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(Roche Diagnostics, Mannheim, Germany), chymotrypsin (Roche
Diagnostics, Mannheim, Germany), or thermolysin at 37 °C for
6-20h. The digests were extracted from the gel twice with
100 pl of 0.1% TFA containing 60% acetonitrile. These two extracts
were combined, evaporated in a Speed-Vac, and stored at —80°C
until assayed.

Liquid chromatography-ion trap mass spectrometry (LC-MS/MS).
The sample was resuspended in 0.1% formic acid containing 2%
acetonitrile and applied to a Paradigm MS4 (Microm BioResources
Inc., Auburn, CA) HPLC system fitted with HTC-PAL automatic sam-
pler (CHROMSYS LLC, Alexandria, VA). A reverse-phase capillary
column (Develosil ODS-HG5, 0.075mm id. x50mm or
0.075 mm i.d. x 150 mm, Nomura Chemical Co., Ltd., Seto, Japan)
was used at a flow rate of 200 or 300 nl/min with a 4-80% linear
gradient of acetonitrile. Eluted peptides were directly detected
with an ion trap mass spectrometer, LXQ (Thermo Fisher Scientific
Inc.) at a spray voltage of 1.9 kV and collision energy of 35%. The

Table 1
Identified phospho-peptides obtained from CK1 phosphorylated TDP-43.

mass acquisition method consisted of one full MS survey scan fol-
lowed by MS/MS scan of the most abundant precursor ions from
the survey scan. Dynamic exclusion for MS/MS spectra was set to
30 s. Furthermore, if neutral loss of 98, 49, or 32.7 Da was detected
(corresponding to loss of phosphoric acid from singly, doubly, and
triply charged precursor ions) among the most abundant ions in
the MS/MS scan, a MS/MS/MS scan was then carried out. The data
were analyzed with BioWorks (Thermo Fisher Scientific Inc.) and
Mascot (Matrix Science Inc., Boston, USA) software,

Calcium phosphate precipitation. Calcium phosphate precipita-
tion was carried out as described [10]. Some extracted digests
were dissolved in 44 ul of pure water, which was obtained from
an EASYpure system (Barnstead International, Thermo Fisher Sci-
entific Inc.). Then 2 pl of 0.5 M Na,HPO, and 2 pl of 2M NH4OH
were added and mixed, followed by the addition of 2 ul of 2M
CaCly. The solution was vortexed and centrifuged at 18,000g for
30 min. The supernatant was removed, and the precipitate was

Residue Amino acid sequence Charge Mass (actual): Mass {calculated)
Trypsin digestion o Dl et T e e
83-95 RKMDETDASS{p)AVK 2. 1516.87  ° 151666
83-95 RKM(0x)DETDASS(p)AVK 2 153330 0 153265
84-95 KMDETDASS(p)AVK’ 1 + 136053 0 o 136065
84-95 KM(ox)DETDASS(p)AVK 2 137722 0 S0137655 0
85-95" MDETDASS{p)AVK. L2 123340 . 123246
85-95 M(0x)DETDASS{p)AVK 2 124829 ’

85-95 M(ox)DETDAS(p)S(p)AVK 2 1329.16

85-95 MDET(p)DASSAVK 2 123272

85-97 MDETDASS(p)AVKVK 2 146146

115-136 TT(p)EQDLKEYFSTFGEVLMVQVK 3 268866

177-189 LPNSKQS(p)QDEPLR 2 166954, -

182-189 QS(p)QDEPLR 2 < 105131

228-251 AFAFVFTADDQIAQS(p)LCGEDLIK 2 2694.69

252-263 GIS(p)VHISNAEPK 2. 133231 .

269-275 QLERS(p)GR- 2 092508

276-293 FGGNPGGFGNQGCFGNS(p)R 20 4 1807.23

409-414 SS(p)GWGM 1 . 703220

409-414 S(P)S(PIGWGM(oX) 2 798.90

Chymotrypsin digestion : o i : (L

1-27 : .21 MS(p)EY(p)IRVIEDENDEPIEIPSEDDGTVL 2 11325458

5-27 g IRVTEDENDEPIEIPSEDDGT(p)VL 2 066468

277-299 GGNPGGFGNQGGFCNS(p)RCGGAGLGNNQGSNMCGGMNF 2 207266

386-401 GS(p)ASNAGSGSGFNGCGF 2 : ;
386-401 - GSAS(p)NAGSGS(p)GFNGGF 2 1532 50
398-414 ) NGGFGSSMDS(pJKSSGWGM(0x) 2 : 178663%
Thermolysin digestion ! SRR G L

86-96 DETDASS(p)AVKYV a2

236-249 DDQIAQS(p)LCGEDLI 2

242-250 S(p)LCGEDLII 1

270-276 LERS(p)GR 2

295-305 . GGAGLGNNQGS(p) 2

295-308 GGAGLGNNQGS(p)NMG 2

301-311 NNQGS(p)NMGGGM(ox). - e

336-345 . MMGMLAS(p)QQ : 2

340-347 LASQQNQS(p) 2

347-354 SGPS(P)GNN 1

364-369 NQAFGS(p): 1

369-380 SGNNSYS(p)GSNS 2

369-380 SGNNSYSGS(pINS(p) 2

385-394 WGS(p)AS(PINAGS(p). - 2

385-396 WGSAS(pINAGS(p)GSG 2

387-397 | SASNAGS(p)GSGF : 2

391-405 . ACS(p)GS(p)GFNGGFGS(p)S(p)M 2

393-401 SGS(p)GFNGGF = 2

393-401 S(p)GSGFNGGF 2

395-405 SGFNGGFGSS(p)M. 2

397-405’ FNGGFGS(p) 2

400-410 GFGSS(p)MDSKSS 2: 1184
405-414 MDS{p)KS(p)S(p)GWGM(0x) 2 134033

p. phosphorylation; ox, oxidation,
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washed with 80 mM CaCl,. After centrifugation as described
above, the washing solution was removed. The pellet was dis-
solved in 20 pl of 5% formic acid and applied to the LXQ LC-MS/
MS as described above.

Results

Recombinant TDP-43 was phosphorylated with CK1 and the
products were purified by means of SDS-PAGE as described [7].
Phosphorylated TDP-43 was digested in the gel with trypsin, chy-
motrypsin and thermolysin. On LC-MS/MS analysis with [XQ, 18,
6, and 23 phosphorylated peptides were obtained from the trypsin,
chymotrypsin, and thermolysin digests, respectively (Table 1). MS/
MS analysis data for two representative peptides are shown in
Fig. 1. A sequence coverage of 98% was achieved for TDP-43;
residues 80-82 and 264-270 were not covered (data not shown).

407

We identified 29 phosphorylation sites, including the previously
reported Ser 91 and Ser 92 [11], as shown in Fig. 2. Interestingly,
18 of these sites were located in the C-terminal glycine-rich region
(274-414) of TDP-43 (Fig. 2).

The NetPhosK 1.0 server produces neural network-based pre-
dictions of kinase-specific eukaryotic protein phosphorylation sites
|12,13]. Prediction scores of CK1 phosphorylation for all serine and
threonine residues in TDP-43 were calculated with this server. The
scores and the actual phosphorylated sites identified as described
above are summarized in Table 2. Although no significant differ-
ence of the distribution of the prediction score was seen between
the 1-273 region and the 274-414 region (C-terminal Gly-rich re-
gion), CK1 clearly phosphorylated more serine/threonine residues
in the 274-414 region. In particular, 12 of 14 resides in the low
score range (0,36-0.39) were phosphorylated in the 274-414 re-
gion, comparing with 6 of 27 residues in the 1-273 region.
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Fig. 1. Identification of phosphorylation sites by LC-MS/MS analysis. (A) Tryptic peptide, QSQDEPLR. The second Ser residue was phosphorylated. (B} Chymotryptic peptide,
NGGFGGSSMDSKSSGWGM. The eleventh Ser residue was phosphorylated. 4
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Fig. 2. CK1 phosphorylation sites on recombinant TDP-43. Asterisks show phosphorylation sites. The boxed region is the C-terminal Gly-rich region (273-414).

Table 2

The summarized table of prediction scores of CK1 phosphorylation and actual
phosphorylated residues (number of phosphorylated residues/number of Ser/Thr
residues).

Discussion

In this experiment, we identified 29 phosphorylation sites in re-
combinant TDP-43, including the previously reported Ser 91 and
Ser 92 [11]. In particular, 18 of them were located in the C-terminal
Gly-rich region. This suggests that the C-terminal Gly-rich region
has a conformation that is favorable for CK1 phosphorylation.
Interestingly, among 13 pathogenic mutations (G290A, G294V,
G298S, A315T, S332N, M337V, Q343R, N345K, G348C, N352S,
$379P, A382T, and 1383V) found in familial ALS cases and 15 vari-
ants (D169G, N267S, G287S, G294A, G295S, G295R, Q331K, G335D,
G348C, R361S, S379C, A382T, N390D, N390S, and S393L) found in
single sporadic ALS cases [14-21), most are located in the C-termi-
nal Gly-rich region.

The C-terminal Gly-rich region of TDP-43 regulates the alternative
splicing of several genes [22,23] and functions as a transcriptional
repressor [24]. This domain also binds several heterogeneous nuclear
ribonucleoproteins [2,25]. Furthermore, using a yeast TDP-43 pro-
teinopathy model, it was shown that the C-terminal Gly-rich region
is required for TDP-43 aggregation and cellular toxicity in vivo [26].

Therefore, phosphorylation andfor mutation of amino acid residue(s)
in the C-terminal Gly-rich region of TDP-43 may significantly affect
cellular function.

Previously, we reported that recombinant TDP-43 hyperphos-
phorylated with CK1 showed similar electrophoretic mobility to
abnormally phosphorylated TDP-43 observed in the brains of
patients with FTLD-U and ALS, and we suggested that CK1 was in-
volved in the abnormal phosphorylation of TDP-43 {7,8]. We pre-
pared 39 antibodies to predicted phosphorylation sites in TDP-43
|7]. Twenty-three of these predicted sites were found to be actually
phosphorylated in vitro by CK1. Furthermore, 10 antibodies against
actual phosphorylated sites, pS91, pS379, pS389, pS395, pS403,
pS404, p403/404, pS409, p410 and pS409/410, were found to label
hyperphosphorylated recombinant TDP-43, not non-phosphory-
lated recombinant TDP-43 [7,8,unpublished data]. Therefore, the
specificity of these antibodies was confirmed.

Antibodies raised against Ser 379, Ser 403/404 and Ser 409/410
sites in the C-terminal Gly-rich region labeled TDP-43 accumula-
tions and/or inclusion bodies in brains of patients with FTLD-U
and ALS; they also recognized abnormally phosphorylated TDP-43
in the Sarkosyl-insoluble fractions from FTLD-U and ALS brains,
and labeled abnormal fibers of 15 nm diameter in inclusion bodies
in the spinal cord of ALS patients [7,8]. Furthermore, these antibod-
ies recognized high-molecular-weight smearing, abnormally
phosphorylated TDP-43 with a molecular weight of 45 kDa, and
C-terminal fragments with molecular weights of 18-28 kDa in
Sarkosyl-insoluble fractions from FTLD-U and ALS brain |7,8]. There-
fore, at least the Ser 379, Ser 403/404 and Ser 409/410 sites in the
C-terminal Gly-rich region, which were identified as in vivo targets
of CK1 phosphorylation, may be abnormally phosphorylated in
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FTLD-U and ALS brains. Recently, rat monoclonal antibodies raised
against phosphorylated Ser 409/410 gave similar resuits [27], sup-
porting our previous findings. Thus, abnormal phosphorylation of
the C-terminal Gly-rich region of TDP-43 is a consistent feature of
pathologic inclusions in FTLD-U and ALS brains [7,8.27], and may
play a significant role in the cytoplasmic accumulation and the
formation of inclusion bodies, as in the cases of tauopathy and
alpha-synucleinopathy {28,29].

In summary, our results suggest that multiple Ser residues in
the C-terminal Gly-rich region of TDP-43 are major CK1 phosphor-
ylation targets. Furthermore, phosphorylation of Ser 379, Ser 403/
404 and Ser 409/410, which we observed previously in TDP-43
accumulated in FTLD-U and ALS brains [7], is also mediated by
CK1, indicating that CK1 may be involved in pathological phos-
phorylation of TDP-43 in vivo. The data on phosphorylation sites
of TDP-43 presented here should be useful for further studies on
the mechanism of TDP-43 proteinopathy.
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Abstract. The patient was a 17-year-old
man, who developed Japanese encephalitis in
the autumn of 1990 in Japan. He was admitted
to our hospital 4 days after onset because of
consciousness disturbance. On admission,
neurological examination demonstrated left
hemiparesis, neck stiffness, and Kernig’s sign.
He developed generalized tonico-clonic sei-
zure, and required a respirator on the next day
of admission. Brain CT 10 days after onset de-
monstrated hypodensities in the right hippo-
campus, and the CT obtained 39 days after
onset showed whole brain atrophy and hypo-
densities in the anterior portion of the bilat-
eral thalamus. He died 40 days after onset.
Postmortem examination demonstrated peri-
vascular and parenchymal infiltration of lym-
phocytes and macrophages, proliferation of
microglia and astrocytes, and necrosis in the
gray matter of the brain. Involvement of the
hippocampus and thalamus on CT seemed to
reflect the severe lesions characterized by cel-
lular infiltration and necrosis. We discussed
for the first time the correlation of CT and
neuropathological findings in a patient with
Japanese encephalitis.

Introduction

Japanese encephalitis (JE) is a mosquito-
borne viral infection caused by neurotropic
virus. Pigs are known to be amplifying hosts
and transmit the virus. JE is now a major pub-
lic problem in Southeast Asia with around
50,000 cases and 10,000 deaths per year
[Diagana et al. 2007]. In contrast, the inci-
dence of JE in Japan has been less than 10 pa-
tients per year [Arai et al. 2008], and one of
the reasons for this is thought to be the wide-
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spread JE virus vaccination of children. Brain
images demonstrate abnormalities in the thala-
mus, hippocampus, substantia nigra and neo-
cortex [Diagana et al. 2007, Handique et al.
2006, Kalita et al. 2000, Misra et al. 1994,
Prakash et al. 2004, Shoji et al. 1990]. Here,
we report serial CT findings and neuropatho-
logy in a patient with JE.

Case report

The patient was a 17-year-old Brazilian,
who had come to Japan from Brazil in June
1990. There was no past medical history. In
September 1990, he developed fever, head-
ache, and repeated vomiting, and consulted a
nearby clinic next day. Domperidone was
given by intravenous injection; however, the
symptoms were not resolved. On Day 4, he
demonstrated consciousness disturbance and
was admitted to our hospital. On admission,
body temperature was 38.4 °C, blood pres-
sure 124/60 mmHg and pulse rate 100. Neu-
rological examination demonstrated disori-
entation to time, left hemiparesis, neck
stiffness and Kernig’s sign. On the same day,
generalized tonic-clonic seizure occurred,
and electroencephalogram showed diffuse
8 waves. Blood tests demonstrated white
blood count (WBC) of 10,200/mm?, but oth-
ers including blood chemistry were within
normal limits. Brain CT was within normal
limits (Figure 1a,b,c,d). Cerebrospinal fluid
(CSF) examination demonstrated cell count
of 648/mm? (mononuclear cells 431, poly-
morphonuclear cells 217), total protein 139
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Figure 1.

mg/dl and glucose 50 mg/dl (blood sugar
113 mg/dl). He was treated with methylpred-
nisolone pulse therapy with acyclovir and
cefuzonam sodium. Bacterial culture of the
CSF was negative. The antibody titers of her-
pes simplex virus (HSV) IgM, varicella
zoster virus (VZV) IgM were not detected in
the CSF. On the next day of admission, sei-
zures progressed to status epilepticus, and he
needed tracheal intubation and a respirator.
He gradually presented with decerebrate ri-
gidity after the status epilepticus. On Day 7,
hemagglutination inhibition (HI) titer for JE
was elevated | : 20 (normal range <1 : 10).
Brain CT on Day 10 demonstrated hypo-
densities in the right hippocampus (Figure
le,f). Outlines of the basal ganglia and
thalamus were unclear (Figure 1gh), sug-
gesting edematous changes. On Day 21, tra-
cheotomy was performed. On Day 23, HI titer
for JE was raised to 1 : 80, and he was given a
diagnosis of JE. Thereafter, he developed
liver dysfunction. On Day 39, brain CT
showed whole brain atrophy and enlargement

a,b.c,d: Brain CT on admission was within normal limits. ,f,g,h: Brain CT 10 days after onset
demonstrated hypodensities in the right hippocampus (e, f), and outlines of the basal ganglia and thalamus
were unclear, suggesting edematous changes (g,h) Brain CT obtained 1 day before death disclosed whole
brain atrophy and enlargement of the inferior horn of the lateral ventricle with right predominance (i, j).
Hypodensities were seen in the anterior portion of the bilateral thalamus (m).

of the inferior horn of the lateral ventricle with
right predominance (Figure 1i,j). Hypodensi-
ties were seen in the anterior portion of the bi-
lateral thalamus (Figure 1m). He died on Day
40 due to exacerbation of liver dysfunction.

Postmortem examination demonstrated
bronchopneumonitis and hepatomegaly with
dilatation of hepatic veins. The liver weight
was 2,270 g. The lungs, duodenum, adrenal
glands and kidneys were congestive. Hemor-
rhage was seen in the duodenum. Atelectasis
was secn in the left lung. The left pleural effu-
sion was seen, and the amount was 1,200 ml.

Brain weight was 1,410 g. Mild subarach-
noid hemorrhage was seen in the bilateral
sylvian fissure. Leptomeninges were unre-
markable. Uncal or cerebellar herniation was
not seen. Macroscopically, tissue softening
was seen in the bilateral thalamus. The subi-
culum and CA| of the right hippocampus ap-
peared gray. Pallor of the substantia nigra was
evident (Figure 2a).

Brain tissue samples were fixed postmor-
tem with 10% formalin and embedded in par-
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Figure 2. a: Pallor of the right substantia nigra was evident. b: Perivascular cellular infiltration was seen in
the substantia nigra. Infiltrating cells consisted of lymphocytes, and macrophages containing melanine. c:
Pigmented neurons were lost. d: Substantia nigra of the normal control (46-year-old man) is shown for com-
parison. Scale bar b: 50 um; c,d: 1 mm; b: HE stain; c,d: KB stain.

affin. 10 pm thick hemispheric sections were
prepared at the plane of the right frontal cor-
tex rostral to the corpus callosum, right cau-
date head, left mamillary body, right subtha-
lamic nucleus, left lateral geniculate body,
right pulvinar nucleus, right parietal cortex
and left occipital cortex. The sections of mid-
dle portion of the right midbrain, lower por-
tion of the left midbrain, upper and middle
portions of the left pons, bilateral cerebellum,
upper and middle portions of the medulla
oblongata were also prepared. These sections
were stained with hematoxyline-eosin (HE)
and Kliiver-Barrera (KB). Immunohistochem-
istry using anti-CD3 (T cell marker, SP3, rab-
bit, monoclonal, 1 : 500, Nichirei), anti-CD20
(B cell marker, 126, mouse, monoclonal,
1 : 100, Dako), anti-CD68 (macrohage/micro-
ghia marker, KP1, mouse, monoclonal, 1 : 100,

Dako), and anti-glial fibrillary acidic protein
(GFAP) (astrocyte marker, rabbit, polyclonal,
1: 1,000, Dako) antibodies was also performed.

Microscopically, perivascular and paren-
chymal infiltration of lymphocytes and macro-
phages, proliferation of microglia and astro-
cytes, and neuronal loss were seen in the sub-
stantia nigra (Figure 2), hippocampus (Figure
3), parahippocampal gyrus, thalamus (Figure
4a), caudate head, striatum and neocortex
(Figure 4b,c,d). Necrotic lesions were seen in
the hippocampus (Figure 3a), thalamus (Fig-
ure 4a) and neocortex. In the hippocampus,
pyramidal cells of the subiculum and CA 1-3
were decreased, and microglial nodules were
demonstrated (Figure 3c). In the neocortex,
territories covering the depth of the sulci
showed severe involvement compared to the
crest of the gyri. The first, second and third
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Figure 3.

layer were predominantly involved while all
the layers were involved in some parts. The
cercbral white matter was spared. Prolifera-
tion of microglia and astrocytes without infil-
tration of lymphocytes or macrophages were
seen in the oculomotor nucleus, inferior oli-
vary nucleus, ventral pons, locus ceruleus and
dentate nucleus. Purkinje cell loss was evi-
dent, but cellular infiltration or glial reaction
was not apparent in the cerebellar cortex (Fig-
ure 4¢). Distribution of brain lesions is shown
in Figure 5. In immunohistochemistry, infil-
trating cells of the parenchyma were CD3-

a: Cellular infiltration and necrotic lesions were demonstrated in the subiculum and CA1 of the right
hippocampus. b: Perivascular cellular infiltration was seen in the CA1. The amow indicates a gemistocytic
astrocyte. ¢: Rod-shaped microglia formed a microglial nodule in the CA1. The arrow indicates a neuron. d,e,f,g:
are serial sections of the subiculm. d,e.f. Infiltrating cells were CD3-positive cells (d) and CD88-positive cells (f)
whereas a few CD20-positive cells were located in the perivascular area (e, arowhead). g: Astrocytosis was evi-
dent around the necrotic lesion. Scale bara: 500 um; b,c: 50 um; d,e.f,g: 200 um; a,b,c: HE stain; g: GFAP stain.

positive cells (Figure 3d) and CD68-positive
cells (Figure 3f), whereas a few CD20-posi-
tive cells were located in the perivascular ar-
cas (Figure 3e). Spinal cord was not investi-
gated in this case.

Discussion

In JE, approximately 30% of the patients
die, and half of the survivors are left with se-
vere neurological sequelae. Seizures are seen
in about 40% of the patient [Solomon et al.
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Figure 4. a: Cellular infiltration and necrotic lesions were seen in the right thalamus. b: Prominent cellular
infiltration was demonstrated in the neocortex. ¢: Perivascular iymphocytic infiltration was seen in the neo-
cortex. The arrows indicate macrophages, and the arrowhead a rod-shaped microglia. d: Gemistocytic
astrocytes were seen in the first layer of the neocortex. The arrow indicates a gemistocytic astrocyte, and the ar-
rowhead a rod-shaped microglia. e: Purkinje cells of the cerebellum completely disappeared. Scale bar a:
500 um; b: 200 um; ¢,d: 50 um; e: 200 um. a,b,c,d,e: HE stain.

2002]. In the 1950s, approximately 5,000
cases were reported per year in Japan [Matsu-
naga et al. 2008]. However, the incidence of
JE in Japan has decreased, and has been less
than 10 patients per year since 1992, in whom
the majority of the cases are in the elderly
population, probably due to impaired im-
mune responses [Arai et al. 2008]. One of the
reasons for this is thought to be due to the
widespread JE virus vaccination of children
(since 1967). However, routine vaccination
has not been recommended by the Japanese
government since 2005 because more than 10
cases including some severe cases of acute

disseminated encephalomyelitis (ADEM) af-
ter JE vaccination have been reported since
1991 in Japan [Ohya et al. 2007]. This may re-
sultin an increased incidence of JE in Japanin
the future [Matsunaga et al. 2008].

The presented patient was Brazilian, and
had not received a JE virus vaccination. He
developed JE about 3 months after he had
come to Japan. Usually, patients who die of
JE die within 1 week of hospital admission
[Hoke et al. 1992, Johnson et al. 1985], so the
disease duration of this patient (40 days) was
somewhat long. At autopsy, cellular infiltra-
tion was demonstrated in the gray matter of
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Figure 5b.

Figure 5. Distribution of brain lesions disclosed by microscopic examination (cere-
brum % 0.8, brainstem and cerebellum x 1.5). We divided the lesions into two groups,
consisting of cellular proliferation and necrosis. The proliferating cells were com-
posed of lymphocytes, macrophages, microglia and astrocytes. Cellular prolifera-
tions alone were shown in red, and necrofic lesions were shown in dark gray.
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the brain. Necrotic lesions were seen in the
thalamus, hippocampus and neocortex, indi-
cating severe involvement of these regions.

Radiologically, hypodensities of CT inthe
thalamus [Diagana et al. 2007, Kalita et al.
2000, Shoji et al. 1990] and hippocampus
[Handique et al. 2006] in JE were previously
reported, although CT hardly demonstrated
abnormalities of the substantia nigra or neo-
cortex. On the other hand, abnormalities of
the substantia nigra are frequently detected on
MRI {Kalita et al. 2000, Handique ct al.
2006], and those in the neocortex are some-
times demonstrated [Kalita et al. 2000, Pra-
kash et al. 2004]. Furthermore, involvement
of amygdala, uncus, basal ganglia, pons, or
cerebellum is also demonstrated in some ca-
ses [Handique et al. 2006, Kalita ct al. 2000].
Thalamic lesions are sometimes hemorrhagic
[Diagana et al. 2007, Misra et al. 1994].

Recently, MRI abnormalities have been
increasingly reported in postictal patients
with generalized seizures or status epilepticus
[Parmar et al. 2006]. Abnormalities are fre-
quently seen in the hippocampus and include
changes of signal intensities and subsequent
atrophy. Seizure activity leads to a 2- to 3-fold
increase in cerebral metabolic rate of oxygen
and glucose, and hippocampus is thought to
be vulnerable to the relative hypoxia related
to seizure. Histopathologically, neuronal loss
and reactive gliosis are seen not only in the
hippocampus, but also in the amygdala, dor-
somedial thalamic nucleus and Purkinje cell
layer of the cerebellum [Fujikawa et al. 2000].
Abnormalities in the hippocampus on CT or
MRI seen in JE patients with seizures may be
partly due to, in fact, secondly changes fol-
lowing seizures.

In JE, neuropathologically, clusters of
petechiae are found in the brain [Zimmerman
1946]. Focal infiltrations of mononuclear cells
are demonstrated in the meninges [Lewis et al.
1947, Zimmerman 1946]. Parenchymat lesions
are predominantly seen in the thalamus, sub-
stantia nigra, and hippocampus; however,
lesions are also seen in the cerebral cortex,
basal ganglia, cerebellum, and anterior horn
of the spinal cord [Diagana et al. 2007,
Shiraki 1966, Zimmerman 1946]. Observed
lesions include cellular infiltration in the
perivascular area and parenchyma. Phagocy-
tic microglia remove degenerated neurons
and form microglial nodules. Purkinje cell
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loss had been emphasized as a characteristic
feature of JE, but Johnson et al. [1985] de-
scribed that it was presumably associated
with hyperthermia or anoxia because viral an-
tigen was not demonstrated in the Purkinje
cells. In our case, Purkinje cell loss may be
due to the status epilepticus [Fujikawa et al.
2000], because cellular infiltration was not
demonstrated in the cerebellar cortex.

To date, phenotypes of the infiltrating
cells have been described in two reports
[Iwasaki et al. 1993, Johnson et al. 1985].
Johnson et al. [1985] reported cases in the
acute stage (disease duration of 3 — 9 days)
and showed perivascular inflammatory re-
sponses with a predominance of T cells and
small numbers of macrophages. In contrast,
inflammatory cells invading the parenchyma
were predominantly macrophages with small
numbers of T cells. B cells remained localized
to perivascular areas. Meanwhile, Iwasaki et
al. [1993] reported two cases in the subacute
and chronic stage (disease duration of 14 and
76 days, respectively), and showed that more
than half of the T cells widely dispersed in the
parenchymal tissue distant from perivascular
areas. Distribution of the T cells seen in our
case resembled to those reported by Iwasaki
et al. [1993], probably reflecting the disease
duration.

JE virus-specific antigen was reported to
be localized in neurons of the affected areas
{Desai et al. 1995]. Hippocampus, adjoining
temporal cortex, and thalamus often showed a
high density of antigen-bearing neurons, fol-
lowed by midbrain, medulla oblongata and
cerebellum. In some cases, the Purkinje cells
and granule cells of the cerebellum were
immunolabeled for the viral antigen despite
the absence of microglial reaction or neuro-
nophagia. In contrast, microglial reaction and
neuronophagia were prominent in the cere-
bellar nuclei, followed by inferior olivary nu-
cleus; many of the microglia being positive
for the phagocytosed viral antigen.

To date, both radiological and neuro-
pathological findings in a patient with JE
have not been reported. Because status epi-
lepticus was seen in the clinical course in our
case, neuronal loss of the hippocampus dem-
onstrated by autopsy may be partly due to the
status epilepticus [Fujikawa et al. 2000]. Sim-
ilarly, the possibility that the hypodensities of
the hippocampus on CT had been secondary

changes following the status epilepticus
could not be completely excluded.

In conclusion, the CT and neuropatho-
logical findings of our case were each consis-
tent with those previously reported in JE. In-
volvement of the hippocampus and thalamus
on CT seemed to reflect the severe lesions
characterized by cellular infiltration and ne-
Crosis.
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A 58-year-old Japanese man developed psychomotor
excitement and hallucinatory paranoia at age 53, which
gradually developed to residual schizophrenia, He was
administered various common tranquilizers until death.
Myelodysplastic syndrome was noted 10 months before
death. A routine autopsy was performed. The brain
weighed 1365 g, and macroscopic observation revealed no
remarkable findings. However, microscopic examination
disclosed cells with enlarged and basophilic nuclei, and
unusual astrocytes in the demyelinated foci, especially at
the corticomedullary junctions in the temporal and occipi-
tal Iobes. On the other hand, the white matter was rela-
tively intact. Immunohistochemical analysis using anti-JC
virus protein, VP-1 antibody, demonstrated JC virus-
infected cells in not only abnormal glial cells and neurons
but also normal-looking cells, which are suggestive of pro-
gressive multifocal leukoencephalopathy (PML). Immun-
ostaining for GFAP revealed severe gliosis and some
scattered abnormal enlarged nuclear cells in the lesions.
Some clusters of CDB8-positive lymphocytes were seen,
which kill infected cells. PML could be considered a short-
term disease preceding death, as “incidental PML” in this
case. This is a rare autopsy case of early PML occurring in
a schizophrenia patient with PML.
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drome, opportunistic infection, progressive multifocal leu-
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INTRODUCTION

Progressive multifocal leukoencephalopathy (PML) is a
deadly demyelinating disease of the CNS caused by
papovavirus and JC virus infection,! which occurs almost
exclusively in people with severe immune deficiency, that is,
it is an opportunistic infection. Progressive dementia, hemi-
paresis and hemianopsia are the most common clinical
manifestations of PML. Rapid deterioration leading to
coma and death within a few weeks or months after the
onset of symptoms is typical. A change in mentation, which
includes personality change, difficulty with memory, emo-
tional lability, and frank dementia, has been the presenting
sign in approximately one-third of cases and eventually
involves most patients.”

This is a rare autopsy report of a schizophrenia patient
with early PML. These findings, which were discovered
incidentally in a routine autopsy, suggest that the PML
pathology manifested in the early phase; therefore, it is
essential to report these clinical and immunohistological
findings.

CLINICAL COURSE

A 58-year-old Japanese man developed psychomotor
excitement and hallucinatory paranoia at age 53. While
considering a suicide attempt, he was taken into protective
custody by police. He was then admitted to a mental
hospital for several months. After discharge, he stopped
attending a mental clinic and his mental condition wors-
ened gradually. He was admitted again at age 55 and was
hospitalized until death. He was very excited on admission
and could not stop speaking. He gradually fell into residual
schizophrenia: psychomotor slowing, lack of initiative,
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Table 1 Dat from inspected blood taken from the case patient in our hospital

MDS diagnosed by bone marrow aspiration
Period before death (months) 14 12 10 8 5 3 1
Inspected item Reference value Unit Inspection value
wiC 45-80 x 10° 78 42 77 85 161 278 Rl
RBC 450350 x 107 317 310 174 189 289 268 267
HGB 13.5-17.5 gidl 9.8 9.9 3.9 6.3 9.6 8.8 9.1
HOT $0-52 % 312 313 18.6 19.6 29.2 28.6 30.7
MOV 85-98 Fl 98.4 101 106 103 101 106 115
M 29-35 Pg 309 319 339 333 33.2 328 34.1
MCHC 32-36 g/dL 314 31.6 37 32.1 329 30.8 29.6
PLT 13-30 x 104 16.8 25.2 214 11.8 22.9 30.6 30.6
NEUT 40-67 % 83.9 65 73 80 81 88 96
LYMPT} 25-45 % 8.7 17.9 12 16 15 5 2
MONO 3-6 % 6 8.9 7 2 1 6 2
EOS 2-5 Y% 1.4 7.7 8 2 3 1
BASO 0-1 % 0 0.5
1IN + + +
RBC disparity ++ + + + +
CRP <(.3 mg/dL 5.9 2.6 0.2 5.4 2 135 14.6

BASO, basoeyte: EOS, cosinocyte: HCT. hematocrit: HGB. hemoglobin: HN, Hypersegmented neutrophil; LYMPH, lymphocyte: MCH, mean
corpuscular hemoglobin: MCHC. mean corpuscular hemoglobin concentration: MCV, mean corpuscular volume; MDS, myelodysplastic syndrome:
MONO, monocyte: NEUT, ncurtrophil; RBC, red blood cell; WBC, white blood cell.

poverty of speech content, poor nonverbal communication,
poor self-care and poor social performance. He was taking
wranquilizers during the majority of his admission: risperi-
done 2 mg/day or haloperidol 5-10 mg/day. He complained
ol hallucinations continuously; he claimed that his back
was being stabbed with needles, and he saw miniature
people. Memory disturbance was noted 13 months before
death. Cranial CT scan did not demonstrate any remark-
able findings. He had weakened physical activity, severe
anemia and neutropenia. Myelodysplastic syndrome
(MDS) was noted on bone marrow aspiration at 7 months
before death (Table ). Finally, his physical condition
declined until he was bedridden at age 57. It was difficult
for a clinical physician to assess his psychiatric symptoms,
so neurodegenerative diseases were suspected at that time.
He died 42 months after admission. The duration of his
mental illness was 5 years,

Physical pathological findings

Postmortem examination. performed 2 hours after death,
revealed an abscess in the renal pelvis of the right kidney,
pncumonia and chronic pancreatitis. Sepsis associated with
nephropyelitis was considered the main cause of death.

Neuropathological findings

The f{resh brain weighed 1365 g. Serial sections of the
formalin-fixed brain revealed slightly bilateral ventricle
enlargement. We used paraffin-embedded blocks from the
left brain for microscopic examination.

@ 2008 Japanese Society of Neuropathology

Histopathological findings

HE staining showed many foamy macrophages, hyper-
trophic astrocytes and abnormal enlarged oligodendro-
cytes in the corticomedullary junction (Fig. 1A.B).
Macrophages and astrocytic gliosis were seen to various
degrees. Some isolated lesions, accompanied by severe
gliosis in the white matter, contained some vacuolations
(Fig. 1G).

KB preparation showed loss of myelin sheaths in the
corticomedullary junction of the temporal and occipital
lobes (Fig. 2). Affected myelinated fibers of the corticome-
dullary junction were observed in both white matter and
the intracortical region (Fig. 1C.D. The intracortical region
was affected more severely than the white matter. The
axons were relatively preserved.

Modified Gallyas-Braak staining® disclosed a small
amount of neurofibrillary tangles in the transentorhinal
region (Fig. IL) (Braak stage I).* Silver stain disclosed a
small amount of senile plaques in limbic regions (Braak
stage B).* This case was not compatible with any neurode-
generative discases.

Immunohistochemical findings

Immunoreactivity for a JC virus protein, VP-1. disclosed
infected cells in the corticomedullary junction (Fig. 1E).
Oligodendrocytes, neurons and astrocytes were seen to be
infected (Fig. 1F). The intracortical region was affected
more severcly than the white matter. The large confluent
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Fig.1 HE staining showed an eosinophilic area
extending in a belt along the corticomedullary junction,
which had a different color from the normal surround-
ings (A). Figures (B), (D) and (F) are respective
enlargements of the square in Figures (A), (C) and (E).
Abnormal glial cells were seen (B). KB staining showed
demyelination in the corticomedullary junctions (C and
D). The axons were relatively preserved. Immunohis-
tochemical staining for a JC virus protein, VP-1,showed
reactivity along the demyelination region in brown (E).
Infected cells throughout the degenerative lesions were
seen (F). Not only glial cells but also neurons were
positively stained. Isolated demyelinated areas in white
matter were seen (G), but immunostaining for VP-1
could not necessarily be revealed in these areas (H).
Immunostaining for GFAP revealed gliosis that widely
spread to the cortex and white matter in brown. Abnor-
mal nuclei astrocytes (arrow head) were seen (I). CD4-
negative and CD8-positive T-cells were seen in some
involved areas in brown (J). Numerous CD68-positive
macrophages were observed in brown (K). Modified
Gallyas-Braak staining showed sparse neurofibrillary
tangles in entorhinal and transentorhinal regions in
purple (L). Representative bar is in Figure (A):
Bar =400 um A, C, E. Bar =200 pm L. Bar = 100 pm B,
D, F-K. Staining methods: HE: A, B, G. KB: C, D.
Gallyas-Braak: L. Immunostaining (antibodies): VP-1:
E,F, H. GFAP: 1. CD8: J. CD68: K.
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Fig. 2 I'his schema shows the distribution of demyelinated areas
{red) in KB staining of coronal slice specimens (slice level: left:
amygdaly, center: pes hippocampi. right: occipital lobe). The
involved arcas were seen particularly in the corticomedullary
junction of the occipital lobe.

lesions  contained  severely immunopositive abnormal
enlarged astroeytes and oligodentroglia (Fig. 1F), which
cannot be necessarily detected in isolated small lesions of
the white matter (Fig. 1H).

Immunostaining for GFAP (Dako Japan, Kyoto, Japan)
revealed gliosis that widely spread to the intracortical
region and white matter. Some scattered astrocytes with
abnormal enlarged nuclei were seen (Fig. 11).

Immunostaining disclosed some clusters of lymphocytes
that were CD4 negative and CDS8 (Nichirei, Tokyo, Japan)
positive T-cells (Fig. 1J). Immunostaining for CD20 did not
reveal B-cells in the lesions.

Macrophages, which immunostained for CD68 (Dako),
were seen in the affected area (Fig. 1K),

Neuropathological diagnosis

Progressive multifocal leukoencephalopathy (PML).

DISCUSSION

Typical symptoms of general PML are diverse and are
related to the location and amount of damage in the brain.
PML lesions can occur anywhere in the CNS white matter:
not only the cerebrum, brainstem, cerebellum, but also the
spinal cord can be affected. The progression of deficits
leads to life-threatening disability and death within a
few weeks or months. The methods to confirm diagnosis
arc immunohistochemical labeling for JC virus (JCV)
protein, revealing the virus by electronic microscopic
examination, and revealing mRNA of JCV protein by in
sitt hybridization.®

Compared to previous neuropathological reports of
PML. the severity of PML in this case was relatively slight.
This case can be regarded as an early PML case. The
rescarch for early cases may help to define the pathogen-
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esis of PML. The involved area of this case was limited to
the occipital and temporal lobes. The corticomedullary
junction, which can often be infected through blood flow,
could be considered one of the frequent onset regions of
PML. There are few neuropathological papers about early
PML cases. In the early PML case report by Astrom,
which was discovered in a routine autopsy. clusters of
small, rounded lesions of demyelination with glial changes
were located within the restricted areas of white matter.
Many lesions were isolated, some were overlapping. The
lesions were mostly uniform, that is, small and rounded in
the white matter, with positive immunostaining for anti-
virus protein. Larger lesions with destruction of myelin
along the border between gray and white matter appeared
to be the result of confluence of the lesions. They extended
along the border over varying distances and involved the
adjacent gray and white matter. This could be a typical
early PML case. Compared to Astrom’s case, in our case
the corticomedullary junction was affected, whereas the
white matter was relatively preserved. Clusters of CDS8-
positive lymphocytes were seen in the lesions. CD8-
positive lymphocytes are cytotoxic T-cells, which kill cells
infected by the virus. In addition, numerous macrophages
and glia were seen. The cytokines induced by lymphocytes,
macrophages and so on could be related to the progression
of PML.

Psychiatric symptoms relating to PML are hard to
detect, even retrospectively. The neuropathological
involvement in this case, revealed in routine autopsy,
could have represented so-called “incidental PML". Orba
reported that in 7% of 94 PML cases no immunodeficiency
diseases were detected.® Previous PML cases, in which
immunodeficiency diseases were not detected, have been
reported, suggesting “primary PML™;? however, it is diffi-
cult for these cases to be regarded as having a non-
opportunistic infection merely because some inspected
tests were within normal limits. JCV does not have patho-
genicity for general individuals. The mechanism of onset
and progression remains unknown. Most PML patients
have been reported in an immunosuppressive state accom-
panied by lymphoma, leukemia, carcinoma, tuberculosis,
and especially AIDS. The underlying disease in this case
was MDS, which includes a large spectrum of hematologi-
cal disease with common features characterized by anemia.
There have been few case reports of PML associated
with MDS."™!" PML is still a rare neurological disorder in
Japan because AIDS is rare compared to other countries;
however, HIV infection appears to be spreading widely in
the Japanese population.”*" In this case, the patient could
not be diagnosed with schizophrenia before the age of 53.
Schizophrenia is generally regarded as a disease starting in
adolescence and early aduithood; however, the proportion
of schizophrenia patients whose illness first emerges after
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the age of 40 has been estimated to be 23.5%." In this case,
the cognitive decline was considered to have resulted
from schizophrenically negative symptoms due to geriatric
chronic hospitalization."” Clinical physicians could not
detect PML in this case and all psychiatric symptoms of
this patient may have been considered as relating to schizo-
phrenia. PML may be easily overlooked in severe psychi-
atric patients. MRI may have revealed the PML in this
case. A highly intense area can usually be seen on
T2-weighted MRL'" There is no known effective cure for
PML but, in some cases, the disease slows or stops if the
patient’s immune system improves; some AIDS patients
with PML have been able to survive for several years with
the advent of highly active antiretroviral therapy
(HAART)." Clinical physicians should consider PML in
chronic psychiatric patients who are likely to develop
opportunistic infection.

In conclusion, a rare autopsy case of early PML occur-
ring in a schizophrenia patient with PML is reported. The
corticomedullary junctions of the temporal and occipital
lobes were affected, whereas the white matter was rela-
tively preserved. Some clusters of CD8-positive lympho-
cytes were seen in the lesions.
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speech: Distribution of cortical lesions in
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A 57-year old man with chronic alcoholism presented with
apraxia of speech and disturbance of consciousness.
He had a history of gastrectomy and had been drinking
alcohol, The symptoms improved with administration of
thiamine, but he later developed diarrhea and delirium,
and died approximately 40 days after the onset. Autopsy
findings were consistent with Wernicke’s encephalopathy
and pellagra encephalopathy. Furthermore, laminar corfi-
cal necrosis with vacuoles and astrocytosis was found in the
second and third layers of the bilateral frontal cortices,
suggesting Morel’s laminar sclerosis. The lesions were
mainly located in the hilateral primary motor cortices.
Involvement of the lower part of the left primary motor
cortex may be associated with apraxia of speech in our
case.

Key werds: apraxia of speech, Morel's laminar sclerosis,
pellagra encephalopathy, primary motor cortex, Wer-
nicke’s encephalopathy.

INTRODUCTION

A brief summary of the clinicopathological features of this
casc was previously reported in this journal as “Neuropa-
thology Education™ by Tsuchiya, one of the authors of this
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paper.! This time, we have added the description of the
clinical course, pathological findings, distribution of the cor-
tical lesions, and review of the literature regarding Morel's
laminar sclerosis. and discuss matters related to clinical
practice.

The term Morel's laminar sclerosis was derived from the
publication by Morel in 1939 describing unusual pathologi-
cal changes in four alcoholics, taking the form of spongi-
form change and gliosis of the cerebral cortex, mostly
confined to the third layer® Although some reports
described patients with Morel's laminar sclerosis™® the
information regarding clinical and pathological findings
has been limited.

Apraxia of speech (AOS) is caused by disturbance of
motor programming of articulation, and is classically dis-
tinguished from Broca's aphasia by the preservation of the
ability to write language.” Here, we report a patient pre-
senting with AOS, and having histological findings in-
dicating Morel's laminar sclerosis, as well as Wernicke's
encephalopathy and pellagra encephalopathy.

CASE REPORT

The patient was a 57-year-old Japanese man, who had been
living alone. After the publication of the previous paper,!
we found that the patient had been drinking 80-100 g of
alcohol per day (The duration was unclear.). Past history
included diabetes mellitus, foot necrosis, angina pectoris,
and gastric cancer. Because of these diseases, coronary
artery bypass graft (at age 51), digital amputation (at age
55).and total gastrectomy (at age 55) were performed. Five

— 243 —



Morel’s laminar sclerosis

days before admission, his brother had contact with the
patient by telephone, and the patient had been normal. On
the day of admission, an acquaintance visited him and
found him lying near his bed. He opened his eyes, but could
not speak. On admission, body temperature was 36.0°C,
blood pressure 136/115 mmHg, and heart rate 101 beats/
min. General examination showed severe emaciation and
surgical scars on the chest and abdomen. The palpebral
conjunctiva was anemic. The second and third digits of the
right foot had been amputated. On neurological examina-
tion, consciousness disturbance (easy arousal after normal
calling), and hyporeflexia in the four extremities were
demonstrated. He could not speak, but comprehension
of spoken language was normal. Tongue protrusion was
impossible. External ocular movement was normal. There
was no motor paralysis in the face or limbs. Ataxia of the
upper limbs was not apparent, while that of the lower limbs
and trunk could not be examined. Blood test showed a
white blood cell (WBC) of 7100/mm?® (normal range: 4000~
9000), red blood cell (RBC) 237 x 10*/mm? (normal range:
430-570 x 10), platelet count (Plt) 14.9 x 10¥mm’ (normal
range: 15-35 x 10%), total protein 6.3 g/dL. (normal range:
6.5-8.0), urea nitrogen 41.6 mg/dL (normal range 8-20),
creatinine 0.7 mg/dL. (normal range: 0.6-1.2), aspartate
aminotransferase (AST) 58 IU/L (normal range: < 35),
alanine aminotransferase (ALT) 45 IU/L (normal range:
<40), blood sugar 180 mg/dL, and C-reactive protein
0.9 mg/dL. Brain CT demonstrated mild atrophy at the
bilateral frontal and temporal lobes. Although blood thia-
mine was not measured, the diagnosis of Wernicke’s
encephalopathy was suspected based on the history of gas-
trectomy and drinking alcohol. Hydration with administra-
tion of thiamine was initiated, but niacin was not given.
Consciousness  disturbance gradually improved, but
anterograde and retrograde amnesia, and time disorienta-
tion became evident. At that time, we found that his
written language was normal, although the disturbance in
speech output was not completely resolved. Diarrhea was
also seen after the initiation of oral intake, but he was
transferred to another hospital 30 days after admission.
Thereafter, he developed delirium and convulsion, and
was transferred back to our hospital 6 days later. He
died on the same day. Artificial ventilation was not admin-
istered throughout the course. Autopsy was limited to the
brain.

The brain weighed 1130 g after fixation. Macroscopically,
bilateral mamillary bodies and inferior colliculi appeared
gray. There were no abnormalities in the thalamus or cere-
bral cortex (Fig. 1). Atherosclerotic changes of the middle
cerebral arteries and basilar artery were mild. Brain tissue
samples were fixed post mortem with 10% formalin and
embedded in paraffin. Ten-um-thick hemispheric sections
were prepared at the plane of the left frontal lobe (the most
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Fig. 1 (a,c) Grayish discoloration in the bilateral mamillary
bodies (a, arrows) and inferior colliculi (¢, arrowheads). (b) At the
level of the upper midbrain. There are no macroscopic abnormali-
ties in the periaqueductal gray matter, thalamus or cerebral
cortex.

anterior section), left amygdala, bilateral mamillary bodies,
left pulvinar nucleus,and right occipital lobe. The sections of
upper and lower portions of the midbrain, upper and middle
portions of the pons, upper, middle, and lower portions of
the medulla oblongata, and bilateral cerebellum were also
prepared. These sections were stained with HE, KB, Bodian,
and Gallyas method, and anti-glial fibrillary acidic protein
(GFAP) (rabbit, polyclonal, Dako, Glostrup, Denmark,
1:1000). Reticulin silver stain was also performed to visual-
ize the capillaries.

Microscopic examination demonstrated necrotic foci
with many vacuoles, accompanied by proliferation of
macrophages and astrocytes, and capillary proliferation in
the bilateral mamillary bodies and left inferior colliculi
(Figs 2,3). Pinpoint hemorrhages were seen in the right
mamillary body (Fig. 2c) and bilateral inferior colliculi.
Neurons were relatively preserved in the lesion (Fig. 2d).
Periaqueductal gray matter and oculomotor nucleus were
not involved. In the thalamus, neuronal loss with astrocy-
tosis was obvious in the bilateral mediodorsal nuclei, ante-
rior nuclei (Fig. 3c), and left pulvinar nuclei. In the bilateral
inferior olivary nucleus, patchy neuronal loss (Fig. 3d) with
astrocytosis was evident. There were no abnormalities in
the hypoglossal nucleus or cerebellum. These findings
suggested the diagnosis of Wernicke’s encephalopathy. In
addition, central chromatolysis of the neurons without
astrocytic or microglial changes was evident in the Betz
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cells (Fig. 3e), pontine nucleus (Fig. 3{), left abducens
nucleus, and bilateral cuneate nucleus, indicating pellagra
encephalopathy. Furthermore, laminar cortical necrosis
with vacuoles and astrocylosis was found in the second and
third layers of the bilateral frontal cortices (Fig. 4). The
vacuoles were partly seen in the first layer. The distribution
ol cortical lesions is shown in Figure 5. The lesions were
mainly located in the bilateral primary motor cortices. On
the left side, the lower part of the primary motor cortex was
involved. The deep layers of the cortex were preserved.
Neither thrombi nor atherosclerotic changes were
observed in the vessels adjacent to the lesions. Alzheimer’s
type-Il astrocytes were absent in the cerebral cortex and
basal ganglia. There were no ischemic changes in the hip-
pocampal pyramidal cells or cerebellar Purkinje cells. The
Braak stage of neurofibrillary tangles was stage I. There
were no Lewy bodies or Pick bodies. In other words, cor-
tical changes cannot be explained by ischemia, hypoxia,
hepatocerebral  degeneration,  or neurodegenerative
discases.

Z Kobayashi et al.

Fig.2 (a) and (b) are serial sections. (a)
Necrotic lesions in the right mamillary
body. Bar =500 pm. (b) Astrocytosis and
central necrosis. Bar = 500 ym. (¢) Many
vacuoles and hemorrhages (arrow) in the
right mamillary body. Bar= 100 um. (d)
Relative preservation of the neurons
(arrows) in the right mamillary body.
Bar = 50 um. (e) Capillary proliferation in
the right mamillary body. Bar = 50 pm. (a)
KB stain, (b) GFAP stain, (¢, d) HE stain,
(e) Reticulin silver stain,

DISCUSSION

Clinically. our patient presented with AOS that improved
after the administration of thiamine. He also developed
diarrhea and delirium probably associated with pellagra.
At autopsy, the diagnosis of Wernicke's encephalopathy
and pellagra encephalopathy was confirmed. Furthermore,
laminar cortical necrosis with vacuoles and astrocytosis
was found in the second and third layers of the bilateral
frontal cortices, suggesting Morel's laminar sclerosis.
Thiamine deficiency, which is considered a cause of Wer-
nicke’s encephalopathy, damages the mamillary bodies,
medial thalamus, and periaqueductal gray matter. Other
areas that are sometimes affected include the corpora
quadrigemina, reticular formation of the midbrain, pontine
tegmentum, superior vermis of the cerebellum.® and infe-
rior olivary nucleus.” Observed lesions include loosening of
the neuropil and vascular changes such as hemorrhage,
capillary proliferation/dilatation, and endothelial swelling
in the mamillary bodies and the subependymal structures
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