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Table 1 Routine histochemical stainings at National Center
of Neurology and Psychiatry.

1. A MFVY Y- 24 Y UYefs (hematoxylin and eosin ; H&E)
TEY - MYz u—2%: (modified Gomori trichrome)
NADH-tetrazolium reductase (NADH-TR)
a7 BB EREFE (succinate dehydrogenase : SDH)

F b7 u—2A c B{LEE%E (cytochrome c oxidase ; COX)

Oil red O (ORO)

g7 + A7 7 % —+ (acid phosphatase : ACP)

TNHAY) 7+ A7 7% —+¥ (alkaline phosphatase ; ALP)
JEIF A= 25 5 —+F (nonspecific esterase : NSE)
T7EFNaY) y T A5 T —+ (acetylcholinesterase ; AChE)
Periodic acid Schiff (PAS)

Congo red

Myoadenylate deaminase (AMP deaminase)

© 0N O W

— = = =
B w = o

Menadione-linked o-glycerophosphate dehydrogenase (MAG)
T+ AT+ 7 NV7 hFF—+E (phosphofructokinase ; PFK)
74 A7 41 7—% (phosphorylase)

Myosin ATPase (JV—F ) pH 10.3

Myosin ATPase ()V—F ) pH 104

Myosin ATPase (JV—F ) pH 105

Myosin ATPase (JV—F ) pH 10.6

. Myosin ATPase (JV—F ) pH 10.7

Myosin ATPase (JV—F ) pH 10.8

. Myosin ATPase (pH 4.7)

Myosin ATPase (pH 4.6)

Myosin ATPase (pH 4.5)

Myosin ATPase (pH 44)

Myosin ATPase (pH 4.3)

Myosin ATPase (pH 4.2)

Myosin ATPase (pH 4.1)

DD DD DN DD DN DN DN N = = =
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TeHHBRV. Z07z0, fMENERE, FEMICE S 30 EE
EBIRIOD, WHEEBMICIE LWk & BEfi 2 2 5 EEH
5.
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B, FD L) RIEDVICIE, BHEWBIZE RO 515, 2IE
B ICREO—E%E 7V y — VT VT FEELTB X7
v,

BiREREEOLHROLT

Hitb i, Microscopic findings, Pathological diagnosis,
Comments @ 3 HH 25T THmBEHEH 2R L TV 5.
Microscopic findings ®IHH Tli%, 4 OFMBEEARIZONWT,
NE P 7% G2 #% 3 5. Pathological diagnosis Tl&, 3XTDHF
REWT 2T, HEEEROPMREENEL R O 2% iR
L, EELFTRZERN L THESLEEICT 5. Comments T,
PEERRENELOAELEE 2T, TikomWERER RS
FTAREBRBIZOWTHEML, HIIBI R ) RERELHNIL
ENZERTLLHIICLTN D,
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Table 2 Pathological evaluation on
hamatoxylin and eosin staining.
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T4V R, TEY) - M) ru—2a%E;, NADH-7 5V
U ARTCEERO SHETH L L b b AT, 2hb
3 oDt LMY 4 TR YT D I 4 T v ATPase 3¢
M E YT TRBT 5.

L AT FEVY Y- IF Vg

FEARI AL % A B 20 DYt T 5 (Table 2). IEH
FRRAME L, BEITIRIC A B & S AL TR AT 5.
BADIEH\, HiBER 1L 60~80um TH 5. iM%, 100um
BB A EMKHHME L K IND. HRHEOKIARRIZD o
&L BRI LIFFERDO—>TH 5. it OEEEZWE L,
wNED D RKREFE TORMRFEH KT 5. FHIE LT,
DR T MR IR D NE LB L %2 5.
727U, RSB TS X TOVMETH - 721, i
HERR DN & R D I IS L2052 L D
H 5. FETHNE, KRB ARALDLNLZ L LD
5.

AT AR CE L T THELTED, Tk
FDEHBBELIER HREHEOHE OB BT (pe-
rimysium), 55 RN O FRRME & RRHED B O BN (en-
domysium) & MHEIL 5. RS GER0 RAE A REAE A 58 % BT
X, NI 2 A L DRV, L7ad - T, WIICHHE
MRS B2 61, FRIEHMELE XL TwbsZ %
FEEICERLTWD. 20720, MHboA % LT 55,
B A2 T [NESHHEIL (endomysial fibrosis) | W9 SHEEZ L B
W5 ZEDNLW,

REMiRoOBIE, LI UISSEMmAMES AR I E &
FoTHELTWDOPBIZEEIN S, I 1L perifascicular
atrophy (Fig.1) &I, SR TH 5.

Werdnig-Hoffmann 95 & & FHE I 5 358615 26 iE (spinal
muscular atrophy) 1% (SMA1) 7 &, JeRKMOMEE Mg
BTl LIFLIEMR S E T XRTOMBMEIEHLTBY, K
#4254 (large group atrophy) (Fig. 2) LIPHEh 5. D%
BTAHAOLNLEHBMEINAZT T TCOL0PHHTH 5.
— 7, MR R T 2 & OB KRR R T, %
MiHEDS AR - TR Y, LI LIS AILRHE & iEh 5. 7272
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Fig. 1 Perifascicular atrophy. Muscle from a 7-year-old
boy with juvenile dermatomyositis shows atrophic fibers
clustered in perifascicular area. This is a diagnostic find-
ing of dermatomyositis. (hematoxylin and eosin)

Fig. 2 Large group atrophy. Muscle from a 2-year-old girl
with spinal muscular atrophy 1 (or Werdnig-Hoffmann
disease) shows fascicles solely composed of round atro-
phic fibers. (Hematoxylin and eosin)

L, TH 5 O/ LS, R IS B\ T AR
PMEEZ L TV B D EEZ HNED, AMILT 5 RHEIZ
e Th b, NMIEBRHEDTT b Bk RIEEL % KT 5
DIFTldhv. fRHERE 20 72%, SSICHMRESBZ 5
&, FOFRNYARED ZE IR O T FRMEDEAD S B AR A
TE e T o TUMIMET A, TN E/NEEZEM (small group at-
rophy) E W9 . BEFIVWE UL LL, HRAKRIZEMTS L
PR EAMEF NN R A E AN MEGN i3 = Rl 5
Na. WINHBEAMREE KM 2 BRI R TH 5.
FHRRAESSE - TAZAIE, HYAIE 74 -1lBIFAb -5
ELEERFIATH L. bhvbiud, 72 2R LD,
A RRMEAE - AN Er > LR TEEIICLTY
5. AT 5 L, HiEIIL B AR L Tl v S
iz, WEic<w s a7 7 —=IU2RAT S (Fig.3). 2hk
PATLC, Wit RN A 5 R L 223 il s BN ©
LU TSRS L, i % 45 2. TAERMEZRA LY
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Fig. 3 Necrotic fiber. Muscle from a 36-year-old woman
with dysferlinopathy shows a necrotic fiber with pinkish
cytoplasm that reflects liquefaction of the cytoplasm im-
mediately after necrosis. Macrophages are also observed.
(Hematoxylin and Eosin)
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D—DTHBHLH I F8F —Tld, KEDOMRME T BHE
HULERICHREDTEAE LT W5 (Fig. 4). L72A3oT, WK &
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F8F— T, FERe SIS MR L Langhans FE
MO %L IEIEIENSIEZ AL O 5. BAERIZIZY v EkE
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Fig. 4 Centronuclear myopathy. This 15-year-old boy has
centrally-placed nuclei in almost all fibers. A dominant
mutation in dynamin 2 gene was later confirmed. (Hema-
toxylin and Eosin)

Table 3 Structures detectable on
modified Gomori trichrome.

R~k
=) vAME
L E/ME  (cytoplasmic body)
tubular aggregates
#I D 220 (rimmed vacuole)
ARt IEAHHRHE (ragged red fiber)
L ARR R
fktn

1. spheroid body

2. ARAMEALRR

S

EYPERML-BCABEZERTHY, M7+ AT 75— EY
B CIRYe Y 5. IREERME I 4 /5F — Tk, B oz K
W U CRIRMEPIIC /NN 2 & 5 BEEIR O 9 B, LR sHRESR
RABIE % & CTIEHEEE T % O I IR KR D 22 252 &
NDH WHIE 7 a—=F U HPERL TV 5. ZOMIT D 5F
BHIUIFERT 5. 728 21, KIEME I A SF—TizLidLiE
M REDSHUIE LT B F 72, K5 EiPE SR E PH 28 C L & BE o
TATIV A FEREARLED D,

2. IEY - M) ru— 2%

TE) - M) a—2%E (modified Gomori trichrome :
mGT) &, EARMIHBRLREEY % R 3720 ogu )ik
TdH 5 (Table 3). A~V Y/MEIZASY ¥ 34 83F—THIZ
BN 5 (Fig.5). BEHMICIE, ZHREFABOBETEE LRSI
HWEEZFLTWVS, A3 ¥ IAF— @R RMES 48
F— I INDEBEERBTH S0, RABER A< ¥
IANRF LIRS —HIE, RERELEEERELTD
WA <) VIMREIEE T 2B EEZLNTED, X5
LCERZDLLENDD.

mGT T, HBP/NFEDI IV FYTRITAL VY — 4
PHRGT B. TD20, HCEBEZROEL TH 2% 0 22
DFDIWFIFR~FRE IR I NG, HBOTBHT I A 2R
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Fig. 5 Nemaline bodies. This 3-year-old girl has nemaline
bodies in scattered fibers. Based on this finding, this pa-
tient was diagnosed as nemaline myopathy. (modified Go-
mori trichrome)

ROOPFRMTHEINTBY, BEHTBET2 L, 2ol
1EPECEEE N2V LIZZ0HEBEESEW THLI Y »
e/ME (myeloid body) 1% KBLL CTWwWb, AT FF32Y
Vo AT UGB TIRREICYE 5. BRI Elo 2R, £
BoBCAHEZRRAVCHEAREREBETAIA N7 I A05
HAENTLEIZDICTELATEY TH Y, BETHMEN
BIETIIIO L) BRZERIIA LD SRRV, BT 223 0E
JRCFIEBTHE SN LD, & AE AR %, IRIFTET; & X

FET 14—, L OFEMB I AT - ETHRINTR L
oTWsb,

HEUTAHME (ragged red fiber : RRF) &, #ifHEN O 3
Nay F)7EINE KL C, e frRoicgfsh
2bDTHAH. mGT THHWVHERTWVAHEOHEMLS, ik
BB IRTITOPENTL 5. 20720, RulZTAHHEL O
BaOVIz. I b a Y FY TR E AR LS TR
%725, IR E 0 RRTF CLE AR T 12 o) Bk Ay
MML72X912A 2 5. RREF X3 b a v N 7RAGEDZWIHG
FIRTHEH, MWEATLEL L7720, BfiE TIXIEFE T
HREDONDLZ EITEENLETHAS.

Cytoplasmic body 1Z, TAI VRIAFY L, ZH%
ZORBOREES VX BEb b Lizy 3 BOBEME
THY, HEBHEN I 4735 — (myofibrillar myopathy) TH¥
BIICA LD HND. 72721, HERRAELE I A8 F—DSL T
HREDOLNLZEDNDHLOTEENLETH L. RITHBERS
NADH-TR B TR TAZ 5. RRfAIYBING ¥
N BRI spheroid body EFFIEN S Z L5 5.

Tubular aggregates %, &SR IIF/MEARER S
ZZONLERBEESHAE L EF B EWTHL. T
Y - MY u—AEETHEL, NADH-TR Jetn Ty
%. 74T 2BIKEICOAR BT 5. FIIEMBRECTH SN
5 Z EDL WA, tubular aggregates DM MM E T4 F
NRMATHEREE I F 3 F — o H 52,

Zofl, mGT i3, KHHROBEZ R FDLDOT, HiK
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Fig. 6 Lobulated fibers. Atrophic type 1 fibers (darkly
stained fibers) have disorganized intermyofibrillar net-
work, showing lobulated appearance. Lobulated fibers
are typically seen in the advanced stages of limb girdle
muscular dystrophy 2A. Indeed, a homozygous mutation
was identified in calpain 3 gene in this 57-year-old man.
(NADH-tetrazolium reductase)

HWRRNOFREMREOFEICHHTH L. 72721, L~
Tid, FRHMRESRZNTH2 0 5% L T2 2% 5#Hili ¢ &
LI2FTHY, WREEIRMZOPTHBTE R LI
HEPLETH L.

3. NADH-7 k7 V') 7 A& CHEHR

NADH-7 b5 V') 7 A ICHEE (NADH-tetrazolium re-
ductase : NADH-TR) %, NADH ##7E F C nitro blue tetra-
zolium (NBT) %#7C L CTHBIZHE S 2 BRI 5
. Cdh 5. NADH % #ilEH & 3 2 SHFIK KRR O IEZ X
Wed 5. HERAEN T, /R, S ha v Ny T I4 Y Y —
ABFRBEIND, I AV FYTIRS A T 1IRECS Y
ZEDD, AT IR A T 2RHMEI D DIBERT L. L
Ao T, RIZHBRD I 4 ¥~ ATPase AR Vi dH VI
1%, WS OMMHES 4 74575 % NADH-TR TH I 429 T &
THETH 5. Hi/NRARIZ, 5 R HHE O JH BH & — &R —ARHLD 2\
THA LT 5728, NADH-TR Hett Tl P i B
HE & ERAE O BB & R SR OSSO s s, Th
% EHERT MY (intermyofibrillar network) & R3S, # JEURR
MEMM ORI OBELNE AL Z LX), BEEMICHERED
FAIOENEFMT 5 2 LA TE L. £D7», NADH-TR
&, FICHERAEORS OFENEZTMT 2D bEnbEN5.

AR D R & L TREM LD DL LT, 78k
(lobulated fiber), Ht £ > # #t (moth-eaten fiber), 2 7
(core), ¥/F I =27 (multiminicore), target/targetoid
#HE, peripheral halo 7z & 438 5.

SEEMMELL, calpain 3 BRT AR EEEK & 4 5 Hoi B ¥
A ba7 4= 2AROFEATHIZMBWIZAL D LN S (Fig.
6)Y. 72721, OB YA ta 7 4 =Xy h—RfFHY
AMBTA—HRETHHREDOLNE ZENRHLDT, FEED
PETH LY. MAVKEKEIIREREENZ L, NGRRE
RPFE I AR F - 8 S QRAVHEERBTHE T
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Fig. 7 Central cores. Virtually all fibers have well-demar-
cated and centrally-placed cores. Note that all fibers are
in the same color, suggesting all fiber types are the
same. In typical central core disease, almost all fibers are
type 1, just as this patient. RYRI gene mutation was lat-
er confirmed in this 8year-old girl. (NADH-tetrazolium
reductase)

5. FLHROBIGERTD LIFLIEA LD ON .

a7iE, MEMICIEEY P LA THETHRED SIS (Fig
7). ATEH;EI P P TRH/MUAERCTW S 2D
et SNHRWD, FHERRMER RIS 5. 72720, Z AL
NTwa, WA RE Y M I 03 7HTIE, RYRI BZFDC
Wi — RIS RIMADH BY. vV FIZa TR LT3
ZaATHTHLNEDS, BEVRHEE OENAE LviZd v
bH 5.

Target/targetoid 122 7 LTV B DD, HEWiHE TH7Z
Edhv, a7 AREWICEHREERICbEYALDOLN
DIZH LT, target/targetoid O S i3k 4 T, &@EICh
725 2 Ed v, 722 L, REWIIEF UGS EILTh b L %
A ABWFEE L WA, FuLEBizid LiE LiE spheroid body % &
LD, AR EIFEREII RV, ZHALEOOLNEIEDH
WIZIIRREE AL 2 K L TW 5 2 &A%\,

XB#EMIFF 275 —3IFF =T, FEFTNTORH
HEDVNMETHAZ T T WA, NADH-TR Tl Ao
HOGAE IS %5 —F T, FBEI T TAZ L. Tz
peripheral halo & -5 (Fig.8). B RMMMEMNLEY A b o
T4 —D—HOBFTHEMBOFTREET LI LHHDDT,
HEPLETH 5.

4. I F ¥ ATPase

WM 7 4 THND T DDORMTH L. KRS 4 7
DIF Y Y ATPase G E RO OOR#MpH BT L 4 B
CEEAMALT, —%DpH FTTHILEEZ L TH 5 ikt
EBIR) LTRGBS A T2 gdsT 5. EHe M
WHiTlE, #4771, %4727, %47 2B D 3DOMMHE S
A THHY, #1/3TOFFA 7 2R LTHAILTW5. K
FHTIE, SHUTMA CTHRMEE KB L 727 1 7 2C $HEDSH
B¥a. 7uh UM pH (pH 106 1455) OFIMETIX, %4
7 1#MED I F ¥~ ATPase {fitk2skbih, ¥4 7 2 #iED
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Fig. 8 Peripheral halo. All fibers are round in shape and
small in size. In addition, enzyme activity is high in the
center while it is scanty in the periphery of muscle fi-
bers. This is a diagnostic finding of myotubular myopa-
thy. The diagnosis of X-linked myotubular myopathy
was later confirmed in this 3-month-old boy by MTMI1
gene analysis. (NADH-tetrazolium reductase)

APpfasng. —J, BMM(pH 42 i) Tk, 547
LD ALYt xn s, pHE42MWEL VAL LTS &,
pHA46 T 4 T2BOAME M THRML I NG L H Tk
5. A4 720 %HEE, X pH THIALA L T HIGTEDES.
CDE) YOS ERDL LT, KiGRHEY 4 7% 55
FTHLIENTED.

54T 1IHRETDWBLFEMmTHY, IPIYFYTHT
ORIEED BEELIZ L 5 ATP Ak BT AV F—HE L
TWw5, Wol ) ENGHT 5 2 & 5 AR & 1T
I, BB CMENTIIEICI A T 1IRETH L. —
5, 74T 2A BLU2BRMIZDWIHGTH D, HHER
WCEB 7)) a—r v BRI AVF—HELTnW5D, #
Wi &5 & A b A PRI L IiEh 5.

74720 BHEE AR MM TH S, EFTRIZEAL
Ao (1% LT, Wisiit & 4 73 F Mo dee
LT 2. AN, S0 TR S 2 88 TR s &
LCTELHEMLIZTRTYA T2 METH Y, AT
%2 I Lo THIRMESY £ THRET S, Lizhto T, 1E
KHNIZH A T 2CHHEE AL DT HVITIE, AR %2
i WRAR MO REME % 2 5. BARRIZIE, DS
TLIBEE, 2) FZEE (R I3 R EoBBEE2 L VA T), 3)
PO WTF A TH S, 728 213, BRUEFHREEY X bo
T4 —=TREGMEPERTBY, MEBRLLHD S 1 7 2C
WHERALDD. BTV AT T 4 =7 ETH SN DA
1Z, BEARBIZTRTY A 720 TH L. T2, Bz %7
BAEE, MREXEEZT 5T TIE—H 5 4 720 ML &
5.

547 1 BMEORIR 2 ERAASNLIEH VL, 121TF
LA HERRTH S, £ I, A7) Y IAR8F— 7
EDQRRMEI F3F —TlE, KEHGOBITE 1 7 1 AL
EHREDD. F AT 1RHEMSE% U LELEdbE R, ¥4
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Fig. 9 Fiber type grouping. Mosaic pattern is lost and
type 1 fibers (white color) are clustered. Note that there
are a few type 2C fibers that are stained in intermediate
color. Fiber type grouping reflects reinnervating process.
This 1-year-old girl has arthrogryposis multiplex congeni-
tal of neurogenic origin. (myosin ATPase with preincuba-
tion at pH 10.6)

7 1 ARHEBEAL & IR, B R I A8 F =TIk, 7 4 71 M
EWCMAT, LITLIEZ A 7 1SN L ¥ 1 7 2B Kk
R LD BoTWVD, EREIANF—DIB, 7471
WHERE AL DL LDOD AR V/MER LB EDMBD
FERME I AT — ORBEHIITREZR CEH Vv, BRER
W7 4 AR EAE (congenital fiber type disproportion :
CFTD) L MENn 5. & 4 7 1 #fEZEMR L, BRI A 85—
DAMCOMmEE YR ra 7 4 =Ry H—Hff YA ba
TA—=RE, REVHEEREIZALDOLNS.

—J7, FA T2 MM (& IS A 7 2B MHESHG) 13
EREEMEAMK K, BERIVESEM, IR, RpREREE, 27w
A RIFNRNF—RETHREDOLNS.

HRRE R B D Y, B SBZ 5L —H 5 1 7 2CH#;
MV 72 B 2 BBz, PR DSB 2 5 &, fifEik ARz
TV AHIEH S sprouting 258 2 0, BLARRAG X MR A
T 5. OB, MR E Z 72RO ¥ 4 TIEFEX
a2 BT 7% o 2 HRAT AN X > THRES NS, A%, EWH
Tid, ZERDRAMMIIC L > THRXREZZ) 7254 7D
Z & BHAMEDSET A ZIRICAD R Lo THAA LTV 5.
LA, MR LEB I 5 &, T B AT — O Ri
AR X > THRINDL L HITRD, EFAL 788 — 8
MNCH—OfMMES A THEL T THEAETH L) IR
5. INEGRRHE S 4 THEAL (fiber type grouping) & 9
(Fig. 9).

5. TofoRt

PASIEZ ) a—% %, oil red O ik P PEREN % Gt 3 2 72
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Abstract

ABC in muscle pathology

Ichizo Nishino, M.D., Ph.D.
Department of Neuromuscular Research, National Institute of Neuroscience,
National Center of Neurology and Psychiatry (NCNP)

Muscle pathology plays a central role in the diagnosis of muscle diseases. Proper handling, fixation and trans-
portation of muscle biopsy specimens are necessary to avoid artifacts. Hematoxylin and eosin provides informa-
tion on basic morphological abnormalities, including general structural changes, fiber size variation, necrosis and
regeneration, endomysial fibrosis and lymphocyte infiltration. Modified Gomori trichrome is useful to detect ab-
normal structures including protein aggregates. NADH-tetrazolium reductase highlights intermyofibrillar net-
work, thus serving to detect myofibrillar disorganization. Myosin ATPase is used for evaluating fiber types. Selec-
tive type 1 fiber atrophy reflects myopathic process while fiber type grouping reinnervating process. The final in-
terpretation whether the biopsy demonstrates myopathic or neuropathic changes is based upon all these findings.

(Clin Neurol 2011;51:669-676)

Key words: muscle pathology, muscle biopsy, histochemistry




