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Abstract
Aim: IL-17 family members, IL-17A and -17F are pro-
inflammatory cytokines important for host immune
modulation in infection and inflammatory diseases
conditions. IL-17A has been shown playing a critical role in
defense against bacterial infections and IL-17AF deficient
mice (DKO) reported less protective. However, the role of
IL-17 in endotoxic shock is largely undefined.

Materials and Methods: Wild and DKO mice were
intraperitoneally lipopolysaccharide (LPS) administered and
their survival status was recorded. Neutrophil, -T cells in
peritoneal fluids and pro- and anti-inflammatory cytokines,
chemokines in serum in endotoxic wild and DKO mice were
evaluated.

Results: In this study, we observed a higher mortality rate in
wild than DKO, in intraperitoneal LPS induced shock.
Mortality was observed in correlation with increased pro-
inflammatory cytokines and chemokines. We also observed
a significant rise of -T cells in peritoneal cavity by LPS in
wild, which is known to be a most potent source for IL-17
release and neutrophil recruitment at the site of infection.
Neutrophil recruitment was shown as a protective
phenomenon in murine in bacterial infection, but the same
phenomenon was not observed in LPS induced sepsis.

Conclusions: These findings suggest that neutrophil
recruitment at infection site may be beneficial in case of
direct bacterial exposure, but not in endotoxin exposure to
host tissue. This study shades a comprehensive
understanding of IL-17A/F functions in acute peritonitis
followed by endotoxic shock that could be beneficial for
selection of infection for IL-17 directed therapy.
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Introduction
In recent years, IL-17 probably the most discussed cytokine in

infectious disease field. This pro-inflammatory cytokine is
regulated by the differentiation of naïve T cells to Th17 cells
implied by receiving signals from a wide variety of inflammatory
conditions like autoimmune diseases, chronic inflammatory
diseases and pathogenic infections [1]. IL-17 cytokine family
comprises of six members including signatory IL-17A. And IL-17F
is the most closely homologue with IL-17A by structure, source
and functions. These two cytokines share same receptors and
are usually discussed together in disease conditions. Studies
revealed that upon release of cytokine IL-17A, it individually or
in conjunction with IL-17F exerts protective functions for host
against certain pathogens at epithelial and mucosal barriers
[2-4]. They are important for the recruitment of neutrophils at
the site of infection that ultimately limits spreading of bacteria
and clear it off from the site of infection. Neutrophil dependent
immune modulating properties of IL-17A and IL-17F are evident
in both extracellular and intracellular bacterial infections [5-10].
On the contrary, a defect in IL-17A or in IL-17A/F induction in
response to infection results increased bacterial dissemination,
correlating with reduced inflammatory mediators and neutrophil
recruitment in hosts [11]. Same study also focused on existence
of functionally diverse pathogenic and non-pathogenic
subpopulations of Th17 cells under specific clinical conditions.
IL-17 functions widely investigated in lung infections, but not in
peritoneal infection, particularly in acute endotoxic peritonitis.

Bacterial peritonitis remains a serious complication, especially
after abdominal surgery and continuous peritoneal dialysis,
influencing patient’s expanses and mortality [12]. Peritoneum is
the largest avascular organ in human body implicated for easy
dissemination of peritoneal infection to general septicemia.
However, published results about role of IL-17A/F in peritonitis
are not constant. In cecum ligation and puncture (CLP) induced
peritonitis, when a group showed IL-17 function is beneficial for
survival [13], then other group showed that neutralization of
peritoneal IL-17A bought successes to down mortality rate in
their experimental mice [14]. Discrepancy in results in these
studies may be related to the different level of inflammatory
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status in experimental models, since severity of sepsis in CLP
models are not constant. On the contrary, use of a single dose of
endotoxin to induce peritonitis in murine models could be a
better option to compromise the discrepancy about severity of
inflammatory reactions in experimental models. Furthermore,
since bacterium itself is not harmful, but its endotoxin, so the
host immune mechanism mediated by bacterial toxin could be
different than that of immunity induced by direct bacterial
exposure in host. This understanding may provide new window
for immune modulation and infection treatment. Here we
created LPS induced peritonitis in wild and in IL-17AF KO (double
KO, DKO) mice to understand the function of IL-17AF in murine
endotoxic shock.

Materials and Methods
All the experiments were conducted according to Toho

University School of Medicine ethical guidelines for animal
experiments after an approval of protocol by the institutional
animal care and use committee (approval number 14-52-220).

Animals and their survivals
Specific-pathogen-free 7- to 8-week-old female BALB/c mice

(wild) were purchased from Charles River Laboratories
(Kanagawa, Japan) and were housed with standard laboratory
food, water ad libitum, under specific-pathogen-free conditions
within the animal care facility in Toho University School of
Medicine, Tokyo, until the end of experiments. A constant
temperature (27°C), humidity (65%) and 12 hrs light/dark cycle
was maintained in the facility. IL-17A/IL-17F double knockout
(DKO) female mice (Il17a−/−Il17f−/−) on BALB/c genetic
background were previously established at the Institute of
Medical Science, University of Tokyo [15,16], were also being
hosed in our institute under same conditions. First, LD50 dose of
lipopolysaccharide (LPS) was determined for experimental
models. LPS that purified from Escherichia coli 055:B5 was
purchased from Sigma–Aldrich Japan and was dissolved in sterile
0.9% NaCl solution (normal saline) at a required concentration.
Wild mice were randomly divided in 5 groups where each group
contained 8-10 mice. All mice were anaesthetized by exposing to
isoflurane (1%) for short duration, weighted and each group
intraperitoneally LPS administered at either dose of 4, 8, 10, 12
or 15 mg/kg bd. wt. Mice were monitored for signs of illness
and/or unusual behavior every 12 hourly for 120 hrs. Endpoints
of survival inspection were determined by existence of classical
signs of distress such as anorexia, hunching, prostration,
impaired motility, labored breathing and ruffled hair-coat and at
endpoints, mice were humanely euthanized using isoflurane
(5%) anesthesia followed by cervical dislocation. Endpoints were
considered as ‘non-survivor’ and thus survival proportions in
different wild groups were statistically calculated to determine
their LD50 dose of LPS. Same endpoint criteria and animal
sacrifice protocol were followed in all survival experiments in
this study. Next, age matched wild and DKO mice were
intraperitoneally LPS administered at a determined LD50 dose.
Outcome of induced shock in models were observed and
recorded 12 hourly for 120 hrs. Survival proportion in endotoxic

shock models, following acute peritonitis, were examined by
minimum three sets of individual experiments.

Biological samples from endotoxic shock models
A total of 5 mice from each wild and DKO mice were

intraperitoneally 5 ml PBS administered and their peritoneal
lavage were collected, as a control samples. Other groups of
mice containing 5 wild and 5 DKO were induced peritonitis by
intraperitoneally LPS administration at a dose of LD50 and
peritoneal lavages were collected after 12 hrs of LPS
administration following the same way. Immediately after
obtaining the peritoneal fluid, samples were processed for
flowcytometric analysis to count the number of neutrophils and
T-cells in fluids.

As a separate set of experiments, wild and DKO mice were
randomly selected and each group further divided into 6 sub-
groups, where each sub-group included 7 to 10 mice. These
mice were challenged with LPS following same method, that of
challenged for survival experiments. Mice were anesthetized by
subcutaneous ketamine/xylazine (100: 10 mg kg-1 body weight)
administration and blood samples were collected from these
groups of mice by inferior-venaceva (IV) puncture at 0, 3, 6, 12,
18 and 24 hrs of LPS administration. After collection, blood were
allowed to clot and at 4°C centrifuged with 2400Xg for 15 min to
obtain serum from blood samples, which were stored in aliquots
at -80°C for later assays. All anesthetized mice were sacrificed by
cervical dislocation.

Assessment by flowcytometry and ELISA
The antibodies for detection of neutrophils and -T cells were

purchased from Biolegand Inc., Japan. Neutrophils and T-cells in
peritoneal lavage were counted after erythrocyte lysis and were
stained with PerCP/Cy5.5-conjugated anti-mouse Ly6G (clone:
1A8) and FITC-conjugated anti-mouse TCR (clone:GL3),
respectively. Cell numbers were calculated in percentage by BD
FACS Canto II analyzer. Serum cytokine’s (TNF-α, IL-12p70, IL-6,
IFN-γ, C-GSF and IL-10) levels in mice were quantitatively
measured using the Cytometric Bead Array (CBA) Mouse
Inflammation Kit (BD Biosciences, Japan) according to the
manufacturer’s instructions. Serum chemokines (CXCL-1 and
CXCL-2) levels were quantified using ELISA kits (R&D Systems)
according to manufacturer’s instructions.

Statistical analysis
Data were analyzed using GraphPad Software, version 5.

Survival curves were constructed by the Kaplan–Meier method
and were analyzed using log-rank tests. All other assay data are
presented as the mean ± standard deviation (SD). Statistical
significance was determined using the unpaired t test. For all
tests, differences were considered to be statistically significant
at either P<0.01 or P<0.05.

Results
Intra-peritoneal administration of LPS at different doses in

BALB/c mice revealed that 6 mg LPS/kg bd. wt. is the LD50 dose
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for this mouse (Figure 1A). In different sets of experiments
where LD50 dose of LPS was exposed to wild and DKO mice
peritoneum, as a consequence of peritonitis, 15 out of 22 wild
and 2 out of 19 DKO (survival percentage in wild 31.8% vs. 89.5%
in DKO group, P=0.001) mice died (Figure 1B).

Figure 1: LD50 dose of LPS for wild mice and survival rate in
wild and DKO mice after intraperitoneal LPS challenge. (A)
Represents survival of wild mice at different dose of LPS. Each
group includes minimum 8 mice in two separate sets of
experiments. (B) Represents survival percentage of wild
(continuous line) and DKO (interrupted line) mice after
intraperitoneal administration of LPS at LD50 dose. Each
group includes minimum18 mice in three sets of independent
experiments.

Majority of death events occurred within 48 hrs. of LPS
administration. Particularly, 12 to 30 hrs duration after
commencement of peritonitis seems crucial, since before or
after this duration mortality rate was low. It indicates that in LPS
induced shock event, interactions between inflammatory
mediators and host immunity occur within this duration and the
interaction of this period ultimately reflects the prognosis of
shock. Therefore, we measured various inflammatory
parameters at different time points between 0 to 24 hrs of
peritonitis. Neutrophils and γδ-T cells in peritoneal lavage in wild
control (non-infected) accounted as 1.14%+0.6% cells/ml and
0.36%+0.04% cells/ml, respectively.

Figure 2: γδ-T cells and Neutrophils in mice peritoneal lavage.
Black and gray bars express mean + SD for control and LPS
challenged mice, respectively. (A) Indicates γδ-T cells
recruitment status in wild (n=5) and DKO (n=5) mice at 12 hrs
of LPS-peritonitis, in compare to control. (B) Indicates
neutrophils recruitment status in wild (n=5) and DKO (n=5)
mice at 12 hrs of LPS-peritonitis, in compare to control. *
denotes P<0.05, ** denotes P<0.01.

Number of these cells accounted as 3.59%+1.2% cells/ml
(P<0.05) and 0.65%+0.03% cells/ml (P<0.01), respectively at 12

hrs of post endotoxic shock (Figure 2). In DKO mice, neutrophils
and γδ-T cells in peritoneal lavage accounted as 0.96%+0.9%
cells/ml and 0.81%+0.05% cells/ml, respectively in control and
accounted as 3.77%+1.3% cells/ml (P<0.05) and 0.64%+0.1%
cells/ml, respectively after 12 hrs of peritonitis (Figure 2). In
both wild and DKO mice, after intraperitoneal LPS challenge all
cytokines, except IL-10, and chemokines were peaked and
declined towards the base line within 24 hrs of infection course.
There was a further increase of IL-10 level after 18 hrs of
infection in both groups (Figure 3). Serum cytokines and
chemokines levels changes by infection in wild and DKO was
compared and revealed that changes in IL-6 at 6, and 12 hrs,
IFN-γ at 12 and 18 hrs, CXCL-1 at 24 hrs and CXCL-2 at 3, 6, 12
and 18 hrs of peritonitis were significant (Figure 3).

Figure 3: Serum level of inflammatory mediators in wild
(black line) and DKO (gray line) mice at different time course
of endotoxic shock. Each time point expresses mean+SD
serum level of minimum 8 mice by two sets of experiments.
** denotes P<0.01, * denotes P<0.05.

Discussion
IL-17 response in inflammatory condition was first studied

more than 15 years ago [17] and since then its protective
function during pathogenic infection and chronic inflammation
received priority to study as an emerging therapeutic target in
clinical trials. It is generally accepted that IL-17 family are an
important modulator of inflammation and protective against
invaded pathogens. In current study we prepared LPS induced
septic peritonitis in wild and DKO murine and found a higher
mortality rate in wild than DKO. The higher mortality was
observed in correlation with increased level of serum pro-
inflammatory cytokines and chemokine. There was a significant
rise of γδ-T cell number in peritoneal cavity by LPS in wild
models, which is the most potent source for IL-17 release and
neutrophil recruitment at the site of infections [18].

A number of cells in both the innate and adaptive immune
systems and in non-immune cells [19] produce IL-17A and IL-17F.
Both IL-17A and IL-17F have pro-inflammatory properties and
act on a broad range of cell types to induce the expression of
cytokines, like TGF-β, TNF-α, IL-1β, IL-6, IL-21, IL-23, GM-CSF, G-
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CSF, etc. and chemokines, like CXCL1, CXCL2, etc. [20]. In
contrast, signals from released cytokines, particularly from IL-1β,
TGF-β, IL-6 and IL-23, are required for differentiation of Th17
cells and production of IL-17 cytokines [21]. Over these facts, it
is clear that the complex IL-17 regulation in host is difficult to
claim entirely known and may differ by various factors. Previous
studies showed IL-17AF function in pulmonary bacterial
infection is protective [5-10] and this protection may link to
increased neutrophil recruitment in infection site, although
exact mechanism is unclear [22]. Neutrophil recruitment also
reported increased in response to direct exposure of endotoxin
in murine airway [23], where survival of the models were not
documented. Together these reports suggest that IL-17
mediated neutrophil recruitment in lung is evident with
presence of either bacteria or its endotoxin and recruitment is
impaired by IL-17 deficiency. Similar to pulmonary infection, in
LPS induced acute peritonitis neutrophil recruitment increased
in wild mice. Shibata et al. reported same by i.p. E. coli challenge
[24]. They also demonstrated impaired neutrophil infiltration by
blocking IL-17 activity, but we found DKO mice also significantly
recruiting neutrophils in their peritoneum. This discrepancy may
be due to the fact that we used genetically depleted mice (Il17a
−/−Il17f−/−) and they used total blocking of IL-17 activity using
anti-mIL-17 mAb. However, despite of significant neutrophil
infiltration in both wild and DKO models, increased survival rate
only in DKO model is interesting and needs further clarification
by experiments using real bacteria and bacterial endotoxin in
wild and DKO models.

IL-17AF mediated neutrophil recruitment at infection site
localizes and engulfs the causative pathogens, is a well-
recognized method for controlling the severity of infection.
Neutrophils provide first activated defense line against invaded
pathogens. We observed that the number of neutrophil cells in
peritoneal cavity increased significantly with LPS administration
in both wild and KO models, suggesting neutrophil recruitment
in infection site is a common host response. However, LPS
administration increased γδ-T cells only in wild peritoneum.
These cells constitute a functionally specialized subset of T
lymphocytes which play an important role in linking the innate
and adaptive immunity. Growing evidences suggest that these
cells provide immunity to infection by recruiting neutrophils at
the sites of infection and inflammation. Moreover, the
recruitment was reported dominantly done by IL-17 producing
γδ-T cells [2], indicating IL-17 mainly activated by γδ-T cells in
wild mice. In DKO mice, baseline γδ-T cell level was higher than
wild and the level was unchanged by LPS challenge. To our
knowledge, this finding is novel in our study that needs to be
verified by more investigations. Also the question whether
physiological γδ-T cells function differs from septic stimuli
mediated γδ-T cell function, needs to be evaluated. The
evidences of functionally diverse pathogenic and non-
pathogenic subpopulation of Th17 cells under specific clinical
conditions [11] guide us to assume that γδ-T cell expression in
LPS-peritonitis is responsible for population of pathogenic
subsets of Th17 cells in wild mice. Considering all these facts, it
is evident in this study that γδ-T cell mediated neutrophil
recruitment by releasing IL-17AF is deleterious, at least in
peritonitis.

Acute bacterial peritonitis rapidly commences signs of general
septicemia. Besides physical sign-symptoms of systemic sepsis,
like lethargy, piloerection, loos bowel, fever, etc., presence of
proinflammatory cytokines, chemokines in circulation are the
best evidences to determine the status of sepsis condition in a
host. In general, increased level of these mediators in blood
correlates with the poor outcome of sepsis. Unlike this evidence,
we found release of inflammatory cytokines and chemokines in
mice circulation in response to LPS induced peritonitis. Among
those mediators, several cytokines such as, serum IL-6 and IFN-γ
and chemokine CXCL-2 (also called MIP-2) level in wild were at
significantly higher levels than DKO mice at different time points
of shock. It clearly states that comparatively there was low
severity of inflammatory reactions in DKO mice than wild, which
in consequence showed higher survival rate of DKO mice with
peritonitis. On other hand, there was a striking 180 fold rise of
serum IFN-γ by peritonitis in wild proves that IFN-γ production
and functions are mainly IL-17AF dependent and this extreme
high level may be crucial to determine the shock outcome.

In this study we didn’t measure IL-17A, IL-17F or IL-17AF in
peritoneum and serum could be considered as limitations. So we
can’t give a comment whether recruited neutrophils and γδ-T
cells in endotoxin induced peritonitis are capable to produce
IL-17 cytokines or not. Rather we described that the control of
IL-17AF release is a useful tool for promising outcome in LPS
induced peritonitis, at least in mice model. A recent experiment
also showed increased survival rate in DKO mice [25], but the
investigators used a wide range of LPS dose to introduce
peritonitis and we used a single LD50 dose, what is more useful
for understanding a specific mechanism in comparative sepsis
models. This study provides a comprehensive understanding
about the role of IL-17AF functions in specific clinical condition
that would be useful for future therapeutic development.
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