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Abstract. – OBJECTIVE: In Alzheimer’s dis-
ease (AD), astrocytes are generally found in the 
surrounding of senile plaques participating in the 
production of phagocytosis and the removal of 
toxic compounds such as Aβ. This study aimed at 
investigating the effect of Aβ1-42 on astrocytes. 

MATERIALS AND METHODS: Cellular viabil-
ity of primary cultured astrocytes was analyzed 
using CCK-8 assay. Quantitative Real-time PCR 
was used to assess the mRNA expression of 
JNK and AP-1. The proteins of JNK/AP-1 path-
way were investigated using Western blot. 

RESULTS: Our findings showed that Aβ1-42 in-
hibited cell viability and promoted apoptosis in 
astrocytes in primary culture. Additionally, Aβ1-
42 increased the mRNA expression level of AP-1, 
but had no effect on the expression of JNK. Fur-
thermore, Aβ1-42 increased the protein expres-
sion of p-JNK, p-c-jun and Fra-1 and the ratio of 
p-c-jun/c-jun and p-JNK/JNK. 

CONCLUSIONS: We showed that Aβ1-42 pro-
moted cell apoptosis in astrocytes in primary 
culture. Furthermore, Aβ1-42 activated JNK/AP-
1 pathway through promoting the phosphoryla-
tion of JNK, c-jun and Fra-1 expression, then in-
ducing cell apoptosis.
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Abbreviations 
AD = Alzheimer’s Disease; Aβ = Beta-amyloid pep-
tide, AP-1 = Activator protein 1; CNS = Central nervous 
system; DMEM = Dulbecco’s Modified Eagle Medium, 
DMSO = Dimethyl sulfoxide; FBS = Fetal bovine se-
rum, JNK = c-Jun N-terminal kinases; HRP = horserad-
ish peroxidase; PAR-1 = Protease-activated receptor 1; 
PVDF = Polyvinylidene difluoride; RT-PCR = Reverse 
transcriptase-polymerase chain reaction; SDS-PAGE = 
Sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis; TBST-20 = Tris-buffered saline and Tween-20; 
VEGF = Vascular endothelial growth factor.

Introduction

Alzheimer’s disease (AD) belongs to neurode-
generative disease usually diagnosed in the aging 
process 1, which is accompanied by hypometab-
olism of differing severity in different brain re-
gions. It involves extracellular matrix accumula-
tion of beta-amyloid peptide (Aβ), neurofibrillary 
degeneration and synaptic impairment, which can 
lead to the neuronal cell death of cerebral cortex 
and hippocampus2,3. Astrocytes are the special 
type of glial cells that play the critical role in the 
whole central nervous system (CNS) and partic-
ipate in many primary functions in the healthy 
CNS. They release chemokines and cytokines, 
which play protective or toxic roles in nerve in-
flammatory processes4. Releasing cytokines in 
the process of neuroinflammation may have detri-
mental effect on the function and viability of as-
trocytes5. In AD, astrocytes are generally found 
in the surrounding of senile plaques participating 
in the production of phagocytosis and the removal 
of toxic compounds such as Aβ6. Aβ can inter-
act with plenty of cellular components to partic-
ipate in the process of producing inflammation 
and oxidative stress reaction7,8. The JNK pathway 
participates in the expressions of lots of genes, 
which have association with cell survival or death 
in brain injury. These functions are achieved 
through c-Jun protein phosphorylation, the most 
important downstream protein of JNK pathway 
and translocation of p-c-Jun to the nucleus. Previ-
ous studies8,9 have shown that JNK pathway was 
involved in gene expressions of vascular endothe-
lial growth factor (VEGF), heme oxygenase and 
nerve growth factor. The genes have a common 
characteristic that all of their promoter sequences 
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contain AP-1 binding sites. JNK had been con-
sidered to participate in cell apoptosis and nerve 
protection process because many up-regulat-
ed early genes were AP-1 related components11. 
Some researches12 showed that the JNK pathway 
played a critical role in anti-apoptosis to preserve 
astrocytes from some toxic substances in brain 
relying on protease-activated receptor 1 (PAR-
1). We investigated the effect of Aβ1-42 on JNK/
AP-1 pathway of astrocytes. Our results showed 
that Aβ1-42 increased the ratio of p-JNK/JNK and 
p-c-jun/c-jun, indicating that Aβ1-42 induced as-
trocytes apoptosis through the phosphorylation of 
JNK and c-jun. 

Material and Methods

Materials
Dulbecco’s modified Eagle’s medium (DMEM) 

and fetal bovine serum (FBS) were obtained from 
Invitrogen (Carlsbad, CA, USA) and HyClone 
(South Logan, UT, USA), respectively. The oligo-
mers Aβ1-42 were prepared following manufac-
ture instructions (Sigma-Aldrich, St. Louis, MO, 
USA). Western blot enhanced chemilumines-
cent (ECL) detection system was obtained from 
Thermo Fisher Scientific (Waltham, MA, USA). 
Anti-JNK and anti-p-JNK were obtained from 
Cell Signaling Technology (CST) (Danvers, MA, 
USA). Anti-c-Jun and anti-p-c-Jun were obtained 
from Bioss (Edinburgh, Scotland, UK). 

Cell Culture
Human primary astrocyte cell lines HA-1800 

were cultured in DMEM containing 10% fetal bo-
vine serum (FBS), 100 U/mL penicillin and 100 
mg/mL streptomycin. The astrocyte cells were 
then cultured at 37°C in a humidified atmosphere 
of 5% CO2/95% air. Unless otherwise stated, all 
experiments were performed at 37°C in a humid-
ified atmosphere of 5% CO2. 

Cell Treatments
When the density of human astrocytes cells 

grown to 80%, the complete medium containing 
10% fetal bovine serum (FBS) was replaced by 
starvation medium which contained 0.5% FBS. 
24 h later, the cells in control group continued to 
be cultured in starvation medium; 1 μM Aβ1-42 
was added to the starvation medium used as mod-
el group (SD)13. Cells in Ani group were cultured 
in starvation medium with 1 μM Aβ1-42 and 2 μM 
anisomycin. 1 μM Aβ1-42 and 2 μM dimethyl sul-

foxide (DMSO were added into starvation medi-
um in DMSO group. 

CCK-8 Assay
The astrocytes were seeded in 96-well plate 

with 1×104 cells/well and cultured in incubator 
(Thermo Fisher, Waltham, MA, USA) at 37°C in 
humidified 95% air and 5% CO2 for 24 h, 48 h, 72 
h and 96 h. Cell proliferation was assessed by a 
Cell Counting Kit-8 (Life Technologies, Gaithers-
burg, MD, USA). The CCK-8 solution was added 
to the culture medium, and the cultures were in-
cubated at 37°C for 1-4 h. The absorbance was 
measured at 450 nm using a Microplate Reader 
(Bio Rad, Hercules, CA, USA).

Flow Cytometer 
Apoptosis analysis was performed to identify 

and quantify the apoptotic cells by using Annexin 
V-FITC/PI apoptosis detection kit (Beijing, China). 
The astrocytes in different groups were respective-
ly collected after cultivation for 48 h. Treated cells 
were washed twice with cold phosphate-buffered 
saline (PBS) and resuspended in buffer. The ad-
herent and floating cells were combined and treat-
ed according to the manufacturer’s instruction and 
measured with flow cytometer (Beekman Coulter, 
Brea, CA, USA) to differentiate apoptotic cells 
(Annexin-V positive and PI-negative) from necrot-
ic cells (Annexin-V and PI-positive). 

RT-PCR Analysis
Extraction and reverse transcription of total 

RNA were taken according to the manufacturer’s 
instruction. With the use of SYBR Green Master 
Kit (Applied Biosystems, Foster City, CA, USA) 
PCR was used to amplify the resulting cDNA 
according to the manufacturer’s instruction. The 
sequences of the primers were as follows: JNK, 
F: 5’-TATACGCATAAGTACGGCTACA-3’, R: 
5’-GTCCTGGTGGGAAATGAAC-3’; AP-1, F: 
5’-AAACGACCTTCTATGACGATGC-3’, R: 
5’-CCGTTGCTGGACTGGATTAT-3’; GAPDH, 
F: 5’-GGCTCTCCAGAACATCATCCCTGC-3’, 
R: 5’-GGGTGTCGCTGTTGAAGTCAGAGG-3’. 
Electrophoresis was used to analyze the reaction 
products. The intensity of PCR products was 
semi-quantified by Quantity One Quantification 
software (Bio Rad, Hercules, CA, USA).

Western Blot Analysis
Cultured astrocytes were treated with lysis buf-

fer containing protease inhibitors. Bicinchoninic 
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acid (BCA) protein assay kit (Pierce, Appleton, WI, 
USA) was used to determine the content of protein. 
Proteins were separated on sodium dodecyl sulpha-
te-polyacrylamide gel electrophoresis (SDS-PAGE) 
gels and then transferred to the polyvinylidene di-
fluoride (PVDF) membranes, which were blocked 
with 5% milk in TBST-20 (1 ml/L Tween-20) and 
incubated with primary antibodies overnight at 4°C. 
Membranes were washed for three times with wash 
buffer TBST-20 and incubated with a secondary 
anti-rabbit IgG antibody conjugated to the enzyme 
horseradish peroxidase (HRP) for 1 h. The ECL 
method was used to detect proteins concentration. 
Digital image system Image Quant LAS 4000 (GE 
Healthcare, Little Chalfont, UK) was used to ana-
lyze autoradiography signals. 

Statistical Analysis
The results of many experiments were pre-

sented as the means ± SD. Statistical evaluation 
was carried out by Student’s t-test between two 
groups. p-value < 0.05 was considered statistical-
ly significant.

Results

Aβ1-42 Inhibited Astrocytes Proliferation
The effect of Aβ1-42 on cell proliferation was 

studied using CCK-8 assay. Cell proliferation ac-
tivity was increased with the passage of time in 
four groups (Figure 1). Cell proliferation activity 
was lower in AD, Ani and DMSO group com-
pared with control group (p <0.05). Cell prolifer-
ation activity of Ani group was lower than that of 
AD group at 72 h and 96 h (p <0.05). The results 

suggested that Aβ1-42 inhibited cell proliferation of 
astrocytes. 

Aβ1-42 Promoted the Astrocytes Apoptosis
The effect of Aβ1-42 on cell viability was stud-

ied using Flow cytometer. As shown in Figure 2, 
the apoptosis rate of AD, Ani and DMSO group, 
was significantly higher than control group at the 
same time (p <0.05). The apoptosis rate in Ani 
group was higher than AD group (p <0.05), while 
there was no significant difference of apoptosis 
rate between AD and DMSO group. The apop-
tosis rate in DMSO group was lower than Ani 
group (p <0.05). The results indicated that Aβ1-42 
promoted the astrocytes apoptosis. 

Effect of Aβ1-42 on mRNA Expression 
of JNK and AP-1 

To explore the effect of Aβ1-42 on JNK/AP-1 
pathway of astrocytes, we analyzed the mRNA 
expression of JNK and AP-1 by qRT-PCR. As 
shown in Figure 3, there was no significant differ-
ence in mRNA expression of JNK between four 
groups. mRNA level of AP-1 in AD, Ani, and 
DMSO groups were respectively 2.57 eq, 2.95 eq 
and 2.44 eq of control group, which reached sta-
tistical significance (p <0.05). The level of AP-1 
in Ani group was higher than that in AD group (p 
<0.05). However, the level of AP-1 was decreased 
in DMSO group compared with Ani group (p 
<0.05). The results indicated that Aβ1-42 had pro-
moting effect on mRNA expression of AP-1, and 
had no effect on mRNA expression of JNK.

Effect of Aβ1-42 on Protein Expression 
of Fra-1 and Phosphorylation of JNK 
and c-jun

The protein expression of JNK, c-jun and Fra-1 
were detected by Western blot. The results showed 
that there was no significant difference in protein 
expression of JNK and c-jun (p >0.05) (Figure 4). 
The expression levels of p-JNK in AD, Ani, and 
DMSO groups were respectively 1.45 eq, 1.70 eq 
and 1.38 eq of control group (p <0.05). The ex-
pression levels of p-c-jun in AD, Ani, and DMSO 
groups were respectively 1.73 eq, 1.95 eq and 1.69 
eq of control group (p <0.05). The ratio of p-JNK/
JNK and p-c-jun/c-jun in AD, Ani, and DMSO 
groups were respectively 1.32 eq, 1.51 eq, 1.22 
eq and 1.57 eq, 1.62 eq, 1.5 eq of control group (p 
<0.05). The protein expressions of Fra-1 in AD, 
Ani, and DMSO groups were respectively 1.93 eq, 
2.54 eq, 2.09 eq of control group (p <0.05). The 
levels of p-JNK, Fra-1 and p-JNK/JNK were sig-

Figure 1. The effects of Aβ1-42 on astrocytes proliferation. 
Results are presented as the mean ± SD. n = 3. *p <0.05 
compared with control group. #p <0.05 compared with AD 
group. ★p <0.05 compared with Ani group. 
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nificantly decreased in Ani group compared with 
AD group (p <0.05). The levels of p-JNK, p-c-jun 
and p-JNK/JNK were significantly decreased in 
DMSO group compared with Ani group (p <0.05). 
The results suggested that Aβ1-42 promoted protein 
expression of p-JNK, p-c-jun and Fra-1, and in-
creased phosphorylation of JNK and c-jun. 

Discussion

Alzheimer’s disease (AD) is one of the most 
common forms of dementia, affecting more 
than thirty-five million people worldwide14. A 
series of reactions involving the production of 
multiple factors more than Aβ alone, may be the 

Figure 2. The effects of Aβ1-42 on astrocytes apoptosis. Results are presented as the mean ± SD. n = 3. *p <0.05 compared with 
control group. #p <0.05 compared with AD group. ★p <0.05 compared with Ani group.
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the essential procedure in the pathogenesis of 
AD. Increasing evidence has discovered that Aβ 
has a strong neurotoxicity17,18. In our work, we 
detected the mRNA and protein expressions of 

inducing factors of AD15. Several studies16 con-
sidered that a metabolism disturbance of β-am-
yloid precursor protein with progressive depo-
sition of its Aβ fragment should be regarded as 

Figure 3. The effects of Aβ1-42 on mRNA expression of JNK and AP-1. The JNK and AP-1 mRNA expression were deter-
mined by qRT-PCR. Results are presented as the mean ± SD. n =3. * p <0.05 compared with control group. # p <0.05 compared 
with AD group. ★p <0.05 compared with Ani group. 

Figure 4. The effects of Aβ1-42 on Fra-1 protein expression and phosphorylation of JNK and c-jun. (A) Protein expression of 
Fra-1, JNK and c-jun. (B) The level of p-JNK/JNK. (C) The level of p-c-jun/c-jun. (D) Protein expression of Fra-1. Results 
are presented as the mean ± SD. n =3. *p <0.05 compared with control group. #p <0.05 compared with AD group. ★p<0.05 
compared with Ani group.



G.-Q. Li, D.-W. Cong, P. Sun, X. Meng

2020

JNK and c-jun, and astrocytes viability mediat-
ed by Aβ1-42 in primary cultures of astrocytes, 
in order to assess the effect of Aβ1-42 on JNK/
AP-1 pathway of astrocytes. The transcription 
factor activator protein 1 (AP-1) is regarded as 
a transcription factor of certain importance par-
ticipating in plenty of cellular processes in dif-
ferent organs. AP-1 consists of different dimers, 
which include the Jun, Fos and activating tran-
scription factor protein families. The members 
of Jun family such as Jun, Jun B and Jun D can 
combine with Fos members to form heterodi-
merization or homodimerization19. It has been 
proposed that the control effect of Jun/AP-1 on 
cell proliferation based on the activity of AP-1 
is induced by mitogenic stimulation20. The re-
sults in our study showed that the apoptosis rate 
increased in astrocytes treated with Aβ1-42 com-
pared to control cells, indicating that Aβ1-42 pro-
moted the astrocytes apoptosis and the promo-
tion effect enhanced with time. It is well known 
that astrocytes are involved in the inflammato-
ry process induced by Aβ1-42 

21-23. The research 
about glucose deprivation activated JNK with 
biphasic kinetics indicated that the early stage 
of JNK activation was beneficial for cell surviv-
al, whereas JNK late stage of activation induced 
cell apoptosis24. C-jun protein belongs to the im-
mediate early response gene, and it is regulated 
by JNK pathway25-27. In our study, we observed 
that the mRNA levels of AP-1 were increased 
in astrocytes treated with Aβ1-42 compared to 
control cells, indicating that Aβ1-42 had promot-
ing effect on the mRNA expression of AP-1. In 
addition, Aβ1-42 promoted protein expression of 
p-JNK, p-c-jun and Fra-1, and increased phos-
phorylation of JNK and c-jun. That is to say, 
Aβ1-42 induced astrocytes apoptosis through the 
phosphorylation of c-jun and JNK.

Conclusions

Our findings showed that Aβ1-42 promoted cell 
apoptosis in astrocytes in primary culture. Fur-
thermore, Aβ1-42 activated JNK/AP-1 pathway 
through promoting the phosphorylation of JNK, 
c-jun and Fra-1 expression, and then induced cell 
apoptosis.
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