proc Nat! Acad Sci U § A 1993;90:3710-3714.
Straub V, Rafael JA, Chamberlain JS, Campbell KP. Animal
models for muscular dystrophy show different patterns of sarcolemmal
disruption. J Cell Biol 1997;139:375-385.

Matsuda C, Aoki M, Hayashi YK, Ho MF, Arahata K, Brown

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

2 ZE 8 HHQE ZA[EE0K 2] Dysferlin 2sivl 71 2|9|

RH Jr. Dysferlin is a surface membrane-associated protein that is
absent in Miyoshi myopathy. Nexrology 1999;53:1119-22.

Bittner RE, Anderson LV, Burkhardt E, Bashir R, Vafiadaki E,
Ivanova S, et al. Dysferlin deletion in SJL mice (S§JL-Dysf) defines a
natural model for limb girdle muscular dystrophy 2B. Nar Genet
1999;23:141-142.

Illa I, Leon-Monzon M, Dalakas MC. Regenerating and denervated
human muscle fibers and satellite cells express neural cell adhesion
molecule recognized by monoclonal antibodies to naturalkiller cells.
Ann Neurol 1992;31:46-52.

Achanzar WE, Ward S. A nematode gene required for sperm
vesicle fusion. J Cell Sci 1997;110:1073-1081.

Fernandez-Chacon R, Konigstorfer A, Gerber SH, Garcia J, Matos
MF, Steves CF, et al. Synaptotagmin I functions as a calcium
regulator of release probability. Nature 2001;410:41-49.

McNeil PL, Steinhardt RA. Loss, restorationand maintenance of
plasma membrane integrity. J Cell Biol 1997;137:1-4.

McNeil PL, Baker MM. Cell surface events during resealing
visualized by scanning-electron microscopy. Cell Tissue Res 2001;304:141-
146.

McNeil PL, Vogell SS, Miyake K, Terasaki M. Patching plasma
membrane disruptions with cytoplasmic membrane. J Ce// Sci 2000;
113:1891-1902.

Kalderon N, Gilula NB. Membrane events involved in myoblast
fusion. J Cell Biol 1979;81:411-425.

Doherty KR, McNally EM. Repairing the tears: dysferlin in muscle
membrane repair. Trends Mol Med 2003;9:327-330.
Piccolo F, Moore SA, Ford GC, Campbell KP.
accumulation and reduced sarcolemmal expression of dysferlin in
limb-girdle muscular dystrophies. Anz Neurol 2000;48:902-912.
Walter MC, Braun C, Vorqerd M, Poppe M, Thirion C, Schmidt
C, et al. Variable reduction of caveolin-3 in patients with LGMD2B/
MM. J Neurol 2003;250:1431-1438.

Matsuda C, Hayashi YK, Ogawa M, Aoki M, Murayama K,
Nishino I, et al. The sarcolemmal proteins dysferlin and caveolin-3
interact in skeletal muscle. Hum Mol Genet 2001;10:1761-1766.

Intracellular

J Korean Neurol Assoc Volume 25 No. 4, 2007 529



