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Abstract

Background: Pick's disease (PiD) is a subtype of frontotemporal lobar degeneration.

However, the pathogenesis and symptomatic lesions remain unclear. We report a case

of PiD with a short disease duration and compare it to a case series to reveal the

association between degenerative patterns and clinical manifestations.

Case Presentation: The patient showed a marked decline in motivation at the age of

54 years. He was admitted with a clinical diagnosis of depressive disorder at the age of

56 years. He exhibited only apathy and lacked typical behavioral symptoms. Specialist

observation revealed behavioral symptoms such as disinhibition, a lack of empathy, and

hyperorality that had previously unnoticed by the patient's family members. The patient

died of acute heart failure 4 days after hospitalization. Postmortem examination

revealed a brain weight of 1090 g, with focal atrophy of the bilateral frontal and tem-

poral lobes. Neuropathological findings mainly presented as numerous Pick bodies (PBs),

mainly in the frontal lobe and hippocampus. PBs were immunopositive for phospho-

rylated tau and 3‐repeat tau but negative for 4‐repeat tau. The pathological findings in

this case corresponded to phase II of PiD staging as defined in a previous study.

Conclusion: The clinical symptoms in this case, primarily characterized by apathy with

minimal behavioral symptoms, were consistent with the predominant pathological

involvement of the dorsolateral frontal lobe. The present case was interpreted as early‐

phase PiD. A comparison of the case series suggested that early‐phase PiD cases may

help clarify the association between early clinical manifestations and focal degenerative

lesions in the frontal lobe.
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BACKGROUND

Pick's disease (PiD) is a subtype of frontotemporal lobar degeneration

(FTLD).1 The clinical subtypes of FTLD are behavioral variant fron-

totemporal dementia (bvFTD), nonfluent variant primary progressive

aphasia (nfvPPA), semantic variant primary progressive aphasia, and

so forth. FTLD neuropathologically includes several types of tauo-

pathies (FTLD‐tau) and the other proteinopathies. PiD accounts for

∼15% of all FTLD cases.2–4 PiD mostly presents with clinical sub-

types, such as bvFTD, and some cases show nfvPPA.5 Patients with

bvFTD show disinhibition, apathy, loss of empathy, stereotyped

behavior, and social–emotional dysfunction.6 PiD presents focal

atrophy of the frontal and temporal lobes and is histologically char-

acterized by the formation of argyrophilic, round intraneuronal

cytoplasmic inclusions (NCIs) called Pick bodies (PBs).7–9 PBs consist

of phosphorylated 3‐repeat tau.10–12 The average disease duration of

PiD cases is approximately 7 years.13,14 Only a few studies have

reported PiD cases with short disease durations,15–17 and with a

prodromal state.18–20 Clinicopathological studies of early PiD are

important for clarifying its propagation. This study provides insight

into the clinical symptoms associated with histopathological lesions.

Herein, we report a detailed clinical and neuropathological evaluation

of a case of PiD with a short duration of 1.5 years after onset. Fur-

thermore, we compared the representative case with a case series of

PiD to elucidate which case, characterized by disease duration and

the phase of neurodegeneration, has the potential to clarify the

association between early clinical manifestations and degenerative

lesions in the frontal lobe.

CASE PRESENTATION

This case was previously reported in a case series21 assessing the

distribution and propagation of degenerative lesions in PiD. In this

report, we have added the immunohistochemical findings and a de-

tailed history of the disease.

Clinical information in the present case

The case is a male who died at the age of 56 years. Although not

talkative, he was a reliable and upright person by nature. He was

diligent and talented in his job. At the age of 54 years, 1.5 years

before his death, he suddenly stopped going to work, showed a

marked decline in motivation, and became unresponsive, even to his

family. He spent most of his time in bed and was incontinent. He

started to eat less and lost 6 kg. At the age of 56 years, he was

admitted to a psychiatric hospital with a clinical diagnosis of

depressive disorder. Neurological and blood tests revealed no

abnormalities. Hasegawa's Dementia Scale showed impairments in

attention and calculation, while orientation and short‐term nonverbal

memory were preserved (18/32.5 points). According to the medical

record, brain CT revealed bilateral frontal lobe atrophy. During

hospitalization, the patient showed disinhibition and a lack of em-

pathy as he walked away without any notification when a physician

performed consultation or neuropsychological tests. He also showed

decreased interest in himself and his surroundings, and hyperorality.

He died of acute heart failure at the age of 56 years, 4 days after

hospitalization.

Material and methods

The autopsied brain was fixed in formaldehyde and sectioned along

the coronal plane. The tissues were paraffin‐embedded and sliced at

a thickness of 8 µm. For histopathological assessment, paraffin‐

embedded slices were stained with hematoxylin and eosin (H&E),

Klüver–Barrera (KB), Holzer, and Bodian stains, and were assessed by

immunostaining as shown in Figure 1.

In addition, the distribution of lesions in phosphorylated tau‐

positive structures was assessed in 11 patients with PiD registered in

the neuropathological archives of theTokyo Metropolitan Institute of

Medicine to compare with the present case. The observation areas

were determined with reference to a previous study17 to identify the

propagated areas of phosphorylated tau‐positive structures, including

both NCIs and degenerative neurites (Table 1). Pathological phases

were defined according to a previous study (Table 1). In addition, we

compared affected lobes of each case by H&E staining (Table 1). This

PiD series included previously reported cases.21–23

Neuropathological findings in the present case

Postmortem examination revealed that the brain weighed 1090 g.

Macroscopically, atrophy of both frontal lobes was evident

(Figure 1a–c). The brain slices revealed slight atrophy of the hippo-

campus and entorhinal cortex (ENT) (Figure 1d,e). No obvious atro-

phy was observed in other regions.

Microscopically, the brain showed cortical degeneration in the

frontal lobes, with predominance in the dorsolateral prefrontal cortex

(dlPFC) and dorsal anterior cingulate cortex (dACC), as determined by

H&E staining (Figures 2a, 3a–c). Neuronal loss was evident in dlPFC

and dACC. Slight cortical degeneration was observed in ENT and the

occipitotemporal cortex (OTC). H&E staining of the hippocampus

revealed PBs in the cornu ammonis (CA) (Figure 1f). Bodian staining

clearly showed PBs in the dentate gyrus (DG) and CA (Figure 1g,h).

Holzer staining revealed gliosis in the cerebral white matter confined

to the frontal lobe and medial temporal lobe. Cortical degeneration in

the superior, middle, and inferior temporal gyri, parietal lobes, and

occipital lobes were unremarkable. Betz's giant pyramidal cells in the

precentral gyrus were preserved. In the medulla oblongata, KB

staining revealed preserved luxol fast blue myelin staining in the

pyramidal tracts. Secondary motor neurons in the anterior horn were

preserved in the cervical spinal cord.

Immunohistochemical findings revealed AT8‐ and RD3‐positive,

but RD4‐negative NCIs in DG, CA, and ENT (Figure 1i–k).
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Phosphorylated tau‐positive NCIs were found in the prefrontal cor-

tex (PFC), predominantly in the dlPFC (Figure 3d), dACC (Figure 3e),

and orbitofrontal cortex (OFC) (Figure 3f), as well as in the ENT, OTC,

the middle and inferior temporal gyrus, insular gyrus, and superior

parietal lobule (Figure 2b). In the neocortex of the frontal lobe,

phosphorylated tau‐positive NCIs were predominantly observed in

Layers II–III and V–VI (Figure 3d–e). NCIs were also found in the

mediodorsal nucleus of the thalamus (MD), caudate nucleus, ventral

tegmental area of the midbrain, oculomotor nucleus, reticular for-

mation of the midbrain, periaqueductal gray, pontine nuclei, dorsal

raphe nuclei, locus coeruleus, and anterior horn cells of the cervical

spinal cord. Very few were found in the dorsal motor nucleus of the

vagus and the postcentral gyrus. They were not observed in the

calcarine sulcus, inferior olive nucleus, hypoglossal nucleus, cerebellar

dentate nucleus, or granule cell layer. No TDP‐43, FUS, or α‐

synuclein‐positive structures were found.

Based on these findings, this patient was pathologically diag-

nosed with FTLD‐tau with 3‐repeat tau: PiD. The area of degenera-

tion in this case corresponded to phase II according to the staging of

a previous study.17

Clinical and neuropathological comparison with PiD
case series in our institution

The demographic characteristics of the 12 patients with PiD in our

institution are shown in Table 1. The mean disease durations by

pathological phase were 1.5 years (Phase II), 7.8 years (Phase III),

F IGURE 1 Gross and microscopic findings of the present case. (a) Mild atrophy of both frontal lobes is pronounced. Coronal section of the
left hemisphere shows a (b) moderate frontal lobe and (d) slight medial temporal lobe atrophy. Holzer staining indicated (c) lateral surface
dominant frontal lobe and (e) medial temporal lobe gliosis. Pick bodies in CA1 stained with (f) hematoxylin and eosin (H&E) and (g) Bodian stain.
Pick bodies in dentate gyrus (DG) stained with (h) Bodian stain or immunolabeled with (i) AT8: anti‐phosphorylated tau and (j) anti‐3‐repeat tau
(RD3): RD3. (k) Intraneuronal inclusions were not labelled with RD4: anti‐4‐repeat tau. The following primary antibodies were used for
immunostaining: anti‐phosphorylated tau (AT8), RD3, anti‐4‐repeat tau (RD4), anti‐phosphorylated‐α‐synuclein (pSyn#64), and anti‐
phosphorylated‐TDP 43 (pser409‐410). Immunostaining labelling was visualized by avidin‐biotinylated horseradish peroxidase complex (ABC)
method (Vectastain Elite Kit; Vector Laboratories).
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and 9.8 years (Phase IV). The mean disease duration according to

clinical subtypes was 8.6 years for bvFTD and 6.3 years for those

with language disorders. The present case is the only one in our

institution that has been evaluated as Phase II. Of the PiD case

series, eight (Cases 1, 2, 4, 6, 8, 10, 11, and 12) showed frontal‐

lobe‐predominant degeneration, and four (Cases 3, 5, 7, and 9)

showed temporal‐lobe‐predominant degeneration. Of the eight

cases with frontal‐lobe‐predominant degeneration, six (Cases 1, 4,

6, 8, 10, and 12) had a clinical diagnosis of bvFTD, one (Case 1)

presented with early symptoms of apathy, and six (Case 2, 4, 6, 8,

11, and 12) exhibited early symptoms of disinhibition or stereo-

typic behavior. Of the four cases with temporal lobe predominant

degeneration, three (Cases 3, 7, and 9) were clinically diagnosed

with aphasia.

Genetic studies, such as microtubule‐associated protein tau gene

mutations, could not be performed because of a lack of frozen

samples from the present case.

DISCUSSION

Clinicopathological evaluation of PiD with a short disease duration,

such as the present case of 1.5 years, is rare and important, as it

potentially elucidates the association between clinical symptoms and

pathological lesions.

Clinicopathological features in the present case in
relation to apathy or depression

Although the present case had been diagnosed as depressive dis-

order, the symptoms can be better interpreted as apathy, given that

there was a marked decrease in activity and interest, including in

himself, while the expression of distress was not conspicuous.24,25

Severe degeneration of the dACC and lateral frontal lobe was

observed. This finding is consistent with previous neuropathological26

F IGURE 2 (a) Topographic distribution of cortical degeneration in present case (Case 1). The lesions were classified into three categories:
slight (light gray), moderate (gray), and severe (black). Normal cerebral cortex is shown (white). Neuronal loss was prominent in severe lesions. (b)
Topographic distribution of phosphorylated tau‐positive intraneuronal inclusions: Pick body in present case (Case 1). Lesions were classified into
four categories: slight (yellow), moderate (orange), severe (red), most severe (purple). The lesions marked in purple indicate areas where
phosphorylated tau‐positive intraneuronal inclusions were reduced due to significant neuronal loss.
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and neuroradiological27 studies. In the present case, OFC was less

degenerated than dlPFC and dACC. Since OFC is thought to be

associated with behavioral inhibition,28 the distribution of lesions in

this case (which consisted dominantly in the dlPFC and dACC in three

cortical surfaces of the frontal lobe) was consistent with the clinical

course, where apathy preceded disinhibition.

The patient had not been evaluated by any specific neuro-

psychological test, and this is a major limitation of this report.

Neuropathological features of the present case as
early PiD

In lesions with the most severe tissue degeneration and neuronal

loss, the number of PBs tended to be lower than that in surrounding

lesions with moderate degeneration. Beyond the areas with the

strongest degeneration in the frontal lobe, more degenerated areas

had a higher number of PBs. This suggests that the extracellularly

released neuronal inclusion bodies in PiD due to neuronal death are

less likely to remain in the tissue, unlike the ghost tangles observed in

Alzheimer's disease.

A hypothesis has been proposed that aggregated proteins in

neurodegenerative diseases propagate via association, projection and

commissural fibers.29–31 In this case, the frontal lobe was strongly

degenerated, and degeneration of the MD was evident, while

degeneration of ventral lateral nucleus of the thalamus (VL) was less

pronounced. Because the MD has reciprocal fiber connections with

the frontal lobe,32 our findings are consistent with the hypothesis of

neurodegenerative protein propagation via intraneuronal connec-

tions. In the MD, neuropil atrophy, and a mild increase in neuronal

density compared to VL were found. Therefore, in the degeneration

of the MD in this case, tau‐induced neurodegeneration and antero-

grade degeneration due to frontal lobe degeneration may have

coexisted.

Degenerative lesions in the PFC were not in consecutive regions

in a coronal slice of PFC. This suggests that the PFC, which showed

the most significant pathological changes in the present case, may

have had multiple lesion expansion “epicenters.”

Clinicopathological features in PiD case series

Of the eight cases in this series (Table 1) with predominant PFC

degeneration, the representative case (Case 1) was the only one with

predominant degeneration of the dlPFC; in addition, only this case

(Case 1) initially presented with apathy, while six cases (Cases 2, 4, 6,

8, 11, and 12) initially presented with either disinhibition or stereo-

typic behavior. One case (Case 10), presenting with euphoria and

comprehension impairment as initial symptoms, exhibited predomi-

nant PFC degeneration. However, the specific pattern of degenera-

tion within PFC was unclear. This may be due to the long duration of

the disease in this case and the effects of advanced neurodegen-

eration. The absence of a clear trend toward more severe degener-

ation of OFC in cases exhibiting pronounced disinhibition and

stereotypic behavior may be attributable to the same underlying

cause.

A comparison of the case series suggests that, with a long‐term

disease course, discontinuous areas of severe degeneration in PFC

may progressively merge into more severe and continuous areas of

degeneration. Consequently, in PiD cases at an advanced phase of

F IGURE 3 Microscopic findings in the frontal cortex. (a, d) Dorsolateral prefrontal cortex, (b, e) dorsal anterior cingulate cortex, (c, f)
orbitofrontal cortex. (a–c) Hematoxylin and eosin (H&E) staining, (d–f) AT8. (a–c) H&E staining revealed neuronal loss and prominent spongiosis.
(d–f) Phosphorylated tau‐positive intraneuronal inclusions were predominantly found in Layers II–III and V–VI.
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neurodegeneration, identifying specific sites of predominant degen-

eration within PFC becomes challenging. Therefore, the representa-

tive case is distinctive in comparison with other cases in the series, as

it demonstrates an association between degenerative areas and

clinical symptoms predominantly characterized by apathy.

Disease duration in PiD cases at our institution did not always

correlate with the pathological phase (Table 1), which is consistent with

previous studies.17,33 The onset of dementia in patients with neuro-

degenerative diseases depends on social situations, such as whether

people around the patient can notice their behavioral changes.

In our case series, the pathological structures in the substantia

nigra and locus coeruleus tended to be more severe in cases with

broadly propagated pathological structures in other lesions, which is

consistent with a previous study.17

In Case 1, the deposits of phosphorylated tau‐positive NCIs in

the middle temporal gyrus were clear, while the degeneration of the

superior temporal gyrus was minor. This suggests that primary sen-

sory areas, excluding the olfactory cortex, are less vulnerable to PiD

degeneration.

Our case series did not replicate previous findings33 that lan-

guage variant patients have a longer prognosis than bvFTD patients.

This may be due to the limited number of patients with language

disorders in our study.

CONCLUSION

Previous studies have indicated that apathy is associated with dACC

and dlPFC, while disinhibition and stereotypic behavior are associ-

ated with OFC. The clinical symptoms in this case, which were mainly

apathy and fewer signs of behavioral variant symptoms, were con-

sistent with the pathological lesion, which was mainly in the dlPFC.

This suggests that PFC lesions remain localized in the early stages of

PiD, and that the early clinical manifestations may be associated with

the functional impairment caused by the focal degenerative lesion.

On the other hand, the comparison between the representative case

and the case series suggests that, in advanced PiD cases, identifying

specific patterns of PFC degeneration is challenging because, as PiD

progresses, focal degenerative areas in the PFC may progress into

consecutive and more severe degenerative lesions.

Further cases need to be accumulated to elucidate the patho-

genesis of PiD.
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