
Received: 2017.04.27
Accepted: 2017.05.08

Published: 2017.06.04

 2194   5   5   30

Genome-Wide Profiling of miRNA and mRNA 
Expression in Alzheimer’s Disease

 E 1 Wan-Sheng Chang
 E 1 Yong-Hong Wang
 E 1 Xiao-Tun Zhu
 E 2 Chuan-Jie Wu

 Corresponding Authors: Wan-Sheng Chang, e-mail: changwansheng01@163.com, Chuan-Jie Wu, e-mail: Wuchuanjie8557@163.com
 Source of support: This work was supported by a grant from National Natural Science Foundation of China (No. U1404809)

 Background: Our study aimed to identify key differentially expressed genes (DEGs) and miRNAs (DEmiRNAs) which can serve 
as potential biomarkers for diagnosis and therapy of Alzheimer’s disease (AD).

 Material/Methods: We performed miRNA and mRNA integrated analysis (MMIA) to identify DEGs and DEmiRNAs of AD. The AD-
specific DEmiRNAs-targets interaction network was contrasted. Gene ontology (GO) and Kyoto encyclopedia 
of genes and genomes (KEGG) pathway enrichment analysis were performed. Q-RT-PCR was used to verify the 
expression of selected DEGs and DEmiRNAs.

 Results: We conducted MMIA of AD based on 1 miRNA dataset and 3 mRNA datasets derived from the Gene Expression 
Omnibus (GEO) database; 1759 DEGs and 12 DEmiRNAs were obtained. DEGs of AD were significantly en-
riched in Huntington’s disease and AD. LRP1, CDK5R1, PLCb2, NDUFA4, and DLG4 were 5 DEGs regulated by 
4 DEmiRNAs, including miR-26b-5p, miR-26a-5p, miR-107, and miR-103a-3p. These 4 miRNAs were the top 4 
miRNAs covering most DEGs. According to the qRT-PCR results, the expression of PLCb2, NDUFA4, DLG4, miR-
107, and miR-103a-3p was consistent with our integrated analysis.

 Conclusions: We concluded that LRP1, CDK5R1, PLCb2, NDUFA4, and DLG4 may play a role in AD regulated by miR-26b-5p, 
miR-26a-5p, miR-107, and miR-103a-3p. Our findings will contribute to identification of biomarkers and new 
strategies for drug design for AD treatment.
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Background

As the most common form of dementia, Alzheimer’s disease 
(AD) is predicted to affect 11.8% of all people globally by 
2050 [1]. Alzheimer’s disease is a fatal neurodegenerative dis-
order which can be divided into early onset familial AD (EOAD) 
and late onset Alzheimer’s disease (LOAD) [2]. More than 98% 
of AD cases are LOAD, which are “sporadic” with no appar-
ent familial recurrence of the disease and typically appears in 
older individuals (age 65 years and over [3]. It is characterized 
by progressive neuronal degeneration, pathology of amyloid-b 
(Ab) deposition (senile plaques, SP), and loss of synapses and 
formation of neurofibrillary tangles (NFTs) that consist main-
ly of filaments of hyper-phosphorylated tau [4].

The Ab precursor protein (APP), apolipoprotein E (APOE), and 
cleavage of APP by b-secretase or b-site APP cleaving enzyme 
1 (BACE1) are indicated to be associated with AD [5,6], and 
APOE4 (E4 allele of apolipoprotein E) is the only verified ge-
netic risk factor for late- onset AD [4,7].

miRNAs are a class of small non-coding RNAs of 20–22 nucleo-
tides in length, which regulates more than 60% of protein-cod-
ing genes [8] and miRNAs are associated with many neurode-
generative diseases, such as AD [9]. Consequently, the research 
on miRNAs function and the exploration of miRNA replacement 
therapy is rapidly growing. Researchers have used microarray 
or high-throughput sequencing technology to detect mRNA and 
miRNA expression in AD. At present, autopsy is still necessary 
to diagnose AD accurately [10]. In addition, there is no curative 
therapy for AD and the current drugs only have limited effica-
cies [4]. Therefore, identifying non-invasive, accurate, early, and 
reliable biomarkers is essential for diagnosis and treatment for 
AD. In this study, through integrated analysis, we aimed to ob-
tain more accurate results than possible with individual study. 
Functional annotation of DEGs and AD-specific miRNA-target 
gene network was performed, seeking to identify key DEGs and 
DEmiRNAs in AD to discover new diagnostic biomarkers for AD.

Material and Methods

Microarray expression profiling in GEO

The Gene Expression Omnibus (GEO) is the largest database of 
high-throughput gene expression data, developed and main-
tained by the National Center for Biotechnology Information. 
The microarray datasets of AD were obtained from the GEO 
database (http://www.ncbi.nlm.nih.gov/geo). Microarray da-
tasets in blood of AD patients and normal control (NC) group 
were selected and data with drug stimulation or transfection 
were excluded. The miRNA datasets were derived from the mi-
croarray experiments by Petra-Leidinger et al.

Data analysis

The raw data was preprocessed with background correction. 
We performed the normalization using the Linear Models for 
Microarray Data (Limma) package in R. Two-tailed Student’s t-
test was used to calculate individual P-values, and the Stouffer 
test was used to merge individual P-values. Multiple compari-
son correction was performed by Benjamini & Hochberg meth-
od to obtain FDR. We finally identified the DEGs with select-
ed criterion of FDR <0.001.

miRNA-target prediction

We used 6 bioinformatic algorithms (RNA22, miRanda, miRDB, 
miRWalk, PICTAR2, and TargetScan) to predict the putative tar-
get genes of differentially expressed miRNAs (DEmiRNAs). The 
threshold for the targets of DEmiRNAs was those genes pre-
dicted by ³4 algorithms. Moreover, verified target genes of 
DEmiRNAs were obtained by the online tools of miRWalk (http://
www.umm.uni-heidelberg.de/apps/zmf/mirwalk/). MiRNAs 
down-regulated the expression of its target genes in post-
transcription, and the target genes whose expressions were 
inversely correlated with corresponding miRNAs were selected 
as miRNA targets with high accuracy based on the obtained 
gene expression data. Using Cytoscape software (http://www.
cytoscape.org/), the miRNA-target gene interaction networks 
were constructed.

Functional annotation

To analyze the function and the potential pathway of miRNA-
target genes, functional annotation including Gene Ontology 
(GO) classification (molecular functions, biological processes 
and cellular component) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment was performed by us-
ing the online software GeneCodis (http://genecodis.cnb.csic.
es/analysis). FDR<0.05 was defined as statistical significance.

QRT-PCR confirmation

The 6 blood samples were collected from 3 normal control 
subjects and 3 patients who were diagnosed as having AD. 
Informed written consent was obtained from all participants, 
and research protocols were approved by the Ethics Committee 
of our hospital.

Total RNA was extracted with Trizol reagent (Invitrogen, China). 
cDNA was generated immediately from 1 μg extracted RNA by 
using SuperScript® III Reverse Transcriptase (Invitrogen, China). 
With Power SYBR® Green PCR Master Mix (Applied Biosystems, 
USA), quantitative PCR was performed by using an ABI 7500 
real-time PCR system. The miScript II RT Kit was used to obtain 
the reverse transcriptions of miRNAs, and the miScript SYBR 
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Green PCR Kit (Qiagen, Germany) was used to perform quanti-
tative PCR. Relative gene expression was analyzed using 2–DDCt 
method. The human 18srRNA and U6 were used as endoge-
nous controls for mRNA and miRNA expression in analysis.

Results

Differential expression analysis of genes in AD

Three gene expression datasets (GSE63060, GSE63061, 
GSE18309) and 1 miRNA expression dataset (GSE46579) was 
enrolled in this study (Table 1). Twelve DEmiRNAs between the 
AD and NC groups used in our study were created by Petra-
Leidinger et al. [11] (Table 2). The panel included 5 down-regu-
lated and 7 up-regulated miRNAs. By integrated analysis (FDR 
<0.001), 1759 genes displayed altered expression between AD 
and NC group, with 847 up-regulated genes and 912 down-reg-
ulated genes. The top 100 significantly up-regulated or down-
regulated genes in AD compared to normal controls are dis-
played in a heat-map (Figure 1).

AD-specific DEmiRNA-target interaction network

In total, 784 miRNA-mRNA interaction pairs were obtained, in 
which 578 miRNA-mRNA pairs included 159 up-regulated miR-
NA-mRNA pairs and 419 down-regulated miRNA-mRNA pairs 
were predicted by more than 4 algorithms. Additionally, 37 up-
regulated miRNA-mRNA pairs and 169 down-regulated miRNA-
mRNA pairs were verified by experiments. The miRNA-mRNA 

regulatory network was constructed based on these miRNA-
mRNA interaction pairs, which consisted of 10 miRNAs (miR-
26b-5p, miR-103a-3p, miR-107, miR-26a-5p, let-7f-5p, miR-
532-5p, miR-151a-3p, miR-5010-3p, miR-1285-5p, let-7d-3p) 
and 695 targets differently expressed (Figure 2). MiR-26b-5p 
(degree=107), miR-103a-3p (degree=88), miR-107 (degree=88) 
and miR-26a-5p (degree=80) were the top 4 DEmiRNAs cov-
ering most DEGs.

Functional annotation

After GO enrichment analysis (FDR <0.05, Table 3), the miRNA 
targets were significantly enriched in regulation of transcrip-
tion (FDR=7.38E-05), interspecies interaction between organ-
isms (FDR=0.000270215), protein binding (FDR=2.14E-26), and 
metal ion binding (FDR=2.50E-09). According to the KEGG path-
way enrichment analysis (FDR <0.05), several pathways were 
significantly enriched, including the insulin signaling pathway 
(FDR=0.0262808), lysosome (FDR=0.0441909), Huntington’s 
disease (FDR=0.0247485, Figure 3), and basal transcription 
factors (FDR=0.0216603, Table 4). In addition, we found 36 
DEGs that were associated with Alzheimer’s disease-relat-
ed metabolic pathways (Table 5), among of which 4 genes 
including low-density lipoprotein receptor-related protein 1 
(LRP1) , phospholipase C beta 2 (PLCb2), NDUFA4, and Cyclin-
dependent kinase activator (CDK5R1) were also the targets of 
DEmiRNAs (Figure 4).

Data type GEO ID Platform Samples (N: P)

mRNA GSE63060 GPL6947 Illumina HumanHT-12 V3.0 expression beadchip 104: 145

mRNA GSE63061 GPL10558 Illumina HumanHT-12 V4.0 expression beadchip 134: 139

mRNA GSE18309  GPL570 Affymetrix Human Genome U133 Plus 2.0 Array 3: 3

miRNA GSE46579 GPL11154 Illumina HiSeq 2000 (Homo sapiens) 22: 48

Table 1. mRNA and miRNA expression datasets used in this study.

miRNAs Regulation FDR miRNAs Regulation FDR

hsa-miR-151a-3p Up 7.29E-07 hsa-let-7d-3p Up 0.000872

brain-mir-112 Up 7.29E-07 hsa-let-7f-5p Down 1.01E-05

hsa-miR-1285-5p Up 4.54E-06 hsa-miR-107 Down 0.000367

hsa-miR-5010-3p Up 8.15E-05 hsa-miR-103a-3p Down 0.000437

brain-mir-161 Up 0.003185 hsa-miR-532-5p Down 0.015277

hsa-miR-26a-5p Up 0.003185 hsa-miR-26b-5p Down 0.044145

Table 2. Significantly enriched up- and down-regulated miRNA in AD [11].
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Figure 1.  Heat-map image displaying the top 100 genes that were significantly up-regulated or down-regulated (P-value <0.05) in AD 
compared to normal controls.
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Figure 2.  AD-specific DEmiRNA-mRNA interaction network. The green rectangle represents down-regulation of miRNAs, and the red 
ellipse represents the up-regulation of target genes. The arrow lines indicate miRNAs-targets pairs with negative correlations.

GO ID GO Term Count P-value FDR

Biological process

GO: 0006355 regulation of transcription, DNA-dependent (BP) 42 6.75E-08 7.38E-05

GO: 0044419 interspecies interaction between organisms (BP) 16 4.94E-07 0.000270215

GO: 0042981 regulation of apoptotic process (BP) 12 2.07E-06 0.000754514

GO: 0016192 vesicle-mediated transport (BP) 11 6.76E-06 0.0018482

GO: 0006366 transcription from RNA polymerase II promoter (BP) 13 1.66E-05 0.00302682

GO: 0001889 liver development (BP) 7 1.45E-05 0.00316647

GO: 0046580 negative regulation of Ras protein signal transduction (BP) 4 3.28E-05 0.00512894

GO: 0008219 cell death (BP) 9 4.40E-05 0.00600976

GO: 0016573 histone acetylation (BP) 4 5.12E-05 0.00621195

GO: 0035556 intracellular signal transduction (BP) 12 0.000100293 0.00913503

GO: 0016070 RNA metabolic process (BP) 11 9.84E-05 0.00978072

GO: 0042493 response to drug (BP) 12 9.42E-05 0.0102999

GO: 0006470 protein dephosphorylation (BP) 7 0.000126898 0.0106692

GO: 0000209 protein polyubiquitination (BP) 7 0.000142801 0.0111487

GO: 0015939 pantothenate metabolic process (BP) 3 0.000179128 0.0130525

Table 3. Top 15 most significantly enriched GO terms in AD.
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Table 3 continued. Top 15 most significantly enriched GO terms in AD.

GO ID GO Term Count P-value FDR

Molecular function

GO: 0005515 protein binding (MF) 130 4.93E-29 2.14E-26

GO: 0046872 metal ion binding (MF) 71 1.15E-11 2.50E-09

GO: 0000166 nucleotide binding (MF) 53 4.56E-09 6.59E-07

GO: 0003700
sequence-specific DNA binding transcription factor activity 
(MF)

28 3.96E-07 4.30E-05

GO: 0008270 zinc ion binding (MF) 45 6.18E-07 5.37E-05

GO: 0003677 DNA binding (MF) 42 1.05E-06 7.63E-05

GO: 0016740 transferase activity (MF) 20 1.04E-05 0.000646436

GO: 0005524 ATP binding (MF) 34 2.21E-05 0.00119919

GO: 0005509 calcium ion binding (MF) 20 2.91E-05 0.00140122

GO: 0001948 glycoprotein binding (MF) 5 6.10E-05 0.00264899

GO: 0008134 transcription factor binding (MF) 11 0.000128895 0.00372935

GO: 0004402 histone acetyltransferase activity (MF) 5 9.73E-05 0.00383997

GO: 0003723 RNA binding (MF) 18 0.000126578 0.00392391

GO: 0016787 hydrolase activity (MF) 24 0.000114083 0.00412599

GO: 0003713 transcription coactivator activity (MF) 10 0.00012437 0.00415205

Cellular component

GO: 0005737 cytoplasm (CC) 130 5.21E-22 1.37E-19

GO: 0005634 nucleus (CC) 130 5.23E-21 6.88E-19

GO: 0005739 mitochondrion (CC) 42 1.14E-09 7.49E-08

GO: 0005622 intracellular (CC) 52 9.02E-10 7.91E-08

GO: 0005829 cytosol (CC) 54 2.55E-09 1.34E-07

GO: 0016020 membrane (CC) 81 9.40E-09 4.12E-07

GO: 0005654 nucleoplasm (CC) 28 3.39E-07 1.11E-05

GO: 0005730 nucleolus (CC) 38 3.27E-07 1.23E-05

GO: 0000139 Golgi membrane (CC) 15 4.59E-05 0.00134136

GO: 0005624 membrane fraction (CC) 16 0.00015706 0.00413068

GO: 0005783 endoplasmic reticulum (CC) 24 0.000176871 0.00422883

GO: 0005794 Golgi apparatus (CC) 23 0.000239488 0.00524877

GO: 0008537 proteasome activator complex (CC) 2 0.000329029 0.00618105

GO: 0031235 intrinsic to internal side of plasma membrane (CC) 3 0.000305668 0.00618389

GO: 0030529 ribonucleoprotein complex (CC) 7 0.000516178 0.00905032
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Figure 3.  Pathway of Huntington’s disease enriched in target DEGs of DEmiRNAs of AD. The red rectangles represent the elements 
regulated by the target DEGs of DEmiRNAs that are enriched in Huntington’s disease.

KEGG ID KEGG term Count FDR Genes

hsa04910 Insulinsignaling pathway 7 0.0262808 FOXO1, PTPN1, PHKA2, FLOT2, SOCS1, FASN, CBL

hsa04142 Lysosome 6 0.0441909 GGA3, TPP1, ATP6AP1, GNS, IGF2R, LAPTM5

hsa05016 Huntington’s disease 7 0.0247485 DLG4, PLCb2, EP300, NDUFA4, SOD2, CREBBP, SP1

hsa03022
Basal transcription 
factors

4 0.0216603 GTF2H5, GTF2A2, TAF12, TAF5

hsa04010 MAPK signaling pathway 10 0.0366068
PPM1B, RASGRP3, CACNA1E, DUSP1, RELB, RASA2, SRF, 
MAPK8IP3, NF1, HSPA8

hsa03040 Spliceosome 7 0.0382035 SRSF6, RBM17, DHX16, NCBP1, NAA38, SRSF3, HSPA8

Table 4. Most significantly enriched KEGG pathways for differentially expressed target genes.
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QRT-PCR confirmation

To verify the expression of integrated analysis, we selected 4 
DEmiRNAs (miR-26b-5p, miR-26a-5p, miR-107, and miR-103a-
3p) and 5 targets LRP1, CDK5R1, PLCb2, NDUFA4, and discs 
large MAGUK scaffold protein 4 (DLG4). Based on the qRT-PCR 
results, the expression of LRP1, CDK5R1, and NDUFA4 were 

down-regulated, while the other 5 were up-regulated in AD 
compared to NC. The expression of miR-26b-5p, miR-26a-5p, 
LRP1, and CDK5R1 was inconsistent with results of our inte-
grated analysis (Figure 5).

KEGG ID KEGG term Count FDR Genes

hsa05010 Alzheimer’s disease 36 1.38E-12

COX4I1, NDUFA8, ATP5J, NDUFAB1, ITPR3, COX7C, NDUFV2, 
ATP5F1, ATP5D, NDUFS4, COX6A1, FAS, LRP1, COX5B, PLCB2, 
ATP5H, NDUFB3, NAE1, NDUFA4, NCSTN, NDUFB6, UQCRC2, 
ATP5C1, NDUFA9, COX7A2, COX7B, UQCRB, NDUFA1, CDK5R1, 
NDUFB2, COX6C, ATP5O, NDUFB5, NDUFS3, UQCRH, UQCRQ

Table 5. Differently expressed genes enriched in pathway of Alzheimer’s disease.

Figure 4.  Pathway of AD enriched in target DEGs of DEmiRNAs of AD. The red rectangles represent the elements regulated by target 
DEGs of DEmiRNAs enriched in AD.
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Discussion

As the principal cognitive problem in humans, the incidence 
rate of AD increased significantly with the aging population. 
Since there is no cure for it, finding novel strategies of treat-
ment for AD has long been a central goal. In this study, we per-
formed miRNA and mRNA integrated analysis (MMIA), and ob-
tained 1759 DEGs and 12 DEmiRNAs in blood of AD patients 
compared to NC. According to the functional annotation and 
AD-specific DEmiRNA-target interaction network, 5 DEGs (LRP1, 
PLCb2, NDUFA4, CDK5R1, and DLG4) upon the regulation of 4 
DEmiRNAs (miR-26b-5p, miR-26a-5p, miR-107, and miR-103a-
3p) were associated with AD.

Neuritic plaques (NP) and neurofibrillary tangles (NFT) in the 
brain are 2 major hallmarks of AD [12]. LRP1 is an APOE re-
ceptor in the brain. APOE can regulate the free cholesterol lev-
els of neurons via LRP1, thereby mediating the APOE4 effect 
of NFT formation. Additionally, altered cholesterol metabo-
lism significantly contributes to neuronal damage and to pro-
gression of AD. Hence, LRP1 may play a key role in the patho-
genesis of AD by regulating cholesterol metabolism and NFT 
formation. Up-regulated LRP1 has been found in neurons in 
the hippocampus of AD patients [13,14]. According to our in-
tegrated analysis, LRP1 was up-regulated in the blood of AD 
patients. However, LRP1 was down-regulated in blood of pa-
tients with AD in our q-RT-PCR expression confirmation. The 
precise role of LRP1 in AD needs further research.

CDK5R1 encodes p35s, which is necessary for activation of 
CDK5. P35s can be cleaved into its more stable and truncated 
form, termed p25, and increased production of p25 enhanc-
es the activity of CDK5 [15]. With abnormal hyperphosphor-
ylation of tau by activated CDK5, the numbers of NFTs which 
mainly composed of hyperphosphorylated microtubule as-
sociated protein tau was increased. Thus, the up-regulated 

CDK5R1 may increase the risk of AD by elevating the activa-
tion of CDK5, hyperphosphorylation of tau, and the forma-
tion of NFTs [16]. In our study, CDK5R1 was up-regulated in 
AD, which was shown to have the same pattern in a previous 
study [17]. In addition, increased p25 is associated with up-
regulation of Ab and accumulation of intra-neuronal Ab, which 
are other major traits of AD [18].

NDUFA4 encodes a protein in the respiratory chain of mito-
chondria [19,20]. It has both NADH dehydrogenase activity 
and oxidoreductase activity [21]. Deficiency of complex I was 
found in various tissues of patients with neurodegenerative 
diseases like AD and Parkinson’s disease [22]. In our study, 
NDUFA4 was down-regulated in AD, and it may be associated 
with the pathogenesis of AD via regulation in the respiratory 
chain of mitochondria.

DLG4 (also known as PSD95) is associated with anchoring 
glutamate receptors into the postsynaptic membrane [23]. 
Abnormally expressed DLG4 presumably leads to disturbance 
of glutamatergic neurotransmission. In addition, DLG4 is in-
volved in regulating amyloid-b deposition [23]. Up-regulated 
DLG4 was detected in AD in our study, indicating its impor-
tant role in AD, and up-regulated DLG4 might serve as a bio-
marker for AD.

Both extracellular and intracellular elevation of Ca2+ are as-
sociated with the neurodegeneration in AD [24]. PLC (phos-
phoinositide-specific phospholipase C) is a major pathway ac-
tivated by elevated intracellular calcium. As a member of the 
PLC family, PLCb2 is activated by G proteins, and generates 
calcium signals in cells [25]. In our study, PLCb2 was up-regu-
lated in AD, which may have an important role in the progres-
sion of AD. Based on this, we may be able to develop a new 
therapeutic strategy.

According to the KEGG enrichment analysis, NDUFA4, PLCb2, 
and DLG4 were enriched in another neurodegenerative disorder, 
Huntington’s disease, emphasizing the importance of these 3 
genes in AD as well. Moreover, PLCb2, CDK5R1, NDUFA4, and 
LRP1 were found to be enriched in the pathway of AD, which 
supports our findings.

Rod-like structures were found in AD patients, which con-
sisted of actin and the actin-binding protein cofilin [26]. Both 
miR103 and miR-107 have inhibitory effect on the translation 
of cofilin, so reduced miR103 and miR-107 may induce AD by 
exerting promotive effects on the level of protein cofilin and 
formation of rod-like structures. In addition, a correlation be-
tween NP counts, NFT counts, and decreased miR-107 expres-
sion was discovered [27]. Down-regulated MiR-107 was de-
tected in the temporal cortical gray matter of humans in the 
early progression of AD and down-regulated miR-103a-3p has 
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been detected in AD [27], which is consistent with our results 
in blood of AD patients. An AD-related gene, BACE1, is one of 
targets of both miR-107 and miR-103a-3p [28]. Up-regulated 
BACE1 has been found in AD patients with down-regulation 
of miR-107 [28,29]. MiR-107 and miR-103a-3p were 2 of top 
4 DEmiRNAs covering most DEGs in AD, and BACE1, LRP1, 
CDK5R1, and DLG4 are all common targets of miR-107 and 
miR-103a-3p. Hence, we inferred that miR-107 and miR-103a-
3p may play key roles in the progression of AD by regulating 
the expression of BACE1 and these 3 DEGs.

MiR-26a-5p and miR-26b-5p were the other 2 of top 4 
DEmiRNAs covering most DEGs in AD. Our q-RT-PCR results 
showed that both miR-26a-5p and miR-26b-5p were up-reg-
ulated in AD. Previous studies also detected up-regulation 
of miR-26a-5p in AD by the NGS screening experiment [11]. 
Dysregulation of miR-26a and miR-26b was found in the pe-
ripheral blood mononuclear cells of Parkinson’s disease [30] 
and AD patients [11]. Additionally, NDUFA4 is one of targets of 
miR-26a-5p. Both CDK5R1 and DLG4 are targets of miR-26b-5p. 
Hence, we suspected that both miR-26a and miR-26b were me-
diators of AD. We concluded that miR-26a-5p and miR-26b-5p 

play roles in AD by regulating NDUFA4, CDK5R1, and DLG4. 
However, the expression of these 2 DEmiRNAs in AD in our in-
tegrated analysis was inconsistent with our q-RT-PCR results. 
Studies with larger sample sizes are needed.

Conclusions

Our findings identified 5 DEGs (PLCb2, CDK5R1, NDUFA4, 
DLG4, and LRP1) in blood of patients with AD compared to 
NC. Moreover, miR-107 and miR-103a-3p may play roles in 
the pathological process of AD by targeting LRP1, CDK5R1, 
and DLG4. MiR-26b-5p was also an up-regulator of AD by tar-
geting CDK5R1 and DLG4. MiR-26a-5p was involved in AD by 
regulating NDUFA4. Thus, the DEmiRNAs and the correspond-
ing targets obtained in our study will be potential biomarkers, 
and provide evidence for new strategies for design of drugs 
for AD treatment.

Conflict of interest

The authors declare that they have no conflict of interest.

References:

 1. Brookmeyer R, Johnson E, Ziegler-Graham K, Arrighi HM: Forecasting the 
global burden of Alzheimer’s disease. Alzheimers Dement, 2007; 3: 186–91

 2. Frisoni GB, Pievani M, Testa C et al: The topography of grey matter involve-
ment in early and late onset Alzheimer’s disease. Brain, 2007; 130: 720–30

 3. Olsen I, Singhrao SK: Can oral infection be a risk factor for Alzheimer’s dis-
ease? J Oral Microbiol, 2015; 7: 29143

 4. Satoh J, Kino Y, Niida S: MicroRNA-Seq data analysis pipeline to identify 
blood biomarkers for Alzheimer’s disease from public data. Biomark Insights, 
2015; 10: H1–H6

 5. Maloney B, Lahiri DK: The Alzheimer’s amyloid b-peptide (Ab) binds a spe-
cific DNA Ab-interacting domain (AbID) in the APP, BACE1, and APOE pro-
moters in a sequence-specific manner: Characterizing a new regulatory 
motif. Gene, 2011; 488: 1–12

 6. Bu G: Apolipoprotein E and its receptors in Alzheimer’s disease: Pathways, 
pathogenesis and therapy. Nat Rev Neurosci, 2009; 10: 333–44

 7. Maes OC, Chertkow HM, Wang E, Schipper HM: MicroRNA: Implications for 
Alzheimer disease and other human CNS disorders. Curr Genomics, 2009; 
10: 154–68

 8. Nº United Kingdom House of Lords. Jones (Respondent) v. Ministry of 
Interior Al-Mamlaka Al-Arabiya AS Saudiya (the Kingdom of Saudi Arabia) 
(Appellants). Nucleic Acids Res, 2015; 43: 9978–93

 9. Maffioletti E, Tardito D, Gennarelli M, Bocchiochiavetto L: Micro spies from 
the brain to the periphery: New clues from studies on microRNAs in neu-
ropsychiatric disorders. Front Cell Neurosci, 2014; 8: 75

 10. Mitolo M, Hamilton JM, Landy KM et al: Visual perceptual organization abil-
ity in autopsy-verified dementia with Lewy bodies and Alzheimer’s disease. 
J Int Neuropsychol Soc, 2016; 22(6): 609–19

 11. Leidinger P, Backes C, Deutscher S et al: A blood based 12-miRNA signa-
ture of Alzheimer disease patients. Genome Biol, 2013; 14: 1–16

 12. Parsi S, Smith PY, Goupil C et al: Preclinical evaluation of miR-15/107 fami-
ly members as multifactorial drug targets for Alzheimer’s disease. Mol Ther 
Nucleic Acids, 2015; 4: e256

 13. Gläser C, Schulz S, Handschug K et al: Genetic and functional characteristics 
of the human in vivo LRP1/A2MR receptor suggested as a risk marker for 
Alzheimer’s disease and other complex (degenerative) diseases. Neurosci 
Res, 2004; 50: 85–101

 14. Vázquez-Higuera JL, Mateo I, Sánchez-Juan P et al: Genetic interaction be-
tween tau and the apolipoprotein E receptor LRP1 Increases Alzheimer’s 
disease risk. Dement Geriatr Cogn Disord, 2009; 28: 116–20

 15. Mateo I, Vázquez-Higuera JL, Sánchez-Juan P et al: Epistasis between tau 
phosphorylation regulating genes (CDK5R1 and GSK-3b) and Alzheimer’s 
disease risk. Acta Neurol Scand, 2009; 120: 130–33

 16. Lau LF, Ahlijanian MK: Role of cdk5 in the pathogenesis of Alzheimer’s dis-
ease. Neurosignals, 2003; 12: 209–14

 17. Brunden KR, Trojanowski JQ, Lee VM: Advances in tau-focused drug discov-
ery for Alzheimer’s disease and related tauopathies. Nat Rev Drug Discov, 
2009; 8: 783–93

 18. Cruz JC, Kim D, Moy LY et al: p25/cyclin-dependent kinase 5 induces pro-
duction and intraneuronal accumulation of amyloid beta in vivo. J Neurosci, 
2006; 26: 10536–41

 19. Pitceathly RS, Rahman S, Wedatilake Y et al: NDUFA4 mutations underlie 
dysfunction of a cytochrome c oxidase subunit linked to human neurolog-
ical disease. Cell Rep, 2013; 3: 1795–805

 20. Müller FE, Braun M, Syring I et al. NDUFA4 expression in clear cell renal cell 
carcinoma is predictive for cancer-specific survival. Am J Cancer Res, 2015; 
5: 2816–22

 21. entrezgene. NDUFA4 NADH dehydrogenase (ubiquinone) 1 alpha subcom-
plex, 4, 9kDa [Homo sapiens (human)]. Observational Study of Gene Disease 
Association

 22. Kim SH, Vlkolinsky R, Cairns N et al: The reduction of NADH: Ubiquinone 
oxidoreductase 24- and 75-kDa subunits in brains of patients with Down 
syndrome and Alzheimer’s disease. Life Sci, 2001; 68: 2741–50

 23. Stelt IVD, Ge R, Timmer N et al: Expression of glutamate-related proteins 
vGlut1 and PSD95 changed in a transgenic mouse model of Alzheimer’s 
disease. Alzheimers & Dementia, 2011; 7: S147

 24. Lopez JR, Lyckman A, Oddo S et al: Increased intraneuronal resting [Ca 2+] 
in adult Alzheimer’s disease mice. J Neurochem, 2008; 105: 262–71

 25. Golebiewska U, Guo Y, Khalikaprasad N et al: {g-Synuclein interacts with 
phospholipase Cb2 to modulate G protein activation. PLoS One, 2012; 7: 
e41067

 26. Yao J, Hennessey T, Flynt A et al: MicroRNA-related cofilin abnormality in 
Alzheimer’s disease. PLoS One, 2012; 5: e15546

2730
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Chang W.-S. et al.: 
miRNA and mRNA expression in Alzheimer’s disease

© Med Sci Monit, 2017; 23: 2721-2731
LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



 27. Nelson PT, Wang WX: MiR-107 is reduced in Alzheimer’s disease brain neo-
cortex: Validation study. J Alzheimers Dis, 2009; 21: 75–79

 28. Wang WX, Rajeev BW, Stromberg AJ et al: The expression of microRNA miR-
107 decreases early in Alzheimer’s disease and may accelerate disease pro-
gression through regulation of beta-site amyloid precursor protein-cleav-
ing enzyme 1. J Neurosci, 2008; 28: 1213–23

 29. Johnston JA, Liu WW, Todd SA et al: Expression and activity of beta-site am-
yloid precursor protein cleaving enzyme in Alzheimer’s disease. Biochem 
Soc Trans, 2005; 33: 1096–100

 30. Martins M, Rosa A, Guedes LC et al: Convergence of miRNA expression pro-
filing, {a-synuclein interacton and GWAS in Parkinson’s disease. PLoS One, 
2011; 6: e25443

2731
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Chang W.-S. et al.: 
miRNA and mRNA expression in Alzheimer’s disease
© Med Sci Monit, 2017; 23: 2721-2731

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


