intellectual impairment, pyramidal and cerebellar signs
and sensory disturbances. At age 67, he developed dysph-
agia and required tube-feeding, and suffered from respira-
tory arrest due to asphyxia by sputum. He died after
mechanical ventilation over 8 days.

A cranial CT scan obtained at age 65 showed a small
infarct at the left corona radiata. Electrocardiogram was
normal and echocardiogram revealed ventricular enlarge-
ment and diffuse hypokinesia. Electromyography showed a
peurogenic pattern. Routine blood tests were not remark-
able, including creatine kinase.

DNA analyses

Using the PCR method from a previous study,! DNA
analyses were performed in the present case and in his
younger brother. In both cases, deletions of exons 7 and 8
in SMN1 were detected, while those of exons 5 and 6 in
NAIJP were not detected.

PATHOLOGICAL FINDINGS

Autopsy was conducted 12h after death. All organs
were fixed in formalin and embedded in paraffin, after
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Fig.1 (A) lliopsoas muscle showing
severe group atrophy and fatty cell infil-
tration. Bar =0.5 mm. (B) Large group
atrophy was found in tongue muscle.
Bar =200 pm. (C) Bilateral ventricular
dilatation was observed in the heart.
Bar=05mm (D, E) Mild myocardial
fibrosis was found. Bar = 100 pm. (A-D)
HE stain; (E) Azan stain.

which 7-jum-thick sections were prepared. The brain
and spinal cord were processed with HE, KB, Bodian’s
and Holzer staining. Immunohistochemical studies were
performed on 7-um-thick paraffin-embedded sections
using the following antibodies: mouse monoclonal anti-
body to a phosphorylated neurofilament (pNF) epitope
(SMI31, Sternberger-Meyer Immunocytochemicals Inc.,
1:2500), polyclonal antibodies against ubiquitin (Dako,
Jarrettsville, MD, US; 1:400), CD68 (Dako, Glostrup,
Denmark; 1:600) and GFAP (Dako, Glostrup, Denmark;
1:2000).

The pathological findings outside the CNS were skeletal
muscle atrophy with fatty infiltration. In the iliopsoas
muscle, islands of isolated muscle fibers can be seen against
a background of fatty tissue (Fig. 1A). In the tongue, fas-
ciculi showing large grouped atrophy were occasionally
seen among normal ones (Fig. 1B). The diaphragm was
almost preserved. The heart weighed 405 g and showed
dilatation of both ventricules with mild myocardial fibrosis
(Fig. 1C-E).

The brain was edematous and weighed 1615g.
Coronal section of the brain showed small infarcts in
the right putamen. Microscopic examinations revealed

© 2008 Japanese Society of Neuropathology
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Fig.2 (A) Fibrillary gliosis was marked
at the lumbar segment. Bar = 0.1 mm. (B)
Myelin pallor was seen in the fascicu-
lus gracilis of spinal cord C8 level.
Bar=0.1mm. (C) Neuronal loss was
observed in the anterior horns of the
spinal cord. Bar =200 pm. (D) A chroma-
tolytic motor neuron was observed in the
anterior horn. Bar=50 um. (E) pNF-
positive structures were found in the
peripheral perikarya and proximal neu-
ronal processes of motor neurons.
Bar =200 um. (F) Mild loss of neurons
with residual nodules was found in
the posterior nerve root ganglion.
Bar = 100 um. (G) Many GFAP-positive
glial bundles were found in the proximal
portions of the anterior nerve root.
Bar=200pum. (H) Grumose degen-
eration was observed in the den-
tate nucleus. Bar = 100 um. (A) Holzer’s
stains; (B, C, F) KB stain; (D) HE stain;
(E) pNF immunohistochemical stain; (G)
GFAP immunohistochemical stain; (H)
Bodian’s stain.

neuronal loss with a marked gliosis in the anterior horns
of the spinal cord (Fig. 2A,C). The formation of empty
cell beds was inconspicuous. Most of the remaining
neurons were shrunken. A small number of chromatolytic
neurons were observed, but they were not enlarged as
much (Fig. 2C,D). Neuronophagia was rarely seen. No
Bunina bodies were observed. The corticospinal tract was
normal. The fasciculus gracilis demonstrated moderate
loss of myelinated fibers (Fig. 2B). In Clarke’s column,
neurons were intact although infiltration of CD-68 posi-
tive cells was observed. There were a small number of
heterotopic neurons in the anterior funiculus in the
thoracic segment of the spinal cord. The posterior
nerve root ganglion showed a mild loss of neurons with
residual nodules, but no cell colony formation, one
of the pathologic features of SMA I, was seen (Fig. 2F).
The intermediolateral nucleus and Onuf’s nucleus
were normal. The anterior nerve roots were atrophic,
and there was a loss of myelinated fibers. Glial bundles

© 2008 Japanese Society of Neuropathology
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were abundant in the proximal portions of the anterior
nerve roots of cervical and lumbosacral segments
(Fig. 2G).

The normal cortical cytoarchitecture was retained, but
some of the cortical neurons appeared atrophic and eosi-
nophilic. Betz cells were preserved. The thalamus, basal
ganglia and subthalamic nuclei exhibited no neuronal loss,
gliosis or chromatolytic change.

The cerebellar cortex displayed atrophy and neuronal
loss in the Purkinje cells and granule cell layers. White
matter showed loss of myelinated fibers. The dentate
nucleus evidenced a marked neuronal loss with grumose
degeneration and severe gliosis (Fig. 2H).

There were no abnormalities in the substantia nigra,
locus ceruleus, and cranial nerve nuclei other than the
hypoglossal nucleus, in which mild neuronal cell loss was
seen.

The antibody preferentially stained the peripheral
perikarya and proximal neuronal processes of chromo-
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tolytic neurons in the anterior horn (Fig. 2E). There were
none of the ubiquitin-positive inclusions.

DISCUSSION

The main pathological finding in the present case is a
marked neuronal loss in the anterior horns throughout the
length of the spinal cord. The cranial nerve nuclei were
relatively preserved. Only the hypoglossal nucleus was
mildly affected, which was correlated to the development
of dysphagia in the patient’s last year of life. Acute changes,
such as empty cell bed formation and neuronophagia, and
the findings suggestive of maldevelopment, such as hetero-
topic motor neurons and cell colonies, were rarely seen. On
the other hand, chronic change like fibrillary gliosis was
prominent. These findings could be explained by the later
onset and very long clinical course compared with SMA L
In the present case, onset was at 14 years and death was at
67 years, whereas, in SMA I, the age of onset is generally
before 6 months and death generally before 2 years.

The histopathologic tetrad of SMA I consists of chro-
matolytic neurons, empty cell beds, migratory motor
neurons and glial bundles of spinal roots® Chromatolytic
motor neurons (¢MN) in our case were not so enlarged,
small in number and observed only in the anterior horn. In
the case of SMA 1II reported by Araki,® the occurrence of
chromatolytic and ballooned neurons was infrequent. In
contrast, cMN in SMA I tend to be markedly ballooned
and frequent not only in the anterior horn, but also in
Clarke’s nucleus, dorsal root ganglion and thalamus®” As
for immunohistochemical features, cMN in our case
showed the accumulation of pNF in the periphery of the
cell. None of the motor neurons had ubiquitin-positive
inclusions, as observed in SMA 1.3¢

The formation of glial bundles was prominent in our
case. They were observed in the anterior spinal roots, not in
the posterior roots, and were abundant in the lumbar
regions, where a loss of neurons in the anterior horn and
gliosis were obvious. Such distributions of glial bundles are
similar to those of SMA L Glial bundle formation and
anterior horn cell degeneration may be involved in
SMA. . Glial bundles were characteristic, but not specific
to SMA, as they were also found, although to a lesser
extent, in various diseases including poliomyelitis and
ALS.P* Currently, it is proposed that glial bundles may not
induce retrograde degeneration of the anterior horn cells,
may be formed after nerve degeneration, and serve as a
guide for regenerating neurites.”

Neuropathologic changes other than those in motor
neurons were found in the posterior column and dentate
nucleus. The posterior column change has been described
in other SMA III patients. Winder reported a patient with
SMA III showing a marked decrease of vibration sense in
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the legs.!® Pathological examination revealed degeneration
of the sensory neuron in the lumbar posterior nerve root
ganglia with Wallerian degeneration of the fasciculus gra-
cilis. Our case did not show sensory disturbance clinically,
and the pathologic change of posterior nerve root ganglia
was relatively mild.

The pathological findings in the cerebrum and cerebel-
lum were difficult to evaluate due to the unfortunate coex-
istence of anoxic change. The neuronal loss with grumose
degeneration and gliosis in the dentate nucleus might not
be attributable to anoxia, related to the intrinsic process of
SMA, because only a week passed between anoxic event
and the patient’s death is not enough time to cause such
chronic change as severe gliosis. There were no remarkable
abnormalities in the thalamus, which is frequently affected
in SMA I Involvement of Betz cells and pyramidal tract, as
observed in SMA I1f was not observed.

The present case showed mild cardiomyopathy. His
younger brother had severer cardiac involvement and was
treated by continuous positive airway pressure.” So both
the siblings had the same mutations of SMN I and shared
cardiomyopathies. Cardiac involvement has been rarely
reported in patients with SMA 111, and is even one of the
SMA exclusion criteria. Tanaka demonstrated myocardial
degeneration in a biopsied specimen from a patient with
KW.B 1t remains unclear whether the motor neuron disease
is pathogenetically related {o a cardiomyopathy or not.

Relatively few autopsy cases of SMA I1I'6*** have been
reported so far, and they were diagnosed clinically and not
confirmed genetically. To our knowledge, this is the first
autopy report of clinicogenetically confirmed SMA III. The
NAIP gene deletion was undectable, and the number of
copies of SMN2 was not examined in our case. Since the
postmortem findings of SMA 1 have been well examined, it
is important to compare postmortem findings of SMA III
to those of SMA 1, the severest form of SMA. Our case
showed neuropathological changes both similar to and dif-
ferent from those noted in SMA I. Further investigation is
warranted to identify the pathological features of SMA 111
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Summary
Objective: We have previously investigated methods of genetic counseling exercises conducted in
cooperation with citizens as part of professional education that aims to educate students, deepen
the understanding of genetic medicine and genetic counseling among citizens, and promote a true
mutual understanding between citizens and medical professionals. Such education also aims to
discuss and share desirable medical policies and approaches in genetic medicine with regard to
ethical, legal, and social problems based on a long-term perspective. In the present study, we
conducted a genetic counseling exercise cooperating simulated patients (SP) as a first attempt at
realizing these goals.

Methods: The role of a client was played by three SPs. Simulation was performed for a case of
Duchenne muscular dystrophy in two settings, specifically carrier diagnosis and prenatal
diagnosis. Evaluation was performed using formative evaluation.

Results: Mean scores for the 20 subjects (four graduate school students, 16 participants) on
questionnaires administered after the exercise that measured the achievement of learning
objectives on a five-point scale were from 395 to 4.70. Free response contents included

nervousness and a sense of realism toward learning attitude in addition to the significance of

incorporating SP. Comments from SPs and non-medical observers included a deeper
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exacerbation of such burden.

understanding of genetic counseling and a desire for scenarios that involve ethical conflicts. SPs
also expressed a psychological conflict associated with role playing.

Conclusion: The present exercise was shown to be useful for encouraging reflective practice
among learners and enabling them to develop a voluntary learning attitude as professionals.
Future issues include establishment of environments for performing simulations, as well as the
elucidation of the degree and causes of the psychological burden experienced by SPs during

simulations and the development of support systems for alleviating and preventing the
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Duchenne BIff VA +a 7 4 — 2§ 5%
BB EEA T T4 K& gentamicin DFFA
W 5xh B o B RET

HEFHT

EREEE e JIEYRE

T

'EERFEMAFEHBRETER LY S —
A KUEFHREIEE
E OERAH

z &

Duchenne U5V X b T 7 4 —i2BWT, RIMELET K2 OMFNIC
HERT [ — FAL—E] OFENESEIEATHS., ZOEY
PEEERSNEICH), TTLATREATIA FELERL
CTVAERNOEBMESERHLTEB I EIREREEL, B ME
EERGARB LU A FBVAERNERE T oL 20F
2 FEEEAFOAL FEY— FAN—FL LT gentamicin D
BEElR, YAMO74 VEEODEIFDOOAEHTHLI LD
FanS. BIBEEAFUOA FOHERIZLY, genamicin DS E
FRL, BYERSCHEL L BEN, BNEREE: L ORERAD
FBRICLIRAIDEFEZ T

BHUE Duchenme BV A buv s —, BIBHEEATUOAF
gentamicin, Y — FAN—, YA +TT7 4>

& U o

Duchenne B A b1 7 4 — (DMD) DEBEICOVWTHA L
s snTwd, BIBEEATF T4 F (coricosteroids) 1EERR
WAEMESERShTBY Y, BE, SZLOEMCERSTYS
LEMRREI & > THREELERESEONEYIDH Y, ER
DEFTE-EBHICELELILNTESL, —F, VArRT74 Y
(dys) BEFOF £y ABRIC I 2 EONIH LT, RB#FED
Fog)— FAL—SEREPOTENEDSRTEY, —#IZT
TUERRABRIET o TWAEY, Z0O— FAL-EPEMLIN
ik, AFud FEFEHPOER~OBNZSERETHZ
LIRBETHL. FOz, b NEEFEMMEE LU DMD ®TF
VeI R (mdx w9 R) RHAV, IBEEAFuA FEY—F2A
V—FE & LTD gentamicin (GM) OHFIRSICI2EE - HRICO
WT, ERHLBREETok.

Vil &

1. BESEFHMIL T OB

WIS vy A%KE DMD BEH (G4003A: TGG to TGA) |
PlEEEaI L bO—MEIE. AV 74-bF - avkeyobE,
ERERHASSY S HEERRODRBEL B TRV, Fdic
« -methylprednisolone (MEPD, B&%: YNV A Fa—) 1 uMFE
F, GM 300, 200, 100ug/mi FET, SHLEEEOFETCHEREL
Fovn uiEH 7 BEOMBEE BV A A 70y MEIT, dys
EIFVUEARBEYEMLE. Hdys A CRIREREBT S
NCL-DYS2 (Novocastra$t), M 3 4 ¥V Y H AR EHEZRHEBT 2
NCL-MHCn (Novocastra #t) #{ER L7,

2. mdx 77 R & B

mdx 7 A (C57BL/10-mdx) BLXUFarybu—<wv 2R
(C57BL/10) FhEFN 3 ~4BHDOEICHL, GMHH W

Bi& 35E 2000 ; 41 : 132— 134

prednisolone (PD, B&%& I KBH TV F=) 2 ZTHES LA
GMOH &, PDE GMDOBERE*HE LA, GMit 85, 17, 34
mg/kg/day 3 BY D% 14 BEEHES L7, PD i 1 mgkg/day
¥OM L I BAMBICHABLT, 2 HEoERHRSELL. &
SETRRCRIL-OH L KBHEBRLTHVT, EFoBEER
YRR LL.

2B, ARG RAXFERRERBERKICTAIE I TS
(No. 359).

5 =3

1. BEBISER T OB

E®aY bu—L#Ti, MEPD OFRINT dys ORBAMEE L.
DMD £ Cid, GMIENTI b FH» 2R, GM + MEPD iRNT
BERLD DBWERSEONL, HHho GMIBEI, 100ug/ml
BERLIBVWERFEONRL, 34V CORERIE, GMCIoTH
#Hlah, MEPD KX WEETAEmMERLE ().

2. mdx ¥ X% BVt

M#ECK, BUN, ZV7F=> (Cre) & :

mdx ¥ 7 ANIBITHME CKER, EYERSE (F159,025
UMmI) ), PD & (FH 4,725 [U/ml), $ 5V PD + GM
LEHEH (FHs51581U/mM) THERZETE2RLAL (PL
0.05). BUN (¥ 19.4 mg/dl), Gre (F# 0.7 mg/dl) {EIZOWT
BEPESICLIIFELREH I oo,

AL 7Oy F40T ]

arbu-wYy AT, PDOEEIZL DHLdys, BRI Y
v, FRIY, TZFUHAETOY T FNFLEHICHEBLL. P
T dys I IEEFICHBM LA, —F, GMIZEELTH, R5EFHER
BtV dys DY TS HAPEL 2B ERPFH o/ LAL, PD+
GM DIZEH T, GMOEBEIHITH I 7 FIVDRSEHI2EE
BT,

mdx ¥ AZBWTIE, GM DA, BLUPD +GM 2iRE L
P —=XE b, dys DY PR s Lk o 1.

TVAPOT A RIEREEE

mdx Y7 AIBY B dys fifEE BV RAETI, GMESILE
D ERAIIERE D dys BB L R o7z (H2). GM OESEICL B 56
HOEVIIHEET I R0z, PD AT LI GM 2HBETS
HHURERRIBETEILHEE TH 7. T/, PDERELAFDS
HHBOBENERTHLIABEEE L.

% %=

BFEMEOEELEDICHIA a7+ ~HEIEIRBONES
E, FFRBCESWLBBREREN 2 SR TwE, BEREFY
BwizH4 REMEESRINTELY, BESTRTEERT
oA A, FEOCETHIMCEDEERL TS, ZOBER
SROBRESIRETAELIATHEY, TOMBLNVTORFSE
BEBBEFERISELMISATH Ry, OE -V VT vy -
RIEILEEETFO mRNA LAV TOZEL, OMBEET Y /535
DY, GO VT ARA - PEOET, QBT R M-
A5, ®dys ZRELEE, ONEHESREE, OB L Y
A-=TVhOORE, EORENHLDY, EOXNXLERET
BIIEORIBRHFET S,

—F, TI2FXyad FRIAEYEINE, JFEY-LRNAKE
AL TmRNA EO#RET P& RNA PHEATELRERF L O
EREEL, BRI P 2RUFBL CTHRETETSIES fu—r=x
M—{ER) PO TV, 1999 F, mdx TV AIZGM 28575
L, BHRERNCERdysOEBEHHLE, OFE CKEDVETER
Bl wHIRENURY, GMiEF eV ASEECRBMKLED NS
FHELTWS DMD EFIDGBEEL LTREPHE - L2L,
GM iR PBEDREEIMR, EHEECRESY  BRhERE
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{control)
dys ECL30min
myosin ECL30min
(DMD)
dys ECL30min
ECL O/N
myosin ECL30min
GM (=) 100 200 300 100 200 300 (u g/ml)
MEPD (=) (=) (-) () (+) (+) (+ (1uM)

1

b MERERBARICBYAOIAY 7Oy T4 v TR

L& EE (2v bu—0) BHSHAE, THE: DMD BEHEREEGHMAN, ThThMUgicTER T BRREOERERVL.

o dys Hifk, MIF VUV RBEAVEERETT.

Oy bU—ABIRMEPD FETCEET L L dys VT VOB TEI LD E. GM OBREZBECFFL YRS I TP #EMLL.

DMD S CiE, O bu—AfLFAED ECL30 S TR ZF Vv ERB L7, Li L, ECL%Z ON THTT 2 &, GMOFET THTH%2
dys ¥ ¥ F ), GM & MEPD OTIEOFET CIRRE V5BV 7 FASRES AL, BOMET 20 OMBEN X DV E (100pgm) TH5.
IFYVDOTTFAROTROSE D, GM IS L VIS, MEPD L X W EE T LRBBRT AEAN S o,

MEPD . «-methylprednisolone, DMD : Duchenne Blff¥ 2 b0 7 1 —, GM ! gentamicin, dys

ECL ! enhanced chemiluminescence

BLUBEERBEEOREAXMEL 2. £07:0, LhY—-F
AN —EUNTE { BUOEW L SN D negamycin KB OFHIER
HEEZE S PTC124 (PTC Therapeutics #5, %5 2 3BBRARRERT)? 2
EOBEMITbR TS,

LEOBRSEHEREBVRETICE T, MEPD RIEFEHIC
BT dys REBABMSEILZRONA. 34V URERA
GM I X DB IS S NB b DD MEPD OFEILL > TEHET S
ZEde, MEPD I IA Y VORREBLEML B EEXZLNL,
DMD #8175 GM 2, CMEMTHED THWHRTH 5,
GM & MEPD OWERGEATAI LIC LY dys DEFREL BMKSE
BIhbEZSOLIENTER, GMTOY - FAV—PREID dys
SEBAMRT, 25612 MEPD O dys BREEIEH N0 o T dys
EEEFEI b0 EhbNs:, MEPD SEEEBICBITS GMOEE
IREEIL 100pg/ml XT8Nt T mdx 7 ADBEEHHRE T
O (300pgmD) LY biEV2, OF HEEREAOKR, MEPD &
CM &2#tBETAZ L TOMOESERE L L, OM OEHERZBH
TEIUERITRRINS,

EFNTIRERCLREHERE, ERERTARE AR
HRPTHICEB SR T, FEYY AT 2EEERATH
1 FMEETE, BRHEQSRFSRNIIEDTWE IFRRATE
Fomie, Bl dys SR ER LT Eic oM iz, BEARIC
FUTHIMBMICEB L WA Z b BALL, mdx T2 AIBN
T, GMESIC L) dys FELE SN 2L, HHEBORERE
LARVTHERTEL, PDOSRIZ L ) ERSRBOBENER L

YR PTOT4Y,

2, dysREBEOCEETALFLON 4, [ CKEN
PDHAVI MBS IVETLAI LD, ThLOERIHY
AP T4 -DEREZIET L EETRELL.

BEXY, DMD K BITARBREAT U F& GM OFFAEE
12, dys DEEDELEOENTHH I &N, ¢ PEEHERER
RO in vitro DT, BLU, w7 A% AW in vivo DWREO
FATHHEES N, BIBREATUA FOFRHICLD, oM 0#k5
E4RL, BHBSCHEL2EEE BRREELEORMER
DEBIIRIALDEEZLND.

$7, BEERGHREORBERL BV BENROBER,
DIEFOBAD invitro VAF LIIBIT B4 0y bPAF T4 —Lh
LRrBbhi:. HEOBDONLEEICDOA, TOHRBEETA—
KRy 2522 EHTEL, TREEPYEEOARST, HEES
X UBHEE, BEFEHEBCBVWTHRBOEAVEEFTES. »
b@BF—F— A4 FOBEFEEBR LTV LTI, B4NEEH
EOMBEDOER T BANFERL L, BEFMEICENILTHZE
PN S A

a

AR ERLBHFEHEHFERALE [KEMREEET NV
ER] BIUEEFBHERES  RERBHARLE 710 [(HY
22O T74-BLUZORET ZREOHBERORN L BEEY
ORERECETAWE] (BRI 2RIL.
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H2 mdx T7ABEBOVA MO 74 Y RIBAGLFENSE
a | 4EWQE, b . GM 8.5 mgkg/day %5, ¢ | GM 8.5 mg/kg/day + PD | mg/kg/day %5, d : 3» bO—ATY R (C57BL/O)
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