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Although the cause of Alzheimer’s disease is unknown, most experts feel that the
disease is caused by a combination of circumstances rather than a single cause. Age, gene
polymorphism, diabetes, and other conditions are all risk factors for Alzheimer’s disease.
Given the importance of gene polymorphism in different diseases, we intended to find out the
association of APOE gene polymorphism with Alzheimer’s risk in the Kashmiri population.
Out of 300 patients who were referred to the memory clinic of the hospital, we conducted the
study on 59 clinically confirmed Alzheimer’s patients and 52 age and ethnicity-matched healthy
controls found in a community survey. Our data revealed a statistically significant association
of ¢4 variant genotype of the APOE gene with AD susceptibility in the Kashmiri population. The
current study’s findings provided insight into the role of APOE polymorphisms in Alzheimer’s
disease susceptibility. The identified susceptibility variant may become a marker genotype for
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AD.
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Alzheimer’s disease is a condition that
affects people as they get older. It is the most
frequent type of dementia, affecting people
between the ages of 60 and 65. Amyloid beta (A)
plaques are thought to be the main cause of the
disease’s progression in this neurodegenerative
condition. Amyloid plaques are hypothesised to
build up in the brain, causing inflammation and,
as a result, triggering an immunological response
that leads to neurodegeneration. The prevalence of
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neurodegenerative diseases has been reported to
rise with age. Alzheimer’s disease is a composite
disease with both inherited and environmental
variables influencing its genesis. The sporadic form
of AD accounts for more than 90% of all cases'.
The genetic heritability of Alzheimer’s disease
(including memory components) ranges from 49
percent to 79 percent, according to twin and family
studies?®. Familial (genetic) varieties of autosomal
(not sex-linked) dominant inheritance with onset
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before the age of 65 account for about 0.1 percent
of Alzheimer’s disease cases. Familial (genetic)
varieties of autosomal (not sex-linked) dominant
inheritance with onset before the age of 65 account
for about 0.1 percent of Alzheimer’s disease
cases*®. Early-onset familial Alzheimer’s disease
is the name given to this type of Alzheimer’s
disease (AD), this type of Alzheimer’s disease
(AD) that is significantly connected to mutations
in the presenilin 1 and 2 proteins and the amyloid
precursor protein (APP)°.

Despite extensive efforts, our
understanding of AD heredity remains limited. For
Late Onset Alzheimer’s Disease, apolipoprotein
E gene (APOE) has been identified as a major
disease susceptibility gene®’. APOE is a basic lipid
transport protein produced mostly by astrocytes®.
Multiple factors have been linked to late-onset
sporadic AD, including advancing age, genetic
factors such as the APOE variant, brain injury,
dietary factors, immune system, and others. All
of these factors may play a role in Alzheimer’s
disease by increasing the production of free radicals
with age and putting stress on regulatory genes in
early and later life (the “dual hit hypothesis™)°.
APOE €2, APOE €3, and APOE €4 are the three
allele of apolipoprotein E. The APOE &4 allele
is a substantial risk factor having the odds ratio
(OR) ranging from 2.0 to 4.0 in comparison to
the APOE €3 allele, with the APOE €2 allele
being protective against Late Onset Alzheimer’s
Disease®!®. The APOE €4 is a key genetic risk factor
for Alzheimer’s disease. While apolipoproteins
contribute in the breakdown of amyloid plaques,
some isoforms (such as APOE &4) are ineffective,
resulting in an excess of amyloid precursor in
the brain''. According to studies, transgenic mice
expressing a mutant form of the human APP
gene developed fibrillar amyloid plaques and
Alzheimer’s disease (AD)-like brain pathology, as
well as spatial learning deficits'?.

MATERIAL AND METHODS

The study included 59 clinically confirmed
AD patients out of 300 patients who were referred
to the memory clinic of the Institute of Mental
Health and Neurosciences, Kashmir. All the
enrolled patients for the study were diagnosed with
Alzheimer’s disease. The baseline diagnostic work-

up included mini-mental state examination (MMSE)
(Table 1), magnetic resonance imaging (MRI) and
computed tomography (CT), depending on the
requirement. The MMSE (Kashmiri version) is a
validated and standardized tool for our population.
Patients scoring below 24 on MMSE (Kashmiri
version)"® were further evaluated, and diagnosis
of Alzheimer’s dementia was made as per DSM
IV-TR criteria for dementia of Alzheimer’s type.
Simultaneously 52 controls with age and gender-
matched, unrelated individuals of similar ethnicity,
who were free of any chronic or psychiatric disease,
were recruited randomly from among individuals
in a community survey. Controls were screened
for dementia by MMSE (Kashmiri version)'* and
individuals scoring above a minimum cut-off of 24
were included. To avoid any ethnicity variation in
both groups (Cases and Controls) all study subjects
were of Kashmir descent and had been residents of
Kashmir. In the interview, data on demographical
details, family history of Alzheimer’s disease, etc.
were taken from controls, patients and their close
attendants. Controls, as well as patients or their
close attendants (if the need arose), were informed
and proper consent was taken, thereafter about 5 ml
of the peripheral blood sample was obtained from
every individual. Approval to conduct the study
was obtained through the Ethical Committee of
the Institute.

The genomic DNA was isolated from
lymphocytes in the peripheral blood using the
salting out method with some modifications'.
Genomic DNA was amplified in a total volume
of 25ul, containing 17.5 pl of nuclease-free
water, 1.5 ul of dNTPs, 1 pl of both forward and
reverse primers having a concentration of 10
pmoles, 2 pl of 1.5 mM Mgcl2, 2 ul of buffer and
2U Tagq polymerase. The primer sequences F 52
ACAGAATTCGCCCCGGCCTGGTACAC32;R
52 TAAGCTTGGCACGGCTGTCCAAGGA 32"
were used in the amplification of DNA fragment
of interest. The amplification process included
initial denaturation for 5 minutes at 95°C which
was succeeded by denaturation for 30 sec. at 95°C,
annealing for 30 sec. at 60°C, and an extension
for 59 sec. at 72°C, all repeated (except initial
denaturation) 30 times i.e, 30 cycles, lastly the
final extension was for 9 minutes at 72°C. The
polymorphic analysis was based on Polymerase
Chain Reaction (PCR) followed by sequencing.
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The y2 test was used to determine the
statistical significance of differences in genotype
frequencies between patients and controls. For all
analysis variables, binary logistic regression was
used to estimate risk as an odds ratio (OR) with
a 95 percent confidence interval (CI) using age
and sex as covariates. All statistical analyses were
carried out with SPSS software version 16.0 (SPSS,
Chicago, Illinois, USA), with two-sided tests of
statistical significance and differences considered
significant when the p-value was less than 0.05.
All ORs were adjusted for age and gender.

RESULTS

Age and ethnicity were taken into account
when comparing cases and controls. Among
recruited patients 39 (66.1%) were having MMSE
score of 18-24<, whereas, 20 (33.9%) were having
MMSE score of < 18. In case of controls all 52

Table 1. Mini Mental Score Examination

Contant Controls Cases
n (%) n (%)
MMSE > 24 52 (100) 0(0)
Between 18-24= 0(0) 39 (66.1)
<18 0(0) 20 (33.9)

n—Number of individuals

675

(100%) were having MMSE score of >24. To
test if the variant genotypes were connected with
AD vulnerability, we examined the genotype
distribution of controls and AD patients. To
identify polymorphic variations, PCR amplification
was followed by electrophoresis in a 1.5 percent
Agarose gel containing ethidium bromide. The lane
1,2,3,4 & 5 was loaded with amplified products and
lane M were loaded with 100 bp DNA (fig. 1). The
polymorphic analysis was based on Polymerase
Chain Reaction (PCR) followed by sequencing
(fig.2-fig.7). We attempted to examine the isoform
distribution in cases and controls, and discovered
that the €4 variant is present in a considerably
higher percentage (58.4% vs 17.31%) in cases than
in controls (OR 5.6, 95%CI=2.8-4.2, p<0.00001)),
thus strongly associated with AD development.
Huge difference was found in €2 allele frequency
(16.10% vs 40.38%) in cases and controls (OR
0.6, 95% CI=0.3-1.3, P=0.25) suggestive of its
protective role. One may say that there is the
decreased efficiency of metabolism in the APOE
€4 variant that leads to the build up of amyloid
beta (AP) plaques and thereby AD. The association
of APOE gene polymorphism with AD has been
presented in Table 2.

DISCUSSION

Alzheimer’s disease, commonly
known as Alzheimer’s dementia, is a scary and

Table 2. Association of APOE with Alzheimer’s disease

And APOE Controls Cases OR (95%CI) p value
(Isoform)

Variants

€3e3 9(17..30%) 10(16.95%) Reference

€2¢2 17(32.70%) 0(0%)

€2v3 8(15.39%) 0(0%)

g2v4 0(0%) 19(32.20%)

€4v3 18(34.61%) 10(16.95%) 0.5(.15-1.63) 0.24
gded 0(0%) 20(33.90%)

£2e3+€2¢2 25(48.07%) 0(0%)

ede3+eded 18(34.61) 30(50.85%) 1.5(0.5-4.3) 0.45
Allele €3 44(42.31%) 30(25.5%) Reference

Allele €2 42(40.38%) 19(16.10) 0.6 (0.3-1.3) 0.25
Allele ¢4 18(17.31) 69(58.4%) 5.6 (2.8-4.2) 0.00001

Significant values shown in bold. OR—Odds Ratio, CI—Confidence Interval, n—Number

of individuals.
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debilitating neurological ailment characterised by
neurodegeneration that alters a person’s typical
personality. Alzheimer’s disease often strikes
people between the ages of 60 and 65. It is the
most common form of dementia. Alzheimer’s
disease is a complex disease with a hereditary and
environmental aetiology. The sporadic form of
Alzheimer’s disease accounts for more than 90% of
all cases'. In this work, we attempted to link APOE
gene polymorphism to Alzheimer’s disease risk
in a small case-control study among the Kashmiri
ethnic group.

Apolipoprotein E has three alleles,
APOE-€2, APOE-¢3 and APOE-g4. Two single
nucleotide polymorphisms (SNPs) that aren’t
synonymous have defined these three alleles, rs
429358 (TGC ’! CGC) and rs7412 (CGC "I TGC):
APOE-¢ 2 (T-T); APOE-£3 (T-C); and APOE-¢4
(C-C). Out of these three alleles, the APOE-€3
is the most frequent (0.49-0.91), APOE-¢€2 is
the rarest (0.0-0.15), in all populations thus far
investigated'® (Corbo ef al. 1999). The frequencies
of the APOE-€2, APOE-¢3 and APOE-¢4 alleles
in Japanese normal controls (> 60 years) are 0.05,
0.86 and 0.09 respectively'’,'s. The APOE-£4

244 bp

allele poses a strong risk as compared to APOE-€3
allele, with an odds ratio (OR) 0f 2.0—4.0, whereas,
APOE-€2 appears to be protective against LOAD
(late onset Azlheimer’s disease)”'?. APOE €4 have
been found to be associated with the cognition
decline among adults in tasks involving memory
and learning??'. The interplay of inflammation,
APOE, and AP plaques can produce cognitive
decline and cerebrovascular dysfunction®.
Increased Aa deposition has also been reported by
number of studies among those who carry APOE €4
allele®*'. According to Fryler (2003), the APOE 4
allele accelerated age-dependent cerebral amyloid
angiopathy in transgenic mice*. Expression
level of APOE and AP deposition were found to
have inverse relation®. Increased AP deposition
appeared to be strongly associated to APOFE
€4 allele®. A meta-analysis of data of Chinese
population from January 2000 to November
2013, indicated statistically significant association
between €4 and AD in Chinese population (OR
3.93, 95% CI=3.37-4.58, p<0.00001). The
frequency of the €3 isoform was similarly shown
to be lower in Alzheimer’s disease patients than
in healthy controls'. Furthermore €4/ €4 and €4/

300 bp

200 bp

Fig. 1. Representative gel picture of amplicon of APOE gene. Lane 1,2,3,4 and 5: 244 bp
PCR product, Lane M: 100 bp ladder
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€3 also showed significant association with AD".
Our findings are consistent with the meta-analysis
findings for the Chinese population. In Kashmiri
population €4 allele is also found to be strongly
associated (OR 5.6, 95%CI=2.8-4.2) with AD
development. The frequency of the €3 allele was
found to be lower in Alzheimer’s disease patients
than in controls. With regard to €2 allele frequency
there is a huge difference (16.10% vs 40.38%)
in cases and controls (OR 0.6, 95% CI=0.3-1.3,
P=0.25) suggestive of its protective role, whereas,
€4 allele is concerned the frequency was found
to be 58.4 % among AD cases and only 17.31%
among healthy controls (OR 5.6, 95% CI=2.8-4.2,
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p<0.00001) indicating it strong association with
disease (Alzheimer disease) progression.

CONCLUSION

The findings of this study provided insight
on the significance of APOE gene variations in the
vulnerability to Alzheimer’s disease.

The current investigation found that
APOE-¢4 isoform of the APOE gene is a strong
susceptibility gene variant for AD. One may say
that due to the decreased efficiency of metabolism
in the APOE &4 variant, leads to the build up
of amyloid beta (Ad) plaques and thereby AD.
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Fig. 2. A to F: Representative Chromatograms of €3:€3 genotype (Use as wild/marker), e4:e4 genotype, €3:e4
genotype, £2:¢4 genotype, £2:€2 genotype, £€2:€3 genotype respectively. Marked regions represent specific
nucleotide sequence and dNTPs represent different nucleotides in between the two specific regions

Familial history, dietary habits, physical activity,
socioeconomic status play a significant role in AD.
Although hereditary traits are unavoidable, dietary
habits, can be easily modified, where an individual
have to shift from high fatty diet to low fatty diet.
Taking our results and role of APOE gene into
consideration avoiding high-carbohydrate, high-fat
and high cholesterol (HFHC) diet, in combination
with physical activity may prove highly beneficial
and help reduce Alzheimer risk. Socioeconomic
stress which includes stress due to separation of
loved ones and economic backwardness, can be
managed by means of counseling, positive behavior
and physical activity-like exercise, walking,
cycling, playing games etc.

Since this is a pilot project with a low
sample size due to a short study time period,
therefore candidate gene approaches based on
biological pathways relevant in AD etiology, large
sample sizes and genotyping are all the relevant

strategies required along with the underlying
mechanism(s) responsible for these associations.
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