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Apolipoprotein E (APOE) rs429358 polymorphism is associated with an increased risk of developing
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Abstract

Recent reports have shown that apolipoprotein E (APOE) polymorphisms are involved in neurodegenerative disease. However, it is unclear
whether APOE affects post-stroke depression. Accordingly, we hypothesized that APOE polymorphisms modify the risk of post-stroke
depression. Here, we performed a hospital-based case-control study (including 76 cerebral infarction cases with post-stroke depression,
88 cerebral infarction cases without post-stroke depression, and 109 controls without any evidence of post-stroke depression or cerebral
infarction) to determine possible association between APOE rs429358 and rs7412 polymorphisms and risk of post-stroke depression.
Our findings show no difference among the groups with regards genotype distribution of the rs7412 polymorphism. In contrast, APOE
genotypes with rs429358-C alleles increased the risk of post-stroke depression. Further, the rs429358 polymorphism was associated with
significantly decreased regional cerebral blood flow values in the left temporal lobe of post-stroke depression cases. Additionally, the
1rs429358 polymorphism was not only associated with depression severity, but with increasing serum levels of total cholesterol. These re-
sults suggest that the APOE rs429358 polymorphism is associated with increased risk of developing post-stroke depression, and that APOE
rs429358-C allele genotypes may be detrimental to recovery of nerve function after stoke. Indeed, these findings provide clinical data for
future post-stroke depression gene interventions.
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Introduction
As the third leading cause of death worldwide, and a major
health issue in the elderly population, stroke not only results
in physical impairments such as disability, but also leads to
social nonparticipation and psychological disease (Robinson
and Jorge, 2015; Weaver and Liu, 2015). Of these, post-stroke
depression (PSD) is the most common neuropsychiatric im-
pairment, and often accompanied by apathy, fatigue, feelings
of worthlessness, sleep changes, and anhedonia. Indeed, PSD
is the most significant factor in causing low quality of life in
stroke patients (Dwyer Hollender, 2014; Eum and Yim, 2015;
Robinson and Jorge, 2015). However, to date, PSD pathogen-
esis remains unclear. Studies show that PSD may be related
to certain behavioral, neurobiological, and social factors
(Robinson and Jorge, 2015). Additionally, molecular epide-
miological studies suggest that genetic factors play an im-
portant role in PSD pathogenesis (Tang et al., 2013; Zhou et
al., 2015; Zhao et al., 2016). Yet despite considerable efforts
in past decades, PSD-related genes have not been identified.
Apolipoprotein E (APOE), a major chylomicron apopro-
tein, plays an important physiological role in regulation of
overall lipid and lipoprotein homeostasis (Zhao et al., 2014).
Further, APOE plays an important role in neuronal repair
(Hatters et al., 2006; Zhang et al., 2013). Recently, studies
have shown that two polymorphisms of the APOE gene
(namely, rs429358 T > C and rs7412 C > T) may be associ-
ated with APOE dysfunction and increased risk of several
neurological and cardiovascular diseases, including Alzhei-
mer’s disease (Cosentino et al., 2008; Jofre-Monseny et al.,
2008; McGuinness et al., 2010; Seripa et al., 2011; Yi et al,,
2014; Lagos et al., 2015; Yuan et al., 2015). However, asso-
ciation between these polymorphisms and PSD has not yet
been investigated. In addition, their correlation with region-
al cerebral blood flow (rCBF), a valuable marker for brain
function including neural regeneration and activity (Venkat
et al., 2016), has not previously been performed. Thus, in
this study, we hypothesized that APOE rs429358 and rs7412
polymorphisms modify PSD risk by disrupting recovery of
brain function after stoke. Accordingly, we performed a hos-
pital-based case-control study to determine the influence of
these two polymorphisms on PSD risk and brain function.

Subjects and Methods

Subjects

This study was a hospital-based retrospective case-control
study (Figure 1). The procedures were performed in ac-
cordance with the Guidelines for Medical Research Projects
Involving Human Samples, and the protocol was approved
by the Medical Ethics Committee of the Affiliated Hospital
of Youjiang Medical University for Nationalities, China (ap-
proved No. 2011016). Every patient with a newly diagnosed
cerebral infarction was recruited at the Affiliated Hospital
of Youjiang Medical University for Nationalities by Youjiang
Cancer Institution staff members using a standard inter-
viewer-administered questionnaire. The inclusion criteria
for cases were: (1) cerebral infarction confirmed by magnetic
resonance imaging (MRI) and/or computed tomography

(CT) scanning, according to diagnostic criteria from the
4™ Cerebral-Vascular Diseases Conference of China (Wu,
1997); (2) the study objective was understood and informed
consent provided; (3) ability to complete the necessary in-
vestigations and questionnaires; (4) cases without a history
of receiving blood cholesterol-lowering agents or antidepres-
sants; (5) cases undergoing rCBF perfusion imaging exam-
ination; and (6) 6-month follow-up completed, and available
blood samples and clinical data. The exclusion criteria were:
(1) cases with depression but without cerebral infarction; (2)
cases with a history of substance abuse, psychotic disorder,
bipolar disorder, psychiatric illness, severe aphasia or dysar-
thria, intracranial hemorrhage, unconsciousness, severe in-
fection, chronic inflammatory disease, tumors, hematologic
disease, autoimmune disease, or severe heart, liver, or kidney
damage; and (3) cases that died, dropped out, or had absent
information during follow-up. Based on these inclusion and
exclusion criteria, 164 patients with first-ever acute cere-
bral infarction were consecutively recruited within 7 days
of stroke incidence from April 2013 to July 2014. All cases
received subsequent stroke assessments by a single trained
neurologist and psychiatrist, at both acute and chronic stag-
es, specifically, approximately 2 weeks and 1, 3, and 6 months
after stroke onset. Patients were screened and assessed for
PSD using the 24-item Hamilton Depression Rating Scale
(HAMD) questionnaire (Ning, 1986) and World Health
Organisation Composite International Diagnostic Interview
(Kessler and Ustiin, 2004). Patients with cerebral infarction
were included in the PSD group (n = 76) if they had both
HAMD scores > 8 and were diagnosed with depression.
Alternatively, they were included in the non-PSD (NPSD)
group (n = 88). During the same period, controls (n = 109)
without any evidence of psychiatric disorder, mental illness,
heart vessel disease, or other brain disorders, were randomly
selected from a pool of healthy volunteers who had visited
a general health check-up center at the same hospital for a
routinely scheduled physical examination. Controls were
frequently matched to cases with respect to age (+ 5 years)
and gender. Of those asked, 100% agreed to participate in
this investigative study.

After providing written consent, 4 mL peripheral blood
samples were obtained from all participants at the Affiliated
Hospital of Youjiang Medical University for Nationalities
for APOE genotype analysis. Demographic information and
clinical data were also collected at the same hospital using
a standard interviewer-administered questionnaire and/or
medical records.

rCBF perfusion imaging assay

All subjects underwent rCBF perfusion imaging to examine
brain function one month after stoke. rCBF perfusion im-
aging analysis was performed using a Siemens Symbia T2
single-photon emission computed tomography (SPECT)/CT
Dual Head System (Siemens, Munich, Germany) between
8:00 a.m. and 9:00 a.m. Subjects were orally treated with
potassium perchlorate (400 mg), and with their heads in a
head holder, were instructed to keep their eyes closed for 30
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Recruitment

\i
APOE genotyping analysis

rCBF analysis

Figure 1 Study design.
PSD: Post-stroke depression; NPSD: non-post-stroke depression;
rCBF: regional cerebral blood flow; APOE: apolipoprotein E.

Table 2 APOE rs429358 and rs7412 polymorphisms and PSD risk

Table 1 Participants demographic and clinical characteristics

Characteristics PSD cases  NPSD cases Control p
Informed consent Age (years) 61.16£11.59 60.6+12.94 59.43+12.95 0.62
Male 53(69.7)  60(68.2) 64(58.7)  0.22
Han nationality ~ 76 (100.0) 88 (100.0) 109 (100.0) Matched
\ A/ Hypertension 51(67.1)  52(59.1) 14(12.8)  1.89x10°"
Cases with cerebral Healthy controls Diabetes mellitus 14 (18.4) 16 (182)  7(6.4) 0.02
infarction (n = 164) (n=109) CHD 2(2:6) 5(5.7) 0(0.0) 0.02
Smoking 6(7.9) 7 (8.0) 4(3.7) 0.37
> Drinking 15 (19.7) 16 (18.2) 9(8.3) 0.05
A4 Glu (mM) 6.14+2.55  578+2.19 4.68+121  2.00x10~°
hﬁ Blood sample collection TC (l’l’lM) 6.04+2.86 4.94+1.00 4.76+0.72 1.00)(1077
. . and DNA detraction TG (mM) 2.17+1.61  1.75+0.82 1.98+0.90 0.06
(Cnaj'?se;”‘th PSD ﬁ‘;sses E’;’;‘: ) LDL-C (mM)  257+1.09 2.50+0.85 2.42+1.01 0.58
HDL-C (mM) 1.64+0.54  1.75+0.54 1.67+0.38  0.30

Continuous variables are expressed as the mean + SD, and categorical
variables as n (%). Comparison of variables among groups was
performed by Student’s t-test, analysis of variance, chi-square test,
or Fisher’s exact test. PSD: Post-stroke depression; NPSD: non-post-
stroke depression; CHD: coronary heart diseases; Glu: blood glucose;
TC: total cholesterol; TG: triglyceride; LDL-C: low-density lipoprotein-
cholesterol; HDL-C: high-density lipoprotein-cholesterol.

PSD vs. NPSD PSD vs. Control PSD vs. NPSD + BI vs. Control
PSD NPSD Control  OR(95%CI/ OR(95%CI/ Control OR(95%CI/ OR(95%CI/ NPSD vs. Control
APOE  [n(%)]  [n(%)]  [(%)]  Puwd)’ Piend)” Pyend)’ Piend)’ OR(95%CI/Pna)°
rs429358
TT 40(52.6) 70(79.5) 85(78.0) 1 1 1 1 1
TC 26(34.2) 16(18.2) 22(20.2) 2.93(1.50-5.72/ 331 (1.27- 3.17 (1.42-7.05/ 1.66 (0.82— 0.95 (0.34—
1.60x107) 8.64/0.01) 4.60x107) 3.39/0.16) 2.29/0.92)
CC 10(13.2) 2(2.3) 2(1.8) 9.80 (1.95-49.24/ 11.98 (1.60— 11.24 (2.98-42.40/  5.17 (0.93— 2.12(0.21-
5.58-107) 89.44/0.02) 3.53x107 28.64/0.06) 21.45/0.52)
TC/CC 36(47.4) 18(20.5) 24(22.0) 3.97(1.89-8.35/ 4.00 (1.61— 3.71 (1.99-6.89/ 1.94 (0.99— 1.03 (0.45—
10-107") 9.93/107) 3.60x107°) 3.81/0.06) 2.38/0.94)
T 106(69.7) 156(88.6) 192(88.1) 1 1 1 1 1
C 46(30.3) 20(11.4) 26(11.9) 3.39 (1.90-6.05/ 3.21 (1.88-5.48/ 3.28 (2.07-5.22/ 1.86 (1.14— 0.95 (0.51—
3.80-107) 2.10x107) 4.87x107) 3.04/0.01) 1.76/0.86)
rs7412
CC 66(86.8) 68(77.3) 82(75.2) 1 1 1 1 1
CT 10(13.2) 18(20.5) 21(19.3) 0.59(0.22— 0.40(0.13- 0.53 (0.22- 0.54 (0.24— 0.68 (0.27—
1.10/0.08) 1.28/0.12) 1.25/0.15) 1.22/0.14) 1.71/0.42)
TT 0(0.0) 2(2.3) 6(5.5) Not determined Not determined Not determined 0.15 (0.01- 0.31 (0.03—
1.80/0.14) 3.32/0.33)
CT/TT 10(13.2) 20(22.7) 27(24.8) 0.48 (0.21— 0.30 (0.10— 0.43 (0.20- 0.47 (0.22— 0.61 (0.26—
1.13/0.09) 0.93/0.04) 0.94/0.03) 1.01/0.05) 1.44/0.26)
C 142(93.4) 154(87.5) 185(84.9) 1 1 1 1 1
T 10(6.6)  22(12.5) 33(15.1) 0.49 (0.23— 0.40 (0.19— 0.43 (0.22- 0.61 (0.36— 0.80 (0.45—
1.08/0.08) 0.83/0.01) 0.88/0.02) 1.02/0.06) 1.43/0.45)

*Adjusted by race, smoking and drinking status, and hypertension, diabetes mellitus, and heart disease status. PSD: Post-stroke depression; NPSD:
non-post-stroke depression; APOE: apolipoprotein E; OR: odds ratio; CI: confidence interval.

minutes. Subjects were then injected with 740 MBq (20 mCi)
?"Tc- ethyl cysteinate dimer (*"Tc-ECD, HTA Co., Ltd., Bei-
jing, China). Fifteen minutes after injection, SPECT/CT data
were acquired using a 128 x 128 matrix with a zoom of 1.23
and 15% symmetric energy window at 140 keV. Images were
acquired at a rate of 35 s/frame by rotating the camera a to-
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tal of 360° at 6° intervals. In total, 36 frames were collected.
Data were analyzed using CBF perfusion imaging software
(Brain Tomo PROC; Siemens) by two experienced nuclear
medicine physicians that were blinded to the patients’ clini-
cal data. Relative rCBF (rrCBF) values in regions of interest
were calculated by: average rCBF value in region of interest/
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Table 4 rrCBF in PSD and NPSD cases

rrCBF for PSD (n = 76)

rrCBF for NPSD (n = 88)

Location Left hemisphere Right hemisphere P Left hemisphere Right hemisphere P P

Frontal lobe 0.75%0.19 0.79+0.18 0.09 0.75+0.21 0.77+0.19 0.25 0.50/0.25
Temporal lobe 0.71+£0.16 0.77+0.20 0.02 0.76+0.20 0.80+0.15 0.07 0.04/0.14
Parietal lobe 0.72+0.17 0.80+0.19 6.90x10~ 0.7240.20 0.76+0.16 0.07 0.50/0.07
Occipital lobe 0.85+0.17 0.89+0.23 0.11 0.89+0.25 0.94+0.25 0.09 0.11/0.09
Basal ganglia 0.88+0.22 0.90+0.24 0.30 0.88+0.23 0.93+0.25 0.09 0.50/0.22
Thalamus 0.85+0.26 0.88+0.25 0.24 0.89+0.30 0.96+0.31 0.65 0.18/0.04

Relative regional cerebral blood flow (rrCBF) represents average rCBF value in regions of interest/average rCBF value in ipsilateral cerebellar
cortex. “P values for rCBF in the left brain for PSD vs. NPSD/rCBF in the right brain for PSD vs. NPSD. PSD: Post-stroke depression; NPSD: non-

post-stroke depression.

Table 5 Effect of APOE rs429358 polymorphism on rrCBF in PSD cases

Rs429358-TT (n = 40)

Rs429358-TC/CC (n = 36)

Location Left hemisphere Right hemisphere P Left hemisphere Right hemisphere P P

Frontal lobe 0.75+0.14 0.76+0.17 0.71 0.75%0.24 0.82+0.20 0.09 0.86/0.14
Temporal lobe 0.74+0.15" 0.77+0.20 0.38 0.67+0.16" 0.76+0.21 0.03 0.04/0.80
Parietal lobe 0.74+0.14 0.79+0.19 0.14 0.70+0.19 0.81+0.19 0.01 0.46/0.67
Occipital lobe 0.86x0.17 0.87+0.19 0.16 0.85+0.18 0.91+0.26 0.24 0.85/0.46
Basal ganglia 0.92+0.20 0.92+0.25 0.25 0.84+0.24 0.88+0.23 0.42 0.10/0.49
Thalamus 0.84+0.18 0.90+0.23 0.23 0.87+0.33 0.86+0.27 0.86 0.63/0.50

Relative regional cerebral blood flow (rrCBF) represents average rCBF value in regions of interest/average rCBF value in ipsilateral cerebellar
cortex. *P values for rCBF in the left brain of rs429358-TT carriers vs. rs429358-TC/CC carriers/rCBF in the right brain of rs429358-TT carriers vs.
1$429358-TC/CC carriers. "Spearman r test was used to determine association between APOE genotypes and rrCBF in the left temporal lobe. The

correlation coefficient was —0.26 (P = 0.03). PSD: Post-stroke depression.

Table 3 Association between APOE rs429358 polymorphism and
clinical characteristics of PSD cases

Rs429358-TT  Rs429358-TC/CC

Characteristics (n =40) (n=36) p

Age (year) 61.28+10.06 61.03+13.22 0.93
Male 27 (67.5) 26 (72.2) 0.66
Hypertension 28 (70.0) 23 (63.9) 0.57
Diabetes mellitus 3(7.5) 11 (30.6) 0.01
CHD 2 (5.0) 0(0.0) 0.11
Smoking 3(7.5) 3(8.3) 1.00
Drinking 9 (22.5) 6(16.7) 0.52

Glu (mM) 5.35+0.84 7.03+£3.40 6.23x10”°
TC (mM) 5.29+2.49 6.87+3.05 1.57x10
TG (mM) 2.24%1.78 2.10+1.43 0.71
LDL-C (mM) 2.56+1.21 2.58+0.96 0.95
HDL-C (mM) 1.59+0.46 1.71+£0.63 0.35
HAMD scores 23.93+3.29 25.75+3.26 0.01

Continuous variables are expressed as the mean + SD, and categorical
variables as n (%). PSD: Post-stroke depression; NPSD: non-post-
stroke depression; CHD: coronary heart diseases; Glu: blood glucose;
TC: total cholesterol; TG: triglyceride; LDL-C: low-density lipoprotein
cholesterol; HDL-C: high-density lipoprotein cholesterol; HAMD:
Hamilton Depression Scale.

average rCBF value in ipsilateral cerebellar cortex.
APOE genotyping

Genomic DNA was extracted from peripheral blood leu-
kocytes. APOE rs429358 and rs7412 genotypes were deter-

mined by TagMan polymerase chain reaction (TagMan-PCR)
using an iCycler iQ real-time PCR detection system (iQ5;
Bio-Rad, Hercules, CA, USA). Each PCR was performed in
25 pL total volumes consisting of 1 x TagMAN" Universal
Master Mix II (cat#4440041; Applied Biosystems [ABI],
Foster City, CA, USA), 0.2 uM each probe and each primer
(cat# 4351379; ABI), and 50-100 ng genomic DNA. PCR
programs had an initial denaturation of 10 minutes at 95°C,
followed by 40 cycles of 15 seconds at 95°C and 1 minute at
60°C. Data analysis for allele discrimination was performed
using iCycler iQ software (Bio-Rad). Controls were includ-
ed in each run for quality control, and repeated genotyping
of random 5% subsets yielded 100% identical genotypes.
Additionally, sequencing analyses performed using the ABI
3730XL DNA Sequencing System with universal primers
(5'-GGCGC GGACA TGGAG GAC-3' and 5'-GCCCC
GGCCT GGTAC ACT-3") for both polymorphisms yielded
100% identical genotypes.

Statistical analysis

Results were analyzed using SPSS 18.0 software (SPSS In-
stitute, Chicago, IL, USA). Comparison of variables among
groups was performed using Student’s t-test, one-way analysis
of variance, chi-square test, or Fisher’s exact test. Spearman r
test was used to analyze correlation between genotypes and
other variables. Using a frequently matched design, non-con-
ditional logistical regression was performed to estimate odds
ratios (OR) and 95% confidence intervals (CI) for PSD risk.
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Statistical significance was considered at a = 0.05.

Results

Characteristics of subjects

One hundred and sixty-four patients (113 males and 51 fe-
males; mean age 60.8 + 11.9 years) completed the 6-month
follow-up. Overall, 76 patients were ultimately diagnosed
as PSD cases, producing an incidence of 46.3%. The re-
maining 88 cases were included as NPSD. Distribution of
demographic and clinical characteristics (including age, sex,
smoking and drinking status, and coronary heart disease,
hypertension, and diabetes mellitus history) was not sig-
nificantly different between PSD and NPSD cases (Table 1).
However, compared with controls without cerebral infarc-
tion, cerebral infarction cases had a higher frequency of risk
factors including hypertension, diabetes mellitus, and blood
glucose (Table 1).

APOE rs429358 polymorphism increases PSD risk
Analysis of APOE rs429358 and rs7412 polymorphisms in
control individuals showed a genotype distribution consistent
with Hardy-Weinberg equilibrium (P > 0.05). Meanwhile,
logistic regression analysis indicated that only the rs429358
polymorphism significantly correlated with PSD risk (Table
2). Compared with rs429358-T allele homozygotes (rs429358-
TT), rs429358-T and -C allele heterozygotes (rs429358-TC)
had a higher risk of PSD (adjusted OR [95%ClI], 2.93 [1.50-
5.72] for PSD versus NPSD; 3.31 [1.27-8.64] for PSD versus
controls; and 3.17 [1.42-7.05] for PSD versus combined
NPSD and control groups). The corresponding OR (95%CI)
for rs429358-C allele homozygotes (rs429358-CC) were 9.80
(1.95-49.24), 11.98 (1.60-89.44), and 11.24 (2.98-42.40),
respectively. Altogether, these results show that PSD risk is
associated with the number of rs429358-C alleles.

Indeed, a higher frequency of rs429358-C alleles was
found in cerebral infarction cases compared with healthy
controls (18.1% versus 11.9%). Logistic regression analysis
showed that the risk of rs429358-C alleles for brain infarc-
tion was 1.86 (1.14-3.04). However, this risk was not sig-
nificant after adjusting for other risk variables (including
smoking and drinking, and hypertension, heart disease, and
diabetes mellitus history) (P > 0.05; Table 2).

APOE rs429358 polymorphism correlates with clinical
features of PSD cases

Next, we analyzed the effect of APOE rs429358 polymor-
phism on clinical features of PSD cases (Table 3). We found
rs429358 was significantly related to increasing levels of
serum glucose (rs429358-TC/CC versus rs429358-TT, 7.03
+ 3.40 versus 5.35 + 0.84 mM; relative coefficient, 0.24), and
also total cholesterol (6.87 + 3.05 versus 5.29 + 2.49 mM;
relative coefficient, 0.37). Moreover, rs429358 affected the
degree of depression for PSD cases (P = 0.01).

Effect of APOE rs429358 polymorphism on rCBF in PSD
cases
Previous studies have shown that rCBF positively correlates
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with brain function and depression (Paschali et al., 2009,
2010; Cantisani et al., 2015; Simpson et al., 2016). Therefore,
to determine whether the APOE rs429358 polymorphism af-
fects rCBE, we examined rCBF in regions of interest (includ-
ing the frontal lobe, temporal lobe, parietal lobe, occipital
lobe, basal ganglia, and thalamus) in all PSD and NPSD cas-
es (Tables 4 and 5). Our results show lower rrCBF in the left
temporal and parietal lobes compared with the correspond-
ing right lobes among PSD cases (0.71 versus 0.77 for tempo-
ral lobe and 0.72 versus 0.80 for parietal lobe; P < 0.05), but
not among NPSD cases. Furthermore, comparative analysis
showed significantly decreasing rrCBF in the left temporal
lobe of PSD and NPSD cases (P = 0.04) (Table 4).

To further investigate the relationship between APOE
rs429358 polymorphism and rCBE, we performed a strat-
ified analysis (Table 5). Because of the small number of
subjects with APOE rs429358-CC, genotypes, 1s429358-CC
and rs429358-TC were combined into a single group (i.e.,
rs429358-TC/CC), with APOE genotypes then divided into
two strata. In PSD cases with APOE rs429358-TC/CC gen-
otypes, decreasing rrCBF was still observed in the left tem-
poral and parietal lobes, but not in those with rs429358-TT
genotypes. Comparative analysis of cases with and without
APOE rs429358-TC/CC showed that rs429358 polymor-
phism is significantly associated with rrCBF in the left tem-
poral lobe (0.74 £ 0.15 for rs429358-TT and 0.67 + 0.16 for
1rs429358-TC/CC, r = -0.26). Taken together, these findings
suggest that the APOE rs429358 polymorphism may modify
brain function.

Discussion

To date, no studies have examined the role of APOE poly-
morphism in PSD risk. Here, we examined association
between APOE polymorphisms and PSD risk among the
Guangxi population of China. Accordingly, we found that
APOE genotypes with rs429358-C alleles are associated with
increased PSD risk among this population (OR, 3.17 for
rs429358-TC; 11.24, for rs429358-CC).

Stroke, such as cerebral infarction, is one of the leading
causes of morbidity and long-term disability worldwide
(Robinson and Jorge, 2015). Epidemiological studies have
shown that approximately 40% of stroke patients develop
PSD after acute stroke, and thus PSD is a common and seri-
ous psychiatric complication of stroke (Robinson and Jorge,
2015). Compared with stroke patients without depression,
PSD typically leaves patients with severer deficits in daily liv-
ing activities, a worsen functional outcome, severer cognitive
deficits, and higher mortality (Fang and Cheng, 2009; Dwyer
Hollender, 2014; Eum and Yim, 2015; Robinson and Jorge,
2015). In this study, approximately 46% of our cerebral in-
farction cases had depression and ultimately developed PSD.
Furthermore, we found that PSD cases had higher levels of
serum total cholesterol compared with NPSD cases, and that
increasing serum total cholesterol levels increased both PSD
and NPSD risk. These results suggest a strong biological rela-
tionship between PSD and stroke.

APOE is an important apolipoprotein gene located on
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chromosome 19q13.2. The protein encoded by APOE con-
sists of 299 amino acid residues (relative molecular weight,
34 kDa), and contains amphipathic a-helical lipid-binding
structural domains that enable APOE to interact with mem-
bers of the low-density lipoprotein receptor family. Through
this interaction, APOE displays a key role in lipid transport
in both plasma and the central nervous system (Hatters et
al., 2006). Accumulating evidence shows that dysregulation
of APOE expression and genetic variance of APOE affects
APOE function, and eventually leads to pathogenesis of
certain nervous and cardiovascular diseases (Hatters et al.,
2006; Cosentino et al., 2008; Jofre-Monseny et al., 2008; La-
gos et al., 2015; Luckhoft et al., 2015; Yuan et al., 2015; Lu et
al., 2016).

With regards genetic variance, more than 5,000 single-nu-
cleotide polymorphisms in APOE have been identified. Two
of these (namely rs429358 and rs7412) influence functional
and structural properties of the APOE protein, and are as-
sociated with development of neurodegenerative disease
(Cosentino et al., 2008; Agarwal and Tripathi, 2014; Giau et
al,, 2015; Luckhoff et al.,, 2015), coronary heart disease (Ch-
ouinard-Watkins and Plourde, 2014; Yousuf and Igbal, 2015),
and liver disease (Shen et al., 2015). For example, Cosentino
et al. (2008) investigated the effect of APOE polymorphisms
on Alzheimer’s disease development, and found that the &4
allele (which is derived from a combination of rs429358 and
rs7412) is a risk biomarker for Alzheimer’s disease. APOE
rs429358 and rs7412 polymorphisms also affect antioxidant
and anti-inflammatory properties of APOE, and the &4 allele
is associated with relatively higher oxidative stress and a
higher pro-inflammatory state (Jofre-Monseny et al., 2008;
Yuan et al.,, 2015). In this study, the APOE rs429358 poly-
morphism was associated not only with increased PSD risk,
but also more severe depression in PSD cases. Interestingly,
our results also show that patients with more severe deficits
are more likely to develop PSD. Supporting our results, sev-
eral recent reports have shown that differential functional
status of APOE (resulting from genetic polymorphic status
and expression levels) is related to cognitive performance
(Zhang et al., 2012; Rajan et al., 2014; Wang et al., 2014; Feng
etal., 2015) and PSD pathogenesis (Zhang et al., 2013).

To investigate the effect of APOE rs429358 polymorphism
on PSD risk, rCBF in stroke cases was examined. This was
mainly performed as rCBF is a valuable marker for brain
function, including neural regeneration and activity (Venkat
et al.,, 2016), therefore any disruption in rCBF may affect
neural repair after stoke and impact upon PSD pathogenesis.
Recent evidence has shown that rCBF significantly correlates
with depressive disorder, and may reflect pathological-psy-
chological change in PSD (Cantisani et al., 2015). Here, we
found a decreasing rCBF score in the left temporal lobe of
PSD cases that was modified by APOE rs429358 polymor-
phism. Additionally, rs429358 was associated with increasing
serum glucose and total cholesterol levels. Consistent with
these results, a recent meta-analysis found that the APOE
rs429358 polymorphism is associated with lipid profile
changes and increased serum total cholesterol levels (Lu et

al,, 2016). Collectively, these results suggest that rs429358
may modulate PSD risk by modifying brain function and
lipid profiles. Hence, APOE screening may be helpful for
identifying PSD patients from those with abnormal brain
function, or glucose and lipid profiles.

There are several limitations to our study. First, despite
analyzing two polymorphisms, we did not examine any
other APOE polymorphisms. Second, a potential selection
bias may have occurred through selection of hospital-based
control subjects. Third, the risk value of the rs429358 poly-
morphism may be underestimated because stroke risk is
slightly associated with this polymorphism, and stroke as
a variable might be a potential confounding factor. Fourth,
our findings are based on a relatively small number of sub-
jects, and limited further by the small number of stratified
subjects. Finally, although we investigated the effect of APOE
rs429358 polymorphism on clinical features, with rCBF as a
brain function marker of PSD, the underlying mechanism(s)
remain largely unknown. Therefore, additional functional
analyses based on larger samples and combining APOE and
brain function (including neural regeneration and repair)
are required.

In conclusion, this is the first report to investigate asso-
ciation between APOE polymorphisms and PSD risk in the
Guangxi population of China. Further, our findings provide
evidence that the rs429358 polymorphism of APOE is essen-
tial to PSD etiology. Similarly, our findings support the hy-
pothesis that APOE polymorphisms contribute to PSD risk.
Understanding different genetic and clinical values in indi-
vidual patients will allow more informed counseling with
regards screening, prevention, treatment options, follow-up
plans, and secondary prevention approaches. Therefore, in
combination with information on functional neural regener-
ation during stoke, our findings may improve identification
of high-risk populations of PSD.
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