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Abstract

Background : Apolipoprotein E (APOE) gene is believed to associate with cholesterol
level, a risk factor of ischemic stroke. CIMT (carotid intima-media thickness) can be used
to determine the degree of atherosclerosis. Increased CIMT may predict ischemic stroke
recurrence. This study aimed to determine association between increased CIMT in post
ischemic stroke patients and APOE genotype.

Methods : This was an epidemiological prospective study involving 71 post ischemic
stroke patients (1 month from onset), admitted from 2012 to 2013. CIMT was examined
with carotid duplex ultrasound at 1st, 6th, and 12"d month after stroke onset. APOE gene
polymorphism was examined using HRM (high-resolution melting) which is a simple
method, accurate, and sensitive for genotyping.

Results : We found 5 APOE gene variation categories, i.e. E2E3, E2E4, E3E3, E3E4, and
E4E4. The most common allele was E3 and genotype groups E3E3 was the majority of the
population. E2E4 allele had the highest CIMT level among others, in the 15t month, 6th
month, and 12nd month after stroke, with no association with hypertension, diabetes,
and hypercholesterolemia. E3E3 allele was most often associated with hypertension,
diabetes mellitus, dyslipidemia, and hyperhomocysteinemia.

Conclusion : The results showed that APOE genotype E2E4 may independently constitute
risk factor for atherosclerosis progression (CIMT) in post ischemic stroke patients. While
the E3E3 genotype was often associated with hypertension, diabetes mellitus,
dyslipidemia, and hyperhomocysteinemia. Our results suggest that APOE E4 was not an
importantrisk factor for carotid atherosclerosis in postischemic stroke patient.
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INTRODUCTION

Stroke is the third leading cause of mortality and the first
leading cause of morbidity, with approximately 80% of
strokes are ischemic stroke.!* Intracranial atherosclerosis
is believed to become a cause of ischemic stroke in 14-40%
cases. %8 Genetic factors are thought to play a part in the
disease vulnerability of certain ethnic.3- Preventive
action can be performed if an individual is known to have
genes that cause susceptibility to atherosclerosis and
stroke.”!"3 Various studies have been conducted to
search for candidate genes involved in the occurrence of
stroke. Most research has focused on genes that have a
part in the pathology of atherosclerosis through lipid
metabolism, that is apolipoprotein E (ApoE).1*7 The
ApoE gene that located in chromosome 19q13 and has
three regular alleles, i.e. epsilon (¢)2, €3, and &4; encodes
three isoforms of ApoE, i.e E2, E3, and E4. Third allele will
produce six genotypes €2 / €2,€3 / €3,e4 / e4,e4 [ €3,¢4 /
€2, €2 / €3 which encodes ApoE. €3 allele is the most
commonly found in the entire population.*!41518 APOE2
has a weak association with very low density lipoprotein
(VLDL) and low density lipoprotein (LDL), as well as
more associated with high density lipoprotein (HDL)
when compared to ApoE3, while ApoE4 is associated
with VLDL and LDL, and less associated with
HDL."#151819 ApoE gene polymorphism is responsible as
much as 4-8% of the variation of total cholesterol and
LDL cholesterol in Caucasian.!*? Interaction between
ApoE genotype and environment, such as age, smoking,
and obesity have a part in the onset of atherosclerosis and
cerebrovascular diseases.41521-24

Intima-media thickness (IMT) of the carotid
arteries (CIMT) which can be measured using ultrasound
may indicate the presence of atherosclerosis, even at an
early stage so it can be used as a predictor of stroke.
Several studies have demonstrated that the ApoE gene
have an effect on carotid artery IMT, but other studies
have failed to show that relationship.?>-** ApoE was also
found to be associated with the formation of carotid
plaque.??31:3334 A meta-analysis conducted at
22 publication of research shows that there is a
relationship between ApoE with IMT of the carotid
artery, thus increasing the likelihood of aterothrombotic
stroke.26 This study aimed to determine the relationship
between increased CIMT in post ischemic stroke patients
and APOE genotype.

METHODS

This was an epidemiological prospective observational
cohort study involving 71 patients with post-ischemic
stroke subject (1 month from onset) admitted in the
Neurology Clinic of Kariadi Hospital during 2012 to 2013.
Inclusion criterias were (1) Aged 45-90 years,
(2) Experiencing atherosclerosis and post ischemic stroke
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proved by brain CT and carotid doppler, (3) First stroke
event, (4) No heart disease (ECG within normal limits or
IHD without clinical symptoms), (5) Stroke onset was not
more than one month. (6) Willing to participate in the
study. Exclusion criterias were: (1) Bedridden,
(2) unconscious. Drop out criterias were: (1) The patient
didn’t come in a 2 consecutive CIMT examination,
(2) Suffering from hemorrhagic transformation,
(3) Patient died, (4) Patient resign. CIMT was examined
using carotid duplex ultrasound siemens plane soniline
omnia no FBE 0322 at 1st, 6th, and 12nd month after stroke
onset, all assessments were performed by the same
person (the person who assess CIMT was blinded with
other results). CIMT is defined as the distance between
lumen-intima and media-adventitia, both right internal
carotid artery and left measured 3 cm proximal and 1 cm
distal to the bifurcation. CIMT was measured at the
beginning of the study and measured again after
6 months and 12 months. Thickening of the intima media
thickness measured using carotid Doppler. It was said to
be thicken when >1mm. APOE gene polymorphism was
examined using HRM (high-resolution melting) which is
a simple method, accurate, and sensitive for genotyping.
Examination were done in Singapore. The risk factors of
atherosclerosis in the subjects (hypertension, diabetes
mellitus, hypercholesterolemia, high LDL,
hypertrigliseridemia, low HDL, hyperuricemia, and
hyperhomocyisteinemia) were also evaluated in this
research.

This research has been getting informed consent
from patient and Ethical Clearance of Health Research
Ethics Committee of the Faculty of Medicine Diponegoro
University and has received permission from the Director
of the Dr. Kariadi Hospital. The number of ethical
clearance was 377/EC/FK/RSDK/2012. Selection bias,
information bias, and cofounding was avoided by
applying inclusion and exclusion criteria in each subject
by at least two examiners and CIMT measurement was
measured by neurovascular specialist who was blinded
with other results.

RESULT

Figure 1 showed Consolidated Standards of Reporting
Trials (CONSORT) flow diagram of reporting
observational study. This research has been carried out
within a period of 24 months, from January 2012 to
December 2013. In the early stages we obtained
155 subjects who met the inclusion and exclusion
criterias. In the 12-month study period there were
83 subjects loss of follow-up so that the remaining
72 subjects who finished the procedure. Loss of follow-up
was caused by the patients who died, the people who do
not proceed to the examination because they do not get a
referral from a family doctor, the patients who did not
continue the investigation because they do not want to
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Subject at Dr. Kariadi Hospital from 2012-2013
(n=165)

Subject who met the inclusion and exclusion criteria
(n=155)

Subject that could be included in study
(n=71)

Figure 1. CONSORT flow diagram

TABLE 1
The frequency of APOE allele and genotype

APOE allele Frequency
E2 11 (7.7%)
E3 102 (71.8%)
E4 29 (20.5%)
E2E3 6 (8.3%)
E2E4 5 (6.9%)
E3E3 39 (54.2%)
E3E4 18 (25.0%)
EAE4 3 (4.2%)
TABLE 2

Mean CIMT based on ApoE allele variation

Apo E allele Mean CIMT (mm)

15t mo 6t mo 12nd mo
E2/E3 (n=6) 0.70+£0.12 0.79+0.16 0.92+0.23
E2/E4 (n=5) 0.76 £0.27 0.95+0.28 1.07 £0.30
E3/E3 (n=39) 0.71+0.26 0.82+0.27 0.93+0.28
E3/E4 (n=18) 0.72£0.20 0.85% 0.25 0.94+0.26
E4/E4 (n=3) 0.65+0.22 0.76 £0.20 0.94+0.21

Keterangan : *data terdistribusi normal (p>0,05)

come to the hospital only for this research, the patients
still came to the hospital but refused to continue the
examination because it was considered inconvenient or
wasting time, patients who did not continue the
examination because resettled outside the city or their
address were unclear, so that from the 155 study subjects
who meet the inclusion and exclusion criteria remaining
72 subjects that met the procedure regularly. From this

72 subjects, only 71 (98,6%) gene samples that can be
examined, 1 sample was damaged.

We found 5 gene variation categories, i.e E2E3,
E2E4, E3E3, E3E4, and E4E4. The most common allele was
E3(71,8%).

Subjects with E2/E4 allele had the highest CIMT
among others, and so the mean CIMT in 1st, 6th, and 12nd
month exanimation. In the end of this study, in 12nd
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TABLE 3

APOE polymorphisms and atherosclerosis risk factors

Apo E allele Hypertension Diabetes mellitus Hypercholesterolemia High LDL

Yes No Yes No Yes No Yes No
E2/E3 (n=6) 1(16.7%)  5(83.3%)  1(16.7%)  5(83.3%)  2(33.3%)  4(66.7%)  2(33.3%)  4(66.7%)
E2/E4 (n=5) 0 (0.0%) 5 (100%) 0(0.0%) 5 (100.0%) 0(0.0%) 5(100.0%) 1(20.0%)  4(80.0%)
E3/E3 (n=39) 16 (41.0%) 23(59.0%)  4(10.3%) 35(89.7%) 15(38.5%) 24(61.5%) 11(28.2%) 28 (71.8%)
E3/E4 (n=18) 5(27.8%) 13 (72.2%) 1(5.6%) 17(94.4%)  7(38.9%) 11(61.1%)  4(22.2%) 14 (77.8%)
E4/E4 (n=3) 1(33.3%)  2(66.7%) 0(0.0%) 3 (100.0%) 1(33.3%)  2(66.7%) 1(33.3%)  2(66.7%)
Apo E allele Hypertrigliseridemia Low HDL Hyperuricemia Hyperhomocyisteinemia

Yes No Yes No Yes No Yes No
E2/E3 (n=6) 0(0.0%) 6(100.0%)  5(83.3%) 1(16.7%) 0(0.0%) 6(100.0%)  5(83.3%) 1(16.7%)
E2/E4 (n=5) 2(40.0%)  3(60.0%) 5 (100.0%) 0(0.0%) 0(0.0%) 5(100.0%)  2(40.0%) 3 (60.0%)
E3/E3 (n=39) 8(20.5%) 31(79.5%) 28(71.8%) 11(28.2%) 2(5.1%) 37(94.9%) 24(61.5%) 15 (38.5%)
E3/E4 (n=18) 1(5.6%) 17(94.4%) 11(61.1%)  7(38.9%)  2(11.1%) 16(88.9%) 12(66.7%)  6(33.3%)
E4/E4 (n=3) 1(33.3%)  2(66.7%)  2(66.7%)  1(33.3%) 0(0.0%) 3(100.0%)  2(66.7%)  1(33.3%)

month exanimation, subjects with E2/E3 allele had the
lowest CIMT compared to others.

Correlation between ApoE allele variation and
atherosclerosis risk factors will show in table 3.

E2E4 allele had no association with hypertension,
diabetes, and hypercholesterolemia. E3E3 allele was most
often associated with hypertension, diabetes mellitus,
dyslipidemia, and hyperhomocysteinemia.

It also shows in our article, the identification of
APOE polymorphisms gene rs429358 using qPCR-HRM,
which will be explained further in fig. 2 and qPCR-HRM
analysis for APOE rs429358polymorphism screening
which will be shownin fig. 3.

DISCUSSION

ApoE Gene has three alleles variations; E2, E3 and E4.
The presence of variant alleles were caused by SNP
(single nucleotide polymorphism) at amino acid
positions of 112 and 158. Both the SNP in the SNP
database were registered as rs429358 and rs7412.35,36
This study were conducted with sequencing and
confirmed with HRM examination which is a new
method with high speed and accuracy. E3 allele is an
allele most often found in the normal population.141518
This study found that the E3 (n =104; 73.2%) is the allele
with highest frequency in post-ischemic stroke patients.
This is in contrast with the results of Saidi et al. (2007)
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which showed the finding of the high frequency of E4
allele in 213 stroke patients, the possible explanation of
this is due to the ethnic differences in study subjects.?”
There were E4 / E4 alleles at codon 130 of ApoE gene
found in 3 subjects of this study (4.2%). Cysteine is an
amino acid with sulfihidril group (-SH) which was polar
(hydrophilic) and functions as a component of the allele
surface structure. Cysteine change to arginine which
were basic (having -NH2) can cause changes in the
structure of ApoE. 41415183738 Djstribution of allele E3 / E3
at mostly suffered from hypertension (41.0%). Related
previous studies showed that hypertension was an
independent risk factor for CIMT progression.®4
Conversely, E2 / E4 allele had no hypertension. E3 / E3
allele also had the most diabetes mellitus subjects in the
study while alleles E2 / E4 had no diabetes mellitus. None
of the who had subject alleles E2 / E4 in the study were
suffering from hypercholesterolemia.
Hypercholesterolemia acquired most often in allele E3 /
E3 and most rarely in allele E2 / E4. The highest mean of
LDL levels obtained in patients with E3 / E3, 11 (28.2%).
This is in contrast to other studies stating that the E4 allele
was related with high level of LDL.4151819 Allele
combinations are estimated to cause changes in the
structure of apolipoprotein E, which causes a change in
its function as well. Further study is needed in thehealthy
control population and functional testing mutation
alleles in p.Cys130Arg to determine its pathogenetic
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Figure 2. Identification of APOE polymorphisms gene rs429358 using qPCR-HRM
B. Forward sequences: (B.1) Homozygotes TT (wildtype), (B.2) HeterozygotesTC dan (B.3) Homozygotes CC
C. Reverse sequences: (C.1) Homozygotes TT (wildtype), (C.2) Heterozygote TC dan (C.3) Homozygotes CC

effects. 1341

Itis known to have strong association between the
incidence of type 2 diabetes mellitus and the incidence of
atherosclerosis in cerebral arteries#2** Examination of
fasting blood glucose (FBG) and post prandial blood
glucose (PPBG) in the 1st month investigation found the
average 104 *+ 20.18 and 46.56 *+ 142.9. Means that the
blood sugar levels in subjects still in the normal range.
This condition can affect the association between ApoE

gene polymorphism with incidence of DM. We need
further study to understand association between diabetes
and ApoE gene polymorphism.141521-244243

In this study, the ApoE allele E3 / E3 suffered most
hypertriglyceridemia 8 (20.5%). This controversy also
found in other studies. Dallongevile et al. (1999) suggests
that ApoE alleles career has higher risk of
hypertriglyceridemiathan other alleles. However,
Ivanova, et al. (2012) stated that E4 allele career are at
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Figure 3. gPCR-HRM analysis for APOE rs429358 polymorphism screening:
green color shows TT homozygotes, blue color shows heterozygotes TC and red color shows CC homozygotes.

higher risk of hypertriglyceridemia.#4°

On the condition of hyperuricemia, disorders of
lipid metabolism will lower uric filtration by the kidneys.
This condition may increase the levels of uric acid in the
blood that causes hiperuricaemia. APOE2 allele causes
changes in the receptor capture point Apolipoprotein E
with heparan sulfate proteoglycans. These changes cause
the catabolism of triglyceride-rich lipoproteins in APOE2
career. Wu et al. (2014) also reported that APOE2 career
have a greater risk of hyperuricemia than other alleles. In
this study hiperuresemia not commonly found, allele E3
/ E3 and E3 / E4 respectively 2 subjects (11.1%) have the
most higher uric acid level. Further research is needed on
ischemic stroke patients with hyperuricemia with alarger
number of samples to look at the role of ApoE gene
polymorphisms.*47

The highest mean homocysteine level were seen in
ApoE gene alleles E3 / E3 24 (61.5%). Consistent with
previous studies, this study also showed that levels of
hyperhomocysteinemia became an independent risk
factor for ischemic stroke. 849

The results showed that the average CIMT was
thicker in subjects with homozygous genes E2/E4
compared with others, both in the examination of
1 month, 6 months, and 12 month.E2 / E4 alleles that was
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found in five subjects (6.9%) seem to have the least
amount of risk factors (hyperhomocysteinemia and
HDL) but has an CIMT value of the thickest on the
measurement of 1 month, 6 months, and 12 month. This is
consistent with previous studies showed that the Apo E4
allele is associated with pathological thickening of the
CIMT is not dependent on plasma lipid levels.26-3+50
APOE2 seems to be protective allele against the fibrous
cap atheroma (atherosclerosis). Some studies indicate
that APOE genotype independently associated with
atherosclerosis, plasma lipid levels and other risk
factors.?>-34

Alleles E2 / E4 have the thickest CIMT among
others in 1 month, 6 months and 12 months examination.
In the study, E2 / E4 alleles was not associated with other
risk factors except HDL (100%). This suggests that the E2
/ E4 have a possibility to become an independent risk
factor in this study. Alleles E2 / E3 have the lowest CIMT
value when compared to other variants. This is consistent
with previous studies that showed that the E2 allele is
protective.26-34% Almost all risk factors alone or together
are the in this study, allele E3 / E3 was the most common
allele. This is consistent with the literature that says that
E3 / E3 genotype is most often found in the population
thatis considered as normal allele.*141518
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CONCLUSION

The results showed that APOE genotype E2E4 may
independently constitute risk factor for atherosclerosis
progression (CIMT) in post ischemic stroke patients.
While the E3E3 genotype was often associated with
hypertension, diabetes mellitus, dyslipidemia, and
hyperhomocysteinemia. Our results suggest that APOE
E4 is not an important risk factor for carotid
atherosclerosis in post ischemic stroke patient. Further
research is needed with the larger sample size with
diverse demographic variances about the relationship of
APOE polymorphism and CIMT.
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