Unusual Familial Ataxia with Cytoplasmic
Inclusions —Histological, Histochemical and

Ultrastructural Studies—
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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»
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BT, B S e
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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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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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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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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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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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ternal inclusion) TH Y, FOEFEEZ LT YV H
B CEFEENOMMEBERRMBE L, =AY VBB
HTEFEEATCHEREABO/ME L CRLBED

i

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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&5%. Ll k»s, IEL iz RER O ANIC BB R E
DERAZEREL T, BUI2F LSBEL 7: RER ORia
BWiciE (BoMaR Y XY —sxf- gD
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Ho»THS) LTREL, HilRECHEESHEL, =
ORI ER L 2 WEMEEER O B %23 TMED
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borfEflang . SEOMICHIEL 2 IEL &, ¥
NTA—O#EEREL T, ZThizfRz 2kt
BOTO L ANEEL, EWWEB Znl LOHEE
b2 RIT, ROBE~NLREFEsTVL I LETR
;ﬁ WY AR L EbN 5.
Fig. 10. Choroidal cells containing IEls with BMRDRMETOL b CRBRBPI BT, HEAR
many small dense homogeneous bodies. P oo HRT 24642 RER OMAE AR
% 3500. DEEE N, Z DEFD/IMEEBIL B TH
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Fig. 11. A capillary pericyte with an IEI in the
dentate nucleus. This IEI is directly connect-
ed with a RER-cistern. %14000.

o dense body™®®, SIHIEEACRYIE \C ELLOREE
PR MR HERREY w ESRERR A N TS . Ih
SHAGOHBROE R WIE RER A D LR O
Golgi EEADBXEEY™, MIEEOBERE™,
BizHilEOfF OEE OBEEY 2 U EHEA TV
2, —HCREHRBEEORRELTI2ER® v H
2. LWFhicR & I e OFRE IR, IMTERE AL
BaRIEO Y L T bR L > THELRBES Z

LEJRLTWS. ZOEFO IEL &, RER OREH A
WTHB I EIBCEREL b, ZoERD IEL O X
5w ERe BEER 2 R TRER OAE AKORE
BRYS .

B0, MRSy R L T3 REERBERER
DI HERE s h, —#&Z “neuronal storage disease”
(B EP e » % 232 13, “neurovisceral storage
disease”) & L T—HE3N™, KEEILH REKMESE
DBEFRE L2V, IhoDRBIEFICIEERS
EEEry, REBREOEECLIVBEORL S

Fig. 12. IEIs of irregular shapes observed in a
seminiferous cell. X3500.
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Abstract

Of two male and one female siblings with unusual familial ataxia, who fell ill in the
latter part of their first decade and had a close consanguinity in the family, a male sibling
autopsied was reported. He had various clinical manifestations, such as progressive ataxia,
action tremors, pyramidal tract sings, auditory acuity impairment, deep sensory disturbances
and autonomic dysfunctions, and constantly showed cerebrospinal fluid abnormality. On
light microscopy, intracytoplasmic eosinophilic inclusions (IEls) with or without intensely
eosinophilic granules, were found in the neurons of the brain stem, cerebellar nuclei,
intermedial grey of the spinal cord, dorsal root, celiac and intramural ganglia, and in the
glial, ependymal, choroidal epithelial, satellite and Schwann cells. Moreover the IEIs were
found in the epithelial cells of the distal tubules of the kidney and the convoluted
seminiferous tubules of the testicle. Histochemically, the IEIs and their granules showed
proteinaceous materials and an absence of lipids or carbohydrates. On electron
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microscopy, the IEIs showed various sizes, measuring below 104 m in diameter. They
were composed of less dense, fine granular materials with or without rounded,
homogeneous dense bodies, and were surrounded by a single membrane decorated with
attached ribosomes. In the cytoplasm around the IEIs many free ribosomes were seen.
Based on the present study, the presence of consanguinity and the affection on both male
and female siblings suggest that unusual familial ataxia with the IEIs is a type of
autosomal recessive inherited disorder. Furthermore the widespread occurrence of the IEIs
in the central and peripheral nervous system, kidney and testicle suggests that this disorder
is caused by an inherited metabolic error similar to that seen in neuronal or neurovisceral
storage diseases.



