Neurosci. Bull. August, 2019, 35(4):756-762
https://doi.org/10.1007/s12264-019-00360-1

/')

Check for
updates

WWW.neurosci.cn
www.springer.com/12264

ORIGINAL ARTICLE

Effect of Apolipoprotein E Genotypes on Huntington’s Disease
Phenotypes in a Han Chinese Population

Xiao-Yan Li' - Yan-Bin Zhang® - Miao Xu® - Hong-Rong Cheng' - Yi Dong' -

Wang Ni' - Hong-Lei Li' - Zhi-Ying Wu'*

Received: 19 August 2018/ Accepted: 13 November 2018/ Published online: 18 March 2019

© Shanghai Institutes for Biological Sciences, CAS 2019

Abstract Huntington’s disease (HD) is an autosomal
dominant degenerative disease that mainly encompasses
movement, cognition, and behavioral symptoms. The
apolipoprotein E (APOE) gene is thought to be associated
with many neurodegenerative diseases. Here, we enrolled a
cohort of 223 unrelated Han Chinese patients with HD and
1241 unrelated healthy controls in Southeastern China and
analyzed the correlation between APOE genotypes and HD
phenotypes. The results showed that the frequency of the
E4 allele (7.1%) in HD patients was statistically less than
that in controls (12.0%) (P =0.004). In addition, we
divided patients into motor-onset and non-motor-onset
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groups, and analyzed the relationship with APOE geno-
types. The results, however, were negative. Furthermore,
the age at onset (AAQO), defined as the age at the onset of
motor symptoms, was compared in each APOE genotype
subgroup and multivariate regression analysis was used to
exclude the interference of CAG repeat length on AAO, but
no association was found between APOE genotypes and
AAO. Finally, we analyzed adult-onset HD to exclude the
interference caused by juvenile HD (n = 13), and the
results were negative. Therefore, our study suggests that
APOE may not be a genetic modifier for HD, especially for
adult-onset HD among Chinese of Han ethnicity. To the
best of our knowledge, this is the first study of the
correlation between APOE genotypes and HD phenotypes
in a Han Chinese population.

Keywords Huntington’s disease - Phenotype -
Apolipoprotein E - Han Chinese population

Introduction

Huntington’s disease (HD) is an age-related, autosomal
dominant neurodegenerative disease resulting from the
expansion of a CAG repeat in the first exon of the
huntingtin gene (HTT). It is typically characterized by
motor dysfunction, cognitive impairment, and psychiatric
disorders [1]. Atypical clinical features also occur, such as
ataxia, tics, tremor, dystonia, and parkinsonism [2]. In the
general East-Asian population, the average CAG repeat
size is 16.9 repeats, which is lower than the 17.8 repeats in
Europeans due to the specific haplogroup [3]. Individuals
who inherit 36-39 CAG repeats may have reduced and
mild penetrance, and those who inherit 40 CAG repeats or
more have complete penetrance [4]. It has been
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demonstrated that CAG repeat length is inversely associ-
ated with the age at onset (AAO) [5, 6]. Although CAG
repeat length constitutes the most important factor affect-
ing AAO, this only accounts for 50%—-72% of its variance
[7, 8]. Furthermore, individuals with the same CAG repeats
can present variable AAOs, symptoms, and disease dura-
tions. Many factors could affect the phenotypes of the
disease, such as genetic modifiers and environment factors.
In this study, our main purpose was to study the correlation
between apolipoprotein E (APOE) genotypes and HD
phenotypes.

ApoE protein, coded by the APOE gene, is a serum
glycoprotein consisting of 299 amino-acid residues. It is
secreted as a protein with a relative molecular mass of
34,200 [9]. ApoE regulates lipid metabolism by mediating
lipid transport from one place to another [10]. In the central
nervous system, ApoE is primarily produced by astrocytes,
and mediates cholesterol delivery between neurons. This is
an essential process for axonal growth, synapse formation,
and remodeling, which are crucial for cognitive functions
and neuronal repair [11, 12].

The APOE gene has three common haplotypes — E2, E3,
and E4 — which encode three corresponding protein
isoforms. These haplotypes give rise to six genotypes, the
most common of which is E3E3 [13]. The three protein
isoforms are distinguished from each other by the inter-
change of Cys and Arg residues at positions 112 and 158 of
the protein. E2 has Cys residues in both positions, E3 has
Cys-112 and Arg-158, and E4 has Arg in both positions.
The single amino-acid differences at the two positions
influence the structure of the ApoE isoforms, thus altering
their affinity for lipids, receptors, and beta-amyloid (A)
[14]. AP is the main component of plaques, which is one of
the typical pathological changes in Alzheimer’s disease
(AD) [15]. The other pathological change is the neurofib-
rillary tangles composed of hyperphosphorylated tau [16].
Several lines of evidence show that ApoE isoforms play
differential roles in AP aggregation and clearance [14, 17].
In addition, it has been reported that ApoE is also involved
in tau pathogenesis and tau-mediated neurodegeneration
[18].

Many studies have shown that the APOE E4 allele is a
risk factor for developing AD, Pick’s disease, and dementia
with Lewy bodies (DLB) [19-21]. Moreover, recent
research has demonstrated that the E4 allele can indepen-
dently trigger inflammatory cascades, which can break
down the blood-brain barrier (BBB) and admit blood-
derived toxic proteins into the brain [22]. BBB breakdown
leads to neuronal impairment, synaptic dysfunction, and
neurodegeneration. Based on these findings, the E4 allele is
considered to be one of the pathogenic mechanisms of AD,
Pick’s disease, DLB, and other degenerative disorders.

All these studies [14, 17, 22] indicate that APOE might
be a candidate gene in modifying the phenotypes of
neurodegenerative diseases. Considering that HD is a
degenerative disorder and has various clinical symptoms,
we aimed to investigate the correlation between APOE
genotypes and HD phenotypes. In previous studies, most
researchers focused on the influence of APOE on AAO in
HD patients of Caucasian origin [23, 24]. To date, there is
no large-scale study of Chinese HD patients of Han
ethnicity.

Materials and Methods
Participants

Between January 2008 and August 2017, 223 unrelated
patients of Han Chinese origin with HD confirmed by
genetic testing of the HTT gene were recruited. They were
enrolled at the Departments of Neurology in three medical
centers, The Second Affiliated Hospital of Zhejiang
University School of Medicine (Hangzhou), Huashan
Hospital Affiliated to Fudan University (Shanghai), and
The First Affiliated Hospital of Fujian Medical University
(Fuzhou). Most patients came from Southeastern China.
This study was approved by the Ethics Committees of the
above hospitals. Patients or their guardians gave informed
consent. Also, 1241 unrelated aged individuals (=65 years
old) from communities without any history of neurode-
generative disease (such as HD, AD, or Parkinson’s
disease) were included as the control group. All the control
individuals denied positive family histories or cognitive
impairment.

Genetic Analysis of CAG Repeats in the HTT Gene

Genomic DNA was extracted from peripheral blood using a
DNA extraction kit (Qiagen Inc., Valencia, CA). Genetic
testing for the HTT gene was conducted for all affected
individuals using the method described previously [25].
The forward primer was 5-CAGAGCCCCATT-
CATTGCC-3' and reverse was 5'-TGAGGAAGCTGAG-
GAGGC-3'. CAG-tract repeat sizes were determined by
Sanger sequencing using a procedure described previously
[26].

Genotyping of APOE
APOE genotyping was conducted with a multiplex ampli-

fication refractory mutation system polymerase chain
reaction using the method reported previously [27].
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Statistics

Statistical analyses were performed using the ¢ test,
ANOVA, and X2 test in SPSS 20.0. Comparisons were
made using Pearson’s y* or Fisher's exact test when
appropriate. Multivariate regression analysis was per-
formed to exclude the interference of CAG repeat length
on AAO. We performed separate analysis to control the
bias caused by sex difference. P <0.05 was considered
statistically significant.

Results
Clinical Characteristics of Participants

Two hundred and twenty-three unrelated (118 male/105
female) HD patients with genetic confirmation were
recruited in this study. They were from different families,
so the bias created by duplications of APOE alleles in
family members was excluded. Among them, 18 lacked
details of the medical history such as initial symptoms and
AAO, and 13 were without APOE genotype data including
two who also lacked medical history information. Thus,
only 205 patients had clear initial symptoms. Among them,
184 (89.8%) presented with movement symptoms first, 10
(4.9%) with psychiatric symptoms, and 8 (3.9%) with
cognitive decline. In addition, one person presented with
seizure as the initial symptom. Two had concurrent
psychiatric and cognitive symptoms. Thirteen cases were
juvenile HD (JHD) and the remaining 192 were adult-onset
HD. Among the 13 JHD cases, the initial symptoms were
motor disorders (n = 10), cognitive impairment (n = 2) and
seizure (n = 1).

Frequency Distributions of APOE Genotypes in HD
Patients and Controls

The 210 patients with APOE genotype data were analyzed
for the APOE genotype frequency. The distributions of
APOE alleles were significantly different between HD and
control populations (Table 1). The E4 allele had a fre-
quency of 7.1% in the HD cohort, which is less than the
12.0% in the control population (P = 0.004). The E3 allele
had a higher frequency of 89.0% in the HD patients than
the 81.7% in the controls (P = 0.0002). The distributions of
APOE genotypes were also statistically different. The
E3E3 genotype was significantly more frequent (80.0%) in
the HD cohort than in the controls (69.1%) (P = 0.001),
while the E3E4 genotype was less frequent (11.9%) in the
HD population than in the control population (18.0%)
(P =0.031). After stratifying the allele distributions by
sex, the results for APOE alleles were consistent with those
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before stratification. However, significant differences in the
E3E3 and E3E4 genotypes remained in the female group
but disappeared in the male group (Table 1).

Influence of CAG or Sex on AAO

As 18 HD patients lacked AAO information, 205 with both
AAO and CAG data were included in the analysis. The
AAQO here refers to the onset age at motor symptoms. The
mean and median AAO were 40.0 £ 11.8 years (range
4-70) and 40 years. And the mean and median expanded
CAG repeat number were 46.4 £ 7.8 (range 39-104) and
44. The distributions of AAO and CAG are shown in
Figs. 1 and 2, respectively. There was a negative correla-
tion between AAO and CAG repeat length (Fig. 3). Using
exponential regression analysis, 73% of the variance in
AAO can be explained by the expanded CAG length
(R’= 0.73). To investigate the influence of sex on AAO, we
divided the cohort into male (n = 106) and female (n = 99)
groups. However, there was no significant difference in
AAO between the two groups (male: 39.8 + 12.4 years,
range 8-70 years; female: 40.1 + 11.1 years, range 4-60
years; P = (0.88).

APOE Did Not Affect Initial Symptoms or AAO
in HD Patients

To test whether the APOE genotype affects initial symp-
toms, we classified patients into motor-onset and non-
motor-onset groups. Among the 205 patients with clear
initial symptoms, 10 (including one with JHD) lacked
APOE genotype information were excluded. Thus, 195
patients were classified into a motor onset group (n = 175)
and a non-motor onset group (n = 20). To minimize the
influence of CAG repeat length on initial symptoms, the
patients were further divided into two narrow CAG-range
subgroups according to the median CAG (44): CAG <44
and CAG >44. There was no significant difference in the
distributions of APOE alleles or genotypes between the
motor and non-motor groups either in full-range CAG or in
the narrow CAG-ranges (Table 2).

JHD is characterized by atypical symptoms such as
epilepsy, bradykinesia, dystonia, and myoclonus, which are
quite different from adult-onset HD [28-30]. Thus, we
further divided the 195 patients into a JHD group (n = 12)
and an adult-onset group (n = 183). Since the number of
JHD cases was small (10 motor onset and 2 non motor
onset), we only analyzed the frequency distributions of
APOE genotypes in adult-onset group and found the
distributions were no different (Table 2).

The APOE E4 allele is thought to be associated with
cognitive decline in many neurodegenerative diseases. As
the number of patients with an initial symptom of cognitive
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Table 1 Frequency distributions of APOE genotypes in HD patients and controls.
Groups Allele Genotype
E2 (%) E3 (%) E4 (%) E2E2 (%) E2E3 (%) E2E4 (%) E3E3 (%) E3E4 (%) E4E4(%)
HD patients 16 (3.8) 374 (89.0) 30 (7.1) 1(0.5) 13 (6.2) 1 (0.5) 168 (80.0) 25 (11.9) 2(1.0)
Controls 156 (6.3) 2028 (81.7) 298 (12.0) 13 (1.0) 89 (7.2) 41 (3.3) 858 (69.1) 223 (18.0) 17(1.4)
P value 0.047* 0.0002* 0.004* 0.707 0.607 0.024* 0.001* 0.031* 1.000
HD females 8 (4.0) 178 (89.9) 12 (6.1) 0 (0.0) 7(7.1) 1 (1.0) 82 (82.8) 7(7.1) 2(2.0)
Control females 96 (6.7) 1169 (82.0) 161 (11.3) 9 (L.3) 55 (1.7) 23 (3.2) 496 (69.6) 122 (17.1)  8(L.1)
P value 0.147 0.005* 0.025% 0.610 0.821 0.344 0.006* 0.010* 0.349
HD males 8 (3.6) 196 (88.3) 18 (8.1) 1 (0.9) 6 (5.4) 0 (0.0) 86 (77.5) 18 (16.2) 0(0.0)
Control males 60 (5.7) 859 (81.3) 137 (13.0) 4 (0.8) 34 (6.4) 18 (3.4) 362 (68.6) 101 (19.1)  9(1.7)
P value 0.210 0.013* 0.043* 1.000 0.683 0.054 0.062 0.474 0.371
*P value < 0.05.
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Fig. 2 Frequency distribution of expanded CAG repeat length in
HTT in patients with HD.

decline was too small to be analyzed (n = 8), we just
presented their genetic features (CAG repeat lengths and
APOE genotypes) in Table S1. Surprisingly, they were all
of the E3E3 genotype.

To determine whether APOE can modify the AAO of
HD, we divided these 195 patients into E2E3, E3E3, and

1 Ll 1 1 L] 1 L L] U J L) Ll L} L] Ll L] T 1
36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96100104108
Expanded CAG repeats

Fig. 3 Relationship between the expanded CAG repeat length and
AAO. The CAG repeat number explained ~73% of the variance in
AAO.

E3E4 groups, as the numbers of patients with E2E2
(n=1),E2E4 (n = 1), and E4E4 (n = 2) were too small to
be analyzed. The mean AAOs for the E2E3, E3E3, and
E3E4 groups were 42.9 £ 8.9 years (n = 12), 39.5 £ 12.0
years (n = 156), and 42.4 £+ 12.1 years (n = 23), respec-
tively. No statistical difference was found in AAO between
the three APOE genotypes (P = 0.38). When stratified by
sex, the results were also negative (female: P = 0.14; male:
P = 0.87). In addition, patients were divided into E4 carrier
and E4 non-carrier groups. The mean AAOs were 42.8 +
11.6 years (n=26) and 39.8 £ 11.8 years (n = 169),
respectively. However, there was no difference in AAO
between E4 carriers and non-carriers either in the total
cohort (P =0.22) or in males (P = 0.67) or females
(P = 0.14) (Table 3).

The correlation between CAG repeat length and AAO
differs between JHD and adult-onset HD [31]. Hence, we
also compared the AAO in the JHD and adult-onset HD
groups. Among the 12 JHD patients, 11 had the E3E3
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Table 2 Relationship between APOE genotypes and initial symptoms of HD.

Groups Alleles Genotype
E2 (%) E3 (%) E4 (%) E2E2 (%) E2E3 (%) E2E4 (%) E3E3 (%) E3E4 (%) E4E4 (%)
Total
Motor 14 (4.0) 309 (88.3) 27 (7.7) 1 (0.6) 11 (6.3) 1 (0.6) 138 (78.9) 22 (12.6) 2 (1.1)
Non-motor 1 (2.5) 38 (95) 1 (2.5) 0 (0.0 1 (5.0) 0 (0.0) 18 (90.0) 1 (5.0) 0 (0.0)
P value 1.000 0.287 0.338 1.000 1.000 1.000 0.376 0.478 1.000
CAG < 44
Motor 8 (4.5) 154 (86.4) 16 (9.0) 1 (1.1) 6 (6.7) 0 (0.0) 67 (75.3) 14 (15.7) 1(1.1)
Non-motor 1(3.8) 25 (96.2) 0 (0.0) 0 (0.0) 1(7.7) 0 (0.0) 12 (92.3) 0 (0.0) 0 (0.0)
P value 1.000 0.212 0.232 1.000 1.000 1.000 0.288 0.206 1.000
CAG > 44
Motor 6 (3.5) 155 (90.1) 11 (6.4) 0 (0.0) 5(5.8) 1(1.2) 71 (82.6) 8 (9.3) 1(1.2)
Non-motor 0 (0.0) 13 (92.9) 1(7.1) 0 (0.0 0 (0.0 0 (0.0) 6 (85.7) 1 (14.3) 0 (0.0)
P value 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.522 1.000
Adult-onset
Motor 14 (4.2) 290 (87.9) 26 (7.9) 1 (0.6) 11 (6.7) 1 (0.6) 129 (78.2) 21 (12.7) 2 (1.2)
Non-motor 1(2.8) 34 (94.4) 1 (2.8) 0 (0.0 1(5.6) 0 (0.0) 16 (88.9) 1 (5.6) 0 (0.0)
P value 1.000 0.405 0.497 1.000 1.000 1.000 0.373 0.701 1.000
Table 3 COmparison of AAO Groups Genotype
between different APOE geno-
type subgroups of HD. E2E3 E3E3 E3E4 E4+ E4-
Total HD
Mean AAO (SD) (years) 42.9 (8.9) 39.5 (12.0) 42.4 (12.1) 42.8 (11.6) 39.8 (11.8)
Number 12 156 23 26 169
P value 0.38 0.22
Females HD
Mean AAO (SD) (years) 46.3 (8.2) 39.2 (11.7) 45.1 (7.3) 45.4 (6.6) 39.8 (11.6)
Number 7 77 7 10 84
P value 0.14 0.67
Males HD
Mean AAO (SD) (years) 38.2 (8.2) 39.8 (12.3) 41.2(13.8) 41.2 (13.8) 39.8 (12.0)
Number 5 79 15 16 85
P value 0.87 0.14
Adult-onset HD
Mean AAO (SD) (years) 42.9 (8.9) 41.4 (10.1) 43.9 (10.1) 44.2 (9.6) 41.6 (10.0)
Number 12 145 22 15 168
P value 0.51 0.33

genotype with a mean AAO of 14.9 & 4.9 years, and one
had the E3E4 genotype with an AAO of 10 years. To avoid
the interference caused by JHD, we only analyzed AAO in
the adult-onset group and the results showed no significant
difference in AAO between the APOE genotype subgroups
(Table 3).

Although we divided patients into two narrow CAG-
range groups (group one and group two) or two different
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onset groups (JHD and adult-onset HD) to minimize the
interference of the CAG repeat length, we still used
multivariate regression analysis for further confirmation.
We set the AAO as a dependent variable, with CAG repeat
length and APOE genotypes as independent variables.
There was no correlation between the APOE genotypes and
AAO (E2E3 vs E3E3, P = 0.72; E2E3 vs E3E4, P = 0.64;
E3E3 vs E3E4, P = 0.15). Moreover, in groups with or
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without E4, the result was also negative (P = 0.13). When
stratified by sex, no statistical difference was found in any
group: male (E2E3 vs E3E3, P = 0.24; E2E3 vs E3E4,
P=0.19; E3E3 vs E3E4, P=0.19; E4+ vs E4-,
P =0.17); female (E2E3 vs E3E3, P =0.18; E2E3 vs
E3E4, P = 0.82; E3E3 vs E3E4, P = 0.52; E44+ vs E4—,
P = 0.40).

Discussion

The APOE E4 allele is thought to increase the risk of AD,
DLB [20], and frontotemporal dementia [32]. The fre-
quencies of the E2, E3, and E4 alleles in the general
population are 8.4%, 77.9%, and 13.7%, respectively,
according to a meta-analysis covering 8607 controls [33].
However, in AD patients, the E4 allele frequency is
dramatically higher at ~40% [33]. In our HD cohort, the
E4 allele was 7.1%, less frequent than the 12.0% in our
control population and 13.7% reported in the general
population [33]. Of note, the frequency of the E4 allele
varies among different HD patient populations: Greek,
10.8% [23], Welsh, 13.5% [24], and German, 15.1% [34].
This may be caused by ethnic differences in genetic
backgrounds as the frequency of the APOE E4 allele in the
general population also varies, with 7.4% in Japanese and
29.3% in Sudanese [13].

In our HD cohort, 73% of the variation in AAQO could be
explained by the number of CAG repeats, indicating that
other modifiers might have an influence on AAO, such as
environmental factors, the sex of the transmitting parent,
and genetic cis-elements [35, 36]. Previous studies have
investigated the influence of APOE on AAO in HD
patients, but their conclusions are controversial. In one
study, the E4 allele was thought to delay the AAO in HD
patients [23]. In another study, the results showed that the
E2E3 genotype was significantly associated with an earlier
AAO in male HD patients [24]. Both studies enrolled
patients with large ranges of CAG repeats (40-57 CAG,
n = 60 and 38-67 CAG, n = 138, respectively). However,
in an HD cohort (n = 167) with a very narrow range of
CAG repeats (41-45), the APOE genotypes did not
influence the AAO in HD patients [34]. In our HD cohort,
we also did not find a correlation between APOE genotypes
and HD phenotypes.

There are some limitations in our study. First, the
sample size was comparatively small, especially patients
with cognitive impairment and behavior dysfunction. The
numbers of E4 carriers and JHD patients were also limited.
Second, as one report on motor neuron disease showed that
the E4 allele was significantly more common in patients
with bulbar onset than in those with limb onset, the E4
allele may influence the pattern of motor neuron loss in a

way unrelated to the deposition of AB [37]. Accordingly,
the relationship of APOE genotypes and body part (head,
limbs, or trunk) where chorea starts in HD patients may be
worth studying.

In summary, our study is the first to demonstrate that
APOE genotypes do not influence the HD phenotypes,
especially in adult-onset HD of Han Chinese origin.
Additional studies are needed to elucidate other genetic
modifiers playing in the pathogenesis of HD.

Acknowledgements We thank all the participants for their support
and willingness to participate in this study. This work was supported
by a grant from the National Natural Science Foundation of China
(81125009), the Key Research and Development Project of Zhejiang
Province, China (2018C03G2011218), and the Research Foundation
for Distinguished Scholars of Zhejiang University (188020-
193810101/089).

Conflict of interest All authors claim that there are no conflicts of
interest.

References

1. Li HL, Zhang YB, Wu ZY. Development of research on
Huntington disease in China. Neurosci Bull 2017, 33: 312-316.

2. Li HL, Li XY, Dong Y, Zhang YB, Cheng HR, Gan SR, et al.
Clinical and genetic profiles in Chinese patients with Hunting-
ton’s disease: a ten-year multicenter study in China. Aging Dis
2018. https://doi.org/10.14336/AD.2018.0911.

3. Warby SC, Visscher H, Collins JA, Doty CN, Carter C, Butland
SL, et al. HTT haplotypes contribute to differences in Huntington
disease prevalence between Europe and East Asia. Eur J Hum
Genet 2011, 19: 561-566.

4. Kay C, Collins JA, Miedzybrodzka Z, Madore SJ, Gordon ES,
Gerry N, et al. Huntington disease reduced penetrance alleles
occur at high frequency in the general population. Neurology
2016, 87: 282-288.

5. Snell RG, MacMillan JC, Cheadle JP, Fenton I, Lazarou LP,
Davies P, et al. Relationship between trinucleotide repeat
expansion and phenotypic variation in Huntington’s disease.
Nat Genet 1993, 4: 393-397.

6. Duyao M, Ambrose C, Myers R, Novelletto A, Persichetti F,
Frontali M, et al. Trinucleotide repeat length instability and age
of onset in Huntington’s disease. Nat Genet 1993, 4: 387-392.

7. Andrew SE, Goldberg YP, Kremer B, Telenius H, Theilmann J,
Adam S, et al. The relationship between trinucleotide (CAG)
repeat length and clinical features of Huntington’s disease. Nat
Genet 1993, 4: 398-403.

8. Wexler NS, Lorimer J, Porter J, Gomez F, Moskowitz C,
Shackell E, et al. Venezuelan kindreds reveal that genetic and
environmental factors modulate Huntington’s disease age of
onset. Proc Natl Acad Sci U S A 2004, 101: 3498-3503.

9. Mahley RW. Apolipoprotein E: cholesterol transport protein with
expanding role in cell biology. Science 1988, 240: 622-630.

10. Mahley RW, Rall SC, Jr. Apolipoprotein E: far more than a lipid
transport protein. Annu Rev Genomics Hum Genet 2000, 1:
507-537.

11. Mauch DH, Nagler K, Schumacher S, Goritz C, Muller EC, Otto
A, et al. CNS synaptogenesis promoted by glia-derived choles-
terol. Science 2001, 294: 1354—1357.

@ Springer


https://doi.org/10.14336/AD.2018.0911

762

Neurosci. Bull. August, 2019, 35(4):756-762

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pfrieger FW. Cholesterol homeostasis and function in neurons of
the central nervous system. Cell Mol Life Sci 2003, 60:
1158-1171.

Hallman DM, Boerwinkle E, Saha N, Sandholzer C, Menzel HJ,
Csazar A, et al. The apolipoprotein E polymorphism: a compar-
ison of allele frequencies and effects in nine populations. Am J
Hum Genet 1991, 49: 338-349.

Frieden C, Garai K. Structural differences between apoE3 and
apoE4 may be useful in developing therapeutic agents for
Alzheimer’s disease. Proc Natl Acad Sci U S A 2012, 109:
8913-8918.

Guo J, Ni S, Li Q, Wang JZ, Yang Y. Folate/Vitamin B alleviates
hyperhomocysteinemia-induced Alzheimer-like pathologies in rat
retina. Neurosci Bull 2018. https://doi.org/10.1007/s12264-018-
0293-8

Wei YP, Ye JW, Wang X, Zhu LP, Hu QH, Wang Q, et al. Tau-
induced Ca(2+)/calmodulin-dependent protein kinase-IV activa-
tion aggravates nuclear tau hyperphosphorylation. Neurosci Bull
2018, 34: 261-269.

Chen J, Li Q, Wang J. Topology of human apolipoprotein E3
uniquely regulates its diverse biological functions. Proc Natl
Acad Sci U S A 2011, 108: 14813-14818.

Shi Y, Yamada K, Liddelow SA, Smith ST, Zhao L, Luo W, et al.
ApoE4 markedly exacerbates tau-mediated neurodegeneration in
a mouse model of tauopathy. Nature 2017, 549: 523-527.
Saunders AM, Strittmatter WJ, Schmechel D, George-Hyslop PH,
Pericak-Vance MA, Joo SH, et al. Association of apolipoprotein
E allele epsilon 4 with late-onset familial and sporadic
Alzheimer’s disease. Neurology 1993, 43: 1467-1472.
Harrington CR, Louwagie J, Rossau R, Vanmechelen E, Perry
RH, Perry EK, et al. Influence of apolipoprotein E genotype on
senile dementia of the Alzheimer and Lewy body types.
Significance for etiological theories of Alzheimer’s disease. Am
J Pathol 1994, 145: 1472-1484.

Kalman J, Juhasz A, Majtenyi K, Rimanoczy A, Jakab K,
Gardian G, et al. Apolipoprotein E polymorphism in Pick’s
disease and in Huntington’s disease. Neurobiol Aging 2000, 21:
555-558.

Bell RD, Winkler EA, Singh I, Sagare AP, Deane R, Wu Z, et al.
Apolipoprotein E controls cerebrovascular integrity via cyclo-
philin A. Nature 2012, 485: 512-516.

Panas M, Avramopoulos D, Karadima G, Petersen MB, Vas-
silopoulos D. Apolipoprotein E and presenilin-1 genotypes in
Huntington’s disease. J Neurol 1999, 246: 574-577.

Kehoe P, Krawczak M, Harper PS, Owen MJ, Jones AL. Age of
onset in Huntington disease: sex specific influence of apolipopro-
tein E genotype and normal CAG repeat length. ] Med Genet
1999, 36: 108-111.

@ Springer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Dong Y, Sun YM, Liu ZJ, Ni W, Shi SS, Wu ZY. Chinese
patients with Huntington’s disease initially presenting with
spinocerebellar ataxia. Clin Genet 2013, 83: 380-383.

Dong Y, Ni W, Chen WJ, Wan B, Zhao GX, Shi ZQ, et al.
Spectrum and classification of ATP7B variants in a large cohort
of Chinese patients with Wilson’s disease guides genetic
diagnosis. Theranostics 2016, 6: 638—649.

Donohoe GG, Salomaki A, Lehtimaki T, Pulkki K, Kairisto V.
Rapid identification of apolipoprotein E genotypes by multiplex
amplification refractory mutation system PCR and capillary gel
electrophoresis. Clin Chem 1999, 45: 143-146.

Cloud LJ, Rosenblatt A, Margolis RL, Ross CA, Pillai JA, Corey-
Bloom J, et al. Seizures in juvenile Huntington’s disease:
frequency and characterization in a multicenter cohort. Mov
Disord 2012, 27: 1797-1800.

Quarrell OW, Nance MA, Nopoulos P, Paulsen JS, Smith JA,
Squitieri F. Managing juvenile Huntington’s disease. Neurode-
gener Dis Manag 2013, 3.

Moser AD, Epping E, Espe-Pfeifer P, Martin E, Zhorne L,
Mathews K, et al. A survey-based study identifies common but
unrecognized symptoms in a large series of juvenile Huntington’s
disease. Neurodegener Dis Manag 2017, 7: 307-315.

Andresen JM, Gayan J, Djousse L, Roberts S, Brocklebank D,
Cherny SS, et al. The relationship between CAG repeat length
and age of onset differs for Huntington’s disease patients with
juvenile onset or adult onset. Ann Hum Genet 2007, 71: 295-301.
Seripa D, Bizzarro A, Panza F, Acciarri A, Pellegrini F, Pilotto A,
et al. The APOE gene locus in frontotemporal dementia and
primary progressive aphasia. Arch Neurol 2011, 68: 622-628.
Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA,
Mayeux R, et al. Effects of age, sex, and ethnicity on the
association between apolipoprotein E genotype and Alzheimer
disease. A meta-analysis. APOE and Alzheimer Disease Meta
Analysis Consortium. JAMA 1997, 278: 1349-1356.

Saft C, Andrich JE, Brune N, Gencik M, Kraus PH, Przuntek H,
et al. Apolipoprotein E genotypes do not influence the age of
onset in Huntington’s disease. J Neurol Neurosurg Psychiatry
2004, 75: 1692-1696.

Wheeler VC, Persichetti F, McNeil SM, Mysore JS, Mysore SS,
MacDonald ME, et al. Factors associated with HD CAG repeat
instability in Huntington disease. J Med Genet 2007, 44:
695-701.

Pearson CE, Nichol Edamura K, Cleary JD. Repeat instability:
mechanisms of dynamic mutations. Nat Rev Genet 2005, 6:
729-742.

Al-Chalabi A, Enayat ZE, Bakker MC, Sham PC, Ball DM, Shaw
CE, et al. Association of apolipoprotein E epsilon 4 allele with
bulbar-onset motor neuron disease. Lancet 1996, 347: 159-160.


https://doi.org/10.1007/s12264-018-0293-8
https://doi.org/10.1007/s12264-018-0293-8

	Effect of Apolipoprotein E Genotypes on Huntington’s Disease Phenotypes in a Han Chinese Population
	Abstract
	Introduction
	Materials and Methods
	Participants
	Genetic Analysis of CAG Repeats in the HTT Gene
	Genotyping of APOE
	Statistics

	Results
	Clinical Characteristics of Participants
	Frequency Distributions of APOE Genotypes in HD Patients and Controls
	Influence of CAG or Sex on AAO
	APOE Did Not Affect Initial Symptoms or AAO in HD Patients

	Discussion
	Acknowledgements
	References




