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Abbreviations: CNS, central nervous system ; CSF, cerebrospinal fluid; CT, computed
tomography ; H-E, hematoxylin and eosin; IEI, intracytoplasmic eosinophilic inclusion :
PNS, peripheral nervous system ; RER, rough-surfaced endoplasmic reticulum
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Fig.1. Pedigree of the family. Black squares
and circle indicate siblings affected, and arrow
the present case.
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Tablel. Total protein and its fraction of the serum and CSF

Serum CSF
TP 7.0g/dl (6.5~8.2) 192 .5mg/dl (21~39)
PF
Pre-albumin (negative) 7 (4.7T~T1.D
Albumin 69.6% (60.3~73.7) 72.8% (57.0~67.0)

a, -globulin
a, -globulin
B -globulin
7 -globulin
A/G ratio

2.7% (1.2~5.5)

8.6% (5.6~10.6)
6.9% (5.1~11.9)
12.0% (7.2~18.4)
2.29 (1.45~2.68)

3.7% (3.9~ 5.7
5.5% (4.4~ 6.6)
11.3% (12.5~15.1)
6.5% (5.8~ 9.6)
2.68 (1.32~2.19)

Cellurose acetate method. TP, total protein; PF, protein fraction :
parentheses, standard values; question mark, no description in the

report.
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Fig.2. EEG at age 31. Abbreviated words,
Fp. to O, arranged at the left margin, denote
active electrodes in reference recording,

Fig.3. Cranial CT showing a moderate brain
atrophy.
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Table 2. Topography and density of cells with IEls in the CNS

NEURONS:
Cerebral cortex (=) Pons
Thalamus (=) Pontine nuclei (=)
Hypothalamus 2+) Vestibular nucl. @2+)
Paraventricular nucl. (2+4) Cochlear nucl. 2+)
Subthalamic nucl. G3+) Reticular formation @2+
Mammillary body (3+) Medulla oblongata
Basal ganglia Dorsal nucl. (vagal nerve) (2+)
Caudate nucl. ) Gracile nucl. @G+
Putamen (=) Cuneate nucl. G+
Globus pallidum 2+) Reticular formation @2+)
Midbrain Cerebellum
Oculomotor nucleus  (2+) Cerebellar nuclei Qe+
Substantia nigra (1+) Spinal cord
Nucleus ruber (=) Intermedial grey @+)
Reticular formation  (2-+)
GLIA CELIS:
Grey matter a-+
White matter CED)

EPENDYMAL CELLS: (2+)
CHOROIDAL CELLS: B+

Density of cells with IEIn: (1+), low; (2+), moderate; (3+), high;
(=), not observed ; Nucl, nucleus.
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Fig.5. Cells with IEIs in the CNS. A. Two dentate neurons co
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BB K2 7% IED 8B L, IR o iRz =+
Y R O FSERL (granule) MEE IS T LT W»
72 (B5). 1IED &%, MRS 008 BB+ 2 6
LA, BEAMOKRE S 5D H L. Ly
L, Mg e 4 ) — 7%

BT, B S e

ntain IEIs with or without

granules. H-E, x1000. B. IEIs with granules are observed in most dentate neurons. Azan,

X200.

C. Many IEIs with granules are seen between myelinated fibers in the corpus

callosum. Toluidine blue, X200. D. Most choroidal cells with IEls show marked swelling.

Toluidine blue, X 400.
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BE TR, FEEFRHE CHREOHERLES LN
7o, RETHHRNRZ PRRACEEL LHET
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R AT T, A RR U RO E 2T
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BEMEH TR, AELSERETOETOBED
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BuEzLrRonkh ol

RABHHEIRME T3, BB LIS EBAL (LEC o RS,
BiAR, IR, SRS & e S ER R L OIRHER) O v =
T VR EET L TR IEL 23888 & v/ (K6E).

3. —iiEes

KIWWELAETEL, [El BRBELIZBOBEEN
CoABDoN, ZOMOBHRIEEL REETIL
BT E o7, BTIEMREEO LR, 2
LTI BRI O i, [El BSEmrE g EHE
shrz (M7A, B). 2 HEFR, MICERE O
DEEHEBAOMEIC IEI 3B L (F70).

Table 3. Topography and density of cells with IEIs in the

PNS and general organs

PNS
NEURONS :

Dorsal root ganglion (2+)
Celiac ganglion G3+)
Intramural ganglia G+)

SATELLITE CELIS:

Dorsal root ganglion (3+)
Celiac ganglion a-+
Intramural ganglia (=

SCHWANN'S CELLS:

Dorsal root ganglion (2+)

Celiac ganglion @+
Enteric plexus a1+
Spinal nerve roots
Ventral roots a+
Dorsal roots a-+

Other PNS fibers  (1+)

General organs
EPITHELIAL CELLS:

Distal renal tubules of the kidney @+)
Convoluted seminiferous tubules of the testicle Q@+

Density of cells with IEIs: (1+), low; (2+), moderate; (3+),

high; (=), not observed.
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1. HEBERAR

F40 I L <, [El ZMBHEL (granule) % & » g
g, BHECERIEE22TRE Y, EHEORIGES T
L.
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BHIDZ &<, w= Y v EEG R O MmkE
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RO, FEREL L Bbh 2 EEEo
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1. fefEsmh

Fig.6. Cells with IEIs in the PNS. A. A dorsal root ganglion cell th/i:l‘ numerous IEIS. In
some of them granules are observed. X1000.

B.IEIs without granules in the perikaryal

periphery of celiac ganglion cells. X400. C. IEIs in Meissner’s plexus neurons. X200. D. IEls
with or without granules are observed in most satellite cells, Proliferated connective tissue
fibers are also observed around these cells, x400. E. A Schwann cell in the dersal root
ganglion contains an IEI with granules. X1000. A-E: toluidine blue.
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i, IEl @A/ Mz TH G ERBE2EL, —BOE
ZECD B E R BRI E S R D, IR
K3 L L IEL ofuLEhic, 81~ 5 mEIo,
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Rant (K8A). BEBERRYE L /ME L ORI
B, BEHRYERERAOF R MR TEE S
BMLUTWwa. LAL/MEORAESHMERZMEEEL,

Fig.7. IEIs in the kidney and testicle. A.
Several epithelial cells of distal renal tubules
have one IEI or more. H-E, X400. B. IEls
with granules in a seminiferous epithelial cell.
Lipid droplets show an irregular vacuolar
structure.  Toluidine blue, x1000. C. lEIs
with granules within an unknown cell in
tissue space between convoluted seminiferous
tubules (arrow). Toluidine blue, X400.
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BREEO 7 ) THRBEOEE, MoME, Bl
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B o SECRBEER, (2 HETE - BEEAEET, BNk
BALAER - ARBE T I - Tl % - BEER - HERE
= REPOERNETLNS. HrOERICDOVWTI
E+ OBWEERERIEOR RIS LE2 L 3» oL,
& EBIATIE, CNS T3/t - Bk
. R - BHPMKAE (3%, PNS TR#HR
HHRET, IR /INERIREE - REER - BRT %, HENE
R, ESAEETIIRRWE, BALEE L
REF T RIZBEE - BIRMEY, RTAZTREE

- BRPHKAE GHIE), BRI I3 S -
e AT - BEEARIRET, BEREE I IE - T
PREKEE (P oREssnzEhZ2EEL Tw
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HREGRERDZ 2 ENTE 2. AED /Y 7k
LR HIRL 72 IE] 23R R OB 8 2 g
L, SEARBSIIE 2 & 0778 & TR T OMRER & 154
LTwhritfllansd. vav  #ilao IE] @ &80
OEFBFEES NS . A, IEl 2 oNEMR
DELVHEO A & N BRWES T, Zh oo
ROMRMIBOBE IS 2 2B ERTE LWL, &
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) WEFHWEI s, IE OWEBOBE~D

Table 4. Reactions of the IEIs and granules to histochemical staining methods

Stain

Reaction

IEIs

Granules

Hematoxylin-Eosin
Nissl (cresyl violet)
Luxol Fast Blue
Azan

Bodian

Periodic acid-Schiff
Best-carmine
Sudan I

Sudan Black B

Oil red O

Holzer

PTAH

Millon

DMAB
Tetrazonium
Feilgen

Prussian blue
Toluidine blue*

Positive : light red
Negative

Positive : light blue
Positive : light blue
Positive : light brown
Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Positive : light blue

Positive : deep red
Negative

Positive : blue
Positive : brilliant red
Positive : brown
Negative

Negative

Negative

Negative

Negative

Negative

Negative

Positive : light brown
Positive : light blue
Positive : light brown
Negative

Negative

Positive : dark blue

Protein digestion test**

Digestive

Digestive

PTAH, phosphotangstic acid-hematoxylin; DMAB, p-dimethylaminobenzaldehyde ;

*

» osmium tetroxide-fixed, epoxy resin-embedded tissue sections (the other staining

methods were performed, using formaldehyde-fixed, paraffin-embedded tissue
sections) ; **, proteinase K and pronase.
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Fig.8. Electron microgra
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ph of the CNS. A. L

ow magnification of a dentate neuron containing
The nucleus shows eccentricity.
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In the bottom an

IEI with two dense homogeneous bodies is seen in an oligodendroglial cell. x3500. B. An IEI

in a dentate neuron shows an irregular shape. X11000.
observed in the subependymal glial layer. X 3500.

C. An astroglial cell with IEls is
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Fig.9. A small (A) and large (B) neuron in the dorsal root ganglion. A. Numerous IEIs are
seen. Some of them contain one dense homogeneous body or more. In the left lower corner
a satellite cell with IEIs is observed. x2800. B. Intramitochondrial inclusion bodies appear in
the cytoplasm, intermingling with IEIs. X 7000.
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