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A B S T R A C T

As an important metabolite in cholesterol metabolism, dehydroepiandrosterone (DHEA) can modulate the im-
mune function in animals and humans, but the underlying mechanism is still unclear. The present study in-
vestigated the effect and mechanism of DHEA’s anti-inflammatory action in primary mice peritoneal macro-
phages infected with E. coli O157:H7. The finding showed that DHEA improved the phagocytic ability in E. coli
O157:H7-infected macrophages. DHEA inhibited the cytokines (including tumor necrosis factor-α, interleukin-
1β and interleukin-6) secretion in E. coli O157:H7-infected macrophages. The inducible nitric oxide synthase and
cyclooxygenase-2 protein level were significantly decreased in E. coli O157:H7-infected macrophages treated
with DHEA. In addition, DHEA markedly decreased the phospho (p)-p38 MAPK protein level in E. coli O157:H7-
infected macrophages. Furthermore, DHEA prevented the nuclear translocation of NF-κB by decreasing of p-IκB-
α protein level in E. coli O157:H7-infected macrophage; and these effects of DHEA were heightened when the
cells were pre-treated with p38 MAPK inhibitor SB203580. Our data indicated that DHEA alleviates the pro-
inflammatory mediator production in E. coli O157:H7-infected mice peritoneal macrophages; and this beneficial
action associated with it prevents the activation of p38 MAPK and NF-κB signaling pathway.

1. Introduction

Dehydroepiandrosterone (DHEA) and its sulfate (DHEA-S) are the
most abundant circulating steroid hormones in humans. An aging-re-
lated marked decline in circulating DHEA levels is associated with au-
toimmune diseases, aberrations in lipid metabolism and oxidative
stress-related disease (Prall and Muehlenbein, 2018). As a precursor of
endogenous steroid hormones, it reported that DHEA can affects the
immune function and elicits immune-regulatory effects (Hazeldine
et al., 2010). Many studies had certified that DHEA exerts an influence
on the immune system which results in an increasing of host resistance
against the infections of bacteria (Gentilini et al., 2015), viruses (Yang
et al., 2016) or parasites (Brazao et al., 2010). It well known that cy-
tokines plays a crucial role in the progression of inflammatory diseases,
such as enteritis, mastitis and neuroinflammation (Alves et al., 2016;
Park et al., 2016). The imbalance between pro-inflammatory and anti-
inflammatory cytokines impedes the resolution of inflammation and
leads to disease perpetuation and tissue destruction (Neurath, 2014).
Previous studies reported that DHEA can regulate the cytokines

secretion by altering Th1/Th2 cytokine balance (Brazão et al., 2010;
Namazi, 2009). Although many researchers conjectured that the anti-
bacterial or anti-inflammatory effects of DHEA attributes to its ability to
reduce pro-inflammatory cytokines production (Alexaki et al., 2017;
Powell and Sonnenfeld, 2006), but the exact mechanisms is not fully
elucidated.

Macrophages widely distribute in the body and provide an im-
mediate defense against pathogens prior to leukocyte migration; they
also can produce the inflammatory mediators, such as nitric oxide (NO),
prostaglandin E2 (PGE2), tumor necrosis factor (TNF)-α and interleukin
(IL) (Shin et al., 2010). Inflammatory response is characterized by the
abundant inflammatory mediators or cytokines production; and the
pro-inflammatory mediators are considered as important targets for the
development of anti-inflammatory agents (Kiemer et al., 2003). As
mentioned above, substantial researches showed that DHEA regulate
the cytokines secretion, while few data are available about the effect of
DHEA on the function of peritoneal macrophages.

The production of inflammation mediator is controlled by the nu-
clear factor κB (NF-κB) and mitogen-activated protein kinases (MAPKs)
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at both transcriptional and post-transcriptional levels (Bak et al., 2012).
It reported that NF-κB is a pivotal transcription factor in regulating
various factors expression which involved in immune and acute phase
inflammatory responses (Ruland, 2011). The activation of NF-κB sig-
naling pathway is linked to the activation of MAPKs, which subse-
quently promote the production of pro-inflammatory mediators and
cytokines (Arthur and Ley, 2013; Wu et al., 2016). Although previous
studies showed that DHEA regulated the immune function (Prall and
Muehlenbein, 2018) and which may be partly through inhibiting NF-κB
activation (Altman et al., 2008; Hazeldine et al., 2010). Nevertheless,
current researches mostly focus on the action of DHEA in lymphocytes
function; how DHEA elicits its anti-inflammatory effect in peritoneal
macrophages and it exerts these actions whether associated with the
activation of MAPK and NF-κB signaling pathway have been elusive to
define.

Based on the findings of the literature so far, the present study
aimed to investigate the effect of DHEA on phagocytic ability and in-
flammatory mediator production in E. coli O157:H7-infected primary
mice peritoneal macrophages, and further evaluated if this action of
DHEA is related to its modulation on p38 MAPK and NF-κB signaling
pathways. We believe that these findings will reveal the detailed mo-
lecular mechanism of DHEA’s anti-inflammatory effect; and reinforce
its potential as an immunomodulatory agent to prevent bacterial in-
fection and relieve inflammatory responses in animals and humans.

2. Materials and methods

2.1. Reagents

DHEA and dimethyl sulfoxide (DMSO) were purchased from Sigma
(St Louis, MO, USA). Fetal bovine serum and RPMI-1640 medium were
obtained from Hyclone (Logan, UT, USA). The detection kit of alkaline
phosphatase (AKP), N-acetyl-β-D-glucosamidase (NAG) and lactate
dehydrogenase (LDH) was purchased from the Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). The cytokines enzyme-linked
immunosorbent assay (ELISA) kits were purchased from Biogen
Biotechnology Co., Ltd. (Nanjing, China). The rabbit anti-iNOS, COX-2,
p38 MAPK, p65 NF-κB, IkB-α, PCNA, β-actin and goat anti-rabbit IgG
horseradish peroxidase conjugate were purchased from Proteintech
Group. (Rosemont, IL, USA). The rabbit anti-p-p38 MAPK, p-IkB-α were
purchased from Affinity Biosciences (Cincinnati, OH, USA). The protein
assay kits were obtained from the Beyotime Biotechnology Institute
(Shanghai, China). The cell counting Kit-8 (CCK-8) and SB203580 were
purchased from ApexBio Technology (Houston, USA).

2.2. Isolation and culture of mice peritoneal macrophages

Male ICR mice (4–6 weeks old) were obtained from the Comparative
Medicine Centre of Yangzhou University (License number: SCXK (Su)
2017-0007). Mice were caged individually with a 12-h light-and-dark
cycle at a room temperature, and were allowed ad libitum access to
normal diet and water. Animal experiment was carried out in strict
accordance with the recommendations in the Guide for the Care and
Use of Laboratory Animals of the national laboratory animal welfare
ethics, and protocols concerning animals was approved by the Ethical
Committee of the Faculty of Nanjing Agricultural University. Mice were
administered with 5mL ice-cold PBS by intraperitoneal and massaged
for 1min, then the peritoneal fluid were collected using a syringe with a
needle inserted into the inguinal region. The peritoneal suspensions was
centrifuged at 1500 × g for 10min and re-suspended in RPMI-1640
medium. The peritoneal macrophages were cultured with a density of
1× 106 cells/mL at 37 °C in a 5% CO2 atmosphere.

2.3. Peritoneal macrophages viability assay

The eff ;ect of DHEA on cells viability were evaluated using a CCK-8

colorimetric assay. Briefly, cells were suspended in 96-well plates at
1× 106 cells/well and treated with 0, 0.1, 1, 10, 50 or 100 μmol/L
DHEA for 24 h. Then, cells were treated with CCK-8 solution for 4 h,
and the absorbance at 450 nm was measured using a model microplate
reader (Bio-Rad, California, USA).

2.4. Measurement of peritoneal macrophages damage caused by E. Coli
O157:H7 infection

The E. coli O157:H7 strain was a generous gift from Key Laboratory
of Animal Bacteriology (Nanjing, China). The macrophages were
treated with 0, 0.1, 1 or 10 μmol/L DHEA for 24 h, and then cells were
infected with E. coli O157:H7 in mid-exponential phase at a multiplicity
of infection (MOI) of 10 for 1 h, 2 h, 3 h or 4 h. After treatment, the cells
supernatant were collected; and the activity of N-acetyl-β-D-glucosidase
(NAG), alkaline phosphatase (AKP) and lactate dehydrogenase (LDH)
were measured according to the manufacturer's protocol.

2.5. Peritoneal macrophages phagocytosis assay

Macrophages were treated with 0, 0.1, 1, or 10 μmol/L DHEA for
24 h, and then cells were infected with E. coli O157:H7 in mid-ex-
ponential phase at a multiplicity of infection (MOI) of 10 for 3 h. After
that, the suspension was removed and cells were washed six times with
RPMI 1640, and then cultured with RPMI 1640 containing 100 μg/mL
gentamicin for 90min. Cells were washed three times with RPMI 1640
and lysed by 1mL 0.5% Triton X-100. Then, suspensions were serially
diluted and plated on LB plate incubation at 37 °C for 24 h in order to
quantify viable intracellular bacteria.

2.6. Measurement cytokine level

Macrophages were incubated with 0, 0.1, 1 or 10 μmol/L DHEA for
24 h. Then, cells were infected with E. coli O157:H7 in mid-exponential
phase at a multiplicity of infection (MOI) of 10 for 3 h. After treatment,
the supernatant were harvested and the TNF-α, IL-1β and IL-6 level
were assessed using ELISA kits according to the manufacturer’s in-
structions.

2.7. Western blot

One population of macrophages were treated with 0, 0.1, 1 or
10 μmol/L DHEA for 24 h; and another population of macrophages were
pre-treated with 10 μmol/L SB203580 for 1 h before treated with
0.1 μmol/L DHEA for another 24 h. Then, all that of cells were infected
with E. coli O157:H7 in mid-exponential phase at a multiplicity of in-
fection (MOI) of 10 for 3 h. After treatment, the total protein were
extracted with RIPA lysis buff ;er containing protease inhibitor
(Beyotime Institute of Biotechnology, China); and the nuclear protein
were prepared using a nucleoprotein extraction kit (Sangon
Biotechnology Co., Shanghai, China). The protein concentrations were
determined using a BCA assay kit.

The extracted proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) on a 10% gel, and then
the proteins were transferred onto PVDF membranes (Millipore,
Bedford, MA, USA). Membranes were blocked with 5% BSA in TBST for
3 h and were incubated overnight with rabbit polyclonal antibodies
against iNOS (1:500 dilution), COX-2 (1:1000 dilution), p38 MAPK
(1:1000 dilution), phospho (p) -p38 MAPK (1:1000 dilution), p-IkB-α
(1:500 dilution), IkB-α (1:1000 dilution) and p65 NF-κB (1:500 dilu-
tion). After washing with TBST, membranes were incubated with
horseradish peroxidase-conjugated goat anti-rabbit IgG (1:10000 dilu-
tion) at room temperature for 2 h. Protein bands were visualized using
ECL SuperSignal TM West Pico substrate (Pierce, Rock-ford, IL, USA). A
monoclonal antibody against β-actin (dilution 1:10000) or PCNA (di-
lution 1:10000) was used as a loading control, the nuclear protein level

J. Zhao, et al. Molecular Immunology 114 (2019) 114–122

115



was normalized to PCNA and other protein level was normalized to β-
actin.

2.8. Data analysis

All statistical analyses were estimated using two-way ANOVA fol-
lowed by post hoc Dennett’s test. Data were expressed as mean ± SEM,
and p values less than 0.05 were considered significant. All statistical
analyses were performed with SPSS 20.0 for Windows (StatSoft, Inc.,
Tulsa, USA).

3. Results

3.1. Effects of DHEA on the viability of mice peritoneal macrophages

No statistical difference was observed on the cell viability in mice
peritoneal macrophages treated with 0.1–50 μmol/L (P > 0.05), while
100 μmol/L DHEA treatment decreased the macrophages viability than
that of normal cells (P < 0.05) (Fig. 1A).

3.2. Effect of DHEA on peritoneal macrophages phagocytic ability

As shown in Fig. 1B, the bacterial concentration up to 3.98×105

CFU/mL in peritoneal macrophages after infected with E. coli O157:H7.
Compared with E. coli O157:H7 alone infected group, 0.1 μmol/L and
1 μmol/L DHEA treatment significantly increased the bacterial con-
centration in E. coli O157:H7-infected peritoneal macrophages (P <
0.05) (Fig. 1B). Although no significant difference was observed, but
the bacterial concentration in 10 μmol/L DHEA treatment group ob-
viously higher than that of E. coli O157:H7 alone infected group (P >
0.05) (Fig. 1B).

3.3. Protective action of DHEA on the damage of peritoneal macrophages
induced by E. Coli CO157:H7 infection

No damage was observed in peritoneal macrophages infected with
E. coli O157:H7 for 1–2 h (P > 0.05); while the cells occurred ob-
viously damage, which indicated by the increasing of AKP, NAG and
LDH activity of cell supernatant, in peritoneal macrophages infected
with E. coli O157:H7 for 3–4 h (P < 0.01) (Fig. 2). Compared with the
group of E. coli O157:H7 alone infected for 3 h, 0.1 μmol/L and
10 μmol/L DHEA treatment decreased the AKP activity; 0.1 μmol/L and
1 μmol/L DHEA treatment decreased the NAG and LDH activity in cell
supernatant of E. coli O157:H7-infected peritoneal macrophage (P <
0.05) (Fig. 2). However, different dose DHEA treatment almost not
alerted the AKP, NAG and LDH activity in cell supernatant of peritoneal
macrophage infected with E. coli O157:H7 for 4 h (P > 0.05) (Fig. 2).

3.4. Effect of DHEA on cytokines level in E. Coli O157:H7-infected
peritoneal macrophages

As shown in Fig. 3, the content of TNF-α, IL-1β and IL-6 were sig-
nificantly increased in E. coli O157:H7-infected peritoneal macrophages
than that of normal cells (P < 0.01). 0.1μmol/L DHEA treatment
markedly decreased the TNF-α and IL-1β content in E. coli O157:H7-
infected peritoneal macrophages (P < 0.01) (Fig. 3A and 3B). More-
over, the IL-6 content was significantly decreased in 0.1 μmol/L and
1 μmol/L DHEA treatment group than that of E. coli O157:H7 alone
infected group (P < 0.05) (Fig. 3C).

3.5. Eff ;ect of DHEA on iNOS and COX-2 protein level in E. Coli O157:H7-
infected peritoneal macrophages

The iNOS and COX-2 protein level were significantly increased in
peritoneal macrophages infected with E. coli O157:H7 than that of
normal cells (P < 0.01) (Fig. 4). Compared with the E. coli O157:H7
alone infected group, 0.1–10 μmol/L DHEA treatment significantly re-
duced the iNOS and COX-2 protein levels in E. coli O157:H7-infected
peritoneal macrophages (P < 0.05) (Fig. 4).

3.6. Impact of DHEA on p38 MAPK level in E. Coli O157:H7-infected
peritoneal macrophages

E. coli O157:H7 infection significantly increased the phospho (p)-
p38 MAPK protein level in peritoneal macrophages when compared to
the normal cells (P < 0.01) (Fig. 5A and 5B). Compared with the E.
coli O157:H7 alone infected group, 0.1 μmol/L and 10 μmol/L DHEA
treatment significantly reduced the p-p38 MAPK protein level in E. coli
O157:H7-infected peritoneal macrophages (P < 0.05) (Fig. 5A and
5B). Meanwhile, the decreasing of p-p38 MAPK protein level induced
by 0.1 μmol/L DHEA treatment was obviously strengthened in E. coli
O157:H7-infected peritoneal macrophages when the cells pre-treated
with 10 μmol/L p38 MAPK inhibitor SB203580 (P < 0.05) (Fig. 5C
and 5D).

3.7. Impact of DHEA on the activation of NF-κB in E. Coli O157:H7-
infected peritoneal macrophages

Compared with normal cells, the cytosolic p- IκB-α protein level
were significantly increased (P < 0.01); while the IκB-α protein levels
were significantly decreased (P < 0.01) in peritoneal macrophages
infected with E. coli O157:H7 (Fig. 6A - 6C). Compared with the E. coli
O157:H7 alone infected group, 0.1–10 μmol/L DHEA treatment sig-
nificantly reduced the p-IκB-α protein level (P < 0.01); but the IκB-α
protein level in 0.1μmol/L and 10 μmol/L DHEA treatment group were

Fig. 1. Effects of DHEA on cell viability and phagocytic ability in mice peritoneal macrophages. A: Cell viability of macrophages treated with different dose DHEA; B:
The bacterial concentration in E. coli O157:H7-infected macrophages treated with DHEA. Data are presented as mean ± SEM (n=6). * P < 0.05, compared with
the respective control group; # P<0.05, compared with the E. coli O157:H7 alone infected group.
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increased in E. coli O157:H7-infected peritoneal macrophages (P <
0.05) (Fig. 6A - 6C). In addition, the decreasing of p-IκB-α protein level
and the increasing of IκB-α protein level induced by 0.1μmol/L DHEA
treatment were heightened in E. coli O157:H7-infected peritoneal
macrophages when the cells pre-treated with 10 μmol/L p38 MAPK
inhibitor SB203580 (P < 0.05) (Fig. 6F - 6H).

E. coli O157:H7 infection significantly increased the nuclear NF-κB
protein level and decreased the cytosol NF-κB protein level than that of
normal cells (P < 0.01) (Fig. 6A, 6D-6E). Compared with the E. coli
O157:H7 alone infected group, 0.1–10 μmol/L DHEA treatment sig-
nificantly decreased the nuclear NF-κB protein level and increased the
cytosol NF-κB protein level in E. coli O157:H7-infected peritoneal
macrophages (P < 0.05) (Fig. 6A, 6D-6E). Similar, the decreasing of
nuclear NF-κB protein level induced by 0.1 μmol/L DHEA treatment
was heightened in E. coli O157:H7-infected peritoneal macrophages
when the cells pre-treated with 10 μmol/L p38 MAPK inhibitor
SB203580 (P < 0.05) (Fig. 6F and 6I).

4. Discussion

E. coli O157:H7 is a highly infectious pathogen that commonly
causes gastrointestinal illness in animals and humans, and healthy
rearing animals are the main reservoir (Branchu et al., 2014). With the

incidence rate increasing, E. coli O157:H7 infection is be considered as a
worldwide threat due to its virulence factors can improve the secretion
of pro-inflammatory cytokines and chemokines (Tsai et al., 2010).
Current, the treatment for E. coli O157:H7 infection is usually limited to
supportive care as there is the problem of antibiotic resistance, which
require a global revision of the approaches to treatment of bacterial
infection. A significant clinical interest in DHEA due to there is a con-
jecture that the age-dependent reduction of DHEA level is associated
with physical health in humans (Labrie et al., 1998). Previous studies
found that low serum DHEA level is associated with inflammatory
diseases; and it can regulate pro-inflammatory cytokines secretion and
affect immune function (Alexaki et al., 2017; Hazeldine et al., 2010). It
reported that DHEA up-regulate host immunity which resulting in a
protective eff ;ect against E. faecalis infection (Loria and Ben-Nathan,
2011), while the underlying mechanism about DHEA in regulating
pathogen infected remains unclear. Macrophages, highly specialized in
the clearance of pathogens, play a pivotal role in host defense and
immune function modulation. No difference was observed on cell via-
bility in peritoneal macrophages after 0.1–50 μmol/L DHEA treatment,
which implied that up to 50 μmol/L of DHEA treatment did not exhibit
cytotoxicity to mice peritoneal macrophages. Importantly, DHEA ob-
viously blocked the releasing of intracellular enzyme AKP, NAG and
LDH in mice peritoneal macrophage infected with E. coli O157:H7 for

Fig. 2. Protective effect of DHEA on damage of peritoneal macrophages induced by E. coli O157:H7 infection. A: AKP activity in macrophages infected with E. coli
O157:H7 for different time; B: NAG activity in macrophages infected with E. coli O157:H7 for different time; C: LDH activity in macrophages infected with E. coli
O157:H7 for different time. Data are presented as mean ± SEM (n=6). ** P < 0.01, compared with the respective control group; # P<0.05 and ## P<0.01,
compared with the E. coli O157:H7 alone infected group.
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Fig. 3. Effects of DHEA on inflammatory mediator level in E. coli O157:H7-infected peritoneal macrophages. A: Tumor necrosis factor alpha (TNF-α) level; B:
Interleukin-1β (IL-1β) level; C: Interleukin-6 (IL-6) level. Data are presented as mean ± SEM (n=3). ** P < 0.01, compared with the respective control group; #

P<0.05 and ## P<0.01, compared with the E. coli O157:H7 alone infected group.

Fig. 4. Effect of DHEA on iNOS and COX-2 protein level in E. coli O157:H7-infected peritoneal macrophages. A: Immunoblot of iNOS and COX-2; B: iNOS protein
level; C: COX-2 protein level. Data are presented as mean ± SEM (n=3). ** P < 0.01, compared with the respective control group; # P<0.05 and ## P<0.01,
compared with the E. coli O157:H7 alone infected group.
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3 h. Cytoplasmic enzymes, like LDH and NAG, are serve as indicators
for the disturbances of cellular integrity induced by pathological con-
ditions. Thus, these cytoplasmic enzymes are used as marker to de-
termine the damage extent of cells (Drent et al., 1996; Zheng et al.,
2016). These results indicated that DHEA partly alleviate the in-
flammatory damage in mice peritoneal macrophages caused by E. coli
O157:H7 within 3 h after infection. In addition, we found that DHEA
increased the bacterial concentration in E. coli O157:H7-infected peri-
toneal macrophages, which implied that DHEA improve the macro-
phages phagocytic ability. When bacteria bind to the surface of mac-
rophages, the pathogens are rapidly internalized into phagosomes and
then fuse with lysosomes, in which the enzymes and toxic peroxides
digest the pathogens (Jeong et al., 2014). Thus, our results here sug-
gested that DHEA against the bacterial infection may be associated with
the increasing of mice peritoneal macrophages phagocytic ability.

In this study, DHEA markedly decreased the TNF-α, IL-1β and IL-6
level in E. coli O157:H7-infected mice peritoneal macrophages. The
TNF-α, IL-1β and IL-6 are primary inflammatory cytokines in the acute-
phase response which are secreted by macrophages (Shin et al., 2010).
TNF-α can induce infiltration and activate the cascade of other pro-
inflammatory cytokines or inflammatory mediators, while IL-6 plays a
role in mediating the negative feedback on inflammatory responses (Wu
et al., 2016). In general, the inhibition of TNF-α, IL-1β and IL-6 se-
cretion is regarded as an effective strategy for controlling the in-
flammatory diseases (Chang et al., 2012). Moreover, present study also
found that DHEA inhibited the increasing of iNOS and COX-2 protein
expression levels induced by E. coli O157:H7 infection in mice perito-
neal macrophages. It well known that nitric oxide (NO) is a pro-in-
flammatory mediator in the pathogenesis of inflammation (Pacher
et al., 2007). In mammalian cells, NO is synthesized by three isoforms
of NOS, and iNOS is expressed in macrophages in response to LPS or
other various pro-inflammatory mediator (Rim et al., 2012). It reported
that overproduction of NO is harmful to the host, and which is involved
in the pathogenesis of various inflammatory diseases (Sharma et al.,
2007). COX-1 and COX-2 can convert the arachidonic acid into pros-
taglandin (PG); and COX-2 expression is upregulated in an in-
flammatory background and which accounts for the excessive produc-
tion of inflammatory PGs (Uto et al., 2010). Under normal conditions,

COX-2 is undetectable in most tissues; whereas it is induced in cells
after exposure to a noxious stimulus, such as bacterial lipopoly-
saccharides or cytokines (Shin et al., 2010). Excessive production of
these inflammatory mediators and cytokines can cause inflammatory
activities, even tissue necrosis (Zhai et al., 2016). Thus, these results
implied that DHEA is capable of reducing the pro-inflammatory med-
iator production, which finally alleviate the inflammatory response in
E. coli O157:H7-infected mice peritoneal macrophages.

Inflammation constitutes an essential part of the innate immune
response to pathogens or the release of endogenous signal molecules
(Rauch et al., 2013). Among the multitude transcription factors, NF-κB
is the most important factor in regulating the pro-inflammatory pro-
duction (Tak and Firestein, 2001). Recent studies reported that NF-κB
plays a key role in regulation of pro-inflammatory mediators during the
inflammatory response, including TNF-α, IL-1β, IL-6, iNOS and COX-2
(Fan et al., 2016; Zhai et al., 2016). In present study, DHEA increased
the cytosol NF-κB protein level and decreased the nuclear NF-κB protein
level, which implied that DHEA attenuate the nuclear translocation of
NF-κB in E. coli O157:H7-infected mice peritoneal macrophages. Im-
portantly, we found that DHEA blocked the degradation of cytosolic
IκB-α which indicated as the decreasing of p-IκB-α protein level and
increasing of IκB-α protein level in E. coli O157:H7-infected mice
peritoneal macrophages. These results consist with the previous re-
ported that DHEA reduce pro-inflammatory mediators production
through inhibiting the NF-κB activation in human aortic endothelial
cells or muscle cells (Altman et al., 2008; Jeon et al., 2015). These
findings strongly suggested that DHEA alleviate the inflammatory re-
sponse by blocking the activation of NF-κB in E. coli O157:H7-infected
mice peritoneal macrophages.

NF-κB activation is triggered by several cellular kinases, including
MAPKs (Lee et al., 2017). Among the members of the MAPKs, p38
MAPK plays an important role in inflammation (Saha et al., 2007). Our
results showed that DHEA reduced the p-p38 AMPK protein level in E.
coli O157:H7-infected peritoneal macrophages; and this decreasing in
p-p38 protein AMPK level was obviously strengthened in the cells pre-
treated with p38 MAPK inhibitor SB203580. Upon stimulation with
LPS, the phosphorylation of MAPK is involved in the NF-κB activation
and which subsequently improve the cytokines production (Tian et al.,

Fig. 5. Effect of DHEA on p38 MAPK protein level in E. coli O157:H7-infected peritoneal macrophages. A: Immunoblot of p-p38 in E. coli O157:H7-infected
macrophages treated with DHEA; B: p-p38 protein level; C: Immunoblot of p-p38 in E. coli O157:H7-infected macrophages treated with DHEA and/or SB203580; D: p-
p38 protein level. Data are presented as mean ± SEM (n=3). *P < 0.05 and ** P < 0.01, compared with the respective control group; # P<0.05 and ##

P<0.01, compared with the E. coli O157:H7 alone infected group.
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2017). Several studies reported that inhibition of p38 MAPK could at-
tenuate the transcriptional activity of NF-κB (Kumar and Abraham,
2017; Saha et al., 2007). Our study demonstrated that SB203580 alone
treatment prominently repressed the NF-κB activation, which sug-
gesting that p38 MAPK acts the upstream kinases of NF-κB signaling
pathway in E. coli O157:H7-infected peritoneal macrophages. This re-
sults is consist with previous reported that phellinus linteus extract
exerts anti-asthmatic effects through suppressing the activation of NF-
κB and p38 MAPK in OVA-induced mouse model of asthma (Yan and
Choi, 2014). Importantly, in agreement with the decreasing of p-p38
MAPK protein level induced by DHEA, we also found that DHEA de-
creased the cytosolic p-IκB-α and nuclear NF-κB protein level in E. coli
O157:H7-infected mice peritoneal macrophages; and these inhibition
effects of DHEA on cytosolic p-IκB-α and nuclear NF-κB protein level
were heightened in E. coli O157:H7-infected mice peritoneal macro-
phages pre-treated with SB203580. Previous study revealed that DHEA

regulated the pro-inflammatory mediator production, oxidative and
apoptotic through down-regulation of MAPK and NF-κB pathway in
muscle cells (Jeon et al., 2015). Taken above results, our present study
certified that DHEA exert the anti-inflammatory effect in E. coli
O157:H7-infected mice peritoneal macrophages by inhibiting the acti-
vation of p38 MAPK and NF-κB signaling pathways.

In conclusion, our results indicated that DHEA alleviate E. coli
O157:H7-stimualted inflammation response by improving the phago-
cytic ability and inhibiting the pro-inflammatory mediator production
in mice peritoneal macrophages. Meanwhile, the beneficial effect of
DHEA on pro-inflammatory mediators might associated with its
blocking the activation of p38 MAPK and NF-κB signaling pathways in
E. coli O157:H7-infected mice peritoneal macrophages (Fig. 7). The
results presented here detail elucidate the mechanisms underlying the
anti-inflammatory action of DHEA, and shed light on the potential
beneficial effects of DHEA in prevention of infectious and inflammatory

Fig. 6. Effect of DHEA on the NF-κB pathway in E. coli O157:H7-infected peritoneal macrophages.
A: Immunoblot of protein related to NF-κB pathway in E. coli O157:H7-infected macrophages treated with DHEA; B: p-IκB-α protein level; C: IκB-α level; D: Nuclear
NF-κB protein level; E: Cytosol NF-κB protein level. F: immunoblot of protein related to NF-κB pathway in E. coli O157:H7-infected macrophages treated with DHEA
and/or SB203580; G: p-IκB-α level; H: IκB-α protein level; I: Nuclear NF-κB protein level; J: Cytosol NF-κB protein level. Data are presented as mean ± SEM (n=3).
** P < 0.01, compared with the respective control group; # P<0.05 and ## P<0.01, compared with the E. coli O157:H7 alone infected group; NS: no significance
between the indicated groups.
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