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TOMMA40 rs2075650 polymorphism shows no association with
neovascular age-related macular degeneration or polypoidal
choroidal vasculopathy in a Chinese population
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Purpose: Age-related macular degeneration (AMD) and Alzheimer disease (AD) are age-related neurodegenerative
diseases that share similar environmental risk factors, cellular pathologies, and genetic backgrounds. Recently, the
rs2075650 single nucleotide polymorphism in the translocase of outer mitochondrial membrane 40 homolog (TOMM40)
gene was identified as a risk factor for AMD and Alzheimer disease. We aimed to examine the associations between the
TOMMA40 rs2075650 polymorphism and neovascular age-related macular degeneration (nAMD) and polypoidal choroidal
vasculopathy (PCV) in a Chinese population.

Methods: The study consisted of 900 subjects, including 300 controls, 300 cases with nAMD, and 300 cases with PCV.
Genomic DNA was extracted from venous blood leukocytes. The allelic variant of rs2075650 was determined with
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. Differences in the observed genotypic
distributions between the case and control groups were tested using chi-square tests, with age and gender adjusted using
logistic regression analysis.

Results: The TOMMA40 1s2075650 polymorphism was not statistically significantly associated with the nAMD or PCV
phenotype (p>0.05). The difference remained insignificant after correction for age and gender differences based on the
logistic regression models (p>0.05).

Conclusions: Our data provide no evidence to support an association of rs2075650 in TOMM40 with nAMD or PCV,
suggesting that this gene is unlikely to be a major AMD and PCV susceptibility gene locus in the Chinese population.

© 2013 Molecular Vision

Age-related macular degeneration (AMD), which causes
irreversible central vision loss, is the most common cause of
legal blindness in the elderly in developed countries [1]. AMD
is characterized as a chronic and progressive degeneration of
photoreceptors, the underlying retinal pigment epithelium,
Bruch’s membrane, and potentially, the choriocapillaris in
the macula [2]. Choroidal neovascularization (CNV), the
hallmark of wet, or neovascular, AMD, is the main cause
of severe vision loss due to AMD [3]. Polypoidal choroidal
vasculopathy (PCV) is associated with a decrease in vision
in the elderly Asian population, and is characterized by a
network of vessels with two distinct components: a complex
of branching vessels and multiple, terminal, reddish-orange
polypoidal lesions [4-6]. PCV has been described as a distinct
clinical entity from AMD and the other diseases associated
with subretinal neovascularization [7]. Nevertheless, whether
PCV represents a subtype of neovascular AMD remains
controversial [8]. Evidence suggests that AMD and PCV,
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despite their different phenotypic manifestations, may share
common genetic risk factors [9-13].

The translocase of the outer mitochondrial membrane 40
(TOMM40) gene has been proposed as a genetic risk factor in
Alzheimer disease (AD). Recently, several single nucleotide
polymorphisms (SNPs) in the TOMM40 gene showed a highly
significant association with AD in published genome-wide
association studies (GWASs) [14-18]. A TOMMA40 risk allele,
152075650, showed compelling evidence of association with
risk in AD [15,18,19]. TOMM40 encodes Tom40, a channel-
forming subunit of the multisubunit translocase of the outer
mitochondrial membrane (TOM complex), which plays a role
in cytoplasmic peptide and protein transport into the mito-
chondria [20]. Additionally, the amyloid-§ peptide (Ap) was
reported to be transported into mitochondria via the TOM
machinery and to subsequently accumulate in the mitochon-
drial cristae, which may result in mitochondrial dysfunction
and promote neurotoxicity in AD [20]. Taken together, there
is genetic and physiologic evidence for the involvement of
TOMM40 in AD risk and pathogenesis. AMD and AD are
age-related neurodegenerative diseases that share similar

2050


http://www.ncbi.nlm.nih.gov/snp/?term=rs2075650
http://www.molvis.org/molvis/v19/2050

Molecular Vision 2013; 19:2050-2057 <http:/www.molvis.org/molvis/v19/2050>

© 2013 Molecular Vision

TABLE 1. DEMOGRAPHIC DISTRIBUTION OF THE STUDY SUBJECTS

Parameters nAMD (n=300) PCV (n=300) Controls (n=300)
Females, n (%) 111(37.0%) 112(37.3%) 158(52.7%)
Males, n (%) 189(63.0%) 188(62.7%) 142(47.3%)
Age* range (Years) 50-90 42-85 45-95
Mean age+SD** (Years) 69.4+£8.9 66.8+9.7 65.1£9.5

* Age of presentation. ** SD, standard deviation.

environmental risk factors, cellular pathologies, and genetic
backgrounds [21-25]. Furthermore, Holliday et al. demon-
strated that rs2075650 in the TOMM40 gene was associated
with early AMD in subjects with European and Singaporean
ancestry [26]. However, thus far, no AMD or PCV associa-
tion studies of rs2075650 have been performed in the Chinese
population; it is imperative to investigate further. Therefore,
we analyzed rs2075650 in the TOMM40 gene to determine
any potential influence on AMD or PCV risk in our Chinese
population.

METHODS

Subjects: Nine hundred unrelated Chinese subjects were
studied in this case-control cohort. Three hundred patients
had nAMD, and three hundred patients had polypoidal
choroidal vasculopathy (PCV). Three hundred individuals
without age-related maculopathy (ARM) were studied as
controls. The genders and ages of the controls and cases are
given in Table 1. The study participants were recruited at
the Department of Ophthalmology in the Peking Univer-
sity People’s Hospital, and the study was approved by the
Ethical Committee of Peking University People’s Hospital.
An informed consent process was established following
the guidelines of the Helsinki Declaration, and consent
forms were signed by all subjects. All subjects received a
comprehensive ophthalmic examination, including visual
acuity measurements, slit-lamp biomicroscopy, and dilated
fundus examination performed by a retinal specialist. All
cases with nAMD and PCV underwent fluorescein angiog-
raphy, optic coherence tomography (OCT), and indocyanine
green angiograms with HRA2 (Heidelberg Engineering,
Heidelberg, Germany). The diagnosis of nAMD or ARM
was defined by the International Classification System for
ARM [27]. The diagnosis of PCV was based on indocyanine
green angiography results that showed a branching vascular
network terminating in aneurysmal enlargements, which
typify polypoidal lesions. Exclusion criteria included any
eye with any other macular abnormalities, such as pathologic
myopia, idiopathic choroidal neovascularization (CNV),
presumed ocular histoplasmosis, angioid streaks, and any

other secondary CN'V. Normal controls were defined as
having no clinical evidence of AMD or PCV in either eye or
any other eye diseases, excluding mild age-related cataracts.
Subjects with severe cataracts were excluded from the study.

Genetic analysis: Blood samples were collected from all
participants and stored at —80 °C before DNA was extracted.
Genomic DNA was extracted from venous blood leukocytes
using a genomic extraction kit (Beijing eBios Biotech-
nology, Beijing, China), and genotyping was performed with
matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry, as previously described [28]. Briefly,
approximately 30 ng of genomic DNA was used to genotype
each sample. The primer sequences were 5'-ACG TTG GAT
GAG CTC TGG AGA AGA GAA ACG-3' and 5-ACG TTG
GAT GTG GTA GGG AAG GAA GAG ATG-3". The DNA
samples were amplified, and the PCR products were used for
locus-specific single-base extension reactions. The resulting
products were desalted and transferred to a 384 SpectroCHIP
array (Sequenom, San Diego, CA). Allele detection was
performed using matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry. The mass spectrograms
were analyzed using MassARRAY Typer software version
4.0 (Sequenom, San Diego, CA).

Statistical analysis: The data were analyzed using SPSS
(version 16.0; SPSS Science, Chicago, IL). All identified poly-
morphisms were assessed for Hardy—Weinberg equilibrium
using chi-square tests. Single-marker association analyses
were performed using chi-square tests or Fisher’s exact tests
under various genetic models. Logistic regression models
were used to calculate the odds ratio (OR) and 95% confi-
dence interval of nAMD or PCV, comparing the case groups
to the control group. Age- and gender-adjusted p values and
ORs were also calculated. The statistical power was also
calculated. Values of p<0.05 were considered statistically
significant.
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RESULTS

A total of 900 subjects participated in the study, including
300 control subjects (mean age+standard deviation [SD],
65.1£9.5 years; ratio of women to men, 52.7:47.3), 300 cases
with nAMD (mean age+SD, 69.4+8.9 years; ratio of women
to men, 37.0:63.0) in one or both eyes, and 300 cases with
PCV (mean age+SD, 66.8+9.7 years; ratio of women to men,
37.3:62.7) in at least one eye. The general characteristics of
the study subjects are in Table 1.

The TOMM40 rs2075650 allele and genotype counts and
results of single-SNP association analysis are in Table 2. The
SNP did not show a significant association with either nAMD
or PCV in the genotype, allele, or any of the genetic models
(all p>0.05; Table 2). Even after correction for age, gender,
different genotypes, and various genetic models based
on a logistic regression model, the associations remained
insignificant (all p>0.05; Table 3). The statistical powers to
detect the association between the SNP and nAMD or PCV
ranged from 0.05 to 0.10, assuming conventional levels of
statistical significance (powers not available in the recessive
model; Table 2). The frequencies of all genotypes were under
Hardy—Weinberg equilibrium in the controls and the cases
with nAMD or PCV (all p>0.05, Appendix 1).

DISCUSSION

To our knowledge, this is the first investigation of an
association between the well-known TOMM40 rs2075650
polymorphism and nAMD and PCV risk in a large Chinese
sample. The results of this study showed that rs2075650 was
not associated with increased risk for nAMD or PCV in the
Chinese population.

Disease progression is characterized pathologically
by the progressive appearance of proinflammatory, highly
insoluble, amyloid-beta peptide (Af)-enriched pathological
lesions known as neocortical senile plaques in the brain
parenchyma and retinal drusen in the macular region in
AD and AMD, respectively. Aging, hypercholesterolemia,
hypertension, obesity, arteriosclerosis, and smoking are risk
factors for AMD and AD [22-24]. Nevertheless, the genetic
risk factors in AMD and AD seem to have different origins,
although polymorphisms in the apolipoprotein E and comple-
ment factor H genes have shown effects on the risks for AMD
and AD [21-25,29]. Our study provided further support to
the hypothesis that although the rs2075650 polymorphism
is associated with AD [15,18,19], this polymorphism is not
involved in nAMD.

It was previously observed that the rs2075650 polymor-
phism was associated with AMD. A GWAS meta-analysis of

© 2013 Molecular Vision

early AMD was conducted, which included approximately
4,000 early AMD cases and 20,000 strictly defined controls
with no drusen or with hard drusen only. This meta-analysis
amalgamated several large population-based cohorts with
GWAS data, including European and Asian (Singaporean)
ancestry. The TOMM40 rs2075650 polymorphism was
detected as a confirmed and plausible candidate SNP, demon-
strating a possible association with early AMD (p=1.1E-06)
[26]. However, the frequency of the A allele was reported to
be 86.0% in the European and the Singaporean populations
in the previous meta-analysis [26]. In the current study, the
frequency of the A allele was 91.1% in all subjects. Whether
this ethnic difference influenced the power of our study
to replicate the previously reported findings remains to be
investigated. In fact, regarding the allele frequency data
from the HapMap, the rs2075650 SNP in TOMM40 shows a
greater major allele frequency in Chinese than in Caucasians.
Another possible explanation for the differences between our
findings and the previous study may include differences in
the stages and phenotypes of AMD. Early AMD was defined
as the presence of soft drusen (>63 pm) alone, retinal pigment
epithelium depigmentation alone, or a combination of soft
drusen with increased retinal pigment and/or depigmentation
in the absence of late AMD in the previous GWAS meta-
analysis [26]. NAMD is characterized by the development of
CNV [3]. The differences in some genetic variants and their
relative contributions to the development of either exudative
or atrophic AMD or the types of drusen have been noted
[30-33]. Numerous studies have reported that the distin-
guishing features of Asian AMD include male predominance,
unilateral presentation, a comparatively low incidence of soft
drusen, and a greater prevalence of neovascular AMD and
PCV [34-36]. In our study, male prevalence in the nAMD
and PCV groups was 63.0% and 62.7%, respectively, and
was significantly higher than in the controls (p<0.001,
Appendix 2). Because of significance in gender distribution,
the following genotyping analyses were adjusted by gender
using logistic regression analysis. Nevertheless, even after
correction for gender, the associations remained insignificant.

Some investigators have hypothesized that true disease-
associated SNPs would be more likely to have nearby disease-
associated SNPs (due to linkage disequilibrium). They
proposed the idea that features of individual SNPs associated
with disease and clustering of nearby significant SNPs would
be useful in selecting loci from genetic association studies
for replication [37,38]. In recent years, the apolipoprotein E
SNPs rs429358 and rs7412 have been reported to associate
with AMD [39-41]. Based on the theory mentioned above, the
TOMM40 SNP rs2075650, which is in linkage disequilibrium
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TABLE 3. THE ADJUSTED P VALUES AND ODDS RATIOS FOR AGE, GENDER, DIFFERENT GENO-
TYPES AND OTHER VARIOUS GENETIC MODELS IN EACH DISEASE.

nAMD versus Control

PCYV versus Control

Parameters .
Pt OR(95%CI)* Pt OR(95%CI)*

AA - 1.00 - 1.00
Genotype GA 0.663 0.903(0.571,1.428) 0.513 1.156(0.749,1.783)
GG 0.916 1.118(0.139,8.992) 0.884 1.160(0.157,8.583)
. Dominant* 0.663 0.903(0.571,1.428) 0.513 1.156(0.749,1.783)

Genetic model

Recessive** 0.843 1.238(0.149,10.308) 0.997 1.004(0.132,7.655)

* The dominant model compared a combination of heterozygotes and rare homozygotes to the common homozygotes. ** The recessive
model compared the rare homozygotes to a combination of common homozygotes and heterozygotes. * p<0.05 was considered signifi-

cant. ¥ OR, odds ratio; CI, confidence interval.

with them, might be a susceptibility locus [42]. However, our
study failed to confirm this hypothesis.

To the best of our knowledge, no report has been
published on the possible association between the TOMM40
rs2075650 polymorphism and PCV. Our data provide no
evidence to support an association between them.

Another possible explanation is the inadequate statistical
power to detect a potential association between rs2075650
and nAMD or PCV. Based on the original study reported
by Holliday et al. (OR=1.23) [26] and the allele frequency
in the current controls, the required sample size is 5,036
(. =n_=5036) with a power of 0.800. However, one issue
in our analysis merited careful consideration. The odds ratio
for the nAMD and control group was close to unity (0.979),
which indicated only a weak association. We therefore did not
further enlarge the sample size.

Alternatively, the fact that genetic variants associated
with a particular disease in this population may not neces-
sarily be associated in other populations must be considered.
Moreover, the gene-disease association of rs2075650 in
populations from East Asia could be weak or absent when
compared with Caucasian populations.

In summary, we found no evidence to support a signifi-
cant association of the TOMM40 rs2075650 polymorphism
with nAMD or PCV in this study, suggesting that this poly-
morphism is unlikely to be a major susceptibility gene locus
for these diseases in the Chinese population. Whether there
is a weak association between the TOMM40 rs2075650 poly-
morphism and nAMD or PCV in Chinese must be confirmed
with future studies with much larger sample sizes.

APPENDIX 1. HARDY-WEINBERG
EQUILIBRIUM VALUES FOR ALL THE
GENOTYPES.

* HWE, Hardy—Weinberg equilibrium. To access the data,
click or select the words “Appendix 1.”

APPENDIX 2. THE P VALUES AND ODDS RATIOS
FOR GENDER IN EACH DISEASE.

T p<0.05 was considered significant. ¥ OR, odds ratio; CI,
confidence interval. To access the data, click or select the
words “Appendix 2.”
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