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A SAANZ & (frozen), 10um T4 A% A
hematoxylin & Eosin (H&E), modified Gomori Trichrome,

NADPH-TR, ATPase PH 4.3/4.6/9.4 S22 A M&9ch A
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]_
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2 30870 Ad F peroxidase® A3 (conjugated)® goat

anti-mouse IgGE A}8-3}9] diaminobenzidine (DAB)-peroxidase %t
& (Vector Laboratories, CA., USA.)& X8t |4 oFE #zs)

et

3s 2oy 25873 232 10~20 ym= AAFET 1079 %3
Hol SDS-sample Buffer(0.125 M Tris-HCL, pH 6.8, 5% B

-mercaptoethanol, 2% SDS, 10% glycerol, 0.01% bromophenol blue)
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19H(6.3%), 44 vtf 19H(6.3%), 459 (sinus tachycardia)
178(6.3%) Foldlth. AA7s B7Fe A& gdolA H
intelligence quotient (IQ)+= 81.00] o™ H o]d} (below

average)S Hol A= AA 895 3H(37.5%)°|0 L, 697 o] s}e]

A5 AE7F 29 (25.0%)1 4 HATHTable 1).



Table 1. Clinical characteristics of 24 patients with

dystrophinopathy
Patient  Sex Ageof Onset Digtribution of muscle weakness EKEG Cognitive  Calf muscle  Serum CK - F/Hx
Mo. fage onset 5z Face Meck UEx L/Ex dysfunction  hypertrophy  lewvel(IU/L)
(yrs) prox. distal prox.  distal
1 W3 5 G 53 5 4 4+ 4+ 5 WHL Q091 + 18580 +
1 W I I 5 5 4 4+ 4 4+ ND ND + 38200 *
3 W 2 E 5 5 5 & s 5 HND 10 94 + 0355
4 W7 2 R 5 5 5 5 H 5 MND 1093 + 19370
5 /14 9 R 5 5 5- 5 5- 5 LVH MD + 5384
i W21 7 G 8 5 4+ 4+ 4 4  RBEB ND 181
7 K] 3 R 5 5 5 5 R 5 ND MD + 12684
3 W 3 e} 5 5 3+ 4 i+ 4 5T ND + 14066 -
9 g g G 5 5 4 4+ 4 4+  WHL ND + a0
10 li4 I G 5 5 4 4+ 4 4+ ND ND + 20870
11 /11 7 G 5 4+ 4 4+ 4 4+ ND 1Q 32 + 6363
12 i 7 G 5 5 4 4 4 4 WML MD + 13720 -
13 W7 5 G 5 5 4 4+ 4 4+ WHL ND + 6473 +
14 ] 4 G 5 5 4 5 4 5 RVH MND + 14686 -
15 /25 5 G 5 5 4 5 4 5 ND» MND + 1699 +
16 W15 4 G 5 5 44+ 4+ 4 4+ WHL ND 457
17 W2 I I 5 5 4+ 5 4+ 5 ND» ND + 8834
18 W 4 G 5 5 4 4 4 4 RVH MD + 16680
19 W 3 G 5 5 4+ 4+ 4+ 4+ WHL ND + 28300
a0 WYg 7 G 5 5 4 4+ 4 4+ RVH 1081 + 14989
21 W 5 G 5 .l 4 4+ 4 4+ WHL 10 59 22000
22 i) 4 G 5 5 4 4+ 4 4+  WHL 1Q 67 16857 +
23 W4 2 G 5 5 4 4+ 4 4+ WHL ND + 17380 -
24 W7 f G 5 5 4 4+ 4 4+  WHL 1079 + 14634 +

R, difficulty in rising from the floor, G; waddling gait or frequent fall, ND; not done, WL, within normal limit,

I; ncidental, RWVH; right ventricular hypertrophy, LVH; left wentricular hypertrophy, ST; sinus tachycardia,
W/Ez, upper extrimities, L/Ex; lower extrimities, prox., proximmal

10
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Table 2. Histopathologic findings of muscle biopsy in 24 patients

with dystrophinopathy

Muscle fiber
Small angulated 0 (0%)
Atrophic 6/24 (25%)
Hypertrophic fibers 18/24 (75%)
Internal nuclei 20/24 (83%)
Degeneration
Necrosis 22/24 (92%)
Phagocytosis 19/24 (79%)
Regeneration fiber 22/24 (92%0)

Cellular response
Inflammatory 5/24 (21%0)
Fibrosis 20/24 (83%0)

Architectual change
Target fiber
Targetoid fiber

Moth-eaten tiber

- R - T o B s |

Ring tiber

13



TG X 200

Figure 1. Muscle biopsy findings in patient with dystrophinopathy
Hematoxylin—-Eosin(A) and modified Gomori

Trichrome stain (B) in dystrophinopathy shows fiber

size variation, increased internal nuclei, degenerating

fibers, and regenerating fibers.

14



DYS2 DYS1 DYS3

Control

Complete
negative
expression

Reduced
expression

Partially
reduced
expression

Figure 2. The immunohistochemical staining of muscle specimen

for dystrophin. Normal immunoreactivity against DYS1 (B), DYS2

(A), and DYS3 (C) were noted in normal control. However,

complete negative immunoreactivity against DYS1 (E), DYS2 (D),

DYS3 (F) and reduced/partially reduced immunoreactivity against

DYS1 (H), DYS2 (G), DYS3 (I)/DYS1 (K), DYS2 (J), DYS3 (L) were

noted in dystrophinopathy.
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3. Multiplex polymerase chain reaction 4]

Multiplex PCR& o] &3t 249 9] 1=} &4 47+ Figure 3%
2ot 138 (54%)01 A Aol BAHAL ol F 88 (62%)= THIE
AE&R92 4#HZ exon 449 exon 55 ARoJollA] AEo] WAL ¢t}
Exon 45°] ZA&o] Z47F 7H(54%) 0.2 7 3 thgo® =3

FAE exon 472 65 A6%)NA EAFHAT AEo] IlH EE
22}o| A exon 6, 43, 44, 52 2 609 A& Holx ¢kdt} (Figure

3).

o
[>
1m
L
kr
,
>
rlet
>
[\l
~
o
2
4
(S
A
[>
(m
o
r'l
<
=
b
=)
p
4z
(e
)

w
=)
=2
o
)
=)
b
=)
L
.
R
Y
It
A
>
=)
;
.
1o
e
ofy
=
=
=
=)
1o
=2
X

16



Hlon FheEa

s

H

Lo 2] ekokt) (Figure

R

4).

17



Patient

pm 3 4 53 g 12 13 17 19 43 44 45 47 43 43 B0 B1 B2 B0

Exon number

Figure 3. The distribution of exon deletion by multiplex PCR for
dystrophin gene in Duchenne muscular dystrophy (DMD) and

Becker muscular dystrophy (BMD) (black; DMD, gray; BMD)
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N 9 10111213 14 15 16

N 12 3 45686 78

427 KD

N 9 1011 1213 14 15 16

F '_’

N 17 18 19 20 21 22 23 24 N 17 18 19 20 21 22 23 24 N 17 18 19 20 21 22 23 2
Dystrophin C-terminal Dystrophin Rod-domain Dystrophin N- terminal

Figure 4. Western blot analysis of muscle dystrophin with

antibodies directed against COOH-terminal, mid-rod domain, and

NHs-terminal epitopes.
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HiEzd a2k F 2407 bpolw 79709] exono.2 o] Foi4

gor X GAAe] o 1%E AAJY o] fHAE HaERR

(subsarcolemma) §-9ol EA13t= 400,000 €& H7]9 oz
368571 ¢] ofmiito R o] Folx glow ofm i WS (amino
terminal domain), =%t =t 9 (mid rod domain), Al =" S5
-9 (cystein-rich domain) @ 7F25A] ZTH- Y (carboxy terminal
domain) &2 FAHET. o Fxzte] A& 9 Wo]E wufdo] A4y

Tko] ol Alo] Aol

g el oA 2Afel A 2L AL

il
e

A dF CKZ7ME 1, YA o Adsta 28 487 A AAshA|

ol

= 95 2 mygFort NN, EFFNRE AbgEA "ok F 2
= H2EEZ g Az o 5 2 A=E 929
E3loly A9z ss A4 58 ol&3ste] AR Fste I
multiplex PCRE o] &3le] fJA2EZH §HA 2&S gess= Wy

o] A3t vy FolatA Wds & A HAT WGz

3t S 3 248 F 15H(62.5%) 4= DYS1(ZE7F Zhol 59))

DYS2(FF2 &5 A] T5-9)), DYS3(opr] e THE-9]) oA EF fxE
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Table 3. Comparison with clinical characteristics among patients

with complete negative, incomplete/partial, and near normal

dystrophin staining

Patient number (%o) CN staining, n=15 (62.5%)  IP staining. 1=8 (33.3%) Near NL staining, n=1 (4.2%)  Total. n=24 (100%)
Mean age of onget (range, yrs) 43.7 (2-7) 5.3 (4-8) 9 4.6(2-9)
Mean CK level (range, IU/L) 18295 ( 6363-38200) 7457 (181-14686) 5384 14144 (181-38200)
Hypertrophy of calf muscle 14/15 (93.3%) 6/8 (75.0%) 0 21/24 (87.5%)
Exon deletion (multiplex PCR) 9/15 (60.0%) 3/8(37.5%) exon 12 13/24 (54.2%)

CN: complete negative. IP: incomplete/partial. CE: creatine kinase, NL: normal

22
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Table 4. Immunohistochemistry and exon deletion patterns in 24

patients with dystrophinopathy

Patient No.  Sexfage Age of onset (yrs)

Dystrophin staming

C-termunal

Rod-domain

N-terminal

Exon deletion

1 MR 3
2 M6 I
3 M6 2
4 Mf7 2
5 14 9
§ 21 7
7 M3 3
g N4 2
9 MFG 3
10 Mr4 I
11 M1 7
12 MFI 7
13 M17 5
14 MrS 4
15 Mr25 5
16 M5 4
17 72 I
18 M5 4
19 MrS 3
20 MR 7
21 MfS 5
22 M5 4
23 Mr4 2
24 M7 6

CN
CN
CN
CN
Near NL
NL
CN
CN

CN
CN
CN
CN
CN
CN
CN
CN

CN
CN
CN
CN
Near NL
P
CN
CN

CN
CN
CN
NL

CN
CN
CN
CN
Near NL
iy
CN
CN
CN
CN
CN

45
51
1o
1o
12
1o
4547
454748
1o
1o
1o
1o
4547 42.49.50
34
45,47
ne
45 474849
12
e
8
8,12,13,17,18
no
454748
1o

CN: complete negative, IP; incomplete/partial, NL; normal, I; incidental
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Table 5. Immunohistochemistry and western blot in 24 patients

with dystrophinopathy

Patient No Age of onset _ IJ}-'stl'op_lljn stamning _ _ Western bl_ot _
! " e tion (vrs) C-termmal Rod-domain N-termmal C-termmal Rod-domam WN-terminal
1 M8 3 CN CN CN No No No
2z %) I CN CN CN No No No
3 M 2 CN CN CN No No No
4 M7 2 CN CN CN No No No
5 W14 9 Near NL Near NL Near NL Faint Faint Faint
6 M/21 7 NL i i No Faint Faint
7 /3 3 CN CN CN No No No
8 4 2 CN CN CN No No No
9 P 8 Ir Ir CN Famt Famt No

10 e i CN CN CN No No No
11 M1 7 CN CN CN No No No
12 ir] 7 CN CN P No No Faint
13 M7 3 1P 1P jig Faint Faint Faint
14 /5 4 P P i Faint Faint Faint
15 /25 3 NL jig P No Faint Faint
16 M/15 4 NL P CN Faint Faint No
17 W2 I CN CN CN No No No
18 /6 4 CN CN CN No No No
19 M/ 3 CN CN CN No No No
20 M/ 7 CN CN CN No No No
21 M/ 5 CN CN CN No No No
22 M5 4 CN CN N No No No
23 M4 2 CN CN CN No No No
24 prgl [ CN NL IP No No Faint

CN; complete negative, IP; incomplete/partial, NL; normal, I, incidental, No; no band, Faint; faint band
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Abstract

Clinical, Immunohistochemical and Western blot Analysis

in Dystrophinopathy

Sang—Jun Na

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Young-Chul Choi)

Objectives: Dystrophin deficient muscular dystrophies
(dystrophinopathies) are the most common form of muscular
dystrophy with variable clinical phenotypes from the severe
Duchenne to the milder Becker forms (DMD/BMD). Western blot and
immunohistochemistry (IHC) for dystrophin, exon deletion analysis
by multiplex polymerase chain reaction (PCR) are important
diagnostic tools. We investigated the relationship between the
clinical characteristics, IHC for dystrophin, and western blot in
patients with dystrophinopathy. Methods: We reviewed the clinical
and laboratory findings of 24 male patients diagnosed as DMD and
BMD. Genomic DNA of the 24 patient was analyzed by multiplex

PCR using 19 primer sets of dystrophin gene. IHC for dystrophin of
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tissue of muscle biopsy and western blot were performed in all
cases. Results: The mean age of symptom onset in 24 patients was
4.6 years [range, 2-9 years]. In IHC for dystrophin, 15 out of 24
(62.5%) patients showed complete loss (C—, Rod-, N terminal) in
mostly clinically DMD, and 8 of 24 (33.3%) patients showed
incomplete loss in mostly clinically BMD. One of 24 (4%) patients
showed normal finding in immunohistochemical staining for
dystrophin and clinically BMD pattern. In western blot for
dystrophin (C-, Rod-, N terminal), 15 out of 24 (62.5%) patients
showed negative bands in all 3 domains in mostly clinically DMD,
and 9 of 24 (37.5%) patients showed faint band in mostly clinically
BMD. Conclusions: Western blot and IHC for dystrophin are
important diagnostic tools. However, the result of study was not
always correlated with clinical symptom and sign. Western blot is
useful to differentiate BMD patient with normal finding in IHC for

dystrophin from other muscular dystrophy.

Key Words: Dystrophinopathy, Immunohistochemistry, Western blot
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