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Uptake and Efflux of Quinacrine at BBR
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Fig. 2. Characteristics of quinacrine uptake by
MBEC4 cells. Panel {A), time course of quinacrine
{1 uM) uptake by MBEC4 cells. Panel (B), changes
in the quinacrine (1 M} uptake by MBEC4 cells ex-
posed to 0.015% Triton X for 10 min before the uptake
experiment. Panel {C), concentration-dependence of
quinacrine uptake by MBEC4 cells. Initial uptake rates
at various concentrations of quinacrine (1-200 uM)
were measured at 37°C for 15 min. Curves for total,
mediated, and diffusive uptake were drawn using the
parameters obtained from nonlinear regression analy-
sis (MULTT). Each point represents the mean + SEM.
(n=4-20).** P < 0.01; significant difference from the
control.
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Table L. Effects of Various Compounds and Sodium-Replacement
on Uptake of Quinacrine {1 uM) by MBEC4 Cells

Celi/medium ratio

Condition Concentration (% of control)
NaN3 - 10 mM 67.2 £ 3.03%*
DNP 1 mM 702 4 1,790+
4°C 18.6 4 2.228.%+
FCCP 10 uM T7.4 4 2.49%%
Valinomycin 10 uM 972 +422°
Amiloride 1 mM 974 +£3.16°
Tetraethylammonium 1mM 88.0 + 2.950**

5mM 84.3 £ 2.9304
10 mM 75.4 £ 4155
Cimetidine 1mM 81.3 4+ 5.56%%
5mM 57.8 & 1.700*
10 mM 36.8 £ 1.619*
Na* replacement with 104 + 2.87¢

N-methylglucamine

*MBEC4 cells were preincubated with NaN3, DNP. FCCPE, valino-
mycin, or amiloride for 10 min. Control values were 4.9 4= 0.42 x
10° pLimg protein. %*Quinacrine uptake was measured by incu-
bating MBEC4 cells with TEA or cimetidine, Control values were
4.1 £0.19 and 5.2 % 0.19 x 10° uL/mg protein, respectively.

“9For investigation of the sodium dependency, quinacrine uptake
was measured where Na* in the uptake buffer was replaced by
N-methylglucamine. Control values were 3.6 + 0.22 x 10° uL/mg
protein. Quinacrine uptake was measured at 37°C for 15 min. Val-
ues are expressed as % of control. Values are shown as means +

** P < 0.01; significant difference from the control,

(Fig. 3(B)). These findings demonstrated that quinacrine uptake by MBEC4 cells was
pH-dependent. Pretreatment with 10 mM of NaN; inhibited quinacrine uptake at
each pH used (Table II}. Quinacrine uptake was not affected by 1 mM of amiloride
(Table I). Therefore, quinacrine uptake was found to be unaffected by Na*/H*
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Fig.3. Effects of the membrane potential (A) and pH (B) on the uptake of quinacrine
(1 M) by MBEC4 cells. Panel (A), effects of various concentrations of external
potassium on quinacrine uptake: 0mM (hyperpolarized), 4.7 mM (control}, or 100mM
(depolarized). Panel (B), effects of various pH of the medium on quinacrine uptake,
Quinacrine uptake was measured at 37°C for 15 rin. Values are expressed as the
cell-to-medium ratios. Values are shown as means + SEM. (n = 12).
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Table II.  Effect of ATP Depletion on the Uptake of
Quinacrine {1 xM) by MBEC4 Cells

Cell/medium ratio (uL/mg protein x 10F)

pH Normal ATP-depletion
6.4 1.61 £ 0.02 1.36 £ (.03
7.0 353+ 014 328+0.10
74 395+ 032 3204033
8.0 4.71 £ 0.35 3874030
8.4 477 £ 0.19 3824022

MBEC4 cells were preincubated with 10 mM NaN,
for 10 min (ATP depletion). Quinacrine uptake was
measured at 37°C for 15 min. Values are shown as
means £ SEM (n = 3-8).

*P < 0.05,* P < 0.01; significant difference from the
control.

exchange. The effects of organic cations and P-gp inhibitors on quinacrine uptake
were investigated. The organic cations including TEA (1-10 mM) and cimetidine (1-
10 mM) significantly reduced quinacrine uptake by 12-25% and 19-65%, respectively
(Table I). In the presence of cyclosporine (10 M) or verapamil (20 M), quinacrine
uptake under the steady-state significantly increased by about 10% (Fig. 4).

To provide molecular evidence for the expression of OCTNI1 in MBEC4 cells,
RT-PCR was carried out (Fig. 5). With a primer pair specific for mouse OCTN1,
RT-PCR with mRNA obtained from MBEC4 cells yielded a single product. The size

of this product was the same as that expected from the primer positions in mouse
OCTN1.

DISCUSSION

The BBB permeability coefficient of quinacrine, a candidate for the treatment of
CJD, was much lower than that of Na-F, a BBB-impermeable marker, suggesting that

ok

-
(=]

-0- Control
3 -+ Verapamil 20 pM

-0~ Control
- o+ CsA 10 pM

Cell/medium ratio
(uLimg protein X 10%)
O N »~ @

¢ 10 20 30 40 50 8D 0 10 20 30 40 50 60
Time (min) Time {min)

Fig. 4. Eifects of 10 uM cyclosporine (A) and 20 uM verapamil (B) on uptake of
quinacrine (1 M) by MBEC4 cells. Quinacrine uptake was measured at 37°C in the
absence and presence of cyclosporine or verapamil. Vatues are expressed as the cell-
to-medium ratios, Values are shown as means + SEM. (n = 8).
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Fig. 5. Photograph showing OCTNI expression in
MBECA cells by RT-PCR. RNA samples from MBEC4
cells were used for RT-PCR with primer pairs specific
for mouse OCTN1.

the permeability of quinacrine into the brain through the BBB is extremely low. To
determine which machinery is involved in the low permeability of quinacrine across
the BBB, we investigated the polarity of transcellular transport of quinacrine and
the effects of P-gp inhibitors (cyclosporine and verapamil} on the BBB permeabil-
ity of quinacrine. The basolateral-to-apical (brain-to-blood) transport of quinacrine
across MBEC4 monolayer was greater than quinacrine transport in the opposite di-
rection {Fig. 1(B)). Cyclosporine and verapamil increased the apical-to-basolateral
(blood-to-brain) transport of quinacrine (Fig. 1(C)). Quinacrine uptake by MBEC4
cells under the steady-state was significantly increased by cyclosporine and verapamil
(Fig. 4). These findings indicate the possible involvement of P-gp in the efflux trans-
port of quinacrine. P-gp largely contributes to multidrug-resistance of the BBB in an
ATP-dependent manner. This study provided controversial evidence that metabolic
inhibitors or incubation at low temperature decreased quinacrine uptake (Table I).
Quinacrine was actively and concentratively accumulated in MBEC4 cells. A large
part of quinacrine is probably taken up via the saturable system, although quinacrine
uptake was shown to have both saturable and nonsaturable pathways (Fig. 2(C)).
Uptake of quinacrine by choroid plexus cells was organic cation-specific and energy-
dependent (Miller et al., 1999). In light of these findings, P-gp (an efflux system) and
other influx transport system(s) are considered to mediate quinacrine transport into
the brain.

We elucidated a role of the known organic cation transporters (OCT1, OCT2,
OCT3, OCTNTI, and OCTN2), and the specificity or driving force of those trans-
porters in mediating quinacrine uptake by MBEC4 cells. Quinacrine uptake was sig- -
nificantly inhibited by various organic cations including TEA and cimetidine, which
are known to be a substrate and an inhibitor of the organic cation transporters, re-
spectively. Quinacrine uptake was insensitive to changes in the membrane potential
(Fig. 3(A)) and strongly inhibited by lowering the external pH (Fig. 3(B)). These
characteristics are distinct from those of the OCT1, OCT2, and OCT3, all of which
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are dependent on the membrane potential (Gorboulev er al., 1997, Grundemann
et al., 1994; Kekuda, ez al., 1998). Considering quinacrine is an organic base, the pH-
related decrease in quinacrine uptake may have resulted from an increase in the
concentration of ionized quinacrine according to the pH partition theory. However,
our data showing that quinacrine uptake by MBEC4 cells at each pH was inhib-
ited by NaNj (Table I} suggest that a pH-sensitive transport system is involved
in quinacrine uptake. Transport of quinacrine increased by elevating the outward
H* gradient across the membrane. This finding indicates that guinacrine may be
transported through MBEC4 cells by an H*/quinacrine antiport. The activity of
H*/organic cation antiporter is regulated by pH or H* gradient as the driving force
(Maegawa et al., 1988). The H* gradient is formed by Na*/H* exchange in the vicin-
ity of the apical membrane of brain endothelial cells (Ennis ez al., 1996). The Na*t/H+
exchange is, however, unlikely to participate in quinacrine uptake by MBECH4 cells,

'since Na*-depletion and amiloride failed to reduce quinacrine uptake (Table I).

OCTN1 is Na*-independent organic cation transporter (Wu ef al., 2000). OCTN2
mediates uptake of L-carnitine and several organic cations in an Nat-coupled and
Na*-independent manner, respectively (Wu ez al., 1999). OCTN1 is a pH-dependent
organic cation transporter presumably energized by a proton antiport mechanism
(Yabuuchi ef al., 1999). The characteristics of quinacrine transport obtained in this
study are similar to those of OCTN1. Mouse OCTNI1 is distributed in the brain,
heart, and liver, and strongly expressed in the kidney (Tamai ef al., 2000). RT-PCR
analysis of MBEC4 cells demonstrated the expression of OCTN1 (Fig. 5). Therefore,
OCTN1 is suggested to be a potential transporter mediating quinacrine uptake by
MBEC4 celis.

The BBB permeability of quinacrine was extremely low, although quinacrine was
rapidly transported into the brain endothelial cells by the apical pH-dependent trans-
port system. A weak organic base binds to a variety of polyanions including RNA,
DNA, and ATP, and accumulates in the acidic intracellular compartments (Miller
et al., 1999). Quinacrine is distributed in the nucleus and vesicular compartment in
the cytoplasm of choroid plexus cells (Miller et al., 1999). In the brain endothelial
cells, a large part of quinacrine was shown to be distributed and accumulated in the
intracellular binding compartment (Fig. 2(B)). The resulting small part of quinacrine
in the intracellular nonbinding compartment appears to contribute to the BBB per-
meability. The P-gp-mediated active efflux at the apical side of the plasma membrane
and the large storage capacily in the cytoplasm are considered to restrict the entry
of quinacrine into the brain. The mechanism involved in quinacrine transport at the
basolateral side remains obscure.

In conclusion, quinacrine transport at the BBB is mediated by the influx and
efflux transport systems. The influx of quinacrine is mediated by a pH-dependent
and Na*- and membrane potential-independent system, an OCTN1-like transporter.
The efflux of quinacrine evoked by P-gp at the BBB restricts the entry of quinacrine
into the brain. This phenomenon may be interpreted as lowering the therapeutic
efficacy of quinacrine for CID. This study may have clinical implications; quinacrine
concentrations in the brain increased by P-gp modulators including verapamil may
enhance the therapeutic efficacy of quinacrine for CID.
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Abstract

Several chemicals inhibit the accumulation of abnormal
prion proteins in vitro. We administered cone, the anti-
malarial agent quinacrine, to three patients with sporadic
Creutzfeldt-Jakob disease (CJD) and to one with iatro-
genic CJD. Quinacrine at 300 mg/day was given enterally
for 3 months. Within 2 weeks of administration, the
arousai level of the patient with akinetic mutism im-
proved. The other 3 patients, insensible before treat-
ment, had integrative responses such as eye contact or
voluntary movement in response to verbal and/or visual
stimuli restored. Clinical improvement was transient,
lasting 1-2 months during treatment. Quinacrine was
well tolerated, except for liver dysfunction and yellowish
pigmentation, Although its antiprion activity in the hu-
man brain has yet to be proved, these modest effects of
quinacrine suggest the possibility of using chemical

intervention against prion diseases.
I — Copyright ©2004 5. Karger AG, Basel

Introduction

Creuntzfeldt-Jakob disease {(CID), a prion-mediated
disease in humans, is invariably fatal. Accumulation of
the abnormal protease-resistant prion protein (PrPse),
formed posttranslationally from the normal endogenous
protease-sensitive isoform (PrP), is a central event in
CID pathogenesis [1]. Recent outbreaks of a new variant
of CID in young people [2], and of iatrogenic CJD after
cadaveric dura grafting [3], require that treatment be
immediately available for dying humans, The antimalar-
ial agent quinacrine has long been used to treat patients
with malaria and giardiasis. Two recent reports found
that quinacrine inhibits and eradicates PrP5 in scrapie-
infected neuroblastoma cells [4, 5]. Korth et al. [5] found
that of the acridine and phenothiazine derivatives they
tested, quinacrine and chlorpromazine inhibited PrPSe
accumulation, and they noted the importance of the ali-
phatic side chain on the middle ring moiety of tricyclic
compounds, Quinacrine was 10 times more potent than
chlorpromazine, its effective concentration for half-maxi-
mal inhibition (ECsp) of PrP% formation being 300 nM
[5] {400 nAf in the report of Doh-Ura et al. [4]). After
chronic oral administration of quinacrine to humans, its
serum concentration exceeded 450 nd for a total dose of
4.5 g given over 6 days [6). Quinacrine is also deposited in
the brain [7], and the tissue to plasma concentration ratio

©2004 5. Karger AG, Basel
KARG E R 1420--8008/04/0173-0158821.00/10
Fax+4161 306 1234
E-Mail karger(@karger.ch Accessible online at:
www. karger.com www, karger.com/dem

Masashi Nakajima, MD

Department of Neurology, Tokyo Rosai Hespital

4-13-21 Obmori-minami, Ohtaku

Tokyo 143-001 3 (Fapan)

Tel +81 3 3742 7301, Fax +81 3 3744 9310, E-Mail masashic@tokyoh.rofuku.go.jp

Reproduced with permission of the copyright owner. Further reproduction prohibited without parmission.



Tabde 1. Clinica! findings before and after quinacrine treatment

akinetic mutism;

gaze oriented to

1/46,M7 11 months eyes open to NG tube fixation of eyes from the 2nd to
sCID roving eye movement; noxious stimul; the direction of a 5th week

cortical blindness reflex myoclonns votee; decreased

reflex myoclonus

2/58M/ 2 months alert; eyefracking for  withdrawaland NG tube smiles at family decreased action from the 6th day
sCID the object; startle purposeless members; eye tracking myoclonus to the 6th week

response to visual, movement; . and startle response

auditory and factile action myoclonus; to an object presented

stimuli; ignorance of  paraplegia in in the right visual field

object presenied n flexion

the right visual field
3/61/F/ 2 months alert; fearful, startle withdrawal fed orally, increased eyecontact  voluntary left arm from the 8th day
sCID response; responseto  movernent; orNGtube  with the examiner; movement and to the 3rd week

visnal and suditory laughter at visualand  side-to-side head

stimuli; tight hemi- auditory stimuli movement

anopsia
4/58/F/ 6 years alert; grimacingand  palilalia; stereo- fed orally apparent eyecontact  abletositupona from the 2nd to
possibly moaning to noxious  typed limbs with people; laughter  reclining chair 8th week
iatrogenic CID stimuli; listless to and orolingual at visual and auditory

visual and auditory movement; stimuli; appropriate

stimuli impossible to sit “yes or no’ to questions

or stand up even
with assistance

Dx =Diagnosis; NG = nasogastric.

is very high [8]. Its pharmacokinetics suggests that a con-
centration of quinacrine can be obtained in the human
brain sufficient to inhibit abnormal prion accumulation,
as shown in ap in vitro experiment [4, 5].

Patients and Methods

Patients

Three patients with clinically probable sporadic CID (sCID;
patients 1-3) and one with possible iatrogenic CJD which may have
been transmitted by dura mater grafts {patient 4) were studied, Their
ages, sex, duration of illness and status at the start of the study are
given in table 1. These patients were admitted to Fukuoka University
Hospital between October 2001 and February 2002, The three sCID
patients fulfilled the Masters’, French and European criteria for
probable CJD [9] and showed progressive dementia, myoclonus,
visual or cercbellar signs, extrapyramidal signs, typical periodic
sharp and slow wave complexes (PSWCs) on EEGs, and positive
detection of CSF 14-3-3 proteins.

Patient 4 had undergone removal of a right cerebellopontine
angle tumor and had had dura mater grafts in July 1991. She received
a single brand of dura mater graft, LYODURAS®, processed by B,
Braun Melsungen AG before 1987, which brand was found to be
responsible for 2 Japanese outbreak of jatrogenic CTD [3]. She devel-
oped progressive dementia in January 1996, became listless within 2

Quinacrine for Crentzfeldt-Jakob Disease

years, and was bedridden within 4 years of onset. Stereotyped repeti-
tive limb movement (palikinesia) and a few patterns of simple sound
repetition (palilalia} characterized her status. She moaned emction-
ally on manipulation of her lirmbs and had dysphasia, but swallowing
was possible when fed. She had extrapyramidal rigidity and exagger-
ated tendon reflexes, but no ataxia, myoclonus, PSWCs or CSF 14-
3-3 proteins. MRI showed diffuse cerebral atrophy. Nondegenerative
dementias caused by anoxic brain damage or normal pressure hydro-
cephalus, and dementias of infectious, neoplastic, metzabolic, nutri-
tional or endocrine origin were excluded.

Methods

The four patients were administered 300 mg/day quinacrine
enterally for 3 months. The study had been approved by our instity-
tion’s ethics committee, and the patients’ relatives had consented to
the procedure, Quinacrine was given as 100 mg of powder in capsule
form. It was administered orally 3 times a day afier each meal, or
through a nasogastric tube after being dissolved in water at 37°C.
The patients” behavior and neurological examinations were video-
taped every 2 weeks. Routine hematological and blood chemistry
studies were done weekly, and EEGs were obtained every 2 weeks.
Brain MRI that included diffusion-weighted (DW) images was done
in the 4th and 12th weeks after treatment began. Quinacrine was
withdrawn if major side effects such as convylsion, bone marrow
suppression (white blood cell count <2,000/ul) or significant liver
dysfunction (>5 times the normal upper limits for aspartate amino-
transferase or alanine aminotransferase) occurred. In addition, if the
patient’s condition was complicated by infection, metabolic irregu-
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larities or gastroiniestinal problems, quinacrine was withdrawn and
readministered only when the condition had retursed to normal. No
other medicines were given during the period of quinacrine adminis-
tration. The plasma concentration of guinacrine in the patients’
blood samples was measured by high-performance liquid chromatog-
raphy.

Results

Quinacrine was well tolerated by ali the patients. Yel-
lowish skin pigmentation invariably appeared 10-14 days
after ireatment began. Transaminase values were elevated
in 3 of the 4 patients, but never reached 5 times the nor-
mal upper limits, Patients 1 and 2 had quinacrine with-
drawn temporarily because of aspiration pneumonia, uri-
nary tract infection or diarrhea, but both finally com-
pleted the 3-month treatment course,

Clinical Course

A change in cognitive state appeared during the first 2
weeks of treatment (table 1). Patient 1’s unfocused, occa-
sionally roving eyes (fig. 1a) became fixed (fig. 1b) and
sometimes were oriented to the side of auditory stimuli
(fig. 1¢). When stimulated, patients 2 and 3 showed miti-
gation of irritable mood and the return of smiles or laugh-
ter. Patient 3, who had been apathetic (fig. 1d), made
apparent eye contact with people {fig. 1¢), turned her head
from side to side in response to the examiner’s position,
and had purposeful, voluntary movement of the left arm
(fig. 1f). Patient 4 also made eye contact with people and
nonpathological laughter in response to stimuli was re-
stored. She also nodded or shook her head, apparently
indicating ‘yes’ or ‘no’, in response to simple verbal ques-
tions such as those about pain or thirst,

These changes in mood or cognitive function were
invariably transient, lasting 2-8 weeks during the period
of quinacrine administration, after which cognitive func-
tion gradually decreased to baseline levels. Due to the
associated conditions described previously, quinacrine
was temporarily withdrawn from patient 1 in the 5th and
patient 2 in the 6th week. Both patients’ conditions deteri-
orated to akinetic mutism that remained even after quina-
crine was restarted. After 3—8 weeks of treatment, cogni-
tive function in patients 3 and 4 had regressed with no
predisposing factors.

EEG and MRI Findings

Patient 2 showed changes in both EEG and MRI find-
ings, which may be associated with the clinical changes
that occurred. Typical PSWCs in the severely suppressed
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S

Fig. 1. Patients’ appearances before (left) and after (right) quinacrine
treatment. a-¢ Patient 1 had an apathetic appearance and unfo-
cused, roving eye movements before treatment {a). After treatment,
there was eye fixation (b) and gaze oriented to auditory stimulus (¢).
d-f Patient 3 was listless and apathetic before treatment (d). After
treatment, she had 2 well-oriented facial expression (e) and purpose-
ful linsb movement ().

background before treatment (fig. 2a) had become irregu-
lar slow activities with less periodicity and no suppression
by day 16 of treatment (fig. 2b). Before treatment, DW-
MRI detected high signals bilaterally in the corpus stria-
tum and insular and cingulate gyri, as well as in the tem-
poral and parietal lobes. The signal intensities in the tem-
poral and parietal lobe lesions were higher on the left than
the right {fig. 3a), at which time the patient did not
respond to visual stimuli presented in the right visual
field, but did respond to stimuli in the left visual field.
Startle responses to threatening stimuli in the right visual
field, which appeared on day 19 of treatment, lasted 2
weeks. DW-MRI on day 23 showed decreased high signal
intensities in the left temporal and parietal lobes, whereas
intensity remained high in the other regions (fig. 3b).
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Fig. 3. DW-MRI of patient 2. The right side of each image corre-
sponds to the left side of the brain. High signal intensities were
present in the corpus striatum and insular and cingulate gyri on both
sides, and in the paristal and temporal lobes before (a) and after (b)
quinacrine treatment, In b, the high signal in the left temporoparietal
Iobes (arrow) is attenuated, whereas signals in the other regions
remain unchanged.
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Fig- 2. Electroencephalograms for patient 2 before (a) and after (b}
quinacrine treatment, PSWCs with totally suppressed background
activities (a) were replaced by fewer periodic patterns and restored
backeround activities after treatment (b).

Before treatment, patient 3 had high DW-MRI signals
in the corpus striatum, cingulate gyrus and left parietal
and temporat cortices. These had not changed by the 4th
week of treatment, but they disappeared during the 12th
week. The other two patients showed diffuse cerebral
atrophy without high signals on DW-MRI, which findings
did not change after treatment. On the EEGs, patient 1
had PSWCs in the suppressed background before treat-

Quinacrine for Creutzfeldt-Jakob Disease

Fig. 4. Plasma concentrations of quinacrine during and after its
administration. The concentration increased with the number of
days of treatment. Quinacrine was still detectable in the plasma after
drug discontinuation on day 84, indicating that it had accumulated
in tissues.

ment. These disappeared and were replaced by diffuse
slow activities of 3-7 Hz during the 2nd week of treat-
ment, but they returned during the 4th week and disap-
peared thereafter, Patient 3 had PSWCs superimposed on
slow background activities, and patient 4 showed diffuse
slowing with occasional alpha activities. These features
remained unchanged after treatment.
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Plasma Concentration of Quinacrine

The plasma concentration of quinacrine increased
with the length of administration {(fig. 4). It reached
300 nM within 14 days and was as high as 2,500 nM near
the end of the treatment period. Moreover, quinacrine
was detectable in the patients’ plasma 6 weeks after its
discontinuation.

Discussion

In their search for potent agents to treat prion diseases,
Doh-ura et al. [4] reported inhibition of PrPS¢ accumula-
tion in scrapie-infected neuroblastoma cells by lysosomo-
tropic agents, including quinacrine and cysteine protease
inhibitors. These agents may interfere with the conver-
sion of PrPe¢ to PrP3 at the plasma membrane or along an
endocytotic pathway to the lysosomes. Recently, Collins
et al. [10] reported that quinacrine did not prolong surviv-
alin a murine CJD model. Results of animal experiments,
however, depend on the animal species and prion strain.
Subcutaneous quinacrine administration prolonged the
survival of transgenic mice inoculated with 263K scrapie
agents into the brain [Doh-ura, pers. commun.].

We studied four patients, of whom three had clinically
probable sCJD and one possibly iatrogenic CJD. All four
had improved arousal levels after quinacrine treatment.
Other changes in global brain function included decreased
frequencies of reflex or action myoclonus (patients 1 and
2) and startle response {patients 2 and 3), and mitigation
of the hyperkinetic state (patient 4). Focal brain functions
restored were nonpathological laughier (patients 2-4),
visual field (patient 2) and voluntary movement (patient
3). These changes might have been due to factors other
than quinacrine, e.g. encouragement of contact by family
members or caregivers, but this conld be excluded for two
reasons. Firsily, in Japan, intensive care is customarily
given to severely disabled patients who have definitely
poor prognoses. As in the case of patient 1, tube feeding is
usually initiated and continued for irreversibly disabled
patients because family members will not accept the ces-
sation of feeding, The contact provided by family mem-
bers and caregivers did not change after quinacrine treat-
ment was begun in the present study. Secondly, the
chanpes seen after treatment were transient, lasting 2-8
weeks. Thereafter, the patients’ conditions regressed,
even during quinacrine administration.

Of the three patients with clinically probable sCID,
transient improvement occurred not only in patients 2
and 3, who were in the early stage, but also in patient 1,
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who was in the terminal, akinetic mutism stage, This last
patient bad an improved arousal level associated with
directed fixation of the eyes {fig. 1a—c) attributable to the
function of the brainstem reticular formation, a structure
relatively preserved in the classic, Heidenhain variant of
sCID {11}. The most marked change, seen in patient 2,
was the restored response to objects presented in the right
visual field. This change was accompanied by decreased
DW-MRI signal intensities in the left temporal and pari-
etal lobes. DW-MRI is a new technique that noninvasive-
ly images molecular water proton diffusion processes that
occur on a micrometer scale [12]. Mitial et al. [13]
reported that in CYD, the high-intensity signal areas seen
in DW-MRI are correlated with a high degree of spongi-
form change. They speculated that these changes are the
result of the microvacuolation of neuritic processes, her-
alding spongiform degeneration. Of our four patients, the
two who were in the early stage of illness had high signals
on DW-MRI that lasted for 2—3 months bui which had
disappeared 5 months into the illness. Although the exact
mechanism is unknown, the immature attenuation of the
high signals in the temporal and parietal lobes, which was
correlated with clinical changes in patient 2, suggests that
the high DW-MRI signals in CJD may represent revers-
ible changes. Decreases in the action myoclonus and star-
tle response in patient 2 were accompanied by decreased
PSWCs and increased EEG background activity. These
EEG findings suggest that mitigation of the irritable state,
which produced a calm appearance, was due to improved
cortical function and not to deterioration,

Cognitive function was restored temporarily in patient
4, who had an unusually prolonged course. She may have
received contaminated cadaveric dura mater before on-
set, and her incubation period of 66 months compares
with the incubation periods of other Japanese patients
{mean incubation period 89 % 44 months, range 16~-193
months) during the CID outbreak [3]. She had rapidly
progressive dementia during the first 2 years of her total,
prolonged 6-year course. Some Japanese patients with
dura mater-associated CJD may have a clinically variant,
longer duration of illness, characterized pathologically by
florid-type plaques [14]. The diagnosis in that patient’s
case has had to be postponed, but quinacrine treatment
appears to be beneficial for patients with rapidly progres-
sive dementia and prolonged survival.

Whether the changes found are due to the antiprion
effect of quinacrine, as reported in in vifro experiments, is
unknown. Therapeutic doses of quinacrine are known to
cause psychomotor hyperactivity. The incidence of quina-
crine psychosis is reported to be 0.9-4 per 1,000 persons
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[15]. Engel et al. [16] administered 2.1-2.8 g of quinacrine
to 5 healthy individuals over a 10-day period, doses suffi-
cient to obtain plasma levels exceeding 250 nM, Their
subjects had various degrees of psychomotor hyperactivi-
ty and increases in EEG frequencies. The EEG changes
occurred at plasma quinacrine levels of 75-100 nM and
continued for up to & days after discontinuation of the
drug. The increased arousal levels in our patients, there-
fore, may be attributable to the cortical stimulation action
of quinacrine, but the mechanism of its direct effect on
the central nervous system has yet to be determined.

The plasma concentrations of guinacrine in our pa-
tients suggest that a therapeutic dose of 300 mg/day qui-
nacrine may reach the ECso of PrPS formation, i.e. 300~
400 nM, in brain tissues. Quinacrine accumulates pro-
gressively in tissues when administered chronically [7].
The lowest concentrations are in the brain, heart and skel-
etal muscle [7], but tissue to plasma concentration ratios
may be very high, as in dog skeletal muscie [8]. The clini-
cal changes in our patients occurred from the 2nd to 8th

week of administration, and the plasma concentrations
ranged from 300 to 1,000 nM. Those concenirations
would be sufficient for the drug’s accumulation in brain
tissues as well as for its action either as a direct cortical
stimuiant or through its antiprion activity. Cognitive state
regression during quinacrine {reatment may be due to its
toxicity on the brain [6]. We believe that the quinacrine
dose should be decreased after the initial loading dose and
the plasma concentration of the drug monitored. Al-
though its effectiveness is limited in terms of extent and
duration, our findings support undertaking a clinical trial
of quinacrine and the search for other chemicals that pre-
vent the accumulation of, or conformational changes in,
prion proteins.
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Abstract—Background: No method for the clinical diagnosis of MM2-type sporadie Creutzfeldi—Jakob disease (sCJD) has
been established except for pathelogic examination. Objective: To identify a reliable marker for the clinical diagnosis of
MM2-type sCID. Methods: CSF, EEG, and neuroimaging studies were performed in eight patients with MM2-type sCJD
confirmed by neurcpathologic, genetic, and western blot analyses. Results: The eight cases were pathologically classified
into the cortical (n = 2), thalamic (n = 5), and combined (corticothalamic) (n = 1) forms. The cortical form was
characterized by Jate-onset, slowly progressive dementia, cortical hyperintensity signals on diffusion-weighted imaging
(DWT) of brain, and elevated levels of CSF 14-3-3 protein. The thalamic form showed various neurologic manifestations
including dementia, ataxia, and pyramidal and extrapyramidal signs with onset at various ages and relatively long
disease duration. Characteristic EEG and MRI abnormalities were almost absent. However, all four patients examined
with cerebral blood flow (CBF) study using SPECT showed reduction of the CBF in the thalamus as well as the cerebral
cortex. The combined form had features of both the cortical and the thalamic forms, showing cortical hyperintensity
signals on DWI and hypometabolism of the thalamus on [**F]2-fluoro-2-deoxy-p-glucose PET. Conclusion: For the clinical
diagnosis of MM2-type sporadic Creutzfeldi—Jakob disease, cortical hyperintensity signals on diffusion-weighted MRI are
useful for the cortical form and thalamic hypoperfusion or hypometabolism on cerebral blood flow SPECT or {*®Fj2-fluoroe-
2-deoxy-n-glucose PET for the thalamic form.

NEUROLOGY 2005,;64:643—648

Sporadic Creutzfeldt—Jakob disease (sCJD) has been
classified based on the genotype at polymorphic
codon 129 of the prion protein gene (PrP) and the
physicochemical properties of the pathologic PrP
(PrP5¢); various classification systems have been
proposed.’ A simple classification!? has been widely
accepted and recognizes at least six phenotypes in
sCJD: MM1, MV1, VV1l, MM2, MV2, and VV2?
About 70% of patients with sCJD show the classic
CJD phenotype and are mostly classified as MM1 or
MV1 types.?® Their clinical diagnosis relies on the
detection of periodic sharp-wave complexes (PSWCs)
in EEG, elevated levels of CSF 14-3-3 protein, and

Other phenotypes of sCJD do not present with
typical clinical symptoms of classic CJD or PSWCs
on EEG.2¢ Both VV2 and MV2 patients are charac-
terized by ataxia and dementia? and brain MRI and
CSF 14-3-3 protein are useful for their clinical diag-
nosis.? As for several reported patients with MM2-
type sCJD, some showed positive CSF 14-3-3 protein,
but others did not.*® Thus, for MM2 as well as VV1,
diagnostic markers have not been established yet.

The clinical features of MM2-type sCJD in some
patients were previously reported.62810.11 MM2-type
sCJD presents with at least two pathologic pheno-
types: MM2 cortical and MM2 thalamic forms.® In

typical hyperintensity signals of brain MRI in addi-
tion to the classic clinical manifestations.3¢

the MM2 cortical phenotype, dementia is a major
symptom, and visual or cerebellar signs are usually
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Table 1 Clinical features of eight patients with MM2-type sCJD

Patient no. Sex  Onset,y  Course, mo Onset symptoms

Clinical manifestations during illness Initial diagnosis

1 F
2 F

65
75

Alive (13)
Alive (28)

Dementia

Depression

65 14 Falling to left side

49 30 Insomnia

64 53 Photophobia

30 73 Blorred vision

71 26 Ataxic gait

58 13 Dementia

CID
CJD

Dementia, pyramidal signs, insomnia

Psychiatric symptoms, dementia,
myoclonus

Dementia, myoclonus, cerebellar ataxia, CJD

akinetic mutism

Insomnia, dementia, psychiatric symptoms, PSP
pyramidal signs, extrapyramidal signs,
autonomic symptoms, myoclenus,

akinetic mutism

Visual symptoms, extrapyramidal signs, P5SP
dementia, autonomic symptoms,
psychiatric symptoms, myoclonus,

akinetic mutism

Visual symptoms, psychiatric symptoms, SCD
cerebellar ataxia, dementia, pyramidal
signs, extrapyramidal signs, myoclonus,

akinetic mutism

Cerebellar ataxia, autonomic symptoms, SCD

dementia

Dementia, cerebellar atazia, myoclonus, AD

pyramidal signs, psychiatric symptoms

2CJD = sporadic Creutzfeldt—Jakob disease; PSP = progressive supranuclear palsy; SCD = spinocerebellar degeneration; AD = Alzhei-

mer disease.

absent.® There have been no reports of laboratory or
neuroimaging studies in MM2 cortical sCJD. In the
MM2 thalamic phenotype, the clinical features are
insomnia and psychomotor hyperactivity in addition
to ataxia and cognitive impairment.? This phenotype
may be called sporadic fatal insomnia (S¥FI} because
the clinical and pathologic features resemble those of
fatal familial insomnia (FFI).3%® In the MM2 tha-
lamic form or SFI, no PSWCs on EEG, positive or
negative 14-3-3 protein in CSF, and normal brain
MRI have been reported.88

Since a report of variant CJD (vCJD} in the
United Kingdom in 1996, identification of vCJD
has been an important part of the surveillance of
prion diseases. The clinical features of vCJD are sim-
ilar to those of MM2-type sCJD, including young age
at onset, long disease duration, absence of PSWCs on
EEG, and methionine homozygosity on codon 129 of
PrP gene.®¥ Therefore, MM2-type sCJD is important
in the differential diagnosis for vCJD.

We have investigated the clinical and neuroimag-
ing features of eight patients with MM2-type sCJD
in an attempt to identify a reliable marker for the
clinical diagnosis of this type of sCJD.

Methods. Subjects. We investigated eight patients with MM2-
type sCJD confirmed by neuropathologic, genetic, and western
blot analyses. The clinical features, results of EEG, CSF 14-3-3
protein, MRI, cerebral blood flow (CBF) studies using SPECT, and
brain glucose metabolism studies using [®*F12-fluoro-2-deoxy-D-
glucose (FDG) PET were reviewed. CBF-SPECT using **™Te-ethyl
cysteinate dimer (*™Tc-ECD) was performed in three (Patients 1,
2, and 8), CBF-SPECT using N-isopropyl-p-['**¥liodoamphetamine
in three (Patients 4, 5, and 6), and FDG-PET in one (Patient 3).
MRI, CBF-SPECT, and FDG-PET were evaluated by two neurolo-
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gists and a neuroradiologist without knowledge of the clinical
findings. None of these subjects had a family history of CJD or
known exposure to prion contamination in the past.

Analysis of PrP gene. DNA was extracted from the blood, and
the open reading frame of the PrP gene was analyzed as previ-
ously described. 425

Neuropathology. The brain tissues were obtained by brain
biopsy (Patients 1 and 2) or autopsy (Patients 3 to 8). Brain tissue
sections were stained with routine neuropathologic techniques.
Immunohistochemistry was performed with a monoclonal anti-
body to PrP (3F4), as previously described.!®

Western blot analysis. Brain tissue from the frontal lobe was
homogenized, and western blot analysis of protease K-resistant
PrP was performed with 3F4 as previously described.*

Results. Clinicol fentures and laboratory and neuroim-
aging studies, The clinical features are summarized in
table 1 and the laboratory and neurcimaging studies in
table 2. The details of the clinical and pathologic features
of Patients 5% and 6! were previcusly reported, and Pa-
tient 8 was included in a previous MRI study.!® The details
of the clinical features of three representative patients (Pa-
tients 2, 3, and 8} are described below.

Paiient 2. A T5-year-old woman developed forgetful-
ness and depression. Her mental symptoms gradually de-
teriorated, and she was admitted to our hospital 14
months after the onset. Neurologically, she showed only
dementia (Mini-Menta! State Examination 9/30) with de-
pressed mood.

‘Sixteen months after the onset, the MBI showed gyri-
form hyperintensity in the bilateral frontal, temporal, pa-
rietal, and occipital cortices on diffusion-weighted imaging
(DWTI) (figure 1A). Less intense and smaller cortical lesions
were shown on fluid-attenuated inversion recovery imag-
ing (see figure 1B). On the EEG, diffuse slowing was found
without PSWCs. CBF-SPECT using *®™Te¢-ECD showed re-



Table 2 Laboratory and neurcimaging findings of eight patients with MM2-type sCJD

Reduction of CBF or
EEG CSF Abnormal signals on MRI* hypometabolism

Patient no. Slowing PSW(Cs DD,mo 1433 DDme CO BG TH DD, mo CO BG TH DD ,mo
1 + - 13 + 9 + - - 7 + - - 9
2 + o+ 27 + 16 + - - 16 + - - 16
3 + - 11 * 4 + - - 4 + - + 4
4 + - 25 NA NA + -+ 16
5 + - 42 NA NA + - + 12
6 + + 36 NA - - - 58 + - + 37
7 + - 9 + 9 - - - 13 NA

8 + - 7 ki 7 - - - 7 + - + 7

sCJD = sporadie Creutzfeldt—Jakob disease; CBF = cerebral blood flow; PSWCs = periodic sharp-wave complexes; DD = disease dura-
tion at time point when each examination showed the following results: PSWCs on EEG, positive 14-3-3 protein in CSF, abnormal sig-
nals ont MRI, and reduction of CBF on SPECT or hypometabolism on [**F]2-fluoro-2-deoxy-n-glucose PET or at the time when the last
examination was performed if the examinations revealed negative results throughout the clinical course; CO = cortex; BG = basal gan-

glia; TH = thalamus.

* We judge that abnormal signals are positive on MRI when they are shown on any sequence, such as Tl-weighted, T2-weighted,

diffusion-weighted, and fluid-attenuated inversion recovery images.

duction of the CBF in the bilateral parietal and temporal
cortices (figure 2A). CSF examination revealed an in-
creased level of 14-3-3 protein (28 ng/ml, [normal <20
ng/mL]). Although the clinical eriteria of sCJD® were not
fulfilled because of the scarcity of neurologic and EEG
abnormalities, CJD was suspected on the basis of MRI and
CSF findings.

Twenty-seven months after the onset, the EEG showed
PSWCs. Cortical hyperintensity signals on DWI were
found to extend to the bilateral frontal regions. **=Tc-ECD
SPECT showed diffuse severe reduction of CBF except in
the cerebellum, basal ganglia, and thalamus. To confirm
the diagnosis of CJD for participation in a clinical trial of
pentosan polysuliate, brain biopsy of the right frontal lebe
was performed with her family’s consent 28 months after
the onset. The patient developed myoclonic movement in-
volving the bilateral hands and was alive 30 months after
the onset.

Patient 3, A 65-year-old man developed unsteadiness
with a tendency to fall to the left side. Three months afier
the onset, he showed gait disturbance and dysarthria.

Neurologic examination 4 months after the onset re-
vealed shirred dysarthria, clumsiness of the left upper and
lower extremities, and dementia. The EEG was normal.
The CSF level of 14-3-3 protein was equivocal. MRI
showed gyriform hyperintensity in the bilateral frontal,
temporal, parietal, and occipital cortices on DWI. FDG-
PET of the brain showed diffuse hypometabolism in the
bilateral thalamus and cortices. CJD was suspected as an
initial diagnosis.

Thereafter, the patient’s symptoms rapidly progressed;
he became bedridden and could not communicate 5 months
after the onset. Myoclonus of the extremities developed 9
months after the onset. Eleven months after the onset,
cortical lesions with hyperintense signals on DWI ex-
tended more widely than in the previous study and re-
vealed diffuse, mild atrophy. EEG revealed diffuse slowing
without PSWCs. The CSF level of 14-3-3 protein was still
equivocal. The patient fell into akinetic mutism 13 months

after the onset. He died 14 months after the onset and was
autopsied.

Patient 8. A 58-year-old man developed progressive
dementia. He showed unsteady gait 5 months after the
onset and myoclonic movement in al! limbs 6 months after
the onset.

Neurologic examination 7 months after the onset re-
vealed dementia, cerebellar ataxia, myoclonic jerking, and
exaggerated deep fendon reflexes in all the extremities.
Brain MRI, including DWI, and EEG were normal (see
figure 1, C and D). CBF-SPECT using **=Tec-ECD revealed
reduction of the CBF in the bilateral thalamus and cortices
of the temporal and parietal lobes (see figure 2B). A CSF
study disclosed a mild increase of protein concentration (44
mg/dL) and equivoeal levels of 14-3-3 protein. The diagne-
sis was suspicion of Alzheimer disease (AD).

His symptoms gradually deteriorated. He also devel-
oped visual hallucinations and confusion 12 months after
the omset. Thirteen months after the onset, he died and
was autopsied.

PrP gene analysis. Analysis of the PrP gene revealed
no mutation in any of the eight patients. The polymorphic
codons showed methionine homozygosity at codon 129 and
glutamic acid homozygosity at codon 219 in all the
patients.

Neuropathology. Neuropathologically, the biopsy sam-
ples from the right frontal cortsx of Patients 1 and 2
showed similar pathologic findings: prominent spongiform
changes, including large vacuoles, with gliosis, and diffuse
granular PrP immunostaining of synaptic type with a peri-
vacuolar pattern.

Autopsies were performed in Patients 3 to 8. The neuro-
pathologic findings of Patients 4 to 8 were similar. Severe
neuronal loss and gliosis, but no spongiform changes, were
observed in the nuclei of the medial thalamus as well ag in
the inferior olive. In the thalamus, PrP immunoreactivity
was absent in all the patients. In the cerebral cortex, spon-
giform degeneration was absent in Patient 8 and limited to
isolated foci in Patients 4 to 7 mainly in the frontal, pari-
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Figure 1. Brain MRI in Patient 2 at 16 months after the
onset (A, B) and Patient 8 at 7 months after the onset (C,
D). A and C are diffusion-weighted imuging (DWD), and B
and D ere fluid-attenuated inversion recovery {FLAIR) im-
aging. In Patient 2, DWI shows hyperintense signals in

the bilateral frontal, parietal, and occipital cortices (A),
and FLAIR imaging also shows slight hyperintensity sig-
nals within the cortical DWT lesions (B), In Patient 8, DWI
and FLAIR imaging reveal no distinct abnormal signals
in the brain (C, D).

etal, and temporal lobes, and PrP immunoreactivity was
absent in Patients 5 and 8, whereas it was present with a
sparse, coarse pattern in Patients 4, 6, and 7. In the subic-
ulum, the neurons were well preserved, and spongiform
changes were not evident in any of the patients. In the
neostriatum, mild neuronal loss and gliosis were observed
in all the patients. In the cerebellum, mild to moderate
loss of Purkinje cells was observed, and PrP immunoreac-
tivity was absent in Patients 4, 5, 7, and 8. In Patient 6,
Purkinje cells were well preserved, but a small number of
plaque-like PrP deposits were observed. In the cerebral
white matter, mild or moderate myelin pallor was ob-
served in Patients 4, 5, and 6.

Patient 3 showed the same severe lesions of the medial
thalamus and the inferior olive as found in Patients 4 to 8,
and PrP immunoreactivity was absent in the thalamus.
Furthermore, the cerebral cortex in Patient 3 showed
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Figure 2. SPECT of cerebral blood flow (CBF) using
#9mTe ethyl cysteinate dimer in Patient 2 at 16 months
after the onset (A), Patient 8 at 7 months after the onset
{B), and a normal control subject who was a 67-year-old
man without neurologic abnormality or cognitive decline
(C). SPECT shows reduction of CBF in the bilateral tem-
poral cortex in Patient 2 (A) and in the bilateral thalamus
as well as the temporal cortex in Patient 8 (B} compared
with the normal control subject (C).

marked spongiform changes in all the layers with diffuse
granular PrP staining. The other brain regions showed
gimilar changes to those in Patients 4 to 8.

Western blot gnalysis. Western blot analysis of the
brain samples from all the patients revealed PrP% type 2A
according to the classification of Parchi et al.'? Compared
with the amounts in Patients 1 to 3, only a small amount
of PrP®° type 2A could be detected in Patients 4 to 8.

Discussion. PrP gene sequence and western blot
analyses revealed that all eight of the patients stud-
ied here had MM2-type sCJD. As we analyzed PrPS
using brain tigssue only from the frontal lobe, the



MM?2 thalamic sCJD. Qur results indicate the use-
fulness of neuroimaging studies in discrimination be-
tween vCJD and MM2-type sCJD.
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possibility of the coexistence of type 1 and type 2 of
PrP® in a single brain®2! cannot be ruled out. How-
ever, we consider it reasonable to classify our pa-
tients as having MM2-type sCJD, because the
clinical and pathologic phenotypes of our patients
were consistent with those of previously reported
cases. 3810 Neuropathologically, Patients 1 and 2 were
classified as having the cortical form® and Patients 4
to 8 the thalamic form.? As Patient 3 presented with
features of both the cortical and the thalamic forms,
this case could be designated as the combined (corti-
cothalamic) form. Because complete neuropathologic
examination was not performed in Patients 1 and 2,
the possibility that they had the combined form can-
not be ruled out.

Patients 1 and 2 with the MM2 cortical form pre-
sented with late-onset, slowly progressive dementia
(table 1). PSWCs on EEG were absent in the early
stage (table 2). These features resembled those of
previously reported MM2 cortical cases.? Our pa-
tients did not fulfill the clinical criteria for sCJD
because of the scarcity of clinical symptoms.? krnpor-
tantly, cortical hyperintensity signals on DWI (see
table 2), which have been reported to be useful for
diagnosis of sCJD,2222 easily led us to a possible
diagnosis of CJD. The basal ganglia and thalamus in
these cases showed no hyperintensity signals on
MRI. Increased CSF levels of 14-3-3 protein sup-
ported the diagnosis (see table 2). As the MM2 corti-
cal form frequently shows slowly progressive
dementia without other neurologic abnormalities,
AD and dementia with Levy bodies are important for
differential diagnosis. Cortical hyperintensity sig-
nals on DWI are found in acute ischemic stroke,®
herpes simplex meningoencephalitis,?>?® posttrau-
matic contusion,?®* postictal change,?2 and MELAS
(mitochondrial myopathy, encephalopathy, lactic aci-
dosis, and stroke-like episodes)??; however, they are
not observed in AD% or dementia with Lewy bodies.'®
We propose the following diagnostic criteria for MM2
cortical sCJD: 1) progressive dementia, 2) cortical
hyperintensity signals on DWI, and 3) increased CSF
14-3-3 protein level, with exclusion of the other de-
mentias, including other types of prion diseases.
Other neuropsychiatric abnormalities than dementia
or PSWCs on EEG ate not necessarily required.

In the cases of MM2 thalamic form, the age at
onset ranged from 30 to 71 years and the duration of
the clinical course from 13 to 73 months (see table 1).
Clinical manifestations included psychiatric symp-
toms, dementia, cerebellar ataxia, insomnia, and au-
tonomic failure (see table 1). As for the outstanding
features of FFI and SFI, insomnia was found in only
one patient (Patient 4), and autonomic symptoms
were found in three patients (Patients 4, 5, and 7).
EEG showed no PSWCs except in one patient (Pa-
tient 6) who showed PSWCs in the very late stage
{see table 2). These features resemble those of previ-
ously reported patients with MM2 thalamic¢® or
SFI.81 Brain MRI, including DWI, was almost nor-
mal in the MM2 thalamic patients except for brain

atrophy or white matter changes in the late stage
(see table 2). These features are consistent with pre-
vigusly those of reported patients with SFL1.%* In our
study, of two patients tested for CSF 14-3-3 protein,
one was positive and the other was equivocal (see
table 2). In the liferature, to our knowledge, there
are reports of four patients with MM2 thalamic
sCJD who have been examined for CSF 14-3-3 pro-
tein: The examination was positive in one® and nega-
tive in three"® Considering those reports together
with our results, we cannot conclude that the CSF
14-3-3 protein is sensitive enough to diagnose MM2
thalamic sCJD. As the initial clinical diagnosis, pro-
gregsive supranuclear palsy (PSP), spinocerebeliar
degeneration (SCD), or AD had been suspected (see
table 1), indicating considerable difficulty in the clin-
ical diagnosis of the MM2 thalamic form. However,
our review of CBF-SPECT studies revealed charac-
teristic findings of reduction of the CBF in the bilat-
eral thalamus as well as the cerebral cortex from
relatively early stages (see table 2). In previous re-
ports of CBF-SPECT studies in CJD patients, reduc-
tion of CBF on visual inspection was found in
various regions of the cerebral cortex but not in the
thalamus.?627 There have been no reports about
CBF-SPECT in MM2 thalamic sCJD. In FDG-PET
studies, hypometabolism of the thalamus and cortex
has been reported in a patient with SFI*® or in some
patients with FFL22%* CBF and glucose metabolism
in the thalamus are relatively preserved in AD.3 In
PSP, significant reduction of glucose metabolism is
not detected in the thalamus but is detected in the
frontal cortex by using region/occipital metabolie ra-
tios.®* In multiple system atrophy, a phenotype of
sporadic SCD, reduction of the CBF in the thalamus
was reported; however, significant reduction of the
CBF was also detected in the dorsal putamen.®? Our
patients with MM2 thalamic sCJD showed no redue-
tion of the CBF in the putamen (see figure 2B). Our
results clearly indicate that reduction of CBF as well
as hypometabolism in the bilateral thalamus, with
their preservation in the putamen, would be a partic-
ularly useful diagnostic marker for the MM2 tha-
lamic sCJD.

Interestingly, in the patient with the MMZ2 com-
bined (corticothalamie) form (Patient 3), the neuro-
imaging studies showed features of both MM2
cortical and thalamic forms, that is, hyperintense
signals in the cortex on DWI and thalamic hypome-
tabolism on FDG-PET (see table 2), consistent with
the pathologic findings in this patient.

Hyperintensity of the bilateral thalamus (the
pulvinar sign) on MRI has been established to be a
useful diagnostic marker for vCJD.%%3 However, no
abnormal signals in the pulvinar MRI can be de-
tected in MM2-type sCJD, as shown in the current
study and in previcus reports.®® A CBF-SPECT
study in two patients with vCJD demonstrated wide-
spread reduction of the CBF in the cerebral eortices
but no obvious involvement of the thalami? These
CBF-SPECT features are different from those in
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