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ABSTRACT. We report the case of a 76-year-old woman presenting with 47-month history of
progressive dementia and cortical blindness with no family history. Antibodies against thyroid glands
and the N-terminus of a-enolase (NAE) were detected in her serum. Neurological examination
revealed progressive dementia, frontal signs, visual disturbance, and exaggerated bilateral tendon
reflexes in both legs. Diffusion MRI showed cortical hyper-intensities in the bilateral occipital and
parietal, and the left frontal and temporal cortices. 99mTc-ethyl cysteinate dimer-single photon
emission computed tomography indicated decreased regional cerebral blood flow throughout the
bilateral parietal lobes and partially in the left frontal and temporal lobes. PRNP gene analysis
showed no mutations with methionine homozygosity at codon 129 in peripheral blood. Cerebrospinal
fluid examination, including 14-3-3 and total tau protein detection, revealed normal levels; however,
prion proteins were amplified by the real-time quaking-induced conversion method. Hashimoto’s
encephalopathy was excluded on the basis of unresponsiveness to corticosteroids. The symptoms
progressed slowly. Periodic sharp-wave complexes were observed on electroencephalogram

Correspondence to: Yuichi Hayashi, MD, PhD; Department of Neurology and Geriatrics, Gifu University
Graduate School of Medicine, 1-1 Yanagido, Gifu 501–1194, Japan; Email hayashiy@gifu-u.ac.jp

Received August 2, 2017; Revised August 26, 2017; Accepted September 5, 2017.

454

Prion, 11:454–464, 2017
� 2017 Taylor & Francis
ISSN: 1933-68961933-690X online
DOI: 10.1080/19336896.2017.1377876

https://crossmark.crossref.org/dialog/?doi=10.1080/19336896.2017.1377876&domain=pdf&date_stamp=2017-12-21
mailto:hayashiy@gifu-u.ac.jp
https://doi.org/10.1080/19336896.2017.1377876


36 months after the onset of symptoms; the patient reached a state of akinetic mutism at 47 months.
This was a probable case of MM2-cortical-type sCJD with anti-NAE antibodies based on the World
Health Organization (WHO) diagnostic criteria for sCJD, genetic information, and the slowly
progressive course. However, this case did not meet with the probable WHO diagnostic criteria until
3 years after symptom onset, highlighting the difficulty of diagnosing a living case of the MM2-type
of sCJD. Therefore, establishment of clinical diagnostic criteria for MM2-type of sCJD is required.

KEYWORDS. anti-N-terminus of a-enolase antibody, corticosteroid, Hashimoto encephalopathy,
MM2-cortical-type, MRI, real-time quaking-induced conversion assay, sporadic Creutzfeldt-Jakob
disease

INTRODUCTION

MM2-cortical-type sporadic Creutzfeldt-
Jakob disease (sCJD) is a fatal dementia that
presents with relatively slow progression.
The frequency of MM2-cortical-type sCJD is
reported to be 2% of sCJD cases in the
Caucasian population and 6.7% of sCJD in
the Japanese population.1 Early clinical
symptoms of CJD may overlap with those of
Hashimoto’s encephalopathy, an autoim-
mune-mediated encephalopathy. Therefore,
Hashimoto’s encephalopathy is an important
differential diagnosis in treating CJD. Pres-
ence of anti-N-terminus of a-enolase anti-
bodies (anti-NAE Abs) has been reported to
be a diagnostic marker of Hashimoto’s
encephalopathy.2,3 In addition, 3% of
patients with Hashimoto’s encephalopathy
with anti-NAE Abs present with progressive
dementia mimicking CJD, the so called CJD-
type Hashimoto’s encephalopathy.4 In con-
trast, low titer of neuronal antibodies associ-
ated with immune-mediated encephalopathy
(anti-voltage gated potassium channel-com-
plex [VGKC complex], anti-N-Methyl-D-
Aspartate Receptor, or anti-glycine receptor
[GlyR] antibodies) were detected in several
cases of sCJD.5 Neuronal antibodies occur
rarely in patients with suspected sCJD, and
when present, this diagnosis should be inter-
preted with caution. Therefore, clinical fol-
low-up and responsiveness to
immunotherapy are crucial. Herein, we
report the clinical findings of a probable
case of MM2-cortical-type sCJD with anti-
NAE Abs.

METHODS AND RESULTS

Patient Characteristics and Clinical
Course

A 76-year-old Japanese woman was admit-
ted to our hospital with a 5-month history of
dementia. She had no familial history of central
nervous system disease including prion disease.
Neurological examination revealed a progres-
sive dementia with a revised Hasegawa demen-
tia scale (HDS-R) score of 6/30. The results of
routine laboratory tests were normal, and endo-
crine tests showed a free T3 level of 2.17 pg/
ml, free T4 level of 1.03 ng/dl, and TSH level
of 1.06 mIU/ml. Two months later, she reported
blurred vision on admission. Brain diffusion-
weighted MRI showed hyper-intense areas in
the bilateral occipital and parietal cortices, and
left temporal and frontal cortices (Fig. 1A). An
easy Z-score (eZIS) analysis of 99mTc-ethyl
cysteinate dimer-single photon emission
computed tomography (99mTc-ECD-SPECT)
revealed (Fujifilm RI Pharma, Tokyo, Japan)
decreased regional cerebral blood flow (rCBF)
in the bilateral parietal lobes with left-sided
predominance; decreases were also observed in
a portion of the left temporal and frontal lobes
(Fig. 1B and C).

The patient was readmitted to our hospital
8 months after the onset of initial symptoms.
Neurological examination revealed progressive
dementia (HDS-R of 4/30), bilateral forced
grasping, cortical visual disturbance, and exag-
gerated bilateral tendon reflexes in the lower
extremities without Babinski’s signs. Convul-
sions were not observed. Endocrine tests
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revealed a free T3 level of 1.78 pg/ml, free T4
level of 0.89 ng/dl, and TSH level of 2.35 mIU/
ml. Anti-thyroid peroxidase (17.50 U/ml, NR <

3.2 U/ml) and anti-thyroglobulin (2.8 U/ml, NR
< 0.3 U/ml) antibodies were positive. These
anti-thyroid glands antibodies were analyzed by
electro chemiluminescence immunoassay (SRL

Inc., Tokyo, Japan). Thyroid aspiration biopsy
confirmed subclinical Hashimoto thyroiditis
with mild lymphocyte infiltration. Brain diffu-
sion-weighted images (DWI) of MR showed
cortical hyper-intense areas bilaterally in the
occipital and parietal cortices, and also in the
left frontal and temporal cortices at 8 months

FIGURE 1. Images of MR and 99mTc-ethyl cysteinate dimer-single photon emission computed
tomography (99mTc-ECD-SPECT) 7 months after symptom onset. Panel A: Diffusion-weighted
images (DWI) and fluid-attenuated inversion recovery (FLAIR) images of MR; Panels B and C:
Plain images and easy Z-score analysis images of 99mTc-ECD-SPECT. In panel A, DWI shows
apparent hyper-intensity areas in the bilateral occipital, parietal, and partial left frontal and temporal
cortices. Additionally, FLAIR images showed slightly hyper-intense area in these cortices. In panel
B, the scale bar from 0 to 100 is indicated by the blue to red (higher regional cerebral blood flow
[rCBF]) color gradient. In panel C, easy Z-score analysis images of 99mTc-ECD-SPECT reveal
decreased rCBF bilaterally in the parietal lobes with left-sided predominance and partial decreases
in the left temporal and frontal lobes. A higher Z-score scale indicates a lower rCBF. The Z-score
scale of 2 to 6 is indicated by the black to red (lower rCBF) color gradient.
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after symptom onset. An eZIS analysis of
99mTc-ECD-SPECT revealed an additional
decrease in rCBF in the parietal lobes from
those in the initial examination. Periodic sharp-
wave complexes (PSWCs) were not observed
on the electroencephalogram (EEG). Routine
cerebrospinal fluid (CSF) analysis revealed nor-
mal cell (1 /ml), protein (40 mg/dl), and glucose
levels (72 mg/dl). CSF work-up for prion dis-
ease was negative for both 14-3-3 and total tau
proteins. PRNP gene analysis of peripheral
blood DNA revealed methionine homozygosity
at codon 129, with no mutations.

Detection of Anti-NAE Abs and
Immunotherapy

Immunoblotting analysis of serum anti-NAE
Abs was performed using NAE recombinant
protein expressed in human cultured cells, as
described previously.3 Briefly, recombinant
NAE was expressed in cultured HEK 293 cells
and purified through a His column.3 This analy-
sis was evaluated using 1/320 diluted serum
from the patient, because anti-NAE Abs titer in
normal control was below 1/80. Immunoblot
analysis with anti-NAE Abs obtained from the
patient’s serum at the first admission revealed a
weak positive band at 29 kDa (Fig. 2). On the
basis of detecting anti-NAE Abs in her serum,
we suspected that the patient had Hashimoto
encephalitis. Despite the patient receiving two
courses of steroid pulse therapy (methylpred-
nisolone 1,000 mg/d, 3d per course) and taper-
ing from 40 mg/d to off within 4 weeks, her
symptoms gradually deteriorated. Given this
unresponsiveness to corticosteroids, the diag-
nosis of Hashimoto’s encephalopathy was
excluded.

Result of Real-time Quaking-Induced
Conversion and Long-Term Follow-Up

Later, we performed a real-time quaking-
induced conversion (RT-QUIC) assay using a
CSF sample obtained 7 months after the onset
of the initial symptom. The RT-QUIC assay
involved the use of soluble recombinant PrP as

a substrate, which was seeded with PrPsc and
then subjected to intermittent automated shak-
ing as described previously.12 We obtained a
positive result (Fig. 3).

The patient was discharged from our hospi-
tal. Thereafter, we carried out a long-term fol-
low-up the patient using a multidisciplinary
approach described previously.6 The patient
received chronic care services in a nursing
home, and later entered into a chronic care hos-
pital. Serial MRI revealed progressive brain
atrophy. Serial diffusion-weighted MR images
showed that cortical hyper-intense areas
extended to frontal and temporal cortices and
bilateral basal ganglia from 7 months to
37 months post-symptom onset. DWI signals
were diminished in the occipital cortices at
37 months compared with those at 7 and
18 months. In the frontal and temporal cortices,
signals were diminished at 39 months com-
pared with those at 37 months (Fig. 4). Addi-
tionally, serial EEG revealed PSWCs from
36–46 months after the onset of symptoms (the
terminal-phase of her disease course) (Fig. 5),
but none were found in the early-phase. Con-
vulsions or non-convulsion epileptic seizures
were not observed in her clinical course. She
could take fully-supported diet orally until
46 months after the onset of symptoms. Finally,
she reached a state of akinetic mutism
47 months after the onset of symptoms, and
she died of aspiration pneumonia. Unfortu-
nately, consent to postmortem analysis could
not be obtained.

DISCUSSION

We reviewed 4 reported cases of CJD-type
Hashimoto’s encephalopathy and our case
(Table 1).7-10 Responsiveness to corticoste-
roids is a pivotal differentiator between CJD-
type Hashimoto’s encephalopathy and CJD
with anti-NAE Abs. A work-up that includes
thyroid hormone tests and anti-thyroid glands
antibodies is a crucial first step diagnosing pro-
gressive dementia including Hashimoto’s
encephalopathy. If clinicians encounter a
patient with progressive dementia having posi-
tive anti-thyroid glands antibodies,
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confirmation of steroid-responsiveness and
long-term follow-up are required. Although
detection of anti-NAE Abs has high specificity
as a diagnostic marker for Hashimoto’s enceph-
alitis, this diagnosis was excluded in the current
case because of unresponsiveness to corticoste-
roids. Several similar cases of CJD with other
autoantibodies associated with immune-medi-
ated encephalopathy have been reported.5 The
frequency of such cases was estimated to be <
5% of sCJD, and the titer of autoantibodies in
prion disease were lower than in autoimmune-
mediated encephalopathy.5 The mechanism of
appearance of autoantibodies remains
unknown, but it postulated to result in extensive
and rapid neuronal destruction, as indicated by
a sCJD case in which both anti-VGKC-com-
plex and anti-GlyR antibodies were identified.5

This study also highlighted that neuronal

antibodies occur only rarely in patients with
suspected sCJD, and when present, the diagno-
sis should be interpreted with caution.5

Even today, prion disease is untreatable and
fatal. If an autoimmune-mediated encephalopa-
thy case is misdiagnosed as a prion disease, the
patient’s symptoms would not be improved due
to under-treatment. Therefore, when clinicians
encounter a patient presenting progressive neu-
ropsychiatric symptoms with a low-titer of neu-
ronal antibodies, at least first-line
immunotherapy should be administered, and
patient responsiveness assessed before conclu-
sively making a diagnosis of prion disease. In
our case, long-term follow-up demonstrated
that the patient’s clinical course was similar to
MM2-cortical-type sCJD.1,11 However, infor-
mation from pathological analysis and/or west-
ern blot analysis of prion protein was not

FIGURE 2. Immunoblot analysis of the anti-N-terminus of a-enolase (NAE) antibodies. Anti- NAE
antibodies (*) were detected in serum obtained from the patient 8 months after symptom onset.
MW: the molecular weight marker; A: the serum obtained from Hashimoto encephalitis with anti-
NAE antibodies as a positive control; B: the serum obtained from the present case 8 months after
the onset; C: the serum obtained from the anti-NAE antibodies negative patient as a negative con-
trol. The bands at 97 kDa or above indicate immunological reactivity with derivatives from HEK293
cells, which were used to generate recombinant NAE protein. Bands greater than 97 kDa corre-
spond to non-specific reactions with sera and appeared variously across samples. These bands
were confirmed to be non-immunologically reactive with anti-His antibody, which could be used to
verify expression of the recombinant NAE protein.2,3
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obtained Ultimately, we clinically diagnosed
the patient as a probable case of MM2-cortical-
type sCJD based on the slowly progressive
course, the results of gene analysis, and the
WHO diagnostic criteria for sCJD.

Retrospectively, we found that the RT-QUIC
results specifically supported the diagnosis of
sCJD in the early-phase of the disease. The RT-
QUIC assay is relatively new,12 and reportedly
provides a sensitivity of 85% and specificity of

99% for diagnosing CJD.13 False-positives
resulting from this assay are rarely reported,13-16

and are often unaccompanied by cortical hyper-
intensities on DWI except in convulsion
cases.13,16 Cortical hyper-intensities in DWI
caused by convulsions or seizures often present
as edematous and are usually diminished within
one month.17 In contrast, our case did not show
such a reversible radiological course (Fig. 3).
Long-term follow-up studies including serial

FIGURE 3. Real-time quaking-induced conversion (RT-QUIC) assay. (A) RT-QUIC cerebrospinal
fluid sample obtained 7 months after the onset of initial symptoms from the present case, (B) Nega-
tive control (autopsy-verified case of non-CJD), and (C) Positive control (autopsy-verified case of
CJD).
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MRI never supported a clinical diagnosis of
frontotemporal dementia, Alzheimer’s disease,
dementia with Lewy bodies, or encephalopathy
with convulsion. Additionally, findings from our
patient’s serial MRI and SPECT studies indicat-
ing initial and widespread occipital involvement

were different from those observed in MM2-tha-
lamic-type sCJD18 or V180I genetic CJD.19

Finally, we summarize the case from initial
symptoms to the major clinical symptoms man-
ifested over the course of the disease. The ini-
tial symptoms indicative of dementia were the

FIGURE 4. Serial diffusion-weighted images of MR. Serial diffusion-weighted images (DWI)
obtained at 7, 18, 37, and 39 months (M) after the onset of initial symptoms. The upper panel
shows serial MR images at the level of the basal ganglia, and the lower panel shows those at the
slice of corona radiata. Serial DWI showed that cortical hyper-intense area extended across frontal
and temporal cortices and bilateral basal ganglia from 7 months to 37 months. DWI signals were
diminished in the occipital cortices at 37 months, compared with those at 7 or 18 months, and in
the frontal and temporal cortices at 39 months versus 37 months.

FIGURE 5. Electroencephalogram (EEG) 36 months after the onset. Periodic sharp-wave com-
plexes, which observed on the EEG 36 months after the onset of initial symptoms.
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only neuropsychiatric symptom in the initial
6 months after onset, and later was accompa-
nied by blurred vision at 7 months after onset
of symptoms. Pyramidal signs were detected at
8 months after onset, extrapyramidal signs
were detected by 24 months after onset, and
myoclonus was finally observed in 36 months
after onset. PSWCs were not observed until
36 months after onset. This case did not satisfy
the WHO diagnostic criteria for sCJD in the
initial 6-month of the disease course because of
isolated progressive dementia. In addition, the
case did not comply as a probable item on the
WHO diagnostic criteria for sCJD until 3 years
after the onset of the initial symptoms. Clinical
characteristics of MM2-cortical type sCJD for
this and previous cases are summarized in
Table 1.1,11,20-24 As a rule, clinical progression
of MM2-type sCJD is relatively slower than
that of MM1-type sCJD.1,11,20 In the early-
phase of MM2-cortical type sCJD, we have
often encountered such an isolated progressive
dementia with supportive MRI findings; how-
ever, a results of CSF work-ups were not sup-
portive of a diagnosis of prion disease.
Clinicians often have difficulty in making an
early diagnosis of MM2-type sCJD. Therefore,
establishment of specific clinical diagnostic cri-
teria for MM2-type sCJD is required.

ABBREVIATIONS
anti-NAE Abs anti-N-terminus of a-enolase antibodies

CJD Creutzfeldt-Jakob disease
CSF cerebrospinal fluid
DW diffusion-weighted
EEG electronic encephalogram

FLAIR fluid-attenuated inversion recovery
NSE neuron-specific enolase

PSWCs periodic sharp-wave complexes
RT-QUIC real-time quaking-induced conversion

sCJD sporadic Creutzfeldt-Jakob disease.
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