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Abstract
MicroRNAs (miRNAs) are considered among the most reliable biomarkers to diagnose and predict Alzheimer’s disease (AD), due to
their regulatory nature. Themain goal of this study was to evaluate the expression of miR4422 andmiR3714, as the main regulators of
GSAP and BACE1 expression, in AD patients compared with healthy subjects. Twenty patients with a mild to moderate AD (58–
71 years old) and 15 healthy subjects (58–73 years old) participated in this study. The expression levels of miR4422 and miR3714 as
the target genes and 5S rRNA and miRlet7a-5p as the reference genes were measured in the two groups. To compare the expression
between the case and the control groups, the t test or theWilcoxon test was used, based on the data distribution patterns. The efficiencies
of amplification of themiR4422, miR3714, 5S rRNA, andmiRlet7a-5p genes all were in the acceptable range. ThemeanmiR4422-5S
rRNA dCt value was significantly different between the two groups (p= 0.018). The relative fold change of the expression was 0.43.
The mean miR4422-miRlet7a-5p dCt value (p= 0.41), the mean miR3714-5S rRNA dCt value (p = 0.10), and the mean miR3714-
miRlet7a-5p dCt value (p = 0.063) were not significantly different between the two groups. We indicated that miR4422 could be a
reliable biomarker for Alzheimer’s diagnosis. It seems that the reduced expression of miR4422 that targets GSAP and BACE1
expression can lead to an increase in the formation of Aβ plaque.
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Introduction

Alzheimer’s disease (AD), as the most common cause of de-
mentia, slowly destroys memory, cognitive skills, and,

eventually, the ability to carry out the simplest tasks (Madadi
&Mehdizadeh, 2014). Currently, the global prevalence of AD
is estimated to be about 24 million and is expected to quadru-
ple by 2050, which imposes considerable costs on society
(Reitz & Mayeux, 2014). This issue puts the importance of
an effective treatment in attention, which, in turn, emphasizes
demands for accurate and early diagnosis of the disease.

Since 1984, the key diagnostic criteria of AD have been the
National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and
Related Disorders Association (NINCDS–ADRDA) criteria.
These criteria consider both clinical and neuropathological
signs and symptoms and classify the pattern of the disease
into three categories: “possible,” “probable,” and “definite
(McKhann et al., 1984).

However, advances in cellular and molecular biology re-
vealed that previous diagnostic criteria should be reviewed in
primary respects. Today, the AD spectrum is known to be
broader than what was previously thought and is going to
include molecular biomarkers. Biomarkers are described as
naturally occurring molecules, genes, or characteristics by
which a particular pathological or physiological process can
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be identified. Biomarkers are expected to increase the diag-
nostic sensitivity and specificity and provide the possibility of
diagnosing AD before the onset of clinical symptoms.

Considering previous research, a set of cerebrospinal fluid
(CSF) biomarkers including beta-amyloid (Aβ) levels, the
intraneuronal inclusion of the microtubules, and phosphorylated
tau (Borroni et al., 2002) collectively increases the diagnosis sen-
sitivity to > 95% and the specificity to > 85% (Blennow et al.,
2010). However, lumbar punctures for CSF acquisition are intru-
sive and invasive, and have several side effects such as severe
backache, nausea, and weakness in the elderly. These challenges
attracted researchers to peripheral circulating biomarkers.

Koyama et al. showed the plasma Aβ as a highly statistical
and clinically significant predictor of dementia and cognitive
impairment (Koyama et al., 2012). Experimental evidence still
supports the hypothesis that an imbalance between production
and clearance of extracellular concentration of Aβ42 is a cen-
tral initiating factor in AD (Selkoe &Hardy, 2016). It has been
found that the dysregulation of expression of beta-secretase 1
(BACE1) and gamma-secretase activating protein (GSAP)
genes may exacerbate the deposition of Aβ42. BACE1 gene
product is responsible for the first step of amyloid precursor
protein (APP) processing and GSAP is the main regulator of
gamma-secretase activity, which cuts the transmembrane do-
main of the APP to form the Aβ. Therefore, deficient expres-
sion of the regulators of the expression of these two genes may
also be involved in the pathophysiology of the disease.

miRNAs are a class of small (~ 22-nucleotide) non-coding ri-
bonucleic acid molecules that downregulate the expression of
more than 60% of all known genes in a post-transcriptional
RNA silencing process (Ha & Kim, 2014). miRNAs may cleave,
destabilize, or disrupt the translation of the target mRNAs (Bartel,
2009). Recent evidence suggests that the dysregulation of some
miRNA expression in peripheral blood may be considered as po-
tential biomarkers for the diagnosis of AD (Snyder et al., 2014).

So far, several miRNAs have been identified to regulate the
expression of BACE1 genes. For example, Hebert et al.
(Hébert et al., 2008) found that the miR-29a/b-1 cluster is
significantly decreased in AD patients, which, in turn, leads
to abnormally high BACE1 protein. Xie et al. (Xie et al.,
2017) demonstrated that miR-9 plays a central role in regulat-
ing the BACE1 expression via downregulation of cAMP re-
sponse element–binding protein (CREB) and Gong et al.
(Gong et al., 2017) confirmed that miR-15b represses
BACE1 expression in patients with sporadic Alzheimer’s dis-
ease. Furthermore, He et al. (Cheng et al., 2010) suggested
that the downregulation of GSAP expression through a syn-
thetic small RNA may reduce the production of Aβ.

The main goal of this study was to evaluate the expression
of miR4422 (GSAP- and BACE1-associated miRNA) and
miR3714 (BACE1-associated miRNA), found through
bioinformatics-based approaches, in AD patients compared
with healthy subjects.

Materials and Methods

Participants

In this cross-sectional study, 20 Alzheimer’s cases, aged 58 to
71 years old, were selected using a convenience sampling
method. All patients were examined by an experienced neu-
rologist and AD was diagnosed using the NINCDS–ADRDA
criteria (Dubois et al., 2007). Their mild to moderate sporadic
AD was confirmed based on the Mini–Mental State
Examination (MMSE) (mean score = 18.72 ± 0.78). None of
the patients had a history of any other neurological or mental
disorder, diabetes, severe infectious disease, stroke, and famil-
ial history of AD. Fifteen healthy subjects with the same age
range of patients (58 to 73 years) and MMSE mean score of
29.0 ± 1.0 were also included in the control group. According
to their reports and evaluation of medical history, healthy sub-
jects were not suffering from any neurological or psychiatric
disorder. All the participants were male and none of them was
addicted to nicotine, drugs, or alcohol. All subjects participat-
ed in the study with their own or their first-degree relatives’
informed consent. All stages of the study were conducted
under the Ethics Committee of the Iran University of
Medical Sciences (IR.IUMS.REC 1394.94-02-87-26052).

Finding the Target miRNAs

Using the miRDB database, we tried to find the most signif-
icant miRNAs targeting the BACE1 and GSAP genes.
miRDB is an online tool for miRNA target prediction based
on a rich database, MirTarget, which holds information about
thousands of miRNA-target interactions from high-
throughput experiments (Wong & Wang, 2015). In this data-
base, by entering the name of the gene, all associated miRNAs
are found and ranked based on the similarity score. These
scores are assigned by the new computational target prediction
algorithm. The higher the score, the more confidence we have
in this prediction.

RNA Extraction and Quantitative Real-time PCR
Amplification

Five milliliters of peripheral blood was collected from each
participant in an EDTA tube to prevent coagulation and placed
in an ice bucket. Blood samples were immediately centrifuged
and serum was isolated. Serum miRNAs were extracted from
each sample using miRCURY RNA Isolation Kit – Biofluids
(Exiqon, Denmark) based on the manufacturer’s protocol.
cDNAs were synthesized using Universal cDNA Synthesis
Kit (Exiqon, Denmark) based on the manufacturer’s protocol.
For this purpose, each of the template miRNA samples was
adjusted to a concentration of 5 ng/μL using nuclease-free
water. The reverse transcriptase working solution was
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prepared by mixing 2 μL of the 5× reaction buffer, 4.5 μL of
the nuclease-free water, 1 μL of the enzymemix, 0.5 μL of the
RNA spike-ins, and 2 μL of the template total miRNA, to a
final volume of 10 μL. The mixture was incubated for 60 min
at 42 °C. The reverse transcriptase was heat-inactivated at
95 °C for 5 min and then stored at 4 °C. cDNA templates were
diluted for the real-time PCR reactions by nuclease-free water.
Four microliters of the diluted cDNA template, 1 μL of the
LNA PCR primer sets (Exiqon, Denmark), and 5 μL of the
PCRmaster mix were mixed to a final volume of 10 μL. Real-
time PCR amplification was performed as follows: 95 °C,
10 min for polymerase activation/denaturation; 45 amplifica-
tion cycles at 95 °C, 10 s, 60 °C, 1 min; and at the ramp-rate of
1.6 °C/s6 optical read. The quantitative real-time PCR ampli-
fication was performed using the LightCycler®96 PCR sys-
tem, Roche, Germany. Moreover, seven serial dilutions of
cDNA template known to express the gene of interest were
prepared for separate real-time reactions to determine the am-
plification efficiency.

Data Analysis

The Shapiro–Wilk test was used for normality to detect all
departures from the normality distribution. In order to com-
pare the data between the case and the control groups. If the
distribution of data was normal, the t test was used, and if the
distribution was not normal, then the Wilcoxon test was used.
To calculate the efficiency of amplification, a regression line
was generated by calculating the Ct standard curve data points
and the slope of the line (m) was used to estimate the efficien-
cy according to:

Amplification efficiency ¼ 10 − 1
mð Þh i

−1

Ct is defined as the number of cycles required for the fluores-
cent signal to cross the threshold. The 2−dCt value was used to
analyze the relative gene expression. It requires the assignment of
one or more housekeeping genes, which are assumed to be uni-
formly and constantly expressed in all samples, as well as one or
more reference samples. The expression of other samples is then
compared with that of the reference sample. All analyses were
performed using R studio version 1.1.456.

Results

Demographic Data

The mean age of the case group was 64.45 ± 3.48 and the
mean age of the control group was 64.86 ± 4.67 (Fig. 1).
The Shapiro–Wilk test showed that the distribution of age data
was normal (W = 0.96439, p = 0.3084). The independent t test

showed no significant difference between the two groups in
terms of age (t = − 0.28642, df = 25.687, p = 0.7769).

miRNA Selection and Efficiencies of Amplification

We found miR3714 which targets BACE1 gene and miR4422
which targets GSAP and BACE1 genes as the most significant
miRNAs and their expression was compared between the two
groups based on the two housekeeping genes, 5S rRNA and
miRlet7a-5p (LNA PCR primer set, Exiqon, Denmark). Since
only small RNAs were extracted, quantification was not possible
by Nanodrop or spectrophotometry. Plotting the Ct values along
with corresponding concentrations in a logarithmic scale and
generating a linear regression curve through the data points are
shown which leads the slope of the trend line to be − 3.39, −
3.38, − 3.51, and − 3.57 for the miR4422, miR3714, 5S rRNA,
and miRlet7a-5p genes, respectively Fig. 2. The efficiency of
amplification was obtained 97%, 98%, 92%, and 90% for the
amplification of the miR4422, miR3714, 5S rRNA, and
miRlet7a-5p genes, respectively. All amplification efficiencies
were in the acceptable range (90–110%).

The Mean Ct Values of the Expression of Target
and Housekeeping miRNAs

The mean Ct values of miR4422, miR3714, 5S rRNA, and
miRlet7a-5p were 42.36 ± 3.32, 41.54 ± 1.98, 21.89 ± 21.89,
and 34.73 ± 3.08 for the case group and 40.76 ± 2.31, 41.73 ±
1.75, 23.89 ± 3.12, and 33.00 ± 2.99 for the control group,
respectively (Fig. 3).

Fig. 1 The normal distribution of age in the case and control groups. The
age of the control group was in the range of 58 to 71 years and the age
range of the control group was between 58 and 73 years
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The Normalized Ct Values of the Expression of Target
miRNAs

When the expression of miR4422 gene was normalized by the
expression of 5S rRNA gene, the mean dCt values for the case
and the control groups were obtained 20.47 ± 3.69 and 16.86
± 4.51, respectively (Fig. 4). The miR4422-5S rRNA dCt
values were distributed normally (W = 0.94002, p = 0.056).
Independent t test analysis showed that the mean miR4422-
5S rRNA dCt values were significantly different between the
two groups (t = 2.5283, df = 26.636, p = 0.018).

The mean dCt values of the expression of miR4422 gene
normalized by the expression of miRlet7a-5p gene were 6.48
± 5.15 and 7.76 ± 4.24, for the case and the control groups,

respectively (Fig. 4). The miR4422-miRlet7a-5p dCt values
were not distributed normally (W = 0.92721, p = 0.02) and the
Wilcoxon rank-sum test showed that the mean miR4422-
miRlet7a-5p dCt values are not significantly different between
the two groups (W = 125, p = 0.41).

The mean dCt values of the expression of miR3714 gene nor-
malized by the expression of 5S rRNA gene were 19.65 ± 3.46
and 17.84 ± 3.00, for the case and the control groups, respectively
(Fig. 4). The miR3714-5S rRNA dCt values were distributed nor-
mally (W= 0.987, p= 0.95) and the independent t test showed that
the mean miR3714-5S rRNA dCt values were not significantly
different between the two groups (t= 1.65, df = 32.23, p= 0.10).

Fig. 3 Themean ± SEMCt values of miR4422, miR3714, 5S rRNA, and
miRlet7a-5p in the case and control groups

Fig. 4 The mean ± SEM dCt values of the expression of miR4422 and
miR3714 normalized by 5S rRNA and miRlet7a-5p in the case and the
control groups. The dCt values are compared between the two groups
based on the independent t test or the Wilcoxon rank-sum test

Fig. 2 The standard curves
generated by plotting the Ct
values along with the
corresponding concentrations on
a logarithmic scale. The straight
lines indicated the linear
regression models with the slopes
equal to − 3.39, − 3.38, − 3.51,
and − 3.57 for the miR4422,
miR3714, 5S rRNA, and
miRlet7a-5p genes, respectively
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Finally, the mean dCt values of the expression of miR3714
gene normalized by the expression of miRlet7a-5p gene were
6.81 ± 3.36 and 8.73 ± 3.07, for the case and the control
groups, respectively (Fig. 4). The miR3714-miRlet7a-5p dCt
values were not distributed normally (W = 0.845, p < 0.001)
and the Wilcoxon rank-sum test showed that the mean
miR3714-miRlet7a-5p dCt values were not significantly dif-
ferent between the two groups (W = 92, p = 0.063).

In order to better illustrate the fold change of the expression
of target genes in the case group, relative to the control group,
2−dCt values were also calculated for each target gene. Then,
the mean values for the control group were considered equal
to 1 and the values for the case group were also changed in the
same proportion.The fold changes of the expression of
miR4422 and miR3714 mRNA levels in the case group were
0.43 and 0.51 relative to the 5S rRNA expression, and 0.67
and 0.75 relative to the miRlet7a-5p expression (Fig. 5).

Discussion

By delving into the area of molecular biology, researchers’
attempts to find specific biomarkers to help Alzheimer’s pre-
cise and early diagnosis have entered a new phase. Due to the
problems and risks associated with the examination of CSF
biomarkers, peripheral blood–based biomarkers were taken
into consideration, and when it turned out that the expression
of most genes in the brain is consistent with their expression in
the peripheral tissues, peripheral expression alterations were
considered as reliable AD biomarkers.

In the meantime, since miRNAs regulate the expression of
many other genes, they have been the focus of attention.
Circulating miRNAs has been proposed as being applicable in
diagnostics as other biomarkers for the diseases. Their expression
usually exhibits detectable alterations under unusual physiologi-
cal and pathological conditions. Moreover, circulating

microRNAs still have been suggested as reliable predictors for
the prognosis of different diseases in practical clinical applica-
tions (Wang et al., 2018; Tang et al., 2017).

Furthermore, developing miRNA therapeutics for neurologi-
cal diseases has been a promising opportunity in recent years.
This stems from the very small size of miRNAs, which makes
them amenable for manipulation and synthesis in laboratory con-
ditions (Greenberg & Soreq, 2014). On the other hand, through
the regulation of numerous targets of the same pathway, each
miRNA may affect an entire pathway and, for this reason, low
doses of therapeutic miRNAs or targeting only one miRNA
could have extensive impacts (Rupaimoole & Slack, 2017).
Recent discoveries, originated from scientists’ efforts over de-
cades, have uncovered roles of miRNAs as potential diagnostic
biomarkers and therapeutic targets in AD.

It has been more than 20 years since it was first proposed
that the deposition of amyloid β-peptide in brain tissue may
cause neurodegeneration in AD (Hardy & Selkoe, 2002). One
leading theory argued that the Aβ plaques lead to AD because
of direct toxicity to the adjacent neurons and other theories
suggested that amyloid extraneuronal preplaque oligomers
trigger the intraneuronal death signal (Carter & Lippa,
2001). In any case, the formation of the Aβ plaques is signif-
icantly associated with the onset and severity of the disease,
and any biomarker that could indicate the formation of these
plaques can have a diagnostic and research value.

In this study, using the miRDB database, we found
miR4422 as the most significant miRNA which targets the
BACE1 and GSAP genes. Studies have shown that the irreg-
ular overexpression of both BACE1 and GSAP genes can
contribute to the formation of amyloid plaques. Hampel
et al. argued that BACE1 activity is increased in the brain
tissue of patients with sporadic AD (Hampel & Shen, 2009).
In a postmortem study in 2010, Coulson et al. demonstrated
that BACE1 mRNA levels were remarkably elevated in me-
dial temporal and superior parietal gyri of AD patients, com-
pared with healthy controls (Coulson et al., 2010).
Furthermore, more recently, Manzine et al. indicated higher
levels of BACE1 mRNA in plasma of AD patients and pro-
posed this finding as an aid diagnostic tool along with other
diagnostic tests (Manzine et al., 2016).

Reduced GSAP expression in neural cells is demonstrated
to decrease Aβ generation (Hussain et al., 2012). Perez et al.
investigated that the neocortical 98-kDa transcript of GSAP is
significantly increased in AD patients and is correlated with
cognitive deficits (Perez et al., 2017) and Satoh et al. provided
evidence that GSAP level is elevated in postmortem brain of
AD patients (Satoh et al., 2011). Moreover, pharmacological
inhibition of GSAP is suggested as an efficient Aβ-lowering
therapeutic strategy (Chu et al., 2016).

On the other hand, studies have also shown alterations in
miRNAs expression profile and the effect on BACE1 and
GSAP genes in AD brain tissue. Hébert et al. suggested that

Fig. 5 The fold change of the expression of the target genes in the case
group, relative to the control group. The mean 2−dCt values for the control
group were considered equal to 1 and the values for the case group were
also changed in the same proportion
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the miR-29a/b-1 cluster expression has a significant negative
relationship with BACE1 mRNA levels in sporadic AD pa-
tients (Hebert et al., 2008). In vitro experiments have con-
firmed that miR-29b-1 and miR-29a inhibit the expression
of the BACE1 (Deng et al., 2014). Additionally, studies have
recently found an inverse correlation between miR-324-3p
expression and GSAP mRNA level (Srivastava et al., 2017;
Hajjari et al., 2017). Following previous studies, our study
addresses the role of the miR4422 in regulating the expression
of BACE1 and GSAP genes in Alzheimer’s disease.

Conclusions

As a result, it seems that reducing the activity of the BACE1 and
the GSAP genes, in any way, including inhibiting their expres-
sion through miRNAs, can reduce the formation of amyloid
plaques. Therefore, reduced expression of miRNAs that target
these two genes can also lead to an increase in the formation of
Aβ plaques. Our study revealed a significantly decreased level of
miR4422 in AD patients in comparison with healthy controls.
Obviously, confirmation of our findings in future studies and on
larger populations can raise the expression of miR4422 gene as a
reliable biomarker for AD diagnosis.
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