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Morphological and functional changes of microglia
cultured under different oxygen concentrations
and the analysis of related mechanisms
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Abstract. This study investigated the effects of different concen-
trations of oxygen exposure on the morphology and function of
N9 microglia and analyzed its mechanisms. N9 microglia were
cultured under the condition of high (95% O, and 5% CO,),
normal (95% air and 5% CO,) and low oxygen (95% CO, and
5% O,) concentrations. The cell morphologies were observed
under inverted phase contrast microscope after 24 h. Flow
cytometry was applied to detect cell survival and apoptotic
rate. The mRNA and protein expression levels of interleukin-13
(IL-1p) and tumor necrosis factor-o. (TNF-a) were detected
by reverse transcription-polymerase chain reaction (RT-PCR)
and western blot analysis, respectively. The results showed that,
N9 microglial apoptotic rates in hyperoxia and hypoxia condi-
tions were significantly higher than those in the normal group
(P<0.05) and the apoptosis rate in the hypoxia group was higher
than that in the hyperoxia group (P<0.05). The mRNA and
protein expression levels of IL-1f3 and TNF-a in the hyperoxia
and hypoxia groups were significantly higher than those in the
normal group (P<0.05) and the mRNA and protein expression
levels in hypoxia group were higher than those in the hyper-
oxia group (P<0.05). Therefore, N9 microglia cultured under
hyperoxia and hypoxia conditions can be activated, enhancing
pro-inflammatory response and inducing cell apoptosis. The
mechanism may be that the secretion of neurotoxic factors
IL-1p and TNF-a is involved in these responses.

Introduction

Most of the cells in the central nervous system are glial cells.
These cells are widely distributed (1). Microglia are innate
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immune cells of the central nervous system and account for
approximately 20% of the glial cells (2).

Microglia constitute the main immune defense line in the
mature central nervous system and are closely related to the
pathological and physiological changing processes of most
central nervous system diseases (3,4). Under the conditions
of disease stimulation, the activated microglia exert immune
phagocytic effects and eliminate necrotic cells and infectious
substances in the central nervous system (5). Nevertheless,
excessive activation of microglia produces neurotoxicity
factors such as interleukin-1f (IL-1f) and tumor necrosis
factor-o. (TNF-a), which mediate excessive immune response,
causing additional damage to the central nervous system (4,6).

The morphological and functional changes of microglia
activated under different stimulations are not completely clear.
Thus, the aim of this study was to investigate the morpho-
logical and functional changes of N9 microglia under the
culture conditions of different oxygen concentrations and to
explore the underlying mechanisms.

Materials and methods

Materials

Cell lines. Mouse N9 microglia cell lines were purchased from
the Cell Culture Center of Peking Union Medical College
(Beijing, China).

Main reagents. Dulbecco's modified Eagle's medium (DMEM)
and fetal bovine serum (FBS) were purchased from HyClone
(Los Angeles, CA, USA). The goat serum was obtained from
Sigma-Aldrich (St. Louis, MO, USA). Penicillin and strepto-
mycin were obtained from Nanjing KeyGen Biotech (Nanjing,
China). Trypsin, Annexin V Cell Apoptosis Detection kit,
protein lysis buffer, the anti-mouse/rat IL-1p3, anti-rabbit/
rat TNF-o and anti-sheep/rat $-actin antibodies, the TRIzol
reagent, the reverse transcription and cDNA amplification kits
were all purchased from Abcam (Cambridge, UK).

Main instruments. The inverted phase contrast microscope
was purchased from Olympus (Tokyo, Japan), the cell culture
incubator was obtained from Thermo Fisher Scientific
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(Waltham, MA, USA), the super clean bench was obtained
from Escolifesciences (Shanghai, China), the flow cytom-
eter was purchased from BD Biosciences (Franklin Lakes,
NIJ, USA), the PCR Amplifier was purchased from Bio-Rad
(Berkeley, CA, USA) and the micropipette was obtained from
Eppendorf (Hamburg, German).

Methods

Culturing and grouping of N9 microglia. N9 microglia in
a frozen pipe was obtained from liquid nitrogen. The tube
was waved in a water bath of 37°C for 1-2 min. After being
thawed, the cells were transferred to a centrifuge tube and
the DMEM was added to the tube. The precipitated cells
were collected after centrifugation for 5 min at 9,010 x g to
remove the cell precipitate. Complete DMEM was added to
blow and resuspend the cells. The cells were transferred to a
75 ml culture flask. The DMEM containing FBS was added.
The cells were incubated at 37°C with 5% CO, for 2 to 3 days.
Cells adhering to the bottom of the flask were digested using
trypsin and the cell passage was performed at 1:4, followed
by routine subculture in an incubator. The same generation
of cultured cells was then collected for the experiment. The
cells were identified to determine whether they met the char-
acteristics of N9 microglia. The cells were resuspended with
DMEM and the density was adjusted prior to placing the cells
in 6-well plates. The cells were divided into the high oxygen
concentration (H group), normal (N group) and low oxygen
concentration (L group) groups. The culture parameters of the
H group were: 37°C, 95% O, and 5% CO,. The culture param-
eters of the N group were: 37°C, 95% air and 5% CO,. Culture
parameters of the L group were: 37°C, 95% CO, and 5% O,.
High glucose DMEM containing 10% FBS was added to all of
the groups and cultured under the predetermined conditions.
The morphology of N9 microglia was observed under inverted
phase contrast microscope (Olympus, Tokyo, Japan) after the
cells were incubated for 24 h.

Detection of N9 microglia apoptosis. Flow cytometry was
used to analyze adherent cells that were collected after
digestion with trypsin. After being washed twice with
phosphate-buffered saline (PBS), the cells were centrifuged at
9,010 x g for 5 min. Supernatants were abandoned and the cells
were resuspended in PBS. The apoptosis reagent of Annexin V
was added and the cells were incubated for 15 min in the dark
at room temperature. Then the apoptotic rates were detected
by using a flow cytometer.

mRNA expression levels of IL-1 and TNF-a. mRNA expres-
sion levels of IL-1f and TNF-a in N9 microglia cultured
under different oxygen concentrations were detected by
reverse transcription-polymerase chain reaction (RT-PCR).
Cells were collected after trypsinization and cell lysis
was conducted at low temperature. The total RNA was
extracted, cDNA was synthesized by reverse transcription,
followed by a PCR amplification experiment. [3-actin was
set as an inner reference. The primer sequences used were:
IL-1p forward, 5'-ATCTCGCAGCAGCACATC-3' and
reverse, 5'-CCAGCAGGTTATCATCATCATC-3". TNF-a
forward, 5'-CGCTACGACCGCCAGATTG-3' and reverse,
5'-ACACCGTTCACCAGCAAGTC-3'". B-actin forward,
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5'-CATGGGGTGTGAACCATGAGA-3' and reverse 5'-GTC
TTCTGGGTGGCAGTGAT-3". The amplification conditions
were as follows: Predegeneration at 94°C for 2 min, 94°C for
30 sec, 6°C for 30 sec and 72°C for 60 sec, a total of 28 cycles;
and extension at 72°C for 5 min. The amplified products were
separated in a 20 g/l agarose gel electrophoresis. A gel imaging
analysis system (Bio-Rad) was applied to detect the gray scale
values of band. The gray value ratio of the target gene (IL-1
and TNF-a) to the reference gene [3-actin was regarded as a
relative expression of the target gene.

Protein expression levels of IL-15 and TNF-a. The protein
expression levels of IL-1f and TNF-a in N9 microglia under
different oxygen concentrations were detected by western
blot analysis. The cells were scraped from the flask. The lysis
buffer was added to extract total protein. The protein concen-
tration was measured using the BCA Protein Quantitative kit.
SDS polyacrylamide gel (10%) was prepared and subjected to
electrophoresis after 20 ug proteins were loaded. The proteins
were transferred onto a membrane and then blocked by
5% skim milk at room temperature for 2 h. The anti-mouse/rat
IL-1pB (dilution, 1:2,000; cat. no. ab33738) and TNF-a (dilution,
1:5,000; cat. no. 11564) (both from Abcam) primary monoclonal
antibodies were added and the protein was incubate overnight at
4°C. The membranes were washed in TBST buffer and then incu-
bated with anti-sheep/rat 3-actin monoclonal (dilution, 1:5,000;
cat. no. ab50591; Abcam). After being developed, band images
were collected and analyzed.

Statistical analysis. Data were collected and analyzed using
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Measuring
data were expressed as mean + standard deviation (SD). The
data were compared by one-way ANOVA. he LSD t-test was
used for pairwise comparisons between group means. P<0.05
was considered to indicate a statistically significant difference.

Results

Effects of different oxygen concentrations on morphology
of N9 microglia. Under normal conditions, the cells in the
N group were resting and the cells were spindle-shaped. Cell
processes were thin and long. Under the conditions of high
and low oxygen concentration, the N9 microglia was activated,
cells in the H and L groups were round and the cell processes
disappeared (Fig. 1).

Effects of different oxygen concentrations on N9 microglia
apoptosis. After cells were cultured at different oxygen
concentrations for 24 h, the apoptotic rates of N9 microglia
in the L and H group were significantly higher than those in
N group (P<0.05) and the apoptotic rate of L group was higher
than that in the H group (P<0.05). The results showed statis-
tical differences (Fig. 2).

Effects of different oxygen concentrations on the mRNA
expression levels of IL-1B and TNF-a. After cells were
cultured at different oxygen concentrations for 24 h, the
mRNA expression levels of IL-1f3 and TNF-o of N9 microglia
in the L and H groups were significantly higher than those
in the N group (P<0.05) and the mRNA expression levels of
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Figure 1. Effects of different oxygen concentrations on morphology of N9 microglia. (A) Normal group: The cells are spindle-shaped, with thin and long cell
processes. (B) High and (C) low oxygen concentration group: The cells are round and the cell processes disappeared.
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Figure 2. Cell apoptosis rates of N9 microglia cultured under different
oxygen concentrations. The results of flow cytometry show that compared
with the N group, the apoptotic rates of N9 microglia in the L and H groups
are significantly increased. The apoptotic rate of the L group is higher than
that in the H group (P<0.05). Compared with N group, "P<0.05; compared
with H group, "P<0.05.
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Figure 3. (A and B) Effects of different oxygen concentrations on the mRNA
expression levels of IL-1p and TNF-a. Cells were incubated at different
oxygen concentrations for 24 h, the RT-PCR results show that the mRNA
expression levels of IL-1f3 and TNF-a of N9 microglia in the L and H groups
are significantly higher than those in the N group (P<0.05) and the mRNA
expression levels of IL-1 and TNF-a of N9 microglia in the L group are
higher than those in the H group (P<0.05). The results show statistical differ-
ences. Compared with N group, ‘P<0.05; compared with H group, “P<0.05.
IL-1f , interleukin-1f3; TNF-a, tumor necrosis factor-a.

IL-1p and TNF-o of N9 microglia in L group were higher
than those in H group (P<0.05). The results showed statistical
differences (Fig. 3).
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Figure 4. (A-C) Effects of different oxygen concentrations on the protein
expression of IL-1p and TNF-a. The RT-PCR results show that the protein
expression levels of IL-1f3 and TNF-a of N9 microglia in L and H groups are
significantly higher than those in N group (P<0.05) and the protein expression
levels of IL-1p and TNF-a of N9 microglia in L group are higher than those
in H group (P<0.05). The results show statistical differences. Compared with
N group, "P<0.05; compared with H group, “P<0.05. IL-1f , interleukin-1{;
TNF-o., tumor necrosis factor-o.

Effects of different oxygen concentrations on the protein
expression levels of IL-15 and TNF-a. After cells were cultured
at different oxygen concentrations for 24 h, the protein expres-
sion levels of IL-1p and TNF-a of N9 microglia in the L and
H groups were significantly higher than those in the N group
(P<0.05) and the protein expression levels of IL-1f3 and TNF-a
of N9 microglia in L group were higher than those in H group
(P<0.05). The results showed statistical differences (Fig. 4).
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Discussion

Microglia are mainly from bone marrow precursor and are
innate immune cells of the central nervous system (7). Under
normal conditions, the microglia are at resting state, controlling
and maintaining the normal physiological environment of the
central nervous system (8,9). When pathological changes such
as stroke, trauma, infection, tumor and central nervous system
degenerative diseases appear in the central nervous system,
the microglia are activated and a large number of neurotoxic
factors such as IL-1p and TNF-a are released, which triggers a
series of inflammatory reactions and leads to the activation and
migration of microglia around the area of the lesion (10-13). A
serious immune response to the body occurs when the microglia
activation process is out of control, which aggravates central
nervous system injury (14,15). At present, there are relatively
few studies regarding the microglia. The morphological and
functional changes and mechanisms of activated microglia
under different pathological conditions are not completely
clear. Therefore, the N9 microglia were cultured under the
environment of different oxygen concentrationa and the
effects of different oxygen concentrations on the morphology
and function of microglia were observed. The results showed
that hyperoxia (95% O, and 5% CO,) and hypoxia (95% CO,
and 5% O,) had significant cytotoxicity to N9 microglia, which
leads to morphological changes and disappearance of cell
process, cell activation and increased cell apoptosis.

IL-1p is an inflammatory factor produced by activated
microglia. IL-1p can enhance the activities of immune cells
leading to the release of the inflammatory medium, which
causes self-tissue damage while enhancing body immunity
and the degree of injury is positively correlated with the
concentration of IL-1f (16-18). TNF-a is a naturally pro-
inflammatory cytokine and has a wide range of biological
effects, which is involved in the process of cellular immune
response (19-21). TNF-a is mainly produced by microglia
in the central nervous system. TNF-a induces neutrophil
chemotaxis and induces the body to synthesize the IL-6,
IL-8 and other inflammatory factors, which promotes
inflammatory response, induces cell apoptosis and increases
tissue damage (22). In the present study, we found that the
mRNA and protein expression levels of IL-1f and TNF-a in
NO microglia were increased after the cells were cultured in
hyperoxic and hypoxic environments for 24 h, which indicated
that peroxidation and hypoxia stimulation can induce the
secretion of pro-inflammatory cytokines such as IL-1f3 and
TNF-a in microglia and induce the inflammatory response
and may be involved in the process of cell apoptosis. When
pathological changes occur in the central nervous system, the
resting microglia was activated, and secreted multiple neuro-
toxicity factors such as TNF-a, IL-1$ and NO for a long-term,
which exerted significant toxic effects to peripheral nerve
cells (13,23). Therefore, the activation of microglia may have
an important effect on the occurrence and outcome of the
central nervous system.

In conclusion, the environmental stimulus of hyperoxia
and hypoxia can activate N9 microglia in vitro, resulting in the
increased expression of IL-1p and TNF-a and then inducing
cell apoptosis. Therefore, the regulation of IL-1f and TNF-a
expression may be a key factor to reduce the damage of the
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central nervous system caused by peroxidation and hypoxia.
The specific molecular and signal pathways remain to be
further explored.
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