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Abstract

Alzheimer's disease (AD) is a genetically heterogeneous neurodegenerative
disease and Late-Onset type (LOAD) is the most common form of dementia
affecting people over 65 years old. CALHMr (P86L) encodes a trans-
membrane glycoprotein that controls cytosolic Ca® concentrations and Ap
levels and P86L polymorphism in this gene is significantly associated with
LOAD in independent case controls in a number of studies. This study was
performed to determine whether this polymorphism contributes to the risk for
LOAD in Iranian population. One hundred and forty one AD patients and 141
healthy controls were recruited in this study. After extraction of genomic DNA,
the genotype and allele frequencies were determined in case and control
subjects using PCR/RFLP method. The statistical analysis showed a significant
difference in the heterozygote genotype frequency in case and control groups
and polymorphic allele had a protective role between two groups. Also after
stratifying the subjects by their APOE-c4 status, no significant association was
observed. Our study suggests that P86L polymorphism could be a protective
factor for late-onset Alzheimer's disease (LOAD) in Iranian population.
However, to confirm these results, further study with a bigger sample size may
be required.
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Introduction

Alzheimer's disease (AD) is a progressive
neurodegenerative disorder characterized by a
massive loss of neurons in different brain
regions and by the presence of cerebral senile
plaques comprised of aggregated AP peptides
M

Late-Onset Alzheimer's Disease (LOAD) is
a type of AD and the most common form of
dementia affecting people over 65 years old®.
Because of its strong genetic hetero-
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geneity, the etiology of the disease is
complex. Autosomal dominant mutations in
the genes encoding APP, PS1 and PS2
proteins cause Early-Onset AD, whereas
complex interactions among different genetic
variants and environmental factors are
believed to modulate the risk for the majority
of Late-Onset AD (LOAD) cases ®**. To date,
the only susceptibility gene unambiguously
demonstrated worldwide, is the €4 allele of
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APOE gene on chromosome 19 ©,

However, epidemiological studies indicate
that the presence of the APOE &4 allele cannot
explain the overall heritability of AD, imply-
ing that a significant proportion of the LOAD
cases are attributable to additional genetic risk
factors. Supporting this observation, concord-
ant evidence of linkage to LOAD has been
observed in different chromosomal regions
including on chromosome 10 &9,

CALHM1 gene on chromosome 10 encodes
a glycoprotein that homomultimerize and
controls cytosolic Ca*" concentrations . This
protein (CALHMI) generates Ca”" selective
cation currents at plasma membrane. Import-
antly it has been shown that the frequency of
the rare allele of the SNP 1rs2986017 in
CALHM]I, which results in a proline to
leucine substitution at codon 86 (P86L), is
significantly increased in AD cases in some
case-control studies. PS6L. mutation promotes
AP accumulation via a loss of CALHMI
control on Ca®" permeability and cytosolic
Ca®* levels. Some previous studies have
shown a probable association of P86L poly-
morphism in CALHMI gene with AD
pathogenesis " 7. In the present study our
main objective was to determine the relation-
ship between this polymorphism and the risk
of LOAD.

Materials and Methods

To determine the possible role of P86L
polymorphism in CALHM]1 gene in develop-
ing LOAD in our population, a case-control
study was performed. A sample of 141 AD
patients (mean age 77.82 yr) and 141 healthy
controls (mean age 78.26 yr) (from 7 old
people’s home throughout Tehran with vari-
ous genetic backgrounds) were recruited for
the study.

The diagnosis of Alzheimer’s disease in
patients was confirmed by qualified psych-
iatrists according to the DSM-IV criteria and
control subjects were selected through the
assessment of their medical histories and
physical conditions. The recruited subjects in
control group did not have any known neuro-

psychiatric disorders. We assumed genetic
background, gender, sex, age, and education
as potential confounders. After obtaining
informed consent from participants or their
families, the information regarding the age,
sex, ethnicity, job and education were asked
and recorded.

Finally 5 cc of peripheral blood samples
were collected in tubes containing 200 u/ of
0.5 M EDTA. Genomic DNA was extracted
from peripheral blood using the salting-out
method and a pair of primers (Forward: 5°-
CCTGGTCATGAACAACAACG-3° and
Reverse 5 -AGGCACAGAGGAAGCATTT
G-3") was used to amplify the relevant frag-
ment and analyze P86L polymorphism (ap-
propriate primers were designed using Primer
3 program). Genotyping of samples determin-
ed the usage of PCR amplification, restriction
digestion and Polyacryl Amide Gel Electro-
phoresis (PAGE). To amplify the 182 bp
fragment, PCR was performed with 1.5 mM
MgCl, and 60 °C annealing temperature. The
182 bp PCR products were digested using
Hpall restriction enzyme (10 U/ul, Fer-
mentas). The product of digestion loaded on
8.5% polyacryl amide gel for electeropho-
resis. Digestion using this enzyme produced
53, 8 and 121 bp fragments for wild type and
61, 121 for mutant.

The Chi square (x°) or Fisher’s exact test
with Open Epi Version 2.2 (free statistical
software) was performed to compare geno-
type and allele frequencies in the study
groups. CC genotype and C allele were as-
sumed as reference group for statistical analy-
sis. To assess the role of interaction of APOE
€4 allele and sex with this polymorphism, the
stratified analysis was performed regarding
the existing APOE €4 PCR results with these
samples. The different allele and genotype
frequencies of APOE gene were determined
in our previous study using PCR/ RFLP
method .

Results
Total 282 DNA samples were analyzed
using the PCR and Restriction Fragment
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Table 1. Comparison of mean age, sex and education levels
between AD case and control subjects using t-test and x> test

Table 2. The distribution of PS86L genotype and allele frequencies in

CALHM] gene

analysis AD Control
Control Genotype/Allele group group p-value OR
AD patients .
(n=141) subjects p-value (n) (m)
(n=141) Genotype
Age (Year) 77.82 78.26 0.62 cC 121 105 Reference group
Sex (M/F) 63/78 55/86 0.45 or 1 2 0.004 036 (0.17-74)
Education level T 8 7 0987  0.99 (0.35-2.83)
Illiterate 48% 52% Allele
Primar
schooly 50% 50% C 254 239 Reference group
Secondary 68% 32% 0.1 T 28 43 0.057 0.61 (0.37-1.02)
school
Diploma 50% 50%
demi 25% 75%
aeacemie ’ ’ and 4). The results for male sex and &4 Allele
Genetic Background .. . . . .
positive were not statistically significant and
F 62.6% 63.4 .
o for female sex and &4 Allele negative, the
Tork 23.1 239 . .
Ord result did not change with the crude data. It
Kor 4.1 1.5
) L . 0.739 can be concluded that we could not find the
or R . . .
Mazani & effect modifier role for variables sex and &4
Gilak 88 ’ allele on CALHMI1 genotypes and alleles

Length Polymorphism (RFLP) method. The
samples consisted of 141 AD patients and 141
healthy controls. The distribution of important
potential confounders in the studies groups
were similar (Table 1). The distribution of
P86L genotype and allele frequencies are
summarized in table 2. The statistical analysis
of the patient’s genotype and allele fre-
quencies showed significant difference in
heterozygote genotype (CT) and T allele
(mutant) had a protective role between two
case and control groups.

We performed the stratified analysis
(Fisher’s exact test) by APOE €4 allele and
sex for P86L genotype and alleles (Tables 3

between case and control groups.

Discussion

Existence of linkage for chromosome 10
with Alzheimer disease had been reported
repeatedly and CALHMI gene on this
chromosome is one of the candidate genes for
this association. This gene encodes for inte-
gral membrane protein that acts as a calcium
channel. Calcium pathway has a fundamental
role in the pathogenesis of AD and this
channel is important in this way by con-
trolling homeostasis of calcium ion. It had
been shown in previous studies that
rs2986017 SNP in CALHM]I gene (P86L) is
associated with both an increase risk for
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Table 3. Stratified analysis of CALHM1 genotypes and alleles by &4 allele

Stratified by APOE &4 allele

€4 Allele Positive €4 Allele Negative
Genotype/Allele 2%‘:;:‘?;; g(r::;,;r((l,\ll) p-value OR AD(gNr)oup g(ri(:)l?;r((;) p-value OR
CcC 29 5 Reference group 89 100 Reference group
CT 3 0 NS Undefined 8 29 0.004  0.31(0.13-0.71)
TT 1 0 NS Undefined 7 7 0.833  1.12(0.38-3.33)
C 61 10 Reference group 186 229 Reference group
T 5 0 NS Undefined 22 43 0.096 0.63(0.361.01)

NS Not statistically significant by Fisher's exact test
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Table 4. Stratified analysis of CALHM1 genotypes and alleles by sex

Stratified by Sex
Male Female

Genotype/Allele AD(gNr)oup gf(:);l;r((])\ll) p-value AD(gNr)oup gf(:);l;r((;) p-value OR

CC 52 42 Reference group 69 63 Reference group

CT 5 9 0.171 0.45 (0.14-1.44) 7 20 0.012 0.32(0.13-0.81)
TT 5 3 0.695" 1.35 (0.3-6) 3 4 NS® 0.67 (0.1-4.2)

C 109 93 Reference group 145 146 Reference group

T 15 15 0.685 0.85(0.4-1.8) 13 28 0.029 0.47 (0.23-0.94)

NS*: Not statistically significant using Fisher’s exact test
LOAD and a significant dysregulation of Ca*" the world "*''® and is in contrast with the

homeostasis and APP metabolism -?.,

In the present study 282 participants (141
AD and 141 controls) were recruited. After
carrying out PCR and RFLP techniques, data
were used for statistical analysis. Analysis of
acquired data with statistical methods showed
that T allele (mutant) has a protective role and
is nearly significant between cases and con-
trols (p= 0.057). Also comparing the fre-
quency of genotypes showed significant dif-
ference in distribution of heterozygote geno-
type in two groups (p= 0.004). But the inter-
action analysis of CALHMI genotype with
APOE ¢4 allele did not indicate any signifi-
cant difference.

The result of our study in Iranian popula-
tion is in agreement with some studies in
other parts of the world. In a study carried out
in the USA with sample size comprising 2043
cases and 1361 controls, a significant dif-
ference was shown ). Another study was
done with the sample size consisting of 2500
cases and controls in Japan (2009) and the
difference between this polymorphism and
Alzheimer disease was not significant %,

In a study carried out in China (2009) the
number of 198 Alzheimer patients was
examined and a significant difference was
shown Y. In another study carried out in
Spain the difference between this polymor-
phism with AD was significant . In study
carried out in the USA (2009) with sample
size including 510 cases and 524 controls, no
significant difference was shown "?. There-
fore, the findings of our study in the Iranian
population is supported by certain studies in

results of other studies carried out in this
subject in other parts of the world "*"'7,

There is a possibility that P86L polymer-
phism could influence the appearance onset of
signs and symptoms (delay or postpone the
beginning of disease) in affected individuals.
Because in this study we did not have the
onset age of the dementia symptoms, there-
fore we could not identify the role of this
polymorphism in the onset of signs and symp-
toms of the Alzheimer’s disease.

Conclusion
In conclusion, our results indicate signifi-
cant difference in heterozygote genotype
distribution between AD patients and con-
trols, but a larger sample size may be needed
for stronger confirmation of our findings.
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