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Role of Apolipoprotein E Gene Variants
in Cognitive Outcome of Patients after
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ABSTRACT

Introduction: Diffuse Brain Injury (DBI) has been shown to be the
major form of the primary brain traumatic injury. Apolipoprotein E
(APQE) is considered to be associated in the prognosis of DBI.

Aim: To analyse change in cognitive outcome of moderate degree
DBI patients and its association with APOE gene polymorphism.

Materials and Methods: This prospective cohort study was
conducted at the Department of Genetics and Molecular
Medicine, Kamineni Hospitals, LB Nagar, Hyderabad, Telangana,
India, from March 2018 to May 2019, in which 23 patients who
had moderate DBI were included. Patients were genotyped for
APOE polymorphism and intellectual function was assessed
when the patient was being discharged using Mini Mental
State Examination (MMSE) score and was repeated after three
months. Wilcoxon Signed Rank Test was used to determine the
change in MMSE score taken at the time of discharge and after
three months in follow-up.

Results: Of the total 23 patients, 19 (82.60) were males and
4 (17.40%) were females where the average age of subjects
included was 41.59+17.64 years. E2/E3 APOE genotype was
present in 16 (69.56%) subjects. The improvement of MMSE
score at the end of three months following discharge showed that
best recovery was in subjects with E2/E3, genotype with mean of
4.9+2.1, followed by E2/E2 i.e., 3.5+2.6. In order to evaluate the
changes in MMSE score at the time of discharge and after three
months due to the presence of APOE genotype E2/E3 a Wilcoxon
Signed Rank Test was performed which revealed statistically
significant positive change in MMSE score after three months,
z=-3.512, p=0.00044, with a large effect size (r=0.620).

Conclusion: This preliminary study indicated that APOE E2/
E3 individuals showed a better recovery after traumatic brain
injuries based on MMSE scores. However, extended studies are
needed to establish this which may also give more weightage
for genotyping APOE as a prognostic marker.

Keywords: Genotyping, Mini mental status examination, Neurology, Polymorphism, Prognostic marker

INTRODUCTION

The Diffuse Brain Injury (DBI) has been shown to be the major form of
the primary traumatic brain injury. Stritch, in 1956, was the first person
to recognise DBI in autopsies of patients with closed brain injuries
[1]. DBl is the term applied to induced scattered axonal injury, where
tissue damage can be extensive with the involvement of multiple
brain areas involving several functional systems. DBI represents a
primary, diffuse post-traumatic effect, which is encountered in more
than 50% of severe intra-axial traumatic brain injuries and generates
extended microscopic lesions of the white matter tracts. Rotational
acceleration produces DBI, which is linked with extensive brain
dysfunction often without macroscopic damage [1].

These injuries are responsible for the loss of consciousness lasting
for more than 6 hours, brainstem signs, and cognitive deficiencies.
The important functional neuropsychological changes which may be
affected are the speed at which the information is being processed,
the amount of attention being paid and the level of concentration,
the totality of things remembered like memory and the proper
functioning of frontal portion [2].

In Traumatic Brain Injuries (TBI), there is physiological alteration
of the functions of brain which demonstrates, a short duration of
unconsciousness, episodes of seizures, loss of memory of the
incidents that occurred prior and subsequent to the accident. The
severity of injury is measured by Glasgow Coma Scale (GCS) which
is calculated based on: a) Eye response, which has a score 1-4;
(o) Verbal response which has a score of 1-5; (c) Motor response
which has a score of 1-6 [3]. Grading of head injuries is based on
GCS score. GCS 14 and 15 are treated as mild head injuries, GCS
score of 9-13 are treated as moderate head injuries and GCS score
of 8 and less are treated as severe head injuries [2].
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It has been suggested that the polymorphism of the APOE gene
have shown influence on different outcomes after DBI. APOE is
usually found in chylomicrons and intermediate density lipoproteins,
primarily produced by liver and macrophages. As a response to
stress or injury, it is also produced by astrocytes and glial cells
that are present in the Central Nervous System (CNS). The APOE
essentially functions in redeployment of cholesterol from cells during
neurotic extension, growth, repairs and membrane synthesis [4].

The carriage of cholesterol and lipids are performed by APOE,
throughout the body and it is also critically involved in their
redeployment to the cells by binding to lipoproteins of various
sizes and shapes for repair process in the CNS [5]. Although the
three alleles of APOE: APOE2 (Cys112, Cys158), APOES (Cys112,
Arg158) and APOE4 (Arg112, Arg158) [6] differ from each other
in only one amino acid at two residues, it gives rise to a highly
polymorphic human APOE protein of 299 amino acids that results
in varied molecular and cellular effects on its structure and function,
which results in different outcomes in TBI patients [7].

APOE gene is located on chromosome 19. €2, €3, e4 are the
different alleles of APOE which code for its three common iso-forms.
APOE e2 is also associated with amplified risk of atherosclerosis, €3
is considered as a neutral genotype, while e4 is associated with
relative risk for alzheimer’s disease. APOE4 is also implicated with
weakened cognitive function, as well as, unfavorable outcome after
brain injury [8].

During the repair process in response to a neuronal damage APOE
is synthesised in the brain and the individuals with APOE4 allele have
shown to have neurotoxic fragments due to proteolysis resulting
from conformational changes and thus common leading to disease
associated mitochondrial dysfunctions and cytoskeletal alterations [9].
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The objectives of this study were, firstly to genotype the individuals
with traumatic brain injury for APOE e4 allele followed by assessing
the mini mental state of the individuals with TBI at the time of
discharge and at three months follow-up, which can be a good
prognostic marker for TBI patients.

MATERIALS AND METHODS

This prospective cohort study was conducted at the Department
of Genetics and Molecular Medicine, Kamineni Hospitals LB Nagar,
Hyderabad, Telangana, India, from March 2018 to May 2019. Ethics
Committee approval was obtained from the Institutional Ethics
Committee of Kamineni Hospitals (Registration Number: ECR/58/
Inst/AP/2013/RR-16) Hyderabad, India and an informed consent
of the patient/attender was obtained. In this study, the association
of different alleles of APOE gene with specific (good/bad/moderate)
cognitive outcome of the patient who had a diffuse/traumatic brain
injury was analysed.

Sample size calculation: Sample size was calculated by applying
the formula

n=(Z * X/Ey?
Where,
n=sample size,
Z is a constant and its value is 2.58,
Eis error: 5%

and estimated sigma or standard deviation (8.5) was calculated
by taking sample sizes from seven different studies [10-16]. The
estimated sample size was 20 and hence, 23 patients were included
in study.

A total of 23 patients with moderate degree DBI admitted in
Kamineni Hospitals, Hyderabad, India, were selected based on
either Computed Tomography (CT) scan (Marshall grade | to IV) [17],
or Magnetic Resonance Imaging (MRI) scan suggestive of DBI.

Inclusion criteria: All patients with GCS of 9-13 at the time of
admission with a radiological evidence of DBI (Marshall grade | to
IV) in the age group of 14-70 years were included in the study.

Exclusion criteria: Patients with cognitive impairment before injury
like those who had a history of alzheimer’s or parkinson’s disease
or loss of memory or those patients who had previous head injury/
stroke/meningitis/encephalitis/or individuals with documented cerebral
palsy/any other neurological disease were excluded. Patients with
focal lesions like extradural haematoma/subdural haematoma/
contusions (>25 mL) were also excluded [14].

Isolation of Genomic DNA

Isolation of genomic Deoxyribonucleic Acid (DNA) was carried out
from Ethylenediamine Tetraacetic Acid (EDTA) blood by Salting
out method as per our published protocol [12]. Briefly the blood
samples were treated with red blood cell lysis buffer, followed
by white blood cell lysis buffer along with 10% Sodium Dodecyl
Sulphate (SDS) and subsequently 6M sodium chloride (NaCl) was
added to precipitate the proteins and the supernatant containing
DNA was transferred to another Eppendorf tube with pre chilled
isopropanol and subsequently this DNA was subjected to ethanol
washes and is dissolved in 50 pL of Tris- EDTA buffer and stored at
-20°C freezer until further use.

Polymerase Chain Reaction (PCR) and Restriction Fragment
Length Polymorphism (RFLP)

The 1 pL of the isolated DNA was used to set up a PCR reaction of
a total volume of 25 pL with 2mM MgCI? concentration and by using
the forward and reverse primer which encompasses the sequence
change present in the 4" exon of APOE gene. The sequence of
the Forward Primer: 5-GCCTACAAATCGGAACTGGA-3" and the
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Reverse Primer: 5’-GCCCCGGCCTGGTACACTGCCA- 3’ and these
are synthesised commercially at SIGMA, Hyderabad (India).

A three-step amplification reaction using thermal cycler (Gene Mate)
was carried out [5]. The PCR settings included one step of initial
denaturation for 5 min at 95°C which makes the double strand
DNA uncoil then in subsequent 35 cycles of three steps which
includes denaturation at 95°C for 30 seconds, annealing at 64°C for
30 seconds wherein the primer anneals to specific location in DNA
and extension at 72°C for 1 minute in which bases are added and
final extension at 72°C for 7 minutes [18].

The so obtained PCR products were then run in an electrophoresis
tank by loading in 2% agarose gel and the amplified DNA was
visualised as bands using a gel documentation system (Kamineni,
Hyd). Double distilled water was used as negative control and a
sample with known APOE genotype was used as positive control in
each batch of PCR. The obtained PCR products were subjected to
restriction digestion with Afl lll and Hae Il enzymes for 16 hours at
37°C and were analysed on 10% PAGE [19].

Mini Mental State Examination (MMSE) score was carried out at
the time of discharge and was repeated after three months, when
the patients came for a follow-up visit. MMSE evaluates orientation,
registration, attention, calculation, recall and language [3]. The
difference between MMSE score calculated just before the time of
discharge and three months later indicates recovery. Results of this
score were compared with APOE genotypes.

STATISTICAL ANALYSIS

Wilcoxon Signed Rank Test was used to determine the change in
MMSE score taken at the time of discharge and after three months
in follow-up by using Wilcoxon Signed-Rank Test Calculator
available online at https://www.socscistatistics.com. The r (effect
size) value was calculated by using the formula r=2/vN, where
z=-3.512, n=283 (no. of cases in that group/e2e3 multiplied by
2) and interpreted based on Cohen’s 1988 [20]. Microsoft Excel
2013 and GraphPad Prism software version 8.0.2 were used to
prepare the data.

RESULTS

In the preliminary study, a total of 23 subjects were included of which
19 (82.60%) were males and 4 (17.40%) were females. The average
age of subjects included was 41.59+17.64 years whereas the mean
age of males was 41.27+17.72 years and that of females was 44+24
years. Mode of injury included road traffic accident: 19 (82.60%),,
assault: 1 (4.35%), slip and fall: 1 (4.35%) , fall from stairs: 2 (8.70%).
A 5 (21.73%) were categorised as Marshall grade I, 10 (43.5%) as
Grade Il, 7 (30.43%) as grade lll and 1 (4.34%) as Grade IV.

APOE alleles were genotyped without being aware of the GCS
scores. The individuals with E2/E2 genotype were 4 (17.4%), E2/E3
was 16 (69.56%), E3/E3 was 2 (8.7%) and E3/E4 was 1 (4.34%),
patients. APOE genotypes with the respective MMSE scores along
with recovery value (difference in MMSE score at discharge and
after 3 months) are represented in [Table/Fig-1].

The improvement of MMSE score at the end of three months following
discharge showed that best recovery was in subjects with E2/E3
genotype with mean of 4.9+2.1, followed by E2/E2 i.e., 3.5+2.6
[Table/Fig-2]. In order to evaluate the changes in MMSE score at
the time of discharge and after three months due to the presence of
APOE genotype E2/E3 a Wilcoxon Signed Rank Test was performed
which revealed statistically significant positive change in MMSE
score after three months, z=-3.512, p-value=0.00044, with a large
effect size (r=0.620). r=0.620, indicating a large effect size using
Cohen (1988) criteria which states 0.1=small effect, 0.3=medium
effect, 0.5=large effect.
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MMSE MMSE after 3
Patients APOE genotype immediate months Difference
1. E2/E2 25 28 3
2. E2/E2 22 28 6
3. E2/E2 30 30 0
4. E2/E2 23 28 5
5. E2/E3 16 25 9
6. E2/E3 4 11 7
7. E2/E3 29 30 1
8. E2/E3 12 20 8
9. E2/E3 23 27 4
10. E2/E3 23 28 5
11. E2/E3 24 27 3
12. E2/E3 24 28 4
13. E2/E3 23 26 3
14. E3/E3 21 23 2
15. ES/E3 19 27 3
16. EB/E4 17 26 9
17. E2/E3 22 28 6
18. E2/E3 20 25 5
19. E2/E3 21 27 6
20. E2/E3 25 28 3
21. E2/E3 24 27 3
22, E2/E3 21 27 6
23. E2/E3 20 26 6

[Table/Fig-1]: The APOE genotypes along with Mini Mental State Examination (MMSE)

score of 23 patients at the time of discharge and after three months accompanied with
the difference in their respective before and after MMSE scores.

APOE GENOTYPES WITH MMSE SCORE

49121

MEAN DIFFERENCE IN MMSE SCORE

e2le2 e2/e3 e3/e3

APO E GENOTYPES

[Table/Fig-2]: Mean MMSE score with standard deviation in different APOE genotypes.

DISCUSSION

Response to the brain injury and following developments in repair is
evidently associated with multifunctional APOE protein [21]. Since,
APOE plays a critical role in upholding the cerebral vasculature
and the integral structure of the Central Nervous System (CNS), its
influence on the repair process after TBI has also been very evident.
In one of the studies by Methia N et al., compromised integrity of
blood brain barrier was seen which was caused due to lack of APOE
protein after brain injury [22].

This study has projected that different APOE genotypes show
variance in cognitive outcome of the patients after moderate degree
DBI. In this preliminary study, there was one 25-year-old patient
with APOE4 allele. His MMSE score after three months showed an
improvement by 9 points. As the patient was young (25 years) and
a heterozygote carrier of e4 allele, the improvement may also be
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attributed to either the patient’s young age or the other allele which
is E3 which can be delivering the normal function of the protein
as reported in previous studies. Tesdale GM et al., showed that
patients with acute head injury have shown a striking evidence of
difference in recovery which is determined by genetic component/
alleles and also the difference in the age of the patients [4].

Bad outcome was apparent in approximately double dose in
individuals with APOE4 allele in a study by Tesdale GM et al.,
whereas, some studies reported very negligible or equivalent to no
association of outcome with APOE4 [4,23,24]. The presence of very
huge volume of intracranial haematomas in APOE4 carriers after TBI
with diminished cerebrovascular integrity has portrayed a straight
indication of their association [25].

Yue JK et al., and Anderson GD et al., showed that e4 carriers
show association with delay free recall and memory compared to
non e4 carriers. Similarly in this study, non e4 carrier i.e., e3 and
e2 genotypes showed recovery in MMSE score. However, €3
carriers showed maximum recovery [26,27]. Even though, study by
Noe E et al., and Chirivella J et al., showed an association in the
downstream cognitive recovery in TBI patients with APOE, a study
by Vanderploeg RD et al., reported not much change was seen in
short and long cued recall between subjects succumbed to TBI
when compared with controls [28,29].

Crawford FC et al., have shown that even though the severity of
TBI was similar in subjects expressing APOE4, e2 or e3 allele,
individuals who possessed APOE4 allele faced comparatively more
difficulties in verbal memory and fluency than the latter, in follow-up
(after 6 months post TBI) check-ups [30]. Although, Chamelian L et
al., stated that APOE4 individuals who had good verbal intellectual
and verbal memory skills pre injury did not perform the same post
TBI, these differences on multiple assessments may not be equally
significant [24].

In this prospective study, on traumatic brain injuries it was also
observed that the MMSE score is better after three months in all
patients, but the improvement is best in individuals with E2/E3
genotype, this may be due to APOE levels in CNS, as it has been
reported by Flowers SA et al.,, and others that the presence of
APOE protein is higher in the CNS of individuals who have APOE3
compared to those with APOE4 [31-34].

Limitation(s)

The number of samples included in the study was relatively less.
Larger studies with different subjects including various ethnic groups
are required for stronger evidence.

CONCLUSION(S)

This preliminary study indicated that APO E2/E3 individuals showed
a better recovery after traumatic brain injury based on MMSE
scores. Genotyping of APOE polymorphism in traumatic head injury
patients can predict the probable outcome of the patient and a
better understanding of one of the cause behind such, good or bad
outcome. However, extended studies are needed to establish this
which may also give more weightage for genotyping APOE as a
prognostic marker.
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