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Abstract UNCS5C, which is a transmembrane receptor for
netrin-1 to trigger the apoptosis, has been confirmed as a
new risk factor for Alzheimer’s disease (AD) recently. How-
ever, there is lack of the evidence on the brain structure asso-
ciated with the polymorphisms of UNC5C in AD. The objec-
tive of this study is to investigate the influence of UNC5C loci

Data used in preparation of this article were obtained from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) database
(adni.loni.usc.edu). As such, the investigators within the ADNI contrib-
uted to the design and implementation of ADNI and/or provided data but
did not participate in analysis or writing of this report. A complete listing
of ADNI investigators can be found at: http://adni.loni.usc.eduw/wp-
content/uploads/how_to_apply/ADNI_Acknowledgement List.pdf

Jia-Hao Sun and Hui-Fu Wang contributed equally to this work.

Electronic supplementary material The online version of this article
(doi:10.1007/512035-015-9589-0) contains supplementary material,
which is available to authorized users.

< Lan Tan
dr.tanlan@163.com

P4 Jin-Tai Yu
yu-jintai@163.com; jintai.yu@ucsf.edu

Department of Neurology, Qingdao Municipal Hospital, School of
Medicine, Qingdao University, No.5 Donghai Middle Road,
Qingdao, Shandong Province 266071, China

Department of Neurology, Qingdao Municipal Hospital, Nanjing
Medical University, Qingdao, China

Department of Radiology, Qingdao Municipal Hospital, School of
Medicine, Qingdao University, Qingdao, China

Department of Neurology, Nanjing First Hospital, Nanjing Medical
University, Nanjing, China

Memory and Aging Center, Department of Neurology, University of
California, San Francisco, 675 Nelson Rising Lane, Suite 190, Box
1207, San Francisco, CA 94158, USA

on the neuroimaging of strategic regions of AD. In 812 sub-
jects from the Alzheimer’s Disease Neuroimaging Initiative
(ADNI) dataset, we explored the genotypes of UNC5C loci
in the volumes of the hippocampus, parahippocampal gyrus,
posterior cingulate gyrus, middle temporal and precuneus, and
the thickness of the entorhinal cortex which are measured by
magnetic resonance imaging (MRI). We also investigated the
atrophy rate of above structures influenced by UNCS5C loci
using the longitudinal data. UNCS5C loci were associated with
the volume of right middle temporal (rs34585936 P .=
0.0031). Meanwhile, the polymorphisms of UNCS5C loci
could alter the atrophy rate of strategic regions especially the
left hippocampus (rs72672784 P.=0.0090; rs13120458 P .=
0.0434; rs34875919 P.=0.0434) and right precuneus
(172672784 P.=0.0068; 1s2001246 P.=0.0055; rs74690179
P.=0.0055). UNCS5C genotypes were significantly associated
with the volume of the middle temporal on MRI; meanwhile,
UNCS5C loci could alter the atrophy of strategic regions of AD
such as the hippocampus and precuneus. And the above ef-
fects of polymorphisms of UNC5C were more obvious in the
population with the impaired cognition than those with the
normal cognition.

Keywords UNCS5C - Alzheimer’s disease - Neuroimaging -
Biomarker - ADNI

Introduction

Alzheimer’s disease (AD) is the most common demented dis-
ease which stems from the progressive neurodegeneration. It
may count for more than 106 million demented cases world-
wide by the year 2050 [1]. Although the pathogenesis of AD is
complex and multifactorial [2], the view that the genetics
plays an important role in AD has been widely held [3]. Since
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APOE4 was confirmed as a major genetic risk factor for AD
[4], more and more evidences have suggested that multiple
genetic polymorphisms play a significant role in the pathogen-
esis of AD. Thanks to the widely used genome-wide associa-
tion studies (GWAS) and whole-exome and whole-genome
sequencing [3], a series of risk genes were found to be asso-
ciated with AD such as BIN1 [5], CLU [6] and ABCA7 [7].

UNCS5C, which is one kind of transmembrane receptor for
netrin-1 and belongs to the UNC5H receptor family, could
trigger the apoptosis under the absence of the netrin-1 ligand
and has been found to be associated with the tumorigenesis
[8]. Recently, Wetzel-Smith et al. firstly found that a rare mu-
tation p.T835M (rs137875858) of UNCS5C was segregated
with late-onset AD in two independent families by the
whole-genome sequencing and was also confirmed to be as-
sociated with AD in 4 large cohorts [9]. The further research,
which was performed by Jiao et al. in Chinese Han popula-
tion, detected 4 rare variants closed to rs137875858, among
which only one variant (1s372767649) had shown a signifi-
cant association with AD [10]. More recently, another study
focusing on TREM2 in a family with the clustering of the late-
onset AD happened to find that another variant of UNC5C,
D353N (rs145155041), may be related with AD [11]. All of
the above results suggested a notable role of UNC5C in AD.

The correlation between the alteration of brain struc-
tures and the pathogenesis of AD has been widely con-
firmed [12]. The present studies have revealed that the
atrophy of the strategic regions such as the hippocampus,
parahippocampal gyrus especially entorhinal cortex, pos-
terior cingulate, middle temporal, and precuneus, which
could be measured by neurological imaging techniques
like the magnetic resonance imaging (MRI), would get
worse along with the aggravation of AD and suggested
the onset of AD before the symptoms [13—16]. And it has
also been confirmed that the volume of strategic regions
of AD were related to the genetic predisposition to AD
such as APOE4 [17]. It seems that the risk genes of AD
may be involved in the pathogenesis of AD by influenc-
ing the atrophy of such strategic regions. However, there
is little evidence supporting this view so far.

In our study, we explored the role of UNC5C in the
aggravation of AD by the neuroimaging biomarker data
from the Alzheimer’s Disease Neuroimaging Initiative
(ADNI) dataset. The present variants rs145155041 and
rs137875858 have been reported to be related to AD. It
also means that the sequences around above variants may
have the special effect on AD. Thus, we included the vari-
ants around rs145155041 and rs137875858 in our study. We
hypothesized that the genetic polymorphisms of UNCS5C
could influence strategic regions including the hippocampus,
parahippocampal gyrus, posterior cingulate gyrus, middle
temporal, precuneus, and entorhinal cortex which have been
proved to be related to AD [13—16]. The baseline and

@ Springer

longitudinal data from ADNI were respectively used to in-
vestigate the role of UNCSC in the brain structure and its
deteriorating pace of strategic regions.

Materials and Methods
ADNI Dataset

ADNI is a large, multisite, longitudinal neuroimaging study,
launched in 2003 by the National Institute on Aging, National
Institute of Biomedical Imaging and Bioengineering, Food
and Drug Administration, private pharmaceutical companies,
and non-profit organizations (http://adni.loni.usc.edu/) [18,
19]. 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, rang-
ing from 55 to 90-year-olds, to participate in the research,
including normal cognition (NC) older individuals, mild cog-
nitive impairment (MCI), and early dementia patients due to
AD [19]. The follow-up duration of each group is specified in
the protocols for ADNI-1, ADNI-GO, and ADNI-2. Subjects
originally recruited for ADNI-1 and ADNI-GO had been
followed in ADNI-2 optionally. The ADNI study was ap-
proved by the institutional review boards of all participating
centers and written informed consent was obtained from all
participants or authorized representatives.

Included Subjects

The enrolled participants genotyped in protocols of ADNI-1
and ADNI-2/GO followed the criteria of the ADNI (http://
www.adni-info.org/scientists/adnistudyprocedures.aspx).
Here, we restricted the study to NC, MCI, and AD subjects
whose genotype data of UNCS5C SNPs (812 individuals) were
available. As listed in Table 1, we got a dataset including 281
inNC, 483 in MCI, and 48 in AD at baseline. The cognition of
all subjects was measured by a battery of baseline clinical tests
including Clinical Dementia Rating scale sum of boxes
(CDRSB), the Alzheimer’s Disecase Assessment Scale
(ADASI11), the Mini-Mental State Examination (MMSE),
the Rey’ Auditory Verbal Learning Test (RAVLT), and Func-
tional Activities Questionnaire (FAQ). The volume/thickness
of the hippocampus, middle temporal, and entorhinal cortex
were also compared between groups. Both the baseline and
longitudinal data of structural MRI were collected as the phe-
notypes of this study.

Genotype Data
The genotype data of individuals came from ADNI dataset.

The SNP information of UNCS5C was based on the data from
1000 Genomes (http://browser.1000genomes.org/index.html).
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Table 1 The characteristics of

the ADNI subjects at baseline Characteristics NC 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 ¢4 (0/1/2) 281 204/70/7 483 262/180/41 48  14/25/9 <0.01
CDRSB (scores) 207  6.54+0.55 406  6.32+0.64 47  53+0.72 <0.01
ADAS (scores) 281  29.07+1.15 483  27.89+1.69 48  22.96+2.03 <0.01
MMSE (scores) 281  29.8+8.44 480  15.3£6.65 48  9.06+4.23 <0.01
RAVLT total (scores) 280  44.83+9.6 483  36.16=10.86 47  22.32+7.84 <0.01
FAQ (scores) 281  0.17+0.66 481  2.85+£3.99 48  12.6+7.14 <0.01
Hippocampus (mm?) 257 73444895 422 69961126 39 5757+948 <0.01
Middle Temporal (mm®) 257 20,298+2600 422  20,186+2735 39  17,776+3230  <0.01
Entorhinal (mm®) 257  3803+650 422 3610+723 39 2919+£705 <0.01

Data are given as mean-+standard deviation unless otherwise indicated

Abbreviations: NC normal cognition, MCI mild cognition impairment, AD Alzheimer’s disease, CDRSB Clinical
Dementia Rating scale sum of boxes, ADAS Alzheimer’s disease Assessment Scale, MMSE Mini-Mental State
Exam, RAVLT Rey Auditory Verbal Learning Test, FAQ Functional Activities Questionnaire

*Pvalues for continuous variables are from one-way analysis of variance (ANOVA). P values for categorical data

are from chi-square test

We extracted SNP data of UNCSC from the ADNI by PLINK
software [20]. The extracted SNPs were filtered in the primary
screen by the criteria as follows: minimum call rates >90 %,
minimum minor allele frequencies (MAF)>0.01, Hardy-
Weinberg equilibrium test P>0.05. We performed the whole
screen procedures using Haploview software to conduct link-
age disequilibrium and haplotype block analyses, using the
ADNI genotype data for chromosomal region 4. The block
is defined by the method from Gabriel et al. [21]. There were
450 SNPs of UNCSC that we extracted at first. After the
primary screen, we got a total of 312 SNPs. (Fig. 1)

Included SNPs

We selected the SNPs located in a 10-kb range around either
oftwo variants rs145155041 and rs137875858. We chose
a pairwise tagging method by an * of 0.8 and a LOD of 3.0 for
multimarker tests to exclude the unnecessary SNPs and im-
prove the efficiency of the analyses (Supplementary Fig 1 and
2). The included steps were also depicted in the Fig. 1. In the
end, only a total of 18 tagged SNPs were included in the study
(Supplementary Table 1).

Brain Structures of Strategic Regions on MRI

The normalized MRI volumes of brain structures used in our
study came from UCSF data in ADNI dataset (https://ida.loni.
usc.edu/pages/access/studyData.jsp). The cerebral image
segmentation and analysis were performed with the
FreeSurfer version 5.1 (http://surfer.nmr.mgh.harvard.edu/)
based on the 2010 Desikan-Killany atlas [22]. This process

mainly included motion correction and averaging of multiple
volumetric T1 weighted images (when more than one is avail-
able), removal of non-brain tissue using a hybrid watershed/
surface deformation procedure, automated Talairach transfor-
mation, segmentation of the subcortical white matter and deep
gray matter volumetric structures (including the hippocampus,
temporal, caudate, putamen, ventricles) [23], intensity normal-
ization, tessellation of the gray matter white matter boundary,
automated topology correction, and surface deformation fol-
lowing intensity gradients to optimally place the gray/white
and gray/cerebrospinal fluid borders at the location where the
greatest shift in intensity defines the transition to the other
tissue class. The technical details of these procedures are de-
scribed in prior publications [24]. We focused on the strategic
regions of AD including the hippocampus, parahippocampal
gyrus, posterior cingulate gyrus, middle temporal, precuneus,
and entorhinal cortex. And only the subjects with the data of
the imaging volume and the genetics were included.

Statistical Analysis

All statistical analyses were performed by R 3.12 (http:/www.
r-project.org/) and PLINK 1.07 (http://pngu.mgh.harvard.edu/
wpurcell/plink/). We used one-way analysis of variance
(ANOVA) to examine the differences of continuous variables,
such as education years, cognitive scores, volume and so on,
between 3 subgroups, and categorical data such as APOE ¢4
status were tested using the chi-square test. A multiple linear
regression model which excluded the influence of covariates
including age, gender, education years, intracranial volume,
and APOE ¢4 status was used to estimate coefficients for
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Fig. 1 The screening procedures
of included SNPs. Abbreviations:
MAF minimum minor allele
frequency, LOD log odds score

LODADNI Dataset
(ADNI-1 and ADNI-
2/GO)
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testing possible correlation between UNCSC genotypes and
the baseline volume/thickness of strategic structures of AD on
MRI [25]. Furthermore, we evaluated the effects of UNC5C
loci on the change of strategic regions in the 2-year follow-up
study by comparing the ratios of volume/thickness of these
strategic regions in a multiple linear regression model. Given
that Bonferroni correction was inappropriate due to the
non-independence of these tests [26], the false discovery
rate (FDR) was used to correct the multiple comparison,
which was developed by Hochberg and Benjamini [27].
Statistical significance was considered for FDR-corrected
P.<0.05. To investigate the influence of AD procession,
the significant results were verified in the subgroups of
NC, MCI, and AD. The significance was considered for
P<0.05.

Results
Characteristics of Subjects
Basic demographic data, baseline neuropsychological test re-

sults, and the data of some strategic regions are presented in
Table 1. The AD group had the highest mean age
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(75.51 years), and there was no significant difference on
education between groups (P=0.08). The APOE¢4 allele
was more prevalent in the AD group (44.8 %) than in NC
(14.9 %) or MCI (27.1 %). The performance of individual
cognition measured by neuropsychological scales inclu-
ding CDRSB, ADAS, MMSE, RAVLT, and FAQ showed
an obvious downtrend of NC>MCI>AD (p<0.01). The
comparisons on volumes of the hippocampus, middle
temporal, and entorhinal cortex between groups also
showed the significant differences (p<0.01), which sup-
ported that there was a relation between the strategic
regions and AD.

Structures and Genotypes

All the 18 variants were tested in the analysis, and 6
variants suggested significant associations with the stra-
tegic regions after corrected by FDR (Pc<0.05,
Tables 2, 3, and 4). These positive results mainly fo-
cused on volume alterations of 3 strategic regions in-
cluding the middle temporal, the precuneus, and the hip-
pocampus. All results were recorded in the Supplemen-
tary Table 2. The details of the whole results were
depicted as follows:
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Table 2 The correlation between rs34585936 genotypes and the right
middle temporal

TT TC CcC Linear regression

Beta  Pvalue P,

Total
n 0 23 503 1031  0.0001 0.0031
Mean NA 11,620 10,710
SD NA 1356 1557
Subgroup
AD n 0 1 44 -116.8 0.9430 NA
(MAF=0.011) Mean NA 8917 9594
SD NA O 1850
MCI n 0 12 314 1355 0.0003 NA
(MAF=0.018) Mean NA 11,770 10,800
SD NA 1382 1555
NC n 0 10 145 637.5 0.0631 NA

(MAF=0.032) Mean NA 11,710 10,860
SD  NA 1146 1325

Abbreviations: NA Not Applicable, P. FDR-corrected P value, SD stan-
dard deviation

Structure Volumes Associated with Genotypes at Baseline

The baseline data has shown that the volumes of strategic
regions such as the precuneus, the posterior cingulate gy-
rus, and the middle temporal were associated with
UNCSC. The most notable one is the volume of the right
middle temporal, which has shown to be positively corre-
lated with the SNP rs34585936 (P=0.0001) (Fig. 2). After
corrected by FDR, the association still showed a good

Table 3 The correlation between UNCS5C loci and the left
hippocampus
1572672784 rs13120458 rs34875919
Total n 238 237 238
Beta 0.06788 —0.0263 0.0430
P value 0.0005 0.0056 0.0072
P, 0.0090 0.04345 0.0434
Subgroup
AD n (MAF) 10 (0.000) 10 (0.150) 10 (0.000)
Beta NA —-0.0010 NA
P value NA 0.9908 NA
MCI n (MAF) 168 (0.036) 167 (0.198) 168 (0.060)
Beta 0.0871 —0.0284 0.0502
P value 0.0005 0.0162 0.0117
NC n (MAF) 60 (0.042) 60 (0.117) 60 (0.050)
Beta 0.0202 —0.0072 0.0116
P value 0.3989 0.6151 0.6006

Abbreviations: NA Not Applicable, P, FDR-corrected P value, SD stan-
dard deviation

Table4 The correlation between UNCSC loci and the right precuneus

1s72672784 rs2001246 rs74690179
Total n 238 237 234
Beta 0.0504 0.0351 0.0716
P value 0.0011 0.0006 0.0003
P. 0.0068 0.0055 0.0055
Subgroup
AD n (MAF) 10 (0.000) 10 (0.000) 10 (0.000)
Beta NA NA NA
P value NA NA NA
MCI n (MAF) 168 (0.036) 167 (0.078) 165 (0.018)
Beta 0.0595 0.0420 0.0991
P value 0.0027 0.0024 0.0002
NC n (MAF) 60 (0.042) 60 (0.117) 60 (0.034)
Beta 0.0271 0.0153 0.0237
P value 0.2081 0.2402 0.3247

Abbreviations: NA Not Applicable, P. FDR-corrected P value, SD stan-
dard deviation

robustness (P.=0.0031). The analyses focusing on other
strategic regions like the parahippocampal gyrus, posteri-
or cingulate gyrus, and entorhinal cortex suggested no
significant results. Subgroup analysis suggested that
rs34585936 altered the right middle temporal volume
(P=0.0003) in MCI group. However, there was no asso-
ciation found in AD or NC group (Table 2).

Structure Alterations Associated with Genotypes
after 2-Year Follow-Up

After the 2-year follow-up, the volume/thickness ratio of stra-
tegic structures compared with the baseline also suggested
significant associations with some loci. After corrected by
FDR, the variants including rs72672784 (P.=0.0090),
rs13120458 (P.=0.0434), and rs34875919 (P.=0.0434) were
associated with the volume alteration of the left hippocampus,

P rs34585936
E

g

£ 15000
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£
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S 10000

]

S

=

D

£

5 znnn

2 5000 ’ :
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Fig.2 The volume alteration of the right middle temporal influenced by
genotypes of 1s34585936 at baseline. The individuals with T allele have
shown a higher volume of the right middle temporal than the ones with
genotype of C/C (Pc=0.0031)
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whereas the variants including rs72672784 (P.=0.0068),
rs2001246 (P.=0.0055), and rs74690179 (P.=0.0055) were
related to that of the right precuneus. The details of these
significant results were listed in the Tables 3 and 4 (Figs. 3
and 4). In addition, the analysis focusing on the middle tem-
poral gyrus suggested no significant result. The SNP
rs34585936, which has shown the significant association with
the volume of the right middle temporal in our baseline anal-
ysis, no longer suggested the significance in the follow-up
analysis (P.=0.9816).

The verification by subgroup suggested that significant
associations of all variants existed in the MCI group, where-
as no significance of those was found in the NC group. For
the AD group, the MAF of each variant was too low to
support the convincing results except rs13120458. However,
given the small size of the AD group, we considered the
results of the AD group as unconvincing. The SNPs
rs72672784 (P=0.0005), rs13120458 (P=0.0162) and
rs34875919 (P=0.0117) were all associated with the volume
change of the left hippocampus in the MCI group when
failing to show the significance in NC group. And the SNPs
1572672784 (P=0.0027), rs2001246 (P=0.0024), and
rs74690179 (P=0.0002) also showed the association with
the volume change of right precuneus in the MCI group
rather than in the NC group.

Discussions

Our results suggest a linear correlation between the strategic
regions of the brain and the genetics of UNCS5C which treated
age, gender, education years, APOE ¢4 status, and intracranial
volume as covariates. If we ignore the results corrected by
FDR, it seems that all the above strategic regions were related
to the polymorphisms of UNC5C. What is more, our study has
also shown that different areas located in the gene of UNC5C
may play different roles in the brain atrophy. Our results fo-
cusing on the baseline data suggest a significant relation be-
tween the volume of middle temporal and the variants around

rs137875858, while the longitudinal data shows that the SNPs
around rs145155041 could alter the atrophy rate of the hippo-
campus and precuneus.

As the phenotypes of our study, the middle temporal, the
hippocampus, and the precuneus were found to be the main
strategic regions related to UNCSC. All of the 3 strategic
regions were confirmed to be related to AD according to the
past studies. The middle temporal has been confirmed to show
a volume decline in AD and could be the predictor of conver-
sion to AD somehow [28, 29]. The hippocampus, which is
part of the middle temporal, has been widely known as the
significant region in AD [13, 14, 30]. Finally, the obvious
imaging change of the precuneus was also observed in AD
and may be correlated to the memory impairment [15, 31].
Because of the influence of other factors to the cerebral
atrophy [32, 33], we treated the age, gender, education
years, APOE ¢4 status, and even the intracranial volume
as the covariant. Thus, we believe that our results have
excluded the disturbance of the majority of confounding
factors.

In our study, the involved variants are related to the differ-
ent protein domain of UNCS5C. The mutation due to
rs137875858 is located between the DCC-interaction domain
(which is termed as UPA domain) and the death domain (DD),
while the mutation originated from rs145155041 is located in
the extracellular thrombospondin domain [9, 34]. The distri-
bution of filtered SNPs is sketched in Fig. 5. It seems that
SNPs we included are closed to the exomes which codes the
above domains and may reflect the expression of these
exomes. The SNP rs137875858 was first reported in the study
of Wetzel-Smith et al. which also reported the association
between UNCS5C and AD for the first time [9]. The study
suggested that two families prone to late-onset AD shared
the same coding mutation of UNCS5C due to
rs137875858——T835M. The other SNP rs145155041
(D353N) was occasionally found to be related to AD in a
similar study focusing on TREM2 [11]. It was first reported
in the study on the risk gene of the colorectal cancer by
Coissieux et al. which suggested that the mutation due to it

g rs72672784 £ rs2001246 £ rs74690179
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Fig.3 The volume ratio alteration of left hippocampus influenced by genotypes of UNCSC loci in 2-year follow-up. The plots show that the carriers of
1572672784 T allele, rs2001246 T allele, or rs74690179 T allele have a slower atrophy rate compared with the non-carriers
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Fig. 4 The volume ratio alteration of the right precuneus influenced by
genotypes of UNCSC loci in 2-year follow-up. As it is depicted, the
carriers of rs72672784 T allele, rs34875919 G allele have shown a slower

could influence the proapoptotic activity significantly [34]. It
seems that the different function of each domain that variants
are related to is responsible for the discrepancy between the
baseline and the longitudinal results.

The pathogenesis of UNC5C in AD is still unknown be-
cause of lack of related studies. Wetzel-Smith et al. [9] offered
one hypothesis by performing a further study in vitro which
suggested that the neurons with T835M UNCS5C were more
vulnerable under the stimuli of A3, _4,. That hypothesis sug-
gested that UNCS5C may be involved in the pathogenesis of
AD by influencing the susceptibility of neurons to Af3. How-
ever, the study was based on the rodent neural cell, and there
was no evidence from human studies. Interestingly, the past
studies have confirmed that the A3 of the cerebrospinal fluid

Fig. 5 The schematic plot of

UNCS5C gene with the exon—

intron distribution. The CpG
distribution of filtered variants is
sketched in the plot. And the
tagged ones are highlighted by the
bold type. The locations of
rs137875858 and rs145155041
are emphasized by the red line. As
it is depicted, the included SNPs
represent the different domains of
the coding sequence—
Thrombospondin-type 1 and
death domain

Extracellular

ZU-5
B Death domain

rs/45 155

Immunoglubulin-like
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atrophy rate compared with the non-carriers, whereas individuals with
more 1513120458 T alleles have a higher atrophy rate

was decreased in the MCI and AD groups, and the “missing
AB” would deposit on the cortex, which worsen as the disease
progresses [35-37]. In our study, the results on baseline man-
ifested that UNCSC, especially the variants around
rs137875858, is associated with the volume of the right mid-
dle temporal and only the further verification in MCI has
shown the significance, while the results of subgroup analyses
on the longitudinal data suggest that the variants around
rs145155041 could alter the atrophy rate of the left hippocam-
pus and right precuneus in MCI. In a sense, our results are
consistent with the speculation of Wetzel-Smith et al. It seems
that the neuron death induced by UNCS5C depends on the A3
concentration in the cerebral circumstance. That may also be
the reason that we failed to find the same association in the NC
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group. What is more, Wetzel-Smith et al. also found that
UNCSC was highly expressed in the temporal lobe and hip-
pocampus of human. Although there is no other evidence to
illustrate the expression of UNCS5C in human, this finding
may explained that why our significant results corrected by
FDR gathered on the middle temporal, hippocampus, and
precuneus. Combined with the past evidences, our study sug-
gested UNC5C may take part in the pathogenesis of AD by
influencing the neuron death on the strategic regions of AD
especially the middle temporal, hippocampus, and precuneus.
However, this extraordinary hypothesis still needs the support
of further studies in vivo.

There are some limitations in our study. The main limita-
tion in our study is the small size of our samples especially the
AD subgroup. The ADNI dataset contains 60 samples of AD,
and the MAFs of most of variants were around 0.01. As a
result, the subgroup analysis in the AD group can hardly con-
clude a convincing result. We believe that UNC5C could in-
fluence the volume of strategic regions and alter their atrophy
rate in AD. However, the verification to this view is lack of
further evidence.

In a conclusion, our study found that UNC5C genotypes
were significantly associated with the volume of the middle
temporal on MRI; meanwhile, UNC5C loci could alter the
atrophy of strategic regions of AD such as the hippocampus
and precuneus. And the above effects of polymorphisms of
UNCSC were more obvious in the population with the im-
paired cognition than those with the normal cognition.
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