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MAPK and NF-«kB Pathways Are Involved in Bisphenol
A-Induced TNF-« and IL-6 Production in BV2 Microglial Cells

Jingying Zhu,' Lei Jiang,® Yanqing Liu,' Wenyi Qian,' Jingli Liu,> Jing Zhou,' Rong Gao,'

Hang Xiao,"* and Jun Wang"*

Abstract—Microglial activation has been reported to play an important role in neurodegenerative dis-
eases by producing pro-inflammatory cytokines. Bisphenol A (BPA, 2,2-bis (4-hydroxyphenyl) pro-
pane), known as a ubiquitous endocrine-disrupting chemical, is reported to perform both mimic- and
anti-estrogen properties; however, whether it affects cytokine production or immune response in central
nervous system remains unclear. The present study was aimed to explore whether BPA was involved in
inflammatory action and to investigate the potential mechanisms in microglial cells. BV2, the murine
microglial cell line, was used in the present work as the cell model. BPA-associated morphologic
changes, cytokine responses, and signaling events were examined using immunofluorescence analysis,
real-time PCR, enzyme-linked immunosorbent assay, and western blot. Our results indicated that BPA
increased BV2 cells activation and simultaneously elevated tumor necrosis factor-oc and interleukin 6
expression, which could be partially reversed by estrogen receptor antagonist, ICI182780. In addition,
the c-Jun N-terminal protein kinase (JNK) inhibitor (SP600125), rather than ERK1/2 blocker
(PD98059), displayed anti-inflammatory properties on BPA-elicited cytokine responses. Moreover,
the inflammatory transcription factor NF-kB was specifically activated by BPA as well. These results,
taken together, suggested that BPA may have functional effects on the response of microglial cell
activation via, in part, the estrogen receptor, JNK, ERK mitogen-activated protein kinase, and NF-«kB

signaling pathways with its subsequent influence on pro-inflammatory action.
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INTRODUCTION

Recently, exogenous environmental pollutants expo-
sure has gained more attention on their endocrine-
disrupting effects and other human health impacts [1-5].
This concern was highlighted by a recent survey of 1,442
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French male newborns perinatally exposed to environmen-
tal chemicals, revealing a potential link between pollutants
biochemical effects and occurrence of diseases [6].
Bisphenol A (BPA), one of the endocrine disrupting
chemicals (EDCs), is widely used in the manufacture of
epoxy resins and polycarbonates, and thus, is a substance
ubiquitously found in consumer products, like polycarbon-
ate food containers and utensils, dental sealants, protective
coatings, and water supply pipes [7, 8]. Reports available
now suggest that BPA can interfere with hormone synthe-
sis and hormone receptor expression, specifically alter
gene activities in target tissues, which might influence
potential genetic embryo stability and immune homeosta-
sis [9—11]. According to the latest study, measurable levels
of BPA were detected in maternal blood in the USA pop-
ulation, close to a nanomole scale [12]. In addition, BPA
was also reported to penetrate the blood—brain barrier
(BBB), which makes central nervous system (CNS) a
potentially sensitive target [13]. However, it is still poorly
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understood how BPA exerts immunomodulatory effects on
the brain.

In present days, studies have focused on the contrast-
ing role of mimic and anti-effects BPA played on the steroid
hormones, one related kind of which, estrogen, is well
researched for its anti-inflammatory property, so there lies
the necessity to clarify the actual influence and possible
mechanisms of BPA on the genesis and progression of host
immunity [14-18]. Microglial cells (MG), the local
macrophage-like residential cells in the brain, have been
proposed to perform critical roles in the innate immune
response of the central nervous system [19, 20]. MG act as
phagocytes to remove dead cells and tissue debris,
protecting CNS from microbial pathogens of various infec-
tious diseases [21]. However, once overactivated, the
microglial cells secret excessive pro-inflammatory factors,
like nitric oxide (NO), prostaglandin E2 (PGE 2), tumor
necrosis factor-o« (TNF-«), and reactive oxygen species
(ROS), which are believed to be responsible for various
forms of neurodegenerative processes, such as Parkinson’s
disease, Alzheimer’s disease, multiple sclerosis, and amyo-
trophic lateral sclerosis (ALS) [22-24]. Considering the
importance of microglial cells, and its role as the frontline
of the immune response, which makes it a possible target of
EDCs, we investigated the in vitro effects of BPA on the
generation of two regulatory cytokines: TNF-« and inter-
leukin 6 (IL-6) in BV2 microglial cell line. Since EDCs are
able to serve as inflammatory inducers partially via the
estrogen receptor, the regulatory effect of estrogen receptor
(ER) was discussed [25]. Furthermore, extensive studies
have demonstrated interference with differentiation and pro-
liferation of neuronal cells, which closely involves differen-
tial activation of mitogen-activated protein kinase (MAPKs)
and NF-kB pathways, may be a critical factor in cell survival
and death process. However, it is still unknown whether
MAPKs and NF-kB were participated in BPA-mediated
inflammatory reaction in microglial cells [26, 27].

The results herein provide evidence supporting the
influence of EDCs on the function of BV2 cells involving,
in part, an ER-dependent mechanism and activation of
MAPKSs and NF-kB, with subsequent TNF-x and IL-6
expression.

MATERIALS AND METHODS

Reagents and Antibodies

Bisphenol A (purity >98 %), 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide (MTT), and
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lipopolysaccharide (LPS) were purchased from Sigma
(St. Louis, MO, USA). The rabbit anti-mouse antibodies
for ERK1/2 and phosphorylated (p)-ERK1/2, JNK and p-
JNK, NF-kB and p-NF-kB, PD98059, SP600125, and
ICI182780 were obtained from Cell Signaling (Danvers,
MA, USA). The rabbit anti-mouse CD11b monoclonal
antibody, the rabbit anti-mouse Estrogen Receptor alpha
monoclonal antibody, the rabbit anti-mouse Estrogen Re-
ceptor beta polyclonal antibody (Abcam Inc., Cambridge,
MA, USA), and TRITC-conjugated goat anti-rabbit-IgG
secondary antibody (Sigma) were used. Dulbecco’s Mod-
ified Eagle Medium (DMEM), fetal bovine serum (FBS),
penicillin, and streptomycin were obtained from HyClone
Laboratories Inc. (Legan, Utah, USA).

Cell Culture and Sample Treatment

The murine BV2 microglial cell line was obtained
from Shanghai Cell Research Center (Shanghai, China).
These cells were grown at 37 °C in DMEM supplemented
with 10 % FBS, penicillin (100 units/ml), and streptomycin
sulfate (100 pg/ml) in a humidified atmosphere of 5 %
CO,. Cells were incubated with BPA at concentrations of
10, 100, and 1000 nM/1. The final concentration of DMSO
did not exceed 0.05 %.

Cell Viability Assay

Cell viability was measured based on the formation of
blue formazan metabolized from MTT by mitochondrial
dehydrogenases, which are active only in live cells. BV2
cells were plated in 96-well plates at a density 8 x 10”3 cells
per well for stability. After cultured in DMEM without
FBS for 12 h, cells were treated with various concentra-
tions of BPA (0.01 nM/I-100 uM/1) for 12 or 24 h and then
incubated in 0.5 mg/ml MTT solution. Viabilities were
determined using colorimetric MTT assay on microplate
reader.

Immunofluorescence Analysis

Glass bottom dishes containing 100-200 cells/mm?
were fixed with 4 % paraformaldehyde for 20 min
followed by treatment with 0.2 % Triton (-20 °C) for
15 min and three rinses in phosphate-buffered saline. Sam-
ples were blocked with 5 % bovine serum albumin in
phosphate-buffered saline-Tween-20 (PBST) for 30 min
and incubated in PBST containing 1 % bovine serum
albumin rabbit anti-mouse CD11b monoclonal antibody
(1:1,000) overnight, 4 °C. Dishes were further incubated
with TRITC-conjugated goat anti-rabbit-IgG secondary
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antibody (1:100) for 2 h (37 °C). After three rinses in PBS
(5 min each), DAPI was finally incubated. The samples
were mounted and observed under a ZEISS confocal laser
scanning microscope 700.

Isolation of Total RNA and Real-Time PCR

BV2 microglial cells were treated with the indicated
concentrations of BPA for 6 or 12 h and total RNA was
extracted by using TRIZOL (TaKaRa Bio, Inc., Japan)
according to the manufacturer’s instruction. One micro-
gram RNA was reverse-transcribed using PrimeScript™
RT Master Regent (TaKaRa). Then cDNA was amplified
by PCR using specific primer CD11b (forward 5'-TATG
GAGCATCAATAGCCAGCCT-3" and reverse 5'-GAGA
TCCTTACCCCCACTCAGAGAC-3"), CD68 (forward
5'-TCTGATCTTGCTAGGACCGCTTATA-3' and reverse
5'-TGTGAACTGTGACATTTCCGTGACT-3"), TNF-«
(205 bp) (forward 5-GACCCTCACACTCAGATCAT-3'
and reverse 5'-TTGAAGAGAACCTGGGAGTA-3'), IL-6
(265 bp) (forward 5'-GAGGATACCACTCCCAACAG
ACC-3' and reverse 5'-AAGTGCATCATCGTTGTTCA
TACA-3'), and (-actin (263 bp) (forward 5'-ATGTACGT
AGCCATCCAGGC-3'" and reverse 5'-AGGAAGGAAG
GCTGGAAGAG-3") according to SYBR Premix Ex
Taq™ (TaKaRa) manufacturer’s instruction. The temper-
ature profile was as follows: initial denaturation at 95 °C
for 30 s, 40 cycles of PCR step at 95 °C for 5 s and then
60 °C for 31 s. 3-Actin was used as an internal control to
evaluate relative expression of IL-6 and TNF-«.

Enzyme-Linked Immunosorbent Assay

Levels of TNF-o and IL-6 in the culture media were
quantified using enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems, Minneapolis, MN, USA).
Quantification of ELISA results was performed using the
microplate reader set to a test wavelength of 450 nm and
corrected for the absorbance at 540 nm, according to the
manufacturer’s instructions.

Western Blot Analysis

BV2 microglial cells were treated with the indicated
concentrations of BPA for specific hours and then cells were
harvested, washed once with ice-cold PBS, and gently lysed
for 20 min in protein lysis buffer, RIPA (Sigma). Lysates
were centrifuged at 15,000 rpm at 4 °C for 15 min to obtain
the supernatants. Then, supernatants were collected and
protein concentrations were determined using Pierce BCA
protein assay reagent (Thermo Scientific Rockford, IL,
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USA). Samples with the equal amounts of protein were
loaded onto 10 % sodium dodecyl sulfate—polyacrylamide
gels, subjected to electrophoresis, and subsequently blotted
onto 0.20 uM PVDF membrane (Millipore, USA). The
immunoblot was incubated for 2 h with blocking solution
(5 % nonfat milk or 5 % BSA in TBS-T for phosphorylated
protein) at room temperature, followed by incubation over-
night with a primary antibody at 4 °C. Membranes were
washed three times with Tween 20/Tris-buffered saline
(TBST) and incubated with a 1:50,000 dilution of secondary
antibody (Sigma) for 2 h at room temperature. Membranes
were again washed five times with TBST and then devel-
oped by Chemiluminescent HRP Substrate (Millipore Cor-
poration, Billerica, MA, USA). Band densities were normal-
ized to 3-actin in each sample.

Statistical Analysis

Results were expressed as the mean + standard devi-
ation. Statistically significant values were compared using
Student’s ¢ test, ANOVA, and Dunnett’s post hoc test, and
P values of less than 0.05 were considered statistically
significant. All statistical analyses were performed using
SPSS v.17.0 statistical analysis software (SPSS Inc., USA).

RESULTS

Effects of BPA on Cell Viability in BV2 Cells

BV2 cells were incubated with varied concentration
(0.01 nM/I-100 uM/1) of BPA for 12 and 24 h, and then
cell injury was evaluated by MTT assay. As shown in
Fig. 1, 0.01 nM-10 uM BPA did not obviously affect the
cell viability; however, 100 uM BPA dramatically contrib-
uted to microglial cell injury with approximately 60 %
reduction of cell viability compared with control group.
To rule out the cell death mediated by BPA, 10 nM/I to
1 uM/1 BPA were selected for the subsequent experiments.

Effects of BPA on Microglial Activation

The morphologic change in glial cell is considered as
a hallmark of glial activation, giving credit to its secretion
of cytokine mediators. Also, increased expression of
CD11b, the beta-integrin marker of microglial, as well as
CD68, represents microglial activation during neurodegen-
erative inflammation [28]. To explore whether BPA treat-
ment contributed to activation of BV2 cells,
immunoflurescence analysis and real-time PCR were per-
formed to determine the resting or activated state of MG
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Fig. 1. Effects of BPA on cell viability in BV2 microglial cells. Cells were
treated with the indicated concentrations of BPA (10" >~10"° nM/I) for 12
and 24 h, then cell viability was measured by MTT assay. The results were
shown as the percentage of surviving cells compared with control cells.
Data are expressed as the mean=+S.E. of three independent experiments,
performed in triplicate. Statistical significance was determined by ANOVA
and Dunnett’s post hoc test (**P<0.01 vs. the control group).
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qualitatively and quantitatively. Figure 2a represented red
fluorescence labeled by rabbit anti-mouse CD11b mono-
clonal antibody, as this was observed in normal resting
BV2 cells. As the positive control, LPS-stimulated cells
demonstrated rather high expression of CDI11b protein
along with typical morphologic changes of activation.
Figure 2c presented kinds of process-bearing cell
types, both bipolar and tripolar, and also amoeboid
types with swelling round cell bodies. BPA-treated
cells in Fig. 2b also showed signs of activation with
ramified shape and higher level of CD11b expression,
compared to the control group. This was confirmed by
real-time PCR analysis that significant enhancement in
CD11b and CD68 mRNA were observed in BPA-
treated groups (Fig. 2d, e). All these results suggested
that BPA might lead to MG activation at a nanomole
scale in BV2 cells.
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Fig. 2. Effects of BPA on microglial activation in BV2 cells. Cells were cultured on glass bottom dishes at a density of 100-200 cells/mm?. All cells were
fixed and stained with rabbit anti-mouse CD11b monoclonal antibody (red) and DAPI (blue). a The negative control group treated with non-FBS DMEM. b
Representative photos of cells treated with BPA (100 nM/1) for 12 h. ¢ Representative photos of cells incubated with LPS (0.5 pg/ml) for 12 h. Laser scanning
microscope (oil scope) x630. d, e Total RNA was prepared for the real-time PCR analysis of CD11b and CD68 gene expression from BV2 microglial cells
treated with BPA (10, 100, 1,000 nM/1) for 12 h. Data are expressed as the mean=+S.E. of three independent experiments, performed in triplicate. Statistical
significance was determined by ANOVA and Dunnett’s post hoc test (¥*P<0.05, **P<0.01 vs. the control group).
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Effects of BPA on IL-6 and TNF-« in BV2 Cells

Based on the typical changes in microglial morphol-
ogy and phenotype, we then evaluated the effects of BPA
on pro-inflammatory cytokines, using real-time PCR anal-
ysis and ELISA. As depicted in Fig. 3, treatment of BPA
markedly up-regulated IL-6 and TNF-o«c mRNA expression
(Fig. 3a, b). As mRNA level is not always corresponded
with protein expression, we next investigated the effects of
BPA on IL-6 and TNF-« expression by ELISA. Similarly,
it suggested that BPA specifically facilitated IL-6 and TNF-
o expression in a dose-dependent manner (Table 1).

Effects of Estrogen Receptor on BPA-Induced IL-6
and TNF-x

Because EDCs are able to serve as inflammatory
inducers partially via the estrogen receptor, we examined
whether ER was involved in the regulatory activity of BPA
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Fig. 3. Effects of BPA on IL-6 (a) and TNF-« (b) mRNA expression in
BV2 microglial cells. Total RNA was prepared for the real-time PCR
analysis of IL-6 and TNF-oc gene expression from BV2 microglial cells
treated with BPA (10, 100, 1,000 nM/1) for 6 h. Data are expressed as the
mean+S.E. of three independent experiments, performed in triplicate.
Statistical significance was determined by ANOVA and Dunnett’s post
hoc test (*P<0.05, **P<0.01 vs. the control group).
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Table 1. Effects of BPA on the Production of IL-6 and TNF-«. Cells Were
Treated with BPA (10, 100, 1,000 nM/1) for 24 h and then the Levels of TL-
6 and TNF-« in the Supernatants Were Quantified Using ELISA Kits.
Data Are Expressed as the Mean=+S.E. of Three Independent Experiments,
Performed in Triplicate. Statistical Significance Was Determined by
ANOVA and Dunnett’s Post Hoc Test.

BPA (nM/]) IL-6 (pg/ml) TNF-a (pg/ml)
0 412.09+4.81 171.70+0.30
10 422.86+16.05 173.12+1.52
100 452.21+22.93" 182.55+5.68"
1,000 478 46+17.08" 184.28+4.97"

a

indicates a p value of less than 0.05, compared with control group

[25]. As shown in Fig. 4, the addition of ER-specific
antagonist ICI182780 (10 uM) was able to partially sup-
press BPA-induced TNF-a production (Fig. 4a) and was
capable of blocking IL-6 secretion in the presence of BPA
(Fig. 4b). With the western blot assay (Fig. 4c), BV2 cells
expressed only detectable levels of ERf3, so it was
convincible that the suppressive effects of ICI182780 on
CK might primarily mediated by ERf3 [29].

Effects of BPA on ERK1/2 and JNK Activation in BV2
Cells

MAPK family has long been studied with its relation to
inflammatory reaction. Therefore, we next explored whether
MAPKSs signal pathways were involved in BPA-mediated
IL-6 and TNF-x expression. As shown in Fig. 5, BPA
obviously activated ERK1/2 and JNK pathways. It was
worth mentioning that nanomolar BPA (101,000 nM) elic-
ited a rapid phosphorylation of ERK1/2 in a dose-dependent
manner (Fig. 5Sb). Meanwhile, BPA significantly activated
ERK1/2 within 10 min. It rose rapidly to a peak between 10
and 30 min and then gradually returned to a steady level
(Fig. 5a). In addition, the appearance of JNK as well as p-
JNK fragments was also quantified by western blot. Simi-
larly, our data showed that a rapid phosphorylation of INK
was first detectable at 10 min and started to decline by
60 min. As we speculated, BPA activated the JNK pathway
in a dose-dependent manner, which manifested a specific
effect of BPA on JNK signaling pathway (Fig. 5c, d).

Having determined the specific effects of BPA on
ERK1/2 and JNK in BV2 cells, we then consequently asked
whether ERK1/2 and JNK pathways were involved in BPA-
mediated inflammatory reaction. The BV2 cells were incu-
bated with PD98059 (ERK1/2 antagonist) and SP600125
(JNK inhibitor) for 1 h prior to BPA exposure, then TNF-«
and IL-6 expression was subjected to real-time PCR assay
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Fig. 4. Effects of estrogen receptor pathway on BPA mediated IL-6 and TNF-« expression. After 1 h pretreatment with ICI182780 (10 uM/L), BV2 cells
were incubated with (100 nM/I) BPA for 24 h. Supernatants were collected for protein analysis of IL-6 (a) and TNF-o (b) by ELISA. Data are expressed as the
mean=S.E. of three independent experiments, performed in triplicate. Statistical significance was determined by ANOVA and Dunnett’s post hoc test
(**P<0.01 vs. the control group; ##P<0.01 vs. the BPA treated group). ¢ Western blot were performed to identify the subunit of estrogen receptor (ERx and

ERP).

and ELISA. As shown in Fig. 6, SP600125 obviously
suppressed TNF-o and IL-6 mRNA expression in BV2
cells, whereas PD98059 markedly inhibited TNF-oc expres-
sion and slightly decreased IL-6 level though the data
showed no significant differences. The ELISA analyses
showed that both PD98059 and SP600125 were capable to
attenuate the production of TNF-o and slightly decreased
IL-6 secretion. The inconformity of mRNA and protein
expression suggested a post-transcriptional regulation might
function via activation of MAPK cascades.

Effects of BPA on NF-kB Activation in BV2 Cells

Since the MAPKSs pathways are known to be in-
volved in Ikk-dependent NF-kB activation and NF-kB
is known to exert transcriptional regulation of TNF-«
and other pro-inflammatory cytokines genes, we then
focused on NF-kB transcription and activation. As
depicted in Fig. 7, BPA significantly increased levels
of phosphorylated NF-kB p65 in a time- and dose-
dependent manner, the maximum expression levels were
observed at 12 h and 1 uM, respectively. These results
suggested that NF-«kB might be involved in BPA-
mediated inflammatory reaction in BV2 cells.

DISCUSSION

Microglial cells have been recognized as the major
frontline guardian of immune defense in the central ner-
vous system and exert their regulatory functions, in part,
through the release of cytokines after activation and/or
inflammatory insults [20, 21]. Results from recent epide-
miologic and experimental studies have suggested the po-
tential role of exposure to EDCs in modifying the immune
homeostatic state [11]. Therefore, understanding the target
and regulatory pathways of EDCs, particularly in MG,
would contribute to advancing knowledge about EDC
involvement in the development of immunologic neurode-
generative diseases. In the present study, we found BPA,
one of the most common EDCs, targeted and regulated
cytokine responses of BV2 cells via ERf3 signaling,
MAPK activation, and NF-kB pathway.

The role of microglial cells play on immunity reaction
as well as neurodegeneration diseases has long been
discussed [21]. Our study showed BPA-stimulated BV2
cells displayed in the process-bearing form, which was
reported to exhibit further progressive activation with high-
ly proliferative activity [30, 31]. We also found BPA de
novo did not perform cytotoxicity of BV2 cells under
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Fig. 5. Effects of BPA on p-ERK, ERK, p-JNK, JNK expression in BV2 microglial cells. a Effects of 100 nM/l BPA on ERK /2 pathway at different time
points (10 min, 20 min, 30 min, 1 h, 3 h, 6 h, 12 h) or b effects of BPA on ERK1/2 pathway with various concentrations (10, 100, 1,000 nM/1) for 12 h. ¢
Effects of 100 nM/l BPA on JNK pathway at different time points (10 min, 20 min, 30 min, 1 h, 3 h, 6 h, 12 h) or d effects of BPA on JNK pathway with varied
concentrations (10, 100, 1,000 nM/1) for 12 h. 3-Actin levels performed in parallel served as controls. The experiments were repeated three times, and similar
results were obtained. Statistical significance was determined by ANOVA and Dunnett’s post hoc test (**P<0.01 vs. the control group).
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Fig. 6. Effects of ERK1/2 and JNK pathways on BPA mediated IL-6 and TNF-« expression. Total RNA was prepared for the real-time PCR analysis of IL-6
(a) and TNF-o (b) mRNA expression from BV2 microglial cells pretreated with PD98059 or SP600125 1 h and then incubated 100 nM/l BPA for 6 h. In
parallel, the protein level of IL-6 and TNF-« was detected by ELISA following PD98059 or SP600125 treatment. Cells were treated with BPA (100 nM/1) for
24 h, then the culture media was collected. Levels of IL-6 (¢) and TNF-« (d) in the supernatants were quantified using ELISA kits. Data are expressed as the
mean=S.E. of three independent experiments, performed in triplicate. Statistical significance was determined by ANOVA and Dunnett’s post hoc test
(*P<0.05, **P<0.01 vs. the control group; #P<0.05, ##P<0.01 vs. the BPA-treated group).

indicated concentrations, so the releasing of pro-
inflammatory mediators should be subsequent to the acti-
vation of microglial cells, which in turn could contribute to
the immunoregulatory effects on central nervous system.
In vitro studies, Yamashita reported that treatment of BPA
(0.01 to 1 uM) contributed to secretion of a higher level of
IL-1, IL-6, TNF, and MCP-1 compared to the control
group in murine spleen cells and thymus cells, which was
in accordance with our study in BV2 cells [32]. Whereas
higher level of BPA (1 to 50 uM) exerted a potential ability
to decrease NO and TNF-« induced by LPS in macrophage
cells [33], suggesting that diverse cell types and doses may
lead to differential inflammation consequences. In the
present study, we found that the IL-6 and TNF-«c mRNA
expression after BPA exposure did not show characteristic
dose-dependent manner, this may explained by Laura’s
reports that non-monotonic dose response curves

(NMDRCs) are common in the BPA in vitro literature
[34]. However, further detailed work is needed to address
these issues. Also, of interest, the TNF-« and IL-6 mRNA
expression was not totally corresponded with protein ex-
cretion; it might be due to the post-transcriptional regula-
tion, which contains a time-delayed component [35].

The ability of estrogen to modulate microglial inflam-
matory capacity via interaction with ERs (mainly ERx and
ERf3) has been extensively established [36-38]. As one
kind of EDCs, BPA is described to perform both anti- and/
or mimic estrogen properties and it acts as cell type-
specific agonists (=10 nM) or antagonists (<10 nM) depen-
dent on differential treatments [39]. To examine the in-
volvement of the ER axis, our data demonstrated that
BPA could exert modulatory effects on inflammatory fac-
tors expression via interactions with ER 3 (ER e is naturally
undetectable in BV2 cell line), or a compensatory
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Fig. 7. Effects of BPA on p-NF-kB, NF-kB protein expression in BV2 microglial cells. Cells were treated with 100 nM/1 BPA at varied time points (15 min,
30 min, 1 h, 3 h, 6 h, 12 h) or various concentrations of BPA (10, 100, 1,000 nM/1) for 12 h, respectively. Then, the cell lysates were prepared and western blot
were performed to analyze time course (a) or dose response (b) of phosphorylated NF-«kB and total NF-kB. (3-Actin levels performed in parallel served as
controls. The experiments were repeated three times, and similar results were obtained. Statistical significance was determined by ANOVA and Dunnett’s

post hoc test (**P<0.01 vs. the control group).

mechanism for the lack of ERx expression, on account that
ICI182780 could cause significant reduction in TNF-« and
IL-6 production. The selectively suppressive effects of ER
antagonist on CK secretion were observed in other EDCs,
like 4-OP and NP [40]. The classic ERE-dependent mech-
anisms may lie in estrogenic IL-6 secretion, since previous
study sustained the fact that in human osteoblastic cells, the
IL-6 promoter is inhibited by E2 in the absence of a
functional ER binding site, which is mediated via down-
regulation of NF-kB and C/EBP [41]. Additionally, phys-
iologically high concentration of 17f3-estradiol and ERf3
elevated TNF-« expression by direct enhancement of NF-
kB activity on human T cells [42]. EDCs may also act in
non-ERE-dependent mechanism, evidence indicates that
E2 and estrogenic EDCs (NP, 4-OP, BPA) may induce
rapid ERK phosphorylation and PI3K activation via geno-
mic responses in MCF-7 [43—45]. The further mechanisms
linking ERs to MAPKs and NF-kB signaling pathway in
BPA-evoked MG activation need to be fully addressed.
Inflammatory cytokines are regulated in multiple
levels: transcriptional, post-transcriptional, and post-

translational. Transcriptional regulation of TNF-« and oth-
er cytokines is complex, which is involving a number of
transcriptional factors (TFs), including NF-xB, AP-1,
and various members of the C/EBP, ATF/CREB, and
STAT family [46-48]. Of all, NF-kB is considered a
widely use strategy to suppress the inflammatory re-
action and as the critical factor to link the cytoplasmic
and nuclear signal transduction. In unstimulated cells,
NF-kB is retained in the cytoplasm by binding to
IkB-x. Once activated, NF-kB, via phosphorylated
its endogenous inhibitors IkB-x, results in nuclear
translocation, which is considered as a key process
to regulate the gene of certain cytokines genes, like
iNOS, COX-2, and TNF-alpha [49, 50]. Lee et al
reported that the treatment of BPAF (with similar
chemical structure as BPA) at the concentration of
200 puM/1 caused IkB-x to decrease while NF-kB
continued to increase in HT-22 cells (murine hippo-
campal cell line) [51], showing a close correspon-
dence with our study. Other research also determined
that BPA could change the transcriptional capacity of
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NF-kB by modifying various transcriptional factors,
like spl which influenced the combining site of NF-
kB [39]. All these results supported our speculation
that at least, in microglial cells, NF-kB might be
participated in BPA-mediated inflammatory reaction.

The MAPK family has been implicated as a clas-
sic mediator of signal transduction pathways related to
inflammatory responses. ERK is stimulated primarily
by growth factors and tumor promoters, and JNK is
activated in response to inflammatory agents and envi-
ronmental stress [52]. In our study, ERK1/2 and JNK
pathways could be rapidly activated in 30 min,
reaching a relatively high level when compared to the
control group, and both proteins displayed a dose-
dependent manner. Corresponding to this, in cerebellar
granule cells, BPA increased ERK1/2 phosphorylation
within 2-4 min with simultaneous neural impairment
[53]. Consistent with the findings aforementioned, we
found that SP600125, a JNK inhibitor, could partially
retard BPA-induced TNF-o production, suggesting
JNK’s crucial function in this inflammatory process.
p38 MAPK, as another vital member of MAPK path-
way, is widely studied as a modulating factor of cell
impairment procedure, while in our study, phosphory-
lated p38 was not detectable (data not shown), which
might result from trivial BPA-evoked microglial toxic-
ity. In addition, the impact of BPA on MAPK was
observed within seconds to minutes, while NF-«kB
p65 persistently elevated in observed period within
12 h, as is reported that each of the three MAPKs
modules has the potential to elicit transcriptional acti-
vation via phosphorylation of different sets of TFs, the
actual mechanistic link between them remains to be
fully addressed [27, 54, 55].

In summary, our findings represent the demonstration
that BPA possesses glial activation and exerts its action on
inflammatory response in microglial cells, the inflamma-
tory reaction mediated by BPA were partially via ER sig-
naling, MAPKs and NF-kB pathways. Further studies are
necessary to elucidate the immunomodulatory effects
in vivo models.
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