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BOFEDRERIIRZHLSN TR, RRERD 5 WIEIERBEFORENRNNTY
%. TO—FT, BRAVBEEED TWAIMEICLOREEN, \TFTODKE (RR4FE
L) THRIAZA HRIIEBELTVWAZENHAEN LS TWS., 5T, &E
BORAEISHLBEINT 22 E0TFHEIN, RAKARBOERER - BET2EEL,
BETEWEZELTS T t(&l#ﬂi@xﬁ%ﬁﬁ%:&kiD%%%:/FD~
WTED) NEENS.
Nﬁn'cu UTO3RITDWTHLENITAHZIEZHMEL .

. BEOHHORNE KT 5 EEZ 5N BREEDRREEZE S Mic L, TOgZk
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1) BEL T, FIAYALH 21 3EEZRELKE. Z0OD5 4 9HICAEBRICKHE
2 7 REENBRINZ. 4 9FHEIRINTNOARBORRICEEN, FRE:OR
TH 527 HREESIIREENICERBESGE THALNBZZNUT—BLEZ NS, #MIBE
RLHIZ A T REEEE T HEFNIBRESEORRETH S ZERB SN, K<
BETBICBELTWSZENHEMN o .

2) WL TR, BESENBEOMBEGEBEEICNT 2542 2N TNER - &
RET-o7-. BECHHEBRICITIHETORE T Oy b ETI, BBEGERTKY 5
5kD, 6 S5kDICEREMICEHOBEENASN. WREGHEBIHE T B HiE TIIHRE
IEAFAESITH 8 S KDICEHORENA SNz, TNSEBHRRELRES XU TRT
ESEKENEICLVERL, 73 BEFMITEI R AMBECLDFo/k. BEET
DEZAZDMBINIETLTEET, BEADEEIRITETHARN. '
3) 2B L CiRBEEMNISE D ES TOMILOETRE DA & 222 24158 &
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N DEEFI ORIV TS, BREGEREE OB L TH 2 —EOBE B
BZENBHASNERSTZ. ZOZENOCMERIBECHICEIRVES, BHBUORIL S
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FIVAS A S OBEHMRIEAEL, BRI, 1BIES 5\ LB OBIESE
2R, BREHSEOBEHRRE ES58). HESNICIIEREEEEE LWL
KREEEL, TNOORBBIIRRMGICREL, LREEET 5. FREARENIC
RGO RNTE, ZEhadt, BTREME, ROROME, BRSO E (fber
splitting), %5 PR U5 L EAS S ORI, HEHMR RS L < 1108
Hica 7 REBEOHREREETS. £, S, OHCHHEBESEREDOaY
REELRD 5N5. ETEMESNCIEIZE, &5 VIMEROLN, BEIRD
5N, AT RMEIEETHEEOH 7 1 5 A2 MR OREN 525, 17 Rl
FERST 4 922 M3 bAY KUY, THEBKREE R SN HRNE E ONE
THEDHNTVAG, 12]. |

ARFETIE, HAREBROFEENRROLDICEHEITMASINEFIVAY A >
QBB OF, MMESERRLEECS, BESEREOBRERERIZVND
@@;ﬁ@ﬁﬁﬁm%@mm:7&%&ﬁﬁ%éhkﬁméﬁmﬁbt.%:T;:
N5 DEPI & FEEHITRTRL, BEHESIRIEGTE E OBV TRI 2T 1.

E5iT, TNETHRIVAY A SHORBEEEDOBRENEES, HBKES 5 VILR
ERERIC DV TORMIIINTEL DD, RECERBIIBT 5 HEMOLH
DHIFIIH 5 Mo TWARY, 22T, EREHORREENE LT, BEMEMRE
TEFAE B L OSHIRA DA T N TN OWTHIEZERL, Tz X¥> 70y hE

ICTRRZT D THRETS.



BB KOk

RBEFT o IMBHE, BRI DT o ThiA MERIC & - T4 EEI CREM
i T8 AU LOFIVAY A V21301 %, HRES J CHMEHICHRE D
B SN ER, SR NRRSOBHEZLERE, 17 BIEOSEET
B, BREICIBHSIREE 2L, RN R & BIF S Nl
SEL, TS ORBEERE, MBS, WG, O5ERWE.

1) #HER), ML 5 T REHB LR

RATRBLIEHE SR, BARRRERN B IR, BhRIAS 2 Ete & L TrmA 5 IcHW L, Wik
ZRTHMAER, BEILCXVIIUVTAFy bTI0 e mOEGERBEH ZERL,
Hematoxylin—Eosin (H-E) ¥ &, Gomori's triéhrom , NADH - tetrazolium
reductase NADH-TR®E, U2 ¥ T ATFUBAR MNIU 2§ (PTAH) 1
Z2fTo7z. Elz¥idesmin, vimentin, actin, «-actinin, ubiquitin¥itk%—X&k#i
#& LU Cavidin-biotin peroxidase complex method (ABCH‘;) (Vectastain ABC Kit,
Vector #h) 21T\, MEBEME TICTHE L =(Table 1). LI, HWIRMEERET>
721, 10%HRIVY ) ARERICTEEL, BERICKVIERLENT T4 PR 2k
U, Hematoxyiin - Eosin (H-E) 8, U > %> 7RSS BATRF Y >
(PTAH) REZTV, NFEEME T THELE.

2) BTEMEEHE

MIRILEAEES, SREMEEO U S BEEA% /N5 TV AT VT KAREE
BO—EMNL, U EEELYS A 2 Y ARAEROH 7.3) 1o TREE EFo
%,Ywn—wmmbyiﬁ#vﬁ%ﬂﬁéﬁat“ﬁ%ﬂ%ﬂumGE@D@%K,
toluidine blue e ERL, HFEMEWEREITo/B, BRI ULN S THEEY)



F2ERUEERY SV T OBMIC KA —EETRAZL, STFHEME (B,
H-7500) 12 CHZR% -7~

3) WA, HEREEONEBLCRSR (Rt Mz
MRIE IR LTk )V A 5 4 213D 5 B A I RIR A LS ORIz DT
ERHHREMERL, EXANTILRERUE. £, SEMBEGESBE SO
3pilic, WEIHBESGE SBHINEI6EEZNEZ T, EBOER NS S ARERL
7=. ' ' |

BB CRRI RETT RARD 5 NRh o L B34, 0 7RO R
R S NEGIZG], MIBHE EBUT S NCERI2AI DV TZNEh, BRI
HBOH-ERBEAZBEL, ThEN/ FRITK> T200E T OHBHOEEER
ELZ. BRMEEENERTNTNOER N IARERLE. &, 27 M
EEETHEAICDW TIRIABRENEC D S 5%, FMERL.

4) HithrEs 4
BRIEAE, 725 CICEEFT R ORD & N0 o Jo st B4 2312 0D A% 558 REL A o e
IO EL 2 B 2. SRR AR D B AI500me 2R VI L7z b D%, Lysis
buffer (O.IM Tris-HCI pH.7.4/1.5M NaCl/0.5M EDTA/0.5M Leupeptin/0.1M
Benzamidine/ 1% NP40/1%T hioglucos;ide /1% S.Metavanadate /0.1M PMSF ) 2
ml TREL 7=, 2,100Xg, 20sec. 5CTEDLL, %@J:i‘% zEREY TN ELE.
Y > 7))V 2EEOFreund's Complete Adjuvant SIB& L, T Pa bl
®, BBIEID DTIR DR, EAREANIZS00 ul/IEHkE L. ZD2
B T3E, ERBHEAKTHIO/ITHRL TR Y TN100 u1% T — 25— &
LTRUADBERERRES Lz, 2EEOT7 -5 —#5%70 B lcHfismilE o7~
», BRIV AORBEIREZFCLOROZTY, Ho5NmEEAWTRY M

Oy h&ffok. BEOT—RF—0%, 40MBTIEMEERRRLE. FRLE
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DR BREHEERMT 272010, UFORINRERT 2. RIUERT 508
1%, BRRIEEHEE DA 500me % Lysis buffer 2 ml IZEMN L, 190Xg, 55 TEL
L, EW&TTEDS, 2~3EPBSTHEETo/k. BEY > 7L OLETRINE
Forz. BMBEREOY > 7V THRE LI A DML RO S RME OH > 5
IVOLETHRIXL, $BEDY >IN TRELEYY ZADIMTEL, HEEEHEDOY >
TNVOLETRNE L. WEZMFITMAT, 4 C4RMERET- -1, 8,40C
Xg JLMJW?J‘&EID U k#EZINE & LU TER L7z (Table 3). |

5) BRI 72HF T K2 REHBLZEB LUV TASY > 70y ME ,

MRBRIEGE, 27 RBEDAHORD SNBES, HRREOHHHMBELS 2 Kike%
THREE, JUAAY Y NTI0um BRI 2IERL, (ER L 7RI
ik, FidRAFIAR R —XFiE & U Tavidin-biotin peroxidase complex method
(ABCi%) (Vectastain ABC Kit, Vector #h) 217V, JFEMEE THE L /= (Table
3.

XRE, ATRBEDR SNS4, BREGIES ORREEHES OS2 e
N2BITORNT, LaemmlidDAEI2ICE DTN T—RITDI2.5% R 727V 77 3
K7V BSEKE & o . WA BB 250me % 0.1 M Tris-HCI pHL7.4/1.5M
NaCl/0.5M EDTA/0.5M Leupeptin/0.1M Benzamidine / 1%
NP40/ 1%‘I‘hiog;1uco§ide /1% S.Metavanadate/ 0.1M PMSF % & ¥ Lysis buffer
1ml  THEGI L ,. Z D LE®H» % 10 % SDS/ 20% Glycerol /0.5M Tris-HC1 /1%
Triton x-100 é'@USzmplé: buffer THRT 5. E-Z0LEAZRBEL TRY >
NT :%%ﬁi?%ﬁ‘%?f?:‘%ﬁﬂﬁ;’b 7. ABHREIRAL—21bmg/mlicizd &S5TL, &
LB, TNOY T~ T—PEE, = IR O—AEADEEORH S Fol.
fET Oy bO—RYUEE LT, HERLUZFIBRESE, FixREOEE2,0004%
mRTHEAL, i‘é{ﬂ[‘% ‘biévid]‘n—biotin peroxidase complex method (ABCi%)

(Vectastain ABC Kit, Vectorft) Z2fTo /=, £z, X—hH—¥ N7 BOB BEE
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1) MRS L OMIBLA2ETT 5,

MIR213TS, 35 (1.4%) BERMRAICIBIESAREZ R U, SRR I ST
FEEBE SN, Fi, 499 (23% ICHIBIESE C8I0R 0 7 REE D554
THEFIERDE. TN SAOBOMEHI T, HRIECT 7 RI—BEEET S
BOD, KNFE, Bk, 290, BTREEREORREEDShahok. a7y
REHEE IR I B U < TR I MR IR E S N B ORE T, AMEX
BHENERENE. £, ATRBEOSIEETHEMACHESNEBORIZAT
REEDNE LA S OFSHICRD 5N bON S, RBHICADBENS 0L THE
DREITEDB > T2
| MBS, BRI ICERD 50 TR, H-BREATIHTEE (Fig. 1),
Gomori's trichrome ¥4 Tk, NADH-TRABTRMEZRRLUZ (Fig. 2,3). 77,
FRED D 7 RHEEIE, DS B3B® SN /=(Fig. 42), PTAHRATHBEZRL
7= (Fig. 4b). FHRIESTIZ, MISKLASE CIAEEOINER, i, ko
B, A7BENRDLENBOITH LT, A 7BREEOLNESNDERTIE, a7k
M & &I, BT OROBERED HBAER X - (Fig. 5).

2) SIEALERAERITT R

 HRESE, 07 REBEO3EHTZEADD Y EEEE, WIhbbacn,
 ubiquitin, vimentinfi# TORBREATIA, 27 HEEILR~TIHIE, Hidesmin,
a-actinin T 7 RIEABNBIEZRLZ SO0, 17 RS BKZRIEZRL

7z. A Tdesmin, o-actinin TIIHAEE T2 EHEZERL~Z(Fig. 6,7). BlLosk

AL ST R % Table 210 % & 0 7e.



3) T EMEET S,

HRESETIE, Q7BMEDSILT 4 T AL MEMEORERE L TRl R
D SVe. 07 BB THTRAICERTBH 74 T2 ke, I havk
Y PR ENBSBHIG,12]. AT RBEOREETHEATS, 17 SIS
REZHLH, UBHBETEEOTNT A IA MRYEOBELDR>TWE. O
T RBEEEICL, MBEEBECASNB LS RET 4 T2 OERREES, Ml
PR DRI 5 MUz (Fig. 8).

4) Fwoh, BREERBLXUORRREIIDONT

SEGIOEBIERNI LTS, UHETINE TIHIR S N B EERTEI
- EDIEFIDS, 3D BOETHRETADITH LT, AT7REEEET SEMTILER 8
A~IIBICEE L TRD 5= (Fig. 9). HEMEREOE R NI A1, BEES
FRIZATIE TIXABMMEDOR/NARFICL D25 umE&, OumiZE—r 2ET 3 ikt %
AU, A7RBEZE T SEM MBI, HI55umfhiRicE—2 2R, M
FIEELAEERIASNA 5= (Fig. 10).

KR, ATRRBEZE T DEFAOMKBFITHZTLRKRLHER, TOHEAD
m%mﬁd®@¢tE%T%ﬁ%é¢%ﬁ®ﬁﬁﬁﬁﬁ%%éhk!it,mﬁfﬁ
LR L, BREGEDMIETHIEF LIRFA—Tho7. -

5) SERIMLEB LT TRY > T 0y MEFR

ARSI ORBREORR, FMIBURES S, FNIEREE bIica 7RSI
Bt TH o 70, IS RISSAH < BIRE 2 RIZRRD 5 HUs b o .
FESUbHE, FOtis, HRREBEGERT, YIRS 0y T2y
Bfolk. ZTOWE, RBEHEAEICHL, BREEEL2 Ti2B L 255kDa,
65kDa HIEICHR < Jek o A RN K2R BIE (Fig. 112). £72, HiREs:

Bk R U, SIEGE 1, 2 TRBL285kDa e, BRES TNBNY 28
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w5 N7 (Fig.11b).
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19834E1Z, "ﬂ‘ 5 /5 HEE DMeuse-Rhine-YsselMRY)fE CRBIEIZRE B
THREREOHIR MO T 1 —EORENRE SNTOB). FIVAIA SHETH
199441 5 12 & D MRYA QSRR IC B! L7 BSOS & e (1810 2 5241 0
tﬁ&%@%ﬁx%myﬁ%ﬁﬁ@bémm%ﬂ%ﬁﬁﬁ%%mténfwéBJQ
16]. |

AD&?L%ZB%@E%@¢& ﬁ%ﬁ%%ﬁémm%@Q%ﬁﬁmﬁ@ﬁ%ﬁ
| 'c% B®zaYy Fii%f?@&@ B LN BEFIVUIBEFEL Tz, TN 54961 TIIHIR
Wr e, WM, DD TR EA L, BT T BEELA DR ERES
Rsto e, EOITRHEEOMBILEL, FRlcE, BTENEERRE R
jz& T3, éﬁ%ﬁﬁﬁ%ﬁLgbhtz7ﬁ%LLwaﬁULTmt ?ﬁbé

H-ER&T ﬁ?@ M, Cromons txarhrome Yt Tk A, NADH-TRKX G Tl ME,

Hiactin, ubiqui tm}’“ﬁi G Fﬁ;{ Pi a—actinin, desmln?Lﬁil;,kT LCida 74
Lﬂ@u%ﬁraot@,J?ﬁﬁLawmgﬁ%bwut.%%@wﬁ%%ﬁ%f,
37 BREIEET LT 1 742 MIOWROBED 572D, ZHOAND B
M%E#ﬁbh%-&KjJYﬁﬁﬁmaﬁﬁbtﬁﬂfu,mfh%,ﬁﬁﬁt&
DEIRIERIUDE Y, SIEMIPHIICHED S, 37 RE O BT BN
DRRRROBRN, %@m¢M%@1§@ﬁ¢»ﬁatén—%+f&o Z O
'¢mﬁﬁ&%ﬁ@m%rﬁéﬁ%a#ﬁr@otm DEOBRED, Th502
7%%@%Bjﬁ%@ﬁhﬁﬁﬁﬁ%ﬁ@ﬁ@#*%éT?%ﬁT@éhh. LAl
ﬁﬁ%,HYﬁﬁﬁmﬁﬁﬁﬁrJYﬁ%L#ﬁkhamﬁﬁﬁumbhhé%wﬁ
b,%%ﬁkﬁbﬂ%%®if%ﬁ¢ Lo TENH . :@%%Ma?%%ﬁ%
ﬁ?éﬁmfa%¢w¢ 20, R B & R B TN B T & B
BT, S, %%mﬁl¢fﬁéﬁﬁﬁﬁﬁ¢®!¢% ZOETFORRIIIES
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RIS TA, SHRIRTND OEFIMRRETSS - & ORBOEDIC, BRI
DR, ETORBPBETHSEEDNS.

—F, SEO37REEOSEET BEFIRRE TS 572 5 BRI IS
H)750 7 BHEE OTURAT, REFIIC I SARMEZEIE AR O — KA 72 88 T 3 5 TTAEH
M5, MEBEAE, 17EE5E05 2T 5EM DI 7RSI factindi
CBBEERL, £720 7RSI, ETEMEFORELD 749X MNENEOE
RTBBIENHNoKk. COTER, ATHMENECT IF> T4 I FOR
Bl L DBRENTYH T EERL TS, AERublQuitni N B 0
CEEAREEREL, WERORRICERICATL TS E SN TERY, 4
S EXERHRBTHED BNG T EAMETNT OB, 2, 3,6, 12, 14, 15, 17].
SEORRCBV TS, RRESECHBBRAIEICR 5N 27 BAERA
ublquitinFIEIC X L T 2R L. BHEEICKHT 5 AMBRERET SHRE
EASNE. TNSOIEKD, ATRBEORREFE LT, BWEREZE, »
BVEZEA L ORA OREEEE > TV BEADRIE, ® L < MEEIC & D HEHD
BAED, T2F2T 45 A b OREIE S - TR AT X He.

—F, AOBRIEFRBICE, BRAMREICEEL, MABHLE O RE %12
BoTWBYRANOT 4 S ORESWOIVER RS, Fady SRBHFIA RO T 4 —
(DMD)RRw H—BF DA O 4 — BMD) [7, 221, U EBALTR I > OREBHR
¥ 5% Desmin sotrage myopathy D& XN TW3 [4,5,19). FAE7O51 >
IV OMENE SR, 55VIIREEN TS HEEEDZ k07 4 —MyD)
R, IFFaTI—IFNRF—OFENE 5N TWS[13, 20, 21, 23], SEEH
BRUEFRIV RS 1 > OREERBEHE TS 20X 5724 /% OREOE LM
RRENETEND, BREEEORFO—HEN 50T 570, RIBHGHED X
USSR OBHME BICHT 2 A2 M URRERS /. BITBIE ORHLEY >
TNERHEELETT AN SERUIMES, X OB OE TR L 7 FikE

BEAETIA &, R OHMMED > TNV 2EB LAY A SR ALEE, #E
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B OB O TRIN L7 FR AR OB S 2 AER L. BRI
WIS AE A S BIRIBAAE 1 B S 5 R SR L, St B HIR i Tl
MIBBAEE TRAL TV S BHE ERET 5 Z L2 BE L. MBBEER 2\ T
ERLEHEERVEY A8 > 70y METREBBAEY > 7)) ©55kDa,
65KDafHiE IR RKILS >Ny BOMEN, Hie, MEEERWTERL ZHibk Tl
HRBUHIE Y > 7)) OS5KDaliE DS > /N7 BOBOHBED 5z L Liasts,
REAEIC DV TIINHRA: L BRI 2RISR S s o . 72, MEML 72 Hibk 2
WCREREEIT o 120, FRRRISIHR < MIRIRE, REG, XS Iy
T K BRI ENRD S izh o Tz, |

S R EE @Iﬁl’%b:b:i%% BN, TNLDRBIEDH BN RRAESH
DT, SBINSBADORAEZTY, RREFICERZ SR ETILEND 2 LB
bz,
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BN L SNB I 7RIS T SEANRNESNE, TN 5EAIEI IR
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bb. HEREATHME. NADH-TRAE TIRIBHET, Hactind & Clubiquitinfif
K%%%%tto%?ﬁﬁﬁ%mw749xyb®ﬁ%#6ED\ik,%@%%ﬁ
DR B RIE MR DRBEIC—B L e, D EOFTES 5. MIBIE 212 U
LT B ST 0 7 B OB 2 E T BRI, MR ORKETH .
IR 25 0 7 M O RIDRERSERIC . BB O — K72 Z5H T 35 5 TR
MR E e, |

X5z, BEEEBESEORRES OBEROBIT, MM U A O
RS B T B R TN ETUERL . S8 7 Oy Mk CRR - -
BRI 3 2 Hi T, BRRIEAERE # TRI55kDak N6 5kDah AL iz 4%
RENCHEND Y NI BORBNBERE N, $in, HEEHRBICHT 35T
i3, MR A TRISSKDAIBA D 5 > /8 BO RSB L < KRB LTS T
EDSBEENE. AR TIRIND S Y ORERHEAD T ThE DS >
Nbﬁﬁﬁﬁﬁﬁ@%ﬁkﬁh%@@%%ébTM%ﬂ%ﬁﬁﬁ@éhko
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Table 3. FAVER A % OIS

muscle tissue 500mg

homogenize

|
Precipitation

discard
mtrapﬁntone,almjectlon

mtxamuscularnechon

centrifuge (5,000rpm, 10rmin.,5°C)

é

|
- Supematant

suspend in lysis buffer(1:4w/~)

centrifuge (5,000rpm, 20sec., 5°C)

mixwith adjuvant

and emulsification

———— ]

Y

r
Precipitation

Y
discard

A
booster injection X3

collection of blood

Pre

agitation 7

muscle tissue 250mg

suspend in lysis

buffer(1:4w/v)
homogenize
centrifuge

(1,500rom, 5min,.5°C)

Cipitation

Supematant

B
discard

dissclve in PBS(1m0)
centrifuge |
(1,500rpm, 5min.,5°C)

I

< Precipitation
agitation @C, 24hr.,) |

|
Supematant

i

discard

Supernatant <— use as antibody
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Hereditary Dilated Cardiomyopathy in Holstein-Friesian Cattle
in Japan: Association with Hereditary Myopathy of the

Diaphragmatic Muscles



Summary
This report deals with the péthology and the genetic basis of
ten Holstein-Friesian cows (3-6 years old) diagnosed as the
dilated cardiomyopathy. Since the late 1990s, we encountered a
considerable numberof cases of the dilated cardiomyopathy, which
showed systemic circulatory failure as a result of the cardiac
insufficiency as a main clinical symptom. Thié disorder thought
to be consistent with bovine dilated cardiomyopathy reported in
Simmental-Red Holstein énd Holstein—Friesian cattle in seveial
countries. Macroscopically, the affected cows showed a
prominent cardiomegaly, severe congestion and fibrosis of liver,
and systemic cardiac edema. By histology, the myocardium
revealed hypertrophy and vacuolationof the cardiacmuscle fibers
and sevére fibrosis. Electron microscopically, sarcoplasm of
the hypertrophic fibers was filled with the fine structures
showing low densify, together with thin filamentous materials,
suggesting myofibrillar lysis. The mitochondria showed
increased siie, abnormal cristae pattern and vacuolation due to
partial loss of cristae. Pedigree analysis of affected cattle
indicated an autdsomal recessive mode of inheritance. In
addition to these findings, we noticed that the family line of
this cardiomyopathy overlapped with the one of the hereditary
myopathy of the diaphragmatic muscles in Holstein-Friesian
cattle (the pathological aspects and the inhéritance.mode have
been previously reported), although those disorders exhibit a
varying pathology. With providing detailed electron

microscopical findings of the cardiomyopathy, the present study



documents and discusses the genetic basis which supports those

different phenotypes appearing from one family tree.

Introduction

In cattle, dilated éardiomyopathy showing systemic circulatory
failure related.to the cardiac insufficiency as the mainclinical
symptom has been reported in Red-Red Holstein and Holstein-

Friesian cattle in Switzerland (Martig and Tschudi, 1985, Martig
et al., 1982, Tontis et al., 1990), and Holstein-Friesian cattle
in Canada (Baird et al., 1986), Australia (Baird, 1988, McLennan
and Kelly, 1990), Britain (Bradley et al., 1991), Netherlands
(Baird, 1988) .and Japan (Ishikawa et al., 1984, Ishikawa et al.,
1985, Sonoda et al., 1982). The presence of this disorder has
been known since the beginning of thel9805,/and recent studies
have been made from the standpoint of an animal model for human
dilated cardiomyopathy (Eschenhagen et al., 1995, Weekes et al.,
1999, Weil et al., 1997). Bovine dilated cardiomyopathy has been
describedtheclinicalaspectéandthelightndcroscopicfeatures.
However, pathological despription of the cases is limited and
is still incompletely characterized in its electron microscopic
features (Bradley et al., 1991, Van Vleet and Ferrans, 1986).
Recently, an autosomal recessive mode of inheritance has been
reported on bovine dilated cardiomyopathy in Switzerland (Dorf
et al., 1998). However, the causative gene or gene pfoduCt is
not entireiy clear, although several attempts at concerning its
cause have been made (Weekes et al., 1999, Weil et al.,1997).

Since the late 1990s, we encountered a considerable number of



case of cardiomyopathy, and examined the pathological conditions
on our cases. Additional study ﬁight help fully understanding
-of this disease. |

On the other hand, Qe have previously reported the hereditary
myopathy of the diaphragmatic muscles in Holstein-Friesian
cattle (Furuoka et al., 1985, Furuoka et al., 1999%a and 1999%b).
The histopathology and clinical symptoms in this myopathy showed
the same characteristic features és those found in dystrophy of
the diaphragmatic muscles in Meuse-Rhine-Yssel cattle in the
Netherlands (Goedeggbuure et él., 1983). The myopathy in
Holstein"Ffiesién cattle may have an autosomal recessive mode
of inheritance (Fufuoka et al., 1995). The main lesions of this
myopathy, which are histopathologically characterizedby caliber
variation, splitting and core-like strucfures in muscle fibers,
are present the diaphragmatic and intercostal muscles (Furﬁoka
et al., 1995, Furuoka et al., 1999a and 1999b, Gcedegebuure et
al., 1983). 1In addition, the largest number of acidophilic
inclusions is found in the myocardium. When we énalyzed the
 genetic background of cardiomyopathy cases, we noticed that the
family line of this cardiomyopathy overlapped with the one of
the hereditary myopathy of the diaphragmatic muscles. The
present study provides detailed documentation oﬁ the
morphological changes in dilated cardiomyopathy in Holstein-
Friesian cattle in Japan and discusses the genetic basis which
suppéfts those different disorders appearing from one family

tree.



Materials and Methods

Ten Holstein-Friesian cows (case Nos.Cl-Cl0), 3-6 years old,

which pedigree registration were available, were used in this
study. Animale were autopsied after euthanasia. The routine
blood examination, ultrasound and electrocardiograph studies

were performed; Pedigree information from the Holstein Cattle
Association of Jepan was used to determine the genealogy of the
affected cattle. Two cows (3 and 4 years of age) which were

clinicaily free from the cardiac disease were used as controls
for clinical and pethological studies.

Tissues samples from the various organs including the
diaphragmatic muscles and the skeletalnw@cles were fixed in 10%
neutrai buffered formalin and embedded in paraffin. Sections
were stained with H&E, PAS and AZAN. For electron microscopy,
samples from‘several portions of the myocardium were immersed
in 2.4% phosphate-buffered gluteraldehyde (pH 7.4), post-fixed
in 1% phosphate-buffered osmium tetroxide (pH 7.4), dehydrated
in ethanol, and embedded routinely in resin. Ultrathin sections
were stained with uranyl acetate and lead citrate and examined

with an electron microscope (Hitachi H-7500).

Results
Clinical manifestations
All cases showed extensive thoracic edema’extending ventral
portion and the jugular pulse. Although there were no abnormal

findings to indicate inflammation in blood and serum examinations,

a significant increase in the serum level for Y -GTP probably



caused by liver failure, low serum protein due to
hypogammaglobulinemia and anemia were observed throughout all
cases. The heart rate in affected animals was 100-103 beats/min
at rest (controls 60-80 beats/min), indicating‘téchycardia. An
ultrasound examihation of the heart was obtained which revealed
a considerably enlargement of both sidés of the ventricle and
auricle, suggesting cardiomegaly. The electrocardiogram (ECG)
using the A-B lead showed the low voltage (0.4-0.5 mV) for the
QRS complex (controls 1.0-1.3 mV), and a slight prolOngation of
the P waves interval.

Genetic Featurés

This study has added the pedigree of cattle with cardiomyopathy
to the one of cattle with myopathy of the diaphragmatic muscles
previously repbrted (Furuoka et al., 1995) (Fig. 1). The former
pedigree cduld be inserted to the later one, and those pedigrees
were compatible with same family line. The pedigree also shows
the degree of inbreeding present in the kindred. However, no sire
directly produces both animals with cardiomyopathy and with
myopathy.

Bull E was a maternal grandfather for each cattle affected
cardiomyopéthy (C8 and 9) and myopathy ww'andG).‘Bullrh which
was a father for bull E, was a common ancestor to many
cardiomyopathy cases (C6-10) and myopathy cases (M1, 5, 6 and
10). Bull C, which was a grandfather and father of bull‘E and
D, respectively, was a common ancestor to most cardiomyopathy
cases (C6-10) and all myopathy cases (M1-10). Bull Bwas a common

ancestor of most cardiomyopathy cases (C1-3, 5, 7 and 8), which



was also an ancestor to myopathy case (M5). The parenfs of all
affected cows showed clinically‘normal, and were descended from
Bull A, which is a common male ancestor for bull B, C, D and E.
In addition, we also encountered two cardiomyopathy cases (14-
and 16-month-old) of an affected Holstein-Friesian male beef
cattle, but they were excluded from this study because we could
not determine the pedigree of thesebulls. Inthisdisorder, both
female and male are probably affected. This bedigree analysis
suggested that both disorders have an autosomal recessive mode
of transmission and exist in same family line.

Necropsy Findings

" The heart of all affected cattle showed enlargement, and was pale
and flaccid (Fig. 2). 1In the cross sections, all chambers were
massively dilated. The walls were hypertrophic and stiff on
palpation.

The other common necropsy findings were the subcutaneous edema
in thoracic and ventral portions, severe congestion and fibrosis
of liver, hydroperitoneum,»edema of the serous membranes and
submucosa in the alimentary tract.

Micrpscqpical Findings

Microscopical alterations were observed in the myocardium in all
cases. The most characteristic features were the edematous
hypertrophy and vacuolation of the cardiacvmuscle fibers (Fig.
3). These vacuoles weresinglecn:multiple,and.usuallyoccupied
the center of the fiber. Other prominent feature was endomysial
or perimysial fibrosis. - Some fibers showed partial splitting,

.because the basement membrane was invaginated into the



sarcoplasma. Hyalinized fibers showing acidophilic and
angular-shape were rarely found. Also seen was nuclear
deformation which revealed bizarre- or star-shaped, lobulated
or binucleated appearance. Some arteries showed medial
hypertrophy and intimal thickening. 1In some cases, multifocal
fibrosis was also observed.

‘The other main histopathological findings were severe chronic
centrilobular congestion in the liver, showing the centrilobular
zone disappearance of the hepatocytesband fibrosis. A few
alveolar macrophages, some containing haemosiderin, were
observed in the lung. Also, some arteries, as seen in the
myocardium, showed medial hypertrophy and intimal thickening.
In some cases, focal interstitial nephritis with mononuclear
cells infiltration and mild fibrosis was alsé observed. The
diaphragmatic ﬁuscles and the skeletal muscles from various
portions revealed no pathological alterations.

Electron Microscopical Findings

In the transverse sections, myofibrils revéaled various size,
and were irregularly distributed in myocardial fibers. In
general,thediametarofthenwofibriléinthehwpertrophicfibers
was relatively smaller thanLin.the‘fibers’seEnLto be normal (Fig.
4). sSarcoplasm of the hypertrophic fibers was filled with the
fine structures showing low density, together with thin
filamentous materials, suggesting myofibrillar lysis (Fig. 5).
Also, sarcoplasm in the perinuclear area was severely affected.
Degenerativechangeswithprominentcentfallossofnwofilaments,

including myelin figures, increased lipid droplets, and



autophagic vacuoles, .were also observed. The most
characteristic features were abnormalities of the mitochondria
which showed no significant increase in number (Fig. 6). The
mitochondria showed increased size, abnormal cristae pattern and
vacuolation due to partial loss of cristae, which finally seemed
undergo complete disintegration. In some myocardial fibers, the
myofibrils and sarcoplasm revealed almost normal, but the
mitochondria abnorma;ities were noted. Increased endomysial
collagen was evidqnt in all céses, and the basement membrane
invagination into the sarcoplasm was frequently observed (Fig.‘
7). Longitudinal sections revealed the splitting of mycfibrils,
and the streaming or disintegration of the Z disks. This
alteration of Z disks extended into the adjacent I and A bands,

and became continuous with following Z disks (Fig. 8).

Discuésion

The disease under this éfﬁdy is thought to be inherited as an
autosomal recessive trait and is characterized by the myocardial
alterations associated with circulatory failure. Systemicedema
thought to be the cardiac edema resulting from the elevation of
the central venous pressure. Also, the iiver and lung lesions
were regarded as the reflection of cardiap failure. The
.pathological alterations and clinical symptoms in the present
cases are similar to those of éardiomyopathies reported in
Switzerland (Martig and Tschudi, 1985, Martiget al., 1982, Tontis
et al., 1990), Canada (Baird et al., 1986), Australia (Baird,

1988, McLennan and Kelly, 1990), Britain (Bradley et al., 1991),



Netherlands (Baird, 1988) and Japan (Ishikawa et al., 1984,

Ishikawa et al., 1985, Sonoda et al., 1982). The light
microscopic features of this disorder are well characterized
- (Bradley et al., 1991, Ishikawa et al., 1984, Ishikawa et al.,
1985, Tontis et al., 1990). The common features are hypertrophic
and nonspecific degenerative changes together with diffuse
interstitial fibrosis involving both ventricles.‘ In addition,
the nuclear abnormalities were also reported (Ishikawa et al.,
1984). 1In contrast to the many light microscopic studies; there
are only a few reports of ultrastructural lesions in this disorder
(Bradley‘et al., 1991, Van Vleet and Ferrans, ;986).
Ultrastructural studies showed splitting of myofibrils,
mitochondrial swelling, intracellular edema, increase in Z-band
material, and increased numbers of mitochondria (Van Vleet and
Ferrans, 1986). These features were also noted in the human
dilated cardiomyopathy (Scholz et al., 1994, Schaper etal., 1991).
In addition, these authors noted mydfibrillar lysis and the
decrease of myofilaments, ranging from rarefaction to complete
absence of sarcomeres incells filled with unspecified cytoplasm.
Ih our cattle, various abnormalities of mitochondria without
significant increase in number were the most common
ultrastructural findings. Myofibrillar lysis or splitting of
myofibrils; increased endomysial collagen and the basement
‘membrane invagination into the sarcoplasm were also noted.
Recent proteomic analysis ﬁsing'two—dimensional electrophoresis
has identified significant reductions in many mitochondrial

proteins in bovine dilated cardiomyopathy (Weekes et al., 1999).



This proteomic alteration is consistent with our ultrastructual
findings which represented various mitochondrial abnormalities.
Thesé things suggested that the myocardium is unable to provide
enough energy to the cope with the increased mechanical stresses
(Weekes et al., 1999). Although' hypertrophy of cardiac fibers
is generally accepted fto be indﬁced by the compensation for the
functional failure in the individual fiber, wercould nof
demonstrate the increased numbers of cell organelj;e, especially
mitochondria, suggesting increased protein synthesis or
myocardial hyperfunction. Our electron microscopy suggested
that hypertrophy of the fibers consisted of small sizedmyofibrils
might reflect the degenerative processes represented by
myofibrillar lysis. Subsequently, the basement membrane
invagination into the sarcoplasm of the hypertrophic or
degenerative fibers, with resulting fhe fiber splitting seemed
to be induced , which are observed in various myopathic disorders
as nonspecific reactions. However, it is not clear whether such
degenerative chang‘és including disiﬁtegration of the Z disks are
the primary event in the pathogepesis of this cardiomyopathy,
since t.hese ultrastrucural alterations were not the specific or
characteristic features only in this disorder.’

In some of papers dealing with bovine dilated cardiomyopathy,
pedigreé analyses of affected animals revealed Holstein pull “ABC
Reflection Sovereign” as the common ancestor (Martigetal., 1982)
The gene pool in Japaﬁese Holstein-Friesian cattle is large |
because the several hundred sires and a large number of the semen

for the artificial insemination imported from U.S.A. and Canada



have been introduced every year. 'Nevertheless our pedigree
ascends a common ancestor “bull A”, which is also “ABC Reflection
Sovereign”. On the one hand, the evidence for autosomal
recessive inheritance was strongly indicated.by the segregation
analyses of the experimental bovine dilated cardiomyopathy herd
(Dorf et al., 1998). These‘findings suggested that the dilated
cardiomyopath§ descriked here is apparently identical with the
disorder seen in wvarious countries.

Oon the other hand, cardiac involvemeht has been’reported in
various myopathies including dystrophinopathies, X-linked
Emery—Dreifuss muscular dystrophy, myotonic dystrophy, distal
myopathies and congenital myopathies (Engel’and Franzini-
Armstrong, 1994). Receﬁtly, missenée mutatio:ﬁs in the rod domain
of the lamin A/C gene have been identified as a genetic cause
for autosomal dominant dilated cardiomyopathy (Fatkin et al.,
1999). Also, this lamin A/C gene causes autosomal dominant form
of Emery"Dreifuss muscular dystrophy (Bonne et al., 1999). 1In
' thehereditérymyopaﬂu/ofthediaphragmaticnmscles,thelargest
number of acidophilus intracytoplasmic inclusions was found in
the myocardium, which was és the hallmark of the disease (Furuoka
et al., 1999, Goedegebuure et al., 1983). This inclusions, and
the core-like structure seen in the diaphragmatic musc¢les thought
to be the pathognomonic and principle alteration in this myopathy.
TheSefactsgaverathersupporttotheconsequenceofourpedigree
analysis that both dilated cardiomyopathy and myopathy of the
diaphragmatic muscles originate from the same family‘line,

although these disorders are pathologically classified to



distinct phenotypes. At present we could not yet demonstrate
direct or indirect evidence in genes or gene products, however,
it was not possible to deny that both disorders might have a common
pathophysiological backgrouhd or genotype. Further genetic
studies are needed to ascertain the link between these two

conditions.
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Figure Legends
Fig. 1. Pedigree of cattle with cardiomyopathy énd.myopathy of
diaphragmatic muscles. Male A is common ancestor to all cattle.
Male B is a common ancestor of most of the cattle displaying
cardiomyopathy (C1-3, 5, 7 and 8), and is also an ancestor of
oné animal displaying myopathy (M5). Male C, whiéh is the
grandfather of male E and the father of male D, is a common ancestor
of most of the cattle displaying cardiomyopathy (C6-10) and all
of the cattle displaying myopathy (M1-10).
Fig. 2. Cross section of heart with cardiomyopathy. Both
ventricular chamber are massively dilated with hypertrophy of
left ventricular wall.
Fig. 3. Paraffin sections of left ventricular myocardium from
affected cattle. a Most cardiac fibers show hypertrophy. Somne
fibers have single or multiple vacuoles, H&E staining. b
Endomysial or perimysial fibrosis is apparent. Hypertrophic
fibers show partial splitting resulting from the basement

membrane invagination, AZAN staining. a X190; b X480

Fig. 4. Electronmicrographs of left ventricular myocardium from
affected cattle. a Mybfibrilsof'varioussizes are evident, and
these ére irregularly distributed in.myoéardial fibers. b The
sarcoplasm of the hypertrophic fibers is’filled with fine

structures and with thin filamentous materials. Ilnvagiﬁation of
thebasementn@mbraneintothesarcoplasmisobserved(arrOWhead).
The mitochondria show increased size, an abnormal cristae pattern,
and vacuolation or complete disintegration due to partial loss

of cristae. ¢ The nuclear membrane show irregularly



indentation, and the sarcoplasm in the perinuclear area is
severely affected. d Z disk streaming is observed, which is

widened and occasionally extends into the adjacent I and A bands

or the following Z disk. Bars a = 2Um, = 1Mm, ¢ = 1.5Um,

d=0.8Um
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