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β-amyloid (Aβ) deposition, neurofibrillary tangles induced by phosphorylation of tau
protein, and neuronal apoptosis are pathological hallmarks of Alzheimer’s disease (AD).
The dementia rate in alcoholic abusers were found to be higher than in control people.
The present study explored the potential roles of alcohol dehydrogenase 1B (ADH1B) in
AD pathology by determining the ADH1B levels in AD patient sera, in the hippocampus
of APP/PS-1 AD model mice, and in an AD model cell line treated with Aβ1-42. The
results show that ADH1B levels decreased significantly both in the serum of AD patients
and in the hippocampus of APP/PS-1 AD model mice. In addition, the apoptotic rate
was reduced and viability was significantly increased in AD model cells transfected with
ADH1B overexpression vector. The levels of the p75 neurotrophin receptor (p75NTR),
an Aβ1-42 receptor, were down-regulated in the ADH1B overexpressing AD model cell
and up-regulated in cells transfected with the shRNA vector of ADH1B. Protein levels of
cleaved caspase-3 and Bax decreased significantly, whereas Bcl-2 levels increased in
cells overexpressing ADH1B. The opposite trend was observed for cleaved caspase-3,
Bax, and Bcl-2 levels in cells transfected with the shRNA vector of ADH1B. The levels
of reactive oxygen species (ROS) were found to be reduced in ADH1B overexpressing
cells and increased when cells were transfected with the shRNA vector of ADH1B. These
results indicate that ADH1B might be important in the prevention of AD, especially for
abusers of alcohol, and a potential new target of AD treatment.
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INTRODUCTION

Alzheimer’s disease, a progressive neurodegenerative disorder, is characterized by cognitive
impairment and behavioral changes (Kobayashi and Chen, 2005; Lawrence et al., 2017). It is
considered to be a result of Aβ accumulation, neurofibrillary tangles (NFT) induced by the
phosphorylation of tau protein, and neuron apoptosis in the brain (Copani et al., 2002; Sealey et al.,
2017). Previous studies demonstrated that Aβ1-42 promotes autophagy and induces apoptosis of

Abbreviations: 4-HNE, 4-hydroxy-2-nonenal; Aβ, β-amyloid; AD, Alzheimer’s disease; ADH1B, alcohol dehydrogenase 1B;
ALDH2, mitochondrial aldehyde dehydrogenase; BACE 1, β-site amyloid precursor protein cleaving enzyme 1; HC, healthy
control; IDE, insulin-degrading enzyme; IHC, immunohistochemistry; MDA, malondialdehyde; p75NTR, p75 neurotrophin
receptor; PD, Parkinson’s disease; ROS, reactive oxygen species.
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neurons, which could underlie its up-regulation of stress levels
and neurotoxicity (Bozyczko-Coyne et al., 2001; Xue et al., 2014;
Hung et al., 2015). The metabolic rate of Aβ1-42, the product of
the amyloid precursor protein (APP), is dependent on proteins
such as β-site APP cleaving enzyme 1 (BACE 1), IDE, and
p75NTR (Hirata-Fukae et al., 2008; Hampel and Shen, 2009;
Saadipour et al., 2013; Ito et al., 2016; Kurochkin et al., 2018).

Early epidemiological studies showed that dementia frequency
in alcoholic abusers is higher than in control people (Kato,
1991; Davis, 1993; Topiwala et al., 2017). ROS-dependent
lipid peroxidation results in toxic aldehydes such as MDA,
acetaldehyde, and 4-HNE, which enhance oxidative stress levels
in age-related diseases (Ansari et al., 2011; Yonny et al., 2015).
Acetaldehyde, the substrate of acetaldehyde dehydrogenase
(ALDH) and the main metabolite of ethanol, can mediate
cognitive dysfunction and brain tissue damage induced by the
chronic excessive consumption of alcohol (Yan et al., 2016).
In addition, ALDH2 decreases the accumulation of the lipid
peroxidation product 4-hydroxynonenal (HNE) in the AD brain
and could be associated with AD pathology (Bai and Mei, 2011;
D’Souza et al., 2015).

Alcohol dehydrogenases (ADHs) are another group of
important enzymes in the generation of acetaldehyde. There are
many isoforms of ADH, which are classified into different classes
based on substrate specificity and catalytic properties: ADH1–
ADH6. ADH1 plays the most crucial role mainly during alcohol
metabolism (Li et al., 2017). Human ADH1 is the only class
consisting of three isoenzymes, namely ADH1A, ADH1B, and
ADH1C (Duester et al., 1999). Interestingly, the down-regulation
of ADH1B was observed in the serum of AD patients using chip
assays and mass spectrometric analysis in our previous work
(not shown). The hypothesis that ADH1B could be involved
in the pathology of AD promptly attracted our interest. In
this study, APP/PS-1 AD model mice at different ages and the
serum of AD patients were used to observe the differences in
ADH1B expression in AD. SH-SY5Y, a human neuroblastoma
cell line, was also used to prepare an AD model cell with Aβ1-42
incubation (Arai et al., 2016; Oguchi et al., 2017; Wu et al.,
2017). The attenuation of apoptosis by ADH1B and its underlying
mechanism, including Aβ1-42 production-associated proteins,
Aβ1-42 receptor, apoptosis-related proteins, and oxidative stress
levels, were analyzed using SH-SY5Y cells transfected with an
ADH1B-containing vector.

MATERIALS AND METHODS

Human Serum Samples
The design of this study was approved by the ethics committee of
Xuanwu Hospital of Capital Medical University, and all patients
or their legally authorized representatives provided individual
informed consent. A total of 94 subjects were enrolled, including
37 patients with dementia of the Alzheimer type (DAT) (mean
age = 70 years, ranging from 65 to 87), 30 patients with PD
(mean age = 70.5 years, ranging from 65 to 82), and 27 age-
matched healthy controls (mean age = 71 years, ranging from 60
to 83). Precise diagnosis was made by doctors of the Neurology

Department of Xuanwu Hospital of Capital Medical University.
None of the patients had other malignancies or active pulmonary
disease (Table 1). Approximately 2 mL of serum was obtained
and stored in liquid nitrogen until use (Zhang et al., 2016). The
study was conducted in accordance with the guidelines of the
Declaration of Helsinki.

Animal Model
APPswe/PS1dE9 (Jackson Laboratory, Stock No. 004462, n = 30,
male) and Prnp-SNCA∗A53T (Jackson Laboratory, Stock No.
006823, n = 24, male) mice were purchased from Nanjing
Biomedical Research Institute of Nanjing University. All animal
experiments conformed to the National Institutes of Health
guidelines. All animal procedures were approved by the ethics
committee of Xuanwu Hospital of Capital Medical University.
Model mice were kept with accessible water and feed under a
12 h light-dark cycle (Billings et al., 2005). Mice were separated
into three groups: 4-month (AD, n = 10; PD, n = 8), 10-month
(AD, n = 10; PD, n = 8), and 18-month (AD, n = 10; PD, n = 8)
groups. C57BL/6J mice of corresponding ages formed the wild
type group (WT, n = 8 per group).

Lentivirus Transfection
We established ADH1B-overexpressing and shRNA-ADH1B SH-
SY5Y cell lines using transduction of lentiviral vectors. ADH1B-
overexpressing (NM_000668) and shRNA-ADH1B (TGACACC
ATGATGGCTTCCCTGTTA) primers were synthesized. Control
vectors (lentiviral-ADH1B corresponding to the ADH1B-
overexpressing group and lentiviral-scramble corresponding
to the shRNA-group) were used for comparison (Hanbio,
Shanghai, China). SH-SY5Y cells were seeded onto six-
well plates and transfected with these lentiviral vectors.
Overexpression and interference effects were determined using
western blotting after 48 h.

Cell Culture and Treatment
The SH-SY5Y cell line was obtained from China Infrastructure of
Cell Lines. Cells were maintained in DMEM:F12 medium using
10% fetal bovine serum and 1% penicillin–streptomycin at 37◦C
and 5% CO2 with humidified atmosphere. Cells were separated
into four groups (shRNA con, shRNA ADH1B, overexpressing
con, and overexpressing ADH1B) and transfected with the
lentiviral vectors mentioned above. Next, cells were treated with
10 µM Aβ1-42 for 12 h (Bae et al., 2014). Cells were then
harvested and prepared for the following tests.

Preparation of Aβ1-42
Synthetic Aβ1-42 purchased from Abcam (United States,
ab120301) was dissolved in 1,1,1,3,3,3–hexafluoro-2-propanol
(HFIP, Sigma), incubated at room temperature for 1 h, gently
mixed, and sonicated for 10 min. The solution was dried
using nitrogen gas. The pellet was resuspended in 100% DMSO
and incubated for 12 min at room temperature according to
the manufacturer’s instructions (Olsen and Sheng, 2012). This
Aβ1-42 stock solution was aliquoted, stored at −80◦C, and
equilibrated for 1 h at room temperature before use. The stock
solution was diluted to a final concentration of 10 µM in DMSO.
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TABLE 1 | Demographic characteristics of the enrolled populations.

Group Age(y) Gender(N)

Median (range) Mean ± SEM p-Value Female N(%) Male N(%) p-Value

HC n = 27 71(60–83) 71.3 ± 1.31 – 15(55.5) 12(45.5) –

AD n = 37 70(65–87) 72.5 ± 1.12 HC vs. ADan.s. 20(54.0) 17(46) HC vs. PDbn.s.

PD n = 30 70.5(65–82) 71.9 ± 1.24 HC vs. PDan.s. 15(50.0) 15(50) HC vs. PDbn.s.

HC, healthy controls, AD, Alzheimer’s disease, PD, Parkinson’s disease, y, years; n.s., not significant (p > 0.05). aMann–Whitney U-test. bChi-square test.

Enzyme-Linked Immunosorbent
Assay (ELISA)
Whole blood was collected and kept at room temperature for
approximately 30 min. After centrifugation at 2,000 × g for
30 min in a refrigerated centrifuge, supernatants were collected
into microcentrifuge tubes and stored at−80◦C until use. Serum
ADH1B levels were determined using ELISA (Cloud-Clone)
following the manufacturer’s protocol. Absorbance was measured
at 450 nm using a microplate reader (Bio-Rad, Hercules,
CA, United States).

Western Blot Analysis
Hippocampus tissues were removed and homogenized in neuro-
nal Protein Extraction Reagent (Thermo Fisher Scientific, 87792)
containing a cocktail of protease and phosphatase inhibitors
(Thermo Fisher Scientific, 87786). Protein concentrations were
determined using the BCA protein assay (Thermo Fisher
Scientific, 23227). Equal amounts of total protein were separated
in 12% SDS–PAGE gels and then transferred to nitrocellulose
(NC) membranes (Solarbio, Beijing, China). The primary
antibodies were: rabbit anti-ADH1B (Biorbyt, 1:800), rabbit anti-
BACE 1 (Abcam, 1:1000), rabbit anti-IDE (Abcam, 1:1000), rabbit
anti-p75NTR (Cell Signaling Technology, 1:1000), rabbit anti-
cleaved caspase-3 (Abcam, 1:1000), rabbit anti-Bcl-2 (Abcam,
1:1000), and rabbit anti-Bax (Abcam, 1:1000). Image Lab
(Bio-Rad) was utilized for protein signal densitometry. Detection
of proteins from pretreated SH-SY5Y cells using western blotting
were performed as previously described (Zhang et al., 2016).

Immunohistochemistry Analysis
Immunohistochemical examinations were performed to deter-
mine ADH1B levels in the hippocampus of model mice. Three
mice per group were separated and primed with saline solution.
Perfusion was then conducted with 4% paraformaldehyde.
Brain tissues were removed and cut through the mid-sagittal
plane. Brain hemispheres were fixed with 4% paraformaldehyde
overnight and then embedded with paraffin. Paraffin sections
were dried for 1 h (60◦C) and dewaxed with xylene. After washing
with a graded series of ethanol solutions, incubating with 3%
H2O2, and blocking with 5% BSA, slides were incubated with
primary antibody (anti-ADH1B, 1:100) overnight at 4◦C, rinsed
with PBS, and incubated with secondary antibody for 20 min at
room temperature. Slides were visualized with diaminobenzidine.
Mean integral optical density (IOD) was calculated in three fields
of the hippocampus for each slide. Each field was imaged at 400×
magnification using a microscope (Leica, DM3000) equipped

with Image-Pro Plus 6.0 (Media Cybernetics, Rockville, MD,
United States) (Lian et al., 2017).

Cell Viability Assay
SH-SY5Y cells were seeded in 96-well plates 48 h after
transfection and incubated with 0.1% DMSO in OPTI-MEM
medium (Thermo Fisher Scientific, Waltham, MA, United States)
or Aβ1-42 (10 µM) in OPTI-MEM medium for an additional
12 h. Cells were incubated with 10 µL of WST-8 for 3.5 h at 37◦C.
Absorbance values at 450 nm were determined using an iMARK
microplate reader (Bio-Rad, Hercules, CA, United States).

Analysis of Apoptosis
Apoptosis of SH-SY5Y cells induced by Aβ1-42 (10 µM) was
determined using a Annexin V-FITC/PI apoptosis detection
kit (Beijing 4A Biotech) according to the manufacturer’s
instructions. Annexin V positive and PI negative cells were
considered apoptotic. Apoptosis rates were determined using
flow cytometry (BD, C6, United States). TUNEL apoptosis
assays were also performed using a TUNEL Apoptosis Assay
Kit (Beyotime, Beijing). Apoptotic cells were observed under a
fluorescence microscope.

Measurement of Intracellular ROS
Induced by Aβ1-42
Intracellular ROS levels were measured using fluorescence
microscopy with 2′,7′-dichlorofluorescein diacetate (DCF-DA).
Pretreated SH-SY5Y cells were harvested from a flask and
plated at 1 × 104 cells per well on six-well plates. The 2′,7′-
DCF-DA-stained SH-SY5Y cells were visualized using a Nikon
ECLIPSE Ci fluorescence microscope as described previously
(Chandrasekaran et al., 2012). Results are expressed as arbitrary
units of fluorescence intensity per 104 cells from at least three
independent experiments per group. In addition, total superoxide
dismutase (SOD) was detected using a Total SOD Assay kit
(Beyotime, Beijing) according to the manufacturer’s instructions.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism
software (version 5.01; California, United States). Data from
each experimental condition were obtained from at least three
independent experiments. Data are presented as mean ± S.D.
Statistical significance was evaluated using one-way or two-way
ANOVA or t-tests (as appropriate). Chi-square tests were used
to compare groups of categorical data. Mann–Whitney U-tests
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were used to compare continuous data. Statistical significance
was considered for p< 0.05.

RESULTS

Lower Serum Levels of ADH1B in AD
Patients
Demographic characteristics of the enrolled populations are
displayed in Table 1. No significant difference in age and gender
between AD and PD patients were observed when compared
with the health control (HC) group. Serum ADH1B levels
were determined using ELISA. Interestingly, lower ADH1B
levels were observed in AD patients than in the PD and HC
groups (Figure 1, p < 0.01). PD and AD are both common
neurodegenerative diseases (Fisher et al., 2015), and our data
show that ADH1B levels in PD and HC were not significantly
different (p > 0.05). These results suggest that ADH1B could be
specifically related to AD.

Age-Dependent Decrease in ADH1
Levels in the Hippocampus of
APP/PS-1 AD Model Mice
Human ADH1 consists of three isoenzymes, ADH1A, ADH1B,
and ADH1C. Rodents, however, do not show this diversity
(Duester et al., 1999), and we therefore assessed only the
expression of ADH1 in mice. We found that ADH1 levels in the
serum of APP/PS1 model mice decreased significantly, similar
to what was observed in human serum (Figure 1B). ADH1
levels in the hippocampus of APP/PS-1 AD model mice were
determined using western blotting (Figures 2A,B). Our results
show that the ADH1 protein levels dramatically declined with
aging (Figures 2A–D). Furthermore, ADH1 levels in APP/PS-1
double transgenic mice declined compared with age-matched
control mice at the ages of 10 (p < 0.01) and 18 (p < 0.01)
months. However, no difference in ADH1 levels were observed
in the PD transgenic mice model (Figures 2C,D, p > 0.05).
These data indicate that ADH1 levels might be associated with
AD, especially in some age groups. ADH1 levels were confirmed
using immunochemistry (IHC) of paraffin sections of APP/PS-1
mouse brain tissue (Figure 2E). Expression of this protein in
10-month-old and 18-month-old mice were lower than that in
aged-matched mice of the control group (Figure 2F, p< 0.05).

Down-Regulation of ADH1B Induced by
Aβ1-42 in SH-SY5Y Cell Line
The deposition of Aβ1-42 plays a very important role in the
occurrence and development of AD (Fukuyama et al., 2000;
Huang et al., 2012). Our previous results have demonstrated that
ADH1B levels decrease in the serum of AD patients (see Figure 1)
and the hippocampus of AD model mice (see Figure 2A). To
investigate the effects of Aβ1-42 on ADH1B protein levels, we
designed an experiment in which SH-SY5Y cells were treated
with different concentrations of Aβ1-42 (10, 20, and 40 µM). The
results show that the ADH1B protein levels in cells treated with
10 µM Aβ1-42 declined significantly (Figures 3A,B, p < 0.01).

FIGURE 1 | Serum expression levels of alcohol dehydrogenase 1B (ADH1B)
in healthy controls (HC), Alzheimer’s disease (AD), and Parkinson’s disease
(PD) patients and in AD model mice determined using enzyme-linked
immunosorbent assays. (A) Analysis showed that ADH1B was
down-regulated in AD patients (n = 37) compared to the HC group (n = 27,
Mann–Whitney U-test, ∗∗p < 0.01). No significant differences were observed
between PD (n = 30) and HC groups (p > 0.05). (B) Serum expression levels
of ADH1 in AD model mice after 8 months (n = 5 per group, t-test). Data are
shown as mean ± S.D. ∗p < 0.05 and ∗∗p < 0.01.

However, the reduction in ADH1B protein levels was not clear
when increasing the dose of Aβ1-42 in SH-SY5Y cells. The
data indicate that Aβ1-42 can down-regulate the expression of
ADH1B especially in low concentrations.

ADH1B-Mediated Reduction of
Apoptotic Rate of SH-SY5Y
Cells Cultured With Aβ1-42
The apoptotic rates of SH-SY5Y cells induced by Aβ1-42 were
determined using flow cytometry (FCM) to confirm whether
ADH1B could influence apoptosis. The results show that the
apoptotic rate of cells transfected with the shRNA ADH1B vector
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FIGURE 2 | Alcohol dehydrogenase 1B (ADH1B) in the hippocampus of Alzheimer’s disease (AD) and Parkinson’s disease (PD) model mice at different ages.
(A) Representative ADH1B polypeptides detected in the hippocampus of APP/PS-1 AD model mice with 4 (4T), 10 (10T), and 18 (18T) months of age. Negative
controls with similar ages (4WT, 10WT, and 18WT) were used. Proteins were extracted from the hippocampus of model mice and then analyzed using western
blotting. (B) Relative expression of ADH1B in the hippocampus of APP/PS-1 AD model mice (n = 8 per group, two-way ANOVA). (C) Representative signals of
ADH1B in the hippocampus of Prnp-SNCA∗A53T PD model mice. (D) Relative expression of ADH1B in the hippocampus of Prnp-SNCA∗A53T PD model mice
(n = 8 per group, two-way ANOVA). β-Actin was used as a loading control. (E) Immunohistochemical staining of paraffin sections of mouse brain tissue using
anti-ADH1B antibody (n = 4 per group). Red arrows, ADH1B-positive regions. Scale bar, 50 µm. (F) Relative expression of ADH1B in the hippocampus determined
using immunohistochemical staining (Chi-square tests). Data are shown as mean ± S.D. ∗p < 0.05 and ∗∗p < 0.01.
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FIGURE 3 | Effects of β-amyloid (Aβ)1-42 on alcohol dehydrogenase 1B
(ADH1B) expression in SH-SY5Y cells. SH-SY5Y cells were pretreated with
Aβ1-42 (10, 20, and 40 µM) or 0.1% DMSO. (A) Representative signals of
ADH1B treated with different concentration of Aβ1-42 or 0.1% DMSO.
(B) Relative expression of ADH1B. β-Actin was used as a loading control.
Data are shown as mean ± S.D. of three separate experiments performed in
triplicate. Data were compared with independent samples using one-way
ANOVA. ∗p < 0.05 and ∗∗p < 0.01.

and cultured with Aβ1-42 was more than 3-fold higher than that
of control cells (35.51 vs. 10.66%, Figures 4A,B, p < 0.01). In
contrast, the apoptotic rate of cells transfected with the ADH1B-
overexpression vector decreased slightly compared with control
cells (5.49 vs. 11.03%), but it could be significant considering
the non-reproducibility of neurons (Figures 4A,B). In addition,
TUNEL staining assays were also performed to determine
apoptotic cells (Supplementary Figure 1). Fluorescence intensity
of positive apoptotic cells was the strongest after transfection
with the shRNA ADH1B vector, whereas positive apoptotic
cells were clearly reduced after transfection with the ADH1B-
overexpression vector. These results indicate that ADH1B could
reduce apoptosis of SH-SY5Y cells stimulated with Aβ1-42.

ADH1B-Mediated Promotion of
SH-SY5Y Cell Viability
The effects of ADH1B on the viability of SH-SY5Y cells was
determined with the MTT assay. The data show that the viability
of cells transfected with the shRNA ADH1B vector and cultured
with 10 µM Aβ1-42 decreased significantly compared with
control cells. In addition, the viability of cells transfected with the
ADH1B-overexpression vector significantly increased compared

with the control (p < 0.05). These results indicate that ADH1B
could protect SH-SY5Y cells against the toxicity induced by
Aβ1-42 (Figure 5).

Down-Regulation of p75NTR by ADH1B
It is reported that p75NTR is an Aβ receptor that mediates
Aβ-induced neurodegenerative signals (Jiao et al., 2015; Yao
et al., 2015). BACE 1 is a rate-limiting enzyme in the cleavage
of the APP to Aβ peptides (Durairajan et al., 2017), and IDE
is a major endogenous Aβ-degrading enzyme. The levels and
enzymatic activity of IDE are negatively correlated with the size
of the amyloid plaques and AD pathology (Matioli and Nitrini,
2015). To investigate the effects of ADH1B on these proteins
(p75NTR, BACE 1, and IDE) related to Aβ1-42 metabolism,
we established ADH1B-overexpression and ADH1B-shRNA
lentiviral vectors. These vectors were then transfected into SH-
SY5Y cells treated with 10 µM Aβ1-42 (Arai et al., 2016). The
empty lentiviral vector was used as negative control. The results
show that the expression of p75NTR significantly increased and
decreased in the shRNA ADH1B and ADH1B-overexpressing
groups, respectively, compared with the corresponding controls
(Figure 6D, p < 0.05). In contrast, no difference was observed
in BACE 1 or IDE protein levels between these two transfected
groups and the control group (Figures 6A–C, p > 0.05). These
results strongly suggest that ADH1B attenuates Aβ-induced
neurodegenerative signals by decreasing p75NTR levels.

Regulation of Apoptosis-Related
Protein Expression by ADH1B
Cleaved caspase-3 and Bax have been demonstrated to promote
apoptosis (Bressenot et al., 2009; Kirkland et al., 2010),
whereas Bcl-2 reduces the apoptotic rate (Maranci et al.,
2010). To uncover the mechanisms by which ADH1B down-
regulates apoptosis, the levels of apoptosis-related proteins
were determined using western blotting. The results show
that the protein levels of cleaved caspase-3 and Bax increased
significantly in cells transfected with the shRNA ADH1B vector,
whereas the corresponding protein levels of cells transfected
with the ADH1B-overexpression vector decreased significantly
compared with the control (Figures 7A,B,D, p < 0.05). In
contrast, Bcl-2 levels significantly decreased and increased in cells
transfected with the shRNA ADH1B and ADH1B-overexpression
vectors, respectively, compared with control cells (Figures 7A,C,
p< 0.05). These results show that ADH1B plays a very important
role in regulating the levels of apoptosis-related proteins.

ADH1B-Mediated Protection of SH-SY5Y
Cells Against Oxidative Stress Injury
Induced by Aβ1-42
Previous studies have found that Aβ1-42 can induce oxidized
stress damage and cell apoptosis at the 10–40 µM concentration
range (Arai et al., 2016). To investigate the effects of
ADH1B on the oxidative stress levels, intracellular ROS levels
were determined using fluorescence microscopy with 2′,7′-
dichlorofluorescein diacetate (DCF-DA). Following treatment
of cells with 10 µM Aβ1-42 for 12 h, a 4.2-fold increase in
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FIGURE 4 | Effects of alcohol dehydrogenase 1B (ADH1B) on the apoptotic rate of SH-SY5Y cells. After treatment with 10 µM Aβ1-42, cells were divided into four
groups: overexpressing ADH1B, overexpressing control, shRNA ADH1B, and shRNA control. (A) Flow cytometry (FCM) analysis of apoptosis of SH-SY5Y cells. Cell
apoptosis was identified using Annexin-V/propidium iodide (PI) double-staining assays. Q2-1, Q2-2, Q2-3, and Q2-4 indicate viable (live), early apoptotic, late
apoptotic, and necrotic regions, respectively. (B) Apoptotic rate of cells were determined using FCM. Data are shown as mean ± S.D. of three separate experiments
performed in triplicate. Data were compared with independent samples using Chi-square tests. ∗p < 0.05 and ∗∗p < 0.01.

intracellular ROS generation was observed in the shRNA ADH1B
group compared with the control group (p < 0.01). In contrast,
overexpression of ADH1B resulted in antioxidative activity in
SH-SY5Y cell lines (Figures 8A,B, p< 0.05). SOD is an important
antioxidative enzyme. Our results show that SOD activity in
cells overexpressing ADH1B was 2.5-fold higher than that of the
control group (p < 0.001), whereas SOD activity in the shRNA
ADH1B group decreased significantly (Figure 8C, p < 0.0001).
These results suggest that ADH1B reduces intracellular ROS

levels and protects the cell against oxidative stress damage
induced by Aβ1-42.

DISCUSSION

A recent large-scale study has demonstrated that frequent
alcohol consumption is associated with elevated risk of dementia
(Langballe et al., 2015). Ethanol is not toxic to the human
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FIGURE 5 | Effects of alcohol dehydrogenase 1B (ADH1B) on the viability of
SH-SY5Y cells cultured with β-amyloid (Aβ)1-42. Viability of cells transfected
with shRNA vector or ADH1B overexpression vector and cultured with 0.1%
DMSO or 10 µM Aβ1-42 for 12 h was determined using MTT assays. Data
are shown as mean ± S.D. of three separate experiments performed in
triplicate. The data were compared with the independent samples using
One-way ANOVA.∗p < 0.05.

body, whereas acetaldehyde from oxidized ethanol is toxic.
Acetaldehyde, the substrate of ADH and ALDH, mediates
cognitive impairment and brain damage (Hernandez-Collados
et al., 1997). ALDH decreases 4-HNE levels and could be
involved in AD pathology (Benedetti et al., 2014). In addition,
ADH1B polymorphism was found to be associated with the risk
of AD. Ma et al. reported that the AA genotype of ADH1B
rs1229984 is associated with an increased risk of AD (Ma and
Lu, 2016). However, its exact molecular mechanism related
to AD remains unknown. In the present study, we compared
the ADH1B levels in the serum of AD patients, PD patients,
and HCs and found that ADH1B is reduced only in the
serum of AD patients but not of PD patients. Although AD
and PD are all considered neurodegenerative diseases, PD is
characterized by loss of dopamine (DA) neurons in substantia
nigra pars compacta (SNPC) and later in the ventral tegmental
area. These events are accompanied by progressive loss of DA
innervations of the nucleus caudatus and putamen, resulting
primarily in movement disabilities. A previous study showed
that genetic variants of the G78stop mutation in ADH1C and
related ADH4 SNPs are associated with PD (Buervenich et al.,
2005), suggesting that other ADHs but not ADH1B might
participated in PD. Moreover, our results show that ADH1
levels in the serum and hippocampus of APP/PS-1 AD model
mice decreased significantly (Figures 1, 2). The deposition of
Aβ1-42, a degradation product of APP cleaved by BACE-1 and
the γ-secretase complex, plays a very important role in AD
pathology (Jamsa et al., 2011). Neurons incubated with Aβ1-42
are currently widely used in the study of AD (Han et al., 2017;
Zhang et al., 2017). Here, we used SH-SY5Y cells cultured
with Aβ1-42 as an AD cell model. The down-regulation of
ADH1B induced by Aβ1-42 was also observed in the cell model
(Figure 3). These results indicate that ADH1B may be associated
with AD pathology.

FIGURE 6 | Effects of alcohol dehydrogenase 1B (ADH1B) on BACE 1, IDE,
and p75NTR expression in SH-SY5Y cells cultured with β-amyloid (Aβ)1-42.
After treatment with 10 µM Aβ1-42, cells were divided into four groups:
overexpressing ADH1B, overexpressing control, shRNA ADH1B, and shRNA
control. (A) Representative expression of Aβ42-related proteins in different
groups was determined. Proteins were analyzed using western blotting with
antibodies against BACE 1, IDE, and p75NTR. Lane 1, shRNA con group;
lane 2, shRNA ADH1B group; lane 3, overexpressing con group; lane 4,
overexpressing ADH1B group. (B) Relative quantitation of BACE 1 in the four
groups. (C) Relative quantitation of IDE in the four groups. (D) Relative
quantitation of p75NTR in the four groups. β-Actin was used as a loading
control. Data are shown as mean ± S.D. of three separate experiments
performed in triplicate. The data were compared with the independent
samples using One-way ANOVA.∗p < 0.05.

Recent evidence has confirmed that Aβ-induced neurotoxicity
results in cell apoptosis (Du et al., 2019; Wang et al., 2019).
Thus, the effects of ADH1B on the apoptosis rate and viability
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FIGURE 7 | Effects of alcohol dehydrogenase 1B (ADH1B) on the expression
of apoptosis-related proteins in SH-SY5Y cells. Protein levels of Bax, Bcl-2,
and cleaved caspase-3 were measured using western blotting in cells
transfected with lentivirus vectors and cultured with 10 µM β-amyloid (Aβ)1-42
for 12 h. (A) Representative expression of apoptosis-related proteins in
different groups were detected. Proteins were analyzed using western blotting
with antibodies against cleaved caspase-3, Bax, and Bcl-2. Lane 1, shRNA
con group; lane 2, shRNA ADH1B group; lane 3, overexpressing con group;
lane 4, overexpressing ADH1B group. (B) Relative quantitation of Bax in the
four groups. (C) Relative quantitation of Bcl-2 in the four groups. (D) Relative
quantitation of cleaved caspase-3 in the four groups. β-Actin was used as a
loading control. Data are shown as mean ± S.D. of three separate
experiments performed in triplicate. The data were compared with the
independent samples using One-way ANOVA. ∗p < 0.05.

of AD model cells were first evaluated. The apoptotic rate
was elevated 3-fold after shRNA interference of ADH1B, and
reduced after overexpression of ADH1B (Figure 4). Moreover,
the viability of the AD model cells was found to be elevated by

FIGURE 8 | Effects of alcohol dehydrogenase 1B (ADH1B) on the levels of
reactive oxygen species (ROS) products in SH-SY5Y cells cultured with
β-amyloid (Aβ)1-42. Cells transfected with shRNA or ADH1B overexpression
vectors and cultured with 10 µM Aβ1-42 for 12 h were analyzed using
fluorescence spectrophotometry. (A) Photomicrographs of
2′,7′-DCF-DA-stained SH-SY5Y cells visualized with a fluorescence
microscope. 4′,6′-Diamidino-2-phenylindole (DAPI), blue color; DCF-DA,
green color. Scale bar, 40 µm. (B) Intracellular ROS levels were measured
using fluorescence spectrophotometry and 2′,7′-DCF-DA as a probe. Results
are expressed as arbitrary units of fluorescence intensity per 104 cells from at
least three independent experiments per group. Data were compared with
independent samples using Chi-square tests. (C) SOD activity in SH-SY5Y
cells. Values are shown as mean ± S.D. Data were compared with
independent samples using one-way ANOVA.∗p < 0.05, ∗∗p < 0.01,
∗∗∗p < 0.001, and ∗∗∗∗p < 0.0001.
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ADH1B, which coincided with its down-regulation of apoptosis.
These results show that ADH1B suppresses the apoptosis of
the AD model cells.

p75NTR, an Aβ receptor, mediates Aβ-induced neurodegene-
rative signals and promotes apoptosis induced by pro-
neurotrophins (Jiao et al., 2015; Yao et al., 2015). BACE-1 and IDE
play key roles in the production and degradation, respectively,
of Aβ1-42 (Matioli and Nitrini, 2015; Durairajan et al., 2017).
Our results show that p75NTR was down-regulated by ADH1B
(Figure 6D). In contrast, no effect of ADH1B was observed on
the expression of BACE-1 and IDE. These results suggest that
ADH1B attenuates Aβ1-42-induced neurodegenerative signals
by decreasing p75NTR levels, which could be one of the key
mechanisms of ADH1B reducing AD cell apoptosis.

Several studies demonstrated that cleaved caspase-3 and
Bax promote apoptosis through poly ADP-ribose polymerase
(PARP) and mitochondrial stress, respectively (Wang et al., 2006;
Dingeldein et al., 2017). In addition, Bcl-2 reduces the apoptotic
rate (Maranci et al., 2010). In the present study, cleaved caspase-3
and Bax were found to be down-regulated after overexpression of
ADH1B, and up-regulated after shRNA interference of ADH1B.
In contrast, Bcl-2 levels were up-regulated in AD model cells
transfected with the ADH1B overexpression vector. These results
strongly indicate that ADH1B decreases apoptosis through
pathways associated with cleaved caspase-3, Bax, and Bcl-2
in AD model cells.

Previous studies have indicated that Aβ can bring about
oxidative injury to neurons (Xu et al., 2016; Du et al., 2019).
Oxidative damage of macromolecules in neurons may participate
in the pathogenesis of AD (Keller et al., 2005). APP levels are
raised, and the vicious pathophysiological cycles initiated by tau
phosphorylation result in high levels of oxidative stress (Gibson,
2002). Our results demonstrate that ADH1B clearly reduces ROS
levels in AD model cells, suggesting that ADH1B protects SH-
SY5Y cells against oxidative stress injury induced by Aβ1-42. In
summary, our results show that ADH1B suppresses apoptosis
through attenuating Aβ1-42-induced neurodegenerative signals
mediated by p75NTR, regulating the expression of apoptosis-
related proteins and reducing oxidative stress levels in SH-SY5Y

cells. These results also indicate that ADH1B might be important
in the prevention of AD, especially for alcohol abusers, and might
be a potential new target of AD treatment.

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of ethics committee of Xuanwu Hospital
of Capital Medical University with written informed consent
from all subjects. All subjects gave written informed consent in
accordance with the Declaration of Helsinki. The protocol was
approved by the ethics committee of Xuanwu Hospital of Capital
Medical University. All animal experiments conformed to the
National Institutes of Health guidelines. All animal procedures
were approved by the ethics committee of Xuanwu Hospital of
Capital Medical University.

AUTHOR CONTRIBUTIONS

YW, YZ, and PW designed the experiments and wrote the
manuscript. YW, YZ, and XZ performed the experiments. CL and
TY helped to collect serum samples. All authors reviewed and
approved the final manuscript.

FUNDING

The present study was supported by the National Natural Science
Foundation of China (No. 81472007).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnagi.
2019.00135/full#supplementary-material

REFERENCES
Ansari, S., Pendurthi, U. R., and Rao, L. (2011). The lipid peroxidation product

4-hydroxy-2-nonenal induces tissue factor decryption via ROS generation and
the thioredoxin system. Blood Adv. 1, 2399–2413. doi: 10.1182/bloodadvances.
2017010132

Arai, T., Ohno, A., Kazunori, M., Kakizawa, T., Kuwata, H., Ozawa, T., et al. (2016).
Design, synthesis, and evaluation of trolox-conjugated amyloid-beta C-terminal
peptides for therapeutic intervention in an in vitro model of Alzheimer’s
disease. Bioorg. Med. Chem. 24, 4138–4143. doi: 10.1016/j.bmc.2016.06.057

Bae, D., Kim, Y., Kim, J., Kim, Y., Oh, K., Jun, W., et al. (2014). Neuroprotective
effects of Eriobotrya japonica and Salvia miltiorrhiza Bunge in in vitro and
in vivo models. Anim. Cell Syst. 18, 119–134.

Bai, J., and Mei, Y. (2011). Overexpression of aldehyde dehydrogenase-2 attenuates
neurotoxicity induced by 4-hydroxynonenal in cultured primary hippocampal
neurons. Neurotox Res. 19, 412–422. doi: 10.1007/s12640-010-9183-1

Benedetti, E., D’Angelo, B., Cristiano, L., Di Giacomo, E., Fanelli, F., Moreno,
S., et al. (2014). Involvement of peroxisome proliferator-activated receptor
beta/delta (PPAR beta/delta) in BDNF signaling during aging and in Alzheimer

disease possible role of 4-hydroxynonenal (4-HNE). Cell Cycle 13, 1335–1344.
doi: 10.4161/cc.28295

Billings, L. M., Oddo, S., Green, K. N., McGaugh, J. L., and LaFerla, F. M.
(2005). Intraneuronal a beta causes the onset of early Alzheimer’s disease-
related cognitive deficits in transgenic mice. Neuron 45, 675–688. doi: 10.1016/
j.neuron.2005.01.040

Bozyczko-Coyne, D., O’Kane, T. M., Wu, Z. L., Dobrzanski, P., Murthy, S., Vaught,
J. L., et al. (2001). CEP-1347/KT-7515, an inhibitor of SAPK/JNK pathway
activation, promotes survival and blocks multiple events associated with Abeta-
induced cortical neuron apoptosis. J. Neurochem. 77, 849–863. doi: 10.1046/j.
1471-4159.2001.00294.x

Bressenot, A., Marchal, S., Bezdetnaya, L., Garrier, J., Guillemin, F., and
Plenat, F. (2009). Assessment of apoptosis by immunohistochemistry
to active caspase-3, active caspase-7, or cleaved PARP in monolayer
cells and spheroid and subcutaneous xenografts of human carcinoma.
J. Histochem. Cytochem. 57, 289–300. doi: 10.1369/jhc.2008.95
2044

Buervenich, S., Carmine, A., Galter, D., Shahabi, H. N., Johnels, B., Holmberg, B.,
et al. (2005). A rare truncating mutation in ADH1C(G78Stop) shows significant

Frontiers in Aging Neuroscience | www.frontiersin.org 10 June 2019 | Volume 11 | Article 135

https://www.frontiersin.org/articles/10.3389/fnagi.2019.00135/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2019.00135/full#supplementary-material
https://doi.org/10.1182/bloodadvances.2017010132
https://doi.org/10.1182/bloodadvances.2017010132
https://doi.org/10.1016/j.bmc.2016.06.057
https://doi.org/10.1007/s12640-010-9183-1
https://doi.org/10.4161/cc.28295
https://doi.org/10.1016/j.neuron.2005.01.040
https://doi.org/10.1016/j.neuron.2005.01.040
https://doi.org/10.1046/j.1471-4159.2001.00294.x
https://doi.org/10.1046/j.1471-4159.2001.00294.x
https://doi.org/10.1369/jhc.2008.952044
https://doi.org/10.1369/jhc.2008.952044
https://www.frontiersin.org/journals/aging-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-11-00135 June 4, 2019 Time: 11:12 # 11

Wang et al. ADH1B Prevents Neuron Apoptosis

association with parkinson disease in a large international sample. Arch. Neurol.
62, 74–78.

Chandrasekaran, K., Swaminathan, K., Mathan, K. S., Mathan Kumar, S., Clemens,
D. L., and Dey, A. (2012). In Vitro evidence for chronic alcohol and high glucose
mediated increased oxidative stress and hepatotoxicity. Alcohol. Clin. Exp. Res.
36, 487–495. doi: 10.1111/j.1530-0277.2011.01697.x

Copani, A., Melchiorri, D., Caricasole, A., Martini, F., Sale, P., Carnevale, R., et al.
(2002). Beta-amyloid-induced synthesis of the ganglioside Gd3 is a requisite
for cell cycle reactivation and apoptosis in neurons. J. Neurosci. 22, 3963–3968.
doi: 10.1523/jneurosci.22-10-03963.2002

Davis, W. M. (1993). Is aluminium an etiologic contributor to alcoholic amnesia
and dementia? Med. Hypotheses 41, 341–343. doi: 10.1016/0306-9877(93)
90079-6

Dingeldein, A. P. G., Pokorna, S., Lidman, M., Soarrman, T., Sachl, R., Hof, M.,
et al. (2017). Apoptotic bax at oxidatively stressed mitochondrial membranes:
lipid dynamics and permeabilization. Biophys. J. 112, 2147–2158. doi: 10.1016/
j.bpj.2017.04.019

D’Souza, Y., Elharram, A., Soon-Shiong, R., Andrew, R. D., and Bennett, B. M.
(2015). Characterization of Aldh2(-/-) mice as an age-related model of cognitive
impairment and Alzheimer’s disease. Mol. Brain 8:27. doi: 10.1186/s13041-015-
0117-y

Du, S., Zhang, Y., Yang, J., Liu, X., Wang, Y., Xu, B., et al. (2019). Curcumin
alleviates β amyloid-induced neurotoxicity in HT22 cells via upregulating
SOD2. J. Mol. Neurosci. 67, 540–549. doi: 10.1007/s12031-019-01267-2

Duester, G., Farres, J., Felder, M. R., Holmes, R. S., Hoog, J. O., Pares, X., et al.
(1999). Recommended nomenclature for the vertebrate alcohol dehydrogenase
gene family. Biochem. Pharmacol. 58, 389–395. doi: 10.1016/s0006-2952(99)
00065-9

Durairajan, S. S. K., Chirasani, V. R., Shetty, S. G., Iyaswamy, A., Malampati,
S., Song, J., et al. (2017). Decrease in the generation of amyloid-beta due to
salvianolic acid B by modulating BACE1 activity. Curr. Alzheimer Res. 14,
1229–1237. doi: 10.2174/1567205014666170417103003

Fisher, A., Nitsch, R. M., Windisch, M. (2015). Alzheimer’s and Parkinson’s
diseases: mechanisms, clinical strategies, and pro treatments of
neurodegenerative disease. 12th International Conference AD/PD, Nice,
March 2015: proceedings. Neurodegenerative. Dis. 16:5.

Fukuyama, R., Mizuno, T., Mori, S., Nakajima, K., Fushiki, S., and Yanagisawa,
K. (2000). Age-dependent change in the levels of A beta 40 and A beta 42 in
cerebrospinal fluid from control subjects, and a decrease in the ratio of A beta
42 to A beta 40 level in cerebrospinal fluid from Alzheimer’s disease patients.
Eur. Neurol. 43, 155–160. doi: 10.1159/000008156

Gibson, G. E. (2002). Interactions of oxidative stress with cellular calcium dynamics
and glucose metabolism in Alzheimer’s disease. Free Radic. Biol. Med. 32,
1061–1070. doi: 10.1016/s0891-5849(02)00802-x

Hampel, H., and Shen, Y. (2009). Beta-site amyloid precursor protein cleaving
enzyme 1 (BACE1) as a biological candidate marker of Alzheimer’s disease.
Scand. J. Clin. Lab. Invest. 69, 8–12. doi: 10.1080/00365510701864610

Han, X. J., Hu, Y. Y., Yang, Z. J., Jiang, L. P., Shi, S. L., Li, Y. R., et al. (2017). Amyloid
beta-42 induces neuronal apoptosis by targeting mitochondria. Mol. Med. Rep.
16, 4521–4528. doi: 10.3892/mmr.2017.7203

Hernandez-Collados, A., Rodamilans, M., and Sânchez-Turet, M. (1997). Influence
of acetaldehyde on cognitive performance shortly after ingesting ethanol. Med.
Sci. Res. 25, 593–596.

Hirata-Fukae, C., Sidahmed, E. H., Gooskens, T. P., Aisen, P. S., Dewachter, I.,
Devijver, H., et al. (2008). Beta-site amyloid precursor protein-cleaving enzyme-
1 (BACE1)-mediated changes of endogenous amyloid beta in wild-type and
transgenic mice in vivo. Neurosci. Lett. 435, 186–189. doi: 10.1016/j.neulet.2008.
02.032

Huang, Y., Potter, R., Sigurdson, W., Santacruz, A., Shih, S., Ju, Y. E., et al. (2012).
Effects of age and amyloid deposition on A beta dynamics in the human central
nervous system. Arch. Neurol. 69, 51–58. doi: 10.1001/archneurol.2011.235

Hung, S. Y., Huang, W. P., Liou, H. C., and Fu, W. M. (2015). LC3 overexpression
reduces abeta neurotoxicity through increasing alpha7nAchR expression and
autophagic activity in neurons and mice. Neuropharmacology 93, 243–251.
doi: 10.1016/j.neuropharm.2015.02.003

Ito, S., Menard, M., Atkinson, T., Brown, L., Whitfield, J., and Chakravarthy, B.
(2016). Relative expression of the p75 neurotrophin receptor, tyrosine receptor
kinase A, and insulin receptor in SH-SY5Y neuroblastoma cells and hippocampi

from Alzheimer’s disease patients. Neurochem. Int. 101, 22–29. doi: 10.1016/j.
neuint.2016.09.015

Jamsa, A., Belda, O., Edlund, M., and Lindstrom, E. (2011). BACE-1 inhibition
prevents the gamma-secretase inhibitor evoked A beta rise in human
neuroblastoma SH-SY5Y cells. J. Biomed. Sci. 18:76. doi: 10.1186/1423-0127-
18-76

Jiao, S. S., Bu, X. L., Liu, Y. H., Wang, Q. H., Liu, C. H., Yao, X. Q., et al.
(2015). Differential levels of p75NTR ectodomain in CSF and blood in patients
with Alzheimer’s disease: a novel diagnostic marker. Transl. Psychiatry 5:e650.
doi: 10.1038/tp.2015.146

Kato, N. (1991). Clinical concept of alcoholic dementia. Arukoru Kenkyuto
Yakubutsu Ison 26, 119–133.

Keller, J. N., Schmitt, F. A., Scheff, S. W., Ding, Q., Chen, Q., Butterfield, D. A., et al.
(2005). Evidence of increased oxidative damage in subjects with mild cognitive
impairment. Neurology 64, 1152–1156. doi: 10.1212/01.wnl.0000156156.13
641.ba

Kirkland, R. A., Saavedra, G. M., Cummings, B. S., and Franklin, J. L. (2010).
Bax regulates production of superoxide in both apoptotic and nonapoptotic
neurons: role of caspases. J. Neurosci. 30, 16114–16127. doi: 10.1523/
JNEUROSCI.2862-10.2010

Kobayashi, D. T., and Chen, K. S. (2005). Behavioral phenotypes of
amyloid-based genetically modified mouse models of Alzheimer’s
disease. Genes Brain Behav. 4, 173–196. doi: 10.1111/j.1601-183x.2005.
00124.x

Kurochkin, I. V., Guarnera, E., and Berezovsky, I. N. (2018). Insulin-degrading
enzyme in the fight against Alzheimer’s disease. Trends Pharmacol. Sci. 39,
49–58. doi: 10.1016/j.tips.2017.10.008

Langballe, E. M., Ask, H., Holmen, J., Stordal, E., Saltvedt, I., Selbæk, G., et al.
(2015). Alcohol consumption and risk of dementia up to 27 years later in a
large, population-based sample: the HUNT study, Norway. Eur. J. Epidemiol.
30, 1049–1056. doi: 10.1007/s10654-015-0029-2

Lawrence, E., Vegvari, C., Ower, A., Hadjichrysanthou, C., De Wolf, F., and
Anderson, R. M. (2017). A systematic review of longitudinal studies which
measure alzheimer’s disease biomarkers. J. Alzheimers Dis. 59, 1359–1379.
doi: 10.3233/JAD-170261

Li, Z. L., Li, M. Q., Li, S. Y., Fu, Y. S., and Yang, Z. M. (2017). Alcohol
dehydrogenases and acetaldehyde dehydrogenases are beneficial for decidual
stromal cells to resist the damage from alcohol. Alcohol. Alcohol. 52, 180–189.
doi: 10.1093/alcalc/agw073

Lian, W., Jia, H., Xu, L., Zhou, W., Kang, Liu, A., et al. (2017). Multi-protection
of DL0410 in ameliorating cognitive defects in D-galactose induced aging mice.
Front. Aging Neurosci. 9:409. doi: 10.3389/fnagi.2017.00409

Ma, L., and Lu, Z. N. (2016). Role of ADH1B rs1229984 and ALDH2 rs671 gene
polymorphisms in the development of Alzheimer’s disease. Genet. Mol. Res.
15:gmr.15048740. doi: 10.4238/gmr.15048740

Maranci, V., Thomas, D. G., Brown, M., Budd, T. G., Doyle, G., Hayes, D. F.,
et al. (2010). Correlation of BCL-2 and apoptosis on circulating tumor cells
and breast cancer tissue. Cancer Res. 70. doi: 10.1158/0008-5472.SABCS10-
P3-02-06

Matioli, M. N. P. S., and Nitrini, R. (2015). Mechanisms linking brain insulin
resistance to Alzheimer’s disease. Dement. Neuropsychol. 9, 96–102. doi: 10.
1590/1980-57642015DN92000003

Oguchi, T., Ono, R., Tsuji, M., Shozawa, H., Somei, M., Inagaki, M., et al. (2017).
Cilostazol suppresses A beta-induced neurotoxicity in SH-SY5Y cells through
inhibition of oxidative stress and MAPK signaling pathway. Front. Aging
Neurosci. 9:337. doi: 10.3389/fnagi.2017.00337

Olsen, K. M., and Sheng, M. (2012). NMDA receptors and BAX are essential for Ab
impairment of LTP. Sci. Rep. 2:225.

Saadipour, K., Yang, M., Lim, Y., Georgiou, K., Sun, Y., Keating, D., et al. (2013).
Amyloid beta(1-42) (A beta(42)) up-regulates the expression of sortilin via the
p75(NTR)/RhoA signaling pathway. J. Neurochem. 127, 152–162. doi: 10.1111/
jnc.12383

Sealey, M. A., Vourkou, E., Cowan, C. M., Bossing, T., Quraishe, S., Grammenoudi,
S., et al. (2017). Distinct phenotypes of three-repeat and four-repeat human tau
in a transgenic model of tauopathy. Neurobiol. Dis. 105, 74–83. doi: 10.1016/j.
nbd.2017.05.003

Topiwala, A., Allan, C. L., Valkanova, V., Zsoldos, E., Filippini, N., Sexton, C.,
et al. (2017). Moderate alcohol consumption as risk factor for adverse brain

Frontiers in Aging Neuroscience | www.frontiersin.org 11 June 2019 | Volume 11 | Article 135

https://doi.org/10.1111/j.1530-0277.2011.01697.x
https://doi.org/10.1523/jneurosci.22-10-03963.2002
https://doi.org/10.1016/0306-9877(93)90079-6
https://doi.org/10.1016/0306-9877(93)90079-6
https://doi.org/10.1016/j.bpj.2017.04.019
https://doi.org/10.1016/j.bpj.2017.04.019
https://doi.org/10.1186/s13041-015-0117-y
https://doi.org/10.1186/s13041-015-0117-y
https://doi.org/10.1007/s12031-019-01267-2
https://doi.org/10.1016/s0006-2952(99)00065-9
https://doi.org/10.1016/s0006-2952(99)00065-9
https://doi.org/10.2174/1567205014666170417103003
https://doi.org/10.1159/000008156
https://doi.org/10.1016/s0891-5849(02)00802-x
https://doi.org/10.1080/00365510701864610
https://doi.org/10.3892/mmr.2017.7203
https://doi.org/10.1016/j.neulet.2008.02.032
https://doi.org/10.1016/j.neulet.2008.02.032
https://doi.org/10.1001/archneurol.2011.235
https://doi.org/10.1016/j.neuropharm.2015.02.003
https://doi.org/10.1016/j.neuint.2016.09.015
https://doi.org/10.1016/j.neuint.2016.09.015
https://doi.org/10.1186/1423-0127-18-76
https://doi.org/10.1186/1423-0127-18-76
https://doi.org/10.1038/tp.2015.146
https://doi.org/10.1212/01.wnl.0000156156.13641.ba
https://doi.org/10.1212/01.wnl.0000156156.13641.ba
https://doi.org/10.1523/JNEUROSCI.2862-10.2010
https://doi.org/10.1523/JNEUROSCI.2862-10.2010
https://doi.org/10.1111/j.1601-183x.2005.00124.x
https://doi.org/10.1111/j.1601-183x.2005.00124.x
https://doi.org/10.1016/j.tips.2017.10.008
https://doi.org/10.1007/s10654-015-0029-2
https://doi.org/10.3233/JAD-170261
https://doi.org/10.1093/alcalc/agw073
https://doi.org/10.3389/fnagi.2017.00409
https://doi.org/10.4238/gmr.15048740
https://doi.org/10.1158/0008-5472.SABCS10-P3-02-06
https://doi.org/10.1158/0008-5472.SABCS10-P3-02-06
https://doi.org/10.1590/1980-57642015DN92000003
https://doi.org/10.1590/1980-57642015DN92000003
https://doi.org/10.3389/fnagi.2017.00337
https://doi.org/10.1111/jnc.12383
https://doi.org/10.1111/jnc.12383
https://doi.org/10.1016/j.nbd.2017.05.003
https://doi.org/10.1016/j.nbd.2017.05.003
https://www.frontiersin.org/journals/aging-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-11-00135 June 4, 2019 Time: 11:12 # 12

Wang et al. ADH1B Prevents Neuron Apoptosis

outcomes and cognitive decline: longitudinal cohort study. BMJ 357:j2353.
doi: 10.1136/bmj.j2353

Wang, T., Cheng, Y., Han, H., Liu, J., Tian, B., and Liu, X. (2019). miR-194
accelerates apoptosis of Aβ1-42-transduced hippocampal neurons by inhibiting
Nrn1 and decreasing PI3K/Akt signaling pathway activity. Genes 10:E313.
doi: 10.3390/genes10040313

Wang, Y., Virji, A. S., Howard, P., Sayani, Y., Zhang, J., Achu, P., et al.
(2006). Detection of cleaved alpha-fodrin autoantigen in Sjogren’s syndrome:
apoptosis and co-localisation of cleaved alpha-fodrin with activated caspase-
3 and cleaved poly(ADP-ribose) polymerase (PARP) in labial salivary
glands. Arch. Oral. Biol. 51, 558–566. doi: 10.1016/j.archoralbio.2005.
11.008

Wu, X., Kosaraju, J., and Tam, K. Y. (2017). SLM, a novel carbazole-based
fluorophore attenuates okadaic acid-induced tau hyperphosphorylation via
down-regulating GSK-3 beta activity in SH-SY5Y cells. Eur. J. Pharm. Sci. 110,
101–108. doi: 10.1016/j.ejps.2017.03.037

Xu, P., Wang, H., Li, Z., and Yang, Z. (2016). Triptolide attenuated injury via
inhibiting oxidative stress in Amyloid-Beta 25-35-treated differentiated PC12
cells. Life Sci. 145, 19–26. doi: 10.1016/j.lfs.2015.12.018

Xue, Z., Guo, Y., Zhang, S., Huang, L., He, Y., Fang, R., et al. (2014). Beta-
asarone attenuates amyloid beta-induced autophagy via Akt/mTOR pathway
in PC12 cells. Eur. J. Pharmacol. 741, 195–204. doi: 10.1016/j.ejphar.2014.
08.006

Yan, T., Zhao, Y., and Zhang, X. (2016). Acetaldehyde induces cytotoxicity of SH-
SY5Y cells via inhibition of akt activation and induction of oxidative stress.
Oxid. Med. Cell Longev. 2016:451230. doi: 10.1155/2016/4512309

Yao, X. Q., Jiao, S. S., Saadipour, K., Zeng, F., Wang, Q. H., Zhu, C., et al. (2015).
p75NTR ectodomain is a physiological neuroprotective molecule against
amyloid-beta toxicity in the brain of Alzheimer’s disease. Mol. Psychiatry 20,
1301–1310. doi: 10.1038/mp.2015.49

Yonny, M. E., Reineri, P. S., Palma, G. A., and Nazareno, M. A. (2015).
Development of an analytical method to determine malondialdehyde as an
oxidative marker in cryopreserved bovine semen. Anal. Methods 7, 6331–6338.
doi: 10.1039/c5ay00950b

Zhang, L., Fang, Y., Cheng, X., Lian, Y., Xu, H., Zeng, Z., et al. (2017).
TRPML1 participates in the progression of Alzheimer’s disease by regulating
the PPARgamma/AMPK/Mtor signalling pathway. Cell. Physiol. Biochem. 43,
2446–2456. doi: 10.1159/000484449

Zhang, Y., Liu, C., Wang, J., Li, Q., Ping, H., Gao, S., et al. (2016). MiR-299-5p
regulates apoptosis through autophagy in neurons and ameliorates cognitive
capacity in APPswe/PS1dE9 mice. Sci. Rep. 6:24566. doi: 10.1038/srep24566

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019Wang, Zhang, Zhang, Yang, Liu andWang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Aging Neuroscience | www.frontiersin.org 12 June 2019 | Volume 11 | Article 135

https://doi.org/10.1136/bmj.j2353
https://doi.org/10.3390/genes10040313
https://doi.org/10.1016/j.archoralbio.2005.11.008
https://doi.org/10.1016/j.archoralbio.2005.11.008
https://doi.org/10.1016/j.ejps.2017.03.037
https://doi.org/10.1016/j.lfs.2015.12.018
https://doi.org/10.1016/j.ejphar.2014.08.006
https://doi.org/10.1016/j.ejphar.2014.08.006
https://doi.org/10.1155/2016/4512309
https://doi.org/10.1038/mp.2015.49
https://doi.org/10.1039/c5ay00950b
https://doi.org/10.1159/000484449
https://doi.org/10.1038/srep24566
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles

	Alcohol Dehydrogenase 1B Suppresses β-Amyloid-Induced Neuron Apoptosis
	Introduction
	Materials and Methods
	Human Serum Samples
	Animal Model
	Lentivirus Transfection
	Cell Culture and Treatment
	Preparation of Aβ1-42
	Enzyme-Linked Immunosorbent Assay (ELISA)
	Western Blot Analysis
	Immunohistochemistry Analysis
	Cell Viability Assay
	Analysis of Apoptosis
	Measurement of Intracellular ROS Induced by Aβ1-42
	Statistical Analysis

	Results
	Lower Serum Levels of ADH1B in AD Patients
	Age-Dependent Decrease in ADH1 Levels in the Hippocampus of APP/PS-1 AD Model Mice
	Down-Regulation of ADH1B Induced by Aβ1-42 in SH-SY5Y Cell Line
	ADH1B-Mediated Reduction of Apoptotic Rate of SH-SY5Y Cells Cultured With Aβ1-42
	ADH1B-Mediated Promotion ofSH-SY5Y Cell Viability
	Down-Regulation of p75NTR by ADH1B
	Regulation of Apoptosis-Related Protein Expression by ADH1B
	ADH1B-Mediated Protection of SH-SY5Y Cells Against Oxidative Stress Injury Induced by Aβ1-42

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


