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Abstract:

We herein report two patients harboring the mutation N279K in microtubule-associated protein tau
(MAPT), who showed parkinsonism with a disease duration within three years from the onset, evaluated by
dopamine transporter (DAT) ["*IIN-o-fluoroprophyl-2B-carbomethoxy-3-(4-iodophenyl) tropane single-
photon emission computed tomography. We performed a quantification analysis, comparing five age- and
severity-matched PD patients and six normal controls. The patients with the N279K mutation showed a more
marked reduction in their DAT densities, especially in the caudate nucleus and anterior putamen, than the
others. An early marked reduction in the DAT densities in the caudate nucleus and anterior putamen may be
an early biomarker of patients with MAPT mutations.
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Introduction

Dominantly-inherited mutations in microtubule-associated
protein tau (MAPT) associated with frontotemporal dementia
(FTD) are linked to chromosome 17 (1). The MAPT N279K
mutation induces middle-age-onset parkinsonism with pro-
gressive cognitive decline. The onset symptoms resemble the
common form of Parkinson’s disease (PD). Therefore, the
early diagnosis of FTD-linked MAPT mutations is some-
times difficult for clinicians.

In the present study, we examined [*I]N-w-fluoro-
prophyl-2B-carbomethoxy-3p-(4-iodophenyl) tropane (‘*I-
FP-CIT) in two patients harboring the MAPT N279K muta-
tion and evaluated the levels of dopamine transporter, com-
paring them with sporadic PD and control patients.

Case Reports

We enrolled two patients clinically diagnosed with the be-

havioral variant FTD based on international criteria (2). Our
genetic analysis confirmed the MAPT N279K mutation in
both patients, using direct sequencing by the Sanger method,
after obtaining informed and written consent from their
caregiver. The procedures and sequencing analysis were pre-
viously described (3). The scores of the Unified Parkinson’s
Disease Rating Scale (UPDRS), the Mini-Mental State ex-
amination (MMSE), and the Frontal Assessment Battery
(FAB) are shown in Table.

Patient 1

The patient was a 40-year-old woman. At 37 years of age,
she developed postural instability and personality changes.
She was initially diagnosed with PD. However, her parkin-
sonism was not ameliorated by levodopa/carbidopa. At 40
years of age, she developed palilalia, euphoric expression,
executive dysfunction, apraxia of the eyelids, and mouth-
opening, symptoms known to be related to frontal lobe dys-
function. She had rigidity of bilateral upper extremities,
masked facies, small voice, bradykinesia, and limb akinesia,
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Table. Clinical Overviews of the Enrolled Patients and Normal Controls.
Gender Age at Disease  UPDRS  yr\iop  paAB
examination  duration part ITI
Patient 1 (N279K) Female 41 4 23 26/30 15/18
Patient 2 (N279K) Male 41 1 8 30/30 16/18
Average of patients 41 (0) 2.5(1.5) 15.5(7.5)
PD 1 Male 40 6 29
PD 2 Male 41 2 4
PD 3 Female 42 6 27
PD 4 Female 42 2 6
PD 5 Male 37 1 11
Average of PD 40.4 (1.9) 3.4(2.2) 15.4 (10.6)
NC 1 Male 42
NC2 Male 40
NC3 Male 40
NC4 Female 46
NC5 Male 43
NC6 Male 36
Average of NC 41.2 (3.4)
p value Patients (N279K) 0.71 0.67 0.99
versus PD
Patients (N279K) 0.95
versus NC
PD versus NC 0.67

NC: normal control, PD: Parkinson’s disease, UPDRS: Unified Parkinson’s Disease Rating Scale, MMSE: Mini-
Mental State examination, FAB: Frontal Assessment Battery at bedside

predominantly on the right side. Her father also manifested
parkinsonism and cognitive decline at 37 years of age and
died at 44 years of age.

Patient 2

The patient was a 43-year-old man. At 41 years of age,
he developed topographic disorientation, loss of attention,
and irritability. He showed akinesia and rigidity in the left
limbs and masked facies with a decreased rate of blinking.
His deep tendon reflexes were brisk in all limbs. His walk-
ing was unsteady. His father had developed depression, cog-
nitive decline, and postural instability at 45 years of age be-
fore ultimately becoming bed-ridden and dying in his 50s.

Dopamine transporter (DAT) scans of both patients re-
vealed a marked reduction in the density of the bilateral
striatum compared with patients with PD and controls (Fig-
ure A-D). With respect to the motor symptoms of PD, we
noted the time when a good response to levodopa was ob-
served, called the “ON” time. To evaluate the DAT densities,
we carried out a region of interest analysis based on a
method described previously (Supplementary material) (4).
We first chose a regular circular region of interest on the bi-
lateral caudate, anterior putamen, and posterior putamen of
three adjacent slices with the densest DAT and calculated
the average of the three slices. We also chose six regular cir-
cular areas in the occipital lobes of each of these three slices

as non-specific areas. We then calculated their ratios using
the following formula:
"“[-FP-CIT binding value=STR/OCC

STR represents the mean radioactivity level in the cau-
date, anterior putamen, and posterior putamen. OCC repre-
sents the mean radioactivity level in the occipital lobes. The
contralateral side was defined as the side opposite from the
clinically worst affected side (arbitrarily set as the left side
in the control subjects). We verified the results of PD pa-
tients and controls using a one way analysis of variance and
parametric tests. We did not statistically analyze the differ-
ences between patients with N279K due to the small num-
ber of cases.

We compared the STR/OCC of patients with N279K to
those of 6 age-matched controls (41.2+3.4) and 5 age-
matched PD patients (40.4+2.4). In the PD group, the aver-
age score of UPDRS part III was 15.4+10.6, and the disease
duration was 3.4+2.2 years (Table). Except for in the ipsilat-
eral posterior putamen, the DAT densities of the N279K-
mutated patients were markedly lower in both the putamen
and caudate than in the controls (Figure E-J). Regarding the
DAT densities of the N279K-mutated patients and PD pa-
tients, there marked differences were noted in the caudate
and average of the striatum, but no marked differences were
detected in the bilateral posterior putamen or ipsilateral cau-
date nucleus. In the early stages, patients with N279K
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Figure. Dopamine transporter imaging of patients 1 and 2, and the results of the region of interest
analysis of '*I-FP-CIT binding in the striatum. DAT-SPECT imaging findings of patient 1 (A) and
patient 2 (B) are presented. Representative images are noted for age-matched Parkinson’s disease
(PD) patients (C) and normal controls (NCs) (D). A region of interest analysis of '>I-FP-CIT binding
in the striatum of patients with N279K, PD patients, and NCs in the regions of the contralateral cau-
date (E), ipsilateral caudate (F), contralateral anterior putamen (G), ipsilateral anterior putamen (H),
contralateral posterior putamen (I), and ipsilateral posterior putamen (J). The “contralateral side”
was defined as the side opposite from the limbs presenting with more severe parkinsonism. The “ip-
silateral side” was defined as the same side as the limbs presenting with more severe parkinsonism.
The top and bottom bars indicate 95% confidence intervals. The middle bar represents the average
STR/OCC value. The DAT densities of N279K group were markedly reduced compared with PD
patients and NCs. *p<0.05, **p<0.01. NC: normal control, PD: Parkinson’s disease, STR/OCC: ra-
dioactivity ratio striatum/occipital cerebral cortex
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showed severely decreased levels of DAT densities in the
caudate and posterior putamen compared to PD patients and
controls. The DAT densities of the PD group were signifi-
cantly decreased in the bilateral anterior putamen and con-
tralateral posterior putamen compared with the control
group, although there were no significant differences in val-
ues in the bilateral caudate nucleus.

Discussion

In the present study, we identified differences in DAT
densities between patients with N279K and PD, and the
controls. Compared with patients with PD and controls, a
marked decrease was noted in the DAT densities of the
N279K-mutated patients in the striatum, particularly in the
caudate nucleus and anterior putamen of patients with
N279K. DAT scan may therefore represent an early
biomarker in patients with N279K mutations. In a previous
study, both FTD and PD patients commonly showed a
marked reduction in DAT densities related to the severity of
motor symptoms (1, 5). ["F]fluorodeoxyglucose-positron
emission tomography (FDG-PET) demonstrated significant
hypometabolism in the basal ganglia (putamen and globus
pallidus), extensive prefrontal area, and anterior temporal re-
gion in patients with FTD (6). Another [“*F]FDG-PET study
indicated significant reduction of glucose metabolism in the
region of the caudate nuclei and thalamus of patients with
FTD in the early stages (7). After a year of follow-up, glu-
cose hypometabolism of the basal ganglia preceded frontal
cortex hypometabolism. The hypometabolism of the basal
ganglia was significantly related to the cognitive function
and behavioral disturbances in patients with FTD (8). The
reduction in the dopamine transporter ligand [''C]-labeled 2
B-carbomethoxy-3B-(4-fluorophenyl) tropane (CFT) in the
caudate nucleus and putamen is also related to the clinical
severity of extrapyramidal symptoms of FTD (9). This evi-
dence suggests that severe hypometabolism in the basal gan-
glia precedes neurodegeneration in the frontal cortex in the
early stage of FTD. We therefore emphasize the importance
of performing DAT scans in patients with FTD and parkin-
sonism in the early stage of motor symptom manifestation.

"I-FP-CIT SPECT showed a more rapid decline in the
DAT densities in the striatum of atypical parkinsonism pa-
tients than in PD patients. However, in the early stage
(within 2.4 years), 'I-FP-CIT SPECT showed the same
rates of decrease between PD and atypical parkinsonism pa-
tients (10). The DAT densities were more severely reduced
in the caudate nucleus of patients with progressive supranu-
clear palsy (PSP) than in patients with PD (11). Pal et al.
reported a severe reduction in the fluorodopa uptake in both
the putamen and caudate of patients with N279K mutations
occurring within 1-2 years from the disease onset (12). The
alteration of DAT densities, especially in the caudate, may
be a distinctive feature for distinguishing between patients
with N279K mutations and PD or PSP at the early stage.
Furthermore, a DAT scan is more accessible to clinicians

than ["“F]fluorodopa (FD) or L-[B-""Cldopa PET. Further
studies involving a larger sample size are required to con-
firm our results, as our sample size was relatively small.

PET with [*F]fluorodopa revealed a significant reduction
in the striatum of symptomatic patients harboring the
N279K mutation (13). Severe reductions were also observed
in the striatum of asymptomatic carriers in the same family,
although the level of reduction was relatively mild. Another
study using L-[B-"C]dopa PET also demonstrated dopamin-
ergic dysfunction in the putamen of asymptomatic carriers
with the N279K mutation (14). These carriers also showed
mild dopamine neuronal loss in the basal ganglia. These
findings suggest that the modifying effects of the N279K
mutation may help estimate the degree of neuronal loss in
the basal ganglia among individuals with this mutation.

In conclusion, “I-FP-CIT revealed marked neuronal loss
in the basal ganglia among patients with MAPT N279K,
even in the early stages. Further studies are needed to con-
firm our findings using more samples.
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