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Abstract
Purpose  Stem cell therapy is a potential treatment for retinal disorders. We are currently exploring treating HLA matched 
patients of age-related macular degeneration (AMD) by using allogenic retinal pigment epithelium cells derived from induced 
pluripotent stem cells (iPS-RPE) from human leukocyte antigen (HLA) homozygote donors. The purpose of this study was 
to investigate the frequency of HLA class I and II alleles and haplotypes in Japanese patients with AMD.
Study design  Cross-sectional observation clinical study.
Methods  A total of 138 consecutive patients diagnosed with neovascular AMD (mean age, 76.0 ± 7.8 years, 105 men) 
and 300 controls were included in the study. The frequencies of HLA-A, -B, -C, -DRB1, -DQB1, and -DPB1 alleles were 
determined using illumina MiSeq platform. Frequencies of HLA alleles at six loci in patients with AMD were compared 
with those of the controls.
Results  The alleles with the highest prevalence at each locus were A*24:02 (29.7%), B*52:01 (15.5%), C*12:02 (16.1%), 
DRB1*09:01 (19.1%), DQB1*06:01 (23.2%), and DPB1* 05:01 (40.5%). There were no significant associations between 
the HLA alleles and AMD. The most common haplotype was A*24:02-B*52:01-C*12:02-DRB1*15:02-DQB1*06:01-
DPB1*09:01, with a 9.8% genetic frequency among all haplotypes, detected in 18.8% of the patients.
Conclusion  The genotype of HLA in patients with AMD was not different from that in the Japanese control population. Thus, 
therapy with iPS-RPEof the most frequent HLA haplotype could be a feasible alternative for AMD in a wider population.

Keywords  Age-related macular degeneration · Haplotype frequency · Human leukocyte antigen · Japan · Induced 
pluripotent stem cells

Introduction

Age-related macular degeneration (AMD) is a common dis-
ease and with the rising life span has become a global health 
concern [1]. Intravitreal injection of anti-vascular endothe-
lial growth factor (VEGF) is currently the first-line therapy 
for AMD, with evidence of efficacy and safety based on 
large clinical trials [2, 3]. However, once the neural retina 
or retinal pigment epithelium (RPE) degenerates with dis-
ease progression, current therapies show limited efficacy; in 
recent years, increasing attention has been given to regenera-
tive stem cell therapy to replace atrophic retinal components.

Accumulated damage to the RPE plays an important role 
in AMD pathogenesis [4]. Several sources including allo-
genic fetal RPE and autologous peripheral RPE are reported 
as potential cell sources for damage repair [5, 6], however, 
these cells have limitations, such as immune rejection, 
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complicated invasive surgery, and insufficient cell volume 
preparation. Embryonic stem cells (ESCs), first cultured in 
1998 by Thomson et al. [7], provide a new approach to gen-
erating an unlimited supply of RPE cells for replacement 
therapies [8]. Clinical trials using RPE cell suspensions 
derived from ESCs for advanced dry AMD are reported 
[9]. However, utilizing ESCs involves ethical problems and 
requires administration of immune-suppressants, which can 
increase the risk of complications in elderly patients. There-
fore, induced pluripotent stem cells (iPSCs) have been pro-
posed as an alternative source of donor cells [10]. Recently, 
we reported the first clinical case using human iPSCs, in 
which we transplanted autologous iPSC-derived RPE cell 
sheets into a patient with neovascular AMD [11]. Autolo-
gous iPSCs are an ideal source; however, the production of 
high-quality cells in a sufficient amount is costly and time-
consuming. To resolve these issues, we are now conducting a 
new clinical trial using allogenic iPSCs with a human leuko-
cyte antigen (HLA)-matched donor from iPSC banking [12].

The HLA genes encode the six major antigen proteins 
(HLA-A, -B, -C, -DRB1, -DQB1, and -DPB1), which play 
important roles in graft rejection for stem cell therapy, and 
thus HLA matching between donors and recipients reduces 
the risk of rejection in hematopoietic stem cell transplanta-
tion [13]. However, before this approach can be tested for 
AMD, it is necessary to determine the frequencies of HLA 
alleles and haplotypes in Japanese patients with AMD, and 
the possibility of matching with healthy donors. Therefore, 
the present cross-sectional observational study was con-
ducted to investigate the frequencies of HLA alleles at six 
loci (HLA-A, -B, -C, -DRB1, -DQB1, and -DPB1) using 
next-generation sequencing (NGS) methods, and to estimate 
the haplotype frequencies in Japanese patients with AMD. 
Moreover, we investigated the potential association between 
exudative AMD and HLA alleles through a comparison with 
the reported HLA allele frequencies of the general Japanese 
population.

Patients and methods

Patients

The Kobe City Medical Center General Hospital ethics com-
mittee reviewed and approved the protocol for this cross-
sectional observational study. This study conformed to the 
tenets of the Declaration of Helsinki.

After written informed consent, consecutive patients with 
exudative AMD who received anti-VEGF treatment were 
recruited from the ophthalmology clinic of Kobe City Medical 
Center General Hospital from September 2015 to September 
2016. The disease was classified into typical age-related macu-
lar degeneration (t-AMD), polypoidal choroidal vasculopathy 

(PCV), retinal angiomatous proliferation (RAP), and myopic 
CNV (mCNV). The decision to initiate anti-VEGF treatment 
was based on complete ocular examinations, including best-
corrected decimal visual acuity measurement, slit-lamp biomi-
croscopy, dilated fundoscopy, and spectral domain-optical 
coherence tomography.

Data for 300 healthy control subjects were obtained from 
the HLA Foundation Laboratory.

A 7-mL peripheral blood sample was obtained from each 
patient, and DNA was then extracted using the salting-out 
method and stored at − 20 °C. DNA samples were obtained 
from peripheral lymphocyte buccal cells using a Wizard 
Genomic DNA Purification Kit (Promega) according to the 
manufacturer’s guidelines.

Determination of HLA alleles

All subjects were genotyped at the HLA Foundation Labora-
tory using NGS high-resolution HLA typing for HLA-A, -B, 
-C, -DRB1, -DQB1, and -DPB1. The NGS HLA typing was 
performed based on the protocol of commercially available 
kits (Scisco Genetics) with Illumina MiSeq technology. In 
brief, the sequencing involved consecutive PCR reactions with 
bar codes incorporated to track individual samples followed by 
application to the MiSeq platform for NGS.

Determination of haplotypes

The haplotype frequencies were calculated using the haplo.
em program, evaluated by HAPLO.STATS (version 1.6.0 pro-
vided in the public domain by Mayo clinic http://www.mayo.
edu/resea​rch/docum​ents/manua​lhapl​ostat​s/doc-20167​217.) 
software operated in the R language.

Statistical analyses

The alleles at each loci were checked for deviations from 
the Hardy–Weinberg equilibrium based on a comparison 
of the observed frequency to the expected frequency (a P 
value ≥ 0.05 indicated no significant deviation).

We used a case–control study design to investigate the 
odds’ ratios (ORs) for the associations of HLA alleles and 
haplotype frequencies with AMD. ORs and 95% confidence 
intervals of each allele were calculated using logistic and linear 
regression. We further tested whether there was a significant 
trend between the number of alleles possessed and the risk of 
AMD using the Wald test in plink version 1.9 software [14].

http://www.mayo.edu/research/documents/manualhaplostats/doc-20167217
http://www.mayo.edu/research/documents/manualhaplostats/doc-20167217
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Results

One hundred and thirty-eight patients with AMD were 
included in the study and genotyped at six HLA loci. All 
patients were Japanese; 105 were men and 33 were women. 
The disease groups of patients were t-AMD (40 patients), PCV 
(80 patients), RAP (8 eyes), and mCNV (2 patients), and seven 
cases could not be classified because of their advance appear-
ance with unknown course and one case could not be classified 
due to allergy to fluorescein. The mean age of the patients was 
76.05 ± 7.81 years at the time of HLA examination.

The HLA class I (HLA-A, -B, -C) allele frequencies are 
shown in Table 1. Overall, we identified 15 HLA-A, 31 HLA-
B, and 18 HLA-C alleles. The alleles with the highest preva-
lence at each locus were A*24:02 (30.8%), B*52:01 (15.6%), 
and C*12:02 (16.3%).

The frequencies of HLA class II alleles (HLA-DRB1, 
-DQB1, -DPB1) are shown in Table 2. We identified 24 HLA-
DRB1, 13 HLA-DQB1, and 11 HLA-DPB1 alleles. The alleles 
with the highest prevalence at each locus were DRB1*09:01 
(18.5%), DQB1*06:01 (21.4%), and DPB1* 05:01 (42.4%).

In the locus level analysis (Tables 1 and 2), we found that 
three alleles (B*46:01, DRB1*04:05, and DQB1*04:01) had 
a P value of less than 0.05. However, there were no signifi-
cant associations of any HLA allele with AMD after adjust-
ment for multiple comparisons using the Bonferroni method 
(P = 0.0005).

Table 3 lists the ten most common six-locus haplotypes 
comprising the HLA-A, -B, -C, -DRB1, -DQB1, and -DPB1 
frequencies detected in the patients with AMD. The most com-
mon haplotype was identified as A*24:02-B*52:01-C*12:02-
DRB1*15:02-DQB1*06:01-DPB1*09:01, with a 9.8% genetic 
frequency among all haplotypes, which was detected in 18.8% 
of the patients. Comparing the disease’s types’, the most com-
mon six locus haplotype was 20% in t-AMD patients and 
21.3% in PCV patients.

Table 4 lists the ten most common three-locus haplotypes 
comprising the HLA-A, -B and -DRB1 frequencies, consid-
ered important in the rejection mechanism of transplant treat-
ment in other organs [15], detected in the patients with AMD. 
The most common haplotype was identified as A*24:02-
B*52:01-DRB1*15:02, with a 12.0% genetic frequency among 
all haplotypes, which was detected in 23.2% of the patients. In 
comparison between disease types, the most common three-
locus haplotype was 20% of t-AMD and 22.5% of PCV.

Discussion

The genetic frequencies of HLA-A, -B, -C, -DRB1, -DPB1, 
and -DQB1 alleles elucidated in the AMD group were not 
significantly different from the control group, and were 

similar to that of previous population study reports. Moreo-
ver, we found that the most common haplotypes of six and 
three loci in patients with AMD were A*24:02-B*52:01-
C*12:02-DRB1*15:02-DQB1*06:01-DPB1*09:01 and 
A*24:02-B*52:01-DRB1*15:02, which was consistent with 
previous population study reports [16–18]. Even in obser-
vation by group, the frequency of most common of six and 
three loci in t-AMD and PCV patients, which are the majo-
prity among AMD patients, were similar.

We reported an AMD case with autologous iPSC–RPE 
transplantation [11] and we believe that individualized iPSC-
derived tissues are the ideal transplant cells, with lower pos-
sibility of transplant rejection; however, because of their 
high cost, the strategy does not seem practical as a standard 
treatment. The alternative to personalized iPSC therapy is 
to use HLA consensus to select and transplant so as to mini-
mize the risk of allograft rejection. One approach is to create 
iPSC banks with limited cell donors of homozygous HLA 
types that are consistent with frequent HLA types, to create 
a large pool to treat potentially HLA-matched recipients. In 
our results, nearly 19% of patients with AMD were eligible 
for the transplantation of the iPSC–RPE line of the most 
frequent HLA type with a 6-loci match, as were 23% of the 
patients with AMD with a 3-loci match.

To test the feasibility of HLA-matched transplantation, 
Sugita et al. transplanted iPSC-derived RPEs of homozygous 
major histocompatibility complexes (MHCs) and observed 
no signs of rejection in the MHC-matched monkeys, whereas 
a substantial immune attack was observed around the graft 
accompanied by retinal tissue damage in the unmatched 
model [19].Moreover they also report that T-cells did not 
respond to HLA-A, -B, and -DRB1-matched iPSC-derived 
RPE cells from HLA homozygote donors [20]. Based on 
these findings, we hypothesized that iPSC–RPE from MHC 
homozygous donors could be used to treat retinal diseases 
in histocompatible recipients.

Recently, we started a new clinical study to evaluate the 
possibility of the transplantation of allogenic iPSCs-derived 
RPE cells in patients with AMD using iPSCs with the most 
frequent HLA homozygous genotype, supplied by the Center 
for iPSC Research and Application (CiRA) iPSC bank [21]. 
The CiRA iPSC bank has established cell lines from the 
blood and skin of healthy volunteers with HLA homozy-
gous genotypes common in the Japanese population. This 
has been made possible by collaborating with the bone 
marrow bank project to screen thousands of potential stem 
cell donors. Currently, we are investigating whether 6-loci 
HLA matching in iPSC–RPE cells can help avoid rejection 
in patients with AMD.

HLA alleles show strong linkage disequilibrium, and 
with a specific disease-susceptible allele the haplotype fre-
quency of patients with AMD may differ from that of the 
typical Japanese population. Therefore, we also investigated 
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Table 1   HLA-A, -B, -C, allele 
frequencies in AMD patients 
and control

Target_allele Allele freqency Association(logistic)

Case Control OR OR 95% CI OR 95% CI P

A*01:01 0.72 0.17 4.40 0.40 48.91 0.23
A*02:01 13.04 11.67 1.14 0.74 1.78 0.55
A*02:03 0.00 0.17 NA NA NA NA
A*02:06 9.78 7.67 1.32 0.79 2.19 0.29
A*02:07 4.71 2.67 1.85 0.86 3.95 0.11
A*02:10 0.00 0.50 NA NA NA NA
A*02:18 0.36 0.00 NA NA NA NA
A*02:28 0.00 0.17 NA NA NA NA
A*03:01 0.36 0.00 NA NA NA NA
A*03:02 0.00 0.17 NA NA NA NA
A*11:01 9.42 9.83 0.95 0.59 1.54 0.85
A*11:02 0.36 0.50 0.72 0.07 7.01 0.78
A*24:02 31.52 36.50 0.80 0.59 1.09 0.15
A*24:07 0.00 0.17 NA NA NA NA
A*24:20 0.72 0.67 1.09 0.20 6.01 0.92
A*26:01 9.78 8.00 1.27 0.76 2.12 0.37
A*26:02 2.17 2.33 0.93 0.35 2.47 0.88
A*26:03 0.72 2.83 0.24 0.06 1.08 0.06
A*26:05 0.00 0.33 NA NA NA NA
A*31:01 10.51 7.50 1.44 0.88 2.33 0.14
A*33:03 5.80 8.17 0.68 0.37 1.24 0.21
B*07:02 4.71 5.67 0.83 0.43 1.58 0.57
B*13:01 1.45 1.50 0.97 0.29 3.19 0.95
B*13:02 0.00 0.17 NA NA NA NA
B*15:01 6.52 7.17 0.90 0.51 1.60 0.73
B*15:07 0.36 0.67 0.54 0.06 4.88 0.58
B*15:11 2.90 1.33 2.25 0.83 6.12 0.11
B*15:18 1.45 1.83 0.78 0.25 2.51 0.68
B*15:27 0.36 0.67 0.54 0.06 4.88 0.58
B*15:93 0.00 0.17 NA NA NA NA
B*27:04 0.36 0.00 NA NA NA NA
B*35:01 8.33 9.83 0.83 0.50 1.38 0.47
B*35:05 0.00 0.17 NA NA NA NA
B*37:01 0.72 0.50 1.46 0.24 8.81 0.68
B*38:02 0.00 0.33 NA NA NA NA
B*39:01 2.17 2.17 1.00 0.37 2.70 0.99
B*39:02 0.36 0.17 2.18 0.14 35.15 0.58
B*39:04 0.36 0.00 NA NA NA NA
B*40:01 4.35 4.83 0.90 0.46 1.76 0.76
B*40:02 6.88 9.33 0.71 0.41 1.23 0.22
B*40:03 1.45 0.50 2.96 0.65 13.39 0.16
B*40:06 4.35 4.17 1.05 0.51 2.15 0.90
B*44:02 0.36 0.00 NA NA NA NA
B*44:03 4.35 6.50 0.66 0.34 1.27 0.21
B*46:01 6.88 3.33 2.14 1.12 4.10 0.02
B*48:01 3.99 2.00 2.08 0.89 4.84 0.09
B*51:01 11.23 8.83 1.32 0.82 2.12 0.26
B*51:02 0.36 0.17 2.18 0.14 35.15 0.58
B*51:03 0.00 0.17 NA NA NA NA
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the potential relationship between HLA alleles and AMD; 
however, we found no statistically significant associations 
after adjustment for multiple comparisons.

The HLA loci on chromosome 6 (6p21.3) are known as 
the most polymorphic regions within the human genome, 
and are critical for regulation of the immune response. Many 
HLA alleles are reported as associated with specific immu-
nological diseases [22], and evidence suggests a potential 
relationship between HLA and AMD pathology. Inflam-
mation plays an important role in AMD development and 
progression; indeed, drusen, one diagnostic factor for AMD, 
is composed of inflammatory proteins, and HLA class II 
immunoreactivity has been observed in human retinas 
affected by AMD [23, 24].

Several reports demonstrate a relationship between HLA 
alleles and AMD. Goverdhan et al. [25] first reported an 
association between HLA genotypes and AMD, in which the 
HLA-C*07:01 allele increases AMD risk, whereas B*40:01 
and DRB1*13:01 are negatively associated with AMD risk. 

They also report that the HLA-C*0701 allele, in combina-
tion with the inhibitory killer immunoglobulin-like receptor 
(KIR) centromeric-AA haplotype, is associated with AMD 
[26]. Furthermore, Becerril et al. [27] report that the HLA-
B*27 allele, but not HLA-A or HLA-DRB1, is positively 
correlated with AMD.

There are several potential reasons for the discrepancy 
between our results and those reported to date on the asso-
ciation of HLA and AMD. First, our study included a rela-
tively small number of subjects, which could lead to both 
false-positive and false-negative associations because of 
high rates of HLA polymorphism. In practice, a two-step 
genotyping procedure should be performed, which would 
help reduce the number of multiple comparisons to further 
minimize the Type I error rate [25]. Second, the previous 
reports focused on European populations in the UK [25] and 
the southern Mediterranean [27]. Given that HLA diversity 
shows race-specificity, our results might suggest a different 
pattern for the Japanese population, which requires further 

Table 1   (continued) Target_allele Allele freqency Association(logistic)

Case Control OR OR 95% CI OR 95% CI P

B*52:01 15.58 12.33 1.33 0.88 2.01 0.18
B*54:01 4.35 7.83 0.52 0.27 1.01 0.05
B*55:02 1.81 3.17 0.56 0.20 1.52 0.25
B*55:04 0.36 0.17 2.18 0.14 35.15 0.58
B*56:01 0.72 0.67 1.09 0.20 6.01 0.92
B*56:03 0.00 0.17 NA NA NA NA
B*58:01 1.09 0.50 2.20 0.44 11.04 0.34
B*59:01 0.72 1.50 0.48 0.10 2.23 0.35
B*67:01 1.09 1.50 0.72 0.19 2.70 0.62
C*01:02 13.41 16.50 0.77 0.51 1.18 0.23
C*01:03 1.09 0.17 6.64 0.68 64.46 0.10
C*03:02 1.09 0.50 2.20 0.44 11.04 0.34
C*03:03 16.30 14.50 1.16 0.77 1.72 0.48
C*03:04 10.51 12.83 0.81 0.52 1.26 0.35
C*04:01 3.99 4.50 0.88 0.42 1.82 0.72
C*04:82 0.36 0.00 NA NA NA NA
C*05:01 0.36 0.00 NA NA NA NA
C*06:02 0.72 0.67 1.09 0.20 6.01 0.92
C*07:02 9.78 12.00 0.80 0.51 1.27 0.35
C*07:04 0.36 1.33 0.27 0.03 2.15 0.21
C*08:01 6.52 7.50 0.87 0.50 1.51 0.61
C*08:03 2.17 1.17 1.90 0.63 5.77 0.26
C*08:22 0.72 0.00 NA NA NA NA
C*12:02 16.30 12.33 1.40 0.93 2.10 0.11
C*14:02 9.42 7.00 1.39 0.83 2.34 0.21
C*14:03 3.99 6.50 0.59 0.30 1.18 0.14
C*15:02 2.90 2.50 1.17 0.48 2.83 0.73

HLA Human leukocyte antigen, AMD age-related macular degeneration, OR odds ratio, CI confidence 
interval
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Table 2   HLA-DRB1, -DQB1, 
-DPB1 allele frequencies in 
patients with AMD and controls

Target_allele Allele freqency Association(logistic)

Case Control OR OR 95% CI OR 95% CI P

DPB1*02:01 21.17 23.17 0.89 0.63 1.26 0.51
DPB1*02:02 2.92 4.17 0.70 0.31 1.56 0.38
DPB1*03:01 4.38 5.67 0.77 0.40 1.50 0.44
DPB1*04:01 4.38 4.00 1.09 0.55 2.16 0.80
DPB1*04:02 8.76 10.00 0.87 0.53 1.42 0.57
DPB1*05:01 42.70 38.33 1.19 0.89 1.58 0.23
DPB1*06:01 0.73 0.50 1.47 0.24 8.88 0.68
DPB1*09:01 11.68 10.17 1.18 0.74 1.88 0.49
DPB1*135:01 0.37 0.00 NA NA NA NA
DPB1*13:01 0.37 1.50 0.24 0.03 1.90 0.18
DPB1*14:01 2.19 1.33 1.67 0.57 4.92 0.35
DPB1*17:01 0.00 0.17 NA NA NA NA
DPB1*19:01 0.00 0.33 NA NA NA NA
DPB1*20:01 0.00 0.17 NA NA NA NA
DPB1*25:01 0.00 0.17 NA NA NA NA
DPB1*36:01 0.37 0.00 NA NA NA NA
DPB1*41:01 0.00 0.33 NA NA NA NA
DQB1*02:02 0.00 0.17 NA NA NA NA
DQB1*03:01 14.86 13.33 1.14 0.75 1.73 0.54
DQB1*03:02 7.25 9.67 0.73 0.43 1.24 0.24
DQB1*03:03 19.57 15.17 1.35 0.93 1.95 0.11
DQB1*03:13 0.36 0.00 NA NA NA NA
DQB1*03:19 0.00 0.17 NA NA NA NA
DQB1*04:01 7.97 14.00 0.53 0.32 0.87 0.01
DQB1*04:02 5.07 5.33 0.95 0.50 1.81 0.87
DQB1*05:01 5.44 7.50 0.72 0.39 1.30 0.27
DQB1*05:02 1.81 2.83 0.65 0.24 1.74 0.39
DQB1*05:03 3.99 2.50 1.65 0.74 3.68 0.23
DQB1*06:01 21.38 16.83 1.37 0.94 1.98 0.10
DQB1*06:02 8.33 6.33 1.35 0.78 2.31 0.28
DQB1*06:03 0.00 0.17 NA NA NA NA
DQB1*06:04 3.62 5.33 0.68 0.33 1.38 0.29
DQB1*06:09 0.36 0.67 0.54 0.06 4.88 0.58
DRB1*01:01 4.75 6.83 0.68 0.36 1.29 0.24
DRB1*04:01 0.37 1.67 0.21 0.03 1.68 0.14
DRB1*04:03 1.83 3.50 0.50 0.19 1.36 0.18
DRB1*04:04 0.37 0.50 0.73 0.08 7.06 0.78
DRB1*04:05 8.76 14.00 0.57 0.35 0.94 0.03
DRB1*04:06 1.83 3.00 0.59 0.22 1.63 0.31
DRB1*04:07 0.73 0.17 4.43 0.40 49.27 0.23
DRB1*04:10 2.92 2.00 1.49 0.59 3.73 0.40
DRB1*07:01 0.00 0.17 NA NA NA NA
DRB1*08:02 4.38 5.50 0.79 0.40 1.55 0.49
DRB1*08:03 8.03 6.17 1.33 0.77 2.30 0.31
DRB1*09:01 18.61 14.50 1.33 0.92 1.93 0.13
DRB1*10:01 0.37 0.50 0.73 0.08 7.06 0.78
DRB1*11:01 3.65 2.33 1.61 0.70 3.72 0.27
DRB1*11:08 0.00 0.17 NA NA NA NA
DRB1*12:01 4.75 4.33 1.09 0.56 2.12 0.79
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investigation [28]. The third reason may reflect differences in 
the analytical methods used among the studies. In the present 
study, an NGS method was used instead of a conventional 
genotyping method. Pappas et al. also used NGS methods 
and report the lack of statistically significant associations for 
any of the HLA class II loci, including DRB1*13:01, with 
AMD. This consistency with our results might suggest that 
the NGS method could cover the HLA region more exhaus-
tively, allowing for more detailed discrimination despite the 
high rate of polymorphisms.

Overall, these preliminary data suggest the feasibility of 
iPSC-derived RPE cell transplantation based on the iPSC 
bank system. Determination of the safety and usefulness of 
transplantation therapy using HLA-matched iPSCs would 
provide an extremely valuable alternative to RPE cell trans-
plantation as a future treatment option for AMD.
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Table 2   (continued) Target_allele Allele freqency Association(logistic)

Case Control OR OR 95% CI OR 95% CI P

DRB1*12:02 2.56 1.83 1.42 0.54 3.73 0.48
DRB1*13:01 0.00 0.17 NA NA NA NA
DRB1*13:02 4.02 6.17 0.64 0.33 1.27 0.21
DRB1*14:02 0.37 0.00 NA NA NA NA
DRB1*14:03 1.83 1.67 1.10 0.37 3.28 0.87
DRB1*14:05 2.19 1.17 1.92 0.63 5.82 0.25
DRB1*14:06 1.10 1.67 0.65 0.18 2.40 0.52
DRB1*14:54 2.56 3.17 0.80 0.33 1.94 0.62
DRB1*15:01 9.49 6.67 1.48 0.88 2.49 0.14
DRB1*15:02 13.50 11.17 1.25 0.81 1.93 0.32
DRB1*16:02 1.10 1.00 1.10 0.27 4.45 0.90

HLA Human leukocyte antigen, AMD age-related macular degeneration, OR odds ratio, CI confidence 
interval

Table 3   HLA-A-B-C-DRB1-
DQB1-DPB1 haplotype 
frequencies in patients with 
AMD

HLA Human leukocyte antigen, AMD age-related macular degeneration

Rank Haplotype Phenotype 
frequency

Genetic 
frequency

1 A*24:02-B*52:01-C*12:02-DRB1*15:02-DQB1*06:01-DPB1*09:01 18.84 9.78
2 A*24:02-B*07:02-C*07:02-DRB1*01:01-DQB1*05:01-DPB1*04:02 5.80 2.90
3 A*26:01-B*40:02-C*03:04-DRB1*09:01-DQB1*03:03-DPB1*05:01 3.62 1.81
4 A*02:07-B*46:01-C*01:02-DRB1*09:01-DQB1*03:03-DPB1*05:01 2.90 1.45
5 A*33:03-B*44:03-C*14:03-DRB1*13:02-DQB1*06:04-DPB1*04:01 2.90 1.45
6 A*02:07-B*46:01-C*01:02-DRB1*08:03-DQB1*06:01-DPB1*02:01 2.90 1.45
7 A*24:02-B*52:01-C*12:02-DRB1*15:02-DQB1*06:01-DPB1*05:01 2.17 1.09
8 A*11:01-B*15:01-C*03:03-DRB1*09:01-DQB1*03:03-DPB1*05:01 2.17 1.09
9 A*11:01-B*48:01-C*08:03-DRB1*15:01-DQB1*03:01-DPB1*05:01 2.17 1.09
10 A*24:02-B*51:01-C*14:02-DRB1*09:01-DQB1*03:03-DPB1*05:01 2.17 1.09

Table 4   HLA-A-B-DRB1 haplotype frequencies in patients with 
AMD

HLA Human leukocyte antigen, AMD age-related macular degenera-
tion

Rank Haplotype Phenotype 
frequency

Genetic 
frequency

1 A*24:02-B*52:01-DRB1*15:02 23.19 11.96
2 A*26:01-B*40:02-DRB1*09:01 6.52 3.26
3 A*02:07-B*46:01-DRB1*08:03 5.07 2.54
3 A*24:02-B*07:02-DRB1*01:01 5.07 2.54
5 A*02:07-B*46:01-DRB1*09:01 3.62 1.81
5 A*33:03-B*44:03-DRB1*13:02 3.62 1.81
7 A*31:01-B*51:01-DRB1*08:02 2.90 1.45
8 A*11:01-B*15:01-DRB1*04:06 2.17 1.09
8 A*11:01-B*48:01-DRB1*15:01 2.17 1.09
8 A*24:02-B*51:01-DRB1*09:01 2.17 1.09
8 A*24:02-B*54:01-DRB1*04:05 2.17 1.09
8 A*24:20-B*55:02-DRB1*04:05 2.17 1.09
8 A*02:01-B*13:01-DRB1*12:02 1.45 0.72



575Frequencies of human leukocyte antigen alleles and haplotypes among Japanese patients with…

1 3

received normal data from the HLA Foundation laboratory. We thank 
them for their help in providing the data. We thank Dr Noriko Miy-
amoto and Dr Akihiro Nishida for their help in acquisition of informed 
consent. We also thank for professor. Goji Tomita for helpful advice. 
This paper received editorial support from Editage.

Conflicts of interest  S. Takagi, Grant (Alcon, AMO, HOYA, Senju), 
Lecture fee (Alcon); M. Mandai, Grant (Sumitomo Dainippon Phar-
ma, Tomey), Consultant fees (Alcon, Bayer, Healios, Otsuka, Santen, 
Senju); Y. Hirami, Grant (Alcon, AMO, HOYA, Senju), Lecture fees 
(Alcon, Bayer, Santen); S. Sugita, None; M. Takahashi, Grant (Heal-
ios, Hitachi, Nichirei Biosciences, Nitta Biolab, Sagawa, Sanplatec, 
Santen, Shibuya, Sumitomo Dainippon Pharma, Tomey), Consultant 
fees (Alcon, Astellas, DAI-DAN, Eisai, Healios, Novaris, Sysmex, 
Takeda, Topcon, Toray); Y. Kurimoto, Grant (Alcon, HOYA, Santen, 
Senju), Consultant fees (Alcon, AMO, Bayer, Cannon, Kowa, Otsuka, 
Pfizer, Santen, Senju).

References

	 1.	 Fine SL, Berger JW, Maguire MG, Ho AC. Age-related macular 
degeneration. N Engl J Med. 2000;342(7):483–92.

	 2.	 Brown DM, Michels M, Kaiser PK, Heier JS, Sy JP, Ianchulev T, 
et al. Ranibizumab versus verteporfin photodynamic therapy for 
neovascular age-related macular degeneration: 2-year results of 
the ANCHOR study. Ophthalmology. 2009;116(57–65):e5.

	 3.	 Martin DF, Maguire MG, Fine SL, Ying GS, Jaffe GJ, Grunwald 
JE, et al. Ranibizumab and bevacizumab for treatment of neovas-
cular age-related macular degeneration: 2-year results. Ophthal-
mology. 2012;119:1388–98.

	 4.	 Zarbin MA, Rosenfeld PJ. Pathway-based therapies for age-related 
macular degeneration: an integrated survey of emerging treatment 
alternatives. Retina. 2010;30:1350–67.

	 5.	 Algvere PV, Berglin L, Gouras P, Sheng Y. Transplantation of 
fetal retinal pigment epithelium in age-related macular degenera-
tion with subfoveal neovascularization. Graefes Arch Clin Exp 
Ophthalmol. 1994;232:707–16.

	 6.	 van Zeeburg EJ, Maaijwee KJ, Missotten TO, Heimann H, van 
Meurs JC. A free retinal pigment epithelium-choroid graft in 
patients with exudative age-related macular degeneration: results 
up to 7 years. Am J Ophthalmol. 2012;153(120–7):e2.

	 7.	 Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA, Swier-
giel JJ, Marshall VS, et al. Embryonic stem cell lines derived from 
human blastocysts. Science. 1998;282:1145–7.

	 8.	 Haruta M, Sasai Y, Kawasaki H, Amemiya K, Ooto S, Kitada M, 
et al. In vitro and In vivo characterization of pigment epithelial 
cells differentiated from primate embryonic stem cells. Investig 
Opthalmol Vis Sci. 2004;45:1020.

	 9.	 Schwartz SD, Hubschman JP, Heilwell G, Franco-Cardenas V, 
Pan CK, Ostrick RM, et al. Embryonic stem cell trials for macular 
degeneration: a preliminary report. Lancet. 2012;379:713–20.

	10.	 Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomoda 
K, et al. Induction of pluripotent stem cells from adult human 
fibroblasts by defined factors. Cell. 2007;131:861–72.

	11.	 Mandai M, Watanabe A, Kurimoto Y, Hirami Y, Morinaga C, 
Daimon T, et al. Autologous induced stem-cell-derived retinal 
cells for macular degeneration. N Engl J Med. 2017;376:1038–46.

	12.	 Taylor CJ, Bolton EM, Bradley JA. Immunological considerations 
for embryonic and induced pluripotent stem cell banking. Philos 
Trans R Soc Lond B Biol Sci. 2011;366:2312–22.

	13.	 Horan J, Wang T, Haagenson M, Spellman SR, Dehn J, Eapen 
M, et al. Evaluation of HLA matching in unrelated hematopoietic 

stem cell transplantation for nonmalignant disorders. Blood. 
2012;120:2918–24.

	14.	 Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, 
Bender D, et al. PLINK: a tool set for whole-genome associa-
tion and population-based linkage analyses. Am J Hum Genet. 
2007;81(3):559–75.

	15.	 Craig J, Wekerle T, Segev D, LEchler R, Oberbauer R. The trag-
edies for long term preservation of kidney graft function. Lancet. 
2017;3(5):e15216.

	16.	 Saito S, Ota S, Yamada E, Inoko H, Ota M. Allele frequencies and 
haplotypic associations defined by allelic DNA typing at HLA 
class I and class II loci in the Japanese population. Tissue Anti-
gens. 2000;56:522–9.

	17.	 Ikeda N, Kojima H, Nishikawa M, Hayashi K, Futagami T, Tsu-
jino T, et al. Determination of HLA-A, -C, -B, -DRB1 allele and 
haplotype frequency in Japanese population based on family 
study. Tissue Antigens. 2015;85:252–9.

	18.	 Tokunaga K, Ishikawa Y, Ogawa A, Wang H, Mitsunaga S, Moriy-
ama S, et al. Sequence-based association analysis of HLA class I 
and II alleles in Japanese supports conservation of common hap-
lotypes. Immunogenetics. 1997;46:199–205.

	19.	 Sugita S, Iwasaki Y, Makabe K, Kamao H, Mandai M, Shiina T, 
et al. Successful transplantation of retinal pigment epithelial cells 
from MHC homozygote iPSCs in MHC-matched models. Stem 
Cell Rep. 2016;7:635–48.

	20.	 Sugita S, Iwasaki Y, Makabe K, Kimura T, Futagami T, Suegami 
S, et al. Lack of T cell response to iPSC-derived retinal pigment 
epithelial cells from HLA homozygous donors. Stem Cell Rep. 
2016;7:619–34.

	21.	 Okita K, Matsumura Y, Sato Y, Okada A, Morizane A, Okamoto 
S, et al. A more efficient method to generate integration-free 
human iPS cells. Nat Methods. 2011;8:409–12.

	22.	 Thorsby E, Lie BA. HLA associated genetic predisposition to 
autoimmune diseases: genes involved and possible mechanisms. 
Transpl Immunol. 2005;14:175–82.

	23.	 Hageman GS, Luthert PJ, Victor Chong NH, Johnson LV, Ander-
son DH, Mullins RF. An integrated hypothesis that considers 
drusen as biomarkers of immune-mediated processes at the RPE-
Bruch’s membrane interface in aging and age-related macular 
degeneration. Prog Retin Eye Res. 2001;20:705–32.

	24.	 Penfold PL, Liew SC, Madigan MC, Provis JM. Modulation of 
major histocompatibility complex class II expression in retinas 
with age-related macular degeneration. Invest Ophthalmol Vis Sci. 
1997;38:2125–33.

	25.	 Goverdhan SV, Howell MW, Mullins RF, Osmond C, Hodgkins 
PR, Self J, et al. Association of HLA class I and class II polymor-
phisms with age-related macular degeneration. Invest Ophthalmol 
Vis Sci. 2005;46:1726–34.

	26.	 Goverdhan SV, Khakoo SI, Gaston H, Chen X, Lotery AJ. 
Age-related macular degeneration is associated with the HLA-
Cw*0701 Genotype and the natural killer cell receptor AA hap-
lotype. Invest Ophthalmol Vis Sci. 2008;49:5077–82.

	27.	 Enrique V, Becerril RGF, Luis P. Torres, Manuel, José M Gallardo 
G. HLA B27 as predisposition factor to suffer age related macular 
degeneration. Cell Mol Immunol. 2009;6(4):303–7.

	28.	 Cao K, Hollenbach J, Shi X, Shi W, Chopek M, Fernandez-Vina 
MA. Analysis of the frequencies of HLA-A, B, and C alleles 
and haplotypes in the five major ethnic groups of the United 
States reveals high levels of diversity in these loci and contrast-
ing distribution patterns in these populations. Hum Immunol. 
2001;62:1009–30.


	Frequencies of human leukocyte antigen alleles and haplotypes among Japanese patients with age-related macular degeneration
	Abstract
	Purpose 
	Study design 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Patients
	Determination of HLA alleles
	Determination of haplotypes
	Statistical analyses

	Results
	Discussion
	Acknowledgements 
	References




