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Nanog inhibits lipopolysaccharide-induced expression
of pro-inflammatory cytokines by blocking NF-kB
transcriptional activity in rat primary microglial cells
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Abstract. Nanog is an essential transcription factor main-
taining the self-renewal and pluripotency of embryonic stem
cells, which binds to nuclear factor-xB (NF-xB) proteins,
inhibits their transcriptional activity and represses their pro-
differentiation activity. The persistent and excessive activation
of microglial cells, as primary immune cells in the central
nervous system is associated with various nerve system
diseases, such as neuropathic pain, ischemia, infection, as well
as neurodegenerative diseases. However, the effects of Nanog
on the activation of microglial cells have yet to be elucidated.
In this study, we investigated whether Nanog inhibits the
production of pro-inflammatory factors in lipopolysaccharide
(LPS)-stimulated microglial cells. Nanog was shown to down-
regulate the mRNA and protein levels of IL-18, TNF-a.and IL-6
in LPS-stimulated rat primary microglial cells. Furthermore,
we also found that the transcriptional activity of NF-xB was
dramatically reduced by Nanog, which was measured using
luciferase assay. The results suggest that Nanog reduces the
production of pro-inflammatory cytokines and attenuates
inflammatory responses in LPS-stimulated microglial cells by
blocking the transcriptional activity of NF-kB. Thus, Nanog
may be a potentially useful anti-inflammatory therapy for the
treatment of various nervous system diseases.

Introduction

Microglial cells are resident central nervous system (CNS) cells
that sense pathological tissue alterations, develop into macro-
phages and perform immunological functions (1). Activation
of microglia and inflammation-mediated neurotoxicity are
suggested to play a decisive role in the pathogenesis of various
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neurological disorders, such as ischemia, neuropathic pain,
trauma, as well as neurodegenerative diseases (2). Activated
microglial cells release pro-inflammatory factors, such as
IL-1B, TNF-a and IL-6, which contribute to neuronal damage.
Thus, development of targeted anti-inflammatory therapies
is essential to delay or stop the progression of neurological
disease (3).

Nanog, which maintains embryonic stem (ES) cell self-
renewal independently of LIF/Stat3, is a critical transcription
factor underlying pluripotency in both inner cell mass (ICM)
and ES cells (4). Nanog mRNA is present in pluripotent mouse
and human cell lines, and is absent in differentiated cells (5).
Additionally, Nanog choreographs the synthesis of the naive
epiblast ground state in the embryo and this function is reca-
pitulated in the culmination of somatic cell reprogramming
(6,7). Furthermore, research has shown that Nanog binds to
nuclear factor-kB (NF-xB) proteins, inhibits their transcrip-
tional activity and represses the pro-differentiation activities
of NF-kB (8).

NF-«B is involved in many biological processes, such as
development, apoptosis and anti-apoptosis, innate immunity
and inflammation (9). However, there is no evidence regarding
the association between Nanog and NF-«xB in inflammation.
We hypothesize that Nanog inhibits the transcriptional activity
of NF-«B and reduces the expression of pro-inflammatory
cytokines in inflammatory conditions, which may be a useful
anti-inflammatory therapy for various nervous system diseases.

Materials and methods

Reagents. Dulbecco's modified Eagle's medium (DMEM), fetal
bovine serum (FBS), TRIzol reagent and Lipofectamine 2000
were purchased from Invitrogen Corporation (Carlsbad, CA,
USA). Lipopolysaccharide (LPS), dimethyl sulfoxide (DMSO)
and MTT were obtained from Sigma (St. Louis, MO, USA).
NF-«B responsive luciferase plasmid and Renilla luciferase
reporter plasmid, pNF-kB-luc and pRL-TK, were purchased
from Promega (Madison, WI, USA). Conventional restriction
enzyme for BamHI and Sall, T4 DNA ligase, the First Strand
cDNA Synthesis kit and the PCR Master Mix were obtained
from Fermentas (Hanover, MD, USA). ELISA kits specific
to rat IL-1B, TNF-a and IL-6 were purchased from R&D
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Systems (Minneapolis, MN, USA). Penicillin-streptomycin
solution, the dual luciferase reporter gene assay kit, DNA
gel extraction kit, pUCm-T vector and eukaryotic expression
vector pCMV-Blank were obtained from Beyotime (Shanghai,
China). Cloning plasmid pUC57-Nanog was purchased from
Yingrun (Changsha, China).

Plasmid construction. The coding sequence of Nanog was
subcloned from pUC57-Nanog with a specific primer having a
restriction enzyme site (BamHI/Sall) at the end. The reaction
solution was electrophoresed, and the target DNA fragment
was collected using a DNA gel extraction kit. It was then
linked with the pUCm-T vector in the presence of T4 DNA
ligase. The correct recombinant was screened and amplified.
After double digestion (BamHI/Sall) of the recombinant,
the reaction solution was managed as above. The eukaryotic
expression vector pCM V-Blank also underwent a double diges-
tion (BamHI/Sall), and the reaction solution was managed as
above. The target DNA fragment was then linked with linear
pCMV-Blank vector in the presence of T4 DNA ligase. The
correct recombinant, pPCMV-Nanog, was screened, amplified
and stored at -20°C.

Cell culture. The primary microglial cells were prepared from
cerebral cortex of 2-3 post-natal day Sprague-Dawley rat pups
as previously described (10,11) with modification. Briefly, the
cortical tissue was minced with a sterile scalpel blade and
digested with trypsin/EDTA for 15 min at 37°C followed
by addition of DMEM supplemented with 10% FBS and 1%
penicillin-streptomycin solution to end digestion. The mixture
was blended with a 5-ml pipette several times and filtrated
with 200 nylon mesh. It was then centrifuged at 1,000 rpm for
10 min. After the supernatant was discarded, the cells were
suspended in media and maintained at 37°C in a humidified
atmosphere containing 5% CO,. Media were changed every
3-4 days. After 8 days in vitro, the flasks were shaken at
37°C in a constant-temperature shaking incubator at 200 rpm
for 4 h. The media containing microglia were removed and
centrifuged at 1,000 rpm for 10 min. After the supernatant was
discarded, the cells were suspended in media and maintained
at 37°C in a humidified atmosphere containing 5% CO,. Cells
were found to consist of 98% microglia by staining with the
0X-42 antibody (Santa Cruz).

Cell viability assay. Microglial cells were plated at a density
of 5x10° cells/well in 96-well plates the day before transfec-
tion. After overnight incubation, cells were transfected with
different concentrations of pCMV-Nanog (0, 1.0, 2.0 and
3.0 ug/ml) using Lipofectamine 2000 for 24 h, according to
the manufacturer's instructions. The cells were then stimulated
with LPS (100 ng/ml) or without for 24 h. After treatment,
20 ul of MTT (5 mg/ml) was added to each well and incubated
for 4 h at 37°C. The supernatant was then removed and 150 ul
DMSO was added to each well to dissolve the formazan crys-
tals. After the plates were vortexed for 10 min, the optical
density (OD) value was measured with a microplate reader
at 570 nm.

Reverse transcription-polymerase chain reaction (RT-PCR).
Microglial cells were plated at a density of 3x10° cells/well
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Figure 1. Effects of Nanog and LPS on the viability of microglial cells. After
transfection with 0-3.0 zg/ml pCMV-Nanog for 24 h, cells were stimulated
with LPS (100 ng/ml) or without for 24 h. Cell viability was then measured
using MTT assay. All data are presented as the means + SD of three inde-
pendent experiments. There was no significant difference among the groups.

in a 6-well plate the day before transfection. After overnight
incubation, cells were transfected with different concentra-
tions of pCMV-Nanog (0, 1.0, 2.0 and 3.0 #g/ml) for 24 h.
Cells were then stimulated with LPS (100 ng/ml) for 6 h.
RT-PCR was performed with total RNA. The total RNA of
cells was isolated using TRIzol reagent, according to the
manufacturer's instructions. The purity and concentration
of the RNA preparation were determined by measuring the
absorbance ratio at 260/280 nm. RT was performed using
the first-strand cDNA synthesis kit according to the manu-
facturer's recommendations. PCR analyses were performed
on the cDNA using PCR master mix. The following sense
and antisense primers were used: 3-actin, sense 5'-ACT GGC
ATT GTG ATG GAC TC-3' and antisense 5'-CAG CAC TGT
GTT GGC ATA GA-3"; Nanog, sense 5'-TCT CCT CCG
CCT TCC TCT-3' and antisense 5-TTG CCT CTG AAA
CCT ATC CT-3'; IL-1B, sense 5'-CTG TTC TTT GAG GCT
GAC-3' and antisense 5'-GAT TTT GTC GTT GCT TGT-3';
TNF-a, sense 5'-GTA GCA AAC CAC CAA GCG-3' and
antisense 5-GCA ATG ACT CCA AAG TAG ACC-3"; IL-6,
sense 5'-TGC CTT CTT GGG ACT GAT-3' and antisense
5'-CTG GCT TTG TCT TTC TTG TTA T-3'. Reactions were
carried out in a volume of 25 ml. PCR was performed with
35 cycles of sequential reactions: 94°C for 30 sec, 55°C for
30 sec and 72°C for 40 sec. The amplified products were
electrophoresed with 1.5% agarose gel and viewed with UV
transillumination.

ELISA. Microglial cells were plated at a density of 5x10* cells/
well in a 24-well plate the day before transfection. After
incubation overnight, cells were transfected with different
concentrations of pCMV-Nanog (0, 1.0, 2.0 and 3.0 pg/ml)
for 24 h. The cells were then stimulated with LPS (100 ng/
ml) for 24 h. Cytokine levels in the culture supernatants were
measured using ELISA kits specific to rat IL-1f, TNF-a and
IL-6 according to the manufacturer's recommendations.

Luciferase assay. Microglial cells were plated at a density
of 3x10° cells/well in 6-well plates the day before transfec-
tion. After overnight incubation, cells were transfected with
0.3 g pNF-«xB-luc and 0.1 xg pRL-TK using Lipofectamine,
plus different concentrations of pCMV-Nanog (0, 1.0, 2.0
and 3.0 pg/ml) for 24 h. The cells were then stimulated with
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Figure 2. Effects of Nanog on the mRNA expression levels of IL-1f3, TNF-a and IL-6 in LPS-stimulated microglial cells. After transfection with 0-3.0 pg/ml
pCMV-Nanog for 24 h, cells were stimulated with LPS (100 ng/ml) for 6 h. (A) The mRNA expression level of Nanog was detected by RT-PCR. "'P<0.01 vs.
the untransfected group. The mRNA expression levels of (B) IL-1f, (C) TNF-o and (B) IL-6 were also detected by RT-PCR. "P<0.01 vs. the control group;
“P<0.05, “P<0.01 vs. the LPS-only treated group. All data are presented as the means + SD of three independent experiments.

LPS (100 ng/ml) for 18 h. Luciferase assay was performed
according to the manufacturer's instructions.

Statistical analysis. All the data are expressed as the means
+ SD of three independent experiments. One-way analysis of
variance (ANOVA) was used to compare the measurement
data among multiple groups. P-value <0.05 was considered to
denote statistical significance.

Results

Effects of Nanog and LPS on the viability of microglial cells. To
identify whether Nanog influences the viability of microglial
cells, the cells were transfected with different concentrations
of pCMV-Nanog for 24 h and stimulated with or without LPS
for 24 h before the MTT assay was carried out. As shown in
Fig. 1, cell viability was not significantly influenced after the
transfection of pCMV-Nanog in the presence or absence of
LPS. These results suggest that the viability of microglial cells
is not influenced by LPS or Nanog.

Effects of Nanog on the expression of IL-18, TNF-a and
IL-6 in LPS-stimulated microglial cells at the mRNA level.
Pro-inflammatory cytokines, including IL-1f3, TNF-a and
IL-6, play an important role in the occurrence and development
of many neurological disorders (12,13). In order to examine
the effects of Nanog on the production of pro-inflammatory
cytokines IL-133, TNF-o and IL-6 at the mRNA level, microg-
lial cells were transfected with different concentrations of

pCMV-Nanog for 24 h and stimulated with LPS. Following
6 h of LPS stimulation, the expression of mRNA was detected
using RT-PCR. As shown in Fig. 2, mRNA expression levels
of IL-1B, TNF-a and IL-6 were markedly increased in the
LPS-stimulated microglial cells. However, this tendency was
significantly suppressed by Nanog in a concentration-depen-
dent manner. Transfection with 3.0 xg/ml Nanog markedly
inhibited the production of mRNA of IL-18, TNF-a and IL-6.
These results suggest that Nanog alleviates inflammatory
reaction in activated microglial cells at mRNA level.

Effects of Nanog on the expression of IL-1$3, TNF-a and
IL-6 in LPS-stimulated microglial cells at the protein level.
To investigate the effects of Nanog on the production of pro-
inflammatory cytokines IL-18, TNF-a and IL-6 at the protein
level, microglial cells were transfected with different concen-
trations of pCMV-Nanog for 24 h and stimulated with LPS.
Following 24 h of LPS stimulation, the production of protein
in the culture medium was measured using ELISA. As shown
in Fig. 3, microglial cells stimulated with LPS exhibited a
distinct increase in the production of IL-18, TNF-a and IL-6.
Consistent with the effect on mRNA expression levels, Nanog
significantly reduced LPS-induced expression of IL-13, TNF-a
and IL-6 protein in microglial cells. These results indicate that
Nanog prevents inflammatory reaction in activated microglial
cells at protein level.

Effects of Nanog on the transcriptional activity of NF-xB
in LPS-stimulated microglial cells. NF-xB is a crucial
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Figure 3. Effects of Nanog on the expression of IL-18, TNF-a and IL-6 in
LPS-stimulated microglial cells at protein level. After being transfected
with 0-3.0 gg/ml pCMV-Nanog for 24 h, cells were stimulated with LPS
(100 ng/ml) for 24 h. Cytokine levels for (A) IL-13, (B) TNF-a and (C) IL-6
in the culture supernatants were then measured using ELISA. All data are
presented as the means + SD of three independent experiments. “P<0.01 vs.
the control group; "P<0.05, “P<0.01 vs. the LPS-only treated group.

transcription factor binding to the promoter region of various
genes, including pro-inflammatory cytokines and proteases
(14). To understand the mechanism of Nanog-mediated
inhibition of LPS-induced expression of pro-inflammatory
cytokines, microglial cells were transfected with pNF-«xB-luc,
pRL-TK and different concentrations of pCMV-Nanog for
24 h and stimulated with LPS. Following 18 h of LPS stimula-
tion, the activity of firefly luciferase and Renilla luciferase in
the cells was estimated using luciferase assay. As shown in
Fig. 4, LPS markedly increased the transcriptional activity of
NF-kB in microglial cells, while the activity was significantly
reduced by Nanog at different concentrations. These results
suggest that Nanog may suppress LPS-induced expression of
pro-inflammatory cytokines through the inhibition of tran-
scriptional activity of NF-«xB.

Discussion

In the present study, we found for the first time that Nanog
inhibits the expression of pro-inflammatory mediators IL-1f3,
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Figure 4. Effects of Nanog on the transcriptional activity of NF-kB in LPS-
stimulated microglial cells. After being transfected with 0.3 ug pNF-xB-luc
and 0.1 yg pRL-TK, plus 0-3.0 yzg/ml pCMV-Nanog for 24 h, cells were
stimulated with LPS (100 ng/ml) for 18 h. The transcriptional activity of
NF-kB was then measured using the luciferase assay. All data are presented
as the means + SD of three independent experiments. "P<0.01 vs. the control
group; "P<0.05, “P<0.01 vs. the LPS-only treated group.

TNF-a and IL-6 in LPS-stimulated rat primary microglial
cells by blocking the transcriptional activity of NF-kB.

Activated microglia is a characteristic feature of many
neuroinflammatory disorders and it represents an attractive
therapeutic target (15). Generally, an acute neuroinflammatory
response is beneficial to the CNS as it helps to repair damaged
tissue and to minimize further injury. However, chronic
neuroinflammation is an often self-perpetuating response that
persists long after an initial toxic insult and triggers abnormal
brain functions (16,17). The sustained release of inflamma-
tory factors may perpetuate the neuroinflammatory process
by activating additional glial cells, mainly microglia, which
causes further release of pro-inflammatory and neurotoxic
factors, contributing to neuronal dysfunction and conse-
quently to pathology (16,18). In response to injury, ischemia
and inflammatory stimuli, microglial cells produce inflam-
matory cytokines, mainly including IL-18, TNF-a and IL-6
(19). They are involved in all types of CNS injury and disease
(17). In our study, Nanog significantly reduced the expres-
sion of IL-1f, TNF-a and IL-6 at the mRNA and proteins
levels in LPS-stimulated microglial cells. These results
suggest that Nanog may have anti-inflammatory properties in
LPS-stimulated microglial cells.

The results also showed that suppression of the NF-kB
transcriptional activity by Nanog may be the underlying
mechanism in the reduction of pro-inflammatory mediators.
NF-«B is a key transcription factor and plays an important
role in immune responses, inflammatory diseases and cell
death (14). In resting cells, NF-«kB proteins are predominantly
cytoplasmic, associating with inhibitor of NF-kB (IxkB) (20).
NF-«kB activation is controlled by IkB kinases (IKK) needed
for phosphorylation-induced degradation of IkB (21). Upon
activation by a variety of stimuli, such as cytokines and
bacterial LPS, IxB is phosphorylated by IKK, subsequently
ubiquitinylated and degraded by a proteasome complex. The
liberated NF-kB then translocates to the nucleus and binds
to its cognate DNA binding site in the promoter regions of
various genes, including IL-1p, TNF-a and IL-6, thereby
leading to their transcription (22). Consistent with that study,
we also found that Nanog inhibits the transcriptional activity
of NF-xB in LPS-stimulated microglial cells, which was
measured using luciferase assay. These results suggest that
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Nanog produces anti-inflammatory action through inhibition
of NF-«B transcriptional activity.

The present study has some limitations and questions
which need to be examined further, such as the fact that Nanog
only showed anti-inflammatory effect in vitro, while it is
necessary to also confirm the results in vivo. Second, as an ES
cell self-renewal gene, Nanog has been shown to be expressed
in several tumor types and to regulate tumor development
(23,24). Notably, numerous studies have shown that NF-xB
is activated in various types of cancer cells and inhibition of
NF-«B contributes to cancer treatment (25-27). Moreover,
genes that are developmentally down-regulated may provide
targets for future gene transfer studies to injured neurons
(28,29). Therefore, deleterious or protective actions produced
by Nanog need to be investigated further.

In conclusion, the present study suggests that Nanog
suppresses the release of pro-inflammatory mediators IL-1f3,
TNF-a and IL-6 in LPS-stimulated primary microglial cells.
Anti-inflammatory effects of Nanog are associated with inhibi-
tion of the transcriptional activity of NF-xB. Although further
research is required to verify whether Nanog exhibits an anti-
inflammatory effect in vivo using animal model, these results
suggest that Nanog may be a potentially useful anti-inflam-
matory therapy for the treatment of various nervous system
diseases induced by uncontrolled activation of microglial cells.
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