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Abstract. The upregulation of miR-16-1 expression and heat 
shock protein 70 (HSP70) and inflammatory reaction mecha-
nism in astrocytes of mice with epilepsy induced by encephalitis 
B virus infection were studied. Six-to-eight-week-old healthy 
male C57BL/6 mice received intraperitoneal injection of pilo-
carpine (320-340 mg/kg, 40 mg/ml) to induce status epilepsy. 
After 7 days, mice were inoculated with 100 µl Dulbecco's 
modified Eagle's medium (DMEM) in the neck, including 
6.25x23 PFU Japanese encephalitis virus P3 wild strain. 
The experiment was divided into 4 groups, including, the 
healthy control group, the epilepsy model group, the model 
group + negative inoculation group and the virus infection 
group with 10 mice in each group. The healthy control group 
received intraperitoneal injection of the same amount of 
normal saline; the model group + negative inoculation group 
was injected with the same amount of DMEM without P3. One 
and three days after infection, 5 mice from each group were 
sacrificed, hippocampus tissues were obtained and astrocytes 
were isolated. After purification, glial fibrillary acidic protein 
was identified by immunohistochemical staining. Infected 
glial cells were detected by P3 antigen of immunofluorescence 
staining. RT-PCR method was used to detect the expression 
of miR-16-1 mRNA in astrocytes. Western blot analysis was 
used to detect the expression of HSP70. ELISA method was 
used to detect the levels of interleukin (IL)-6, tumor necrosis 
factor (TNF)-α and nuclear factor-κB (NF-κB) inflammatory 
factors in tail vein blood. Level of expression of miR-16-1 
mRNA, HSP70 as well as IL-6, TNF-α and NF-κB inflam-
matory factor levels of virus infected mice of 1 and 3 days 
were significantly higher (P<0.05) than those of model group 
and negative inoculation group and lowest in control group. 
In conclusion, the level of expression of miR-16-1 and HSP70 

can be increased by the infection of Japanese encephalitis 
virus on the astrocytes of mice with epilepsy, to promote 
the expression of IL-6, TNF-α and NF-κB of inflammatory 
factors.

Introduction

Epilepsy in children is mainly related to unsound central 
nervous system development and the infection of the central 
nervous system leading to epilepsy incidence rate of ~10-50%, 
with generalized tonic clonic seizures and partial seizures 
mainly (1). Chinese epidemic encephalitis B virus infection 
is common, at the acute phase of the disease virus replication 
releasing toxins, inflammatory disorders, thrombosis that 
affects nerve cell membrane stability, and then becomes the 
main cause of epilepsy. In the recovery period, the remaining 
cortical scar and meninges become the important condition for 
the formation of epilepsy (2). The main features of the occur-
rence of epilepsy are neuronal excitability and synchronized 
discharge, has been found that (3) astrocytes play an important 
role in the occurrence and transmission of epilepsy. It may 
become a new target for the intervention of epilepsy. Astrocytes 
participate in the expression and activation of a variety of 
miRNAs and inflammatory factors, and the high expression of 
miR-16-1 is closely related to the occurrence of epilepsy (4). 
Heat shock protein 70 (HSP70) had abnormal expression in 
the period of epilepsy and the intermittent period (5). The 
aim of this study was to analyze the upregulation of miR-16-1 
expression and HSP70 expression and inflammatory response 
mechanism in astrocytes of mice with epilepsy induced by 
encephalitis B virus infection.

Materials and methods

Experimental animals. Selected 6-8-week-old healthy male 
C57BL/6 mice, with body weight of 20-25 g, purchased 
from Shanghai Biological Engineering Animal Center, with 
normal feeding, after adapted for 1 week, were obtained for 
the experiments.

Epilepsy model: Intraperitoneal injections of scopolamine 
methyl nitrate (1 mg/kg, concentration 0.2 mg/ml) was admin-/ml) was admin-ml) was admin-
istered, after 30 min intraperitoneal injection of pilocarpine 
products (320-340 mg/kg, 40 mg/ml) to induce epilepsy 
persistent state. After 2 h intraperitoneal injection of diazepam 
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(7.5 mg/kg, the concentration of 2.5 mg/ml), then the seizures 
were determinated. Routine feeding was continued.

Japanese encephalitis virus infection model: After 7 days 
mice were inoculated with 100 µl Dulbecco's modified Eagle's 
medium (DMEM) in the neck, including 6.25x.23 PFU 
Japanese encephalitis virus P3 wild strain. Great attention is 
required in handing the P3 wild strain. In P2 lab operation, the 
operation personnel had a strong protective consciousness, and 
took vaccine for protection.

Experimental grouping. The experiment was divided into 
4 groups, namely, the healthy control group, the epilepsy model 
group, the model group + negative inoculation group and the 
virus infection group with 10 mice in each group. The healthy 
control group received intraperitoneal injection of the same 
amount of normal saline; the model group + negative inocu-
lation group was injected with the same amount of DMEM 
without P3. One and three days after infection: Five mice 
from each group were sacrificed, hippocampus tissues were 
obtained and astrocytes were isolated. After purification, glial 
fibrillary acidic protein (GFAP) was identified by immunohis-
tochemical staining. Infected glial cells were detected by P3 
antigen of immunofluorescence staining. RT-PCR method was 
used to detect the expression of miR-16-1 mRNA in glial cells. 
Western blot analysis method was used to detect the expres-
sion of HSP70. Enzyme-linked immunosorbent assay (ELISA) 
method was used to detect the levels of interleukin (IL)-6, 
tumor necrosis factor (TNF)-α and nuclear factor-κB (NF-κB)  
inflammatory factors in tail vein blood.

Research method. Preparation of slices: Mice were injected 
with 10% hydrate (5 ml/kg) for anesthesia, the chest was 
exposed; heart perfusion was by physiological saline. Then 4% 
polyformaldehyde was used for perfusion. The brain was taken 
the tissue was placed in 4% formalin fixed overnight, with 
phosphate-buffered saline (PBS) washing, 30% sucrose solu-
tion soaking, embeded, fixed, slicing the midbrain containing 
the hippocampus, at the thickness of 8 µ, and stored at -80˚C.

Identification of astrocytes: Sections after dewaxing were 
put into water; hydrogen peroxide solution inactivated endog-
enous peroxidase for antigen repairing. Sheep serum blocked 
the antigen. Rabbit monoclonal GFAP antibody (dilution, 
1:500; cat. no. SAB2702474; Sigma-Aldrich, St. Louis, MO, 
USA) were used at 4˚C overnight. Followed by rewarming, 
PBS washing for 10 min x3 times. Secondary goat anti-rabbit 
(HRP) IgG antibody (dilution, 1:2,000; cat. no. ab6721; Abcam, 
Cambridge, MA, USA) were used at 27˚C incubation for 1 h. 
PBS washing for 10 min x3 times, placed in the immune group 
in the wet box (Invitrogen, Carlsbad, CA, USA) for the reac-
tion for 1 h. PBS washing for 10 min x3 times, DAB coloration 
and hematoxylin staining were applied, gradient ethanol dehy-
dration with xylene, neutral resin was used for sealing, and 
photographs were taken under a microscope.

Immunofluorescence staining: The foregoing steps were 
the same as immunohistochemical staining, adding first 
anti-mouse anti-Japanese encephalitis virus antigen mono-
clonal antibody (working concentration 1:2,000; Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA) at 4˚C overnight. 
Second antibody was sheep anti-mouse IgG (H+L, working 
concentration of 1:200; R&D Systems, Minneapolis, MN, 

USA), at 27˚C incubation for 1 h; with DAPI (working concen-
tration of 1:500; Beijing Zhong Shan Jinqiao Biological Co., 
Ltd.). Light staining for 10 min, in the dark at 25˚C. After 
mounting, fluorescence microscope (Olympus, Tokyo, Japan) 
was used for observation.

RT-PCR method: RNA was extracted by conventional 
TRIzol method, the concentration and purity of RNA was 
determined by UV spectrophotometry, and the synthesis of 
cDNA was synthesized by reverse transcription kit. The 
primers were designed and synthesized by Takara Bio, Inc. 
(Otsu, Japan): miR-16-1 forward, 5'-GCCGTAGCAGCACGTA 
AATAA-3' and reverse, 5'-GTGCAGGGTCCGAGGT-3'; 
internal reference GAPDH forward, 5'-TGCTTCACCACCTT 
CTTGA-3' and reverse, 5'-TCACCATCTTCCAGGAGC-3'. 
Reaction system was 5X buffer 2.5 µl + MgCl2 1.5 µl + dNTP 
0.5 µl + GAP-43 and the internal upstream and downstream 
primers 1 µl each + Taq enzyme 0.3 µl + cDNA template 2 µl, 
adding water to the total volume. The reaction condition was 
95˚C for 5 min, 95˚C for 30 sec, 62˚C for 30 sec, 72˚C for 
30 sec, total 35 cycles at 72˚C for 10 min. Dissolution curves 
were constructed, and the relative expression of mRNA was 
calculated by 2-ΔΔCq method.

Western blot analysis: RIPA cracking liquid was used to 
treat the cells, on the ice reacting for 30 min, every 5 min 
violent shock for 1 min, samples were centrifuged at 4˚C, at 
2,000 x g for 20 min, the supernatant was the sample of the 
whole protein. Determination of protein concentration by 
Bradford method (Invitrogen). SDS-PAGE gel electrophoresis 
(concentrated gel, 50 V; separation gel, 100 V; electrophoresis 
time, 3 h), PVDF transfer film, add 5% skim milk powder, 
at 25˚C incubation for 4 h. Diluted sheep anti-mouse HSP70 
first antibody (1:2,500) was added (internal reference β-actin 
1:500) for incubation at 37˚C for 1 h. TBST washing for 5 min 
x3 times, and donkey anti-sheep second antibody (1:2,000) 
was added for incubation at 37˚C for 1 h. TBST washing for 
5 min x3 times, then ECL coloring, and scanning. Image 
analysis software IPP 6.0 (Media Cybernetics, Inc., Rockville, 
MD, USA) was employed for gray analysis.

ELISA method: blood sample of 3 ml from the tail vein 
was collected, and the upper serum was collected after 
centrifugation at 2,000 x g for 15 min, stored at -20˚C. Kit 
was purchased from Bio-Rad Laboratories, Inc. (Hercules, 
CA, USA), and carried out in strict accordance with the 
manual instructions.

Statistical analysis. Statistical analysis was performed with 
SPSS 20.0 software (IBM, Armonk, NY, USA) and measure-
ment data were expressed as mean ± standard deviation (SD). 
Single factor ANOVA analysis was used to compare among 
groups. Pairwise comparison was tested by LSD-t method, and 
paired t-test was used in the intergroup comparison. P<0.05 
was considered to indicate a statistically significant difference.

Results

Comparison of expression levels of miR-16-1 mRNA. 
miR-16-1 mRNA expression levels of virus infected mice of 
1 and 3 days were significantly higher (P<0.05) than those of 
the model group and negative inoculation group and lowest in 
control group (Table I).
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Comparison of HSP70 expression levels. HSP70 expression 
level of virus infected mice of 1 and 3 days were significantly 
higher than those of model group and negative inoculation 
group and lowest in the control group (P<0.05) (Table II).

Comparison of levels of inflammatory cytokines of IL-6, 
TNF-α and NF-κB. IL-6, TNF-α and NF-κB inflammatory 
factor levels of virus infected mice of 1 and 3 days were signifi-
cantly higher (P<0.05) than those of model group and negative 
inoculation group and lowest in the control group (Table III).

Discussion

Astrocytes play a supporting role in separation of neurons and 
insulation in the central nervous system. They regulate the 
intracellular and extracellular ion concentration and maintain 
the stability of the internal environment, through the cytoplasm 
and membrane receptor, neural activity amino acid affinity 

carrier, enzymes involved in the neurotransmitter uptake, 
inactivation and supply (6). Astrocytes play an important 
role in the immune response and inflammatory response of 
epilepsy (7). TNF-α in the central nervous system is mainly 
composed of astrocytes, microglia and neurons, through the 
presence of a wide range of TNF-α receptors in the brain 
to participate in the regulation of neuroimmune endocrine 
network (8).

Japanese encephalitis is a common disease in humans 
and animals, targeting the central nervous system, causing 
inflammation of the central nervous system, which is the 
main factor leading to the death of humans and animals by 
Japanese encephalitis virus (9). Astrocytic activation and 
inflammatory factor release is an important mechanism of 
Japanese encephalitis virus (10). In vitro cultured glial cells 
were transfected with the virus, the virus titer was not high, 
and affected the detection of inflammatory markers (11). This 
investigation of in vivo epileptic mice infected with Japanese 

Table III. Comparison of levels of inflammatory cytokines of IL-6, TNF-α and NF-κB (µg/ml).

Group Control group Model group Negative inoculation group Viral infection group F-value P-value

IL-6
  1 day 32.5±12.3 65.7±21.4 63.5±18.6 215.7±45.6 15.624 <0.001
  3 days 33.6±13.4 67.2±25.6 65.6±21.3 342.6±62.7 23.526 <0.001
TNF-α
  1 day 12.6±5.6 35.6±13.2 34.8±12.4 89.5±21.3 12.548 <0.001
  3 days 12.8±5.7 39.8±13.5 37.2±11.6 123.4±35.4 25.619 <0.001
NF-κB
  1 day 6.9±2.3 24.5±10.2 25.5±8.9 56.7±16.5 13.628 <0.001
  3 days 6.8±2.5 26.7±11.4 27.3±9.2 78.5±20.3 19.852 <0.001

IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; NF-κB, nuclear factor-κB.

Table I. Comparison of miR-16-1 mRNA expression levels.

Group Control group Model group Negative inoculation group Viral infection group F-value P-value

1 day 0.0634±0.0058 0.3527±0.0548 0.3426±0.0847 0.5689±0.1234 15.632 <0.001
3 days 0.0589±0.0063 0.3545±0.0649 0.3521±0.0638 0.6458±0.1326 24.531 <0.001
t-test 0.048 0.063 0.084 4.526
P-value 0.926 0.869 0.823 0.032

Table II. Comparison of HSP70 expression levels.

Group Control group Model group Negative inoculation group Viral infection group F-value P-value

1 day 0.12±0.05 0.34±0.12 0.35±0.13 0.67±0.18 12.306 <0.001
3 days 0.13±0.07 0.33±0.14 0.36±0.15 0.82±0.21 18.624 <0.001
t-test 0.123 0.152 0.186 4.628
P-value 0.765 0.723 0.659 0.028

HSP70, heat shock protein 70.
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encephalitis virus are more suitable for the pathological 
state of the disease and also detected higher the rate of viral 
infection of glial cells. The innovation in our study was 
to analyze the pathogenesis of the infection of the mouse 
astrocytes infected with B encephalitis virus. The results 
show the levels of expression of miR-16-1 mRNA, HSP70 as 
well as IL-6, TNF-α and NF-κB inflammatory factor of virus 
infected mice of 1 and 3 days were significantly higher than 
those of the model group and negative inoculation group and 
lowest in the control group. The differences were statistically 
significant. Moreover, there was no difference of the indexes 
of the model group and the negative inoculation group 
of 1 and 3 days, while on day 3 the virus infection group 
was significantly higher than that on day 1. It suggests that 
altogether miR-16-1, HSP70 and IL-6, TNF-α and NF-κB 
inflammatory factors play an important role in simple seizures 
and epilepsy JE virus infection. Japanese encephalitis virus 
can further affect the disease progression through regulating 
the expression of these indicators.

miR-16-1 as a tumor suppressor gene is studied mainly 
in lung cancer, glioma, lymphoma and other malignant 
tumors (12). Using miRNA microarray technology to screen 
the epilepsy mouse model showed that the level of miR-16-1 
was increased up to 3-5 times (13). The serum miR-16-1 
mRNA level in epileptic patients were significantly higher 
than that in healthy persons by RT-PCR method, and that of 
the period of epilepsy was significantly longer than that of 
intermission (14). Anti-epileptic drugs can significantly reduce 
the levels, and that is related to the treatment effect and prog-
nosis (15). miR-16-1 levels in cerebrospinal fluid and serum 
of patients with herpes simplex encephalitis were significantly 
increased, and were closely related to the severity of the 
disease (16). Therefore, the level of miR-16-1 has important 
applications in epilepsy and Japanese encephalitis. HSP70, 
as a molecular chaperone, plays an important role in protein 
damage and repair (17). In normal brain tissue there was slight 
HSP70 expression, in the systemic administration of kainic 
acid induced status epilepticus in brain tissue HSP70 expres-
sion significantly increased. HSP70 has a certain correlation 
with epilepsy formation caused by neuronal stress injury, the 
HSP70 produced can be used as a sensitive and reliable marker 
of neuronal damage (18). Further study found that HSP70 was 
involved in the occurrence of epilepsy and that was closely 
linked to the release of a variety of inflammatory substances 
such as IL-6, TNF-α and NFκB (19).

In conclusion, the level of expression of miR-16-1 and 
HSP70 can be increased by the infection of Japanese encepha-
litis virus on the astrocytes of mice with epilepsy, to promote 
the expression of IL-6, TNF-α and NF-κB of inflammatory 
factors, and to intervene in the generation of astrocytes and 
miR-16-1, HSP70 and related inflammatory substances. This 
may play a role in simple seizures and epilepsy caused by 
Japanese encephalitis virus infection.
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