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Abstract: More and more evidences suggestted that ApoE plays an important role in modulating the systemic and 
central nervous inflammatory responses. However, there is a lack of exacted mechanism of ApoE. In this study, we 
aimed to investigate whether apolipoprotein E (ApoE) induced inflammatory responses and apoptosis in neonatal 
mice brain from ApoE deficient (ApoE-/-) and wildtype (WT). Compared to control group, the microglia cell from  
ApoE-/- mice showed more severe inflammation and cell death such as iNOS and IL-1β. Furthermore, anti-inflamma-
tory such as TGF-β, IL-10 from microglia and astrocytes in ApoE-/- mice were decreased. On the other way, TGF-β from 
astrocytes can inhibit inflammation factors secretion from microglia. Our findings suggested that the anti- inflamma-
tion factor such as IL-10 mainly from microglia and TGF-β mainly from astrocyte is significant decreased after Loss 
of ApoE function in ApoE-/- mice which induced severe inflammation. Furthrtmore, anti- inflammation factor such as 
IL-10 and TGF-β Therefore, we conclude that apolipoprotein E knockout induced inflammatory responses related to 
microglia in neonatal mice brain via astrocytes. 

Keywords: Apolipoprotein E, mice, cerebral palsy, inflammatory responses

Introduction 

Apolipoprotein E (ApoE) is a lipid transport pro-
tein abundantly expressed in brain cells [1]. In 
central neural system, ApoE is packaged with 
cholesterol and phospholipid to form lipid-pro-
tein complexes which are then released into 
the extracellular space. The complexes bind to 
ApoE receptors on the surfaces of nerve cells, 
allowing them to be internalized and providing a 
mechanism for the maintenance and repair of 
cell membranes, neurotransmissions, and br- 
ain response to hazards [1, 2]. ApoE has em- 
erged as a key contributing factor as inflamma-
tion in a number of neurodegenerative diseas-
es, including Alzheimer’s disease (AD), Parkin- 
son’s disease (PD), amyotrophic lateral sclero-
sis (ALS), traumatic brain injury, and HIV-en- 
cephalitis cerebral palsy (CP) [3, 4]. However, 
there is need more mechanism study.

Microglia are pivotal in immune surveillance 
and also facilitate the coordinated responses 

between the immune system and the brain [5, 
6]. For example, microglia interprets and propa-
gates inflammatory signals that are initiated in 
the periphery. However, Recent evidence sug-
gests that astrocytes may play a key role in 
regulating demyelinating CNS diseases [3, 7-9]. 
Furthermore, more and more evidences also 
suggests that ApoE plays an important role in 
modulating the systemic and central nervous 
inflammatory responses which dependent the 
interaction between microglia and astrocyte 
[10, 11]. However, the exactly mechanism need 
to study via ApoE deficient (ApoE-/-) mouse 
model. In our research, we evaluated the 
microglia features in apolipoprotein E deficient 
(ApoE-/-) mice. Compared to control group, the 
microglia cell from ApoE-/- mice showed more 
severe inflammation and cell death such as 
iNOS and IL-1β. Furthermore, anti-inflammatory 
such as TGF-β, IL-10 from microglia and astro-
cytes in ApoE-/- mice were decreased. On the 
other way, TGF-β from astrocytes can inhibit 
inflammation factors secretion from microglia. 
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However, the above findings related the ApoE 
pathway. Therefore, we conclude that apolipo-
protein E knockout induced inflammatory res- 
ponses related to microglia in neonatal mice 
brain via astrocytes.

Materials and methods

Animals

Twenty C57BL/6 ApoE deficient mice (ApoE-/-) 
and Twenty C57BL/6 wild-type (WT) mice were 
bought from Vital River company, Beijing. Mice 
were maintained under specific pathogen-free 
conditions and housed with a 12-h light-dark 
cycle. Free access to a standard laboratory 
chow diet and drinking water was provided. 

Microglia-astrocyte transwell co-cultures

Primary cultures of normal and ApoE-/- mice hip-
pocampi astrocytes were prepared according 
to the previous method [12, 13]. And then they 
were plated at 50,000-75,000 cells/well in a 
24-well transwell plate (Corning Life Sci- 
ences). After incubation for 3 h, astrocytes 
were added to a removable 0.4 lm polycarbon-
ate membrane at an equal number as microglia 
from normal and ApoE-/- mice Hippocampi. In 
other way, the exogenous TGF-β with 100 pg/
ml was used to treat with microglia from normal 
and ApoE-/- mice Hippocampi to make sure 
whether anti-inflammatory role of astrocytes on 
microglia. After 24 h, the supernatants. 

Determination of IL-1β, TGF-β, IL-10 concentra-
tion

After cell culture, the supernatants of microglia 
or astrocyte in the hippocampi and co-culture 
of microglia-astrocyte were collected and st- 
ored at -80°C till assay. Then, the content of 
IL-1β, TGF-β, IL-10 of microglia or astrocyte in 
the hippocampi and co-culture of microglia-
astrocyte were assayed using a commercially 
available enzyme-linked immunosorbent assay 
(ELISA) kit (R&D Systems, Minneapolis, MN, 
USA) according to the manufacturer’s instru- 
ctions.

The detection of iNOS from microglia

INOS activity was measured by using an assay 
kit (Jiancheng Bioengineering Institute, Nanjing, 
China). The assay for iNOS activity depends on 
the ability of the synthase to catalyze arginine 
(Arg) to form NO, which can further react with 
nucleophilic substances to produce chromo-
phoric compound, which has a peak absor-
bance at 530 nm. iNOS activity can be deter-
mined based on fact that nNOS and eNOS were 
Ca2+-dependent, while iNOS was Ca2+-inde- 
pendent. One unit of iNOS activity was defined 
as the amount that formed 1 nmol NO in 1 min 
per milliliter medium. In brief, the microglia fr- 
om different groups were ultrasonic broken 
cells and homogenized in 250 μl chilled 50 mM 
NOx (NO and NOz) was measured using a Sievers 
280 Nitric Oxide Chemiluminescent Analyzer 
(Sievers Instruments, Boulder, CO). Acid and 
reducing agents (vanadium III chloride in 1 M 
hydrochloric acid) at 95°C were added to brain 
samples, converting NO3- and NO2- to NO. An 
inert gas was then used to purge NO from the 
solution, which was detected by chemilumines-
cence, with a sensitivity limit of detection of 20 
nM. Standard curves were constructed, and 
the amount of NO3- and NO2- in brain was de- 
termined.

Western blotting

Primary cultures of normal and ApoE-/- mice hip-
pocampi astrocytes or microglia from WT and 
ApoE-/- group (5/group) were prepared in 50 
mM Tris-HCl, 150 mM NaCl, 0.1% Triton X-100, 
0.25% sodium deoxycholate, 0.1% SDS, 1% 
protease inhibitor cocktail and centrifuged 30 
min at 13 000 g at 4°C. Total protein amount of 
supernatant was measured by the Bradford 

Figure 1. Loss of Apolipoprotein E function in-
duced cell apoptosis. N = 20, *P<0.5, **P<0. 1, 
***P<0.01. 
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assay, using bovine serum albumin as a stan-
dard. Samples containing equal amount of pro-
tein were boiled in SDS-mercaptoethanol sam-
ple buffer, separated by 10-12% SDS-PAGE gel 
and electrically transferred to PVDF (Millipore 
Corporation; Billerica, MA, USA) membranes. 
Nonspecific binding was blocked by pre-incuba-
tion in skim milk. The PVDF membranes were 
then incubated overnight at 4°C with primary 
antibodies against p-STAT-3 (Santa Cruz, CA, 
USA), lab1 (Cell Signaling Technology, Danvers, 
MA, USA), cleaved caspase-3 (Cell Signaling Te- 
chnology, Danvers, MA, USA), β-tubulin (Cell 
Signaling Technology, Danvers, MA, USA). Bo- 
und primary antibody was detected with HRP-
conjugated secondary antibody (1:10000; Cell 
Signaling Technology, Danvers, MA, USA).

Statistical analysis

Results are expressed as mean ± SD. Data 
were analyzed by one-way ANOVA followed by 
Tukey’s post hoc test for multiple comparisons 
using Prism software A P-value<0.05 was reg- 
arded as significant.

Results

Loss of apolipoprotein E function induced mi-
croglia cell apoptosis 

To test the role of ApoE in microglia from WT 
and ApoE-/- mice, the protein level of active and 
total caspase-3 of microglia of hippocampi 
were analyzed in WT and ApoE-/- mice with WB. 

As shown in Figure 1, the protein from microglia 
of ApoE-/- mice  expression was significantly 
higher than WT controls (P<0.05).  

Related inflammation factors were high pro-
duction in microglia of ApoE-/- mice hippo-
campi

As shown in Figure 2A, the activity of iNOS pro-
tein of microglia in ApoE-/- group was significant-
ly higher than WT controls (P<0.01). However, 
the activity of iNOS from normal and ApoE-/- 

mice microglia were decreased after treated 
with exogenous TGF-βas anti- inflammation fac-
tors with 100 pg/ml. Furthermore, the expres-
sion of iNOS protein in ApoE-/- group was signifi-
cantly higher than WT controls and also 
decreased after exogenous TGF-β treatment 
(Figure 2B, P<0.01). These data suggested that 
loss of Apolipoprotein E function induced infla- 
mmation.

Related inflammation of microglia dependent 
astrocytes in ApoE-/- mice hippocampi

Then, we detected the related inflammation of 
IL-10, IL-1β, TGF-β concentration in the microg-
lia or astrocyte in the hippocampi and co-cul-
ture of microglia-astrocyte from WT and ApoE-/- 
mice. As shown in Figure 3A-C, the concentra-
tion of IL-10 in WT microglia is significant higher 
than in ApoE-/- mice (P<0.01). The concentra-
tion of IL-1β in ApoE-/- microglia is significant 
higher than in WT mice (P<0.001). However, the 
concentration of TGF-β in WT astrocyte is sig-

Figure 2. A. The iNOS activity of wild type (WT) and ApoE deficient (ApoE-/-) mice. B. The protein level of iNOS was 
detected by western blot. P<0.05 was regarded as statistically significant.
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Figure 3. The related inflammation of microglia dependent astrocytes in ApoE-/- mice hippocampi. A. The concentration of IL-10 in microglia or astrocyte in WT and 
ApoE-/- mice. B. The concentration of IL-1β in microglia or astrocyte from WT and ApoE-/- mice. C. The concentration of TGF-βin microglia or astrocyte from WT and 
ApoE-/- mice. D. The concentration of IL-10 in microglia-astrocyte mixed from WT and ApoE-/- mice. E. The concentration of IL-1β in microglia-astrocyte mixed from WT 
and ApoE-/- mice. F. The concentration of TGF-β in microglia-astrocyte mixed from WT and ApoE-/- mice. n = 20, *P<0.5, **P<0.1, ***P<0.01. 
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nificant higher than in ApoE-/- mice (P<0.01). 
Furthermore, to make sure the exactly relation 
between microglia and astrocyte from WT and 
ApoE-/- mice, as shown in Figure 3D-F, the con-
centration of IL-10 in ApoE-/- A+ApoE-/- M group 
is significant decreased than in WT A+WT M 
group (P<0.01). The concentration of IL-1β in 
ApoE-/- A+ApoE-/- M group is significant higher 
than in WT A+WT M group (P<0.001). However, 
the concentration of TGF-β in ApoE-/- A+ApoE-/- 
M group is significant decreased than in WT 
A+WT M group (P<0.01). Therefore, our findings 
suggested that the anti- inflammation factor 
such as IL-10 mainly from microglia and TGF-β 
mainly from astrocyte is significant decreased 
after loss of Apolipoprotein E function in Ap- 
oE-/- mice which induced severe inflammation.

ApoE deficient related to IL-10 and TGF-β ex-
presstion 

As shown at Figure 4, IL-10 and TGF-β as anti- 
inflammatory factor in WT microglia and astro-
cyte are significant higher than in ApoE-/- mice 
(P<0.01). Therefore, we detected the key pro-
tein relented to IL-10 and TGF-β expresstion by 
WB. As shown in Figure 4, the p-STAT-3 from Ap- 
oE-/- microglia and Lab1 from ApoE-/- astrocyte 
are significant decreased than in WT group.

Discussion

Apolipoprotein E plays a significant role in lipid 
metabolism in mammals and has been impli-
cated in growth and injured neurons repair [14, 
15]. ApoE has emerged as a key contributing 
factor in a number of neurodegenerative dis-
eases, including Alzheimer’s disease (AD), Par- 

severe inflammation in ApoE-/- mice. Furthrt- 
more, anti- inflammation factor such as IL-10 
and TGF-β Therefore, we conclude that apolipo-
protein E knockout induced inflammatory res- 
ponses related to microglia in neonatal mice 
brain via astrocytes 

In our study, we first detected the inflammation 
factor such as iNOS and IL-1β. The activity of 
iNOS protein in ApoE-/- group was significantly 
higher than WT controls (P<0.01). Furthermore, 
the expression of iNOS protein in ApoE-/- group 
was significantly higher than WT controls (P< 
0.01). Then, we detected the anti- inflammation 
factors such as IL-10 and TGF-β concentration 
in the microglia or astrocyte in the hippocampi 
and co-culture of microglia-astrocyte from WT 
and ApoE-/- mice. As shown in Figure 3A-C, the 
concentration of IL-10 in WT microglia is signifi-
cant higher than in ApoE-/- mice (P<0.01). 
However, the concentration of IL-1β in ApoE-/- 
microglia is significant higher than in WT mice 
(P<0.01). Then, the concentration of TGF-β in 
WT astrocyte is significant higher than in Ap- 
oE-/- mice (P<0.01). After mixed, the concentra-
tion of IL-10 in ApoE-/- A+ApoE-/- M group is sig-
nificant decreased than in WT A+WT M group 
(P<0.01). The concentration of IL-1β in ApoE-/- 
A+ApoE-/- M group is significant higher than in 
WT A+WT M group (P<0.01). However, the con-
centration of TGF-β in ApoE-/- A+ApoE-/- M group 
is significant decreased than in WT A+WT M 
group (P<0.01). As we known, Furthermore, 
inhibition of TGF-β signaling in the brain result-
ed in prolonged sickness behavior and ampli-
fied pro-inflammatory cytokine expression in 
mice challenged with lipopolysaccharide. Taken 

Figure 4. ApoE deficient related to IL-10 and TGF-β expression. 

kinson’s disease (PD), amyo-
trophic lateral sclerosis (ALS), 
traumatic brain injury, and 
HIV-encephalitis cerebral pal- 
sy (CP) [3, 4]. However, the ex- 
actly mechanism need to stu- 
dy via Apo E deficient (ApoE-/-) 
mouse model. Here in this 
study, using apolipoprotein E 
deficient mouse model, our 
findings suggested that the 
anti- inflammation factor such 
as IL-10 mainly from microglia 
and TGF-β mainly from astro-
cyte is significant decreased 
after loss of ApoE function in 
ApoE-/- mice which induced 
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together, IL-10 stimulated the production of 
TGF-β by astrocytes, which in turn, attenuated 
microglial activation [13, 16]. Therefore, our 
findings suggested that anti-inflammatory such 
as TGF-β, IL-10 from microglia and astrocytes in 
ApoE-/- mice were decreased. On the other 
hand, the inflammatory responses of Apolipo- 
protein E knockout mice in hippocampi microg-
lia related to TGF-β of astrocytes. 

In stefin B-deficient BMDMs, down-regulation 
of the IL-10 synthesis is due to the decreased 
activation STAT-3. ecreased phosphorylation of 
STAT-3 at Tyrosine 705 was detected in stefin 
B-deficient than in WT BMDMs, in agreement 
with the decreased IL-10 expression [17]. 
Furthermore, the latency associated protein 
(LAP) is involved in the folding and synthesis of 
TGF-β via monomers form a dimer by joining 
another LAP molecule by LTBP directs TGF-β to 
the extracellular matrix [18, 19]. Therefore, we 
detected the key protein relented to IL-10 and 
TGF-β expresstion by WB. As shown in Figure 4, 
the p-STAT-3 from ApoE-/- microglia and Lab1 
from ApoE-/- astrocyte are significant decreased 
than in WT group. However, the mechanism of 
ApoE in regulating p-STAT-3 and Lab1 need 
father study.
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