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Abstract. The aim of the present study was to determine the 
effect of serum deprivation on primary microglia, BV‑2 cells 
and primary astrocytes. Cell morphology combined with the 
expression of phospho‑(p‑)38 and p‑extracellular signal‑regu‑
lated kinase (ERK) were assessed. Serum deprivation resulted 
in various alterations in the three cell cultures. Primary 
microglia and BV‑2 cells exhibited alterations indicative of 
activation under serum treatment, as well as lipopolysaccha‑
ride (LPS) treatment. However, astrocytes did not react as fast. 
Regarding morphology, the processes present on the primary 
microglia and BV‑2 cells became shorter and the cell bodies 
became larger, and more transparent vesicles were observed 
within the cell bodies, which indicated their increased phago‑
cytic ability. At the protein level, p‑p38 expression increased 
quickly within 1 h in the primary microglia culture in response 
to LPS treatment. Furthermore, the expression levels of p‑p38 
and p‑ERK were elevated in both primary microglia and BV‑2 
cells under serum deprivation, as well as under LPS treatment, 
which was not observed in the primary astrocytes. These 
results suggest that serum deprivation may result in similar 
changes to cell morphology and the expression levels of p‑p38 
and p‑ERK as LPS treatment in primary microglia and BV‑2 
cells. These observations suggest that primary microglia and 
BV‑2 cells may become activated under serum deprivation, at 
least to a certain degree.

Introduction

Glia make up the majority of the cells present in the brain. They 
do not fire action potentials like neurons, but instead surround 

and ensheath neuronal cell bodies, axons and synapses to 
protect and maintain the microenvironment throughout the 
nervous system. Of these glial cells, microglia exhibit unique 
and specific characteristics in the central nervous system (1). 
Microglia serve as the resident innate immune cells in the 
brain and respond quickly to brain injuries and immuno‑
logical stimuli, changing from resting branched microglia into 
activated, amoeboid microglia, undergoing dramatic altera‑
tions in morphology, which is thought to favor phagocytosis 
and mobility (2). In order to understand the cell biology of 
microglia more directly, an increasing number of studies 
are being performed in vitro using both primary microglial 
cultures and immortalized cell lines.

Mitogen‑activated protein kinase (MAPK)‑mediated 
signaling serves a critical role in the activation of microglia, 
including modulation of the p38, extracellular signal‑regulated 
kinase (ERK) and JNK cascade  (3). The p38 cascade has 
been implicated in cell death triggered by cytokines, growth 
factor withdrawal and environmental stressors (4). A previous 
in vivo study showed that in chronic pain models, p38 phos‑
phorylation in the spinal cord was upregulated (5,6), which has 
been reported to be exclusively expressed on microglia (7). 
The ERK pathway, which is activated by growth factors and 
hormones, is also involved in mediating cellular proliferation, 
transformation and differentiation (8). Numerous studies have 
been performed to assess whether certain compounds are able 
to inhibit microglial activation in vitro, and the effectiveness 
of these compounds is assessed by measuring the expression 
of phospho‑(p‑)p38 and p‑ERK as the functional activation 
markers of microglia (9‑11). For in vitro studies, certain studies 
have cultured microglia in specific media, whereas others have 
used serum‑free media as the control group (12,13), in which 
case the effect of serum can be disregarded. 

In the present study, it was hypothesized that microglial 
cells could be activated by serum deprivation. The effect of 
serum deprivation on morphological changes, and on the 
expression of p‑p38 and p‑ERK was assessed in primary 
microglia, BV‑2 cell and astrocytes.

Materials and methods

Cell culture. Cell culture preparation experiments were 
conducted between 8:00 am and 4:00 pm. The experimental 
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protocols were performed in accordance with the Animals in 
Research: Reporting in vivo Experiments (ARRIVE) guide‑
lines (14), and approved by the Institutional Animal Care and 
Use Committee of Peking University (approval no. LA2012‑34).

Primary cultures of cortical microglia were prepared 
from newborn (within 24 h after birth) ICR mice (15). Mice 
were sacrificed by decapitation and the brains were removed, 
followed by careful elimination of meninges and blood vessels 
under a dissecting microscope in ice‑cold DMEM (Gibco; 
Thermo Fisher Scientific). After mechanical dissociation, 
the cell suspension was passed through 70‑µm nylon filters 
(Spectra/Mesh; Spectrum Medical Industries). FBS [10% (v/v); 
Hyclone; Cytvia] was added to the medium containing 
filtered cell suspensions. The mixed cell suspensions were 
first seeded at 1x107 cells/ml in 75‑mm2 flasks coated with 
0.25% poly‑D‑lysine. Flasks were then incubated at 37˚C, with 
95% air/5% CO2 (v/v) and 95% humidity. Culture medium was 
changed twice per week with DMEM containing 10% (v/v) FBS. 
After 12‑14 days, when the cells were present as two separate 
layers, the mixed glial culture was placed on a Forma Orbital 
Shaker (250 rpm; 37˚C; Thermo Fisher Scientific, Inc.) for 4 h. 
Following agitation, the suspended cells were collected, pooled, 
centrifuged (room temperature at 500 x g) and re‑suspended. 
Cells were seeded at 3x105 cells/ml in 35‑mm2 tissue culture 
dishes (Corning, Inc.) for identification and 12‑well plates for 
the other experiments.

BV‑2 cells were obtained from the Cell Bank of the 
Chinese Academy of Medical Sciences and grown in DMEM 
supplemented with 10% FBS. After 3‑5 days of seeding the 
cells in 60‑mm dishes, cells were cultured until they were 
close to 100% confluent. Cells were split 1:5 when they reached 
confluence, using trypsin solution in PBS. The cells were then 
were seeded into 35‑mm dishes 1 day prior to subsequent 
experiments.

Primary cultures of cortical astrocytes were prepared from 
newborn (within 24 h after birth) ICR mice as previously 
described (16). Briefly, mice were sacrificed by decapitation 
and the brain cortexes were removed, followed by careful 
elimination of meninges and blood vessels under a dissecting 
microscope in ice‑cold modified DMEM. After mechanical 
dissociation, the cell suspension was passed through a 70‑µm 
nylon and then 10‑µm filters (Spectra/Mesh; Spectrum 
Medical Industries). FBS (10%) was added to the medium 
containing filtered cell suspensions. These mixed cell suspen‑
sions were seeded onto 35‑mm dishes at 1x106 cells/ml. Culture 
medium was changed twice per week with DMEM containing 
10% (v/v) FBS. After 4 weeks, these astrocytes became mature 
and ready for use for the subsequent experiments.

Treatment and cell morphology analysis. The control group 
were the cells cultured under normal conditions. Cells which 
were treated with LPS by directly adding LPS (Sigma‑Aldrich; 
Merck KGaA) to the media were considered as the positive 
control. The remaining two groups were cell cultures in which 
media was removed and replaced with serum‑free medium 
or serum‑free medium containing 100 ng/ml LPS. A light 
microscope (magnification, x40) was used for observing 
and capturing images of the morphological changes in cells 
following treatment. Cell morphology was observed at 
different time points (within 24 h).

Western blot analysis for p‑p38 and p‑ERK in cell culture. 
After washing with ice‑cold PBS three times, cell cultures were 
lysed in ice‑cold lysis buffer [150 mM NaCl, 0.1% (w/v) NP‑40, 
50 mM Tris (pH 8.0), 0.5% (w/v) sodium deoxycholate, 1% (w/v) 
SDS, 1 mM DTT, 0.1 mM PMSF and protease inhibitor cocktail 
(Roche Diagnostics)]. Following treatment, the culture plates 
were briefly centrifuged at room temperature; supernatants 
were collected and stored for western blot analysis. A Lowry 
protein assay was used to measure the total protein concentra‑
tion. The proteins were boiled and analyzed using standard 
western blotting procedures. Briefly, proteins (20 µg per lane) 
were loaded on a 12% SDS‑gel, resolved using SDS‑PAGE 
and transferred onto PVDF membranes (EMD Millipore). The 
PVDF membranes were blocked with 5% (w/v) non‑fat milk in 
TBST buffer [0.1 M Tris‑HCl (pH 8.0), 0.9% (w/v) NaCl and 
0.1% (v/v) Tween‑20], and the target proteins were probed with 
diluted primary antibodies against p‑p38 (1:1,000; cat. no. 9211; 
Cell Signaling Technology, Inc.), p‑ERK (1:1,000; cat. no. 9101; 
Cell Signaling Technology, Inc.) in blocking solution overnight 
at 4˚C. The membranes were then incubated with a mouse 
anti‑rabbit secondary antibody conjugated to horseradish perox‑
idase (1:2,000; cat. no. sc‑2357; Santa Cruz Biotechnology, Inc.) 
for 1 h at room temperature. Finally, ECL western blot detec‑
tion kit (Thermo Fisher Scientific, Inc.) was used to visualize 
the expression of the target proteins. Densitometry analysis 
was performed using Quantity One analysis software v4.6.6 
(Bio‑Rad Laboratories, Inc.), and the density of bands was 
normalized to the density of internal control and expressed as 
the fold of change compared with the control group.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version 5 (GraphPad Software, Inc.). All data 
are presented as the mean ± the standard error of the mean. 
Differences between groups (quantification of western‑blot 
results) were compared using a one‑way ANOVA and corrected 
using a Bonferroni's correction. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Morphological changes of microglia, BV‑2 cells and astro‑
cytes following serum deprivation and LPS treatment. The 
morphology of microglia change when transitioning from their 
resting state to an activated state (5,6). In the present study, 
microglia became rounded and there were several light vesi‑
cles present in the body of microglia following LPS treatment 
(Data S1). Microglia reacted rapidly following LPS treatment; 
within several minutes. The processes became shorter and the 
body became notably rounder compared with the resting state. 
Subsequently, whether serum had any effect on the morpho‑
logical changes of microglia was assessed (Fig. 1). After 24 h 
of serum deprivation with or without LPS treatment, the 
processes of the microglia became shorter and the microglia 
transformed into an ameboid‑like morphology, suggesting that 
they had become activated. We also detected if this phenom‑
enon appeared in the microglial cell line, BV‑2. After 24 h 
treatment of serum deprivation, the morphology of BV‑2 cells 
looked the same as the LPS‑treated group, whose processes 
disappeared and bodies became fattened and contained 
vesicles. However, LPS did not result in an immediate effect 
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on the morphology of astrocytes, nor did serum deprivation 
treatment  (Fig. 2). In astrocyte cultures, several microglia 

were present on the upper layer. Following serum depriva‑
tion, the morphology of microglia remained dynamic, but the 

Figure 1. Effect of serum deprivation and LPS treatment on primary microglia and BV‑2 cells. LPS was added to serum deprived cells. Cell morphology was 
observed after 24 h. Scale bar, 50 µm. LPS, lipopolysaccharide.

Figure 2. Effect of serum deprivation and LPS treatment on primary astrocytes and microglia between 0‑1.5 h. The start of serum deprivation was considered 
the 0 h time point, and cell morphology was observed every 30 min, for 90 min. LPS was added to the serum‑free culture. Scale bar, 50 µm. LPS, lipopolysac‑
charide.
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morphology of astrocytes was stable. Addition of LPS to the 
cell culture medium showed that the morphology of microglia 
exhibited a morphology indicative of activation, while the 
morphology of astrocytes did not change (Fig. 2).

Temporal profile of p‑p38 expression following LPS treat‑
ment. LPS treatment resulted in rapid upregulation of p‑p38. 
The time of peak p‑p38 expression was thus determined. Fig. 3 
shows that the expression of p‑p38 increased within 30 min 
and peaked at 1 h, which was significantly different from the 
control group; after which it decreased gradually, but remained 
higher than the control group. Thus, a time point of 1 h was 
used for subsequent experiments.

Effect of serum deprivation on p‑p38 and p‑ERK expressions 
in microglia, BV‑2 and astrocytes. In the primary microglia 
culture, serum deprivation and LPS treatment both increased 
the expression levels of p‑p38 and p‑ERK compared with 
the normal control (Fig. 4). No significant differences were 
observed between the serum deprived cultures and those 
treated with LPS. Additionally, in the BV‑2 cells, although 
the effect of serum deprivation was not as prominent as that 
in the primary microglia, serum deprivation still resulted 
in upregulated expression of both p‑p38 and p‑ERK signifi‑
cantly (Fig. 5). LPS treatment also increased the expression 
levels of p‑p38 and p‑ERK compared with the control group. 
However, no significant differences in the expression of p‑p38 
and p‑ERK were detected in astrocytes following serum depri‑
vation for 1 h. Furthermore, LPS did not increase the expression 

levels of p‑p38 and p‑ERK in the astrocytes (Fig. 6). Together, 
the results suggest that the effect of serum deprivation on the 
primary microglia and BV‑2 cells were specific and not appli‑
cable to astrocytes.

Discussion

In the present study, it was found that: i) Once serum was 
depleted, the processes of primary microglia and BV‑2 cells 
became shorter and the body became more rounded in shape, 
indicative of activation; ii) serum deprivation significantly 
increased the expression of p‑p38 and p‑ERK in the primary 
microglia and BV‑2 cell culture, and iii) both morphological 
changes and upregulation of p‑p38 and p‑ERK caused by 
serum deprivation were not observed in the primary astrocytes 
within the limited time period assessed.

Microglia serve as immune cells monitoring the brain's 
microenvironment for any damage (17). It has been reported 
that the rapid and constitutive motion of microglial processes 
contributes to their function (18). Toll‑like receptors (TLRs) 
are expressed by several cells in the innate immune system, 
and form part of a larger family of so‑called pattern recog‑
nition receptors, which sense danger signals in the form of 
pathogen‑associated molecular patterns (19). LPS is a common 
inflammogen that is used to activate the glia via TLR4 in several 
animal models of inflammation‑mediated neuro‑degeneration, 
including both in  vivo and in  vitro models  (20,21). In the 
present study, LPS‑treated microglia were used as a positive 
activation control.

Figure 3. Effect of LPS treatment on the expression of p‑p38 in the primary microglia. LPS was used to treat primary microglia cultures under serum deprived 
conditions. p‑p38 levels were assessed after 0, 0.5, 1, 3, 6, 12 and 24 h. (A) Representative western blots and (B) densitometry analysis showed that the expres‑
sion levels of p‑p38 peaked after 1 h of LPS treatment. n=3. *P<0.05. LPS, lipopolysaccharide; p‑, phospho.
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Figure 4. Effect of serum deprivation and LPS treatment on the expression levels of p‑p38 and p‑ERK in primary microglia. (A) Representative western blots 
and (B) densitometry analysis showed that serum deprivation significantly upregulated the levels of p‑p38 and (C) p‑ERK after 1 h. n=3. *P<0.05, **P<0.01, 
***P<0.001. LPS, lipopolysaccharide; p‑, phospho; ERK, extracellular signal‑regulated kinase.

Figure 5. Effect of serum deprivation and LPS treatment on the expression levels of p‑p38 and p‑ERK in BV‑2 cells. (A) Representative western blots and 
(B) densitometry analysis showed that serum deprivation upregulated the levels of p‑p38 and (C) p‑ERK after 1 h. No significant differences were observed 
between serum deprivation and LPS treated cells. n=3. *P<0.05. LPS, lipopolysaccharide; p‑, phospho; ERK, extracellular signal‑regulated kinase.
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It was observed that the processes of microglia became 
shorter and there was an increase in the presence of phago‑
cytic vesicles in the cell body following LPS treatment. 
Interestingly, similar morphological changes were detected in 
both the microglia and BV‑2 cells following serum deprivation 
alone (Fig. 1). These morphological changes observed were 
consistent with the majority of previous reports on microglia 
activation (5,6,22). The effects on morphological changes in 
the cultured microglia in the presence of serum in vitro have 
been reported previously. Microglia cultured in the presence 
of serum are considered to be activated microglia, as the shape 
of the microglia was altered when serum deprived (23,24). 
Additionally, it was shown that it was difficult to interpret the 
morphological changes in cultured cells in vitro, due to the 
possibility of transient changes in cell morphology. Activated 
macrophages may exhibit increased phagocytic activity 
compared with ‘resting’ cells  (25). Of interest, microglia 
have been shown to switch to a phenotype contributing to 
neuronal damage without undergoing notable morphological 
changes (26). Thus, it is not sufficient to judge the influence of 
serum deprivation on microglia based only on morphological 
alterations. The state of microglia and the influence of serum 
on microglia also depend on the isolation and culture method 
of microglia (27).

MAPKs are critical regulators of pro‑inflammatory cyto‑
kines which are involved in the inflammatory process. Of the 
several MAPKs, p38 has been crucial for anti‑inflammatory 
drug discovery, due to its importance in the production of the 
pro‑inflammatory cytokines and other mediators (28). p‑p38 
and p‑ERK are commonly used in in vitro studies as activation 

markers of primary microglia, microglial cell lines and astro‑
cytes (29,30). Serum‑deprivation has been shown to selectively 
upregulate the expression of certain genes (31‑33). The present 
study demonstrated that serum deprivation significantly 
increased the expressions levels of p‑p38 and p‑ERK in primary 
microglia and BV‑2 cell cultures, and this was not observed in 
primary astrocytes in the limited time period of assessment. 
Culture medium supplemented with serum provides a migra‑
tory stimulus for BV2 microglia (34). Serum deprivation is 
not only a simple stressful condition compared with others 
forms of mimicked stresses. For example, serum depletion but 
not hypoxia and glucose depletion increased mRNA, protein 
and enzyme activity of SPHK2, and this was dependent on 
activation of the JNK/CREB signaling pathway, although the 
cells grew slowly compared with cells grown in supplemented 
culture  (35). Serum deprivation caused cell death, nuclei 
condensation and upregulation of Bax expression in cultured 
microglia. SB203580, a specific inhibitor of p38MAPK, was 
able to reverse cell death (36). It is also hypothesized that over‑
stimulation or overactivation of microglia results in microglial 
apoptosis  (37,38). Serum exposure influences microglial 
survival, specification and function (24). MTT analysis (data 
not shown) was used to assess the cell viability caused by 
serum deprivation, which did not cause significant levels of 
cell death. Thus, 24 h was selected as the longest time point for 
observation of morphological changes. Cell death may have 
increased if serum deprivation was prolonged. It is speculated 
that serum deprivation causes the activation of microglia over 
a short period of time, while microglia may eventually die due 
to longer periods without an adequate nutrient supply.

Figure 6. Effect of serum deprivation and LPS treatment on the expression levels of p‑p38 and p‑ERK in primary astrocytes. (A) Representative western blots 
and (B) densitometry analysis showed that the expression levels of p‑p38 and (C) p‑ERK were not altered following both serum deprivation or LPS treatment 
after 1 h. n=3. LPS, lipopolysaccharide; p‑, phospho; ERK, extracellular signal‑regulated kinase.
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In summary, the present study showed that microglia 
responded quickly to external stimuli both in vivo and in vitro. 
The biological responses of microglia were different to that of 
astrocytes to a certain degree. In serum‑deprived conditions, 
the morphology of microglia changed such that the processes 
became shorter and vesicles were present in the cell body. 
The expressions levels of p‑p38 and p‑ERK were also upregu‑
lated in both primary microglia culture and BV‑2 cell lines. 
However, all the aforementioned changes were not observed 
in astrocytes. In addition to the changes in the levels of phos‑
phorylated MAPKs and morphology, other changes may also 
occur in the cell lines following serum deprivation and/or LPS 
treatment, and these require further study.
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