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Abstract
Glycogen synthase kinase 3 (GSK3) is a constitutively active regulatory enzyme that is

important in cancer, diabetes, and cardiovascular, neurodegenerative, and psychiatric dis-

eases. While GSK3α is usually important in neurodegenerative and psychiatric diseases

GSK3β is fundamental in the inflammatory response caused by bacterial components. Pep-

tidoglycan (PGN), one of the most abundant cell-wall structures of Gram-positive bacteria,

is an important inducer of inflammation. To evaluate whether inhibition of GSK3α and

GSK3β activity in bovine endothelial cells (BEC) regulates the expression of the pro-inflam-

matory cytokine IL-12p40, we treated BEC with SDS-purified PGN from Staphylococcus
aureus. We found that PGN triggered a TLR2/PI3K/Akt-dependent phosphorylation of

GSK3α at Ser21, GSK3β at Ser9, and NF-κB p65 subunit (p65) at Ser536, and the phos-

phorylation of GSK3α was consistently higher than that of GSK3β. The expression of IL-

12p40 was inhibited in BEC stimulated with PGN and pre-treated with a specific neutralizing

anti-TLR2 antibody that targets the extracellular domain of TLR2 or by the addition of Akt-i

IV (an Akt inhibitor). Inhibition of GSK3α and GSK3β with LiCl or SB216763 induced an

increase in IL-12p40 mRNA and protein. The effect of each isoform on IL-12p40 expression

was evaluated by siRNA-gene expression silencing of GSK3α and GSK3β. GSK3α gene

silencing resulted in a marked increase in IL-12p40 mRNA and protein while GSK3β gene

silencing had the opposite effect on IL-12p40 expression. These results indicate that the

TLR2/PI3K/Akt-dependent inhibition of GSK3α activity also plays an important role in the

inflammatory response caused by stimulation of BEC with PGN from S. aureus.
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Introduction
Staphylococcus aureus causes important infectious diseases in animals and humans because it
expresses a wide arrange of virulence factors and cell-wall associated structures that are respon-
sible for damaging tissues [1]. One of the main cell wall structures of S. aureus is the peptido-
glycan (PGN) that activates the innate immune system of the host and promotes inflammation
[2] via the PI3K/Akt signaling pathway [3–5]. While it has been proposed that the intracellular
receptors NOD1/2, but not TLR2, are the main proteins involved in PGN signaling [2], some
studies have shown that TLR2 is a major receptor that senses PGN. For example, treatment of
RAW264.7 macrophages with PGN induced the TLR2-dependent recruitment of p85α, Rac1
and Ras that mediates IKKα/β-NF-κB activation, and COX2 expression through the Rac1/
PI3K/Akt and Ras/Raf1/Erk1-2 signaling pathways [3, 6]. Also, in BV-2 microglia, PGN acti-
vates the TLR2/MyD88/PI3K/Akt pathway, which leads to IκBα degradation, phosphorylation
of NF-κB p65 subunit (p65) at Ser536, and expression of pro-inflammatory cytokines, iNOS,
and COX2 [4]. Moreover, PGN binds to TLR2 in fibroblasts and activates the FAK/PI3K/Akt
signaling and the transcription factor AP-1, leading to an increase in IL-6 expression [5].

The phosphoinositide 3-kinase/Akt (PI3K/Akt) signaling pathway mediates a variety of cel-
lular responses such as survival, proliferation, differentiation, apoptosis, and as mentioned
above, inflammation [7, 8]. Activation of PI3K/Akt pathway leads to the PI3K-dependent syn-
thesis of phosphatydilinositol-3,4,5-triphosphate (PIP3) and phosphorylation of Akt at Thr308
and Ser473 by the constitutively active PDK1 [9, 10] and mTORC2 [11, 12]. Akt in turn regu-
lates the activity of a wide range of substrates, among which glycogen synthase kinase 3 (GSK3)
is important in the modulation of the inflammatory response [8, 13]. GSK3 refers to two mam-
malian paralogs that are commonly called GSK3α and GSK3β isoforms [14], which are constitu-
tively active and can be inactivated by phosphorylation at Ser21 (GSK3α) or Ser9 (GSK3β) by
Akt [15]. Since its discovery, GSK3β has been shown to be involved in the regulation of many
cellular functions including growth, differentiation, embryonic development, cell cycle progres-
sion, apoptosis [16, 17] and in the inflammatory response caused by bacterial infection through
the regulation of NF-κB activity [13, 15]. In regard to GSK3αmost of the glucose/glycogen
homeostasis appears to depend mainly on this isoform, with a minor contribution of GSK3β in
skeletal muscle [18–20]. Also, GSK3α plays a potential role as a regulatory enzyme of the central
nervous system [21]. This isoform, but not GSK3β, has recently been identified in the mainte-
nance and/or proliferation of Th17 cells stimulated with the pro-inflammatory cytokine IL-1
[22]. However, participation of GSK3α in the modulation of inflammation, triggered by micro-
bial products has not been well documented. Studies in murine models indicate that both iso-
forms of GSK3 are not physiologically redundant [16, 18, 23]. Recently, it was found that LiCl
inhibition of GSK3α in lipopolysaccharide (LPS)-activated neutrophils and in the murine dorsal
air-pouch model lead to a large increase in TNF-α secretion by affecting the translational mech-
anism of the TNF-α protein without altering its mRNA levels [24]. Furthermore, in a previous
report we demonstrated that internalization of S. aureus by endothelial cells is associated with
the PI3K/Akt activity [25]. Although the correlation between S. aureus internalization and
GSK3α or GSK3β activity was not analyzed in that report, we indeed observed a higher phos-
phorylation of GSK3α at Ser21 than GSK3β at Ser9 [25]. Thus, it is likely that GSK3α has also
regulatory functions in the inflammatory response induced by S. aureus.

Interleukin (IL)-12 is an important pro-inflammatory cytokine because its expression dur-
ing bacterial infection regulates the innate response and determines the type and duration of
the adaptive immune response [26, 27]. Structurally, this cytokine is a heterodimer composed
of two subunits designated p35 and p40 linked by disulfide bonds [28, 29]. The IL-12p40 gene
is highly inducible by microbial products such as LPS, lipoteichoic acid (LTA) and PGN via
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Toll-like receptor signaling and NF-κB activation [27]. Antigen-presenting cells and phago-
cytic cells are the primary producers of IL-12 [27], although human endothelial cells also pro-
duce it [30]. Despite IL-12 is essential for host defense, its overexpression can cause persistent
inflammation giving rise to autoimmune disorders. To counterbalance the action of IL-12,
immune cells produce IL-10 that decreases NF-κB and AP-1 activity, and at the same time
increases CREB activity [31, 32].

Stimulation of human monocytes and peripheral blood mononuclear cells (PBMCs) with ago-
nists of TLR2 (LTA from Streptococcus pneumoniae), TLR4 (LPS or synthetic lipid A), TLR5 (fla-
gellin from Salmonella Typhimurium), or TLR9 (human CpG), reduced the expression of IL-
12p40 through the inhibition of GSK3β with no participation of the GSK3α isoform [32]. In con-
trast, data presented in this work indicate that stimulation of bovine endothelial cells (BEC) with
PGN from S. aureusmodulates the expression of IL-12p40 through the inhibition of GSK3α and
GSK3β. Interestingly, inhibition of GSK3α with pharmacological drugs or its gene expression
silencing with interference RNA in BEC stimulated with PGN produced a marked increase in the
expression of IL-12p40. In similar experiments, directed to GSK3β, we observed a reduced
expression of IL-12p40. In both cases the mechanism involved the activation of the TLR2/PI3K/
Akt signaling pathway. Altogether, the biochemical evidence presented indicates that both iso-
forms of GSK3 differentially modulate the expression of IL-12p40, a pro-inflammatory cytokine.

Materials and Methods

Media and Chemicals
F-12 Ham (HF-12) of Dulbecco’s modified Eagle’s medium, bovine serum albumin (BSA),
trypsin-EDTA, Igepal CA-930, PGN from S. aureus 77140, Wortmannin (Wort), Akt-i IV,
LY294002 (LY), SB216763 (SB), NaCl, LiCl, puromycin, and Bradford reagents were purchased
from Sigma-Aldrich, Inc. (St. Louis, MO, USA). Fetal calf serum (FCS) was acquired from
Equitech-Bio, Inc. (Kerrville, TX, USA). A cocktail of sodium penicillin G, streptomycin sul-
fate, and amphotericin B was purchased from Gibco-BRL (Gaithesburg, MD, USA). Akt Inhib-
itor II, D-3-Deoxy-2-O-methyl-myo-inositol 1-[(R)-2-methoxy-3-(octadecyloxy) propyl
hydrogen phosphate (SH-5) was acquired from Calbiochem (Darmstadt, Germany). Halt
Phosphatase inhibitor cocktail was purchased from Thermo Fisher Scientific (Waltham, Mas-
sachusetts, USA). Protease inhibitor cocktail was acquired from GE Healthcare Bio-sciences
(Little Chalfont, UK). Trizol reagent and EXPRESS One-Step SYBR GreenER Universal Kit
were purchased from Invitrogen (Carlsbad, CA, USA). Bovine Interleukin 12 (IL-12/p40) TSZ
ELISA kit was purchased from Biotang (Massachusetts, USA). All other reagents were acquired
from Sigma-Aldrich.

Antibodies
Rabbit polyclonal antibodies against the extracellular domain of TLR2 (N-17; sc-8689), the iso-
type unspecific IgG, and goat anti-rabbit IgG-HRP were purchased from Santa Cruz Biotech-
nology, Inc. (Santa Cruz, CA, USA). Rabbit polyclonal antibodies against phospho-glycogen
synthase (Ser641) and rabbit monoclonal antibodies against phospho-Akt (Ser473), phospho-
GSK3α (Ser21), phospho-GSK3β (Ser9), phospho-p65 (Ser536), Akt, GSK3β, and NF-κB p65
subunit were purchased from Cell Signaling Technology (Boston, MA, USA).

Cell Line and Culture Conditions
The endothelial cell line used as a model cell in this study was obtained from bovine umbilical
veins and immortalized by transfection with an expression vector containing the E6-E7
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oncogenes of human papillomavirus 16 (BVE-E6E7) [33]. This immortalized bovine endothe-
lial cell line, called BEC in this study, was grown and maintained in HF-12 supplemented with
10% FCS and a cocktail of sodium penicillin G, streptomycin sulfate, and amphotericin B,
unless otherwise noted.

Purification of PGN
We eliminated lipopeptides from commercial PGN preparations from S. aureus (Sigma-
Aldrich) as previously described by Dziarski and Gupta (2005) [34]. Briefly, 2 mg of PGN per
mL were treated with 8% sodium dodecyl sulfate (SDS) at 90°C for 30 min, followed by 10
washes with H2O to remove SDS. The concentration of purified PGN was calculated spectro-
photometrically at 450 nm by adjusting the value of the dispersion to the same value obtained
from commercial PGN that was prepared at 1 μg/mL.

BEC Transfection
BEC (2 x 105) were grown in six-well culture plates with HF-12K without serum and antibiot-
ics for 24 h. Then, each well was transfected with the X-tremeGENE HP DNA Transfection
Reagent kit (Roche). We used either 3 μg of siRNA-GSK3α plasmids (Sigma Aldrich, clone
IDs, pLKO.1-GSK3α1: NM_019884.1-948s1c1; pLKO.1-GSK3α2: NM_019884.1-567s1c1,
and pLKO.1-GSK3α3: NM_019884.2-1207s1c1) or siRNA-GSK3β plasmids
(pLKO.1-GSK3β1 and pLKO.1-GSK3β2) that were gifts from Alex Toker (Addgene plasmid
# 32496 and # 32497). Control cells were transfected with 3 μg of the pLKO.1 plasmid
(pLKO.1) that was a kind gift from Bob Weinberg (Addgene plasmid # 8453). For GSK3α the
targeting sequences were: 5’-TACATCTGTTCTCGCTACTA-3’ (nucleotides 1535–1554,
pLKO.1-GSK3α1); 5’-CCAGGACAAGAGGTTCAAGAA-3’ (nucleotides 1153–1173,
pLKO.1-GSK3α2); 5’-CCTGGACAAAGGTGTTCAAAT-3’ (nucleotides 1788–1808,
pLKO.1-GSK3α3); 5’-GAAGTCAGCTATACAGACACT-3’ (nucleotides 587–607,
pLKO.1-GSK3β1) and 5’-GAAAGCTAGATCACTGTAACA-3’ (nucleotides 735–755,
pLKO.1-GSK3β2). After 24 h, the culture medium was changed to HF-12K with serum plus
0.8 μg/mL of puromycin and cells were incubated for 15 days to select for stable transfections.
BEC were recovered and sub-cultured in six-well culture plates in HF-12K without serum,
incubated for 24 h and stimulated with PGN, as described below.

Protein Extraction andWestern Blot Assays
To test for the relative abundance of phosphorylated and non-phosphorylated proteins, BEC
were grown in six-well tissue culture plates (Ultra Cruz) to approximately 90% confluence
before serum starvation for at least 4 h. Total protein (cytosolic plus nuclear) from control and
treated cells was obtained by washing the cells 2X with cold PBS and lysing them with 100 μl of
a cold lysis buffer containing 20 mM Tris-HCl, pH 7.5, 150 mMNaCl, 1% Igepal CA-930, 10
mMNa-pyrophosphate, 50 mMNaF and 1 mMNa-orthovanadate supplemented with 1X pro-
tease inhibitor cocktail and 1X phosphatase inhibitor cocktail, which were added immediately
before lysing the endothelial cells. The lysates were centrifuged at 16,000 xg for 20 min at 4°C
and the supernatant was transferred to ice-cold Eppendorf tubes. Protein concentration was
measured by the Bradford method [35] using BSA as standard. Then, 30–40 μg of protein was
separated by electrophoresis in 10% sodium dodecyl sulfate-polyacrylamide gels and electro-
blotted in a wet chamber onto 0.45 μm nitrocellulose membrane (Bio-Rad) at 250–300 mA for
1 h. Membranes were probed with primary polyclonal antibodies to phosphorylated forms of
Akt, GSK3α, GSK3β, or p65. Then, membranes were stripped, reprobed with secondary mono-
clonal antibodies to the non-phosphorylated form of Akt or polyclonal antibodies to GSK3β or
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p65 as controls of protein loading, and detected with the Immobilon Western Chemilumines-
cent HRP substrate kit fromMillipore (Billerica, MA, USA).

RNA Extraction and qRT-PCR
To analyze the relative expression of IL-12p40 mRNA, BEC were grown in six-well culture
plates to approximately 90% confluence before serum starvation for at least 4 h. Then 10 μg/
mL of PGN was added to the cultured cells, centrifuged at 130 xg for 5 min and incubated for
2, 4 or 8 h at 37°C in 5% CO2, or pretreated with 10 μM SH-5, 10 μM SB216763, 10 mM NaCl,
10 mM LiCl or 5 μg/mL anti-TLR2 for 1 h, or with Akt-i IV for 0.5 h followed by washing with
HF-12 without serum and stimulation with 10 μg/mL PGN, centrifuged at 130 xg for 5 min
and incubated for 4 h at 37°C in 5% CO2. At the end of the incubation period, BEC were
washed 2X with cold PBS and total RNA was extracted using 1 mL Trizol of reagent following
the isolation procedure described by the supplier. One-step reverse transcription and real-time
quantitative PCR (qRT-PCR) was performed using the EXPRESS One-Step SYBR GreenER
Universal Kit and the real-time StepOnePlus thermocycler from Applied Biosystems. Each
reaction was performed with 100 ng/μL of RNA under the standard 20 μL reaction provided by
Invitrogen. The one-step cycling program conditions was: 58°C (for IL12p40) and 50°C (for β-
actin) for 5 min (cDNA synthesis); 95°C for 2 min; 40 cycles at 95°C for 15 s and 55°C (for
IL12p40), 60°C (for β-actin) for 1 min. The oligonucleotide primers used were based on the
sequences published by Konnai et al. 2003 [36]. Amplification of the expected single products
(186 pb for IL12p40 and 227 pb for β-actin) was confirmed by visualization on 1% agarose gels
stained with ethidium bromide. Relative transcript levels of IL-12p40 mRNA were calculated
with the delta-delta Ct method, using β-actin as the reference gene.

Measurement of IL-12p40 protein levels
Bovine IL-12p40 protein in culture supernatants was measured by sandwich ELISA, according
to manufacturer instructions (Biotang).

Statistical analysis
The relative abundance of phosphorylated proteins was quantitated by densitometric analysis
with the Image Processing and Analysis in Java Program ImageJ (http://rsbweb.nih.gov/ij). To
calculate the densitometric values, the intensity of the phosphorylated band was divided by the
intensity of the non-phosphorylated ones. These intensity values were referred to a value of 1.0
that was arbitrarily assigned to the untreated control. The statistical significance of triplicate
blots, IL-12p40 mRNA levels and IL-12p40 protein levels were evaluated with the Tukey multi-
ple-comparison test and One-Way analysis of variance (ANOVA) by using the SIGMASTAT
program version 3.0 (SPSS Inc., Chicago, IL, USA). P values<0.05 or<0.01 or<0.001 were
considered statistically significant.

Results

Phosphorylation of Akt, GSK3α and GSK3β in BEC Stimulated with
PGN Depends on TLR2
In macrophages, microglia and fibroblasts PGN induces the expression of pro-inflammatory
molecules by activation of the PI3K/Akt signaling pathway in a TLR2-dependent manner [3–
6], and Akt-dependent inhibition of GSK3β by phosphorylation at Ser9 [15]. Therefore, we
first decided to explore the involvement of TLR2 in the phosphorylation of Akt, GSK3α and
GSK3β in BEC stimulated with PGN. We observed that in BEC stimulated with 10 μg/mL of
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PGN for 15 min (S1A and S1B Fig), the relative abundance of phosphorylated Akt (*2-fold),
GSK3α (*6-fold) and GSK3β(*3-fold) were inhibited in BEC pre-treated with a neutralizing
antibody against the extracellular domain of TLR2 (Fig 1A, 1B and 1C). Phosphorylation of
Akt was not affected in BEC pre-treated with an unspecific isotype IgG (Fig 1D). It has been
reported that PGN induces the expression of TLR2 in microglia and fibroblasts [4, 5]. To rule
out this effect, we evaluated the relative abundance of TLR2 in BEC stimulated with PGN at
different times and no change was observed in the levels of TLR2 (S1C Fig). A complete loss of
Akt phosphorylation was observed when BEC were pre-treated with LY-294002 (LY, an inhibi-
tor of PI3K) and then stimulated with PGN (S1D Fig). Analysis of GSK3α/β phosphorylation
confirmed that stimulation of BEC with 10 μg/mL of PGN for 15 to 60 min induced a strong
increase in GSK3α phosphorylation at Ser21 compared with the minor increase in GSK3β
phosphorylation at Ser9 (S2A and S2B Fig). These results indicate that 1) PGN induces
TLR2-dependent phosphorylation of Akt, GSK3α and GSK3β in endothelial cells and 2)
GSK3α was consistently the isoform with the highest level of phosphorylation.

PGN Activates the PI3K/Akt-Dependent Phosphorylation of GSK3α and
GSK3β in BEC
Next, we tested if phosphorylation of GSK3α and GSK3β in endothelial cells stimulated with
PGN required activation of PI3K and Akt. Pre-treatment of BEC with LY or Wortmannin
(Wort, an inhibitor of PI3K) and SH-5 (an inhibitor of Akt) and stimulated with PGN induced
a significant decrease in GSK3α and GSK3β phosphorylation (Fig 2A and 2B). No significant
changes in phosphorylation levels were observed when cells were treated with the inhibitors for
PI3K (LY), Akt (Akt-i IV) and GSK3 (SB-216763, SB) alone (S3A–S3C Fig). These data indicate
that phospho-inhibition of GSK3α and GSK3β in BEC depends on the PI3K and Akt activity.

Phosphorylation of GSK3α and GSK3β by Akt in BEC Stimulated with
PGN Inhibited the Ability of both Isoforms to Phosphorylate Glycogen
Synthase
To test if phosphorylation of GSK3α at Ser21 and GSK3β at Ser9 resulted in the inhibition of
their enzymatic activity, we evaluated the phosphorylation of glycogen synthase (GS) at
Ser641, one of the downstream targets of both isoforms. Incubation of BEC with PGN caused
the inhibition of 40% to 60% GS phosphorylation, compared with the untreated control (Fig
3). Pre-treatment of BEC with LiCl or SB (two inhibitors of GSK3), SB plus PGN or LiCl plus
PGN caused an even stronger reduction in GS phosphorylation. These effects were not due to
an osmolarity effect because treatment of BEC with 10 mMNaCl did not change the phosphor-
ylation level of GS in cells not stimulated or stimulated with PGN (Fig 3). These data indicate
that phosphorylation of GSK3 in BEC stimulated with PGN induced a significant reduction of
GSK3 activity.

PGN Regulates the Expression of IL-12p40 through a Mechanism that
Involves TLR2/Akt Activation and GSK3 Inhibition
One of the most important cytokines produced during the initial stages of the inflammatory
response is the IL-12p40. The expression of this cytokine in macrophages stimulated with dif-
ferent PAMPs is down-regulated due to the inhibitory effect on GSK3β activity [32]. Therefore,
we determined if IL-12p40 expression is regulated in a similar manner in endothelial cells stim-
ulated with PGN from S. aureus. When transcript levels of IL-12p40 were analyzed in BEC
stimulated with PGN we observed an increase in IL-12p40 mRNA at 4 h, which decreased to
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Fig 1. Peptidoglycan (PGN) induces phosphorylation of Akt, GSK3α and GSK3β in bovine endothelial cells (BEC) through TLR2 activation. A, B, C)
BEC were either stimulated with 10 μg/mL of PGN for 30 min, pre-incubated with 5 μg/mL of neutralizing antibody against the extracellular domain of TLR2
(anti-TLR2) for 60 min and stimulated with 10 μg/mL of PGN for 30 min or pre-incubated with 5 μg/mL of anti-TLR2 for 60 min. D) BEC were either stimulated
with 10 μg/mL of PGN for 30 min, pre-incubated with 5 μg/mL of an isotype anti-IgG for 60 min or pre-incubated with 5 μg/mL of anti-IgG for 60 min and
stimulated with 10 μg/mL of PGN for 30 min. As control in all cases A-D, BEC were left untreated (-). After treatments, protein extracts were analyzed by
western blot and probed with monoclonal antibodies against the phosphorylated forms of Akt1 (pAkt Ser473), GSK3α (pGSK3α Ser21) or GSK3β (pGSK3β
Ser9). Blots were stripped and reprobed with an antibody that recognizes the nonphosphorylated forms of Akt (A, and D), GSK3α (B) or GSK3β (C) to verify
equal protein loading. Blots are representative of three independent experiments. Graphs on the right panel indicate the band intensity obtained by
densitometric analysis. Results are expressed as the mean ± S.E.M. (n = 3). *p < 0.05, compared with the untreated control.

doi:10.1371/journal.pone.0132867.g001
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the control level at 8 h (Fig 4A). This increase was dependent on TLR2 activation because treat-
ment of BEC with a neutralizing anti-TLR2 reduced the IL-12p40 to the level of control mRNA
(Fig 4B and 4C). Inhibition of Akt activity strongly reduced the IL-12p40 protein levels (Fig
4D). In contrast, inhibition of GSK3 activity with LiCl or SB caused a strong increase in IL-
12p40 protein amounts (Fig 4E and 4F). These results indicate that IL-12p40 expression in
BEC stimulated with PGN was associated with activation of TLR2/Akt and inhibition of GSK3.

GSK3 can both positively and negatively affect different transcription factors such as NF-κB
and CREB that are responsible for the regulation of pro- and anti- inflammatory cytokine pro-
duction, respectively [32]. Thus, we tested the relative abundance of NF-κB p65 subunit phos-
phorylation at Ser536 (one of the phosphorylation sites at the transactivation domain) when
both isoforms of GSK3 were inhibited with LiCl and stimulated with PGN. Data obtained
show a*5-fold increase in p65 phosphorylation in BEC stimulated with PGN alone and an
even stronger increase (*9 fold) in BEC pre-treated with LiCl (S4A Fig). Pretreatment of BEC
with NaCl was included to rule out any osmolarity effect (S4A Fig). Next, we performed
GSK3α/β gene silencing. Surprisingly, siRNA gene silencing of either GSK3α or GSK3β in BEC
stimulated with PGN produced a strong increase in p65 phosphorylation (S4B Fig). We repro-
ducibly observed less phospho-p65 relative abundance when expression of GSK3β was silenced
by siRNA. Perhaps, this may imply that phosphorylation at Ser536 contributes differentially
not only to the expression of IL-12p40 but also to other NF-κB-regulated genes.

Fig 2. PGN induces PI3K/Akt-dependent phosphorylation of GSK3α and GSK3β in BEC. A-B) BEC were untreated and unstimulated (U1 and U2),
stimulated with 10 μg/mL of PGN for 30 min (P1 and P2) or treated with either 10 μM of LY294002 (LY), 100 nM of Wortmannin (Wort) or 10 μM of SH-5 for 30
min, and then stimulated with 10 μg/mL of PGN for 30 min. Protein extracts were analyzed by western blot and probed with monoclonal antibodies against
the phosphorylated forms of GSK3α (pGSK3α Ser21) or GSK3β (pGSK3β Ser9. To verify for equal amount of proteins, blots were stripped and reprobed with
an antibody that recognizes the nonphosphorylated form of GSK3β. Blots are representative of three independent experiments. Graphs indicate the band
intensity obtained by densitometric analysis. In each graph, the densitometric control values plotted were the average of U1 + U2 while the values plotted for
the PGN-stimulated cells were the average of P1 + P2. Results are expressed as the mean ± S.E.M. (n = 3). *p < 0.05; **p < 0.01, compared with the
unstimulated control.

doi:10.1371/journal.pone.0132867.g002
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Inhibition of GSK3α Activity is Responsible for IL-12p40 Increase
A number of reports have confirmed that GSK3β is the isoform involved in the regulation of
pro- and anti-inflammatory cytokines expression. Such experimental evidence, along with the
fact that in our case we consistently observed that GSK3α was the isoform more phosphory-
lated when BEC were stimulated with PGN, prompted us to explore which GSK3 isoform was
responsible for the IL-12p40 increase. First, we obtained the evidence of gene silencing for each
isoform (Fig 5A). Next, as another control of GSK3α/β gene silencing, we measured the total
(cytoplasmic and nuclear) relative abundance of β–catenin because it is known that in resting
cells the constitutive activity of GSK3 negatively regulates the Wnt/β-catenin signaling. That is
GSK3-dependent phosphorylation of β-catenin promotes its ubiquitylation and subsequent
degradation by the proteasome 26S [20]. Thus, when the activity of GSK3 isoforms is inhibited
by chemical compounds or the genes of the isoforms are silenced by siRNA treatment, the
phosphorylation of β-catenin is blocked and this in turn induces an intracellular accumulation
of β-catenin. Transfection of BEC with siRNA targeting GSK3α (siRNA GSK3α) or with
siRNA targeting GSK3β (siRNA GSK3β) affected the activity of GSK3 because we detected an
increase in total β-catenin levels compared with un-transfected or transfected BEC with control
siRNA (siRNA control) (Fig 5B, S1 Dataset). These data demonstrate that the activity GSK3α

Fig 3. Inhibition of glycogen synthase phosphorylation at Ser641 in BEC treated with PGN, LiCl or SB,
and stabilization of β-catenin levels by GSK3α or GSK3β gene silencing. A) BEC were either stimulated
with 10 μg/mL of PGN for 30 min, treated with 10 mMNaCl for 60 min, 10 mM LiCl or 10 μMSB and then
stimulated with 10 μg/mL of PGN for 30 min. As controls BEC were left untreated (-) or incubated with NaCl,
LiCl or SB alone for 60 min. B) BEC were transfected with siRNA targeting GSK3α (siRNAGSK3α), siRNA
targeting GSK3β (siRNAGSK3β), control siRNA (siRNA control) or left untransfected (-) for 16 days. After
transfection, BEC were incubated for 24 h. Protein extracts were analyzed by western blot and probed with a
monoclonal antibody against the phosphorylated form of glycogen synthase (GS Ser641) or the
nonphosphorylated form of β-catenin. To verify that equal amount of protein was loaded in each lane, blots
were stripped and reprobed with antibodies that recognize the nonphosphorylated forms of GSK3β (A) or β-
actin (B). Blots are representative of three independent experiments. Graphs indicate the band intensity
obtained by densitometric analysis. Results are expressed as the mean ± S.E.M. (n = 3). *p<0.05, compared
with the untreated (A) or untransfected (B) control.

doi:10.1371/journal.pone.0132867.g003
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Fig 4. PGN induces IL-12p40 expression through TLR2/Akt activation and GSK3 inhibition in BEC. A) BEC were left untreated and unstimulated (0) or
stimulated with 10 μg/mL of PGN-prep for 2, 4 or 8 h. B) BEC were stimulated with 10 μg/mL of PGN for 4 h, treated with 5 μg/mL of neutralizing anti-TLR2 for
60 min, or treated with 5 μg/mL of anti-TLR2 for 60 min and then stimulated with 10 μg/mL of PGN for 4 h. C) BEC were stimulated with 10 μg/mL of PGN for 9
h or treated with 5 μg/mL of anti-TLR2 for 60 min and then stimulated with 10 μg/mL of PGN for 9 h. D) BEC were stimulated with 10 μg/mL of PGN for 9 h or
pretreated with 1 μM of Akt inhibitor IV (Akt-i IV) for 30 min and then stimulated with 10 μg/mL for 9 h. E) BEC were treated with 10 mMNaCl for 60 min,
stimulated with 10 μg/mL of PGN for 9 h, treated with 10 mM of LiCl for 60 min or treated with 10 mM of LiCl for 60 min and then stimulated with 10 μg/mL of
PGN for 9 h. F) BEC were treated with 10 μM of DMSO, stimulated with 10 μg/mL of PGN for 9 h, treated with 10 μM of SB 216763 (SB) for 30 min or treated
with 10 μM of SB 216763 (SB) for 30 min and then stimulated with 10 μg/mL of PGN for 9 h. As controls, in B-F BEC were left untreated and stimulated (-).
Total RNA was extracted and relative transcript level of IL-12p40 was quantitated by qRT-PCR using the delta-delta Ct method, and amplification of β-actin
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and GSK3β regulates the stability of β–catenin in BEC, as it has been confirmed in other types
of cells [20].

Analysis of IL-12p40 expression at the level of mRNA and protein showed a significant
increase in BEC transfected with siRNA GSK3α and stimulated with PGN, compared with
BEC stimulated with PGN alone or BEC transfected with siRNA control and stimulated with
PGN (Fig 5C and 5D, S2 Dataset). On the other hand, and according to Martin et al. (2005)
[32], a significant down-regulation of IL-12p40 was obtained in BEC transfected with siRNA
GSK3β and stimulated with PGN (Fig 6A and 6B, S3 Dataset). To rule out any off-target effect
of the siRNA sequence used, we tested other siRNA sequences for each GSK3 isoform. Quanti-
tation of the IL-12p40 protein levels after silencing GSK3α or GSK3β with different siRNA
sequences gave comparable values to those previously obtained (S5 Fig, and S4 Dataset). Alto-
gether these results indicate that both GSK3α and GSK3β differentially modulate the expres-
sion of IL-12p40 in endothelial cells stimulated with PGN from S. aureus.

Discussion
The novel findings of this work can be summarized as follows (Fig 7): 1) GSK3 functions as a
modulator of the inflammatory response in endothelial cells stimulated with PGN. Previous
reports have documented that PGN activates TLR2/PI3K/Akt and induces the expression of
pro-inflammatory molecules [3–5]; however, they did not explore how this activation and pro-
duction of pro-inflammatory cytokines was correlated with changes in GSK3 activity; 2)
although it has been accepted that GSK3β is the only isoform that mediates inflammation in
cells stimulated with bacterial virulence factors and other stimuli [13] we have found that both
GSK3α and GSK3β regulate IL-12p40 expression in endothelial cells stimulated with PGN; 3)
the effect of the isoforms on IL-12p40 was different because inhibition of GSK3α activity
resulted in the increased expression of IL-12p40 while inhibition of GSK3β activity lead to a
decreased expression of the same cytokine and 4) the inhibition of GSK3α and GSK3β was
linked to the activation of the TLR2/PI3K/Akt signaling pathway.

Endothelial cell activation during an inflammatory process may be divided into rapid and
slow responses that are independent and dependent on new gene expression, respectively [37].
TLRs of endothelial cells play a fundamental role in the regulation of the inflammatory
response upon exposure to any of the currently known TLR ligands [38]. PGN, one of the
major cell-wall structures of S. aureus, is an important inducer of the inflammatory response
[39]. Although, it is known that activation of the TLR2/PI3K/Akt signaling pathway by PGN
induces the activation of NF-κB and the expression of pro-inflammatory molecules such as
cytokines, COX2 and iNOS (3, 4), no report has shown that GSK3α or GSK3β inhibition by
this signaling pathway regulates pro-inflammatory cytokine expression in response to PGN
from S. aureus. Our findings, using BEC as a model cell, are the first to show that phospho-
inhibition of both GSK3α and GSK3β, but predominantly GSK3α, links the TLR2/PI3K/Akt
signaling pathway activation with phosphorylation of the NF-κB p65 subunit at Ser536. Fur-
thermore, the inhibition of both isoforms is associated with a differential regulation of IL-
12p40 expression (Figs 4–6), a multifunctional cytokine with important tasks in the innate and
adaptive immune responses [26, 27].

A number of reports have documented that TLR2 plays a crucial role in the host response
against S. aureus because knockout mice deficient in TLR2 are highly susceptible to

as a reference gene (A-B). Cell-free supernatants were analyzed by ELISA for production of IL-12p40 (C-F). Results are expressed as the mean ± S.E.M.
(n = 3). *p <0.05; **p <0.01. All data were compared with the untreated and unstimulated controls.

doi:10.1371/journal.pone.0132867.g004
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Fig 5. GSK3α inhibition up-regulates IL-12p40 expression in BEC stimulated with PGN. A) BEC were
left untransfected (-), transfected with control siRNA (siRNA control), transfected with siRNA targeting GSK3α
(siRNAGSK3α1) or transfected with siRNA targeting GSK3β (siRNA GSK3β1). B) BEC were left
untransfected and unstimulated (-), stimulated with 10 μg/mL of PGN for 4 h, transfected with control siRNA
(siRNA control), transfected with control siRNA and then stimulated with 10 μg/mL PGN for 4 h, transfected
with siRNA targeting GSK3α (siRNAGSK3α1) or transfected with siRNA targeting GSK3α (siRNA GSK3α1)
and then stimulated with 10 μg/mL of PGN for 4 h. C) BEC were left untransfected and unstimulated (-),
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staphylococcal infections [40]. However, the specificity of TLR2 for PGN is still an issue of
debate. According to Travassos et al. (2004) [41] highly purified PGN did not activate TLR sig-
naling. In contrast, several other authors have proposed that PGN activates TLR2 [3–6, 42] and
studies with PGN from S. aureus lacking lipidated prelipoproteins have co-localized them with
Nod2, TLR2 and TLR4 in keratinocytes from murine oral epithelium and HEK293/hTLR2
cells, demonstrating that staphylococcal PGN, and not the associated lipoproteins, is able to
trigger a TLR2 specific immune response [43]. Our data support the notion that PGN activates
signaling that are associated with TLR2 activation in BEC because blocking of TLR2 with a
TLR2 specific neutralizing antibody inhibited the phosphorylation of Akt, phospho-inhibition
of GSK3α and GSK3β (Fig 1) and expression of IL-12p40 (Fig 4). Moreover, the PGN used in
this study to stimulate BEC was purified with hot SDS, which eliminates the lipopeptides [39].
In agreement with our work, Zhang et al. (2012) [44] observed that TLR2 was activated in den-
dritic cells stimulated with heat-killed Brucella abortus, and this was an essential step for IL-
12p40 induction through the activation of subpathways that regulate TLR9 signaling. In a dif-
ferent report, Satta et al. (2008) [45] detected an induction of TLR2 expression in human endo-
thelial cells that served to amplify the inflammatory response to lipopeptides. This was not the
case in our study because levels of TLR2 protein in BEC were not modified by PGN treatment,
which means that an increase in TLR2 abundance is not a requirement for IL-12p40 expression
in BEC stimulated with PGN from S. aureus.

Although it is well established that Akt phosphorylates and inactivates GSK3α and GSK3β,
as we have observed in this study, Gulen et al. (2012) [22] showed that GSK3α, but not GSK3β,
can reversely phosphorylates and suppresses Akt activation in resting Th17 cells. These authors
also demonstrated that activation of Th17 treated with IL-1 leads to an increase of IKKi activity
and GSK3α phosphorylation at Ser21, promoting Akt-mTOR activation [22]. Previous evi-
dence from our lab indicated that GSK3α and GSK3β phosphorylation, as a consequence of
BEC infected by S. aureus, may be involved in the internalization process and perhaps the
inflammatory response caused by this bacterium [25].

In the last few years experimental evidence on the different functions of GSK3α and GSK3β
is accumulating [14]. Our data demonstrate that inhibition of both GSK3α and GSK3β activity
exerts an opposed function on IL-12p40 expression and this is in part different from data
obtained by Martin et al. (2005) [32]. These authors found that inhibition of GSK3β, but no
GSK3α, activity by treatment of macrophages with LPS or synthetic lipid-A as specific ligands
of TLR4 or LTA from S. pneumoniae as a specific ligand of TLR2, reduced the expression of IL-
12p40 [32]. In contrast, our data clearly indicate that phospho-inhibition of GSK3α by treat-
ment of BEC with PGN from S. aureus increased IL-12p40 expression. This suggests that
although GSK3β is the isoform generally associated with the inflammatory response to bacte-
rial infections, as reported by several authors [13, 32], GSK3αmay also play an important role
in this process through the regulation of pro-inflammatory cytokine expression. Evidence that

stimulated with 10 μg/mL of PGN for 9 h, transfected with control siRNA (siRNA control), transfected with
control siRNA and then stimulated with 10 μg/mL of PGN for 9 h, transfected with siRNA targeting GSK3α
(siRNAGSK3α1) or transfected with siRNA targeting GSK3α1 and then stimulated with 10 μg/mL of PGN for
9 h. Protein extracts were analyzed by western blot and probed with a monoclonal antibody against the
phosphorylated forms of GSK3α and GSK3β (A). To verify that equal amount of proteins was loaded in each
lane, blots were stripped and reprobed with an antibody that recognizes the nonphosphorylated form of β-
actin (A). Blots are representative of three independent experiments. Total RNA was extracted and relative
transcript level of IL-12p40 was quantitated by qRT-PCR, using the delta-delta Ct method and amplification of
β-actin as a reference gene (B). Cell-free supernatants were analyzed by ELISA for production of IL-12p40
(C). Results are expressed as the mean ± S.E.M. (n = 3). *p <0.05; **p <0.01. All data were compared with
the untreated and untransfected controls.

doi:10.1371/journal.pone.0132867.g005
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GSK3α is important in an inflammatory process was recently reported by Giambelluca et al.
(2014) [24]. They found that in human neutrophils, in which the main isoform is GSK3α, the
addition of LiCl resulted in a significant postranscritptional up-regulation of TNF-α secretion
[24]. Interestingly, our results point out that inhibition of GSK3α activity resulted in a marked
transcriptional up-regulation of IL-12p40. One explanation for these opposite results may be
that active GSK3β phosphorylates NF-κB at its transactivation domain allowing the expression
of IL-12p40. In a different scenario and when the activity of GSK3β is inhibited by phosphory-
lation at Ser9 or gene silencing, this isoform is unable to phosphorylate and activates NF-κ,

Fig 6. GSK3β inhibition down-regulates IL-12p40 expression in BEC stimulated with PGN. A) BEC
were left untransfected and unstimulated (-), stimulated with 10 μg/mL of PGN for 4 h, transfected with control
siRNA (siRNA control), transfected with control siRNA and then stimulated with 10 μg/mL of PGN for 4 h,
transfected with siRNA targeting GSK3β (siRNA GSK3β1) or transfected with siRNA targeting GSK3β
(siRNAGSK3β1) and then stimulated with 10 μg/mL of PGN for 4 h. B) BEC were left untransfected and
unstimulated (-), stimulated with 10 μg/mL of PGN for 9 h, transfected with control siRNA (siRNA control),
transfected with control siRNA and then stimulated with 10 μg/mL of PGN for 9 h, transfected with siRNA
targeting GSK3β (siRNAGSK3β1) or transfected with siRNA targeting GSK3β (siRNA GSK3β1) and then
stimulated with 10 μg/mL of PGN for 9 h. Total RNA was extracted and relative transcript level of IL-12p40
was quantitated by qRT-PCR, using the delta-delta Ct method, and amplification of β-actin as a reference
gene (A). Cell-free supernatants were analyzed by ELISA for production of IL-12p40 (B). Results are
expressed as the mean ± S.E.M. (n = 3). *p <0.05. All data were compared with the untreated and
untransfected controls.

doi:10.1371/journal.pone.0132867.g006
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causing the decrease in IL-12p40 levels. It is also likely that the type of cell used, the stimulus
applied, and even the type of cytokine evaluated may explain the mechanistic differences
between our results and those reported by Martin et al. (2005) [32] and Giambelluca et. al.
(2014) [24]

IL-12 is a cytokine required for innate immune defense and adaptive immunity to patho-
gens because stimulation of peripheral blood lymphocytes and NK cells with IL-12 produced
as a result of infection, induces IFN-γ secretion and increases the cytotoxicity activity as well as
proliferation of these cells [26, 27]. Interestingly, it has been proposed the existence of an IL-
12-regulated circuit between endothelium and lymphocytes through IFN-γ, resulting in a
reciprocal modulation of cellular responses [46, 47]. Moreover, it is likely that IL-12p40 pro-
duced by endothelium recruits macrophages to the site of infection because this cytokine has
been shown to have chemotactic properties [48]. Although IL-12p40 expression by CD154

Fig 7. A workingmodel of the signaling pathway involved on the IL-12p40 expression induced by PGN in BEC. PGN induces the activation of the
TLR2/PI3K/Akt pathway, which in turn induces GSK3α and GSK3β phosphorylation/inhibition and this in turn up- or down-regulates IL-12p40 expression.
Anti-TLR2, Wortmannin (PI3K inhibitor), LY-294002 (PI3K inhibitor) or SH-5 (Akt inhibitor) blocks the phosphorylation/inhibition of GSK3α and GSK3β. LiCl
(GSK3 inhibitor), SB-216763 (GSK3 inhibitor) or siRNA GSK3α increases the expression of IL-12p40 while siRNA GSK3β decreases the expression of IL-
12p40. Not represented in the diagram is the decrease in IL-12p40 expression when TLR2 is blocked with anti-TLR2 and when Akt is inhibited with Akt-i IV.

doi:10.1371/journal.pone.0132867.g007
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stimulation was already detected in endothelium [30], we are the first to demonstrate expres-
sion of this cytokine in endothelial cells stimulated with a bacterial structure. Other authors
have detected expression of IL-12-related molecules, but not expression of IL-12p40 in human
intestinal microvascular endothelial cells stimulated with pro-inflammatory compounds
(TNF-α, IFN-γ, IL-1β) and microbial structures [LPS, LTA, PGN, CpG-DNA, flagellin, and
poly(I:C)] [49]. In this context, our data suggest that production of IL-12p40 by endothelial
cells stimulated with PGN might reflect innate and adaptive immune roles of the endothelium
in response to Gram positive microbial antigens. More importantly, the fine modulation in the
IL-12p40 expression is of paramount importance because this cytokine is critical for host
defense; however, excessive increase in its production can cause severe inflammatory disorders
[31]. Therefore, it is likely that a switch in the up- and down-regulation of IL-12p40 expression
should co-exist, which might depend on the differences in spatio-temporal participation of the
two isoforms of GSK3 and the diverse mechanisms controlling their activity such as phophory-
lation, subcellular distribution and formation of molecular complexes [14, 15]. More experi-
ments will be undoubtedly needed to clarify the mechanistic details of the differential actions
of GSK3α and GSK3β on the phosphorylation of NF-κB and the expression of IL-12p40 and
other cytokines during the inflammatory response caused by pathogenic bacteria.

Supporting Information
S1 Fig. PGN does not induce changes in the expression of TLR2 but activates PI3K-depen-
dent phosphorylation of Akt in BEC. A) BEC were left untreated and unstimulated (0) or
stimulated with 10 μg/mL of PGN for 15, 30, 60, 120 or 240 min. B) BEC were left unstimulated
(U) or stimulated with 1, 10, 20 or 30 μg/mL of PGN for 30 min. C) BEC were left unstimulated
(U) or stimulated with 10 μg/mL of PGN for 15, 30, 60 or 120 min. D) BEC were left untreated
and unstimulated (U), untreated (-) or treated with 10 μM of LY294002 (LY) for 30 min and
then stimulated with 10 μg/mL of PGN for 30 min. Protein extracts were analyzed by western
blot and probed with a polyclonal antibody against TLR2 (A) or the phosphorylated form of
Akt1 (pAkt Ser473) (B-D). To verify that equal amount of proteins was loaded in each lane,
blots were stripped and reprobed with antibodies that recognize β-actin (A) or the nonpho-
sphorylated form of Akt (B-D). Blots are representative of three independent experiments.
Graphs on the right indicate the band intensity obtained by densitometric analysis. Results are
expressed as the mean ± S.E.M. (n = 3). �p<0.05, compared with the unstimulated control.
(PDF)

S2 Fig. Temporal course of GSK3α and GSK3β phosphorylation induced by PGN in BEC.
A and B) BEC were left unstimulated (0) or stimulated with 10 μg/mL of PGN for 15, 30, 60 or
120 min. Protein extracts were analyzed by western blot and probed with monoclonal antibod-
ies against the phosphorylated forms of GSK3α (pGSK3α Ser21) or GSK3β (pGSK3β Ser9). To
verify equal protein loading, blots were stripped and reprobed with an antibody that recognizes
the nonphosphorylated form of GSK3β. Blots are representative of three independent experi-
ments. Graphs on the right indicate the band intensity obtained by densitometric analysis.
Results are expressed as the mean ± S.E.M. (n = 3). �p<0.05; ��p<0.01, compared with the
unstimulated control.
(PDF)

S3 Fig. Phosphorylation of Akt at Ser473, GSK3α at Ser21 and GSK3β at Ser9 in BEC
treated with inhibitors. BEC were left untreated, treated with 10 μM of LY294002 (LY) for 30
min, treated with 1 μM of Akt inhibitor IV (Akt-i IV) for 30 min or treated with 10μM of
SB216763 (SB) for 30 min. Untreated cells were incubated with 10 μM of DMSO. Then, total

GSK3α and βRegulates IL-12p40 Expression

PLOS ONE | DOI:10.1371/journal.pone.0132867 July 22, 2015 16 / 20

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132867.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132867.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132867.s003


protein from untreated and treated cell was obtained. A) Phosphorylation of Akt at Ser473; B)
Phosphorylation of GSK3α at Ser21; C) Phosphorylation of GSK3β at Ser9. Detection of β–
actin and GAPDH were used as control of protein loading. Data presented are representative
of two independent experiments.
(PDF)

S4 Fig. GSK3 inhibition induces phosphorylation of NF-κB. A) BEC were left untreated and
unstimulated (-), treated for 60 min with 10 mM of NaCl, stimulated with 10 μg/mL of PGN
for 30 min, treated for 60 min with 10 mM of LiCl and then stimulated with 10 μg/mL of PGN
for 30 min or treated for 60 min with 10 mM of LiCl. B) BEC were transfected with control
siRNA (siRNA control), transfected with siRNA control and then stimulated with 10 μg/mL of
PGN for 30 min, transfected with siRNA targeting GSK3α (siRNA GSK3α), transfected with
siRNA GSK3α and then stimulated with 10 μg/mL of PGN for 30 min, transfected with siRNA
targeting GSK3β (siRNA GSK3β) or transfected with siRNA GSK3β and then stimulated with
10 μg/mL of PGN for 30 min. Protein extracts were analyzed by western blot and probed with
monoclonal antibodies against the phosphorylated forms of p65 (NF-κB p65 Ser536). To
check for equal amount of proteins, blots were stripped and reprobed with antibodies that rec-
ognize the nonphosphorylated forms of p65 (A) or β-actin (B). Blots are representative of three
independent experiments. Graphs indicate the band intensity obtained by densitometric analy-
sis. Results are expressed as the mean ± S.E.M. (n = 3). �p< 0.05; ��p< 0.01, compared with
the unstimulated control.
(PDF)

S5 Fig. GSK3α and GSK3β gene silencing differentially regulates IL-12p40 expression in
BEC stimulated with PGN. BEC were left untransfected and unstimulated (-), stimulated with
10 μg/mL of PGN for 9 h, transfected with control siRNA (siRNA control), transfected with
control siRNA and then stimulated with 10 μg/mL of PGN for 9 h, transfected with siRNA tar-
geting GSK3α (siRNA GSK3α2 or siRNA GSK3α3) or transfected with siRNA targeting
GSK3β (siRNA GSK3β1 or siRNA GSK3β2) and then stimulated with 10 μg/mL of PGN for 9
h. A) Cell-free supernatants were analyzed by ELISA for production of IL-12p40 and B) Pro-
tein extracts were analyzed by western blot and probed with a monoclonal antibody against the
phosphorylated forms of GSK3α and GSK3β. To verify that equal amount of protein was
loaded in each lane, blots were stripped and reprobed with an antibody that recognizes the
nonphosphorylated form of β-actin. Results are expressed as the mean ± S.E.M. (n = 3). �p
<0.05.
(TIF)

S1 Dataset. Raw values used to analyze and construct the graph.
(XLSX)

S2 Dataset. Raw values used to analyze and construct the graph.
(XLSX)

S3 Dataset. Raw values used to analyze and construct the graph.
(XLSX)

S4 Dataset. Raw values used to analyze and construct the graph.
(XLSX)
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