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Background: Although numerous microRNAs (miRNAs) have been discovered to partici-
pate in the progression of Alzheimer’s disease (AD), they are still difficult to apply in clinical
work. Thus, the identification of novel miRNAs and clarification of their clinical significance
are importing for improving the diagnosis and treatment of AD. The purpose of this study
was to analyze the expression of miR-128 and its diagnostic value in patients with AD.
Patients and Methods: In this study, 117 AD patients and 106 controls were enrolled, and
the demographic data, biochemical parameters and serum miR-128 levels were collected.
These data were then used to build a logistic regression model, and receiver operating
characteristic (ROC) curves were drawn to evaluate the diagnostic value of miR-128. The
relationships between miR-128 and inflammatory factors (IL-1B/TNF-a)) were also analyzed
from clinical serum data.

Results: Our study found that miR-128 was significantly upregulated in the serum samples
of AD patients compared with controls, and that this upregulation was negatively correlated
with Mini-Mental State Examination (MMSE) scores (»r = —0.687, P< 0.01). ROC curve
showed that the area under the curve of miR-128 was 0.831. Logistic regression analyses
showed that glycosylated hemoglobin (HbAlc) levels, low-density lipoprotein (LDL) levels,
MMSE scores and serum miR-128 levels were statistically significant (P< 0.01), and the
ROC curve of the combined detection of these variables was 0.906. The serum miR-128
levels in AD patients were positively correlated with the serum IL-1f (#=0.798, P<0.01) and
serum TNF-a levels (#=0.733, P<0.01).

Conclusion: Serum miR-128 is a candidate diagnostic biomarker in AD patients who
achieved good diagnostic performance when used alone or in combination with other factors
and may have the potential to be a novel therapeutic target for neuroinflammation.
Keywords: Alzheimer’s disease, miR-128, logistic regression, ROC curve

Introduction
Alzheimer’s disease (AD) is a progressive and irreversible neurodegenerative disease
characterized by multiple cognitive anomalies, memory loss, and dysgnosia that accounts
for 70-80% of all cases of dementia.' Clinically, an AD diagnosis is comprehensive and
based on diagnostic criteria that are combined with brain imaging, neuropsychological
testing and medical history. Due to the lack of pathological evidence, doctors need
extensive experience to diagnose AD in the current medical setting.® Thus, it has been
proposed that diagnostic methods for AD could be improved by the application of
biomarkers that are easily measurable by noninvasive means.

MicroRNAs (miRNAs) are a group of small noncoding RNAs with vital
regulatory roles in gene expression.” Recently, aberrant changes in miRNAs have

submit your manuscript

Dove n

http:

" in @

Neuropsychiatric Disease and Treatment 2021:17 269-275 269

© 2021 Thang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:qxue_sz@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Zhang et al

Dove

been discovered to participate in AD progression, and are
considered candidate blood-based biomarkers of AD, as
they have been found to guide the clinical diagnosis
of AD.>® Wang et al’ reported that the expression levels
of miR-433 were reduced in AD patients and that this
miRNA has the potential to be a therapeutic target through
improving AB-induced neurotoxicity. Yang et al® provided
evidence for miR-133b to serve as a diagnostic biomarker
of AD and revealed its neuroprotective role, which is
exerted through maintenance of neuronal viability.
Although increasing numbers of miRNAs have been dis-
covered, their practical applications in the diagnosis of AD
are still limited.”!'®© Thus, the identification of novel
miRNAs and clarification of their clinical significance
are of great importance for improving the diagnosis and
treatment of AD.

Previous studies'' showed that miR-128 expression
was abnormal in the brains of AD patients and that it is
associated with the nosogenesis of AD. Accordingly,
a large number of experimental studies have been carried
out and have confirmed that miR-128 can downregulate
PPAR-y expression to aggravate Af-induced impaired
neuronal viability in AD cells and animal models,'*"
which suggests a significant role of miR-128 in AD pro-
gression. However, the clinical significance of miR-128
in AD has not been investigated. In this study, we sought
to analyze the expression of miR-128 in the serum of AD
patients and to determine its diagnostic value; we also
sought to tentatively explore the regulatory effect of
miR-128 on IL-1p and TNF-a using clinical serum data
to provide additional clinical evidence for the early diag-
nosis and treatment of AD as well as to further reveal
possible mechanisms of AD.

Patients and Methods

Participants

A total of 117 AD patients were recruited and diagnosed at
the Affiliated Hospital of Jiangsu University from 2017 to
2020. The diagnosis of AD was performed according to
the criteria of the National Institute of Neurological and
Stroke/Alzheimer’s
Disease and Related Disorders Association.'* In addition,

Communication Disorders and
106 age- and sex-matched neurologically healthy volun-
teers were enrolled as controls. The Mini-Mental State
Examination (MMSE) score of all participants was
assessed to evaluate their cognitive function. None of the

participants met the following exclusion criteria: 1)

patients with stroke, central nervous system infections,
epilepsy and other central nervous system diseases; 2)
patients with cardiovascular, liver, kidney and other ser-
ious primary diseases; 3) patients with tumors, autoim-
mune diseases, and anemia; 4) patients with psychiatric
disorders or history of familial psychiatric disorders; and
5) patients with a history of a fever, a cold or an infectious
venereal disease within the past 2 weeks. The Institutional
Review Board of the Affiliated Hospital of Jiangsu
University approved the research protocol
(JDFY2017098), and a written signed consent, strictly
abiding by the Declaration of Helsinki, was obtained
from all the participants.

Clinical Examinations of Biochemical

Parameters

After fasting for 1 night, 5 milliliters of venous blood from
each participant was collected between 6 a.m. and 8 a.m.
The blood samples were stored at room temperature for
1 hour, after which the serum was separated by centrifuga-
tion at 3000 rpm for 20 minutes at 4°C. An XE-5000
automatic hematology system (Sysmex Corporation,
Japan) was used to measure peripheral blood variables.
Serum samples were preserved at —80°C until further
analysis. Biochemical parameters included levels of fast-
ing plasma glucose (FPG), glycosylated hemoglobin
(HbAlc), total cholesterol (TC), triglyceride (TG), high-
density lipoprotein (HDL), low-density lipoprotein (LDL),
blood urea nitrogen (BUN) and creatinine (CRE) levels.

Extraction and Determination of Serum
miR-128

Total miRNA was extracted according to the instructions of
the miRcute miRNA extraction and separation kit (DP501,
Tiangen, China), and the concentration and purity of RNA
were determined by ultraviolet spectrophotometry.
According to the miRcute miRNA c¢DNA first-strand synth-
esis kit (FP411, Tiangen, China), the corresponding cDNA
was reverse transcribed according to the miR-128 primer (5'-
GGT CCG AGG TAT TCG CAC TG G ATA CGA CTG
CAA T-3"). The reaction conditions of reverse transcription
were 42°C for 15 minutes and 95°C for 3 minutes. After
reverse transcription, 2 pl of cDNA was obtained.
According to the instructions of the miRcute miRNA fluor-
escence quantitative detection kit (FP411, Tiangen, China),
5 pL of miRcute Plus miRNA PreMix, 0.2 pL of upstream
primer (5'-GCG GCG GTC GTC ACA GTG AAC CGG TC-
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3"). Then, 0.2 pL of downstream primer (5'-ATC CAG TGC
AGG GTC CGA GG-3") and 2.6 pL of ddH,0 were added on
ice. The expression of miR-128 was determined by real-time
fluorescence quantitative PCR. U6 was used as an internal
control. The relative level of miR-128 expression was ana-

. AACT

lyzed using the method and the data were recorded.

Determinations of the Serum IL-1f and
TNF-a Levels

The serum levels of IL-1B and TNF-o were examined using
ELISA kits (Blue gene, Shanghai, China). One milliliter of
serum was collected from each AD patients, and the serum
IL-1B and TNF-a levels were determined in each AD
patients according to the manufacturer’s instructions.

Statistical Analysis

SPSS 19.0 statistical software (SPSS, Inc., Chicago, IL,
USA) and GraphPad Prism 5 (GraphPad Software, Inc., La
Jolla, CA) were used to analyze significant differences in
the data.
t-tests were used to compare the baseline characteristics

Chi-square tests or independent sample
and the serum miR-128 levels between AD patients and
controls. Then, forward logistic stepwise regression ana-
lysis was used to build the diagnostic model, and receiver
operating characteristic (ROC) curves were drawn to eval-
uate the diagnostic value of miR-128 for AD patients.
Correlation tests were performed using Pearson analysis.

The results were considered significant at P <0.05.

Results
Baseline Characteristics of the Research

Population

As shown in Table 1, multiple variables were different
between the AD patients and controls. Smoking status,
diabetes, and FPG, HbAlc, and LDL levels as well as
MMSE scores were higher in AD patients than in the
controls (P<0.05). Age, sex, and hypertension as well as
TC, TG, HDL, BUN, and CRE levels were not signifi-
cantly different between the two groups (P>0.05).

Changes in Serum miR-128 Levels in AD

Patients

The AD patients presented significantly higher serum miR-
128 levels than controls at baseline [6.37£1.07 vs 5.52+1.01,
t=6.256, P<0.01], as shown in Figure 1A. Then, to further
the relationship between miR-128 and AD,
a correlation analysis between miR-128 levels and MMSE

assess

Table | Analysis of Baseline Characteristics in the Two Groups

AD (n=117) | Controls (n=106) | P value
Age, mean = SD 72.5748.13 73.15£9.29 0.619
Men, n (%) 67 (57.26) 61 (56.60) 0.966
Smoking, n (%) 74 (63.24) 43 (40.57) 0.001
Hypertension, n (%) 77 (65.8) 70 (66.03) 0.882
Diabetes, n (%) 73 (62.5) 50 (47.17) 0.032
FPG, mean £ SD 7.13£1.02 5.77+0.84 0.000
HbAlc, mean + SD 7.21£0.56 6.19+0.57 0.000
TC, mean + SD 3.810.82 3.77+0.79 0.711
TG, mean + SD 1.59+0.69 1.56+0.57 0.720
LDL, mean + SD 2.931£0.60 2.14£0.51 0.000
HDL, mean + SD 1.29+0.26 1.23+0.23 0.071
BUN, mean * SD 5.82%1.33 5.62%1.14 0.232
CRE, mean % SD 77.92+10.61 75.66x11.75 0.133
MMSE score, mean + SD | 16.88+2.04 26.81%2.19 0.000

scores was performed and analyzed. The results showed that
serum miR-128 levels were negatively correlated with
MMSE scores (r = —0.687, P< 0.01) (Figure 1B).

Logistic Regression Analysis of the
Differences in Baseline Characteristics

and miR-128 Levels

Baseline characteristics (smoking status, diabetes, and
FPG, HbAlc, and LDL levels, as well as MMSE
scores) and serum miR-128 levels were simultaneously
included in a multivariate logistic regression analysis
using stepwise forward regression, the results of which
are shown in Table 2. Only four independent variables,
the HbAlc level, LDL level, MMSE score and miR-
128 level were entered into the logistic regression
equation. The partial regression coefficients were
0.582, 0.774, —0.265 and 0.755, respectively, and
their corresponding P-values were 0.001, 0.005, 0.010
and 0.009, respectively. The corresponding regression
equation based on these four serum biomarkers was

+0.774(LDL) — 0.265 (MMSE)

~2.017 +0.528 (HbAlc)
Z=1/|1+e— \t075 (miR—128)

ROC Curve Analysis of Serum miR-128

Levels

To further evaluate the diagnostic efficacy of miR-128
in AD, the ROC curve of miR-128 was drawn. The area
under the curve was 0.831, the sensitivity was 86.9%, and
the specificity was 82.1%, as shown in Figure 2A.
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Figure | Alterations in serum miR-128 levels in AD patients. (A) Relative expression of miR-128 in the serum was decreased in AD patients (n = | 17) compared with controls (n =
106) (independent sample t-tests). (B) Negative correlation between serum miR-128 levels and MMSE scores in AD patients (n = | 17)(Pearson analysis). **P < 0.01.

Afterwards, the ROC curve obtained by combining the
HbAIlc level, LDL level, MMSE score and serum miR-
128 level was analyzed. The area under the curve of the
combined detection of these variables was 0.906, the sen-
sitivity was 93.9%, and the specificity was 87.5%, as
shown in Figure 2B. These data suggest that the combined
detection of these variables had a better diagnostic rate
than the detection of miR-128 alone.

Correlation Analysis of the Serum miR-
128, IL-1B and TNF-a Levels

As shown in Figure 3A and B, the correlation analysis
indicated that the serum miR-128 levels were positively
correlated with the serum IL-1f levels (=0.798, P<0.01)
and the TNF-a levels (»=0.733, P<0.01) in AD patients.

Discussion

The pathogenesis of AD is highly complicated and
involves multiple pathophysiological processes, including
B-amyloid protein deposition,'> phosphorylation of tau,'®
chronic inflammation,'” neurotrophic disorder,'® and oxi-
dative stress,'” among others. The combination of multiple
factors leads to the occurrence of AD. Recently, miRNAs
and AD has become the focus of research in the field.*

Table 2 Logistic Regression Analysis of HbAlc, LDL, MMSE
Scores and miR-128

B Wald 5> | OR(95% CI) P value
HbAlc 0.582 15359 1.790(1.603-1.988) 0.001
LDL 0.774 17.612 2.168(2.013-2.327) 0.005
MMSE scores | —0.265 | 9.017 0.767(0.592-0. 886) | 0.010
miR-128 0.755 12.796 2.128(1.997-2.210) 0.009

Abbreviations: B, regression coefficients (8); OR, odds ratio; Cl, confidence interval.

MiR-128, is an important member of the miRNA, but
previous studies have mainly focused on the role of miR-
128 in central nervous system tumors.”' With the increase
in related studies, Lukiw et al,'" first found an increase in
miR-128 expression in the hippocampus of AD patients at
autopsies. Furthermore, a study by Geng et al,'* found that
the inhibition of miR-128 could relieve the AB-induced
impaired neuronal viability via upregulation of PPAR-y.
Then, Liu et al,13 demonstrated that knockout of miR-128
in AD mice significantly alleviated AD-like performances,
and reduced the production of AP and the inflammatory
response by targeting and reducing PPARy expression,
thereby implying a critical role of miR-128 in AD. Here,
with the theoretical support of previous basic research, we
studied the changes in serum miR-128 in AD patients and
demonstrated, for the first time, that the level of serum
miR-128 is increased in AD patient and that it can be used
as a biomarker for AD diagnosis.

Substantial research has been devoted to the demo-
graphic data of AD patients and has confirmed that age,
smoking status, diabetes, and a high LDL level were risk
factors for AD.”*?* In this study, after excluding the
interference of age and sex, differences in the smoking
status, diabetes, FPG level, HbAlc level, LDL level and
MMSE
between AD patients and the controls. These results were

score were observed in the baseline data
consistent with those of previous studies and further
proved the complexity of AD onset. Then, using logistic
regression analysis, we found that the HbAlc level, LDL
level, MMSE score and serum miR-128 level were statis-
tically significant and that the miR-128 level could also be
an independent risk factor for AD. The area under the
ROC curve of miR-128 is 0.831, which demonstrates
a high sensitivity and specificity and suggests that serum
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Figure 2 The results of ROC curves. (A) ROC curve of miR-128. (B) ROC curve of combined detection (combining the serum levels of miR-128, HbAlc and LDL and the

MMSE score).
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Figure 3 Correlation analysis of serum miR-128, IL-Ip and TNF-a levels in AD patients. (A) Positive correlation between serum miR-128 levels and serum IL-1f levels
(Pearson analysis). (B) Negative correlation between serum miR-128 levels and serum TNF-a levels (Pearson analysis).

miR-128 levels can be independently applied to the aux-
iliary diagnosis of AD. In addition, we jointly analyzed the
biomarkers screened by logistic regression and showed
that the logistic model based on multiple biomarkers
(HbAlc level, LDL level, MMSE score, serum miR-128
level) can improve the diagnostic efficacy of AD accord-
ing to the comparison of ROC curve parameters. The
values of the HbAlc level, LDL level and MMSE score
are easy to collect from AD patients, and when analyzed
together with the serum miR-128 level, are more condu-
cive to the early diagnosis and treatment of AD.

In addition, a large amount of evidence indicates that
neuroinflammation plays a vital role in the pathogenesis
of AD with harmful or protective consequences.”>° As an
important member of miRNAs, miR-128 has been reported
to be involved in abnormal metabolism of IL-13 and TNF-
o in other diseases.””*® It has also been found that miR-
128 may affect the metabolism of inflammatory factors
in AD cell and animal experiments. However, the related

clinical studies of miR-128 and inflammatory factors
in AD patients are still rare. Thus, we tested the serum
IL-1PB and TNF-a levels in AD patients and analyzed their
correlation with serum miR-128 levels, and the results
from a clinical perspective also highly suggest that miR-
128 may participate in the occurrence of AD by affecting
the metabolism of IL-1f and TNF-a; however, this corre-
lation needs to be further explored in cell and animal
experiments.

In conclusion, our research is a preliminary clinical study,
and some limitations of this study should be noted. First, the
baseline data collection in this study is not comprehensive, and
many other AD risk factors were not included. Moreover, due
to the NINCDS-ADRDA criteria, it is difficult to diagnose AD
at an early stage; thus, we did not enroll early-stage patients,
and the causal relationship between miR-128 and the progres-
sion of the disease may not be conclusive. Additionally, the
diagnostic model based on the serum miR-128 level, HbAlc
level, LDL level, and MMSE score should be validated in
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a much larger cohort, and more accurate diagnostic models

must exist to further explore this diagnostic model. Despite

these restrictions, this study revealed that miR-128 is increased

in the serum of AD patients and that its upregulated expression

may serve as a promising diagnostic biomarker of AD.
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