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Abstract.
Background: Phosphatidylinositol-binding clathrin assembly protein (PICALM) is a validated genetic risk factor for late-
onset Alzheimer’s disease (AD) and is associated with other neurodegenerative diseases. However, PICALM expression in
the blood of neurodegenerative diseases remains elusive.
Objective: This study aimed to assess the usefulness of PICALM expression levels in the blood of patients with AD,
Parkinson’s disease (PD), dementia with Lewy bodies (DLB), and geriatric major depressive disorder (MDD) as a diagnostic
biomarker.
Methods: In total, 45, 20, 21, and 19 patients with AD, PD, DLB, and geriatric MDD, respectively, and 54 healthy controls
(HCs) were enrolled in the study. Expression data from Gene Expression Omnibus database (GSE97760), (GSE133347) and
(GSE98793), (GSE48350), and (GSE144459) were used to validate the ability of biomarkers in the blood of patients with
AD, PD, geriatric MDD, and a postmortem human AD brain and animal model of AD (3xTg-AD mouse), respectively.
Results: PICALM mRNA expression in human blood was significantly increased in patients with AD compared with that in
HCs. PICALM mRNA expression and age were negatively correlated only in patients with AD. PICALM mRNA expression
in human blood was significantly lower in patients with PD than in HCs. No changes in PICALM mRNA expression were
found in patients with DLB and geriatric MDD.
Conclusion: PICALM mRNA expression in blood was higher in patients with AD, but lower in patients with PD, which
suggests that PICALM mRNA expression in human blood may be a useful biomarker for differentiating neurodegenerative
diseases and geriatric MDD.
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INTRODUCTION

About 50 million people worldwide are living with
dementia, and this number is predicted to increase
to 152 million by 2050; therefore, dementia pre-
vention, precise interventions, and person-centered
care are expected to receive increasing attention in
the years to come [1]. Most cases of Alzheimer’s
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disease (AD) (>95%) are sporadic and have a late
onset (80–90 years of age) [2]. Many genetic risk
factors for sporadic AD have been consistently iden-
tified in large-scale genome-wide association studies,
and pathway analysis has implicated immunity, lipid
metabolism, tau-binding proteins, and amyloid-�
protein precursor metabolism [3]. Growing evidence
suggests an overlap between AD and Parkinson’s dis-
ease (PD) pathophysiology in a subset of patients. A
recent study demonstrated common genetic variants
in genome-wide association with AD as predictors
of concomitant AD pathology in the brains of peo-
ple with a primary clinicopathological diagnosis of
PD or dementia with Lewy bodies (DLB) [4]. Fur-
thermore, the shared genetic etiology underlying
AD and major depressive disorder (MDD) showed
common pathways related to immune response and
the regulation of endocytosis [5]. These neurode-
generative diseases and geriatric MDD may have
overlapping signatures underpinning common phe-
notypic manifestations such as cognitive impairment
and depressed mood.

Phosphatidylinositol-binding clathrin assembly
protein (PICALM) is a highly validated genetic risk
factor for late-onset AD [3]. PICALM is involved
in trans-vascular A� clearance through the process
of PICALM/clathrin-dependent endocytosis [6], and
PICALM reductions in the brain endothelium of
patients with AD correlate with AD neuropathol-
ogy and cognitive impairment [7]. In addition to
A� pathology, PICALM is associated with other
neurodegenerative diseases with tau-mediated neu-
ropathology, such as frontotemporal dementia and
progressive supranuclear palsy [8, 9]. Although the
relationship between PICALM expression and the
reduction of endocytosis in the brain has been
reported in several studies [8, 9], PICALM expression
in the blood of neurodegenerative diseases remains
elusive. Moreover, recent studies have suggested that
both A� and tau pathologies may be associated
with the pathophysiology of geriatric MDD [10–12],
which is not only frequently comorbid, but also nec-
essary to differentiate from AD [13], PD [14], and
DLB [15].

In addition to the presence of amyloid plaques
in the brain parenchyma and intraneuronal neurofib-
rillary tangles, recent evidence suggests additional
AD pathophysiological pathways, such as innate
immune responses, neuroinflammation, and vascular
and cell membrane dysregulation [16–19]. Our previ-
ous studies suggest that the detection of transcriptome
biomarkers related to cell stress and inflammation

in the blood has significant potential as a minimally
invasive and inexpensive diagnostic tool for the diag-
nosis and early detection of developing AD [20–28].

Therefore, the purpose of this study was to assess
the usefulness of PICALM expression levels in the
blood of patients with AD and other neurodegenera-
tive diseases (i.e., PD and DLB), as well as geriatric
MDD, as a diagnostic biomarker.

MATERIALS AND METHODS

Participants

We enrolled 45 patients with AD, 20 with PD, 21
with DLB, 19 with geriatric MDD, and 54 healthy
controls (HCs). All patients met the diagnostic cri-
teria for AD, PD, DLB, and MDD according to
the Aging/Alzheimer’s Association [29], UK Parkin-
son’s Disease Society Brain Bank [30], 2017 DLB
clinical diagnostic criteria [31], and Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition
[32], respectively. All patients with MDD were age
>60 years. HCs had no current cognitive impairment,
psychiatric symptoms, or history of mental disorders.
The demographic characteristics of the patients and
HCs are shown in Table 1. Cognitive function was
evaluated using the Mini-Mental State Examination
(MMSE) and psychiatric symptoms in patients with
MDD were evaluated using the 21-item Hamilton
Rating Scale for Depression (HAM-D21) (Table 1).
All participants were unrelated and of Japanese ori-
gin and provided written informed consent using
forms approved by the institutional ethics commit-
tees of Ehime University (Approval Number: 31-K8
and R2–4). This study was conducted in accordance
with the Declaration of Helsinki.

Blood collection, RNA isolation, and cDNA
synthesis

Total RNA was extracted from whole periph-
eral blood samples using PAXgene Blood RNA
Tubes and the PAXgene Blood RNA kit (Qiagen,
Tokyo, Japan) according to the manufacturer’s proto-
col. RNA concentration and purity were determined
by spectrophotometric analysis using a spectropho-
tometer (Nano Drop-1000; Thermo Fisher Scientific,
Yokohama, Japan). A high-capacity cDNA reverse
transcription kit (Applied Biosystems, Yokohama,
Japan) was used for reverse transcription. RNA
(1.0 �g) was reverse transcribed in a total reaction
volume of 40 �L. We examined the RNA integrity of
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Table 1
Characteristics of each group

HCs AD PD DLB MDD p

N 54 45 20 21 19
Age (y) 77.0 ± 5.6 77.3 ± 4.4 75.8 ± 4.2 77.8 ± 7.5 70.7 ± 7.6∗ p < 0.001a

Sex (male/female) 18/36 15/30 6/14 7/14 7/12 p = 0.995b

MMSE 18.2 ± 5.5 27.2 ± 3.3
Duration (y) 4.2 ± 4.1
NPI 13.8 ± 16.5
MADRS 5.9 ± 4.9
ADAS 19.5 ± 9.0
CDR 1.5 ± 0.6
L-dopa (mg/day) 415.4 ± 116.2
UPDRS 27.9 ± 11.3
HAM-D21 22.8 ± 10.1

Data are shown as mean ± standard deviation. HCs, healthy controls; AD, Alzheimer’s disease; PD, Parkinson’s disease; DLB, dementia
with Lewy bodies; MDD, major depressive disorder; MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory; MADRS,
Montgomery–Åsberg Depression Rating Scale; ADAS, Alzheimer’s Disease Assessment Scale; CDR, Clinical Dementia Rating; L-dopa,
L-3, 4-dihydroxyphenylalanine; UPDRS, Unified Parkinson’s Disease Rating Scale; HAM-D21, 21-item Hamilton Depression Rating Scale.
*Dunnett’s test, p < 0.001 (HCs versus MDD). aOne-way analysis of variance. bχ2 test for independence.

all samples using the Bioanalyzer DNA kit (Agilent
Technologies Japan, Ltd., Tokyo, Japan). The mean
(±standard deviation [SD]) RNA integrity numbers
in each group were over 7.6 (HCs: 7.62 ± 0.52,
AD: 7.78 ± 0.68, PD: 7.78 ± 0.61, DLB: 7.74 ± 0.63,
MDD: 7.76 ± 0.68), and no significant differences
were found (analysis of variance [ANOVA] p = 0.84).
These results indicated that the RNA qualities were
appropriate for real-time PCR experiments.

mRNA expression

We performed real-time qPCR to examine
PICALM and GAPDH mRNA expression using the
TaqMan method (Applied Biosystems). Specific Taq-
Man probes were Hs00200318 m1 for PICALM and
Hs02758991 g1 for GAPDH, which was used as an
internal standard. Because preceding studies, includ-
ing ours, identified GAPDH as the most suitable
reference gene for blood gene expression analysis
using the PAXgene blood RNA system [33, 34], we
have presented the results of gene expression analyses
using GAPDH for future validation. Because some
reports have indicated that GAPDH gene expres-
sion decreases with age [35, 36], we examined the
relationship between age and GAPDH levels (thresh-
old cycle value) and found no significant correlation
between them (Pearson correlation test: r = –0.095,
p = 0.233). Additionally, we selected 18S rRNA as
the second reference gene for validation. The specific
TaqMan probe for 18S rRNA was Hs99999901 s1.
RT-qPCR was performed with 2.0 �L cDNA in a
reaction mixture containing TaqMan Gene Expres-
sion Master Mix (Applied Biosystems). The total

volume of each well was 20 �L. RT-qPCR was run in
96-well reaction plates using a StepOnePlus real-time
PCR system (Applied Biosystems). mRNA expres-
sion was determined in duplicate. Thermal cycling
conditions included one cycle at 50◦C for 2 min and
one cycle at 95◦C for 10 min, followed by 50 cycles
of amplification at 95◦C for 15 s and 60◦C for 1 min.
Relative mRNA levels were calculated via the ��Ct
method using StepOne software (Applied Biosys-
tems).

Validation analyses using public functional
genomics data

To validate the ability of biomarkers in the blood
of patients with AD, PD, geriatric MDD, and a post-
mortem human AD brain and animal model of AD
(3xTg-AD mouse), we used expression data from
Gene Expression Omnibus database (GSE97760)
[37], (GSE133347) and (GSE98793) [38],
(GSE48350) [39], and (GSE144459), [40] respec-
tively. From human blood AD data (GSE97760), old
female HCs (N = 10, mean age ± SD: 72.1 ± 13.1
years) and female patients with advanced AD (N = 9,
mean age ± SD: 79.3 ± 12.3 years) were examined.
From human blood PD data (GSE133347), HCs
(N = 5, mean age ± SD: 59.2 ± 3.5 years) and
patients with PD (N = 5, mean age ± SD: 61.8 ± 3.3
years) were examined. From human blood MDD
data (GSE98793), old HCs (N = 19, M/F = 2/17,
mean age ± SD: 65.8 ± 3.8 years) and patients
with geriatric MDD (N = 38, M/F = 4/34, mean
age ± SD: 66.0 ± 4.1 years) were examined. From
human hippocampal data (GSE48350), old HCs
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(N = 21, M/F = 10/11, mean age ± SD: 84.7 ± 8.4
years) and patients with AD (N = 19, M/F = 9/10,
mean age ± SD: 83.1 ± 8.5 years) were examined.
From animal model blood and hippocampal data
(GSE144459), wild-type male mice (n = 8 each, age
12 and 52 weeks) (named as C12bld, C52bld, C12
hip, and C52 hip) and 3xTg-AD male mice (n = 8
each, age 12 and 52 weeks) (named as AD12bld,
AD52bld, AD12 hip, and AD52 hip) were examined.

Statistical analysis

SPSS software (version 22.0; IBM Japan, Tokyo,
Japan) was used for the statistical analysis. After the
normal distribution of age and mRNA expression data
was analyzed using the Shapiro–Wilk test, expression
data were examined using one-way ANOVA to com-
pare age and PICALM mRNA expression between
patients with AD, PD, DLB, geriatric MDD, and HCs.
Sex differences were analyzed using Pearson’s chi-
squared test. The Spearman correlation test was used
to determine correlations with clinical parameters.
Comparisons of the expression data from the Gene
Expression Omnibus database were analyzed using
a t-test or one-way ANOVA with Tukey’s honestly
significant difference (HSD) test. Values of p < 0.05
were considered statistically significant.

RESULTS

We examined PICALM mRNA expression in the
blood of patients with AD, PD, DLB, geriatric MDD,
and HCs. Each group except geriatric MDD showed
no significant differences in age or sex (Table 1).
The geriatric MDD group was significantly younger
than the other groups (one-way ANOVA p < 0.001,
Tukey’s HSD p < 0.001 [HCs versus MDD]). The
mean ± SD PICALM mRNA expression in patients
with AD was significantly higher than that in HCs
(AD: 0.98 ± 0.19; HCs: 0.84 ± 0.23, Tukey’s HSD
p < 0.01), while that in patients with PD was signifi-
cantly lower than that in HCs (PD: 0.60 ± 0.17, HCs:
0.84 ± 0.23, Tukey’s HSD p < 0.001). No significant
differences were found between patients with DLB,
geriatric MDD, and HCs (DLB: 0.89 ± 0.22; geriatric
MDD: 0.84 ± 0.25, HCs: 0.84 ± 0.23) (Fig. 1). Val-
idation experiments using 18S rRNA as the second
reference gene showed similar expressional changes
(Supplementary Figure 2).

We also analyzed the correlations between
PICALM mRNA expression and clinical parameters.
A significant negative correlation between PICALM

Fig. 1. PICALM mRNA expression was compared among patients
with several neuropsychiatric diseases (AD, PD, DLB, and
geriatric MDD) and HCs. PICALM mRNA expression was sig-
nificantly higher in patients with AD, but significantly lower in
patients with PD compared with HCs (AD versus HCs: p = 0.004,
PD versus HCs: p < 0.001). AD, Alzheimer’s disease; PD, Parkin-
son’s disease; DLB, dementia with Lewy bodies; MDD, major
depressive disorder; HCs, healthy controls.

mRNA expression and age was observed only in
patients with AD (p = 0.013, r = –0.37) (Fig. 2),
whereas no significant correlations were found
with other clinical parameters in patients with AD
(MMSE): p = 0.29, r = 0.16, duration: p = 0.24,
r = 0.19, Neuropsychiatric Inventory: p = 0.49,
r = 0.11, Montgomery–Åsberg Depression Rating
Scale: p = 0.14, r = –0.27, Alzheimer’s Disease
Assessment Scale: p = 0.61, r = 0.09, Clinical
Dementia Rating: p = 0.19, r = –0.21). In patients
with PD, no significant correlation was found
between mRNA expression and age. In addition,
no correlation was seen between PICALM mRNA
expression and other clinical parameters in patients
with PD (L-3,4-dihydroxyphenylalanine: p = 0.91,
r = –0.038, MMSE: p = 0.98, r = –0.009, Unified
Parkinson’s Disease Rating Scale: p = 0.3, r = 0.31)
or geriatric MDD (HAM-D21): p = 0.08, r = 0.42).

Validation analyses using public functional
genomics data showed significantly higher PICALM
mRNA expression levels in the blood of patients with
AD (p < 0.001 logFC: 1.46) (Supplementary Fig-
ure 1A), in that of 3xTg-AD mice (one-way ANOVA
p < 0.001, Tukey’s HSD p < 0.001 [C12 bld versus
AD12 bld and C12 bld versus AD52 bld]) (Sup-
plementary Figure 1E), and in the hippocampus of
3xTg-AD mice (one-way ANOVA p < 0.001, Tukey’s
HSD p < 0.001 [C12 hip versus AD52 hip]) (Sup-
plementary Figure 1F). No changes were seen in
PICALM mRNA expression in the blood of patients
with PD or geriatric MDD (Supplementary Figure 1B
and C) or in the hippocampus of patients with AD
(Supplementary Figure 1D).



H. Kumon et al. / PICALM in Neurodegenerative Diseases and Depression 1059

Fig. 2. Correlation between PICALM mRNA expression and age in patients with Alzheimer’s disease (AD; A: r = –0.37, p = 0.013) and
healthy controls (HCs; B: r = 0.10, p = 0.48).

DISCUSSION

This study had four major findings. First,
PICALM mRNA expression in blood was signifi-
cantly increased in patients with AD compared with
that in HCs. Inconsistent with our results, a previous
study using postmortem human brain and AD model
mice showed reduced expression of PICALM in AD
endothelium correlated with amyloid-� (A�) pathol-
ogy and cognitive impairment [7]. This inconsistency
may be due to tissue differences. Another study
reported a decrease in PICALM gene methylation in
the blood of patients with AD [41]. As DNA methy-
lation levels were generally inversely correlated with
RNA expression levels, this result may be consistent
with our result. Although PICALM gene methyla-
tion in the same study was positively associated with
MMSE scores, PICALM mRNA expression in our
study was not associated with MMSE scores, prob-
ably because of the small sample size. Interestingly,
validation analyses using public functional genomics
data in the blood of patients with AD (Supplemen-
tary Figure 1A) and in the blood and hippocampus
of 3xTg-AD mice (Supplementary Figure 1E and F)
could replicate the increased PICALM mRNA expres-
sion in the blood of patients with AD. Although public
functional genomics data in the hippocampus of
patients with AD (Supplementary Figure 1D) did not
show a significant change, PICALM mRNA expres-
sion in the hippocampus of 3xTg-AD mice showed a
significant increase (Supplementary Figure 1F). Fur-
ther analyses of PICALM mRNA expression in the
human postmortem brain are therefore warranted.

Second, we observed a negative correlation
between PICALM mRNA expression and age only
in patients with AD (Fig. 2); no association was seen

in HCs. In a previous study, PICALM was identified
as having gene-based genome-wide significance with
larger effects at a younger age in AD [42]. Therefore,
the negative correlation observed between expression
and age in patients with AD may suggest that the risk
of PICALM for AD is modified by age.

Third, PICALM mRNA expression in human blood
was significantly lower in patients with PD compared
with that in HCs. In a previous study, an association
was reported between PICALM rs3851179 and cog-
nitive impairment in patients with PD [43]. Regarding
the relationship between PICALM polymorphisms
and PD, significant differences have been reported
in the genotypes and allele frequencies of an SNP
PICALM rs3851179 A allele among patients with
AD, PD, and HCs [44]; however, it has also been
reported that PICALM rs3851179 polymorphism is
not related to PD [45, 46]. Although we could not
confirm the same result in our validation analysis
(Supplementary Figure 1B), PICALM may also be
involved in the pathophysiology of PD.

Fourth, we did not find any changes in PICALM
mRNA expression in patients with DLB and geri-
atric MDD. Public functional genomics data also
showed that PICALM mRNA expression in the blood
of patients with geriatric MDD had not changed (Sup-
plementary Figure 1C). Because geriatric MDD is
frequently comorbid with neurodegenerative diseases
such as AD, PICALM mRNA expression may be use-
ful as a differential biomarker for treating geriatric
diseases that show psychiatric symptoms.

This study had several limitations. As few studies
have reported finding relationships between PICALM
and neurodegenerative diseases, patients should be
recruited in various stages and the effects of medica-
tion should be considered in future studies. Moreover,
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this study had a small sample size. Due to the limited
power, the negative findings in this study cannot be
interpreted as showing no associations.

CONCLUSIONS

We demonstrated that PICALM mRNA expression
in blood was higher in patients with AD, but lower in
patients with PD. Therefore, PICALM mRNA expres-
sion in human blood may be a useful biomarker for
differentiating neurodegenerative diseases and geri-
atric MDD. Because PICALM mRNA expression
using another reference gene (18S rRNA) was not
changed in PD and decreased in geriatric MDD, these
results need further validations.
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