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ABSTRACT

Purpose: To investigate the influence of long-chain non-coding RNA H19 on
the apoptosis of AB treated PC12 cells and its mechanism. Methods: Exploiting
AB treated PC12 cells to construct the Alzheimer disease (AD) model, and
adopting pcDNA3.1-H19 and si-H19 plasmids to transfect PC12 cells to
regulate the expression of H19. Using real-time fluorescence quantitative PCR
(QRT-PCR) technology to exam the expressions of H19, miR-29b-5p, BACEL1,
pro-apoptotic Bax, Caspase3, and apoptosis-inhibiting gene Bcl-2 in PC12 cells.
Employing Western blot (WB) to check the expressions of pro-apoptotic Bax,
Caspase3, Bcl-2, BACEL protein, and finally detecting the expression level of
AB42 via ELISA. Results: Overexpression of H19 boosted the expressions of
pro-apoptosis-related genes (i.e., Bax, Caspase3) in AR treated PC12 cells,
while reducing the expressions of apoptosis-related genes Bcl-2;
Simultaneously, miR-29b-5p expression decreased which results in the
overexpression of BACE1 and AR 42. Inhibiting the H19 expression decreased
the expressions of Bax and Caspase3 and increased the expression of Bcl-2;
However, the expression of miR-29b-5p reduced which renders the expression
level of BACE1 and ApP42 decreased meaningfully. The above results are
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statistically significant. Conclusion: H19 participates in the regulation of AD cell
model apoptosis ,which may be relevant to the miR-29b-5p/BACE1/Af signal
pathway.

KEYWORDS: H19; miR-29b-5p; BACE1; Signal path; PC12 cells

As one of the most common diseases of the elderly, Alzheimer disease
(AD) is a nervous system disease. Its incidence rate is increasing year by
year, which seriously reduces the quality of life of the elderly. Generally, the
diagnosed person will die within 10 years (Scheltens et al., 2016). The
pathological characteristics of AD include the formation of neuroinflammatory
plaques and neurofibrillary tangles (NFT) in the cerebral cortex and
hippocampus. Among them, neuroinflammatory plaques are formed by
intracellular deposition of amyloid 8 (AB) produced by the transmembrane
protein APP (amyloid precursor protein) cleaved and decomposed by (3-
secretase (BACE 1) (Hung & Livesey, 2018). However, the basic molecular
mechanism of AD is not completely clear. Long non coding RNA (IncCRNA)
refers to a class of non coding RNA that does not encode proteins and is
more than 200 nucleotides (nt) in length. LncRNA produces specific functions
at the transcriptional and post transcriptional levels in various diseases,
including neurodegenerative diseases, cardiovascular diseases, tumors, etc.,
and regulates gene expression, so it can be used as a biomarker and a
potential therapeutic target (Bhat et al., 2016; Wei, Luo, Zou, & Wu, 2018).
Recent research results confirm that IncRNA can affect the occurrence and
development of AD (Riva, Ratti, & Venturin, 2016). MicroRNA (miRNA) is a
kind of endogenous non coding RNA with a length of about 20-24 nucleotides,
and miR-29 is still one of the most interesting mIRNA families. It has been
found that some miRNAs are specifically expressed or enriched in the human
brain, which is related to promoting neuronal differentiation, synaptic plasticity
and memory formation (Schratt et al., 2006).

LncRNA H19 is a highly conserved imprinted gene in mammalian cells. In
the process of ontogenesis, INcCRNA H19 is highly expressed in the embryonic
stage, and its expression will be down regulated after birth (Gabory, Jammes,
& Dandolo, 2010). However, studies have found that the expression of
IncRNA H19 in brain tissue of patients with stroke, epilepsy and Parkinson's
syndrome is up-regulated (Voellenkle et al., 2016; Yang et al., 2018). High
expression of INcCRNA H19 is related to brain damage caused by
subarachnoid hemorrhage and status epilepticus (J.-X. Wang et al., 2015),
while knockout of H19 will reduce brain damage and brain cell apoptosis
(Broderick & Zamore, 2011; Choi, Park, & Park, 2017). Studies have shown
that miR-29 may participate in the regulation of APP and BACEL expression.
In patients with sporadic AD, the protein level of BACEL is abnormally
increased, while miR-29 is significantly decreased. miR-29b inhibits the
expression level of BACE1 and A in neuronal cells (Hébert et al., 2009;
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Hébert et al., 2008). These findings provide theoretical support for the causal
relationship between IncRNA H19, miR-29 and AD. We used the biological
information software Starbase to predict and analyze that Inc RNA H19 and
miR-29b-5p have binding regions. However, there is no relevant research on
the impact of the relationship between H19 and miR-29b-5p on the
occurrence and development of AD. In summary, this paper mainly studied
the effect of INcRNA H19 on cell viability and apoptosis of PC12 cells after AB-
induced injury and explored the effect of IncRNA H19/miR-29b-5p/BACE1
axis on AB protein expression (Chielle, Feltez, & Rossi, 2017).

1. MATERIALS AND METHODS
1.1 Materials

CCK-8 test kit is from Shanghai Biyuntian Biotechnology Co., Ltd;
Annexin V-FITC cell apoptosis detection kit was purchased from Tianjin
Sanijian Biotechnology Co., Ltd; TRIpure Total RNA Extraction Kit, EntiLink ™
1st Strand cDNA Kit, EnTurbo ™ SYBR Green PCR kit was purchased from
Wuhan Kelu Biotechnology Co., Ltd; Western Blot related reagents were
purchased from Beijing Aisben Technology Co., Ltd; The Lipofectamine 2000
(Invitrogen) transfection kit comes from Shanghai Kemin Biotechnology Co.,
Ltd.

1.2 Methods
1.2.1 Cell culture and modeling

Cell culture: In this study, AB25-35 (25umol/L) was used to induce PC12
cells to construct AD cell model. After 36 hours of culture, the viability level of
PC12 cells was tested. Cells in logarithmic phase were randomly divided into
eight groups: Normal control group, AD group (pretreated with accumulated
AB25-35 (25umol/ L, dissolved in 1% FBS medium) for 36 hours), AD+
PCDNA3.1-NC group (pcDNA3.1 pretreatment followed by AR induction
treatment), AD+ pcDNA3.1-H19 group (pcDNA3.1-H19 pretreatment and Ap
induction treatment), AD+si-NC group (si-NC pretreatment and A induction
treatment), AD+si-H19 group (si-H19 pretreatment and A induction
treatment), AD+ smart silencer-H19+ miR-29b-5pinhibitor group (si-H19+miR-
29b-5pinhibitor co-transfected cells were treated with AR induction) and AD+
smart silencer-H19+ miR-29b-5p mimic group (si-H19+miR-29b-5p mimic co-
transfected cells were treated with AB induction).

1.2.2 CCK-8 detection of cell activity

First, trypsin was used to digest cells in logarithmic growth phase. Then,
according to the relevant procedures in the instructions of CCK-8 test kit, they
were divided into experimental group and control group. Finally, 450nm light
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absorption value (A value) was measured with the microplate reader, and the
survival rate was calculated according to the formula: cell survival rate%=A
value of the experimental group/A value of the control group * 100%.

1.2.3 Real time fluorescent quantitative PCR (qRT-PCR)

Each group of cells will extract RNA from each group of cells according to
the procedure steps on TRIzol kit and measure its concentration. Then the
reverse transcription test kit was used for reverse transcription. After the
above operation, qRT-PCR was performed on the assay kit using PCT and
the cycle threshold of each group was obtained. Finally, 2-AACT method was
used for quantitative calculation. 1.2.4 Cell transfection

1.2.4 Cell transfection

The well growing cells were cultured in serum-free medium on a six well
plate. When the cell fusion degree reaches 60% - 80%, transfect according to
the above steps of Lipofectamine 2000 kit. Transfected plasmids were
purchased from Guangzhou Ruibo Biotechnology Co., Ltd.

1.2.5 Western Blot (WB)

The total protein of each group was extracted after the cells were lysed
with RIPA lysate, and the protein concentration was detected by BCA protein
concentration determination kit. After 10% SDS-PAGE separation and
electrotransfer, it was sealed with TBST buffer solution at room temperature
for 2h, and then used monoclonal antibody for overnight at 4 °C. The next day,
the newly prepared ECL mixture (A:B=1:1) was dripped onto the protein side
of the membrane, and then exposed, developed and fixed in the darkroom.
AlphaEaseFC software was used for systematic analysis.

1.3 Data analysis

All data were replicated three times to obtain the mean and standard deviation.
Data were processed by SPSS22.0 statistical software, and comparison
between groups was performed by one-way analysis of variance and t-test. P
< 0.05 was certified as statistically significant, and GraphPad 8.0 software was
used for mapping

2. RESULTS
2.1 Preparation of AD cell model

Compared with the control group, from the analysis of CCK-8 results, the
cell activity in the AD cell model group was significantly reduced (Fig. 1A).
From the analysis of gRT-PCR results, the expression of apoptosis promoting
genes Bax and Caspase3 was up-regulated in AD cell model group, while the
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expression of anti apoptosis gene Bcl-2 was decreased (Fig. 1B). From the
analysis of flow cytometry apoptosis detection results, the apoptosis rate of
AD cell model group was significantly increased (Fig. 1C).
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Figure 1. Activity of AD cell model and expression level of apoptosis related genes

A. CCK-8 cell activity test results, ** P << 0.01, n=5; B. Comparison of
Bax, Bcl-2, Caspase3 mRNA expression results (QRT-PCR); C. Results of
flow cytometry: 1: normal control group, 2: AD group; Compared with the
control group, **P < 0.01, n=3.

2.2 Effect of H19 on AD cell apoptosis

The results of QRT-PCR showed that H19 was overexpressed in AD cell
group compared with normal control group (Fig. 2A). In order to study the
effect of H19 expression level on apoptosis of PC12 cells induced by AR,
PC12 cells were transfected with pcDNA3.1-H19 plasmid to make H19
overexpression. The experimental results showed that after transfection of
H19 overexpression plasmid, the expression of H19 in AD cell group was
significantly increased compared with the control group, and the expression of
apoptosis promoting genes Caspase3 and Bax was also further increased,
while the expression of anti apoptosis gene Bcl-2 was further reduced (Fig.
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2B/C/D). In order to further verify the effect of H19 expression level change on
PC12 cell apoptosis, H19 smart silent plasmid was used to transfect PC12
cells to interfere with H19 expression (Fig. A). The results showed that
decreasing the expression of H19 could down regulate the expression of
proapoptotic gene Bax and Caspase3, and promote the expression of anti
apoptotic gene Bcl-2 (Fig. 2B/C/D).
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Figure 2. The changes of H19 expression level and its effect on the expression levels of AB-
induced apoptosis related genes in PC12 cells

1: Normal control group, 2: AD model group, 3: AD+pcDNA3.1-COntrol
group, 4: AD+pcDNA3.1-H19 group, 5: AD+si Control group, 6: AD+si-H19
group; A. Phase expression of H19 mRNA (gRT-PCR); B. Phase expression
of Caspase, Bax, Bcl-2 mRNA (QRT-PCR); C: Caspase, Bax, Bcl-2 protein
expression; D: Western Blot photos of Caspase, Bax and Bcl-2 proteins;

(1) Relative expression of H19: compared with the normal control group: P<0.01;
Compared with pcDNA3.1-COntrol group: P << 0.05; Compared with si Control
group: P<0.01.

(2) the relative expression of apoptosis promoting gene Bax mRNA:
compared with the normal control group: P<0.01; Compared with pcDNA3.1-
COntrol group: P < 0.05; Compared with si Control group: P<0.05;

(3) the relative expression of apoptosis promoting gene Caspase3,
apoptosis inhibiting gene Bcl-2 mRNA and the expression of Bax, Caspase3
and Bcl-2 protein: compared with the normal control group: P<0.01;
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Compared with AD+pcDNAS3.1-COntrol group: P<0.05; Compared with AD+si
Control group: P<0.05;
*P<0.05, **P<0.01, n=3

2.3 The effect of H19 expression on miR-29b-5p/BACE1 signaling
pathway

In order to further explore the downstream regulation mechanism of H19 on
PC12 cell apoptosis, the expression levels of each gene in PC12 cells after H19
overexpression were detected. gRT-PCR results showed that the expression of
mMiR-29b-5p mRNA was inhibited, while BACE1 mRNA was up-regulated, BACE1
protein expression level was increased (Figure 3C), and AB42 expression level
was also increased (Figure 3D) in the AD model group. Compared with the
AD+pcDNAS3.1-Control group, the expression of miR-29b-5p mRNA was further
inhibited, while BACE1 mRNA was further overexpressed. BACE1 protein
expression level and AB42 expression level were also increased in the AD+
pcDNA3.1-H19 group. Compared with AD+pcDNA3.1-H19 group, the expression
of miR-29b-5p mMRNA was promoted in AD+si-H19+miR-29b-5pinhibitor group and
AD+si-H19+miR-29b-5p mimic group. The expression levels of BACE1 mRNA
and BACEL protein were significantly decreased (both P < 0.01), and the
corresponding expression level of AB42 was also decreased (both P <0.01). The
above experimental comparison results indicated that H19 could affect the
apoptosis and the expression of AR42 in Ap-treated PC12 cells by regulating miR-
29b-5p/BACEL signaling pathway.

Rl xprssinof
iR-2903p kA
° o 3
e 0 0
| | |
Ij*
+
IT,
H*
|

BACEI mRNA

Relative expression of

o N b O o
i .
o
-
] —
Grayscale ratio BACE1/ - Actin

70 kDa

B-Actin 43 kDa

357



Rev.int.med.cienc.act.fis.deporte - vol. 23 - nimero 89 - ISSN: 1577-0354

15004 E HHt
5 | Hit
£ I
50 1000 . _
\g—: k3
54
g
S 500- =
|
[«
= — - _
0_“ T T T T
1 2 3 4 5 6 7 38

Figure 3. Effect of H19 expression level change on miR-29b-5p/BACEL1 signal pathway

*P<0.05, **P<0.01, n=3

1: Normal control group, 2: AD model group, 3: pcDNA3.1-COntrol group,
4: pcDNA3.1-H19 group, 5: si Control group, 6: si-H19 group, 7: Si-H19+miR-
29b-5pinhibitor group, 8: si-H19+miR-29b-5p mimic group:

A. Phase expression of miR-29b-5p mRNA (qRT-PCR); B. Phase
expression of BACE1 mRNA (qRT-PCR); C: BACEL protein expression; D:
Western Blot photos of BACEL protein; E: A B 42 comparison of expression
results; Compared with the control group, P<0.01; Compared with
AD+pcDNA3.1-COntrol group, P<0.01; Compared with AD+pcDNA3.1-H1
group, AD+si-H19+miR-29b-5pinhibitor group and AD+si-H19+miR-29b-5p
mimic group, P<0.01

3. DISCUSSION

This study first investigated the effect of IncRNA H19 on the viability and
apoptosis of AB-induced PC12 cells and whether IncRNA H19 regulates cell
apoptosis by activating miR-29b-5p/BACEL1 signaling pathway. The results
showed that the down-regulation of IncRNA H19 had a protective effect on
AB-treated PC12 cells, increasing cell viability and inhibiting cell apoptosis. On
the contrary, overexpression of IncRNA H19 promoted apoptosis of AB-
treated PC12 cells and weakened cell viability. It was further found that the
expression of INcCRNA H19 was significantly up-regulated in AB-induced PC12
cells, and overexpression of H19 further inhibited the expression of miR-29b-
5p mRNA and increased the expression of BACE1 mRNA and protein. On the
contrary, inhibiting the expression of IncRNA H19 can increase the expression
of miR-29b-5p MRNA and reduce the expression of BACE1 mRNA and
protein, thereby affecting the downstream expression of AR42.

As one of the most serious neurodegenerative diseases, the
pathogenesis of AD has not been uniformly concluded. Recent studies have
found that long non-coding RNA can patrticipate in the development of AD

358



Rev.int.med.cienc.act.fis.deporte - vol. 23 - nimero 89 - ISSN: 1577-0354

through a variety of pathways, such as epigenetic, transcriptional and post-
transcriptional regulation. Although the research on the relationship between
long non-coding RNA and AD is still in its infancy, it has been found that a
variety of long non-coding RNA, such as BACE1-AS, BC200, 17A, etc. are
specifically expressed in brain tissue and are involved in hippocampal
development, synaptic transmission and various transcription-related
signaling pathways (Y. Wang, Wang, Chen, & Chu, 2018; Zhang, 2016).
Studies at different biological levels have found that long non-coding RNA
related to AD may be involved in the formation of AB, excessive
phosphorylation of tau protein or inflammation. In addition, our experiments
confirmed from the cytological level that the high expression of IncRNA H19
further affected the expression of BACEL and increased the expression of
AB42 in the AD cell model, which confirmed the involvement of IncRNA H19 in
the pathological process of AD. Studies have shown that in cerebral ischemia-
reperfusion model, reducing the expression of IncRNA H19 will reduce the
size of cerebral infarction, relieve brain edema, and reduce the expression of
inflammatory factors in brain tissue (J. Wang et al., 2017). Some studies have
also confirmed that the increased apoptosis of cardiomyocytes after hypoxia
increases the expression of INncRNA H19 (Sun et al., 2018; J.-X. Wang et al.,
2015). Based on the above literature, the expression of H19 has an impact on
cell viability and apoptosis. Our study showed that in the AD cell model
constructed by AR treatment of PC12 cells, the down-regulation of IncCRNA
H19 would reduce cell apoptosis. Investigation has found that the miRNA
expression profile changes in sporadic AD patients. The miR-29a/b-1/c cluster
in the brain of AD patients was significantly reduced, and this reduction was
related to the increase of BACEL protein level (Petri & Klinge, 2020; Zong et
al., 2011). The expression of miR-29a/b-1 cluster and BACE1 were also found
in primary neuronal cultures, which were similar to those in AD patients. Cell
studies have confirmed that overexpression of miR-29a and miR-29b1 can
cause the decrease of endogenous BACEL protein expression, while down-
regulation of miR-29a can cause the increase of BACE1 expression
(Jahangard et al., 2020). It suggests that there is also a potential causal
relationship between the expression of miR-29 and amyloid protein at animal
level or cell level. This study also reflected that overexpression of miR-29b-5p
inhibited the level of BACE1 mRNA and protein and reduced the activation of
downstream molecule Ap42 of BACEL. It shows that miR-29b-5p participates
in the expression of BACEL, and miR29 RNA and BACEL expression are
negatively regulated, which means that miR-29 family can be used as
potential inhibitors of silencing BACEL protein expression. The current view is
that, in addition to directly affecting the occurrence of diseases, INcCRNA can
competitively combine with miRNA, indirectly regulate the expression level of
target miRNA, and participate in the regulation of its function through signal
pathways. In this experiment, we found that the high expression of IncRNA
H19 can significantly inhibit the expression of miR-29b-5p. At the same time,
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we found that under the condition of further transfection with si-H19+miR-29b-
5p mimic or si-H19+miR-29b-5pinnhibitor, BACE1 and downstream AB42 are
affected, which strongly proves that IncRNA H19 has targeted regulation on
miR-29b-5p. It also shows that both miR-29b-5p positive control and si-H19
treatment can effectively inhibit expression level of BACE1 mRNA and protein
in AB induced PC12 cells, thus reducing the expression of BACE1
downstream molecule AB42, which suggests that IncRNA H19 may affect
AB42 expression by acting on miR-29b-5p/BACEL1 signal pathway.

Our study found the expression changes of IncRNA H19 in AD model cells,
which confirmed from the cytological level that IncRNA H19 could not only
directly affect cell apoptosis, but also target the expression level of miR-29b-5p,
thus affecting the downstream expression of BACEL. This study reveals the
potential important role of the H19/miR-29b-5p/BACEL1 axis in the prevention
and treatment of AD, but the detailed biological function and regulatory
mechanism need to be further studied.
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