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Abstract  
Growth arrest-specific 5 (GAS5) is an anti-oncogene that has been extensively studied in tumors. However, research on GAS5 in the 
context of nervous system disease is rare at present. This study aimed to investigate the role of the long non-coding RNA GAS5 in rat pheo-
chromocytoma cells (PC12 cells). GAS5-overexpressing lentivirus was transfected into PC12 cells, and expression levels of GAS5 and C-myc 
were detected by real-time PCR. Ratios of cells in S phase were detected by 5-ethynyl-2′-deoxyuridine. Immunohistochemical staining was 
used to detect the immunoreactivity of neuron microtubule markers Tuj1, doublecortin, and microtubule-associated protein 2. Apoptosis 
was detected by flow cytometry, while expression of acetylcholine in cells was detected by western blot assay. We found that GAS5 can pro-
mote PC12 cells to differentiate into Tuj1-positive neuron-like cells with longer processes. In addition, cell proliferation and cell cycle were 
significantly suppressed by GAS5, whereas it had no effect on apoptosis of PC12 cells. Our results indicate that GAS5 could increase the 
expression of choline acetyltransferase and acetylcholine release. Thus, we speculate that GAS5 is beneficial to the recovery of neurons and 
the cholinergic nervous system.
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Introduction 
Alzheimer’s disease (AD) is a neurodegenerative disease 
characterized by progressive impairment of memory and the 
loss of acquired knowledge until a total loss of activity in dai-
ly life occurs, thus imposing a heavy burden on society and 
families. As such, AD has become one of the most important 
diseases threatening the health of the older adult. Although 
there are many studies about AD, its exact mechanism re-
mains unclear. During the course of this disease, cholinergic 
system injury takes place in AD patient brains, where it plays 
an important role in AD-related memory deficits (Ferrei-
ra-Vieira et al., 2016; Volpato and Holzgrabe, 2018).

Lhx8 (L3/Lhx7) is a member of the LIM-homeobox gene 
family, whose structures are highly conserved across many 
organisms. Lhx8 is closely related to development of the 
cholinergic nervous system and a critical factor for cholin-
ergic cell fates (Zhao et al., 2003; Mori et al., 2004; Manabe 
et al., 2005). Cholinergic neurons in the basal forebrain were 
decreased in Lhx8-null mice, and cholinergic phenotypes 
were specifically lost in Lhx8-knockout embryonic stem cells 
(Manabe et al., 2007, 2008; Li et al., 2014). Lhx8 can also 
promote choline acetyltransferase (ChAT) expression and 
acetylcholine (ACh) release, and regulate cholinergic differ-
entiation of murine embryonic stem cells, Neuro-2a cells, 
hippocampal progenitor cells, and hippocampal newborn 
neurons (Manabe et al., 2005, 2007; Shi et al., 2012; Zhu et 
al., 2013). 

Rat pheochromocytoma cells (PC12 cells) can express 
ChAT and release Ach (Pongrac and Rylett, 1998; Roghani 
and Carroll, 2002). As such, they are regularly used to in-
vestigate the cholinergic system in AD studies (Roghani 
and Carroll, 2002; Jin et al., 2015; Zhang et al., 2016). In our 
previous study, we found that Lhx8 inhibited both cell prolif-
eration and cell cycle in PC12 cells (Li et al., 2015), although 
the exact mechanism was unclear. 

Long non-coding RNAs (lncRNAs), a major component 
of the human transcriptome, play major roles in biological 
processes such as gene transcription, cell growth, and tumor-
igenesis (Mattick, 2004; Wapinski and Chang, 2011; Derrien 
et al., 2012; Kung et al., 2013; Pan et al., 2017); although, 
many have yet to be functionally annotated (Kung et al., 2013; 
Morris and Mattick, 2014). Growth arrest-specific 5 (GAS5), 
which belongs to the GAS family, was originally isolated from 
mouse NIH 3T3 fibroblasts (Schneider et al., 1988). GAS5, an 
anti-oncogene, has been extensively studied in tumors (Mour-
tada-Maarabouni et al., 2008, 2009; Kino et al., 2010; García-
Claver et al., 2013; Liu et al., 2013; Lu et al., 2013; Tu et al., 
2014; Sun et al., 2017). However, research investigating the 
role of GAS5 in nervous system diseases such as AD is rare at 
present. In this report, we focused on analyzing the effect of 
GAS5 on cell proliferation, neuronal differentiation, cell cycle, 
cell apoptosis, ChAT expression, and ACh release in vitro us-
ing the neuronal cell line PC12.
  
Materials and Methods  
Cell culture
PC12 cells were bought from Shanghai Zhong Qiao Xin 

Zhou Biotechnology (Shanghai, China) and cultured in Dul-
becco’s Modified Eagle’s Medium/Ham’s F12 (DMEM/F12; 
Gibco, Invitrogen, CA, USA) containing 10% fetal bovine 
serum (FBS; Hyclone, Logan, UT, USA) in a CO2 incubator. 
For differentiation experiments, PC12 cells were maintained 
in DMEM/F12 containing 1% FBS. 

Cell transfection
Both lncRNA GAS5-overexpressing lentivirus (LV-GAS5) 
and negative control lentivirus (LV-NC) were synthesized 
by Genechem (Shanghai, China). First, the multiplicity of 
infection (MOI) was determined through a pre-experiment; 
we selected MOI = 50 for subsequent formal experiments. All 
experiments were carried out according to the manufacturer’s 
lentivirus operation manual (Genechem). After transfection, 
cells were examined for green fluorescent protein (GFP) 
fluorescence using an EVOS FL Auto (Life Technologies, 
Carlsbad, CA, USA). Transfection efficiency was calculated by 
comparing GFP-positive cells to total cells. First, the number 
of cells in the bright field was counted, and then the number 
of cells emitting GFP in the same visual field was counted. 
The EVOS FL Auto has an automatic counting function. 

Quantitative real-time PCR
Total RNA of each group was extracted using TRIzol reagent 
(Invitrogen) under strict quality control. Quantification 
and quality checks were performed using a Nanodrop 2000 
(Thermo Scientific, Waltham, MA, USA). LncRNAs were 
reverse transcribed using a RevertAidTM First Strand cDNA 
Synthesis Kit (Thermo Scientific). Detection of GAS5 was 
performed using a SYBR Green Master Mix (Roche, Basel, 
Switzerland). Quantitative real-time PCR (qRT-PCR) was 
performed with a Corbett RG-6000 PCR system (Qiagen, 
Hilden, Germany), with sense and antisense primers as fol-
lows: glyceraldehyde 3-phosphate dehydrogenase (GAPDH): 
5′-GCA AGT TCA ACG GCA CAG-3′, 5′-GCC AGT AGA 
CTC CAC GAC AT-3′; GAS5: 5′-ATG GGA TGG TGG AGT 
TTG AAT C-3′, 5′-GTC AGA GGA GCC CTT GAA ATT 
C-3′; and C-myc: 5′-AGT CAG GGT CAT CCC CAT CA-3′, 
5′-TGG AGC ATT TGC GGT TGT TG-3′. Fold changes in 
mRNA expression were determined using the 2–ΔΔCt method 
(Pfaffl, 2001).

5-Ethynyl-2′-deoxyuridine assay
We used an 5-ethynyl-2′-deoxyuridine (EdU) assay kit (Ri-
bobio, Guangzhou, China) to detect S-phase cells. Detailed 
steps were consistent with our previously published report (Li 
et al., 2015). EdU-labeled cells, which were red, were viewed 
under the EVOS FL Auto.

Immunocytochemical assay of neuronal markers
Cells in different groups were examined according to previ-
ously reported experimental steps (Zhao et al., 2011). Brief-
ly, cells were incubated with primary antibodies including 
mouse anti-Tuj1 (1:500; Abcam, Cambridge, UK), guinea 
pig anti-doublecortin (DCX; 1:1000; Millipore, Billerica, 
MA, USA), and rabbit anti-microtubule-associated protein 
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2 (MAP2; 1:400; Abcam) overnight at 4ºC. Cells were in-
cubated with corresponding secondary antibodies (Alexa 
Fluor568-conjugated goat anti-mouse, goat anti-guinea pig, 
or goat anti-rabbit IgG, 1:1000; Invitrogen) at room tempera-
ture for 4 hours. Nuclei were labeled with Hoechst 33342 
(1:1000; Sigma, St. Louis, MO, USA) at 37ºC for 30 minutes. 
All cells were examined under the EVOS FL Auto.

Fluorescence-activated cell sorting (FACs) assay
BD Cycletest™ Plus DNA Reagent Kit (BD Biosciences, 
Franklin Lakes, NJ, USA) and an Annexin V-PE Apoptosis 
Detection Kit (Beyotime, Shanghai, China) were used for 
FACS sorting on a Calibur instrument (BD Biosciences). 
Detailed steps were consistent with our previously published 
report (Li et al., 2015).

Enzyme-linked immunosorbent assay (ELIsA) 
A total of 200 µL of culture medium from each group was 
collected at 24, 48, 72, and 96 hours. ACh release in medium 
was detected with an ACh ELISA Kit (Yanyu, Shanghai, Chi-
na) using a Synergy 2 microplate reader (BioTek, Winooski, 
VT, USA).

western blot analysis
Total protein of PC12 cells in each group was extracted with 
a protein extraction kit (Beyotime). Protein concentrations 
were detected with a bicinchoninic assay kit (Thermo Sci-
entific). Forty micrograms of protein were loaded and then 
separated on sodium dodecyl sulfate–polyacrylamide gels 
(10%). Next, target proteins were electronically transferred 
to polyvinylidene difluoride membranes using semi-dry 
transfer at 25 V for 7 minutes. Subsequently, membranes 
were blocked with 5% skim milk powder at room tempera-
ture for 2 hours, followed by primary antibodies [rabbit 
polyclonal anti-ChAT (1:800; Abcam) and mouse mono-
clonal anti-β-actin (1:2000; Beyotime)] at 4°C overnight. 
Secondary horseradish peroxidase-conjugated anti-rabbit 
IgG (1:1000; Bioss, Woburn, MA, USA) and anti-mouse 
IgG (1:1000; Bioss) were used to detect related proteins for 
2 hours at room temperature. Finally, Enhanced Chemilu-
minescence-Plus reagent (Bio-Rad, Hercules, CA, USA) and 
Software Quantity One (Bio-Rad) were used to visualize 
immunoblots, and relative protein expression was calculated 
with β-actin as the internal reference.

statistical analysis
All experimental data were collected from at least three inde-
pendent experiments. SPSS 22.0 software (IBM, Armonk, NY, 
USA) was used to analyze experimental data by one-way anal-
ysis of variance followed by independent sample t-test. Sta-
tistical data are expressed as the mean ± standard error of the 
mean (SEM). P < 0.05 was considered statistically significant.

Results
Efficiency of transfection and GAs5 expression level 
detection
We first analyzed differences between normal PC12 cells 

and PC12 cells overexpressing Lhx8 by DE-ribosomal RNA 
sequence and qRT-PCR. The results revealed increased 
expression of the lncRNA GAS5 in PC12 cells after overex-
pression of Lhx8 compared with the normal group (Figure 
1A & B). To study the function of GAS5 in PC12 cells, both 
GAS5-overexpressing lentivirus and negative control lenti-
virus were transfected into PC12 cells. After lentivirus trans-
fection, GFP was detected in both LV-GAS5 and LV-NC 
groups (Figure 1C). First, we confirmed that the trans-fec-
tion efficiency was approximately 95% (Figure 1D). Next, 
relative expression of GAS5 in each group was detected 
using qRT-PCR. The results displayed low GAS5 expression 
in normal PC12 cells, and no difference in GAS5 expression 
between control and LV-NC groups (P > 0.05). However, 
mRNA levels of GAS5 were obviously increased after GAS5 
lentivirus transfection (P < 0.001; Figure 1E).

Effect of GAs5 on cell proliferation and neuronal 
differentiation
We examined the proliferative ability of cells in different 
groups by EdU (Figure 2A). EdU-positive cell ratios in the 
LV-GAS5 group were apparently lower than in the other two 
groups (P < 0.01; Figure 2C). Next, we examined expression 
of three neuronal markers (Tuj1, DCX, and MAP2) to detect 
the differentiation of PC12 cells; cells were only positive for 
Tuj1 (Figure 2B), while the other two markers were immu-
nofluorescent negative. Percentages of Tuj1-positive cells in 
the LV-GAS5 group were higher than in control and LV-NC 
groups (P < 0.001; Figure 2D). Moreover, average lengths 
of Tuj1-positive cell processes in the LV-GAS5 group were 
markedly increased compared with either LV-NC or control 
groups (P < 0.001; Figure 2E). Differences in percentages 
of Tuj1-positive cells and average lengths of Tuj1-positive 
cell processes between control and LV-NC groups were not 
statistically significant (P > 0.05). Thus, we concluded that 
GAS5 can suppress the proliferation of PC12 cells and pro-
mote their differentiation into Tuj1-positive neuron-like cells 
with longer cell processes.

Effect of GAs5 on cell cycle and apoptosis
We used flow cytometry to assess the effects of GAS5 on cell 
cycle and cell apoptosis. A FACS assay revealed that more 
cells remained in G0/G1 phase following the increase of 
GAS5. Percentages of cells in G0/G1 phase in the LV-GAS5 
group were obviously higher than in LV-NC or control 
groups (P < 0.01). Ratios of cells in S phase in the LV-GAS5 
group were clearly less than in LV-NC or control groups (P < 
0.01 or P < 0.05). For G2/M phase, notably, although the ratio 
of cells in the LV-GAS5 group was less than observed in the 
other two groups, there were no differences among the three 
groups (P > 0.05; Figure 3A & B). We further examined the 
C-myc gene, which can promote cell division (Li et al. 2015). 
Compared with the other two groups, relative expression of 
C-myc in the LV-GAS5 group was significantly reduced (P < 
0.001; Figure 3C). 

Annexin V-positive cells were detected to assess apoptosis 
by flow cytometry (Figure 3D). Interestingly, there were no 
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differences in ratios of Annexin V-positive cells among the 
three groups (P > 0.05; Figure 3E). These results showed that 
GAS5 had a role in PC12 cell cycle arrest, but had no influ-
ence on apoptosis. 

Levels of ChAT and ACh in cells after GAs5 transfection
To explore whether upregulation of GAS5 could affect the ex-
pression of ChAT and ACh release levels in PC12 cells, west-
ern blot and ELISA were performed. The results indicated 
ChAT protein expression levels in the LV-GAS5 group were 
2.88 ± 0.31 times and 2.45 ± 0.35 times that of control and 
LV-NC groups (P < 0.001), whereas there were no differences 
between control and LV-NC groups (P > 0.05; Figure 4A & B). 
ACh levels in the LV-GAS5 group were higher than the other 
two groups at 48 hours (P < 0.001) and 72 hours (P < 0.01). 
Notably, there were no differences in ACh levels among the 
three groups at 24 or 96 hours (P > 0.05; Figure 4C). 

Discussion
GAS5, which consists of 12 exons, only contains a short 
open reading frame. It is localized at 1q25.1 and seems to 
play different roles in different studies, which may be related 
to disease types, cell types, and culture environments. For 
example, many studies have shown that malignant tumor cell 
lines are often accompanied by reduced GAS5 expression, 
especially in advanced disease models. In addition, high ex-
pression of GAS5 inhibits proliferation and promotes apop-
tosis (Mourtada-Maarabouni et al., 2009; Romanuik et al., 
2010; Gee et al., 2011; Liu et al., 2013; Lu et al., 2013; Qiao 
et al., 2013; Zhang et al., 2013a, b; Cao et al., 2014; Isin et al., 
2014; Renganathan et al., 2014; Tu et al., 2014; Dong et al., 
2015; Glover et al., 2015); therefore, GAS5 is an anti-onco-
gene. However, in the case of multiple sclerosis, GAS5 seems 
to play a negative role, as microglia M2 polarization was 
inhibited and demyelination was worsened as a result of in-
creased GAS5 expression (Sun et al., 2014). Interestingly, in 
our study, GAS5 inhibited the proliferation but not apoptosis 
of PC12 cells, which may be PC12 specific. At the same time, 
cells in the LV-GAS5 group showed increased proportions 
of cells in G0/G1 phase and lower proportions of S or G2/M 
phase cells. Therefore, it is likely that inhibition of PC12 cell 
proliferation by GAS5 was related to cell cycle arrest, but not 
apoptosis in vitro. C-myc is a regulatory gene related to cell 
proliferation and cell cycle; the decline of C-myc expression 
leads to delayed transition from G1 to S (Hölscher, 2014; Liu 
et al., 2014). In this study, C-myc levels were significantly de-
creased following GAS5 overexpression. As it was previously 
reported that GAS5 and the eukaryotic translation initiation 
factor 4E coordinated control C-myc translation (Hu et al., 
2014), we speculated that GAS5 induced the growth arrest 
of PC12 cells potentially through the reverse regulation of 
C-myc.

Cell cycle arrest and neurogenesis are highly coordinated 
and interactive processes. Rozental et al. (2000) studied the 
temporal expression of neuronal connexins during hippo-
campal ontogeny, and found that expression of GAS5 was 
involved in the regulation of neuronal differentiation. More-

over, GAS5 could make mouse embryonic hippocampal 
neuronal progenitor (MK31) cells quit the proliferation cycle 
and differentiate into neurons. Hence, we used Tuj1, DCX, 
and MAP2 to detect the differentiation of PC12 cells. Im-
munofluorescence results only revealed positivity for Tuj1, 
and the number of Tuj1-positive neuron-like cells was sig-
nificantly increased after overexpression of GAS5. GAS7, an-
other member of the GAS family, is expressed in neurons of 
the hippocampus, cerebellum, and cerebral cortex, where it 
seems to actively regulate neurite outgrowth (Ju et al., 1998; 
Rozental et al., 2000). In our study, we also found that the 
average lengths of Tuj1-positive cell processes in the GAS5 
overexpression group were significantly increased compared 
with the other two groups. Therefore, we believe that GAS5 
can promote the differentiation of PC12 cells into Tuj1-pos-
itive neuron-like cells, while promoting the growth of cell 
processes. It must be noted that Tuj1 positivity does not nec-
essarily mean those neuron-like cells are functional neurons. 
As such, we next need to measure their electrophysiological 
properties as a direct characterization of whether or not a 
cell is a neuron. 

It is known that cell cycle arrest can stimulate the transi-
tion of cells to a so-called senescent state; moreover, aging 
is another risk factor for AD (Wei et al., 2016). Senescen-
ceassociated secretory phenotypes, which arise from se-
nescence-associated growth arrest, have different effects on 
adaptive mechanisms of the brain at different stages of dis-
ease progression (Nekrasov and Vorobyov, 2018). A primary 
limitation of this study is that it is only a simple in vitro cell 
study, which cannot fully recapitulate the complex body 
environment. Indeed, astrocytes, microglia, cytokines inter-
leukin-1α and interleukin-1β, and the senescence-associated 
marker p16 can all affect neurons. How to develop these fac-
tors in a better direction is worth further exploring.

As Lhx8 has a critical and specific effect on the develop-
ment and sustenance of cholinergic neurons (Shibaguchi et 
al., 2003; Zhao et al., 2003; Mori et al., 2004; Manabe et al., 
2007, 2008), we further compared the expression of ChAT 
in PC12 cells and the amount of ACh released. We found 
that the expression level of ChAT protein in LV-GAS5 group 
was significantly increased compared with control and LV-
NC groups. In addition, ACh release levels in the LV-GAS5 
group were increased compared with other groups at 48 and 
72 hours, whereas there were no differences at 24 and 96 
hours between the three groups. These results indicate that 
GAS5 can promote cholinergic systems similar to Lhx8. 

GAS5 is a 5′-terminal oligopyrimidine tract RNA (Smith 
and Steitz, 1998) whose expression is negatively regulated by 
the mechanistic target of rapamycin (mTOR) pathway (Mey-
uhas, 2000; Mourtada-Maarabouni et al., 2010; Williams 
et al., 2011). That is, when the mTOR pathway is activated, 
GAS5 is low; but when the mTOR pathway is inhibited, 
GAS5 is high. In an animal model of AD, rapamycin, an 
mTOR pathway inhibitor, improved learning and memory, 
and reduced amyloid β and Tau pathology (Caccamo et al., 
2010). Vellai et al. (2003) found that decreasing the activity 
of the mTOR protein complex mTORC1 could significantly 
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Figure 2 Effect of growth arrest-specific 5 (GAs5) on cell proliferation and differentiation. 
(A, C) 5-Ethynyl-2′-deoxyuridine (EdU) immunofluorescence labeling was used to detect cell proliferation. The lncRNA GAS5-overexpressing 
lentivirus (LV-GAS5) group had a lower ratio of EdU-positive cells compared with the other two groups. (B) Tuj1 immunopositivity (red, stained 
by Alexa Fluor568) in different groups. Bars: 200 μm. (D) The ratio of Tuj1-positive cells in the LV-GAS5 group was higher than in control and neg-
ative control lentivirus (LV-NC) groups. (E) Average lengths of Tuj1-positive cell processes in the LV-GAS5 group were markedly longer than ob-
served in either LV-NC or control groups. Data are expressed as the mean ± SEM. **P < 0.01, ***P < 0.001 (one-way analysis of variance followed 
by independent sample t-test). The experiment was repeated three times.

Figure 1 Level of growth arrest-specific 5 (GAs5) 
expression. 
(A, B) We used a deribosomal RNA sequence (A) 
and real-time polymerase chain reaction (B) to 
detect differences in GAS5 expression between 
Lhx8-overexpressing and normal PC12 cells. Results 
showed that the expression of long non-coding RNA 
(lncRNA) GAS5 increased after overexpression of 
Lhx8 compared with negative control lentivirus (LV-
NC) and control groups. (C) GAS5 lentivirus and 
negative lentivirus were transfected into PC12 cells. 
Green fluorescent protein (GFP) was found in both 
lncRNA GAS5-overexpressing lentivirus (LV-GAS5) 
and LV-NC groups. Bars: 200 μm. (D) Transfection 
efficiencies were approximately 95% in the two 
groups. (E) mRNA levels of GAS5 were obviously in-
creased after GAS5 transfection. Data are expressed 
as the mean ± SEM. ***P < 0.001 (one-way analysis 
of variance followed by independent sample t-test). 
The experiment was repeated three times.
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Figure 3 Effect of growth arrest-specific 5 (GAs5) on cell cycle and apoptosis. 
Detection of cell cycle progression and cell apoptosis using flow cytometry. (A, B) In the cell cycle assay, DNA histograms show propidium iodide 
fluorescence in different groups. (A) Proportion of cells at G0/G1 phase in the lncRNA GAS5-overexpressing lentivirus (LV-GAS5) group was 
obviously increased compared with the other two groups. In contrast, the ratio of cells in S phase in the LV-GAS5 group was clearly reduced com-
pared with negative control lentivirus (LV-NC) and control groups. For G2/M phase, there were no differences among the three groups (B). (C) The 
C-myc gene can promote cell division; real-time polymerase chain reaction assay showed that relative levels of C-myc in the LV-GAS5 group were 
decreased compared with the other two groups. (D) Cell apoptosis was detected by flow cytometry analysis. (E) Apoptotic cell ratio (Annexin V 
single-positive cells vs. Annexin V/PI double-positive cells); there were no differences among groups. Data are expressed as the mean ± SEM. *P < 
0.05, **P < 0.01, ***P < 0.001 (one-way analysis of variance followed by independent sample t-test). The experiment was repeated three times.

Figure 4 Effect of growth arrest-specific 5 (GAs5) on levels of choline acetyltransferase (ChAT) and acetylcholine (ACh) in cells. 
(A, B) ChAT protein content of the lncRNA GAS5-overexpressing lentivirus (LV-GAS5) group was significantly increased compared with other 
groups. (C) The LV-GAS5 group had increased ACh levels at 48 and 72 hours (h) compared with other groups, whereas, there were no differences 
among groups at 24 and 96 hours. Data are expressed as the mean ± SEM. ***P < 0.001, vs. control group; ###P < 0.001, vs. negative control lenti-
virus (LV-NC) group (one-way analysis of variance followed by independent sample t-test). The experiment was repeated three times. 

prolong the longevity and function of Caenorhabditis ele-
gans. In mouse hematopoietic stem cells, mTORC1 activ-
ity was increased in an age-dependent manner and when 
mTORC1 was activated, expression of p16 was increased. 
However, use of rapamycin can maintain hematopoietic 
stem cells at a level similar to that of young animals (Chen et 
al., 2009). Based on the above experimental results and pre-
vious literature, we speculate that the mTOR signaling path-
way may play a crucial role in regulation of GAS5 by Lhx8 
in PC12 cells, and GAS5 may be beneficial for AD patients 

by eliciting an anti-aging effect; although, further studies are 
necessary to verify these claims. 

In summary, we found that increasing GAS5 promoted 
PC12 cells to differentiate into Tuj1-positive neuron-like 
cells with longer processes. In addition, cell proliferation and 
cell cycle were significantly suppressed by GAS5, whereas it 
had no effect on apoptosis of PC12 cells. In addition, GAS5 
could also promote the expression of ChAT and ACh release, 
similar to Lhx8. Thus, we speculate that GAS5 may be bene-
ficial to the recovery of neurons and the cholinergic nervous 
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system in AD patients.
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