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ABSTRACT: Background: Cognitive impairment is
one of the most disabling nonmotor symptoms in
Parkinson’s disease (PD). Recently, a genome-wide
association study in Alzheimer’s disease has identified
the PICALM rs3851179 polymorphism as one of the
most significant susceptibility genes for Alzheimer’s dis-
ease after APOE. The aim of this study was to determine
the potential role of PICALM and its genetic interaction
with APOE in the development of cognitive decline in PD.
Methods: A discovery cohort of 712 patients with PD
were genotyped for PICALM (rs3851179) and APOE
(rs429358 and rs7412) polymorphisms. The association
of PICALM and APOE–PICALM genetic interaction with
cognitive dysfunction in PD was studied using logistic
regression models, and the relationship of PICALM with
cognitive decline onset was assessed with Cox regres-
sion analysis. PICALM effect was then replicated in an
international, independent cohort (Parkinson’s Progres-
sion Markers Initiative, N = 231).

Results: PICALM rs3851179 TT genotype was signifi-
cantly associated with a decreased risk of cognitive
impairment in PD (TT vs. CC + CT, P = 0.041, odds
ratio = 0.309). Replication studies further demonstrated
its protective effect on cognitive impairment in PD. In
addition, the protective effect of the PICALM rs3851179
TT genotype was more pronounced in the APOE ε4 (−)
carriers from the discovery cohort (P = 0.037, odds
ratio = 0.241), although these results were not replicated
in the Parkinson’s Progression Markers Initiative cohort.
Conclusions: Our results support the fact that PICALM
is associated with cognitive impairment in PD. The
understanding of its contribution to cognitive decline in
PD could provide new targets for the development of
novel therapies. © 2020 International Parkinson and
Movement Disorder Society
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Introduction

Parkinson’s disease (PD) is a neurodegenerative dis-
order primarily characterized by motor dysfunction.1

In addition to the defining motor features, a wide
variety of nonmotor symptoms including cognitive
impairment, hallucinations, and mood disorders are
commonly observed in patients with PD. Cognitive
decline is one of the most severe and disabling non-
motor symptoms of PD. Almost 25% of newly diag-
nosed patients with PD experience mild cognitive
impairment, and more than 80% of patients with PD
develop dementia within 20 years of diagnosis.2,3 The
profile of cognitive dysfunction among patients with
PD is heterogeneous in its severity, affected domains,
and rate of progression. In particular, the cognitive
domains affected by cognitive impairment in PD
involve working and semantic memory, executive
function, visuospatial skills, attention, and mental
processing speed.4
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Neuropathological findings have demonstrated that
cognitive impairment in PD correlates with Lewy bod-
ies, cerebrovascular disease, and Alzheimer’s disease
(AD) pathology (ie, tau neurofibrillary tangles and
amyloid-β plaques).5 Despite the multiple candidate
biomarkers being investigated and the ongoing
advances in biomarker research, the susceptibility genes
involved in cognitive impairment of PD are still
unknown. In this regard, genetic polymorphisms may
provide additional information on risk and help in the
understanding of its biological basis.
Several genetic studies have demonstrated the associa-

tion of the APOE ε4 allele, the major genetic risk factor
for AD, with cognitive impairment in PD.6–9 This find-
ing points to a potential overlap between PD and
AD. Indeed, there is increasing evidence showing the
similarities in pathological characteristics and clinical
features among PD and AD.10 Recently, a large
genome-wide association study in AD has identified a
single nucleotide polymorphism, rs3851179, at 50 to
the PICALM gene as one of the most significant suscep-
tibility genes of AD after APOE.11 Various studies have
considered its minor allele T, which increases the
expression of PICALM, as a protective allele against
AD.11,12 The PICALM gene encodes the clathrin adap-
tor protein involved in clathrin-mediated endocytosis,
which is an essential step in the intracellular trafficking
of proteins, lipids, growth factors, and neurotransmit-
ters. In recent years, the potential role of PICALM
rs3851179 in the pathogenesis of PD has been assessed
using ethnically diverse study populations, but the find-
ings have been mixed.13–18

Given the importance of cognitive impairment in PD
and the effect of PICALM on cognition, the aim of the
present study was to determine whether PICALM
rs3851179 and its genetic interaction with APOE con-
tribute significantly to the risk of cognitive
decline in PD.

Methods
Participants

We included a discovery cohort consisting of
712 patients with PD (59.0% men; mean age of onset,
54.3 ± 12.6 years) recruited from the Movement Disor-
ders Clinic of the Hospital Universitario Virgen del
Rocio in Seville, Spain. PD was diagnosed following the
Movement Disorder Society clinical diagnostic
criteria.19

Patients with PD were clinically assessed by move-
ment disorder specialists, and an extensive set of clinical
features was obtained. Cognitive impairment was
assessed using as screening tools the results of the neu-
ropsychological assessment and the scores in standard
scales such as the Mattis Dementia Rating Scale (≤139),

Parkinson’s Disease Cognitive Rating Scale (≤81), Mini
Mental State Examination (≤24), Montreal Cognitive
Assessment (≤26), Scales for Outcomes in Parkinson’s
Disease–Cognition (≤22), and the Parkinson’s Disease
Dementia Short Screen (≤11).4,20–24 Consequently, we
identified patients with PD who met the diagnostic
criteria for mild cognitive impairment or dementia in a
long-term review of the medical records. All patients
underwent a neuroimage test, and all patients with PD
with cognitive impairment underwent brain magnetic
resonance as well as biochemical analysis to exclude
nondegenerative/metabolic causes of cognitive impair-
ment. Peripheral blood samples were obtained from
each participant.
For replicating PICALM influence on cognitive

impairment in PD, we used the Parkinson’s Progression
Markers Initiative (PPMI) cohort, an international,
multisite, prospective, longitudinal cohort study. Details
regarding the PPMI study have been published25,26 and
are available on the PPMI website (http://www.ppmi-
info.org). The PPMI data used in this analysis were
downloaded on April 2, 2020.
A total of 231 patients with PD (65.4% men; mean

age of onset, 61.0 ± 9.6 years) enrolled in the PPMI
study were included in the replication study cohort.
Participants with PD were required to have (1) an idio-
pathic PD diagnosis, (2) a dopamine transporter deficit
on imaging, (3) genetic material available for analysis,
(4) White race, and (5) cognitive assessments done by
the site investigators. In this regard, a clinical diagnosis
of cognitive impairment (mild cognitive impairment or
dementia) was made following the Movement Disor-
ders Task Force Criteria for dementia. Those partici-
pants who presented with cognitive complaints but did
not fulfill the cognitive impairment criteria during these
assessments were excluded from the cognitively healthy
group.
The study was approved by the local ethics commit-

tee in accordance with the Declaration of Helsinki, and
written informed consent was obtained from all the
participants in the study. The PPMI study was
approved by the local institutional review boards of all
participating sites.

Genetics
Genomic DNA was isolated from peripheral blood

samples according to established protocols by standard
or automated methods (DNA Isolation Kit for Mam-
malian Blood, Roche Diagnostics, Indianapolis, IN;
MagNA Pure LC, Roche Diagnostics). DNA quantifica-
tion was determined by a NanoDrop2000 spectropho-
tometer (Thermo Fisher Scientific, Waltham, MA).
All participants underwent genotyping for rs3851179

(PICALM) as well as rs429358 and rs7412 (APOE ε2,
ε3, and ε4 alleles). Genotyping was performed using
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Taqman SNP Genotyping Assays (Applied Biosystems,
Foster City, CA) in a LightCycler480-II (Roche Applied
Science, Penzberg, Germany).
In the PPMI replication cohort, the variant

rs3851179 (PICALM) was genotyped using the
ImmunoChip genotyping array as previously
described.27 In addition, the APOE ε2/ε3/ε4 genotypes
were genotyped using TaqMan genotyping as previ-
ously described.28

Statistical Analysis
The association of the PICALM rs3851179 polymor-

phism and the APOE ε4 allele with the presence of cog-
nitive impairment in PD was investigated in both the
discovery and replication cohorts using logistic regres-
sion models adjusted for sex and age of onset. All
results were corrected for multiple testing using the
Bonferroni correction method. A P < 0.01 in the
Hardy-Weinberg equilibrium test and a minor allele fre-
quency of less than 1% were established as quality con-
trols. Furthermore, an analysis of multiplicative
interactions was performed between the PICALM
rs3851179 polymorphism and the APOE ε4 allele in
both cohorts. Cox regression was used to examine the
association between PICALM rs3851179 and the pres-
ence of cognitive impairment in PD as a time-dependent
outcome. Analysis was adjusted for potential con-
founding factors including sex and age of onset. All of
the analyses were done using PLINK software v.1.07
and R software.29,30

Results

Of the 712 patients with PD included in the discovery
cohort, cognitive impairment occurred in 15.0% of
patients with PD. On the other hand, 27.3% of patients
with PD developed cognitive impairment in the PPMI
replication cohort. Demographic characteristics of each
cohort are shown in Table 1.
The distribution of PICALM genotypes in the subset

of patients with PD without cognitive impairment was
found to be in Hardy-Weinberg equilibrium in the dis-
covery cohort. There were significant differences in
genotype frequencies (TT vs. CC + CT, P = 0.041, odds
ratio [OR] = 0.309) between patients with PD with and
without cognitive decline (Table 2).
Of the 712 patients with PD, 107 progressed to

cognitive impairment after a mean of 11.3 ± 5.9 years
from disease onset. The Cox regression analysis is
presented in the Table S1. The PICALM rs3851179
TT genotype (hazard ratio = 0.397, P = 0.044) was
found to have a protective effect against the develop-
ment of cognitive decline. The survival curve for this
polymorphism in the discovery cohort is presented in
Figure 1.
Furthermore, the distribution of the APOE ε4 allele

in the subgroup of patients with PD without cognitive
decline was found to be in the Hardy-Weinberg equilib-
rium. There were significant differences in allele fre-
quencies (ε4− vs. ε4+, P = 0.008, OR = 0.516) between
patients with PD with and without cognitive decline

TABLE 1. Demographic features of the discovery cohort and PPMI replication cohort

Patients with PD

Discovery Cohort PPMI Replication Cohort

Total
(N = 712)

Patients with PD
with Cognitive

Decline (N = 107)

Patients with PD
with no Cognitive
Decline (N = 605) P Value

Total
(N = 231)

Patients with PD
with Cognitive
Decline (N = 63)

Patients with PD
with No Cognitive
Decline (N = 168) P Value

Sex, N (% men) 420 (59.0) 58 (54.2) 362 (59.8) 0.275 151 (65.4) 49 (77.8) 102 (60.7) 0.015
Age at onset
y, mean ± SD

54.3 ± 12.6 58.1 ± 9.1 53.6 ± 13.1 0.001 61.0 ± 9.6 65.0 ± 9.3 59.1 ± 9.3 <0.001

Abbreviations: PPMI, Parkinson’s Progression Markers Initiative; PD, Parkinson’s disease; N, number of subjects; SD, standard deviation. Bold values indicate
significant Bonferroni-adjusted P values.

TABLE 2. Results for logistic regression of PICALM rs3851179 and cognitive impairment in PD in the discovery cohort
corrected for sex and age of onset

Polymorphism Genotype
Patients with PD with Cognitive Decline,

N (%)
Patients with PD Without Cognitive Decline,

N (%) OR (95% CI) P Value*

PICALM
rs3851179

CC + CT 98 (95.1) 517 (85.7) Reference
TT 5 (4.9) 86 (14.3) 0.309

(0.122–0.785)
0.041

Abbreviations: PD, Parkinson’s disease; N, number of subjects; OR, odds ratio; CI, confidence interval.
*Bold values indicate significant Bonferroni-adjusted P values.
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(Table S2). After stratification of our PD cohort
according to APOE ε4 status, a significant association
for the rs3851179 TT genotype was found only in the
APOE ε4 (−) carriers, but not in the APOE ε4 (+) sub-
group (Table 3).
Having demonstrated that PICALM rs3851179

was associated with cognitive impairment in PD in
the discovery cohort, we next tested our results for
replication in an independent PPMI replication
cohort. First, replication studies identified significant
differences in PICALM rs3851179 genotype frequen-
cies (TT vs. CC + CT, P = 0.041, OR = 0.305)
between patients with PD with and without cognitive
decline (Table S3). Furthermore, the PICALM
rs3851179 TT genotype (hazard ratio = 0.290,
P = 0.037) was found to have a protective effect
against the development of cognitive decline
(Table S4). The survival curve for this polymorphism
in the replication cohort is presented in Figure 2.

Finally, the stratification of the PPMI replication
cohort according to APOE ε4 status did not reveal
any significant association neither in the APOE ε4
(−) carriers nor in the APOE ε4 (+) subgroup
(Table S5).

Discussion

Our results support the hypothesis that PICALM
could modulate the risk of cognitive impairment in PD
in both the discovery and replication cohorts. Specifi-
cally, the PICALM rs3851179 TT genotype appeared to
have a significant protective effect against cognitive
decline in PD. After adjusting for APOE, statistical anal-
ysis showed that the association between PICALM
rs3851179 and cognitive decline was only significant
among the participants without the APOE ε4 allele in
the discovery cohort. However, PICALM–APOE genetic
interaction failed to replicate in the PPMI cohort.
Despite the overlap between cognitive impairment in

AD and PD, the role of this top hit polymorphism in
AD has not yet been widely addressed in cognitive
impairment in PD.14,15 Barret and colleagues14

suggested that the PICALM rs3851179 T allele could
increase the risk of cognitive decline in older patients
with PD (>70 years old) in the PROGENI/GenePD
[Parkinson's Research: The Organized Genetics Initia-
tive (PROGENI); The database of Genotypes and Phe-
notypes (dbGaP)] cohort (available in dbGaP).
Nevertheless, the results in this study were not
corrected for multiple testing. These results contrast
with our findings that pointed out that the presence of
the TT genotype had a significant protective effect
against the risk of cognitive decline in both cohorts of
patients with PD, expanding the role of PICALM not
only to older patients with PD.14

Furthermore, most studies have focused on the role
of PICALM in PD; however, none were able to investi-
gate the effect of this gene on cognitive
impairment.13,16–18 Santos-Rebouças and colleagues13

performed a case-control study in a Brazilian popula-
tion of 174 patients with late-onset AD, 166 patients
with late-onset PD, and 176 controls and showed that
the rs3851179 T allele represented a significant

FIG. 1. Survival plot of cognitive impairment onset in PD in the discov-
ery cohort. Lines represent the cumulative dementia-free survival in
years from disease onset. PD, Parkinson’s disease. [Color figure can be
viewed at wileyonlinelibrary.com]

TABLE 3. Analysis of multiplicative interaction between PICALM rs3851179 and APOE ε4 status in patients with PD
with and without cognitive decline in the discovery cohort

APOE Status PICALM rs3851179 PD with Cognitive Decline, N (%) PD Without Cognitive Decline, N (%) OR (95% CI) P Value*

ε4− CC + CT 70 (95.9) 423 (84.9) Reference
TT 3 (4.1) 75 (15.1) 0.241 (0.074–0.788) 0.037

ε4+ CC + CT 26 (92.9) 84 (90.3) Reference
TT 2 (7.1) 9 (9.7) 0.580 (0.112–3.003) 1.000

Abbreviations: PD, Parkinson’s disease; N, number of subjects; OR, odds ratio; CI, confidence interval.
*Bold values indicate significant Bonferroni-adjusted P values.
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protective factor for PD with an OR similar to
AD. Nonetheless, the plausible interaction of PICALM
and APOE was only assessed in the AD cohort. A sig-
nificant association for the PICALM rs3851179 T allele
remained significant only in the APOE ε4 (−) sub-
group.13 To the best of our knowledge, our study is the
first attempt to analyze the interaction effects of the
APOE ε4 allele and the single nucleotide polymorphism
rs3851179 in PD. Notably, as occurs with AD, a signif-
icant association for the PICALM rs3851179 TT geno-
type remained significant only in the APOE ε4 (−)
subgroup in the discovery cohort.
In recent years, some functional analyses have investi-

gated the relationship between PICALM and PD.13 A
clathrin-dependent endocytic mechanism is essential for
the maintenance of synaptic transmission because syn-
aptic vesicles need to be recycled after releasing a neu-
rotransmitter.17 PD predominantly affects the
dopamine-producing neurons residing at the substantia
nigra, and α-synuclein was found to play a role in regu-
lating dopamine homeostasis through its involvement
in clathrin-mediated endocytosis.31 The role of PIC-
ALM in vesicle-associated membrane protein-2 traffick-
ing has also been proposed to be crucial to neuronal
function.32

Our findings suggest another possible explanation for
the association of PICALM with PD through the PIC-
ALM rs3851179 polymorphism with cognitive impair-
ment. To date, most longitudinal studies in PD agree
that abnormal Aβ is linked to future cognitive decline.33

Furthermore, PICALM is involved in clathrin-mediated
endocytosis, which is a component of some metabolic
pathways such as formation and clearance on
β-amyloid and tau protein clearance by autophagy.34,35

In line with this, it has been reported that the PICALM
rs3851179 T allele leads to a modest increase in PIC-
ALM expression and consequently to an increase in Aβ
clearance compared with the nonprotective allele,
suggesting a link between PICALM and Aβ pathology
in PD.36 This explanation is in accordance with a
genetic interaction of APOE–PICALM associated with
cognitive impairment in PD because APOE has also
been involved in the regulation of Aβ clearance from
the brain.37

In terms of study limitations, cognitive dysfunction
was not assessed in our discovery cohort at the time of
diagnosis of PD, so we were not able to evaluate if this
could affect the course of cognitive decline. In addition,
cognitive impairment was not assessed with the same
standard cognitive scale during follow-up. In this
regard, although all the screening scales used to evalu-
ate cognitive status were internationally accepted, sta-
tistical adjustment for cognitive scale scores was not
possible. Similarly, the level of education was not
recorded during the clinical assessments of the partici-
pants in our discovery cohort, so we were not able to
adjust for this variable when analyzing the associations.
Moreover, further studies with larger sample sizes and
ethnically diverse populations of patients with PD are
needed to confirm the relationship between PICALM
rs3851179 and cognitive function/dementia in PD in
other populations and its possible interaction
with APOE.
Finally, our results support the fact that the PICALM

rs3851179 polymorphism is associated with cognitive
impairment in PD. The understanding of its contribu-
tion to cognitive decline in PD could provide new tar-
gets for the development of novel therapies.
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