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Abstract: Objective: To investigate the effect of interferon β (IFN-β) on the cytoskeleton, cellular elasticity and the 
expressions of cytoskeleton and cellular elasticity associated protein in cultured astrocytes. Methods: The astro-
cytes were treated with IFN-β (102 and 103 U/mL) for 24, 48 and 72 h. The shape and elasticity of astrocytes were 
observed by atomic force microscope. The ultrastructural of astrocytes was observed by scanning electron micros-
copy and transmission electron microscope. The cell viability was measured by MTT method. The expression of 
cytoskeleton-elasticity associated protein, including glial fibrillary acidic protein (GFAP), β-actin, cofilin-1, profilin-1, 
and vimentin were detected by Western Blot. Result: Compared with the control group, the structure of intracellular 
microfilaments was more obvious, the cell junctions were obviously increased and tighter, the cells elastic modulus 
was higher and cytoskeletons were obviously increased after treatment with 102 and 103 U/mL IFN-β for 72 h. Treat-
ment with IFN-β (102 and 103 U/mL) for 24, 48 and 72 h did not affect the growth of AS. Compared with the control 
group, the expressions of cofilin-1, GFAP, profilin-1 and vimentin in AS were significantly increased in treatment with 
103 U/mL IFN-β for 48 h and 102 and 103 U/mL IFN-β for 72 h group (all P < 0.05). Conclusion: IFN-β increases the 
flexibility and toughness of AS through up-regulation the expressions of cytoskeleton-elasticity associated protein 
cofilin-1, GFAP, profilin-1 and vimentin.
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Introduction

Multiple sclerosis (MS) is an autoimmune demy-
elinating disease of the central nervous system 
(CNS) mediated by T cells. Its clinical manifes-
tations include progressive loss of nervous sys-
tem function. Young people are prone to devel-
op this disease. The clinical manifestation is 
various and the course is long. The multiple 
sites may be involved and eventually the char-
acter of severe disability will occur in MS [1, 2]. 
The research of MS has been focused on the 
effector T cells with little research about intrin-
sic cells. The astrocytes (AS), as the most con-
tent of the CNS, played an important role in the 
pathogenesis of MS. Studies have shown that 
the effector cells must go through the blood-
brain barrier (BBB) into the CNS before they 
take effect. As an inherent part of the BBB, the 
activation of AS mediates cell signaling and cell 
antigen-presenting, thus affecting cell migra-
tion. However, during the process of MS, AS 
hyperplasia, glial plaque formation also can 

aggravate the condition of MS [3, 4]. Thus it can 
be seen that the regulation and morphology of 
astrocytes plays an important role in the patho-
genesis of MS. Studies have demonstrated that 
interferon α (IFN-α) suppressed the pathologi-
cal plaque formation [5]. However, there are lit-
tle studies about the role of interferon β (IFN-β) 
which is a commonly used drug in the regula-
tion of CNS glial plaque formation. 

IFN-β is a kind of glycoprotein produced by 
fibroblasts after stimulation by inflammation or 
virus-induced factors. IFN-β not only inhibits 
the activation and proliferation of T cells, also 
promotes the apoptosis of autoreactive T cells 
and generation of regulatory T cells, which pre-
vents the leukocytes from going across the 
BBB. IFN-β adjusts the astrocytes cell morphol-
ogy to strengthen the selective permeability 
through the BBB, then plays a treatment effect 
to MS [6, 7]. However, some patients appeared 
a reduced sensitivity to IFN-β after long-term 
use of IFN-β, even sicker illness state [8]. 
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Therefore, our research was aimed to investi-
gate the effect of IFN-β on the cytoskeleton, 
cellular elasticity and the expressions of cyto-
skeleton and cellular elasticity associated pro-
tein in cultured astrocytes and to explore a new 
target for MS treatment.

Materials and methods

Primary culture of astrocytes and experimental 
groups

The newborn Sprague-Dawley (S-D) rats (24 to 
48 h) were selected. S-D rats were provided by 
the Experimental Animal Center of Harbin 
Medical University. The rats were sacrificed by 
cervical dislocation. The cerebral cortex organi-
zations of rats were shredded, digested, filtrat-
ed and centrifuged to prepare signal cell sus-
pension. The cells were cultured at 37°C in 5% 
CO2 and 95% air. The oscillation and purifica-
tion was processed at the 10th day. The rate of 
positive cells was 90% with glial fiber acidic pro-
tein (GFAP) immunofluorescence check. The AS 
was divided into control group and IFN-β treat-
ment groups (treatment with 102 and 103 U/mL 
IFN-β for 24, 48 and 72 h).  

Atomic force microscope assay

Astrocytes were climbed the film. After the cell-
attached covered coverslip, the cells were 
treated with 102 and 103 U/mL IFN-β for 24, 48 
and 72 h. The cells were fixed with glutaralde-
hyde for 1 h. The changes of cell shape and 
elasticity was observed and photographed 
under atomic force microscopy. The elastic 
modulus was calculated.

Scanning electron microscopy

After the cell-attached covered coverslip, the 
cells were treated with 102 and 103 U/mL IFN-β 
for 24, 48 and 72 h. At the different action time 
points, the cells were washed with PBS for 
three times of 5 min and fixed with glutaralde-
hyde for 1 h. The morphological changes were 
further observed and photographed under the 
scanning electron microscopy.

Transmission electron microscope (TEM)

The cells were passaged and seeded in culture 
flask. When the cell growth of this batch cul-
tured cells in the flasks was substantially same, 
the culture flasks were grouped and the cells 

Figure 1. Effect of IFN-β on the morphol-
ogy of AS. The astrocytes were treated 
with IFN-β (102 and 103 U/mL) for 24, 48 
and 72 h. The morphology of astrocytes 
was observed by atomic force micro-
scope (1:200).
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were treated with 102 and 103 U/mL IFN-β for 
24, 48 and 72 h. At the different action time 
points, AS in each group were respectively 
scraped off with cell scraper and collected in 
the EP tube. AS were fixed with glutaraldehyde 
for 1 h. The structures of organelles and cell 
junctions were observed under TEM.

MTT assay

AS were observed under a microscope. The 
state of the cell growth was good without popu-
lation. The cells were digested with trypsin. The 
cell suspension was made with DMEM medium 
containing 10% FBS. 5×103 per well were seed-
ed in 96-well plates. Each well included 200 μL 
of culture solution. The plates were shifted into 
CO2 incubator with 5% CO2, 37°C. After the 
adherent growth of these cells, different con-
centration of IFN-β was added in the culture 
medium. The blank control group, control 
group, 102 U/mL group and 103 U/mL group 
was set respectively. Each group had the differ-
ent acting time points at 24, 48 and 72 h. Then, 
each well was added the 20 μL MTT solution (5 

subjected to SDS-PAGE. Following electropho-
resis, the proteins were transferred electropho-
retically to PVDF membranes (Rockford, IL, 
USA). The PVDF membranes were blocked with 
3% fat-free milk for 1 h at 37°C. Then the mem-
branes were incubated with primary antibody 
(Santa Cruz, CA, USA) of actin-binding protein 
(cofilin-1), glial fibrillary acidic protein (GFAP), 
profilin-1, vimentin and β-actin diluted in 0.1% 
BSA (dilution at 1:200) at the room tempera-
ture overnight. After the membranes were 
washed three times with Tris-buffered saline, 
they were incubated with horseradish peroxi-
dase-conjugated secondary antibody for 2 h at 
the room temperature. Immunoreactivity was 
detected by enhanced chemiluminescence 
(ECL). The band density was measured with 
Quantity One analysis software (Bio-Rad, 
Hercules, CA, USA), and the quantification of 
objective gene to β-actin levels was done by 
densitometry analysis.

Statistical analysis 

All data were expressed as mean ± S.D. Results 
were analyzed by one-way analysis of variance 

Figure 2. The cell morphology observed by atomic force microscopy (4.972 μm). 

Figure 3. Effect of IFN-β on the value of cell elasticity of astrocyte. The as-
trocytes were treated with IFN-β (102 and 103 U/mL) for 24, 48 and 72 h. 
Histograms showed the value of Young’s modulus. Data were expressed 
as mean ± S.D (n = 3). *P < 0.05 compared with the control group.

mg/mL). After 4 h continued cul-
ture, the supernatant was dis-
carded and each well was added 
with 150 μL DMSO. After oscilla-
tion, the absorbance value at 
492 nm wavelength of each well 
was measured on a microplate 
reader. The horizontal axis of the 
cell growth curve stand for con-
centration and time point, and 
the longitudinal axis stand for 
the absorbance value.

Western blot assay

The cells were homogenized in 
ice-cold buffer containing 10 
mM Tris-HCl (pH 7.5), 150 mM 
NaCl, 0.1% SDS, 1% sodium 
deoxycholate, 50 μL/g protease 
inhibitor cocktail and 1% Triton 
X-100. Cells homogenates were 
centrifuged at 12,000 g at 4°C 
for 15 min. Protein concentration 
of the supernatants was deter-
mined by using BCA Protein 
assay Kit (Rockford, IL, USA). 
Then the protein samples were 
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Figure 4. Effect of IFN-β on the ultrastructural of astrocytes. The astrocytes were treated with IFN-β (102 and 103 U/
mL) for 72 h. The ultrastructural of astrocytes was observed by scanning electron microscopy (1:500). The arrow 
showed cell protrusions.

Figure 5. Effect of IFN-β on the 
ultrastructural of astrocytes. The 
astrocytes were treated with IFN-β 
(102 and 103 U/mL) for 24, 48 and 
72 h. The ultrastructural of astro-
cytes was observed by transmis-
sion electron microscope. Black 
arrow showed the gap junction, 
white arrow showed the tight 
junctions.
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(ANOVA) followed by Dunnett post hoc test. All 
data analyses were done using SPSS 17.0 sta-
tistical software. Significance level was set at P 
< 0.05.

Results

Effect of IFN-β on the morphology, cytoskel-
eton and cellular elasticity of AS

AS were identified with the method of compari-
son of the cytoplasm and nucleus staining. The 
result showed that about 90% of the cells were 
GFAP positive AS (data did not show). The cell 
morphology was observed by the immunofluo-
rescence staining. As shown in Figure 1, there 
was no significant difference about the cell 
morphology and quantity among the different 
groups. Compared with the control group, the 
structure of intracellular microfilaments was 
more obvious under immunofluorescence 
microscope and the cell junctions were tighter 
after treatment with 102 and 103 U/mL IFN-β 
for 72 h.

The morphology of cells was observed by the 
atomic force microscope. As shown in Figure 2, 
compared with the control group, the cell junc-
tion was obviously increased, the cell morphol-
ogy is more complete in treatment with 102 and 
103 U/mL IFN-β for 72 h group. As shown in 
Figure 3, compared with the control group, the 
cells elastic modulus was significantly decre- 
ased in treatment with 102 and 103 U/mL IFN-β 
for 72 h group, which showed that the cell elas-
ticity was increased by IFN-β. The morphology 
of cells was also observed by electron micro-
scope. Compared with the control group, the 
cell junctions and cytoskeletons were obviously 
increased in treatment with 102 and 103 U/mL 
IFN-β for 72 h group compared with the control 
group (Figures 4 and 5).

Effect of IFN-β on the growth of AS  

The cell optical density value (OD value) is pro-
portional to the number of living cells, also is 

protein in AS

The expressions of the cell structure and elas-
ticity associated proteins in AS were tested by 
Western Blot, which included cofilin-1, GFAP, 
profilin-1 and vimentin. As shown in Figure 6, 
compared with the control group, the expres-
sions of cofilin-1, GFAP, profilin-1 and vimentin 
in AS were significantly increased in treatment 
with 103 U/mL IFN-β for 48 h and 102 and 103 
U/mL IFN-β for 72 h group (all P < 0.05).    

Discussion

In recent years, AS have been obtained more 
and more attention of researchers as the most 
abundant cells in the CNS. With the deepening 
of the understanding, a variety of studies have 
been shown that except for the effector T cells 
in the autoimmune disease of CNS, AS also 
played an important role [9, 10]. AS form a 
three-dimensional regulatory network, carry 
out neurotransmitter metabolism and out-
standing information conduction in the CNS to 
maintain the steady state of the CNS. Usually 
AS is in a quiescent state. When there is infec-
tion, ischemia, hypoxia, and brain trauma 
lesion, AS will be changed in the morphology 
and function, such as  increase of GFAP expres-
sion, increase of cell processes, enhance of 
metabolism and increase of secreted cytokines 
and neurotrophic factors, which be called the 
gliosis. Damaged and degenerated neurons are 
surrounded with activated AS, which is condu-
cive to the remodeling and repair of the dam-
aged area in the CNS. The neurotrophic factors 
released by AS have an active role on microglia 
to repair myelin [11, 12].

This experiment was designed to apply differ-
ent methods to observe the changes of cell 
morphology, proliferation, cell junctions and 
cell elasticity induced by IFN-β in AS. Our results 
showed that IFN-β might be therapeutic way on 
MS through the effect on AS. The possible rea-
son may be the reconstruction of the cytoskel-

Table 1. Analysis of OD value among different groups
Group 24 h 48 h 72 h
Control 0.168 ± 0.042 0.199 ± 0.014 0.21 3 ± 0.003
102 U/mL 0.16 3 ± 0.045 0.195 ± 0.021 0.219 ± 0.012
103 U/mL 0.184 ± 0.005 0.199 ± 0.011 0.219 ± 0.003
The astrocytes were treated with IFN-β (102 and 103 U/mL) for 24, 
48 and 72 h. The cell viability was measured by MTT method. Data 
were expressed as mean ± S.D (n = 3).

proportional to the cell growth rate. As 
shown in Table 1, there was no statistical 
significance about the OD values among 
the different groups (P > 0.05), which sug-
gested treatment with IFN-β (102 and 103 
U/mL) for 24, 48 and 72 h did not affect 
the growth of AS.

Effect of IFN-β on the expression of cyto-
skeleton and cellular elasticity associated 
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eton, but not the effect on morphology and 
growth of AS. At the same time, the increased 
expression of GFAP may be positively related to 
the IFN-β dose and action time. At the late 
stage of IFN-β treatment, the degree of AS acti-
vation was increased which might lead to the 
gliosis and formation of the glial scar.

The cells morphology and surface structure of 
AS after the IFN-β treatment were observed 

with the fluorescence microscopy and atomic 
force microscope. The results showed that with 
increase of dose and time of IFN-β, GFAP 
expression was increased, indicating that the 
activation of AS was significantly enhanced 
with the increase of the drug concentration and 
time of action. However, cell morphology did 
not been significantly changed, but the intracel-
lular fibers was increased, and cell integrity  
and cell elasticity was enhanced. The scanning 

Figure 6. Effect of IFN-β on the expression of cytoskeleton and cellular elasticity associated protein in AS. The as-
trocytes were treated with IFN-β (102 and 103 U/mL) for 24, 48 and 72 h. The expression of protein was detected by 
Western Blot. Data were expressed as mean ± S.D (n = 3). *P < 0.05 compared with the control group.
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electron microscope and transmission electron 
microscope technology were furtherly to 
observe the cell junctions. The results showed 
that the cell junctions were obviously closer 
and the cells projections were obviously 
increased, which supplied the requirements for 
the transmission of information between cells, 
signal transduction and antigen delivery.

This experiment was designed to detect the 
effect of IFN-β on the survival and proliferation 
in AS. The results showed that IFN-β did not 
affect the cell growth state. However, some 
studies have shown that IFN-β not only promot-
ed the proliferation of AS, but also inhibited the 
proliferation of AS by inhibiting the synthesis of 
nerve growth factor [13, 14]. Therefore, the fur-
ther long-term culture is needed to explore the 
effect of IFN-β on the proliferation of AS for 
more explicit results. By the atomic force 
microscopy, the Young’s modulus of cells was 
observed and calculated. The results showed 
that the Young’s modulus was decreased with 
the increase of concentrations and duration of 
IFN-β, indicating that the cell elasticity was 
enhanced. These results suggested that IFN-β 
may play an important role in regulation of g 
elasticity and toughness in AS.

Proteomic analysis of whole-cell proteins 
showed that some proteins in the AS cytoskel-
eton play an important role, including cofilin-1, 
GFAP, profilin-1 and vimentin, and so on [15]. 
Cofilin is a kind of main actin depolymerization 
protein by phosphorylation/dephosphorylation 
to regulate the activity of highly conserved ser-
ine residues. This phosphorylation inhibits the 
activity of the protein and then affects the affin-
ity of actin [16, 17]. Profilin-1, another actin-
binding protein, catalyzes the conversion of 
monomers coupling with ADP or ATP, which acti-
vates the vitality of G-actin. Profiling-1 has an 
important role in signal transduction pathways 
and microfilament dynamics. It also combines 
with the monomer actin (G-actin), and then 
inhibits or promotes the assembly of microfila-
ments with a synergistic effect with cofilin-1 
[18]. In our study, the effect of IFN-β on the 
cytoskeletal proteins in AS was observed, 
including cofilin-1 and profilin-1. The results 
showed that the expressions of ccofilin-1 and 
profilin-1 in AS were significantly increased by 
IFN-β, suggesting that IFN-β had an important 
role on the regulation of the flexibility and 
toughness in AS. It was reported that the mus-
cle actin was damaged, the cytoskeleton was 

destructed, and cell elasticity decreased in AS 
of encephalomyelitis model [19, 20]. Therefore, 
our results elucidate that IFN-β may be the 
therapeutic approach for MS through the regu-
lation of the elasticity and structure in AS.

The results showed that the expressions of 
GFAP and vimentin in AS were significantly 
increased by IFN-β. GFAP and vimentin are the 
landmark proteins and their expressions were 
increased in AS after the proliferation stimula-
tion and brain injury [21]. After brain damage, 
AS activation has a two-way significance to the 
body. AS forms a glial barrier around the lesion. 
Although this barrier prevents axonal regenera-
tion after injury, it also extends the next injury 
[22, 23]. Therefore, on the one hand, the GFAP 
expression in AS is increased after IFN-β treat-
ment, which is important for the nerve repair 
and regeneration after CNS injury, on the other 
hand, the excessive activation of AS leads to 
the formation of the glial scar which blocks the 
axonal regeneration.

In summary, our study suggested that the 
expressions of microtubules and intermediate 
filaments in AS were increased, the projections 
of AS was increased, and the cell junction was 
more closely connected after treatment with 
IFN-β. Although the number of AS was 
unchanged after treatment with IFN-β, the 
increase of GFAP expression suggested that 
the activation of AS was increased, which 
meant the next injury time might be extended, 
on the other hand, excessive activation could 
lead to the generation of glial scar. So our study 
elucidate that IFN-β increases the flexibility and 
toughness of AS through up-regulation the 
expressions of cytoskeleton-elasticity associ-
ated protein. This study provides a new direc-
tion for the target in the treatment of MS 
through IFN-β treatment.
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