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Abstract: PA-MSHA and BPIFBI play especially important
roles in triggering innate immune responses by inducing
production of pro- or anti-inflammatory cytokines in the
oral cavity and upper airway. We found that PA-MSHA had
a strong ability to activate pro-inflammatory cytokines
such as IL-1B, IL-6 and TNF-a. However, BPIFB1 alone did
not express a directly inductive effect. With incubation
of PA-MSHA and BPIFB1, the combination can activate
the CD14/TLR4/MyD88 complex and induce secretion of
subsequent downstream cytokines. We used a proteome
profiler antibody array to evaluate the phosphokinases
status with PA-MSHA and BPIFB1 treatment. The results
showed that the activation of MAPK, STAT, and PI-3K
pathways is involved in PA-MSHA-BPIFBI1 treatment, and
that the related pathways control the secretion of target-
ing cytokines in the downstream. When we assessed the
content changes of cytokines, we found that PA-MSHA-
BPIFB1 treatment increased the production of pro-in-
flammatory cytokines in the early phase of treatment and
induced the increase of IL-4 in the late phase. Our obser-
vations suggest that PA-MSHA-BPIFB1 stimulates the
release of pro-inflammatory cytokines, and thereby ini-
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tiates the innate immune system against inflammation.
Meanwhile, the gradual release of anti-inflammatory
cytokine IL-4 by PA-MSHA-BPIFBI1 can also regulate the
degree of inflammatory response; thus the host can effec-
tively resist the environmental risks, but also manipulate
inflammatory response in an appropriate and adjustable
manner.
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1 Introduction

Oral surfaces are continually exposed to bacteria, fungi,
and viruses. Yet, under normal conditions, the host sur-
vives from external infection because epithelial defense
plays an especially important role in the oral cavity and
upper airway [1]. Epithelial defense systems usually can be
categorized into two broad groups: the constitutive, innate
immune system and the antigen-recognizing or adaptive
immune system. Innate immunity provides the first line
of defense against pathogenic microorganisms. The effi-
cient recognition and appropriate response to pathogenic
ligands are critical for innate immune system [2].

Bactericidal/Permeability-Increasing protein (BPI)
functions as innate immune sensors for the lipopoly-
saccharide (LPS) component of Gram-negative bacterial
cell walls [3-4]. BPI fold-containing family B, member 1
(BPIFB1) belongs to a family of proteins that have consid-
erable structural similarity with BPI and are responsible
for hose defense in oral and upper airway epithelia [5]. It
has been reported that BPIFB1 can transfer inflammatory
signals via the family of Toll-like receptors (TLRs) with
stimulation by LPS and initiate host’s early immune reac-
tion, ultimately avoiding potentially fatal consequences
for the host. Therefore, BPIFB1 may play a role in protec-
tion against bacterial infection [6-7].
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The Pseudomonas aeruginosa mannose sensitive he-
magglutination (PA-MSHA) is derived from the P. aerug-
inosa strain with MSHA fimbriae by modern molecular
biology technology [8-9]. It can activate a Toll-like
receptor (TLR) pathway that serves as a Gram-negative
pathogen analog to initiate an inflammation reaction [10-
11]. However, the mechanisms in inflammation induced
by PA-MSHA have not yet been elucidated. Furthermore,
in recent years some laboratory and clinical studies
have demonstrated that high-dose usage of antibacte-
rials could cause unwanted side effects, poor stability,
and different degrees of resistance in long-term use [12].
Therefore, it will be more promising to search for a novel
substitute or strategy for clinical usage that can effective-
ly give rise to immune responses against inflammation in
a low-dose and low-toxicity manner.

The purpose of this study is to characterize the effect
of combination of PA-MSHA with BPIFB1, and to evaluate
whether this combination could enhance non-specific
immune ability in the innate immune system. All will
be beneficial to understand the mechanisms to these
molecules and their effects in therapeutic treatments.

2 Method

2.1 Reagents and antibodies

Human BPIFB1 protein was obtained from Sino Biological
(Beijing, China). PA-MSHA was purchased from Wanter
Bio-pharmaceutical (Beijing, China). Human TNF-a
Quantikine ELISA Kits was purchased from R&D Systems
(Minneapolis, MN). Human THP-1 cell line was purchased
from American Type Culture Collection (ATCC) (Manas-
sas, VA). Fetal bovine serum (FBS), RPIM-1640 medium,
ECL Western blot stripping buffer, a BCA protein assay
kit, and penicillin-streptomycin cocktails were from
Thermo Scientific (Rockford, IL). Monoclonal anti-CD14
antibody, polyclonal anti-MyD88 antibody, polyclonal
anti-TLR4 antibody, polyclonal anti-TNF-a antibody, pol-
yclonal anti-IL-1f antibody, polyclonal anti-IL-4 antibody,
polyclonal anti-IL-6 antibody, and anti-p-actin antibody
were obtained from Abcam Inc (Cambridge, MA). Poly-
clonal anti-rabbit horseradish peroxidase (HRP) conju-
gate was from Bio-Rad Lab. (Hercules, CA). The human
phosphokinase antibody array was obtained from R&D
Systems (Minneapolis, MN). TLR4 inhibitor TAK-242 was
from Merck Millipore (Hayward, CA). Phorbol 12-myristate
13-acetate (PMA), protease inhibitor, LPS (extracted from P.
aeruginosa serotype 10), phosphatase inhibitor cocktails,
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and other chemicals were purchased from Sigma-Aldrich
(St. Louis, MO).

2.2 Cell culture

The human monocytic leukemia cell line THP-1 was main-
tained in RPMI 1640 medium supplemented with 10%
FBS, 100 U/ml penicillin, 2 mM L-glutamine and 100 pg/
ml streptomycin.

For THP-1 differentiation into macrophage-like
subsets, we proceeded as described previously [13]. The
cells were plated (at density of 1x10°¢ cell/ml) in RPMI 1640
medium and treated with 100ng/ml PMA for 48 hours.

2.3 PA-MSHA and BPIFB1 Dose Assay

For the PA-MSHA dose assay, differentiated THP-1 cells
were incubated with a medium containing PA-MSHA (O,
1x107, 2x107, 4x107, 8x107, 20x107, and 40x10” bacteria/ml) for
24 hours. For BPIFB1, purified protein (0, 1, 2, 3, 4, 5, and 6
mg/ml) was added into the differentiated THP-1cells with
or without 10 ng/ml of LPS for 24 hours. Culture super-
natants were used to assess PA-MSHA or BPIFB1 dose-re-
sponse effects using Quantikine TNF-a ELISA Assay kit
following the manufacturer’s instructions.

2.4 RNA Extraction and Real-time PCR

5x10°/ml differentiated THP-1 cells were treated with 2x107/
ml of PA-MSHA and 1 mg/ml BPIFB1 for 24 hours. RNA
was extracted using RNeasy Mini Kkit. First-strand cDNA
was synthesized from total RNA using the SuperScript
First-strand Synthesis system according to the manu-
facturer’s protocols. The cDNA was used as a template
in real-time PCR reactions with Power SYBR Green PCR
Master mix and was run on an Applied Biosystems 7500
real-time PCR system. The 25 pl real-time quantitative
PCR reaction mixture consisted of 1x SYBR Green Super-
mix, 0.25 mmol/L forward and reverse primers, and 10 ng
cDNA. The PCR conditions were 50°C for 2 minutes, 95°C
for 2 minutes, followed by 40 cycles at 95°C for 15 seconds
and 60°C for 1 minute. Relative gene expression quantifi-
cations were calculated according to the comparative Ct
method using GAPDH as an endogenous control. Final
results were determined by the 244 formula. The primers
used in the experiments are summarized in Table 1.
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Table 1: Primers used in the experiments.

Primer

F
ragment Orientation Sequence

Forward 5’-AGCCTAGACCTCAGCCACAA-3’
CD14

Reverse 5’-CTTGGCTGGCAGTCCTTTAG-3’

Forward 5’-CCTGTGAGGAGGACGAACAT-3’
TNF-a

Reverse 5’-GGTTGAGGGTGTCTGAAGGA-3’

Forward 5’-CGGAGGCCATTATGCTATGT-3’
TLR4

Reverse 5’-TCCCTTCCTCCTTTTCCCTA-3’

Forward 5’-GCACATGGGCACATACAGAC-3’
MyD88

Reverse 5’-TAGCTGTTCCTGGGAGCTGT-3’

Forward 5’-TCGCAGCAGCACATCAACAA-3’
I-1B

Reverse 5’-TGGAAGGTCCACGGGAAAGA-3’

Forward 5’-CCATATCCACGGATGCGACA-3’
IL-4

Reverse 5’-ATGGCGTCCCTTCTCCTGTG-3’

Forward 5’-TGGAGCCCACCAAGAACGAT-3’
IL-6

Reverse 5’-CCGTGGTTGTCACCAGCATC-3’

Forward 5’-ACCCAGAAGACTGTGGATGG-3’
GAPDH

Reverse 5’-CACATTGGGGGTAGGAACAC-3’

2.5 Western blot analysis

Differentiated THP-1 cells were cultured to approximately
40% confluence in 100mm tissue culture dishes (Falcon)
and then treated with PA-MSHA and BPIFB1 as described
above. Total protein was extracted using a B-PER lysis
buffer and protease inhibitors at 4°C for 1 hour. Cell lysates
were then sonicated on ice for 30 seconds, centrifuged at
14,000 g for 10 minutes at 4°C, and the protein concen-
tration of the supernatant was quantified using the BCA
Protein Assay Kit. 20 pg proteins were loaded per lane and
electrophoresis/electroblotting using anti-IL-1B, anti-IL-4,
anti-IL-6, anti-TNF-a, anti-CD14, anti-TLR4, or anti-MyD88
antibody. B-actin protein was used as the loading control.
Protein bands were detected using SuperSignal West
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Pico Chemiluminescent Substrate and exposed on DNR
MF-Chemi Bio-Imaging Systems. Intensity of the bands
was analyzed by Image] (National Institutes of Health,
NIH) to quantitatively show the expression levels of pro-
teins.

2.6 Human Phospho-kinase antibody array

Approximately 1x107 cells with PA-MSHA and BPIFB1
treatment were solubilized in lysis buffer and centrifuged
at 14,000 g for 5minutes. Protein concentrations of the
resulting lysates were measured using a BCA protein assay
kit. Next, each of antibody-coated array membranes was
placed into the provided dish and incubated with block
buffer for 1 hour. 300 ug of prepared cell lysates and 20
pl reconstituted detection antibody cocktail were mixed to
incubate for 1 hour. The block buffer was aspirated from
the wells of the provided dish, and the prepared sample/
antibody mixtures were added to incubate at 4°C with
gentle shaking overnight. The membranes were washed
with wash buffer and then were incubated with horserad-
ish peroxidase-conjugated streptavidin for 30 minutes.
After a final wash, membrane intensity was acquired
using chemiluminescence and pixel densities were ana-
lyzed using Gelpro Analyzer software (Media Cybernetics,
Rockville, MD). Densities were measured as percentage of
the positive controls included on each membrane. After
subtracting background signals and normalization to
positive controls, comparison of signal intensities among
array images were used to determine relative differences
in expression levels of each protein between groups.

2.7 TLR-4 specific kinase inhibitors
treatment

Differentiated THP-1 cells were cultured as described
above and co-incubated PA-MSHA and BPIFB1 with 10 uM
TLR-4 specific kinase inhibitors (TAK-242) for 24 hours. The
control group was treated with 10 pM DMSO as control.
The cell lysates were used to determine TNF-a production
by Western blot.

2.8 Data analysis

Student’s ¢-test was used for data analysis. Data were pre-
sented as means+SEM. Values for p< 0.05 were considered
statistically significant. The model included the main
effects of treatments and replicates.
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3 Result

3.1 PA-MSHA stimulates TNF-a production
directly

To demonstrate the inductive activities of PA-MSHA and
BPIFBI, we set up a range of concentrations of PA-MSHA
or BPIFB1 to incubate with differentiated THP-1 cells.
The ELISA result showed that TNF-a production was
increased observably by any experimental concentrations
of PA-MSHA, and 2x10’/ml PA-MSHA had the maximum
effect (Figure 1A). For the BPIFBI, there was any effect
on the treatment alone (Figure 1B). However, when LPS
was added, BPIFB1 significantly enhanced the TNF-a
production (Figure 1C). This indicates that PA-MSHA alone
can trigger the innate immune response directly, and
BPIFBI1 inductive effect needs LPS stimulation.

3.2 CD14/TLR4/MyD88 complex contrib-
utes to the PA-MSHA-BPIFB1signaling
transduction

In THP-1 cells treatment with BPIFB1 alone, no significant
changes in both the mRNA and protein levels of CD14 were
detected compared with the control. However, the produc-
tion of CD14 with induction by PA-MSHA was significantly
increased, whereas the combination of PA-MSHA with
BPIFB1 vigorously enhanced the effect. While assessing
whether PA-MSHA-BPIFBlinduction was dependent on
the TLR4 complex, and MyD88-mediated signal was
associated with, we measured the expression levels of
TLR4 and MyD88. The results showed that PA-MSHA
stimulated the expression of TLR4 and MyD88, and that
PA-MSHA-BPIFBitreatment substantially enhanced this
effect (Figure 2A, 2B).

Because TAK-242 was shown to effectively inhibit
TLR-4-mediated signaling events, we used this compound
to knock down the activity of TLR-4 and then assessed
TNF-a production to determine whether cytokine secre-
tion could be affected by PA-MSHA and BPIFBL1. Figure
2C shows that TNF-a was not produced in any response
to the PA-MSHA and BPIFB1 stimulation after incubation
with TAK-242. In comparison, with normal activity of
TLR-4 in THP-1 cells, PA-MSHA and BPIFB1 stimulated
a strong cytokine induction (Figure 2A, 2B). All the data
demonstrate that CD14/TLR4/MyD88 is an receptor
complex to essential activation of the PA-MSHA and
BPIFBI1 induction pathway.
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Figure 1: PA-MSHA and BPIFB1 dose dependent assay. A. The human
monocytic leukemia cell line THP-1 was treated with 100 ng/ml PMA
for 48 hours. Differentiated THP-1 cells were incubated with medium
containing PA-MSHA (0, 1x107, 2x107, 4x107, 8x107, 20x107, and
40x107 bacteria/ml) for 24 hours. B and C. Purified BPIFB1 protein
(0,1, 2,3, 4,5, and 6 mg/ml) was added into the differentiated THP-
1cells with or without 10 ng/ml of LPS for 24 hours. Culture superna-
tants were used to assess PA-MSHA or BPIFB1 dose-response effects
using the Quantikine TNF-a ELISA Assay kit. The results shown
represent the mean+SEM of at least three independent experiments.
a: p<0.05 compared with none PA-MSHA treatment.
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Figure 2: CD14/TLR4/MyD88 pathway contributed to the PA-MSHA-BPIFB1 signaling transduction.

A. 5x10°/ml differentiated THP-1 cells were treated with 2x107/ml of PA-MSHA and 1 mg/ml BPIFB1 for 24 hours. RNA was extracted and first-
strand cDNA was synthesized using SuperScript First-strand Synthesis system. The cDNA was used as a template in real-time PCR reactions
to analyze the expressions of CD14, TNF-a, TLR-4, and MyD88. B. The protein expressions of CD14, TNF-a, TLR-4, and MyD88 were detected
by Western blot. B-actin protein was used as the loading control. Protein bands were detected using SuperSignal West Pico Chemilumine-
scent Substrate; the intensity of the bands was analyzed by Image] to show the expression levels of proteins quantitatively. C. Differentiated
THP-1 cells were co-incubated with BPIFB1, PA-MSHA and TLR-4 specific kinase inhibitors (TAK-242, 10 uM) for 24 hours. 10 pM DMSO was
added into the control group. The cell lysates were used to determine TNF-a production by western blot. Data representative results derived
from a minimum of 3 independent experiments. a: p<0.05 compared with none PA-MSHA treatment.

3.3 Ph osphorylation of kinases is involved proteome profiler antibody array was used to evaluate the

in PA-MSHA-BPIFB1induction phosphorylation levels of relative important kinases such

as ERK1/2, p38, AKT1. As shown in Figure 3, PA-MSHA
To detect possible protein kinases involved in the sig- treatment triggered the phosphorylation of ERK1/2, p38a,
naling transduction of PA-MSHA-BPIFB1 induction, a JNK1/2/3, AKT1/2/3, and STATs. The PA-MSHA-BPIFB-
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Figure 3: Phosphorylation of kinases was involved in PA-MSHA-BPIFB1 treatment.

Approximately 1x107 cells with PA-MSHA-BPIFB1treatment were solubilized in lysis buffer. 300 ug of prepared cell lysates and antibodies-
conjugated membrane were incubated. After keeping with horseradish peroxidase-conjugated streptavidin, the membranes intensity was
acquired using chemiluminescence and pixel densities can be analyzed using Gelpro Analyzer software. Densities were measured as a
percentage of the positive controls included on each membrane. Data representative results derived from a minimum of 3 independent
experiments. a: p<0.05 compared with none PA-MSHA and BPIFB1 treatment.

1treatment enhanced this effect significantly. Further-
more, we found that BPIFB1 treatment alone did not affect
the changes for the kinases. Because ERK1/2, p38a, and
JNK1/2/3 are the important members of the MAPK protein
kinase family and AKT1/2/3 is an important component
of PI3K signaling pathway, these results demonstrate
that the activation of MAPK, STAT, and PI-3K pathways is
involved in the PA-MSHA-BPIFB1 induction that controls
the secretion of targeting cytokines in the downstream.

3.4 PA-MSHA-BPIFBlinduction increases the
production of inflammatory cytokines but
not that of IL-4

To further validate the effect of PA-MSHA-BPIFB1 induc-
tion on cytokine secretion, we examined the mRNA and
protein expression of some inflammatory cytokines
with PA-MSHA and BPIFB1 treatment. We found that the
expression levels of various cytokines changed signif-
icantly depending on treatment time. 24 hours and 48
hours incubation of PA-MSHA and BPIFB1 vigorously
increased mRNA and protein levels of the inflammatory
cytokines IL-1B, IL-6 and TNF-a. At 72 hours incubation
with PA-MSHA and BPIFBI, this was no longer visible.
Furthermore, although mRNA levels of TNF-a were sig-
nificantly elevated at 24 and 48 hours incubation, the

changes did not appear to be associated with synchroni-
zation in the levels of corresponding proteins, suggesting
a hysteresis of TNF protein function. Finally, we observed
that the IL-4 expression did not keep pace with other
cytokines with the treatment of PA-MSHA and BPIFB1. 24
hours and 48 hours incubation of PA-MSHA and BPIFB1
could not increase the expression in mRNA and protein
levels of IL-4, but the levels were changed significantly
with 72-hour treatment (Figure 4). Together, the data indi-
cate that PA-MSHA-BPIFB1 combination increases the
production of inflammatory cytokines but not that of IL-4.

4 Discussion

As a novel candidate member of host defense com-
pounds in the oral and upper airways epithelium, BPIFB1
protein may share the functions with BPI [14]. Our data
demonstrated that, without LPS participation, BPIFB1
alone does not show any direct stimulating effects
on cytokine secretion, whereas in combination with
PA-MSHA, it resulted in a higher production of tumor
necrosis factor-a (TNF-a). TNF-a, a pro-inflammatory
cytokine, is involved in a variety of physiological reg-
ulations of the body and can launch the inflammatory
response to infection. This suggests that PA-MSHA might
have ability similar to LPS to initiate the inflammatory



DE GRUYTER

PA-MSHA and BPIFB1 trigger the inflammation = 305

[ Cenired [0 wrirnn B3 ra-SisHA [l ©ombnaiion

b A%h TIh

E
= 8
z g
£
- = s £
IL-1p 2 < e
—r R
= B W
| =
= ]
- e
240 4% TZh =
=
= ! =
= =
£ =
B e
< = uE
1L.-4 £ w EE
= E'.n:
E 1 e W
= £
Zol E
4h 4%h Th -
=
g 4 g
= =
' L
g’ : sk
T = ) = :_
1L-6 < w2 F
= u = oW
- -
=1 =
= =
k- =
14h 4%h TZh
=
E 4
= e
:.Jr.- 3 2 E
o '
& . = £
TNF-o0 = z 5
[ 7] I_Ll_'
=1 = =
3 =
= =
-

Iih 4¥h i

Ldh 48h T2

Th ikh i

Figure 4: PA-MSHA-BPIFB1 treatment increased the productions of inflammatory cytokines.

Differentiated THP-1 cells were incubated with PA-MSHA and BPIFB1 protein as described above. The mRNA and protein productions of IL-1B,
IL-4, IL-6, and TNF-a cytokines were assayed by real-time PCR and western blot. Data representative results derived from a minimum of 3
independent experiments. a: p<0.05 compared with none PA-MSHA and BPIFB1 treatment.

reaction and that BPIFB1 may accept the stimulation
signal from PA-MSHA to participate in the process.

The inflammatory reactions trigged by LPS require the
mediation of some specific proteins on the cell surface.
Cluster of differentiation 14 (CD14) is an important trans-
mitter in the process. Wright et al have reported that CD14
can form a ternary complex to concentrate LPS response
and transfer the signals for LPS-induced inflammation
[15]. When we treated the cells with PA-MSHA and BPIFBI1,
our findings verified that PA-MSHA treatment can induce
the expression of CD14 and stimulate subsequent down-
stream cytokine secretion. Furthermore, the activa-
tion was significantly enhanced by addition of BPIFB1,
although BPIFB1 alone did not have the same inductive
activity.

However, more evidences indicate that CD14 is differs
from other trans-membrane signal receptors by far. It
can not communicate the signals directly within the
cells because it lacks trans-membrane and intracellular

domains; thus, it needs other receptors to present signals
in the cytoplasm [16-17].

TLR4 is amember of TLRs with aleucine-rich sequence
and intracellular region. It has the typical structural fea-
tures of the interleukin-1 receptor (IL-IR) superfamily.
Other studies have confirmed that TLR4 is a LPS-derived
signal transduction molecule that plays an important role
in mediating the activation of LPS signaling. Therefore,
we wanted to explore whether TLR4 can act as the sign-
aling entity for PA-MSHA and initiate the TLR4 signaling
cascade into the cytoplasm [18-20]. Our findings showed
that the expression level of TLR4 was increased when
treated with PA-MSHA and BPIFB1. Furthermore, there
was also a significant increase of myeloid differentiation
factor 88 (MyD88) in the combination treatment. However,
when the TLR4 pathway was blocked by a TLR4 inhibitor
TAK-242, no receptor expression and cytokine secretion
were detected. Given that MyD88 is associated with the
Toll/interleukin-1 receptor (TIR) domain of TLR4, it cul-
minates in the activation of nuclear factor- kappa B (NF-
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kB), a transcription factor that mediates the activation of
numerous inflammatory cytokines and chemokines [21-
23]. Combining the results, we indicate that the presence
of CD14/TLR4/MyD88 is crucial for immune response to
PA-MSHA-BPIFB1 induction.

Because there is little known about the interaction of
different pathways involved in PA-MSHA-BPIFBI1 induc-
tion, we used a proteome profiler antibody array to evaluate
the phosphorylation levels of several specific kinases. We
found that the phosphorylation of ERK1/2, p38a, JNK1/2/3,
AKT1/2/3 and STATs was induced by PA-MSHA treatment.
The PA-MSHA-BPIFB1 combination enhanced this effect
significantly. ERK1/2 kinase is essential for regulation
of the transcription factors in the nucleus by transmit-
ting extracellular signals to the nucleus [24]. Also, p38 is
responsible to stress stimuli such as cytokines [25]. PI3K
can phosphorylate Akt, which is an important induction
component for NF-kB activity [26]. Our results confirm the
concept that activation of TLR4 response to the PA-MSHA-
BPIFBI1 induction triggered the rapid recruitment of dif-
ferent factors, stimulated various intracellular signaling
pathways including MAPK, STAT and PI-3K phosphoryl-
ation, and thereby activated downstream transcription
factors and secretion of targeting cytokines.

Cytokines are secreted by cells that can regulate
growth and development and participate in the inflam-
matory response. They are divided into two types: pro-
inflammatory cytokines and anti-inflammatory cytokines
[27-28]. Presently, the cytokines with pro-inflammatory
functions are IL-1B, IL-6 and TNF-o; IL-4 is an anti-
inflammatory cytokine [29-31]. The functional cytokine
network is a central element in the homeostasis of the
immune response, and its alteration may lead to an abnor-
mal immune response [32]. Therefore, we screened the
content changes of the cytokines under the combination
treatment. When we assessed productions of the pro-
inflammatory cytokines, we found that the production
of IL-1B, IL-6 and TNF-a were markedly increased with 24
hours or 48 hours incubation with PA-MSHA and BPIFB1,
but that this process was no longer visible at 72-hour incu-
bation. The results were consistent with other experiments
[33]. In contrast, the anti-inflammatory cytokine IL-4 was
not induced at 24 hours post-incubation and only had
little content at 48-hour treatment, whereas it significantly
induced a large increase at 72-hour incubation. This sug-
gests that these differences in cytokine profile should be
reflected in coordinating the inflammatory response with
regulatory or inhibitory activities in PA-MSHA and BPIFB1
treatment.

DE GRUYTER

5 Conclusion

Our data demonstrated that BPIFB1 can accept the
stimulation from PA-MSHA, activate the CD14/TLR4/
MyD88 complex, and stimulate the secretions of pro-
inflammatory cytokines such as IL-1B, IL-6 and TNF-a.
Meanwhile, the gradual release of anti-inflammatory
cytokines induced by PA-MSHA-BPIFBI1 can also neutral-
ize and regulate the degree of inflammatory response, so
the host can effectively begin an innate immune process to
resist environmental risks and also control the inflamma-
tory response in an appropriate and adjustable manner.
Although the detailed mechanism of PA-MSHA-BPIFB1
combination is still unknown, our observations indicate
that CD14/TLR4/MyD88 is responsible for the transduction
of PA-MSHA-BPIFB1 signaling. Future studies need to
clarify the specific molecules comprising the signaling
pathways and identify novel therapeutic approaches for
PA-MSHA and BPIFB1 that contribute to innate immunity.
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