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ABSTRACT

Accumulating data manifest that long non-coding RNA (IncRNAs) are involved in all kinds of neuro-
degenerative disorders, consisting of the onset and progression of Alzheimer’s disease (AD). The study
was for the research of the mechanism of IncRNA H19 (H19) in viability and apoptosis of PC12 cells
induced by AB,s35 in a cellular model of AD with the regulation of microRNA (miR)-129 and high
mobility group box-1 protein (HMGB1). An AD cellular model of PC12 cells was established using
AB25.35. The AB,s 3s-induced PC12 cells were transfected with si-H19 or miR-129 mimic to figure their
roles in cell viability,apoptosis, mitochondrial membrane potential dysfunction and oxidative stress
in AD. Luciferase reporter assay and RNA-pull down assay were employed for verification of the
binding relationship between H19 and miR-129 and the targeting relationship between miR-129 and
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HMGB1. An AD mouse model was induced and brain tissues were collected. H19, miR-129 and HMGB1 viability

were detected in AP,sss-treated cells and brain tissues of AD mice. Elevated H19, HMGB1 and
decreased miR-129 were found in AB,s 3s-treated PC12 cells as well as in brain tissues of AD mice.
Silenced H19 or elevated miR-129 promoted viability, inhibited apoptosis, prevented mitochondrial
membrane potential dysfunction and decreased oxidative stress in AB,sss-treated PC12 cells. H19
could specifically bind to miR-129. MiR-129 specifically suppressed HMGB1 expression. This study
suggests that silenced H19 and up-regulated miR-129 accelerates viability and represses apoptosis of
PC12 cells stimulated by AB,s 35 in AD, which is beneficial for AD treatment.

Introduction Long non-coding RNA (IncRNA) HI9 is
a preserved IncRNA that is situated in both the
nucleus and the cytoplasm [7]. A study has found
that elevated H19 in Schwann cells is implicated with
neuropathic pain in the peripheral neuropathic pain
[8]. In addition, a study has also revealed a new H19-
modulated mechanism in seizure-stimulated neural
damage and offers a novel target in developing
IncRNA-based approaches to decrease seizure-
induced brain injury in temporal lobe epilepsy (TLE)
[9]. Moreover, an analysis review concludes that H19
delays neurogenesis after ischemic stroke [10].
MicroRNAs (miRNAs) are a classification of non-
coding RNAs that are 20-24 nucleotides in length,
with its biological functions by depressing the expres-
sion of target genes through base-pairing with endo-
genous mRNAs [11]. MiR-129 is an endothelial-
specific miRNA that is significant in vascular integrity

Alzheimer’s disease (AD) is a long-term neurodegen-
erative disorder, the most prevalent reason of demen-
tia in elderly people manifesting as dependence,
disability, and mortality in patients [1]. The features
of AD include a group of irreversible cognitive dys-
functions and neuropsychiatric symptoms [2]. The
occurrence of AD is elevated gradually [3], and AD
is influenced by plenty of elements, consisting of
environmental factors and genetic and epigenetic var-
iations [4]. Dementia in AD results in numerous
reduction in production and living of the affected
population [5]. AD is incurable and the drugs used
for AD are only capable of relieving symptoms [6].
Therefore, in order to establish a new therapeutic
method for AD, it is essential to explore the molecular
mechanisms underlying the formation and progres-
sion of AD.
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and angiogenesis [12]. miR-129-5p has been impli-
cated as a possible choice for the treatment of AD [13],
with regulatory effects on cognitive function and
inflammation [14]. Significantly, modifying miR-129
could attenuate neuronal apoptosis and cognitive dys-
function in AD [15]. A study has indicated that miR-
129-2 is able to directly target and depress high-
mobility group box 1 (HMGBI1) [16]. The pro-
inflammatory cytokine HMGBI is a multi-functional
redox-sensitive protein expressed and produced by all
kinds of cells including bone cells, which manifests
various cellular compartment-specific functions [17].
A prior study has suggested that the therapeutic influ-
ences of the anti-HMGB1 monoclonal antibody are
modulated by AB-independent mechanisms in AD
[18]. Together, the data have indicated that depression
of HMGBI1 may be a possible therapeutic method for
treating AD [19]. Therefore, the study was to explore
the mechanism of H19 in proliferation and apoptosis
of PC12 cells stimulated by A5 35 in a cellular model
of AD with the involvement of miR-129 and HMGBI.

Materials and methods
Ethics statement

This study was implemented with the Ethics
Committee of College of Nursing, Inner
Mongolia University for Nationalities and animals
were treated humanly to minimize the sufferings.

AD cell modeling

PC12 cells (Cell resource center, Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences,
Shanghai, China) were cultured in 10% fetal bovine
serum (FBS)-Dulbecco’s Modified Eagle’s Medium
(DMEM) (penicillin 100 kU/L, streptomycin 100 pg/
mL). Cells maintaining 80-90% confluence were
detached and passaged. Amyloid B-Protein Fragment
25-35 (AP,s.35) was purchased from Sigma-Aldrich
Chemical Company (St Louis, MO Missouri, USA).
APBys3s (1 mg) was dissolved in distilled water
(1.8 mL) to reach 500 pmol/L and aggregated. The
AD cell model was induced by AB,s 35 [20,21]. PC12
cells in logarithmic growth state were starved with 1%
serum DMEM 1 d before the experiment and stimu-
lated by 25 pmol/L AB,s5 35 for 24 h [22]. The success of
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modeling was judged through observing cell morphol-
ogy and growth state.

Observation of cell morphology

PC12 cells were trypsinized and seeded into 6-well
plates at (1 ~ 1.5) x 102 cells/mL (each well containing
4 mL cell suspension). Serum-free treatment was per-
formed 1 d before the experiment., Cells in the experi-
mental group were joined with Af,s 35 at 0 umol/L,
12.5 umol/L, 25 pmol/L and 50 pmol/L, respectively,
while those in the control group with the same amount
of culture medium. After 24 h, cell morphology was
observed by a microscope.

Cell grouping and transfection

The cells were classified into the blank (only trea-
ted with Ap,s.35), the si-negative control (NC)
(AP2s.35 treatment and transfection with IncRNA-
H19 siRNA NC), the si-H19 (Ap,5.35 treatment
and transfection with IncRNA-H19 siRNA), the
mimic NC (AP,s.35 treatment and transfection
with miR-129 mimic NC), the miR-129 mimic
(AP,5.35 treatment and transfection with miR-129
mimic), the overexpressed (OE)-H19 + mimic NC
(AP2s.35 treatment and transfection with up-
regulated H19 vector + miR-129 mimic NC); the
OE-H19 + miR-129 mimic (AP,s 35 treatment and
transfection with up-regulated H19 vector + miR-
129 mimic) groups. All si-NGC, si-H19, mimic NC,
miR-129 mimic, OE-H19, and OE-NC were pur-
chased from Sangon Biotech Co., Ltd. (Shanghai,
China). Transfection was performed in line with
the instructions of the LipofectamineTM 2000
(Invitrogen, CA, USA).

3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay

PC12 cells were detached and seeded into 96-well
plates. Each well was supplemented with 200 uL cell
suspension, with 3 duplicated wells per group. The
culture medium (100 pL) was regarded as a blank
control. Cells were reacted with MTT solution
(20 uL/well) for 3 h and added with 150 puL Dimethyl
Sulfoxide. Then, the optical density (OD) value was
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measured via the micro-plate reader. The cell
viability = OD value of the test group/OD value of
the blank group x 100%.

Colony formation assay

PC12 cells were detached and cultivated in 6-well
plates at 400 cells/well for 2 wk to generate colo-
nies. The cells were fixed, stained with 0.2% crystal
violet solution and scanned.

Flow cytometry

Cells were fixed with 70% cold absolute ethanol and
incubated with propidium iodide (PI, Sigma-
Aldrich) with RNase A and evaluated for cell cycle
distribution [23,24] by flow cytometry with cell quest
software (FACS Calibur, BD Biosciences, USA).

Cells were detached with 0.25% trypsin (without
ethylene diamine tetraacetic acid) (yb15050057, Yu
Bo Biotech Co., Ltd., Shanghai, China) and centri-
fuged. Annexin-V-fluorescein isothiocyanate (FITC),
PI and HEPES buffer solution were mixed to prepare
Annexin-V-FITC/PI staining solution at 1:2:50 in the
Annexin-V-FITC cell apoptosis detection kit (k201-
100, Biovision, USA). Cells (1 x 10° cells) were
suspended in 100 pL staining solution and mixed
with 1 mL of HEPES buffer solution (pb180325,
Procell, Wuhan, China). The fluorescence of FITC
and PI was detected by excitation of 525 nm and
620 nm band-pass filter at 488 nm [25].

Hoechst 33258 staining

The cells were fixed and conducted with permea-
bilization with Triton-X100. Then, the cells were
joined with 30 uL Hoechst 33258 solution
(0.5 mol/mL) and sealed with the anti-
fluorescence quenching agent. Cell images were
captured under an inverted fluorescent biological
microscope.

Intracellular mitochondrial membrane potential
(MMP) measurement

The cells in 6-well plates at 1 x 10° cells/well were
grown to 80% confluence and detached with

trypsin. Then, cells were centrifuged at 1000 r/
min, re-suspended in 0.5 mL culture medium
and reacted with JC-1 staining solution. Finally,
cells were subjected to centrifugation at 1000 r/
min and immersion with JC-1 staining buffer (1
x). The fluorescence intensity was tested via a flow
cytometer.

Quantitative detection of intracellular reactive
oxygen species (ROS)

The cells in 6-well plates at 1 x 10° cells/well were
cultivated to 80% confluence, detached, centri-
fuged at 1000 r/min and incubated with 1 mL
diluted 2,7-Dichlorodi-hydrofluorescein diacetate.
The fluorescence intensity was measured via a flow
cytometer.

Catalase (CAT), superoxide dismutase (SOD), and
malondialdehyde (MDA) levels detection

CAT, SOD and MDA in cells were detected by
CAT, SOD and MDA activity detection Kkits
(JianCheng Bioengineering Institute, Nanjing,
China (batch numbers were 20,141,120,
20,150,421, 20,150,223)). The cells (1 x 10°) were
seeded into 6-well plates per well. Cells maintain-
ing 80% confluence were disrupted by ultrasound
and centrifuged to collect the supernatant
(200 pL). The OD value was measured at 240,
550, and 532 nm.

Fluorescence in situ hybridization (FISH)

Bioinformatics tools (http://Incatlas.crg.eu/) firstly
analyzed the subcellular localization of H19. Cells
were fixed with 4% paraformaldehyde, lysed with
0.5% Triton X-100 and hybridized with H19 probe.
After that, cells were stained with 4’,6-diamidino-
2-phenylindole 2hci and scanned with a fluorescence
microscope (Olympus, Tokyo, Japan).

Dual-luciferase reporter gene assay

The binding sites of H19 and miR-129 and that of
miR-129 and HMGBI1 were predicted using the bioin-
formatics websites https://cm.jefferson.edu/rna22/


http://lncatlas.crg.eu/
https://cm.jefferson.edu/rna22/Precomputed/and

Precomputed/and http://www.targetscan.org, respec-
tively. The amplified wild-type (WT) of 3-UTR H19
and 3’-UTR HMGBI containing the miR-129-binding
site. were cloned into the pmirGLO reporter
(Promega, Madison, WI, USA). The mutant type
(MUT) of 3°>-UTR H19 and 3-UTR HMGBI was
established by TaKaRa MutanBEST kit (TaKaRa,
Japan). Then, the reporter vector and miR-129 were
co-transfected into cells via Lipofectamine 2000
(Thermo Fisher Scientific) and cell luciferase activity
was tested by the luciferase reporter gene system
(Promega) 48 h later.

RNA pull-down assay

The cells were transfected with 200 nM biotinylated
miRNA for 24 h and lysed with ice-cold RNA pull-
down lysis buffer. The lysate was centrifuged to
collect the supernatant which was then packaged
(50 mL). The remaining lysate was reacted with
streptavidin magnetic beads (Thermo Scientific
Fisher, San Jose, CA, USA), RNase-bovine serum
albumin and yeast tRNA (both from Sigma-
Aldrich). The beads were purified by low-salt and
high-salt buffer. Finally, purified by Trizol (Sigma-
Aldrich), the bound RNA was utilized to measure
H19 level by reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) [26].

RT-qPCR

Total RNA was extracted from the Trizol kit
(Invitrogen), and the concentration and OD
value of the extracted total RNA were measured
via a spectrophotometer. For mRNA and IncRNA
expression analysis, RNA was reverse transcribed
into ¢cDNA with RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific™, USA). PCR
was performed on an ABI7500 real-time PCR
instrument via using SYBR premix Ex TaqTM II
PCR Kit (Takara, Dalian, Liaoning, China).
Primers were synthesized by Invitrogen (Table
1). Glyceraldehyde phosphate dehydrogenase
(GAPDH) and U6 were the loading controls.
274" method was utilized to gene expression
analysis.
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Table 1. Primer sequence.
Gene Sequence (5XIX3X)

MiR-129 F: CTTTTTGCGGTCTGGGCTTGC
R: CTTTTTGCGGTCTGGGCTTGC
ué F: GCTTCGGCAGCACATATACTAA
R: AACCGCTTCACGAATTTGCGT
H19 F: TGATGACGGGTGGAGGGGCTA
R: TGATGTCGCCCTGTCTGCACG
HMGB1 F: GCCTCCTTCGGCCTTCTT
R: ACAGGCCAGGATGTTCTCCTTT
Bax F: GGATGCGTCCACCAAGAA
R: TCCCGCAGGAAGCCAAT
Bcl-2 F: CCTTTGTCTAACTCTACCCCC
R: CTTTGCCAGTAAATAGCTGATTCCAG
Ki-67 F: GCAAGCTCACACAAACCTCA
R: ACATCTTCTGCGTCCAGCTT
P53 F: AGAGGAATCCCAAAGTTCCA
R: AGAGGAATCCCAAAGTTCCA
GAPDH F: GGAGCGAGATCCCTCCAAAAT

R: GGTTGTTGTCATACTTCTCATGG

Note: MiR-129, mocroRNA-129; H19, long non-coding RNA H19;
HMGB1, high mobility group box-1; GAPDH, glyceraldehyde-3-phos-
phate dehydrogenase; F, forward; R, reverse.

Western blot analysis

Cells were lysed with raidoimmunoprecipitation
assay reagent (Beyotime, ShangHai, China) in the
presence of protease inhibitors (Sigma, USA) and
total protein quantified with the bicinchoninic
acid protein assay kit (Beyotime). An appropriate
amount of protein was joined to the loading buf-
fer. The protein was denatured and centrifuged,
and the supernatant and the loading buffer were
taken. The sample with 20 ug was joined to each
well, conducted with electrophoresis and electro-
blotted onto polyvinylidene difluoride membrane.
The membrane was blocked with 50 g/L skim milk
powder, incubated with primary antibody HMGB1
(1:10,000; Abcam) and the secondary antibody
corresponding to the horseradish peroxidase
label, developed with chemiluminescence solution,
and analyzed for gray value using Image software.

AD modeling with mice

BALB/c male mice (n = 20), 6 wk old, 22-24 g,
were provided by the animal center of Inner
Mongolia University (Inner Mongolia, China)
and raised in specific pathogen-free animal
rooms with constant temperature and humidity,
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12-h lighting (08:00-20:00), and enough food and
water. Mice were assigned into the sham group
and model group (n = 10/group).

An AD mouse model was established [27]. Mice
were injected intraperitoneally with pentobarbital
sodium (40 mg/kg) (28], after which routine skin
preparation and sterilization were performed. Mice
were fixed in a brain locator with the anterior and
posterior fontanel at the same level. With the anterior
fontanel exposed, a small hole was performed with the
needle of a 5-mL syringe (Bregma point as the origin,
3.0 mm behind the anterior fontanel, 2.2 mm next to
the midline, and 2.8 mm beneath the dura mater).
From the hole, 10 uL of aggregated AB,s 35 (2 mg/ml)
was inserted with a 10-uL microsyringe. A,s 35 was
injected into the right ventricle for 10 min with the
needle kept for 10 min. The mice were injected with
4 x 10* U penicillin every day for 3 d to prevent
infection. Mice in the sham group were injected with
10 pL 0.9% sodium chloride solution into the ventri-
cles and treated same as the model group. Mice were
euthanized to harvest hippocampus.

Statistical analysis

The data were statistically analyzed through SPSS
21.0 (IBM Corp. Armonk, NY, USA) statistical
software. All data were expressed as mean + stan-
dard deviation. Student’s t test was used to evalu-
ate significant differences between any two groups
of data. One-way analysis of variance (ANOVA)
was used for comparison among multiple groups,
and the Tukey’s post hoc test was functioned in
pairwise comparison after ANOVA analysis.
P < 0.05 was considered statistically significant.

OpmoliL AB,, 12.5umollL AB,,

25umol/L AB,,

50um 50um 50um 50um
L Ly [ L

Results
Morphology of PC12 cells induced by AB5s. 35

PC12 cells were induced by Af,5 35, and the changes of
PCI12 cells treated with different concentrations of
AP,s 35 for 24 h were observed. Microscopic observa-
tion revealed that (Figure 1a): normal PC12 cells were
spindle-shaped, forming clusters, and cell synapses did
not shrink or shortened. There was regular nuclear
growth and no nuclear dissolution, or nuclear frag-
mentation. The cell growth density was evenly distrib-
uted. By contrast with the normally grown PC12 cells,
as the concentration of Af,s;s modeling agent
increased, the fusiform shape became irregular and
square, the synapses became shorter and smaller, and
the cell size shrunk and was unevenly distributed. The
nucleus were dissolved and fragmented, and the num-
ber of cells was decreased.

MTT assay detecting cell viability found that
(Figure 1b) AB,s.35 had toxicity and killing effect on
PC12 cells. With the increase of the concentration of
AB,s.35 modeling agent, the number of survival cells
was declined gradually, and the toxicity and killing
effect of AP,5 35 on the cells were enhanced in a dose-
dependent manner. Thus, 25 umol/L AB,s35 was
selected to induce PC12 cells.

Elevated H19, HMGB1 and declined miR-129
exhibit in PC12 cells after induction of AB,s.35

First of all, RT-qPCR was conducted to measure
expression of miR-675, miR-106a, miR-194-5p,
miR-342-3p, miR-216a-5p, miR-129, miR-148a-
3p, miR-29b-3p and miR-93-5p expression and
figured out that miR-129 had the largest difference

b
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Figure 1. Observation of the morphology of PC12 cells induced by ApB,s.3s. A. Observation of the morphology of PC12 cells induced
by AB,s.35 under a microscope; B. The viability of PC12 cells induced by AB,s.35 tested by MTT assay, N = 3. Data were expressed as
mean * standard deviation. One way ANOVA was functioned for comparison among multiple groups, followed by Tukey's post hoc

test.



(Supplementary Figure 1). Therefore, miR-129 was
selected in the follow-up experiments. H19, miR-
129 and HMGBI levels in PC12 cells induced by
0 pmol/L and 25 umol/L AP,s35 were tested
(Figure 2a-c). By contrast with 0 umol/L AB;s 35,
H19 and HMGBI expression were elevated, miR-
129 expression was decreased in PCI12 cells
induced by 25 pmol/L AP,s 35 (all P < 0.05).

Silenced H19 increases miR-129 and decreases
HMGB1 expression; up-regulated miR-129
reduces HMGB1 expression in ABs.3s-induced
PC12 cells

H19, miR-129 and HMGBI expression levels in PC12
cells induced by Ap,s 35 were tested (Figure 2d-f).
Versus the si-NC group, H19 expression and
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HMGBI1 were reduced while miR-129 expression
was increased obviously in Af,s 3s-induced PC12
cells of the si-H19 group (all P < 0.05). With respect
to the mimic NC group, miR-129 was elevated while
HMGBI1 was reduced in A,s 35-induced PC12 cells of
the miR-129 mimic group (both P < 0.05). By com-
parison with the OE-H19 + mimic NC group, there
were up-regulated miR-129 and downregulated
HMGBI in AB,s.3s-induced PC12 cells of the OE-
H19 + miR-129 mimic group (both P < 0.05).

Silenced H19 or elevated miR-129 promote
viability and colony formation ability of PC12
cells induced by AB3s.35

Plenty of assays (MTT and colony formation
assay) were functioned to detect the viability and
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Figure 2. Elevation of H19, HMGB1 and reduction of miR-129 exhibit in PC12 cells after induction of ABs.35 A. H19, miR-129, HMGB1
expression in PC12 cells treated with different concentrations of AB,s 35 detected via RT-gPCR; B. HMGB1 protein bands in PC12 cells
treated with different concentrations of AB,s.35; C. HMGB1 protein expression in PC12 cells treated with different concentrations of
AB,s 35 detected via western blot analysis; D. H19, miR-129, HMGB1 expression in AP,s_ss-treated PC12 cells after transfection
detected via RT-qPCR; E. HMGB1 protein bands in AB,s_3s-treated PC12 cells after transfection detected via western blot analysis;
F. HMGB1 protein expression in AB,s.3s-treated PC12 cells after transfection detected via western blot analysis. The data in the figure
were all measurement data, in the form of mean + standard deviation. Student’s t test was used to evaluate significant differences
between two groups of data. One-way ANOVA was functioned for comparison among multiple groups. The pairwise comparison
after ANOVA analysis used Tukey’s post hoc test, N = 3, In the A and C, + vs 0 umol/L, P < 0.05; In the D and F, * vs the si-NC group,

P < 0.05; # vs the mimic NC group; & vs the OE-H19 + mimic NC group, P < 0.05.
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colony formation ability of PC12 cells induced by
AP,5.35 (Figure 3a-c). Elevated viability, prolifera-
tion rate and colony formation ability were exhib-
ited in AP,s.35-induced PC12 cells of the si-H19,
the miR-129 mimic and the OE-H19 + miR-129
mimic groups in contrast with the si-NC, the
mimic NC, and the OE-H19 + mimic NC groups
severally (all P < 0.05).

P53 and Ki-67 expression in PC12 cells induced by
APy5.35 were tested by RT-qPCR. We found that
(Figure 3d) decreased P53 and elevated Ki-67 expres-
sion were found in Ap,5 35-induced PCI12 cells of the
si-H19, the miR-129 mimic and the OE-H19 + miR-
129 mimic groups in contrast with the si-NC, the
mimic NC, and the OE-H19 + mimic NC groups
severally (all P < 0.05).

Suppressed H19 or elevated miR-129 accelerate
cell cycle progression and inhibit apoptosis of
PC12 cells induced by AB;s.35

Flow cytometry has the advantages of accurate analy-
sis, good repeatability and fast analysis efficacy.
Therefore, flow cytometry was carried out in this
study to examine the cell cycle distribution and apop-
tosis of PC12 cells induced by AP,s 35 (Figure 4a-d).
Reduced proportion of cells in GO/G1 phase, elevated
proportion of cells in S phase, suppressed proportion
of apoptosis (all P < 0.05) and not changed proportion
of cells in G2/M phase (P > 0.05) all existed in A5 35-
induced PC12 cells of the si-H19, the miR-129 mimic
and the OE-H19 + miR-129 mimic groups versus the
si-NC, the mimic NC, and the OE-H19 + mimic NC
groups severally.
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Figure 3. Silence of H19 or elevation of miR-129 facilitate viability and colony formation ability of PC12 cells induced by ApB,s_3s.
A. The viability of cells detected by MTT assay; B. The cell colony formation ability tested by colony formation assay; C. Quantification
results of panel B; D. Ki-67 and P53 mRNA expression in PC12 cells tested by RT-qPCR; The data in the figure were all measurement
data, in the form of mean * standard deviation. One-way ANOVA was functioned for comparison among multiple groups. Tukey’s
post hoc test was employed in pairwise comparison after ANOVA analysis. N = 3, * vs the si-NC group, P < 0.05; # vs the mimic NC
group, P < 0.05; & vs the OE-H19 + mimic NC group, P < 0.05.
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Figure 4. Decreased H19 or elevated miR-129 accelerate cell cycle entry and restrain apoptosis of PC12 cells induced by ABys_3s.
A. AB,s3s-treated PC12 cell cycle distribution tested by flow cytometry; B. Quantification results of panel A; C. The apoptosis of
AB,s 3s-treated PC12 cells tested by flow cytometry; D. Quantification results of panel C; E. The apoptosis of AB,s 3s-treated PC12
cells detected via Hoechst 33,258 staining; F. Bax and Bcl-2 mRNA expression in AB,s.3s-treated PC12 cells tested by RT-qPCR; The
data in the figure were all measurement data, in the form of mean + standard deviation. One-way ANOVA was functioned for
comparison among multiple groups. Tukey’s post hoc test was employed in pairwise comparison after ANOVA analysis. N = 3, * vs
the si-NC group, P < 0.05; # vs the mimic NC group, P < 0.05; & vs the OE-H19 + mimic NC group, P < 0.05.

Hoechst 33258 is a blue fluorescent dye that can
penetrate the cell membrane and has low toxicity to
cells. Under the fluorescence microscope, the living
nucleus show diffuse and uniform fluorescence. When
apoptosis occurs, dense granular and massive fluores-
cence could be seen in the nucleus or cytoplasm. The

apoptosis of PC12 cells induced by Ap,s 35 was exam-
ined by Hoechst 33258 staining (Figure 4e). PC12 cells
in the blank group were seen obvious condensation
and rupture, and the apoptotic part could be seen
bright blue dots or condensed chromatin. The apop-
totic morphology of PC12 cells in the blank, the mimic
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NC, the OE-H19 + mimic NC groups was not appar-
ently different. By contrast with the si-NC group,
a small amount of condensed and ruptured cells
were observed, and a bright blue half point or con-
densed chromatin was observed in the apoptotic por-
tion in PC12 cells in the si-H19 group. Versus the
mimic NC group, the nuclear apoptotic morphology
of PC12 cells in the miR-129 mimic group was appar-
ently reduced, with a few bright blue dots or con-
densed chromatin. With the OE-H19 + mimic NC
group in contrast, PC12 cells could be condensed and
ruptured in a small amount, and a little apoptotic part
could be seen with a bright blue half point or con-
densed chromatin in the OE-H19 + miR-129 mimic
group.

Furthermore, detecting Bax and Bcl-2 expression
can further explain the impact on apoptosis at the
molecular level. Bax and Bcl-2 expression in AB,s 35-
treated PC12 cells were tested by RT-qPCR (figure 4f).
A reduction of Bax mRNA expression and an eleva-
tion of Bcl-2 mRNA expression were manifested in
AB,s.35-induced PCI12 cells of the si-H19, the miR-129
mimic and the OE-H19 + miR-129 mimic groups in
contrast with the si-NC, the mimic NC, and the OE-
H19 + mimic NC groups severally (all P < 0.05).
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Silenced H19 or elevated miR-129 reduce ROS
and up-regulate MMP in PC12 cells induced by

Ap25-35

When detecting ROS and measuring MMP in
PC12 cells induced by AP,s3s, the results indi-
cated that (Figure 5 a,b) decreased ROS and ele-
vated MMP exhibited in Ap,5 3s-induced PC12
cells of the si-H19, the miR-129 mimic and the
OE-H19 + miR-129 mimic groups in contrast with
the si-NC, the mimic NC, and the OE-HI19
+ mimic NC groups severally (all P < 0.05).

Down-regulated H19 or up-regulated miR-129
inhibit oxidative stress in ABs.35 induced PC12 cells

Through testing MDA, SOD, and CAT in PCI2
cells induced by AP,s 35, the results suggested that
(Figure 6a-c) SOD and CAT expression were ele-
vated while MDA expression was decreased in
AP,s.3s-induced PC12 cells of the si-H19, the
miR-129 mimic and the OE-H19 + miR-129
mimic groups in contrast with the si-NC, the
mimic NC, and the OE-H19 + mimic NC groups
severally (all P < 0.05).
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Figure 5. Reduction of H19 or elevation of miR-129 decrease ROS and elevate MMP expression in PC12 cells induced by ABs_3s.
A. ROS in ABys.3s-treated PC12 cells after transfection; B. MMP in AB,s.3s-treated PC12 cells after transfection. The data in the figure
were all measurement data, in the form of mean + standard deviation. One-way ANOVA was functioned for comparison among
multiple groups. Tukey’s post hoc test was employed in pairwise comparison after ANOVA analysis. N = 3, * vs the si-NC group,
P < 0.05; # vs the mimic NC group, P < 0.05; & vs the OE-H19 + mimic NC group, P < 0.05.
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comparison after ANOVA analysis. N = 3, * vs the si-NC group, P < 0.05; # vs the mimic NC group, P < 0.05; & vs the OE-H19 + mimic
NC group, P < 0.05.
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Figure 7. H19 competitively regulates miR-129. A. H19 subcellular localization predicted via online analysis site; B. H19 subcellular
localization verified by FISH assay; C. The binding site of H19 to miR-129 predicted via RNA22 site; D. The binding of H19 to miR-129
verified via luciferase activity assay; E. The enrichment of miR-129 on H19 tested via RNA pull-down assay; The data in the figure
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between two groups of data. One-way ANOVA was functioned for comparison among multiple groups, followed by Tukey’s post hoc
test. N = 3.
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H19 binds with miR-129

To explore the mechanism of action of H19, we
first analyzed it by online analysis (http://Incatlas.
crg.eu/) (Figure 7a) and found that HI19 was
mainly distributed in the cytoplasm, which was
further verified in RNA-FISH assay (Figure 7b).
Through the RNA22 website (https://cm.jefferson.
edu/rna22/Precomputed/), it was indicated that
H19 could bind to miR-129 (Figure 7c). As
revealed in the dual-luciferase reporter gene
assay, in contrast with the mimic NC group, the
luciferase activity of the WT-H19 was decreased in
the miR-129 mimic group (P < 0.05), indicating
a binding relationship between H19 and miR-129
(Figure 7d). RNA pull-down assay was implemen-
ted to verify that H19 could bind with miR-129.
The results suggested that the enrichment level of
H19 was elevated in the Bio-miR-129-WT group
(P < 0.05) by contrast with that in the Bio-NC
group (P < 0.05) (Figure 7e). These results
emerged that H19 could bind with miR-129,
thereby affecting miR-129 expression.

HMGBI1 is a target gene of miR-129

The target site of HMGBI binding to the corre-
sponding miR-129 was determined by the online
prediction software Target Scan. The sequence of
the 3X-UTR region of HMGB1 mRNA binding to
miR-129 is shown in Figure 8a. The detection
results manifested that (Figure 8b) miR-129
mimic had no effect on the luciferase activity of
the HMGB1-MUT plasmid (P > 0.05), but the

Predicted consequential pairing of target region (top) Site
and miRNA (bottom) type

Position 84-91 of HMGB1 3' UTR 5’ ... GGAAAGCCUGAUGCAGCAAAAAA. ..

hsa-miR-129-5p 3 CGUUCGGGUCUGG-CGUuuuUC

luciferase activity in the HMGBI-WT plasmid
was apparently reduced (P < 0.05).

H19 and HMGB1 are elevated and miR-129 is
decreased in AD mice

Finally, in vivo experiments were conducted to test
H19, miR-129 and HMGBI1 expression in brain
tissues of AD mice. It was suggested that com-
pared with the sham group, H19 and HMGBI1
expression were elevated while miR-129 expres-
sion was reduced in brain tissues of AD mice
(Figure9 a,b).

Discussion

AD frequently manifests as dementia [29]. Much
studies focus on the important role of IncRNAs
in AD. The goal of the study was for the research
of the mechanism of H19 in proliferation and
apoptosis of PC12 cells induced by AB,s 35 in AD
with modulation of miR-129 and HMGBI.

At first, elevated H19 showed up in PC12 cells
after induction of AP,s535 in AD. Similar to our
study, H19 is clearly up-regulated in the latent
period of TLE [9]. Meanwhile, H19 also demon-
strated to be overexpressed in Schwann cells iso-
lated from peripheral nerves in the peripheral
neuropathic pain [8]. Analyzed by various assays,
silenced H19 was proved to promote viability,
colony formation ability, and cycle entry, inhibit
apoptosis, and decrease oxidative stress in Af,s 35
induced PCI12 cells. Similar results were gained in
the following studies. For instance, a study has
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Figure 8. The targeting relationship between HMGB1 and miR-129. A. The target site for binding of HMGB1 and the corresponding
miR-129 predicted via Target Scan; B. Detection results of dual-luciferase reporter gene assay. The data represented the mean +
standard deviation of three independent experiments. Student’s t test was used to evaluate significant differences between two

groups of data. N = 3.* vs the mimic NC group, P < 0.05.
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Figure 9. H19 and HMGB1 are elevated and miR-129 is suppressed in AD mice. A. H19, miR-129 and HMGB1 expression in brain
tissues of AD mice via RT-gPCR; B. HMGB1 protein expression in brain tissues of AD mice via Western blot analysis. The two-group
comparison was performed by independent sample t test for statistical analysis. n = 10. * vs the sham group, P < 0.05.

indicated that depressed H19 restrains lung carci-
noma cell proliferation and overexpressed H19 has
a contrast effect [30]. Another study has emerged
that H19 overexpression strengthens lung cancer
cell proliferation by a similar mechanism in color-
ectal cancer [31]. Evidences have shown that H19
plays functional roles in neuronal diseases, such as
Parkinson’s disease [32] while the mechanism of
H19 in AD is not revealed. Additionally, the obser-
vation in the study was that H19 acted as a ceRNA
to absorb miR-129, which shall be further explored
in future studies.

The current study found that declined miR-129
exhibited in PC12 cells after induction of AB;s 35
in AD. It has been proved that highly expressed
miR-129-5p in rats will inhibit neuronal apoptosis
and reduce the inflammatory reaction [13].
Another finding was that elevated miR-129 facili-
tated viability, colony formation ability, and cycle
entry, inhibited apoptosis, and decreased oxidative
stress in AP,5 35 induced PC12 cells. A prior study
has provided evidence highlighting that miR-129-
5p up-regulation could restrain neuronal apopto-
sis, promote proliferation, suppress apoptosis in
neuronal cells in AD [13]. What’s more, this is
consistent with our finding that elevated miR-129
mediated by dexmedetomidine resulted in
declined neuronal apoptosis in AP-injected mice
[15]. In this present study, the result also indicated
that HMGB1 was a target gene of miR-129. In
accordance with the present results, previous stu-
dies have demonstrated that miR-129-5p which
could specifically bind to HMGB1-3XUTR, and
depress HMGBI1 activity [33]. Moreover, down-

regulation of miR-129-5p could directly facilitate
the expression of HMGB1 [34]. Furthermore, it is
also demonstrated that enhanced miR-129-5p level
depresses HMGB1 [35]. A major finding of this
study was that elevated HMGB1 occurred in PC12
cells after induction of AP,5 35 in AD. These data
show that elevated HMGBI1 stimulates memory
abnormalities, manifesting that contributing to
memory deficits under various neurological and
psychiatric conditions is linked with the increased
HMGBI1 levels, such as AD [36]. Meanwhile,
HMGBI activation is verified in AD [19]. What’s
more, another study has also exhibited that sup-
pression of HMGB1 has been manifested to be
effective for AD treatment [37].

In conclusion, our study performs that silenced
H19 and up-regulated miR-129 facilitate viability
and restrain apoptosis of PC12 cells induced by
APB,5.35 in a cellular model of AD. These results
offer promising insight into the function of H19 in
the progression of AD, and might allow for the
pursuit of novel therapeutics and diagnostic mar-
kers for AD. More researches should be under-
taken to elucidate the mechanism of HMGBI1
in AD more clearly.
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