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Background: Alzheimer disease (AD) has become an epidemic within the growing elderly population and effective therapies
of AD have not been discovered. Genetic factors accounted for over 70% of the incidence of AD and the dis-
ease-related polymorphisms are located on chromosome 19, which is one of several prominent chromosomes
related to the development of AD. Many inconsistent associations between polymorphisms in ABCA7, CD33,
and TOMMA40 genes and the susceptibility to AD have been suggested by several independent studies.

Material/Methods: A comprehensive literature search for studies involving the association between gene polymorphisms and AD
was performed, and we finally selected 3 genes (4 polymorphisms) for the meta-analysis: ABCA7 (rs3764650),
CD33 (rs3865444), and TOMMA40 (rs157580, rs2075650).

Results: A total of 25 articles investigating 3 genes (4 polymorphisms) were included in the meta-analysis. The pooled
results of 4 polymorphisms were all significantly associated with the susceptibility to AD. The pooled effect
of ABCA7 rs3764605 allele G was significantly associated with an increased the risk of AD (OR=1.20, 95% Cl:
1.14-1.26, P value <0.001). Similarly, our evidence suggested that allele A of TOMM40 rs2075650 polymor-
phism was a risk factor for AD (OR=2.87, 95% Cl: 2.46-3.34, P value <0.001). Alleles A of CD33 rs3865444 and
A of TOMM40 rs157580 were both protective factors for AD onset (OR=0.94, 95% Cl: 0.90-0.98, P value=0.003;
OR=0.62, 95% Cl: 0.57-0.66, P value <0.001).

Conclusions: Results from the meta-analysis revealed that the pooled ABCA7 rs376465, CD33 rs3865444, TOMMA40 rs157580,
and rs2075650 variants were significantly associated with the susceptibility to AD. However, the association
differed significantly between Asian and Caucasian groups for SNPs of CD33 rs3865444, TOMM40 rs157580,
and rs2075650.
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Background

Alzheimer disease (AD) is a complicated neurodegenerative
disease common in elderly people [1] and it has become a ma-
jor threat to the growing elderly population due to the lack of
effective therapies [2]. Several strategies, including the pre-
vention of amyloid buildup and the promotion of amyloid re-
moval, have been tested in a range of clinical trials. However,
none of these strategies showed significant efficacy [3-5].
More attention has been paid to those factors that affect the
disease in its early stage and it is estimated that genetic risk
factors contribute to approximately over 70% of the incidence
of AD [6]. As a result of this, the identification of genetic risk
factors enables us to understand the disease mechanism in
a sensible way [7].

Until now, only apolipoprotein E €4 (APOE4) allele has been
confirmed to be associated with increased risk of AD develop-
ment [8]. The APOE4 gene is located in chromosome 19, which
is one of several prominent chromosomes associated with the
development of AD [8]. Recently, other genes in chromosome
19 associated with altered risks of AD, including ABCA7 (ATP-
Binding Cassette, sub-family A, member 7), CD33 (Siglec-3), and
TOMMA40 (Translocase of the Outer Mitochondrial Membrane
40) [9-11], have been identified by several large-scale genome-
wide association studies focusing on disease-associated sin-
gle-nucleotide polymorphisms (SNPs).

The important role of ABCA7rs3764650 polymorphism (lo-
cation: 19p13) in AD pathogenesis has been investigated by
several studies that suggested different associations between
gene SNP and AD [12-15]. Apart from that, the CD33 (loca-
tion: 19q13) gene was observed to be associated with vari-
ous immune functions, including cell adhesion, anti-inflam-
matory signaling, and endocytosis [16]. The protective allele
A of rs3865444 in this gene has been revealed to be associat-
ed with a reduced risk of AD in genome-wide studies [9,10].
Furthermore, the TOMM40 gene is also located in the 19913
region, which is approximately 15 kb closer to APOE. Therefore,
the TOMM40 gene should be investigated carefully due to the
linkage disequilibrium with the e4 allele [8]. Relevant research
also indicated that a kind of a mitochondrial protein is cod-
ed by the TOMM40 gene [17]. Moreover, the mitochondrial
dysfunction is closely associated with aging, particularly for
AD [18]. The genetic variants of rs157580 and rs2075650 in
TOMMA40 have been revealed to be associated with altered risk
of AD in independent genome-wide studies since 2008 [19,20].

Considering these inconsistent associations between polymor-
phisms in the above genes and the development of AD, it is
critical to carry out a meta-analysis in order to produce a con-
sistent result. Additionally, differences in sample sizes and het-
erogeneous populations may be considered as potential sources
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of heterogeneity among individual studies. Therefore, we per-
formed the present meta-analysis with increased statistical pow-
er using a well-established method to assess the association be-
tween genetic mutation and disease [21] through incorporating
all available published data. This meta-analysis on all eligible
related studies was performed to evaluate the association be-
tween polymorphism of ABCA7 rs3764650 or CD33 rs3865444
or TOMM40 rs157580/rs2075650 and the susceptibility to AD.

Material and Methods

Search Strategies

All of the potential eligible studies were screened based on
the electronic databases PubMed, EMBASE, Medline, and China
National Knowledge Internet (CNKI) up to 1 December 2014 us-
ing advanced searching strategies. Five MeSH terms, “Alzheimer
Disease”, “Single-nucleotide Polymorphism”, “ABCA7"”, “CD33"
and “TOMMA40”, were used to search for relevant articles.
Systematic searching was performed using the combination of
“Alzheimer Disease”, “Single-nucleotide Polymorphism (SNP)”
and each one of “ABCA7”, “CD33” and “TOMMA40” with other
similar eligible terms. Additional studies were screened man-
ually from the references contained in each eligible study.

Study selection and data extraction

The following 4 criteria were used to determine the inclusion
of studies: (1) studies must assess the association between
polymorphism of ABCA7rs3764650 or CD33rs3865444 or
TOMM40rs157580/rs2075650 and the susceptibility to AD; (2)
case-control studies must be based on humans; (3) sufficient
information should be accessible (e.g., the study sample size for
each research group, allele or genotype frequencies, effect siz-
es, and other useful information); (4) the diagnose of AD should
meet the clinical criteria set by the World Health Organization.

A predesigned data collection form was used by 2 independent
reviewers to collect the following data: first author name, year
of publication, country of research, ethnicity of study popula-
tion, type of AD, mean age of the case and control groups, sex
ratio in the case and control groups, and frequency distribu-
tions of allele and numbers of different genotypes in the case
and control groups. If several subpopulations were presented
in the original articles, then they were considered as separate
studies in this meta-analysis. Finally, relevant studies were se-
lected and key data were collected by 2 independent reviewers.

Statistical analysis

The associations between ABCA7 rs3764650 or CD33rs3865444
or TOMM40 rs157580 or rs2075650 polymorphisms and the

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




META-ANALYSIS

susceptibility to AD were quantified using odds ratios (ORs)
with 95% confidence intervals (Cls). The final ORs and 95% Cls
for each SNP were pooled from individual study ORs and 95%
Cls. Pooled ORs and 95% Cls were estimated by allelic models.
For each SNP, statistical heterogeneity among individual stud-
ies was inferred by Q test and I? statistic; these 2 heterogene-
ity tests were used to calculate the variability among individ-
ual studies and the combined I> metric was derived to assess
the percentage of variation. Meta-analysis was first performed
with the fixed-effects model. If the P value of the Q test was
greater than 0.05 and the 2 statistic result was less than 50%
(P, 0.05 and I? <50%), then there was no significant hetero-
geneity among individual studies and the fixed-effects mod-
el was suitable for analysis. On the other hand, if the P value
of Q test was less than or equal to 0.05 or if the I?statistic re-
sult was greater than or equal to 50% (P, <0.05 or |2 250%),
then significant heterogeneity was presented in these studies
[22] and the a random-effects model was appropriate for me-
ta-analysis. Furthermore, subgroup analyses were performed
by ethnic groups (Caucasian and Asian) to explore the effects
of ethnicity on the association between gene polymorphisms
and the susceptibility to AD. Publication bias was indicated by
the funnel plot and plot asymmetry was confirmed by the rank
correlation test. If the P value of the rank correlation test was
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greater than 0.05, then there is no significant evidence of pub-
lication bias, and a symmetrical inverted funnel was approxi-
mately presented in the plot; otherwise, there was significant
publication bias. The robustness of these statistical results
was evaluated by the sensitivity analysis. A 2-sided P value
of 0.05 was selected as the significance level and all statisti-
cal analyses were performed using R software (Version 3.1.2,
Copyright(C) 2014 The R Foundation for Statistical Computing).

Results

Study inclusion and characteristics

A total of 175 articles were initially identified based on the
predefined searching strategies, including 71 articles for
ABCA?7, 60 articles for TOMM40, and 44 articles for CD33.
Then 33 of the 175 articles were excluded because of dupli-
cation and 142 articles were screened manually for poten-
tial available information. After that, 119 of 142 articles were
further excluded for several reasons. For example, some arti-
cles did not include essential information to evaluate the ef-
fect size and others did not have full-text available for re-
view. Consequently, 23 case-control articles were included in

Supplementary Table 1. Characteristics of included studies for ABCA7 gene.

First Author

Control OR (95% CI)

Country

Ethnicity

rs3764650 T>G 01 Lambert 2009 France Caucasians 2025 5328 1.29 (1.15-1.45)
2 Harold 2009 UKflreland  Caucasians 2226 4704 129 (115-145)
03 Harold 2009 Germany  Caucasians 555 824 098(076-127)
4 Harold 2009 USA  Caucasians 551 960 120 (094-154)
06 Hollngworth (ADN) 2011 USA  Caucasians 151 177 101 (0.58-176)
07 Hollingworth (GERAD2) 2011 UK Caucasians 3262 3320 132 (L15-152)
09 Holingworth (deCODE) 2011 Iceland  Caucasians 925 612 123 (0.93-163)
10 Hollngworth (ADIG) 2011 USA  Caucasians 709 971  1.15(0.83-159)
11 Holingworth (EADIT) 2011 France  Caucasians 2751 2620  131(L15-149)
12 Hollingworth (CHARGE) 2011  Netherlands  Caucasians 1239 10813 1.09 (0.92-129)
13 Holingworth (WAY02) 2011 USA  Caucasians 2490 4114 124 (1.10-140)
ET Tn 2012 China  Asians 612 612 104(088-124)
s Chung 2013 Korea  Asians 290 554 105 (085-129)
16 Miyashita 2013 Japan  Asians 891 844 113 (101-126)
v Carrasquilo 2014 America  Caucasians 132 2486 108 (0.69-169)
8w 2014 China  Asians 350 283 110(087-140)
R Omoumi 2014 Canada  Caucasians 580 524  132(097-180)
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Supplementary Table 2. Characteristics of included studies for CD33 gene.

First Author Country Ethnicity Case Control OR (95% CI)
rs3965444 C>A 01 Logue(Logue) 2011 USA Caucasians 513 496 0.95 (0.70-1.29)
02 Holngworth(GERADI) 2011  Ewope  Caucasians 3333 1225 091 (0.82-100)
03 Hollngworth(EADI1) 2011  Euope  Caucasians 2025 5328  0.89 (0.82-0.99)
04 Hollngworth(deCODE) 2011 Ewope  Caucasians 925 612 0.85 (068-104)
s Na(ADGC.GWAS) 2011  USA  Caucasians 8309 7366 088 (0.84-0.93)
6 Na(ADGCREP) 2011 USA  Caucasians 3531 3565 092 (0.85-0.99)
07 Camasquiloiacksonville) 2011 USA  Caucasians 492 920  0.91(0.7-1.08)
08 Camasquilo(Rochester) 2011 USA  Caucasians 312 1577 093 (0.77-1.12)
09 Camasquilo(Autopsy) 2011 USA  Caucasians 298 97  0.90 (0.64-1.27)
10 Camasquilo(Norway) 2011  Euope  Caucasians 327 541  0.98 (0.80-121)
11 Camasquilo(Poland) 2011  Euope  Caucasians 467 187 120 (0.92-157)
12 CamasquiloARUK) 2011  Europe  Caucasians 642 730 095 (0.81-111)
3 Deng 2012 China  Asians 190 193 048 (035-066)
RV Chung 2013 Korea  Asians 290 554  070(053-092)
ETH Tn 2013 China  Asians 612 612  144(L18-176)
16 lambet(ADG) 2013  Europe  Caucasians 10273 10892 089 (0.86-093)
RV lambert(CHARGE) 2013 Ewope  Caucasians 1315 12968 100 (092-110)
8 lambert(AD) 2013 Ewope  Caucasians 2243 6017 090 (083-097)
19 lambert(GERAD) 2013 Euiope  Caucasians 3177 7277 089 (0.77-102)
20 lambert 2013 Austia  Caucasians 210 829 108 (0.82-142)
n lambert 2013 Belgum  Caucasians 878 661 095 (0.79-114)
2 lambert 2013 Finland  Caucasians 422 562 108 (0.89-130)
3 lambert 2013 Germany  Caucasians 972 2378 100 (0.89-113)
a lambert 2013 Greece  Caucasians 256 229 079 (0.52-120)
P lambert 2013 Hungary  Caucasians 125 100 094 (0.60-147)
26 lambert 2013 haly  Caucasians 1729 720  112(0.97-130)
7 lambert 2013 Spain  Caucasians 2121 1921 094 (0.85-1.04)
' lambert 2013 Sweden  Caucasians 797 1506 099 (087-112)
9 lambert 2013 UK Caucasians 490 1066 100 (084-119)
00 lambert 2013 USA  Caucasians 572 1340 093 (080-109)
31 Miyashita 2013 Japan  Asians 891 844  104(092-118)
2 omoumi 2014 Canada  Caucasians 580 524 076 (063-091)
3 Waker 014 USA  Caucasians 97 96  113(074-170)
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Supplementary Table 3. Characteristics of included studies for TOMM40 gene.

TOMM40 No. First Author Year Country Ethnicity Case Control OR (95% ClI)
rs157580 T>G 01 Takei 2009 Japan Asians 539 700 0.62 (0.53-0.73)
2 Haod 2009 UKfreland  Caucasians 2227 4833 0.6 (061-0.71)
03 Haod 2009 Germany  Caucasians 555 823 067 (057-0.80)
04 Haod 2009  USA  Caucasians 1159 2187 057 (051-0.64)
05 Camasquilo(Stage) 2009  USA  Caucasians 844 1255  051(045-0.59)
06 Camasquilo(Stagel) 2009  USA  Caucasians 1547 1209 058 (052-0.65)
7 NajDiscoveny) 2010 USA  Caucasians 931 1104 066 (057-075)
s NajReplication) 2010 USA  Caucasians 1242 1737 049 (0.36-068)
09 Cenantes 2011 Spain  Caucasians 955 869 074 (063-0.88)
0 valant 2012 USA  Caucasians 308 215 048 (036-0.64)
T ma 2013 China  Asians 787 791  072(057-092)
o Bagnoli 2013 My  Caucasians 282 269 072 (057-0.92)
52075650654 01 Haod 2009 UKfreland  Caucasians 2227 4832 248 (227-2.70)
2 Haold 2009 Germany  Caucasians 555 824 231(192-277)
03 Haod 2000 USA  Caucasians 1159 2187 268 (237-3.00)
04 Camasquilo(Stage) 2009 USA  Caucasians 844 1255 289 (249-336)
05 Camasquilo(Stagel) 2009 USA  Caucasians 1547 1209 393 (339-457)
06 NajDiscoveny) 2010 USA  Caucasians 931 1104 296 (2.50-350)
o NajReplication) 2010 USA  Caucasians 1242 1737 572 (3.63-9.02)
08 Cenantes 011 Spain  Caucasians 955 869 294 (231-374)
Y vaant 2012 USA  Caucasians 308 215 339 (240-480)
0 Schott 012 UK Caucasians 114 102 430 (261-7.08)
T ma 2013 China  Asians 787 791  152(119-194)
R Chung 2013 Korea  Asians 290 554 357 (251-5.06)
RO Bagnoli 2013 My  Caucasians 280 272 2.10(146-301)
ETE omoumi 2014 Canada  Caucasians 580 524 258 (204-325)

the analysis. [2,6,8-12,14,20,23-36]. Studies performed by
Hollingworth [9], Naj [10], Harold [20], and Lambert [29] were
considered as independent studies because they included dif-
ferent AD subgroup analyses by different countries. Similarly,
studies by Naj [10] and Carrasquillo [23] were also treated as
several independent studies because they were 2-stage stud-
ies including discovery and replication. Therefore, 25 published
articles were included in this meta-analysis.

The detailed characteristics of these studies are presented in
the Supplementary Tables 1-3. All the research subjects came
from Europe, Asia, and North America. A total of 19 739 cases
and 39 746 controls were included for ABCA7 polymorphism
studies. Studies for CD33 comprised 49 414 cases and 73 933
controls, whereas studies for TOMM40 comprised 11 490 cas-
es and 16 094 controls. The study populations and structures
varied among all studies and only a few studies stated that the
study populations were matched by race and environmental
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Figure 1. The forest plot of ABCA7 genetic

Authors, country Year  Cases Controls OR (95% () variation with AD.
ABCA7, 153764650
Lambert, France 2009 2025 5328 1.29[1.15,1.45]

]
Harold, UK/Ireland 2009 2226 4704 @ 1.29[1.15, 1.45]
Harold, Germany 2009 555 824 = 0.98[0.76,1.27]
Harold, USA 2009 551 960 bt 1.20[0.94, 1.54]
Holingworth (ANDI), USA 201 151 177 +—— 1.01[0.58, 1.76]
Holingworth (GERAD2), USA 2011 3262 3320 = 1.32[1.15,1.52]
Holingworth (deCODE), Iceland 201 925 612 — 1.23[0.93, 1.63]
Holingworth (AD-1G), USA 201 709 971 — 1.15[0.83, 1.59]
Holingworth (EADI1), France 2011 2751 2620 = 1.31[1.15,1.49]
Holingworth (CHARGE), The Netherlands 2011 1239 10813 — 1.09[0.92,1.29]
Holingworth (MAY02), USA 2011 2490 4114 ) 1.24[1.10, 1.40]
Tan, China 2012 612 612 = 1.04[0.88, 1.23]
Chung, Korea 2013 290 554 = 1.05[0.85, 1.29]
Miyashita, Japan 2013 891 844 2] 1.13[1.01, 1.26]
Carrasquillo, America 2014 132 2486 — 1.08[0.69, 1.69]
Liu, China 2014 350 283 = 1.100.87, 1.40]
Omoumi, Canada 2014 580 524 — 1.32[0.97,1.80]
RE model ¢ 1.20[1.14,1.26]
| S N —
0.05 025 1.00 4.00
0dds ratios [95% (1]
Authors, country Year  (Cases Controls OR (95% () Figure 2. The. fqrest PIOt of CD33 genetic
variation with AD.

(D33, rs3865444

Holingworth (GERAD2), Europe 2011 3333 1225 ® 0.91[0.82,1.00]
Holingworth (EADI1), Europe 2011 2025 5328 ] 0.89[0.81,0.98]
Holingworth (deCODE), Europe 201 925 612 [ 0.85[0.69, 1.05]
Naj (ADGC-GWAS), USA 2011 8309 7366 H 0.881[0.84,0.93]
Naj (ADGC-REP), USA 2011 3531 3565 [} 0.920.85,0.99]
Carrasquillo (Jacksonville), USA 2011 492 920 e 0.91[0.77,1.08]
Carrasquillo (Rochetser), USA 2011 312 1577 - 0.93[0.77,1.12]
Carrasquillo (Autopsy), USA 201 298 97 = 0.90[0.64,1.27]
Carrasquillo (Norway), Europe 2011 327 541 e 0.98[0.80,1.21]
Carrasquillo (Poland), Europe 201 467 187 i 1.20[0.92,1.57]
Carrasquillo (ARUK), Europe 2011 642 730 1 0.95[0.81,1.11]
Logue, USA 201 513 496 ] 0.95[0.70,1.29]
Deng, China 2012 190 193 0.48[0.35, 0.66]
Cqung, Korea 2013 290 554 b 0.70[0.53,0.92]
Tan, China 2013 612 612 o) 1.44[1.18,1.76]
Lambert (ADGC), Europe 2013 10273 10892 ] 0.89[0.86,0.93]
Lambert (CHARGE), Europe 2013 1315 12968 [Z] 1.000.91,1.09]
Lambert (EADI), Europe 2013 2243 6017 M 0.900.83,0.97]
Lambert (GERAD), Europe 2013 3177 7277 ] 0.89[0.77,1.02]
Lambert (Austria), Europe 2013 210 829 e 1.08[0.82, 1.42]
Lambert (Belgium), Europe 2013 878 878 (o] 0.95[0.79,1.14]
Lambert (Finland), Europe 2013 422 562 i 1.08[0.89, 1.31]
Lambert (Germany), Europe 2013 972 2378 Y 1.00[0.89, 1.13]
Lambert (Greece), Europe 2013 256 229 =i 0.79[0.52,1.20]
Lambert (Hungary), Europe 2013 125 100  +—— 0.94[0.60, 1.47]
Lambert (Italy), Europe 2013 1729 720 =] 1.12[0.97,1.30]
Lambert (Spain), Europe 2013 2121 1921 2] 0.9410.85, 1.04]
Lambert (Sweden), Europe 2013 797 1506 e 0.99[0.87,1.12]
Lambert (UK), Europe 2013 490 1066 e 1.00[0.84,1.19]
Lambert (USA), USA 2013 572 1340 HH 0.930.80, 1.09]
Miyashita, Japan 2013 891 844 1 1.040.92,1.18]
Omumi, Canada 2013 580 54 s 0.76[0.63,0.91]
Walker, USA 2014 97 96 i 1.1310.75,1.71]
RE model ! 0.94[1.90,0.98]

1 T 1
0.05 025 1.00 4.00
0dds ratios [95% CI]
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Figure 3. The forest plot of TOMM40 genetic

variation with AD.

Authors, country Year  (Cases Controls 0R(95% ()
TOMMA40, rs2075650
Carrasquillo (Stage I1), USA 2009 1547 e 3.93[3.38,4.56]
Carrasquillo (Stage 1), USA 2009 844 ] 2.89[2.49,3.36]
Harold, USA 2009 1159 - 2.68(2.37,3.03]
Harold, Germany 2009 555 [ 2.31[1.92,2.77]
Harold, UK/Ireland 2009 2227 2] 2.481(2.27,2.70]
Naj (Replication), USA 2010 1242 - 5.72,3.63,9.02]
Naj (Discovery), USA 2010 931 e 2.96[2.50, 3.50]
Cervantes, Spain 2011 955 e 2.94[2.31,3.74]
Schott, UK 2012 14 — 430[2.61,7.07]
Valant, USA 2012 308 b 3.39[2.40,4.79]
Bagnoli, Italy 2013 280 = 2.10[1.46,3.02]
Chung, Korea 2013 290 = 3.57[2.51,5.07]
Ma, China 2013 787 e 1.52[1.19,1.94]
Omoumi, Canada 2014 580 aal 2.58[2.04, .3.26]
RE model for subgroup o 2.87[2.46,3.34]
TOMMA40, rs157580
Carrasquillo (Stage I1), USA 2009 1547 I 0.58[0.52,0.65]
Carrasquillo (Stage I), USA 2009 844 ] 0.511[0.45,0.58]
Harold, USA 2009 1159 ] 0.570.51,0.64]
Harold, Germany 2009 555 HH 0.67[0.57,0.79]
Harold, UK/Ireland 2009 2227 L} 0.66[0.61,0.71]
Takei, Japan 2009 539 ] 0.62[0.53,0.73]
Naj (Replication), USA 2010 1242 = 0.491[0.36, 0.67]
Naj (Discovery), USA 2010 931 I 0.66[0.58,0.76]
Cervantes, Spain 2011 955 ] 0.74[0.63,0.87]
Valant, USA 2012 308 HH 0.48[0.36, 0.64]
Bagnoli, Italy 2013 282 H 0.72[0.57,0.91]
Ma, China 2013 787 HEH! 0.72[0.57,0.91]
RE model for subgroup [ 0.620.57, 0.66]

0.05 025 1.00 4.00

0dds ratios [95% Cl]

factors. Several genotype methods were mentioned in the in-
cluded research.

Meta-analyses results

The results of meta-analysis for ABCA7 rs3764605 polymor-
phism are presented in Figure 1. The pooled OR was 1.20
(95% Cl: 1.14-1.26, P value < 0.001), which suggested that
ABCA7 rs3764605 allele G was significantly associated with
an increased risk of AD. As indicated by Figure 1, only 6 of 17
the studies showed significant association between ABCA7
rs3764605 polymorphism and AD. Similarly, meta-analysis of
CD33 polymorphism rs3865444 is displayed in Figure 2, which
revealed that the allele A of rs3865444 was a protective fac-
tor for AD onsets (OR=0.94, 95% Cl: 0.90-0.98, P value=0.003).
Furthermore, evidence indicated that the 2 polymorphisms of
TOMM40 had opposite associations (Figure 3); genetic variant
A of rs157580 was significantly associated with a reduced sus-
ceptibility to AD (OR=0.62, 95% Cl: 0.57-0.66, P value <0.001),
while allele A of rs2075650 polymorphism was a risk factor for
AD (OR=2.87, 95% Cl: 2.46-3.34, P value <0.001).

Subgroup analysis

Table 1 shows that all polymorphisms except rs3764650 in
ABCA7 (P,=0.362, 12=20.42%) had significant heterogeneity
among individual studies. Therefore, subgroup analyses by eth-
nicity (Asian and Caucasian) indicated significantly different
ORs and 95% Cls for polymorphisms of rs157580, rs2075650,
and rs3865444. For instance, CD33 rs3865444 and TOMM40
rs2075650 polymorphisms in the Asian group did not have
significant association with the susceptibility to AD (OR=0.86,
95% Cl=0.58-1.27; OR=2.45, 95% C|=0.45-4.45).

Publication bias and sensitivity analysis

Funnel plots were constructed to assess publication bias for each
genetic variants group (Figure 4A: ABCA7rs3764650, Figure 4B:
CD33rs3865444, Figure 4C: TOMM40rs2075650, Figure 4D:
TOMM40rs157580). P value of the rank correlation test for each
polymorphism was greater than 0.05 (Table 1: ABCA7rs3764650,
P value=0.433; CD33rs3865444, P value=0.794; TOMMA40-
rs157580, P value=0.945; TOMM40rs2075650, P value=0.233),
which suggested that there was no significant publication bias

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




Bao J. et al.:
Genetic variants in 19p13 and 19q13 regions and AD
© Med Sci Monit, 2016; 22: 234-243

META-ANALYSIS

Table 1. Meta-analysis of four polymorphisms and AD susceptibility.

Ethnicity

Pfunnel plot

P-value TAU? P

heterogeneity

SNP OR (95% CI)*

Caucasians Asians

asymmetry

ABCA7 rs3764650 1.20 (1.14-1.26) <0.001 0.002 20.42% 0.3615 0.433 1.24 (1.19-1.31) 1.10 (1.01-1.19)
CD33 rs3865444 0.94 (0.90-0.98) 0.003 0.007 63.91% <0.0001 0.794 0.93 (0.90-0.95) 0.86 (0.58-1.27)
TOMM40 rs157580 0.62 (0.57-0.66) <0.001 0.009 61.97% 0.0031 0.945 0.61 (0.56-0.66) 0.65 (0.56—0.73)
rs2075650 2.87 (2.46-3.34) <0.001 0.067 88.05%  <0.0001 0.233 2.84 (2.54-3.13)  2.45 (0.45-4.45)
* Pooled odds ratios and 95% confidence intervals
A B Figure 4. Funnel plot for publication bias of all
0.000 1 kS 0.000 2 included studies by genetic mutations.
< 00711 < 00571
2 01421 T 01141 ;
Soamy S @ 071 i
ol S s 0291 F 4 T %
7 £y i %
0.67 0.82 1.00 1.22 1.491.82 2.23 0.67 0.55 0.670.82 1.00 1.22 1.49
0dds ratios [95% (] 0dds ratios [95% (1]
C ABCA7 53764650 D (D33 153865455
0.000 0.000
5 0.0631 5 . 5 0.0414 "
E ooy - £ 0081 P
2 0190 Y S o
025l 7 S 01621 i
165 212 448 045 055 067 082
0dds ratios [95% CI] 0dds ratios [95% Cl]
TOMMA40 152075650 TOMMA401s157580

in each polymorphism study. The sensitivity analyses results re-
vealed that no individual study significantly affected the over-
all value of ORs and 95% Cls.

Discussion

In this meta-analysis, a systematic overview of case-control
studies for assessing the association between genetic variants
and the susceptibility to AD was performed. All the eligible da-
tabases were searched electronically and the potential articles
were screened to be included in this meta-analysis. Eventually,
25 articles investigating 4 SNPs of 3 AD candidate genes were
included in this meta-analysis. The pooled results showed sig-
nificant association between the 4 SNPs (rs3764650, rs157580,
rs2075650, and rs3865444) and the susceptibility to AD. Two
SNPs (rs3764650 and rs2075650) were found to be significantly
associated with increased risk of AD, whereas the other 2 SNPs

(rs3865444 and rs157580) were significantly associated with a
decreased risk of AD. In addition, subgroup analyses suggested
that the association between SNPs and the susceptibility to AD
was significantly different between the Asian and Caucasian
groups for SNP of rs157580, rs2075650, and rs3865444.

ABCA7 is a new member of the A-subfamily, which is also an in-
tegral transmembrane adenosine triphosphates-binding cassette
transporter [37]. The biogenesis of high-density lipoprotein was
mediated by its protein and combined with helical apolipopro-
teins and cellular lipid [37]. Moreover, cholinergic dysfunction,
amyloid precursor protein processing, and AB production of de-
position, which are the neuropathologic landmarks of AD, are all
regulated by local lipid homeostasis integrity [38]. Using reverse
transcription-PCR analysis and Northern blot, previous studies
concluded that the ABCA7 gene is expressed in human brain,
particularly on the CA1 hippocampal neurons [39-41]. Therefore,
functions of the ABCA7 gene were considered to have important
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associations with the susceptibility to AD. Furthermore, the re-
sults of our meta-analysis confirmed that rs3764650 allele G
of ABCA7 was associated with a 20% increase in the risk of AD
development. In addition, the evidence suggested that the as-
sociation between SNP (rs157580, rs2075650, and rs3865444)
and the susceptibility to AD differed significantly between the
Asian and Caucasian groups. Unfortunately, there was no avail-
able data investigating how genetic variants in Africans affect
the susceptibility to AD, whereas another SNP, rs115550680
in ABCA7, has been discovered to be significantly associated
with AD in African-Americans [42]. Based on Haploview, poly-
morphism of rs115550680 is in linkage disequilibrium with
rs3764650. Among these 19 studies selected for our analysis,
only 7 provided exact genotype numbers; therefore, meta-anal-
ysis was carried out using the allelic model only.

As a member of the sialic acid-binding immunoglobulin-like lectins
(Siglec) family, the CD33 gene is located on chromosome 19q13.3
region [43]. Previous research suggested that the main function
of CD33 related to Siglecs is immunological regulation, which is
involved in the microglial cleansing process. Studies also sug-
gested that the amyloid plaques in AD can be prevented [44,45].
(D33 rs3865444 polymorphism was first suggested by GWAS
studies as a risk factor for AD [9,10]. Moreover, Griciuc et al. re-
ported that the increased expressions of CD33 in microglial cells
were observed in AD patients [46]. However, inconsistent associ-
ations between rs3865444 polymorphism and the susceptibility
to AD were suggested by several independent case-control stud-
ies. On the other hand, our meta-analysis results revealed that
rs3865444 allele A contributed significantly to reduced risk of
AD. However, the effect of rs3865444 allele A on the susceptibil-
ity to AD differed significantly between the Asian and Caucasian
groups, as indicated by the subgroup analyses. Although the
rs3865444 risk allele (C) was found to have greater cell surface
expression of CD33 in African-Americans, the complete data
were not available [47]. Among included studies on rs3865444,
only 4 were based on Asians. Therefore, we strongly recommend
that further studies should be carried out on Africans and South
Asians to confirm the association between rs3865444 SNP and
the susceptibility to AD in other ethnic groups.

Tom40 is a subunit of the translocase of the outer membrane
(TOM), which is encoded by the TOMM40 gene. Tom40 is lo-
cated in the mitochondria and is involved in transporting cy-
toplasmic peptides and proteins during mitochondrial biogen-
esis [48]. The role of Tom40 in regulating protein traffic across
the outer mitochondrial membrane appears to be important
in the development of AD, perhaps because of the unique bio-
energetic requirements of neurons [49,50]. Mitochondrial dys-
function and oxidative imbalance have been linked to neuro-
nal cell death and AD [48]. Two polymorphisms of TOMM40
were first found to be significantly associated with AD in ge-
nome-wide studies. However, inconsistent associations were
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reported by basic case-control studies due to different study
methods and target populations. To identify the genetic as-
sociation between SNPs and susceptibility to AD, genome-
wide analysis is a viable method with great statistical pow-
er. However, genotype data were only available in Asians and
Caucasians and further studies need to be performed in oth-
er ethnic groups to assess the effect of ethnicity on the over-
all association between gene SNP and the development of AD.

To the best of our knowledge, this is the first study to investi-
gate 4 SNPs of 3 different genes located on the same chromo-
some — chromosome 19. The present meta-analysis has sever-
al limitations. First, some articles without sufficient genotype
information were excluded and this may have introduced se-
lection bias and reduced the statistical power. Second, the me-
ta-analysis method is not able to cope with different study de-
signs and population structures, which might contribute to the
heterogeneity among individual studies.

Conclusions

Significant associations between the 4 SNPs (rs3764650,
rs157580, rs2075650, and rs3865444) and susceptibility to AD
were suggested by our study. Meta-analysis based on 19 739
cases and 39 746 controls confirmed that ABCA7 rs3764650
allele G is a risk factor of AD in both Caucasians and Asians.
Furthermore, meta-analysis including 49 414 cases and 73 933
controls suggest that CD33 rs3865444 allele A is a protective
factor of AD in Caucasians but this association was not signifi-
cant in Asians. In addition, meta-analyses of 2 polymorphisms
in TOMM40 (rs157580 and rs2075650) gene yielded contrary
results; SNP of rs157580 was significantly associated with a re-
duced risk of AD, whereas SNP of rs2075650 was significant-
ly associated with an increased risk of AD, but the association
between the Asian and Caucasian groups was significantly dif-
ferent, as indicated by the heterogeneity test. Subgroup analy-
sis by ethnicity was limited by the small sample size in Asians.
Therefore, we recommend that well-designed studies with larg-
er sample sizes should be performed. Genetic variants and oth-
er factors, such as individual biological characteristics and envi-
ronmental factors, particularly in African and Asian populations,
should be investigated together to assess the interaction between
different factors that may significantly affect development of AD.
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