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Abstract Alzheimer’s disease (AD) is the most common
form of dementia and exhibits a considerable level of herita-
bility. Previous association studies gave evidence for the

associations of HLA-DRB1/DQB1 alleles with AD. However,
how and when the gene variants inHLA-DRB1/DQB1 function
in AD pathogenesis has yet to be determined. Here, we firstly
investigated the association of gene variants in HLA-DRB1/
DQB1 alleles and AD related brain structure on magnetic reso-
nance imaging (MRI) in a large sample from the Alzheimer’s
Disease Neuroimaging Initiative (ADNI). We selected hippo-
campus, subregion, parahippocampus, posterior cingulate,
precuneus, middle temporal, entorhinal cortex, and amygdala
as regions of interest (ROIs). Twelve SNPs in HLA-DRB1/
DQB1 were identified in the dataset following quality control
measures. In the total group hybrid population analysis, our
study (rs35445101, rs1130399, and rs28746809) were associ-
ated with the smaller baseline volume of the left posterior cin-
gulate and rs2854275 was associated with the larger baseline
volume of the left posterior cingulate. Furthermore, we detected
the above four associations inmild cognitive impairment (MCI)
sub-group analysis, and two risk loci (rs35445101 and
rs1130399) were also the smaller baseline volume of the left
posterior cingulate in (NC) sub-group analysis. Our study sug-
gested that HLA-DRB1/DQB1 gene variants appeared to mod-
ulate the alteration of the left posterior cingulate volume, hence
modulating the susceptibility of AD.
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Introduction

Sporadic Alzheimer’s disease (AD) is a complex neurodegen-
erative disease, caused by a combination of genetic, epigenet-
ic, and environmental influences. APOE ε4 allele is the stron-
gest known genetic risk factor [1], however, the effect of
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APOE ε4 is less pronounced in older late-onset cases and up
to 50 % of late-onset AD cases occur in the absence of the ε4
allele, suggesting there is the likelihood of additional suscep-
tibility genes [2–4]. While more than 660 candidate genes for
AD risk have been identified although the results are incon-
sistent between studies [5, 6], the increasing evidence that
genetic risk factors for AD also impact the neuroimaging
markers which appear to be shaped by genetic influences with
heritability estimates as high as 80 % [7, 8]. Furthermore,
these neuroimaging biomarkers are potent predictors of AD
risk and progression. Therefore, a growing number of studies,
which were using an intermediate phenotype approach such as
structural brain imaging of hippocampal atrophy, as endpoints
in genetic analyses of risk to further characterize complex
genes associated with AD, were brought forth.

The human leukocyte antigen (HLA) genes within the
major histocompatibility complex (MHC) at 6p21.3 in
humans have been candidate risk genes for AD on the
base of immune activation and possibly inflammation
which are likely involved in AD. HLA-DR/DQ belongs
to MHC II molecules, which are implicated in antigen
presentation to T lymphocytes, by regulating T-cell re-
sponses against specific antigens. Abnormal proteins
such as β-amyloid peptide (Aβ) (one of the hallmarks
of the pathogenesis of AD) in the AD brains are first
endocytosed by antigen-presenting cells, and then proc-
essed to fragments that are bound to MHC molecules,
and presented to T lymphocytes. Antigen presentation
can lead to B cell stimulation and subsequently to the
production of specific autoantibodies. Excessive reactiv-
ity could have harmful side effects, and the immune-
mediated neuroinflammation had been demonstrated to
be involved in the pathogenesis of AD [9]. Moreover,
the glia is the main cellular components of inflammation
in the AD brain. The extensive HLA-DR immunoreac-
tivity around neuritic plaques primarily localizes to re-
active microglia, with equivocal localization to astro-
cytes [10, 11]. From that, the researchers hypothesize
that HLA-DRB1/DQB1 might contribute to AD patho-
genesis. Previous association studies gave evidence for
a linkage to HLA-DRB1/DQB1 alleles (MHC class II
genes) [10, 12, 13]. Seven brain regions, including the
hippocampus, middle temporal area, entorhinal area,
posterior cingulate, precuneus, parahippocampal area,
and amygdala were selected as regions of interest
(ROIs). These regions were known to be affected by
AD, and their atrophy in AD has been previously vali-
dated via magnetic resonance imaging (MRI) studies
[14].

Based on these finding, we attempt to explore the associa-
tion of the variants in HLA-DRB1/DQB1 alleles with AD-
related brain structure on MRI in individuals enrolled in the
Alzheimer’s Disease Neuroimaging Initiative (ADNI).

Methods

ADNI Dataset and Subjects

The publicly available ADNI data used in the preparation of
our article were obtained from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) database (adni.loni.ucla.edu).
ADNI is a large, multicenter, longitudinal neuroimaging study,
launched in 2003 by the National Institute on Aging, the
National Institute of Biomedical Imaging and Bioengineering,
the Food and Drug Administration, private pharmaceutical
companies, and nonprofit organizations, as a $60 million, 5-
year public-private partnership [15]. The primary goal of
ADNI has been to test whether serial MRI, positron emission
tomography (PET), other biological markers, and clinical and
neuropsychological assessment can be combined to measure
the progression of mild cognitive impairment (MCI) and early
AD. Determination of sensitive and specific markers of very
early AD progression is intended to aid researchers and clini-
cians to develop new treatments and monitor their effective-
ness, as well as lessen the time and cost of clinical trials. The
initial goal of ADNI is to recruit 800 subjects, but ADNI has
been followed by ADNI-GO and ADNI-2. To date, the three
protocols have covered more than 1500 adults, ages 55 to
90 years, to participate in the research, consisting of cognitively
normal (CN) older individuals, people with early or late mild
cognitive impairment (MCI), and people with early AD. Also,
this study complied with the Declaration of Helsinki. Inclusion
criteria for AD subjects is National Institute of Neurological and
Communication Disorders/Alzheimer’s Disease and Related
Disorders Association (NINCDS/ADRDA) criteria for proba-
ble AD, with a Mini Mental State Examination (MMSE) score
between 20 and 26, a global Clinical Dementia Rating (CDR)
of 0.5 or 1, a sum of boxes CDR of 1.0 to 9.0. However, only
812 participants, including 281 CN, 483 MCI, and 48 AD
patients, were included in our study. The details concerning
the ADNI cohort were reported elsewhere [15, 16]. The basic
data of subjects in our analysis was downloaded from theADNI
website in 2015.

Genotype Data and SNP Selection

Genotypes from 15 SNPs spanning the HLA-DRB1/DQB1
loci in the ADNI dataset were extracted and merged to create
a single dataset as previously described [17]. All genetic anal-
yses were performed using PLINK v1.07. We performed the
quality control (QC) procedures using the PLINK software,
and the inclusion criteria were as follows: minimum call rates
>90 %, minimum minor allele frequencies (MAF) >0.01, and
Hardy-Weinberg equilibrium test P >0.0001. Twelve SNPs in
HLA-DRB1/DQB1 passed QC (rs9269693, rs35445101,
rs3830135, rs6689, rs1063355, rs9273448, rs1770,

3182 Mol Neurobiol (2017) 54:3181–3188



rs9273471, rs2854275, rs2854272, rs1130399, rs28746809,
rs3189152, rs1049056, rs1049053) (Table 1).

MRI Data

ADNI MRI scans were acquired at multiple sites and proc-
essed according to previously published methods using the
FreeSurfer v4.5.0 (http://surfer.nmr.mgh.harvard.edu)
software package [17]. This process mainly included motion
correction and averaging of multiple volumetric T1 weighted
images (when more than one is available), removal of non-
brain tissue using a hybrid watershed/surface deformation pro-
cedure, automated Talairach transformation, segmentation of
the subcortical white matter and deep gray matter volumetric
structures (including hippocampus, amygdala, caudate, puta-
men, ventricles) [18], intensity normalization, tessellation of
the gray matter white matter boundary, automated topology
correction, and surface deformation following intensity gradi-
ents to optimally place the gray/white and gray/cerebrospinal
fluid borders at the location where the greatest shift in inten-
sity defines the transition to the other tissue class. The techni-
cal details of these procedures are described in prior publica-
tions [19]. Seven neuroimaging measures were chosen for
analysis on the basis of their established role in predicting
AD risk and progress ion: hippocampal volume,
parahippocampal volume, amygdala volume, posterior cingu-
late gyrus volume, precuneus volume, middle temporal lobe
volume, and entorhinal cortex thickness. TheMRI volumes of
brain structures used in our study were from UCSF data in
ADNI dataset (https://ida.loni.usc.edu/pages/access/
studyData.jsp).

In the present analysis, there were 718 (NC = 257,
MCI = 422, AD=39) individuals included in the regional
volume/thickness analysis.

Statistical Analysis

Differences in continuous variables (age, education years,
cognitive scores, volume, etc.) were examined using one-
way analysis of variance (ANOVA), and categorical data
(gender, ApoE ε4 status) were tested using chi-square test.
All statistical analyses were performed by R 3.12 and
PLINK 8 (http://pngu.mgh.harvard.edu/wpurcell/plink/).
Furthermore, we used a multiple linear regression model
which considered age, gender, education years, and ApoE ε4
status as covariates to estimate coefficients for testing possible
correlation between HLA-DRB1/DQB1 loci genotypes and
AD-related brain structures at baseline. Given that
Bonferroni correction was inappropriate due to the noninde-
pendence of these tests [17], the false discovery rate (FDR)
based on the method developed by Hochberg and Benjamini
[20] was used to control for multiple test. Statistical signifi-
cance was considered for FDR-corrected Pc<0.05. For these
significant findings in total group (including CN, MCI, and
AD), we further detected the correlation between these posi-
tiveHLA-DRB1/DQB1 loci and AD-related brain structures in
subgroup (CN, MCI, and AD) analysis to identify that at
which stage these variations impacted these pathological
markers in the pathogenesis of AD. In addition, for these pos-
itiveHLA-DRB1/DQB1 loci, we further used Haploview (ver-
sion 4.2) to estimate the linkage disequilibrium (LD) among
the genotyped variants.

Table 1 The targeted HLA-
DRB1/DQB1 loci in the study SNP Chromosome Physical

position
Gene Call rate (%) Alleles MAF H-W

(P value)

rs9269693 6 32546866 HLA-DRB1 94.1 C:T 0.262 0.1310

rs35445101 6 32546879 HLA-DRB1 93.8 A:G 0.328 0.4497

rs3830135 6 32548464 HLA-DRB1 92.7 C:T 0.109 0.7877

rs6689 6 32627700 HLA-DQB1 99.8 A:G 0.220 0.7612

rs1063355 6 32627714 HLA-DQB1 99.6 C:A 0.415 0.8762

rs9273448 6 32627747 HLA-DQB1 99.9 G:A 0.235 0.1279

rs1770 6 32627833 HLA-DQB1 95.6 A:G 0.423 0.1863

rs9273471 6 32628030 HLA-DQB1 99.6 G:A 0.413 0.1583

rs2854275 6 32628428 HLA-DQB1 99.9 G:T 0.115 0.2605

rs2854272 6 32629680 HLA-DQB1 98.9 A:G 0.399 0.4355

rs1130399 6 32629755 HLA-DQB1 99.4 C:T 0.194 0.6082

rs28746809 6 32633159 HLA-DQB1 100.0 T:C 0.185 0.6544

rs3189152 6 32634341 HLA-DQB1 100.0 A:G 0.410 0.3887

rs1049056 6 32634369 HLA-DQB1 95.2 C:A 0.157 0.2108

rs1049053 6 32634405 HLA-DQB1 99.9 T:C 0.236 0.1402

MAF minor allele frequency, H-W Hardy-Weinberg equivalent
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Results

Characteristics of Included Subjects

The information about these included subjects is listed in
Table 2. Totally, 281 cognitively normal (145 women, 74.51
±5.56 years), 483 MCI (201 women, 72.28±7.45 years), and
48 AD patients (18 women, 75.51±9.23 years) were recruited
in this study. As expected, AD group had the highest frequen-
cy for the ε4 allele within ApoE gene (44.8 %), and CN group
had the lowest frequency (14.9 %). Compared to CN andMCI
subjects, AD dementia patients displayed the worst cognitive
function based on these various neuropsychological scales
(CDRSB, MMSE, ADAS-cog, etc.,). Likewise, AD group
showed the most severely atrophy in hippocampus, middle
temporal, and entorhinal cortex with MRI method.

Brain Structures and HLA-DRB1/DQB1 Loci Genotypes
in Total Group (CN+MCI+AD)

We firstly analyzed the association of these HLA-DRB1/
DQB1 loci with AD-related brain structures (hippocampus,
parahippocampus, middle temporal, amygdala, posterior cin-
gulate, precuneus, and entorhinal cortex) in a linear model
which treated age, gender, education years, APOE ε4 status
and intracranial volume (ICV), or thickness as covariates at
baseline, using a multiple linear regression. Single nucleotide
mutation rs35445101 (G allele) was demonstrated to be asso-
ciated with the smaller baseline volume of left posterior cin-
gulate for the total subjects in FDR test (P= 9.49 × 10−4,
Pc=0.007) (Fig. 1a; Supplementary Table 1). The variations

at rs1130399 (T allele) were respectively associated with the
smaller baseline volume of the left posterior cingulate
(P = 0.001), right middle temporal (P = 0.024), and right
parahippocampus (P=0.035) at baseline in the overall group,
however, only the association with the left posterior cingulate
(Pc=0.011) reached the statistically significant level after
FDR test (Fig. 1b; Supplementary Table 1). Similarly, the
variations at rs28746809 (C allele) were only associated with
the smaller volume of the left posterior cingulate (rs28746809:
P=0.006, Pc=0.025), and rs2854275 (T allele) were only
associated with the larger volume of the left posterior cingu-
late (rs2854275: P=0.002, Pc=0.011) at baseline in the over-
all group after FDR test (Fig. 1c, d; Supplementary Table 1).
Analysis of pairwise LD among the four positive variants
showed that the three HLA-DQB1variants existed tightly in
one block (P<0.05, D′=1) (Supplementary Fig. 1). A total
of three common haplotypes were identified across the LD
block, ranging in frequency from 69.1 to 11.5 % in total
subjects.

Altogether, we can infer that the left posterior cingulate
may be the pivotal region on which HLA-DRB1/DQB1 gene
variations target. Further, we selected the left posterior cingu-
late as our sole ROI and independently tested its association
with these significant loci in the three subgroups, respectively.

Left Posterior Cingulate and HLA-DRB1/DQB1 Loci
Genotypes in the Subgroups

We then conducted subgroup analysis to ascertain whether
HLA-DRB1/DQB1 loci (rs35445101, rs1130399, rs2854275,
and rs28746809) alter the volume of left posterior cingulate in

Table 2 The characteristics of
the ADNI subjects at baseline Characteristics CN MCI AD P*

Age (years) 281 74.51± 5.56 483 72.28 ± 7.45 48 75.51 ± 9.23 –

Gender (male/female) 281 136/145 483 282/201 48 30/18 –

Education (years) 281 16.41± 2.66 483 15.98 ± 2.82 48 15.73 ± 2.62 0.08

APOE ε4 (0/1/2) 281 204/70/7 483 262/180/41 48 14/25/9 <0.01

CDR-SB 207 0.03 ± 0.13 406 1.44± 0.87 47 4.44± 1.69 <0.01

MMSE 281 29.07± 1.15 483 27.89 ± 1.69 48 22.96 ± 2.03 <0.01

ADAS-cog 281 9.06 ± 4.23 480 15.30 ± 6.65 48 29.80 ± 8.44 <0.01

RAVLT 280 44.83± 9.60 483 36.16 ± 10.86 47 22.32 ± 7.84 <0.01

FAQ 281 0.17 ± 0.66 481 2.85± 3.99 48 12.6 ± 7.14 <0.01

Hippocampus (mm3) 257 7344 ± 895 422 6996 ± 1126 39 5757 ± 948 <0.01

Middle temporal (mm3) 257 20,298 ± 2600 422 20,186± 2735 39 17,776± 3230 <0.01

Entorhinal (mm3) 257 3803 ± 650 422 3610 ± 723 39 2919 ± 705 <0.01

Data are given as mean± standard deviation unless otherwise indicated
*P values for continuous variables are from one-way analysis of variance (ANOVA). P values for categorical data
are from chi-square test

CN cognitively normal, MCI mild cognition impairment, AD Alzheimer’s disease, CDR-SB Clinical Dementia
Rating sum of boxes, ADAS-cog Alzheimer’s disease Assessment Scale Cognition, MMSE Mini-Mental State
Exam, RAVLT Rey Auditory Verbal Learning Test, FAQ Functional Activities Questionnaire
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AD, MCI, or NC group at baseline and observed that G allele
of rs35445101, T allele of rs1130399, and C allele of
rs28746809 were respectively associated with the smaller vol-
ume of the left posterior cingulate, and T allele of rs2854275
was associated with the larger left posterior cingulate volume
in MCI subgroup at baseline (rs35445101: P = 0.021;
rs1130399: P= 0.008; rs28746809: P= 0.029; rs2854275:
P=0.020) (Fig. 2a–d; Supplementary Table 2), moreover,
rs35445101 and rs1130399 were also respectively found to
be associated with the smaller volume of the left posterior
cingulate volume in NC subgroup at baseline (rs35445101:
P=0.014; rs1130399: P=0.033) (Fig. 3a, b; Supplementary
Table 2). The associations did not exist in the AD group,
probably for inadequate sample sizes used to detect the effect
of different genotypes.

Discussion

Our analysis in ADNI dataset showed three loci in HLA-
DRB1/DQB1 (rs35445101, rs1130399, and rs28746809) were
associated with the smaller baseline volume of the left poste-
rior cingulate, and rs2854275 was associated with the larger
baseline volume of the left posterior cingulate, suggesting that
HLA-DRB1/DQB1 genetic variation might play a role in AD-
related brain neurodegeneration.With reference to the website
http://hla.alleles.org, both SNPs rs28746809 and rs1130399
existed in the HLA-DQB1* 03:03 or HLA-DQB1* 03:05
alleles in the Caucasians, and SNP rs2854275 exist in the
HLA-DQB1*02:01 alleles in the Caucasians, thus our results

suggested that HLA-DQB1* 03:03 or HLA-DQB1* 03:05
alleles were related with the altered baseline volume of the
left posterior cingulate, and HLA-DQB1*02:01 alleles were
also correlated to the altered baseline volume of the left
posterior cingulate in ADNI subjects. Our study further
revealed the potential pathways by which these genetic
variations act in modulation of the susceptibility of AD.

Inflammation process has been identified to play an impor-
tant role in AD and some identified genes involved in inflam-
mation are found to be associated with the increased risk of
developing AD, thereby lending increasing support for the
roles of immune activation and possibly inflammation in the
progression of AD [9]. Much earlier studies have showed the
prediction and clinical course of the systemic inflammatory
diseases rheumatoid arthritis (RA) and systemic lupus erythe-
matosus (SLE), in which inflammatory mechanisms such as
complement activation contribute to tissue destruction, are
influenced by HLA-DR genotype [21, 22]. The researchers
found that HLA-DR4-influenced glial activity in the AD hip-
pocampus based on the finding that glial cells, which mediat-
ed inflammatory/immune mechanisms, were active around
neuritic plaques in the AD brains [23]. Among the amyloid
β-peptide (Aβ, a hallmark of AD) vaccination studies aimed
at the clearance of Aβ, the researchers showed that the extent
of Aβ T cell activation differed significantly among mouse
strains bearing different MHC class II (MHC-II) haplotypes,
and HLA-DRB1*1501 allele had a high immunogenic role in
Aβ autoimmunity [24].Moreover, the possible associations of
HLA-DR1, 2, and 3 with increased AD risk and DR4, 6, and 9
with decreased AD risk were detected [10, 12]. Recently, AD

Fig. 1 The correlation between
significant loci and AD specific
brain structure onMRI in the total
group. We identified four loci
which associations were still
significant after FDR correction
in the total group. a–c Depicted
that rs35445101 (G allele),
rs1130399 (T allele), and
rs28746809 (C allele) were
respectively associated with
smaller baseline volume of the
left posterior cingulate in the total
group; d depicted that rs2854275
(T allele) was associated with
larger baseline volume of the left
posterior cingulate in the total
group
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in Tunisian patients was found to be associated with HLA-
DRB1*15, DRB1*04, and DQB1*06, as well as the haplo-
types DRB1*1501/DQB1*0602 and DRB1*04/DQB1*0302
[13]. Altogether, from the simple analysis of the possible
mechanism, HLA-DR/DQ genes are linked to AD.

Our study provided the first evidence linking HLA-DRB1/
DQB1 genetic variations with the altered baseline volume left
posterior cingulate. However, the concrete mechanisms are
still elusive. To determine when the four positive loci modu-
late risk for AD, we did the subgroup analysis to detect the
associations of between the four loci and the MRI brain struc-
ture in three subgroups. The subgroup analysis results showed
that the four SNPs were demonstrated to be associated with
the altered baseline volume of the left posterior cingulate in
theMCI group, and two risk loci (rs35445101 and rs1130399)
were also demonstrated to be associated with the smaller base-
line volume of the left posterior cingulate in the NC group,
suggesting that the SNPs might play a role with an early start
from the MCI or NC stage. Our study showed that the left
posterior cingulate was the pivotal region on which four loci
target. The result of the three variants in HLA-DQB1 alleles
tightly in one block and the fact that HLA-DQB1* 03 allele
andHLA-DQB1*02 allele cannot coexist in the same chromo-
some provide further evidence for that HLA-DRB1/DQB1 ge-
netic variations target on the left posterior cingulate.
Furthermore, it was previously reported that abnormalities in
the posterior cingulate occurred in the early stage of AD [18,

19, 25–27]. It is thus inferred that HLA-DRB1/DQB1 loci
appear to influence the risk for AD by the action of altering
the volume of the left posterior cingulate with the start from
the NC or MCI stage.

On the other hand, the major contributors to brain atrophy
include normal aging and abnormal pathological insults. As
the stage further progresses (for example, from NC to MCI/
AD), the role of abnormal pathologies is increasingly rising
and would finally surpass that of normal aging. Given that
normal aging might play a more important role in causing
brain atrophy in the stage of NC than MCI/AD and abnormal
pathologies would arise constantly as the stage progresses, it
can be thus inferred that the potential pathways bywhich these
variations act may be possibly associatedwith normal aging of
the left posterior cingulate in the NC stage and possibly grad-
ually turn to be associated with abnormal pathologies. More
researches are warranted to validate these hypotheses.
Furthermore, it has been widely accepted that at rest state,
important brain areas—posterior cingulate cortex combines
precuneus, lateral temporal cortex, medial prefrontal cortex,
and inferior parietal lobule organized into a functionally rele-
vant networks, the Bdefault mode network^ (DMN), which is
a resting-state functional network and is particularly active in
healthy people when they do not think about anything.
Posterior cingulate area is a pivotal part of DMN. Several
recent studies have revealed that DMN cortical hubs exhibit
high amounts of Aβ deposits in AD, and their abnormalities

Fig. 2 The correlation between
significant loci and the left
posterior cingulate on MRI in the
MCI group. We detected the
associations of the four significant
loci with the left posterior
cingulate in the MCI group. a–c
Depicted that rs35445101 (G
allele), rs1130399 (T allele), and
rs28746809 (C allele) were
respectively associated with
smaller baseline volume of the
left posterior cingulate in the MCI
group; d depicted that rs2854275
(T allele) was associated with
larger baseline volume of the left
posterior cingulate in the MCI
group. MCI mild cognition
impairment
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are associated with memory deficits in AD [26, 28]. DMN
was composed of large amounts of communication hubs
named Bsynapses,^ and the normal operations of synapses
are vitally important to maintain normal functions of this net-
work [29]. Also, failure of DMN and abnormalities of synap-
ses in the posterior cingulate both occurred in the early stage
of AD [27, 28]. Therefore, we speculate that HLA-DRB1/
DQB1 loci might influence the operations of synapse by alter-
ing neurotransmitter delivering. Although rs2854275,
rs1130399, and rs2854275 exist in HLA-DRB1, the allele
which SNP rs2854275 exists in is different from the allele
which both SNPs rs28746809 and rs1130399 exist in the
Caucasians, and their effects on baseline volume of the left
posterior cingulate were also opposite. We infer that the po-
tential pathways by which these genetic variations act are
different.

Our results are not in accordance with data obtained by the
previous studies. The discordance may be due to distinctHLA
variant frequencies in different cohorts, or to other interacting,

genetic, or environmental factors, or to the heterogeneity of
AD and MCI, or in some cases, to problems of study design.
Additionally, another important reason is not ignored that the
limited SNPs extracted fromADNI database cannot be used to
type more HLA-DRB1/DQB1 alleles to cover the previously
studied alleles.

Like the previous researches on ADNI database [17, 30,
31], our quantitative traits (QTs) association study has some
similar limitations, e.g., lack of part of QTs data available and
confines of the Caucasian population. For our study, ADNI
database can only provide a few loci out of thousands of
genetic variants in HLA-DRB1/DQB1 alleles, and these limit-
ed loci cannot be used to discriminate which HLA-DRB1/
DQB1 allele are associated with the MRI brain structures of
interest.

In conclusion, our findings supported the claim that four
loci in HLA-DRB1/DQB1 (rs35445101, rs1130399,
rs2854275, and rs28746809) modulated the alteration of the
left posterior cingulate, suggesting that HLA-DRB1/DQB1
gene variants appeared to participate in the neuronal degener-
ation of AD associated brain regions. Nevertheless, further
neuropathological and biological studies of HLA-DRB1/
DQB1 and their loci may fully unveil their roles in AD, and
further research in large independent samples with diverse
ethnicity is required to confirm the effects of HLA-DRB1/
DQB1 on AD.
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