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TOHFYMOD 1 2LER B,

CNEFTICHNLIRETIE, IXTEEP»SGEBNLZ (R VREERIHV LA
Twa, ZTHICH LT REFREBHRBRLTFI v 73 r U TELTHBT 2 A0 20T

151




BRAEPEDDS F + 1) 7 O RH| R

V1o 1 2IZHDLOMEEERApoA-12* KBERRAIC L VEARIBEARE L TREL, %
oY) 7R ERSSETHDLEERT 2 /5 TH Y. TOKETHLNAHDLIZ R
amphotericin BXAE L. C. albicansBf~ " AQOLHHMEBRKFENICEEL:. 45 1o
DHETIE, ApoB-1008573~X7F FAHV 6N T b, ApoB-100153 FR550kDa DE AL E
BETH27:0, ApoA-I0HIMARIREARE LTHL I LIAETH 5. £ TApoB-100
POEREEETF — 7L LDLERHREE FAL Y REHL, Tn6 2 MR L1297 3/ 8hs
LRNTFINERENLY, CORTF FEEHIRREBRET S L, FHREFIOnmBEOLDL
W I RFNVEE L LOLYVBBSTHRERAMY, T —L2HAD 6L 5T
L) ThHbH. —/iTCIOLDLMF / RT %, LDLEEEL BRI L TV 2 S AR
BICIER S 42 &, LDL&BFHEAEN MR 0 AL RB SN, LDLEEAHEES KA1
BEELTVLILAFRSNA. TRODOMER, ) HREREROBRESAIZET KRS 2H%E
LTiEB SRS,

14.4 EAHI¥MNFEREEMEL - HDLOEBEE(L

Wik, BADPRETo TWAFRERBI L. £RIAB7EED, ApoA-LIZABESR
RIEHWKREIIHBLHoEHTE, FMBHERET A7 T, RAMHDL: FS0OBEL AT
HHDLEBBREANTHMAT A LA TE 5, A REARIEMNFELFET UL, HDLIC
FIo 732 )7L LTHINLUERERES TEZ2OTRLVHEEL, FPIRELAS— L1
RAEMIZI2, ApoA-1DZEREFENE X U ApoA-1D{L44EM % R L 7- ##8E{LHDL F 5 v
Z7X¥x ) TOERTHS (F1(b)).

ApoA-IRMEFIE 2 0DexonH b i), FNEFN1-43L44-243 X% I — FLTV 2, O
MAREIIC, NES ] -QSEEORBERGAFEREIN, 2EApoA-1L ik - BiEO BT
bz, XBHERMEIZLDE, SRApoA-TIRMED a-helixd 2 2782 b zIFh BA 2 HE
FLTWAY olct L, SORBERE (U AApoA-1&£KT) It a-helix A BEFK IZE 22
ELVlEEY LTw (B2)"Y, AApoA-10Y ¥ EREUSHE (= discoidal HDLREE) 12
ApoA-TL B EAEEDLL WA, 8515 discoidal HDL (M #dAHDL & %&$) OEHRER
28 ApoA-10H4E (dHDL) (ZH~<THKT 2", dAHDL XA RO I L AFO— LA S,
HDL D EEERDIEH D | 5T % lecithin: cholesterol acyltransferase i AL G % 46 L 7
25, RIGHIIdHDLOMHEFIZIET Lo SORBMEZHDLOREIC b EEE ST 570,
AApoA-IDFHG AL DBRE L ODEARHTH 5,

HDL 2 ® ApoA-1iE IS & %k o T WA, BEEIEFIETF DAApoA-1L L { B7-MiE
rELEFHEATYEY, Zo®EiE LTk, Odiscoidal HDL @ ApoA-1& AApoA-TizfEl

152



F2W WAEMDDSF v ) 7EM OEKRR

2 ApoA-| & AApOA-I D X#RESSINE

L a-helixZ @27 $24, AApoA-1D5E, MEFFETTLLOMAED L (ApoA-]
1182—+68% £ TWA T %), QEHIEHFLETOAApoA-1DEE KT/ — » H*HDL H ApoA -
106D ERFHII—HT 5, OXHEAMERITTHON/TZAApA-IDERIKHE L FOAKE
x4, EES~12nmOHDLZ2ELOIZHEL TWS, ) 2 EFEITENS, T4bEHE] (a)
ZRT X2, ApoA-TIZBEEAIFic~ MRICEEFVTVWALEFL bR S,

Falt, COLEH)CBMEBNOBEATVLAAPA-TEHEMHE LTHVWAZ LIZLE. K
BHICLAEOHEERYGFORE»LL, FFREOETLAZONKRABERKIENTHL,
AApoA-TIIN#SHis, ¥ VREHREHE LTRBSE, —ov 7 hFL—rLYTHMLL, &,
ApoA-I~DONFE#iHise 7 7ME 1L, FOWAMBHICITLAEERES ARV I EFRESN
Twa"™, MEAApA-TIZREET ¥ E= 7 4K L TEMT L A#k, ML T -80C TRE
L7 R#IZEEApoA-1H B #hFOSFRIE, 25kDa (AApoA-1), 30kDa (ApoA
-1) T# %, Discoidal HDL X, I — VB-EITEEICH o THER LAY, AGaIE, REEHIC
M L7-AApoA-TE 2 — LEEF b ) o ABHEICER L2100 E LSRR O ) ~ EHPOPC (palmitoyl
-oleolyl phosphatidylcholine) % i{R& L, SRR, 5 E43FE50,0000 E47 % HPBSIZ
o LTEN L7

@3izid, fF%L7=dAHDL, dHDL, # L CTKMAKHDL (BIOMEDICAL TECHNOLOGIES
INC) OB HaELHIEIC L 2R EFNB L UFHREET T, T I0mmBEOELTRL,
LB ETICRMESNTVAA =7 AFEEREN LW L 2B L2 ApoA-l1id, K
WEHBPOPCEI VAT O-LORTHPLTE, Boh2HDLONES AT S 2 LAHE
SNTVAEA, 4E, dAHDLIZBW T HPOPCRAMRP T LHEIMMRTZI LA Fh o7
(#£1).

Rz, H#H FEFVLES Y (DXR) #BAWT, dAHDLD FZ 9 7%+ ) 7 & L TOWREF
fli% 47 -7, DXRAARIEEMSZ, RARHDLICH LTRESATVA200%2FALLY, A




BAEEDDS ¥ v 1) 7 ORHERE

50

«! (@) (b) (c)
£ 3.
g o d=11nm 8.0 nm 8.7 nm
* 10+

L e ‘I“I—_'— T T i r

0.001 0.01 01 0.01 0. 0.01 0.1 1

Diameter (um) Diameter (um) Diameter (um)

@3 UAESHROBRIXMIME
(a) dAHDL, (b) dHDL. (c) RZAZHDL (BPOHFIRFOHNELETY)

%1 POPCREZFHLFHRER(E

POPC FEpiEd (nm)
(mol eq.) dAHDL dHDL
100 11 8.0
150 13 11
200 15 15
250 19 19

ARG T#%. NAP-5 (GE Healthcare) HW/ 7 ViEAKMIZL ), KREMGDXR & E#4
BakRE Lz, SHBEPODXRES L U EHKIREL, ThEh0D485iHIES & FLowry ik
e DR, H4IZEDXRASE (ug) EEBRBWRE (%) 2537, BREVILILZ
dAHDLODXRAEE S L UBRAEKRINUE L (2, dAHDL/ERIZEA LA POPCRL £ b 124
KLt HioEATR&E, 250 VEROPOPCOMAT, RIGINEANTIZI0%IZFTELL
CETHAH, dHDLIZDWT b RO HHA R & n7, DXRONEES L UREIELE b I2o%
dAHDL & D {EV i %R L7z 4% Z O dAHDL & dHDL 0% %Ml T 2 FETH S, T
Lzt L KARHDL O#5 £ L it~<nid, DXRASIZBI} 5 dAHDLOFREIMLHTH %o
= = Ti3dAHDL~® DXR AL & G Bl{b D 7- 9512, 250 v % ® POPC TfE8 L 7-AHDL
VT, DXRWERE#®37, 50, 60CTHTH L& b2, BUSHEHMIZOWTH0.5 1, 1.5h®
3AETRET L2, E@5(a) i2RTEBY, DXRAGEIIFIGERED LA, RIGHMOERE LD
SAEICHA L 7. B4 OF LdAHDLICK LTSN DXRASE 60T, 1.5h TODXRA
ARLHETIE, FOEZ4EUETH . KIZ, EHANT TH LN/ DXRAEJAHDL
OB HRERE L FT o7 (F5(b))o BBKEWVC L2, AHDLIZ25A 5222 nm D4~ 2R EE
R E LD ot. FIHES S DXRAEAAHDL OR8N 2 L. #04HK L DXRA
QL oMicizEREIR SN (rP=0.922), dOHDLIZAETADXRECIGLT7LF L7V

154




B2¥ HEMDDSF v ) TEMOELRRE

(@) (b)ﬁm
E £100
2 P _
: =
z ® 60
g -
5 a 40
B
20-
0
e o m'”mmm"“m”"§
dAHDL dHDL 2
W
4 dAHDLAGDXRAEICHT2POPCRODE
(a) DXRAEE, (b) BERHELHEEE LARESEE
80
@ [ m:osh (b)’ [osn] [1n] [1sh]
Beo| O:1h z=id(vm)=25] 27 27 "
2 3 | c
= 50| M:15h l: I I
g 40 |
gzg i: 29 120 200
10 -1—L—-_‘__ ;.-.
o L——f i g7l 153 212 222 -
a7 i= 1 1 60'C
RIGRE ('C) S I i -

5 dAHDL®DXRAERMGEEMFREL
(a) DXRAEE, (b) DXRAGLAAHDL BRYEMELIE (AP OMFEFINEERT)

EHELZ (LS oND Z EAREES I,

7z, 60T, 1.5hOREHEAGTHEAERANEOHAE LR IME SN Lo/ LDLD
ApoB-100/#%, ApoA-IDMAZEHILS0CHEED S 4 L 545, HDLHRD ApoA-1D#M ETEILE,
. BEHREIROTHEESRTVEY, T4bEDXRAARKIGREIIIF LA OKRMA
HHEEZAHY, 60T, 1L5hOFIETT TICAER200nmEBATE), — KL+ /HFO
HELMBAEZNN AAOMETEE T hiE, 7% LS DXRAEIZHE L T60T LLETHE
THLE G2V b LGV,

%z, dAHDL O%ERE (FA) {EEEAEMIZ L A|ME —4' 7 1 » V122V Tii~<%, dAHDLOHE,
AApoA-TICEFNA18BO LysMISH 7 3 / ZEAMEFEEHIAL & % Do dAHDLIZ 3§ FITCHR#
L7228, FABH Lz ATV ERISEE/. gt FEBEBMREKBE Yy, TOFALREE




BEAEMEDDS & v 1) 7 ORHEEE

6 b AMEEMEAKBICLSFITC AL AFEEMIAHDL QLY 3AH
(L :FITC#X, T :DAPIEX, (f) O#mFOELSHY)
(a) &3 (b) dAHDL, (c¢) FA-dAHDL, (d) FA-dAHDL +FA,
(e) FA-dAHDL (FAXFM#EERE), (D (c) ONAETOILAE

HMTHEETHAZEIZEINFAREFROER TR L/ B6I21k, FITCFZ )V L/-&HdAHDL

FAETTITC, 4hEIEL -KBHBEOHEXEE >~ T, FAEHJAHDL (FA-dAHDL) THOE
14 EKBMfEAEH TN ENR, FA-dAAHDLOR W AR REE N, (F6(c)), #HAEE

ICHiRREEE /BN TVD (B6(f) 4 EHOBEHFA-PEG-DXRA % % % nano-
aggregate THEIR S h TWaY, COKBMa#AHDLOA (H6(b)), H L {I3FA-dAHDL
Efree FA (H6(d)) THOET L E, dAHDLOE Y Az s hi. Tho DRI

FA-dAHDL @ KBHIRA~OR N ;AL A FA &£ FASEEOHEFREKENICA L2 L 2mmEL
TWwhe 8512, FARBRORBLLHE L TV % W KBMIAIZFA-dAHDL 2 F &€ Th, B
LMD ABIZE LW E xR LTYWS (R6(e)). BEO#RELSL, ZHETOF

Ty F¥y) Tk dAHDL & FAALFISEGIZ L D in vitrofEy — 4 74 » ¥ &1TZ25HZ ENIR

145 HHYIZ

PE VHREAHEDOFFZ v ¥Ex ) TELTOWH

o

M B b covw T RT E S, ) FE

BEHOF7 2 73+ ) 7ICHBEIEHFLOHETIE VA, o iddliiifiz AppA-1ERET



$2% BAIEMDDSF v ) 7 EHOXKER

gATAZLIZL Y, HDL#SF / HFOEMCHICAT 2 KRBRZT TR, FIv Ty
y7 e LTORMBRELOMIFL TV b, EEICIIHs LERFRRT7F FAFEL, EEFEE
AHICHLTHEDBEEF A4 YA FEShTETV D, EHILEETIH7 7 —INRTF FiRR
FAHALT, AIRTFFIA 77— bBERBIEAMEETITF FLHE BB
nTwde %, hoOx7F FE2FFLApA-IZRG+FRL, BUOREXAE TS
HDLHBFZ v 7 ¥ v ) TEERL TV ELWEE LTV S,

b 4 3

1) P.C.N. Rensen et al., Adv. Drug Delivery Rev, 47, 251 (2001)

2) P. Linsel-Nitschke and A. R. Tall, Nat. Rev. Drug Discov.. 4, 193 (2005)
3) R. A. Firestone, Bioconjugate Chem., 5, 105 (1994)

4) 1. M. Shaw et al. Annal. N. Y. Acad. Sci., 507, 252 (1987)

5) R E. Pitas et al, Proc. Natl. Acad. Sci. USA., 76, 2311 (1979)

6) B. Petri et al., J. Control. Release, 117, 51 (2007)

7) M. K. Bijsterbosch et al, Mol. Pharmacol, 36, 484 (1989)

8 M. K. Bijsterbosch and T. J. C. Van Berkel, Mol. Pharmacol, 41, 404 (1992)
9) G. Zheng et al.. Proc. Natl. Acad. Sei. USA., 102, 17757 (2005)
10) J. Chen et al, J. Am. Chem. Soc., 129, 5798 (2007)

11) M. N. Oda et al, J Lipid Res., 47, 260 (2006)

12) M. Nikanjam et al, Int. J. Pharm., 328, 86 (2007)
13) A. A. Ajees et al, Proc. Natl. Acad. Sei. USA., 103, 2126 (2006)
14) D. W. Borhani et al, Proc. Natl. Acad, Sci. USA., 94, 12291 (1997)

15) D. P. Rogers et al., Biochemistry, 36, 288 (1997)

16) D. P. Rogers et al., Biochemistry, 37, 11714 (1998)

17)  G. Cavigiolio et al., Biochemistry, 47, 4770 (2008)

18) A. Kader and A. Pater, /. Control. Release, 80, 29 (2002)

19) A.R. Tall et al. Proc. Natl. Acad. Sci. USA., 72, 4940 (1975)
20) H.S. Yoo and T. G. Park, /. Control. Release, 100, 247 (2004)



BMIC Musculoskeletal Disorders o

Research article

Dystrophin deficiency in canine X-linked muscular dystrophy in
Japan (CXMD)) alters myosin heavy chain expression profiles in the
diaphragm more markedly than in the tibialis cranialis muscle
Katsutoshi Yuasa*'2, Akinori Nakamura?, Takao Hijikata! and

Shinichi Takeda2

Address: 1 Department of Anatomy and Cell Biology, Research Institute of Pharmaceutical Sciences, Faculty of Pharmacy, Musashino University,
Nishi-tokyo, Tokyo 202-8585, Japan and ?Depaniment of Molecular Therapy, National Institute of Neuroscience, National Center of Neurology
and Psychiairy, Kodaira, Tokyo 187-8502, Japan

Email: Katsutoshi Yuasa® - k_yuasa@musashino-u ac jp; Akinori Nakamura - anakamu@nenp go.jp: Takao Hijikata - hijikata@ musashino-
w.ac.jp; Shinichi Takeda - uakeda@nenp.go.jp

* Corresponding author

Published: 9 January 2008 Received: 28 September 2007

BMC Musculoskeletal Disorders 2008, 9:1  doi10.1186/1471.2474.5.1 Aectepnd: Jaisiagy 1008

This article is available from: http://www. blomedcentral.com/1 471-2474/9/1

© 2008 Yuasa et al licensee BioMed Central Led.
This is an Open Access article distributed under the terms of the Creative Commeons Attribution License (hitp/fereativecommens.orgilicenses/by(2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background: Skeletal muscles are composed of heterogeneous collections of muscle fiber types, the
arrangement of which contributes to a variety of functional capabilities in many muscle types. Furthermore,
skeletal muscles can adapt individual myofibers under various circumstances, such as disease and exercise, by
changing fiber types. This study was performed to examine the influence of dystrophin deficiency on fiber type
compoesition of skeletal muscles in canine X-linked muscular dystrophy in Japan (CXMD)), a large animal model
for Duchenne muscular dystrophy.

Methods: We used tibialis cranialis (TC) muscles and diaphragms of normal dogs and those with CXMD, at
various ages from | month to 3 years old. For classification of fiber types, muscle sections were immunostained
with antibodies against fast, slow, or developmental myosin heavy chain (MHC), and the number and size of these
fibers were analyzed. In addition, MHC isoforms were detected by gel electrophoresis.

Results: In comparison with TC muscles of CXMD,, the number of fibers expressing slow MHC increased
markedly and the number of fibers expressing fast MHC decreased with growth in the affected diaphragm. In
populations of muscle fibers expressing fast and/or slow MHC(s) but not developmental MHC of CXMD, muscles,
slow MHC fibers were predominant in number and showed selective enlargement. Especially, in CXMD,
diaphragms, the proportions of slow MHC fibers were significantly larger in populations of myofibers with non-
expression of developmental MHC. Analyses of MHC isoforms also indicated a marked increase of type | and
decrease of type lIA isoforms in the affected diaphragm at ages over 6 months. In addition, expression of
developmental (embryonic and/or neonatal) MHC decreased in the CXMD, diaphragm in adults, in contrast to
continuous high-level expression in affected TC muscle.

Conclusion: The CXHD} diaphragm showed marked changes in fiber type composition unlike TC muscles,
suggesting that the affected diaphragm may be effectively adapred toward dyswophic stress by switching to
predominantly slow fibers. Furthermore, the MHC expression profile in the CXMD, diaphragm was markedly
different from that in mdx mice, indicating that the dystrophic dog is a more appropriate model than a murine
one, to investigate the mechanisms of respiratory failure in DMD.
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Background

Duchenne muscular dystrophy (DMD) is an X-linked,
lethal disorder of skeletal muscle caused by mutations in
the dystrophin gene, which encodes a large sub-sarcolem-
mal cytoskeletal protein, dystrophin. DMD is character-
ized by a high incidence (1 in 3,500 boys) and a high
frequency of de nove mutation [1]. The absence of dys-
rophin is accompanied by the loss of dystrophin-associ-
ated glycoprotein complex from the sarcolemma, leading
to reduce membrane stability of myofibers. This dysfunc-
tion results in progressive muscle weakness, cardiomyop-
athy, and subsequent early death by respiratory or heart
failure in DMD patients.

For basic and therapeutic studies of DMD, it is very impor-
tant to perform analysis and evaluation using dystrophin-
deficient animal maodels, such as the mdx mouse and dys-
wophic dog. The mdx mouse has been well utilized in
many DMD studies, but the murine model shows moder-
ate dystrophic changes unlike severe human DMD |2]. In
contrast, golden retriever muscular dystrophy (GRMD)
shows similar dystrophic phenotypes 1o those of human
patients: elevated serum CK level, gross muscle atrophy
with joint contracture, cardiomyopathy, prominent mus-
cle necrosis, degeneration with mineralization and con-
current regeneration, and endomysial and perimysial
fibrosis [3]. Therefore, the dystrophic dog is more suitable
than the mdx mouse for studies 1o gain insight into the
pathogenic and molecular biological mechanisms of
human DMD, as well as for pre-clinical trials [4]. There-
fore, we have recently established a colony of beagle-
based canine X-linked muscular dystrophy in Japan
(CXMDy) [5], and have demonstrated that CXMD also
exhibited severe symptoms similar to GRMD. To date, we
have utilized the littermates of the CXMD; colony for
pathological |6,7|, molecular biological |8), and thera-
peutic examinations |9| of DMD.

Skeletal muscles are composed of heterogeneous popula-
tions of muscle fiber types, which contribute to a variety
of functional capabilities. In addition, muscle fibers can
adapt to diverse situations, such as aging, exercise, and
muscular diseases, by changing fiber size or fiber type
composition. Therefore, it is important to analyze fiber
types to evaluate the condition of skeletal muscle with dis-
ease. Fiber types can be distinguished by biochemical,
metabalic, morphological, and physiological properties.
One of the most informative methods for identification of
fiber types is detection of myosin heavy chain (MHC)
|10,11]. Myofibers express various MHC isoforms con-
1aining slow (type 1), fast (types IIA, 11X, [IB), embryonic,
and neonatal forms. MHC expression, however, seems to
differ between animal species and muscle types. Three
MHC isoforms (types I, [1A, and 1IX) have been identified
in limb skeletal muscles of human and dog, while the
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fourth isoform, MHC IIB, is abundantly present in small
mammals including mouse [10,11]. In addition, expres-
sion profiles of MHCs in dystrophin-deficient muscles
have been widely examined in limb skeletal muscles of
DMD patients |12] and animal models, such as the max
mouse [13] and GRMD [ 14], but it has not been fully ana-
lyzed in skeletal muscles of a canine model. Furthermore,
expanded studies of the diaphragm were restricted to that
of the mdx mouse [13,15]. Therefore, it is imporant 1o
perform detailed evaluation of fiber types and fiber sizes
in limb skeletal muscles and the diaphragm of CXMD, 10
understand adaptations toward disease by changes in
fiber type composition in the skeletal muscles of human
DMD.

In this study, to investigate fiber types of myofibers in dys-
trophin-deficient skeletal muscles of dystrophic dogs, we
evaluated the expression profiles of MHCs in tibialis cra-
nialis (TC) muscles and diaphragms of CXMD, at various
ages, by immunohistochemical and electrophoretic tech-
niques. Briefly, we detected myofibers expressing fast type,
slow type, and/or developmental MHCs. In addition, the
numbers of fast or slow MHC fibers and the size distribu-
tion of these myofibers were analyzed among populations
of muscle fibers with or without developmental MHC.
The composition of MHC isoforms was also examined in
pairs of normal and affected dogs at various ages. This is
the first report of evaluation of the detailed distribution of
fiber types in TC muscles and diaphragms of dysurophic
dogs.

Methods

Animals

Experimental dogs were wild-type and dystrophic litter-
mates at ages from 1 month to 3 years, from the beagle-
based CXMD, breeding colony at National Center of Neu-
rology and Psychiatry (Tokyo, Japan) |5,6]. Within a few
days after birth, the genotypes (wild-type, carrier, or dys-
trophy) of the littermates were determined by a snapback
method of single-strand conformation polymorphism
(SSCP) analysis | 16], and the phenotypes were also confi-
ermed by measuring serum CK level [5]. All animals were
cared for and treated in accordance with the guidelines
approved by Ethics Committee for Treatment of Labora-
tory Animals at NCNP, where three fundamental princi-
ples (replacement, reduction, and refinement) were also
considered. Adult control and CXMD, dogs (10 months to
3 years) were analyzed in early experiments (three to six
animals). Series consisting of a pair of a normal dog and
an affected littermate atages of 1, 2, 4, 6 months, or 1 year
old were examined in subsequent experiments, TC mus-
cles and diaphragms were removed from the dogs after
necropsy, in which euthanasia was performed by exsan-
guination under anesthesia with isoflurane taken to pre-
vent unnecessary pain. TC muscle was used as a
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representative limb skeletal muscle, and it corresponds to
the tibialis anterior muscle in mice and humans. The mus-
cle blocks were divided into pieces and frozen immedi-
ately in isopentane pre-cooled with liquid nitrogen.

Histological and i histochemical analysis

Serial transverse cryosections (10 pm thick) were stained
with hematoxylin and eosin (H&E), and immunostained
using anti-MHC antibodies. Immunohistochemistry was
performed as described previously [17]. Cryosections
were incubated with the following primary antibodies:
mouse monoclonal antibodies against fast type MHC
(NCL-MHCf; Novocastra), slow type MHC (NCL-MHCs),
and developmental MHC (NCL-MHCd). The primary
antibodies were detected using a Vectastain® ABC kit (Vec-
tor Laboratories) and then visualized with diaminobenzi-
dine. Images were recorded using a microscope (Eclipse
E600; Nikon) equipped with a CCD camera (HV-D28S;
Hitachi), and fiber types of individual myofibers from
400 to 1200 per muscle were identified, based on serial
sections immunostained with three types of MHC anti-
bodies. Subsequently, the fiber number of each group was
counted, and fiber sizes were also measured using Image-
’ro Plus (Media Cybernetics). Furthermore, the differ-
ences in MHC expression between two groups (normal,
dMHC (-) vs affected, dMHC (-); affected, dMHC (-) vs
affected, dMHC (+)), between muscles (TC muscle vs dia-
phragm), or among ages (1, 2, 4, 6 months, and 1 year)
were evaluated by Yates's chi-square test.

Myosin extraction and gel separation

Myosin was extracted on ice for 60 min from cryosections,
as described previously [18,19]. MHC isoforms were sep-
arated on 8% SDS-polyacrylamide gels containing 30%
glycerol, according 1o the methods described previously
|119,20] with some maodifications. Briefly, aliquots of 0.4
pg of total protein were loaded in each well of mini-gels
(Bio-Rad). Electrophoresis was carried out at 60 V at 5°C
for 48 h using upper buffer containing additional 10 mM
2-mercaptoethanol. The gels were stained with silver, and
the image was scanned and analyzed using NIH image.

Results

MHC expression in TC muscle and diaphragm of adult
CXMD;

To investigate the relationship between the pathology and
fiber types in dystrophic skeletal muscles of CXMD,, we
first examined histological features and MHC expression
in TC muscles and diaphragms of normal and affected
dogs at adult stages (10 months 10 3 years old) (Fig. 1). In
H&E-stained sections, affected muscles exhibited some
dystrophic characteristics, such as necrosis, regeneration,
cellular infiltration, fibrosis, fiber splitting, and fiber size
variation. Especially, clusters of infiltrating cells were
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prominently observed in TC muscles, while endomysial
fibrosis was predominant in diaphragms.

We next detected expression of fast and slow type MHCs
for fiber type identification, and further examined devel-
opmental MHC, which means neonatal and/or embry-
onic MHC, as a marker of regenerating fibers (Fig. 1). In
TC muscles and diaphragms of adult normal dogs, indi-
vidual myofibers showed expression of either fast or slow
type MHC. In affected TC muscles, the proportions of fast
or slow MHC fibers were similar between normal and
affected muscles. In addition, large numbers of develop-
mental MHC-expressing fibers were observed in clusters,
and many of these fibers co-expressed fast type MHC. In
the affected diaphragms, the numbers of fast MHC fibers
were much lower than in the normal counterparts, and
slow type MHC was expressed in almost all fibers. Further-
more, the numbers of developmental MHC fibers were
less than in affected TC muscle, and almost all of these fib-
ers co-expressed slow type MHC, unlike TC muscle. These
results indicated that the influences of dystrophin defi-
ciency on MHC expression are significantly different
berween TC muscle and the diaphragm of CXMD,, sug-
gesting that the diaphragm would be more greatly influ-
enced with regard to the composition of fiber types and
muscle regeneration than TC muscle.

MHC expression and fiber size distribution

To further evaluate the size distribution of individual
myofibers related 1o MHC expression, we measured trans-
verse areas of all muscle fibers within one area in TC mus-
cle or diaphragm of adult CXMD, (Fig. 2 and Table 1). We
then analyzed three types of MHC-positive fibers (fast,
slow, and hybrid) among populations of myofibers
expressing fast and/or slow type MHC(s) together with or
without developmental MHC, which were defined as
regeneraling or non-regenerating fibers, respectively. In
non-regenerating fibers of affected TC muscle and dia-
phragm, the proportion of slow MHC fibers increased and
these fibers showed a larger size distribution than those in
the normal counterparts, indicating increased number
and enlarged fiber size of slow fibers (Fig. 2B and Table 1).
Interestingly, fast MHC fibers disappeared in the adult
CXMD, diaphragm.

In regenerating fibers of both affected muscles, the distri-
butions of all three populations shifted 10 smaller sizes
than those in the normal counterparts, and a large
number of hybrid fibers co-expressing fast and slow type
MHCs were observed at a high rate (Fig. 2C and Table 1).
In addition, fast MHC fibers were predominant in a regen-
erating population in TC muscle, while slow MHC fibers
were predominant in the diaphragm except for hybrid fib.
ers. These observations suggested that fast fibers could be
more susceptible to dystrophic stress than slow fibers, and
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