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miR-133b is a potential diagnostic biomarker for
Alzheimer's disease and has a neuroprotective role
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Abstract. MicroRNAs (miRNAs/miRs) are involved in
post-transcriptional gene regulation and aberrant expression of
miRNAs has been widely detected in various human diseases.
The aim of the present study was to examine the serum levels
of miR-133b in patients with Alzheimer's disease (AD), and
to explore its diagnostic value and neuroprotective role in
AD. Reverse transcription-quantitative PCR was applied to
analyze the serum levels of miR-133b in 105 AD patients and
98 healthy controls. A cell model of AD was established by
treating SH-SY5Y cells with amyloid  (Af)25-35, and the
resulting effect on miR-133b expression was determined. Cell
viability and apoptosis were also measured. A dual-luciferase
assay was used to validate a target gene of miR-133b. Receiver
operating characteristic (ROC) curve analysis was also
applied to assess the specificity and sensitivity of miR-133b
to diagnose AD. The results indicated that the serum levels
of miR-133b were significantly downregulated in AD patients
and SH-SYS5Y cells treated with Ap25-35 (all P<0.001). A
positive correlation between the serum levels of miR-133b and
the Mini-Mental State Examination score of AD patients was
determined (r=0.8814,P<0.001). The area under the ROC curve
for miR-133b regarding the diagnosis of AD was 0.907, with a
sensitivity of 90.8% and specificity of 74.3% at the cutoff value
of 1.70. Overexpression of miR-133b significantly attenuated
the AP25-35-induced inhibition of cell viability (P<0.01) and
induction of cell apoptosis (P<0.01). The luciferase reporter
assay demonstrated that epidermal growth factor receptor
(EGFR) is a target gene of miR-133b. In conclusion, miR-133b
may serve as a novel diagnostic biomarker for AD and it may
have a neuroprotective role in AD and targets EGFR.
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Introduction

Alzheimer's disease (AD) is a chronic age-associated neurode-
generative disorder and the leading cause of dementia in elderly
individuals (1,2). AD is characterized by cognitive dysfunction
and memory loss (3). Itis estimated that the global prevalence of
dementia has reached as high as 24 million, which may double
every 20 years, i.e. by 2040 (4). The pathogenic mechanisms
of AD include the increase of inflammation, death of neurons
and atrophy of the brain (5). The clinical pathology of AD is
aberrant amyloid protein deposition of amyloid [ (Ap)42, as
a result of abnormal amyloid precursor protein processing.
To date, the etiological mechanisms underlying the neuro-
pathological changes of AD remain to be fully elucidated and
diagnostic biomarkers for the early detection of AD remain
limited (6). Thus, it is of great significance to identify more
AD-associated genes and further develop screening methods
for these genes to improve the diagnosis and therapy for AD.
MicroRNAs (miRNAs/miRs) are a class of small
non-coding RNAs with a length of 20-24 nucleotides (7).
miRNAs regulate the degradation or translational repression
of their target mRNAs through binding to their 3'-untrans-
lated region (UTR) (8). Dysregulation of miRNA has been
reported to participate in multiple biological and pathological
processes, including AD. For instance, Kumar et al (9) reported
that miR-455-3p was upregulated in AD patients compared
with that in healthy controls, suggesting the potential role of
miR-455-3p in the pathogenesis of AD. Hong et al (10) indi-
cated that miR-125b, miR-9, miR-191-5p and miR-28-3p may
be potential biomarkers for AD, and their expression levels
were validated in SH-SYSY cells and in a mouse model.
miR-133b is regarded as a specific miRNA of the muscle,
and it may be involved in myoblast differentiation and certain
myogenic diseases (11). Of note, miR-133b has been indicated
to have the ability to inhibit the maturation and function of
midbrain dopaminergic neurons in primary rat midbrain
cultures (12). AD and Parkinson's disease (PD) all belong
to neurodegenerative diseases, which are characterized
by neurodegenerative changes and brain dysfunction (13).
Furthermore, multiple studies have proved the abnormal
expression of miR-133b in PD patients, indicating the crucial
role of miR-133b in this neurodegenerative disease (14-16).
However, to date, the expression and role of miR-133b in the
development of AD have remained to be fully determined.
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Epidermal growth factor receptor (EGFR), also named as
ErbB-1 or HERI in humans, belongs to the ErbB family. It is
a significant transmembrane receptor and has been reported to
have tyrosine kinase activity (17). EGFR may be involved in
various cellular processes, including cell survival, differentia-
tion, proliferation, migration and repair of cell damage (18,19).
Furthermore, the key ligands of the EGFR protein, EGFs, has
been indicated to regulate brain development, and control the
survival and function of nerve cells, suggesting a potential
role of EGFR in the development of AD (20). Furthermore, in
esophageal squamous cell carcinoma (ESCC), miR-133b was
proved to inhibit cell cycle progression and bioinformatics
analysis indicated that there was a binding site of miR-133b on
the 3'-UTR of EGFR (21). Thus, it may be hypothesized that
EGFR is a target gene of miR-133b in AD.

In the present study, the expression and diagnostic value of
miR-133b in patients with AD were assessed, and its neuropro-
tective role in this disease was further explored.

Materials and methods

Study population. The protocol of the present study was
reviewed and approved by the Ethics Committee of Dongying
People's Hospital (Dongcheng, China). Written informed
consent was obtained from each participant.

A total of 105 patients with AD were recruited for the
present study, who were diagnosed according to the National
Institute on Aging-Alzheimer's Association criteria (1).
All patients were aged between 60 and 85 years, and were
admitted to Dongying People's Hospital between July 2014
and January 2017 (Dongcheng, China). Patients fulfilling the
following criteria were excluded from the study: i) Patients
receiving heparin therapy at the time of the blood collection, as
heparin may interfere with RNA isolation; ii) patients who had
other diseases/conditions, including acute myocardial infarc-
tion, cancer, PD and multiple sclerosis (since these diseases
may give rise to expression differences of miRNA) (22).
A total of 98 age- and gender-matched healthy individuals
were randomly selected as a control group when receiving a
routine physical examination. Each enrolled healthy control
had normal neurological function. The neurological function
of the controls was determined according to their clinical
features, laboratory examination results and Mini-Mental
State Examination (MMSE) scores. High blood pressure
(HBP), diabetes mellitus (DM), coronary atherosclerotic heart
disease (CAHD) and hyperlipidaemia (HLP) were diagnosed
according to the current diagnostic criteria (23-26). The MMSE
score was determined for each participant to assess cognitive
and functional impairment (27). As presented in Table I, the
AD group had a mean MMSE score of 20.48+5.42, while the
control group had a higher mean MMSE score of 29.00+0.64.

Sample collection. A total of 5 ml peripheral blood was
collected from each patient after fasting for 12 h. The serum
was immediately centrifuged at 3,000 x g for 10 min at room
temperature, followed by centrifugation at 12,000 x g for
5 min at 4°C. The separated plasma was stored at -80°C until
analysis. The serum samples were examined by measurement
of miR-133b expression ~two weeks from the time-point of
sample collection and the data were collected.
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Cell culture and transfection. The human neuroblastoma cell
line SH-SYSY was purchased from the American Type Culture
Collection. It was maintained in high-glucose Dulbecco's modi-
fied Eagle's medium (Invitrogen; Thermo Fisher Scientific,
Inc.) containing 15% fetal bovine serum (Invitrogen; Thermo
Fisher Scientific, Inc.) and penicillin/streptomycin (100 ug/ml;
Keygen Biotechnology). The cells were cultured in a humidi-
fied incubator with 5% CO, at 37°C. The medium was changed
every day during cell growth. When the cells reached 80-90%
confluence, the cell suspension was sub-cultured on a scale of
1:3. For the AP group, cells were seeded into a 96-well plate
at a density of 1x10* cells per well, and after culture for 24 h,
medium supplemented with AB25-35 (40 pM/1; Sigma-Aldrich;
Merck KGaA) was added and the cells were cultured for another
48 h (28). Prior to use, AB25-35 was dissolved in sterile physi-
ological saline and incubated at 37°C for one week to allow for
fibril formation. Medium containing an equal volume of normal
saline was used for the negative control. Each group was inde-
pendently repeated five times.

The miR-133b mimics, miR-133b inhibitor and the corre-
sponding negative controls of mimics and inhibitor (mimics
NC and inhibitor NC) were provided GenePharma. The
sequences were as follows: miR-133b mimics, 5'-UUUGGU
CCCCUUCAACCAGCUA-3"; miR-133b inhibitor, 5'-UAG
CUGGUUGAAGGGGACCAAA-3"; mimics NC, 5'-UGU
AGGGCCACUCAGUCAACUU-3" inhibitor NC, 5'-AAU
AUGGGCGAAAUGGGGCCAUC-3'. For the different trans-
fection groups, SH-SYSY cells were seeded into a 96-well plate
at the density of 1x10* cells per well. After culture for 24 h,
cells were first transfected with 100 nM miR-133b mimics,
miR-133b inhibitor or corresponding mimics NC or inhibitor
NC at room temperature and then treated with AB25-35
for 48 h. The transfection was performed using X-treme
GENEHPDNA transfection reagent (Roche) according to the
manufacturer's protocol. At 48 h post-transfection, the cells
were harvested for the subsequent experiments. The overex-
pression/knockdown efficiency was determined by reverse
transcription-quantitative (RT-q)PCR.

RNA extraction and RT-gPCR. The total RNA was extracted
from the serum of all enrolled participants using the miRVana
miRNA Isolation Kit (Ambion; Thermo Fisher Scientific, Inc.),
while RNA was isolated from SH-SYSY cells of the ApB25-35
group and control groups using TRIzol Reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) based on the manufacturer's
protocol. RT reactions were performed using the miScript
Reverse Transcription Kit (Qiagen) with the following reaction
conditions: Incubation at 42°C for 60 min and at 85°C for 5 min.
Real-time PCR was performed with the SYBR green I Master
Mix kit (Invitrogen; Thermo Fisher Scientific, Inc.) using the
7300 Real-Time PCR System (Applied Biosystems; Thermo
Fisher Scientific, Inc.) with the following reaction conditions:
Denaturation at 95°C for 3 min and 45 PCR cycles (95°C for
15 sec, 60°C for 20 sec, 72°C for 20 sec and 78°C for 20 sec).
The 2244 method was used to determine the relative expres-
sion of miR-133b and data were normalized to U6 (29). The
primer sequences were as follows: miR-133b forward, 5'-GCG
CTTTGGTCCCCTTC-3' and reverse, 5'-CAGTGCAGGGTC
CGAGGT-3"; U6 forward, 5'-CTCGCTTCGGCAGCACA-3'
and reverse, 5'-AACGCTTCACGAATTTGCGT-3'.
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Table I. Demographic and clinical characteristics of the control
and AD group.

Control group AD group
Variable (n=98) (n=105) P-value
Age (years) 75.38+7.11 76.46+5.87 0.242
Gender (F/M) 44/54 45/60 0.770
MMSE scores 29.00+0.64 2048+542  <0.001
Other diagnoses
HBP (yes/no) 42/56 49/56 0.585
DM (yes/no) 48/50 52/53 0.938
CAHD (yes/no) 46/52 49/56 0.969
HLP (yes/no) 38/60 45/60 0.554

HBP, high blood pressure; DM, diabetes mellitus; CAHD, coro-
nary atherosclerotic heart disease; HLP, hyperlipidaemia; MMSE,
mini-mental state examination; F, female; M, male; AD, Alzheimer's
disease.

MTT assay. The cell viability was measured using an MTT
assay. The stably transfected SH-SYSY cells were seeded into
a 96-well plate at a density of 5x10* cells per well and cultured
for 24 h. The cells were then incubated with 20 1 MTT stock
solution (0.5 mg/ml; Sigma-Aldrich; Merck KGaA) and the
supernatant was removed after 4 h of further incubation at
37°C. Subsequently, the precipitated formazan crystals were
dissolved in a solution containing 50% dimethyl sulfoxide
(DMSO) (Sigma-Aldrich; Merck KGaA). After 20 min, the
absorbance was assessed at 490 nm using a microplate reader
(ELx800; Bio-Tek Instruments). The relative cell viability was
determined as the percentage of the control group.

Apoptosis assay. An Annexin V-FITC Apoptosis Detection kit
(Keygen Biotechnology) was used for the assessment of cell
apoptosis. Cells of each group were collected and gently treated
with EDTA-free trypsin. Subsequently, all of the cells were
centrifuged at 270 x g for 5 min and washed twice with PBS.
Subsequently, the cells were re-suspended with the binding
buffer and mixed with 5 yl Annexin V-FITC and PI staining
solution. After incubation at 2-8°C in the dark for 10 min,
the apoptotic rates were measured using a FACSCalibur flow
cytometer (BD Biosciences). CellQuest Pro 3.3 software (BD
Biosciences) was applied for data analysis. The apoptotic rates
were determined as the sum of early and late apoptotic rates,
and experiments for each group were repeated in three inde-
pendent repetitions.

Luciferase reporter assay. The TargetScan analysis (version
7.1; www.targetscan.org) of the 3'-UTR of EGFR revealed a
putative binding site for miR-133b. To identify whether EGFR
is a target gene of miR-133b, the luciferase reporter gene assay
was performed. The 3'-UTR of the EGFR gene was amplified
from human genomic DNA using PCR and a mutation of the
seed region in the 3'-UTR of EGFR mRNA was introduced
using site-directed mutagenesis with the megaprimer PCR
method. The 3'-UTR of EGFR, the mutated PCR fragment
and the PmiR-RB-REPORT™ luciferase vector containing
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the above fragment, were supplied by a service provider
(Guangzhou RiboBio Co. Ltd.). The dual-luciferase reporter
assay was performed as follows: Prior to transfection,
SH-SYSY cells were seeded into a 96-well plate at a density
of 1x10* cells per well and cultured for 24 h. Subsequently,
SH-SYS5Y cells were co-transfected with 50 ng of either
wild-type or mutant-type reporter vector and 200 ng miR-133b
mimics or inhibitors and mimic NCs or inhibitor NCs using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). At 48 h post-transfection, the cells were harvested and
significant relative luciferase activity was measured using
Dual-Luciferase Reporter System (Promega Corp.) according
to the manufacturer's protocol. The luciferase activity was
normalized to that of the Renilla luciferase internal control.

Statistical analysis. SPSS version 18.0 software (SPSS Inc.)
and GraphPad Prism 5.0 software (GraphPad Software, Inc.)
was applied for data analysis. Demographic and clinical
data were analyzed using an independent-samples t-test or
a chi-squared test. Differences between two groups were
analyzed by Student's t-test or a one-way analysis of variance,
followed by a Tukey's multiple-comparisons test. The corre-
lation between the MMSE score and miR-133b levels was
assessed by determining Spearman's correlation coefficient, as
the miR-133b levels in the patient and control groups did not
follow a normal distribution. Receiver operating characteristic
(ROC) curve analysis was applied to determine the specificity
and sensitivity of the miR-133b levels regarding the diagnosis
of AD. Values are expressed as the mean + standard deviation.
Each experiment had at least three repetitions. P<0.05 was
considered to indicate statistical significance.

Results

Demographic and clinicopathological characteristics of
the study population. A total of 105 patients with AD were
enrolled in the present study (median age, 76.46+5.87 years;
45 females, 60 males). A total of 98 healthy controls were also
recruited (median age, 75.38+7.11 years; 44 females and 54
males). The demographic and clinicopathological characteris-
tics of the cohort are provided in Table I. The AD and control
groups were matched regarding age and gender (P>0.05). The
AD patients had significantly lower MMSE score than the
controls (P<0.05), while the other parameters were not signifi-
cantly different between the AD group and the control group,
including HBP, DM, CAHD and HLP (P>0.05).

miR-133b expression levels in AD patients and SH-SY5Y cells
treated with AB25-35. The expression levels of miR-133b were
determined using RT-qPCR. As presented in Fig. 1A, the
serum levels of miR-133b in the AD group were significantly
lower than those in the control group (P<0.001). The miR-133b
expression was also assessed in human SH-SYSY cells. It
was noted that miR-133b was significantly downregulated in
the AP25-35 group compared with that in the control group
(P<0.001; Fig. 1B).

Correlation between the level of miR-133b and MMSE score.
MMSE is a common tool for dementia screening, as it is able
to fully, accurately and rapidly reflect the mental status and
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Figure 1. Expression of miR-133b measured by reverse transcription-quantitative PCR in the serum of AD patients and the SH-SY5SY cell line. (A) 105 AD
patients and 98 healthy controls were recruited as the AD and control group, respectively. The serum levels of miR-133b were decreased in AD patients
compared with those in the healthy controls. (B) The expression levels of miR-133b were significantly downregulated in the AB25-35-treated SH-SYSY cells
compared with those in the control group. Values are expressed as the mean * standard deviation (n=5). ““P<0.001 vs. control. AD, Alzheimer's disease;

miR, microRNA; Af, amyloid f3.

the degree of cognitive impairment. To examine the associa-
tion between the serum level of miR-133b and the severity of
AD, the correlation between miR-133b expression levels and
the MMSE score in AD patients was determined. A positive
correlation between the level of miR-133b and MMSE score
was identified (r=0.8814, P<0.001; Fig. 2).

ROC analysis of the diagnostic value of serum miR-133b for
AD. The ROC curve is a graphical representation reflecting
the correlation between sensitivity and specificity of a labora-
tory test. In the present study, a ROC curve was generated to
assess the diagnostic value of serum miR-133b for AD (Fig. 3).
The area under the curve for miR-133b was 0.907, with a
sensitivity of 90.8% and specificity of 74.3% at the cutoff value
of 1.70. The results suggested that miR-133b may be a sensi-
tive biomarker for differentiating AD patients from healthy
individuals.

Effects of miR-133b on AB25-35-induced neurotoxicity in
SH-SY5Y cells. The SH-SYS5Y cells were first transfected
with miR-133b mimics, miR-133b inhibitor, mimics NC or
inhibitor NC. To explore the functional role of miR-133b in
AD, an in vitro model of AD was established by treating the
transfected SH-SY5Y cells with A25-35 (Fig. 4). The overex-
pression/knockdown efficiency was determined by RT-qPCR,
and the results demonstrated that transfection of miR-133b
mimics led to a marked increase in the expression levels of
miR-133b, while transfection of miR-133b inhibitor resulted
in a significant decrease in its expression, compared with the
corresponding negative controls (all P<0.001; Fig. 4A). It was
noted that compared with the control group, the viability of
AP25-35-treated SH-SYSY cells was significantly reduced
(P<0.001; Fig. 4B), while cell apoptosis was significantly
increased (P<0.001; Fig. 4C). As presented in Fig. 4B,
transfection with miR-133b mimics significantly attenu-
ated the AP25-35-induced reduction in cell viability, while
transfection with miR-133b inhibitor markedly promoted it
to cause a further reduction in cell viability (all P<0.01). In
addition, transfection with miR-133b mimics attenuated the
AP25-35-induced cell apoptosis, while transfection with
miR-133b inhibitor further promoted the AB25-35-induced
cell apoptosis (all P<0.01; Fig. 4C).
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Figure 2. Correlation analysis for the levels of miR-133b and MMSE score in
patients with Alzheimer's disease. A positive correlation between the levels
of miR-133b and MMSE score was identified. MMSE, Mini-Mental State
Examination; miR, microRNA.
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Figure 3. Diagnostic value of microRNA-133b for Alzheimer's disease
assessed via ROC curve analysis. The AUC was 0.907, the sensitivity was
90.8% and the specificity was 74.3% (cutoff value, 1.70). ROC, receiver oper-
ating characteristic; AUC, area under ROC curve.
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Figure 4. Effects of miR-133b on Ap25-35-induced neurotoxicity in SH-SYSY cells. (A) In SH-SYSY cells, the expression of miR-133b was significantly
increased by transfection with miR-133b mimics, but was decreased by miR-133b inhibitor compared with that in the corresponding negative controls. (B) Cell
viability of SH-SYSY cells detected via MTT assay. (C) Flow cytometric analysis was performed to detect the apoptotic rate of SH-SYSY cells. Values are
expressed as the mean + standard deviation (n=3). "P<0.01, “"P<0.001 vs. AB group; "*P<0.001 vs. control. A group, SH-SY5Y cells treated with AB25-35.
miR, microRNA; FITC, fluorescein isothiocyanate; PI, propidium iodide; Q, quadrant; NC, negative control; A}, amyloid f3.

miR-133b directly targets the conserved EGFR 3'-UTR
sequence to regulate EGFR expression. TargetScan was
utilized to identify target genes of miR-133b, revealing that
position 50-56 in the 3'-UTR of EGFR mRNA contained
a seven-nucleotide seed match with miR-133b (Fig. 5A).
A luciferase reporter assay was applied to confirm the
predicted targeting interaction between miR-133b and the
3'-UTR of EGFR. The results suggested that co-transfection
with miR-133b mimics attenuated the luciferase activity of
the vector driven by the wild-type 3'-UTR of EGFR, while
this effect was absent when the luciferase vector driven by
the mutant EGFR 3'-UTR was used (Fig. 5B). Conversely,
inhibitor of miR-133b promoted the luciferase activity of the

vector containing the wild-type 3'-UTR of EGFR, while the
luciferase activity of the vector driven by the mutant 3'-UTR
of EGFR was not affected (Fig. 5C).

Discussion

AD is considered to be the principal cognitive disorder
in humans. As an effect of the aging of the population, the
morbidity of AD has significantly increased in recent years.
As there is currently no known cure for AD and limited early
diagnostic biomarkers, it is of great importance to explore
novel strategies of early diagnosis and treatment for AD. In
contrast to cerebrospinal fluid collection, serum collection is
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Figure 5. miR-133b directly targets the conserved 3'-UTR sequence in EGFR to regulate its expression. (A) Schematic representation of miR-133b and its
target sequence (WT or MUT) within the EGFR 3'-UTR of mammals. (B) The luciferase activity of plasmid driven by the WT or MUT EGFR 3'-UTR in
SH-SYSY cells co-transfected with NC or miR-133b mimics. Data are normalized to the mimic NC-WT group. (C) Luciferase activity of WT or MUT EGFR
3'-UTR in the SH-SYSY cells co-transfected with an NC or miR-133b inhibitor. Data are normalized to the inhibitor NC-WT group. Values are expressed as
the mean * standard deviation (n=5). ““P<0.001 vs. the respective NC-WT group. miR, microRNA; NC, negative control; WT, wild-type; MUT, mutant; EGFR,

epithelial growth factor receptor; UTR, untranslated region; hsa, Homo sapiens.

relatively simple and effective. Furthermore, with the develop-
ment of next-generation sequencing technology, the detection
of serum miRNAs is becoming increasingly convenient and
accurate (30). A vast amount of studies have demonstrated
the significant role of aberrant miRNAs in the progression of
multiple human diseases (31).

It has been indicated that certain miRNAs are involved
in the development, differentiation and synaptic plasticity of
neurons; furthermore, their dysregulation may be linked to
various diseases, e.g. central nervous system (CNS) diseases,
including AD, multiple sclerosis and Huntington's disease (32).
To date, a number of miRNAs have been reported to have
crucial roles in neurogenesis and neuronal maturation in the
CNS (33). Significant differences have been detected regarding
miRNA expression levels between AD patients and healthy
individuals (34). miRNAs represent a novel class of biomarkers
for AD, which are non-invasive and sensitive. miR-133b is
general abnormally expressed in various human cancer types,
including bladder cancer, breast cancer and glioma (35-37). It
has been reported that miR-133b is enriched in the midbrain,
which has a marked effect on the differentiation and degen-
eration of midbrain dopaminergic neurons (12). Furthermore,
multiple studies have proved abnormal expression of miR-133b
in PD patients. All of this evidence supports the potential role
of miR-133b in neurodegenerative disorders.

In the present study, the serum level of miR-133b
was significantly downregulated in AD patients, which

was consistent with the results of previous studies on PD
patients (14,15). The expression of miR-133b was also assessed
in the human neuroblastoma cell line SH-SY5Y. The formation
of neurofibrillary tangles is regarded to be one of the impor-
tant pathological characteristics of AD, which may be caused
by the accumulation of AP25-35 (38). Thus, a cell model of
AD was established by treating SH-SYSY cells with Af25-35,
and the concentration of 40 ym/l has been proved to be most
efficient (28). The present results demonstrated a significant
downregulation of miR-133b in SH-SYSY cells treated with
AP25-35. Collectively, the present results suggested that
miR-133b may be a potential diagnostic biomarker for AD.
MMSE is a commonly used screening tool for providing
an overall assessment of cognitive impairment in the clinic,
and the MMSE score has important value in the diagnosis of
mild cognitive impairment that may develop into AD (39). In
the present study, the serum levels of miR-133b were proved
to be positively correlated with the MMSE scores of AD
patients, indicating a significant correlation of miR-133b with
the severity of AD and serum miR-133b may therefore be a
useful clinical tool for predicting AD occurrence. In order
to assess the diagnostic sensitivity and specificity of serum
miR-133b for AD, ROC curve analysis was performed. The
results suggested that miR-133b is a sensitive biomarker for
differentiating AD patients from healthy individuals.
miR-133b is aberrantly expressed in various cancer
types, and it may be involved in tumor development via
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regulation of tumor cell proliferation and apoptosis (40,41).
The functional role of miR-133b in AD was also explored
in a cell model of AD. The AP25-35-treated SH-SYS5Y
cells were transfected with miR-133b mimics, miR-133b
inhibitor, mimics NC or inhibitor NC. It was observed that
overexpression of miR-133b significantly attenuated the
AP25-35-induced inhibition of cell viability. Furthermore,
flow cytometric analysis demonstrated that upregulation of
miR-133b prevented AP25-35-induced cell apoptosis. All
of these results indicated that miR-133b may be involved
in the impairment of SH-SYS5Y cells treated with Af325-35.
Taken together, it was concluded that miR-133b may have a
neuroprotective role in AD.

An important molecular interaction was determined
between miR-133b and EGFR in the present study. The
TargetScan tool predicted EGFR as a direct target gene of
miR-133b. The 3'-UTR of EGFR mRNA was identified to
contain a miR-133b seven-nucleotide seed match at position
50-56. The luciferase reporter assay further confirmed that
miR-133b targeted the 3'-UTR of EGFR, which was consistent
with the bioinformatics prediction.

EGFR, a member of the ErbB family, is located on chro-
mosome 7p12.1-12.3. It has been reported to be involved in cell
survival, differentiation, proliferation, migration and repair of
cell damage (42,43). Previous studies suggested that EGFR
is able to activate several signaling pathways, particularly
the mitogen-activated protein kinase/ERK and PI3K/AKT
pathways (44), which have been noted to have crucial roles in
neuronal growth, survival and plasticity (45). Furthermore, the
important role of these two major signaling pathways in AD
has been widely demonstrated (46,47). In addition, a key study
has indicated that miR-133b inhibits ESCC cells by targeting
EGFR (21). All evidence suggests that miR-133b may be
involved in the development of AD via targeting EGFR.
However, the exact mechanisms require to be fully elucidated
in further studies.

In conclusion, the results of the present study suggested
that miR-133b may serve as a novel diagnostic biomarker for
AD, and it may exert its neuroprotective role in AD and targets
EGFR.
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