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Interleukin-1 receptor-associated kinase 3 downregulation
in peripheral blood mononuclear cells attenuates
immunosuppression in sepsis
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Abstract. Sepsis is the leading cause of mortality in intensive
care units due to complex inflammatory immune responses
and immunosuppression. Recent studies have indicated that
the negative regulator of toll like receptors, interleukin-1
receptor-associated kinase 3 (IRAK-3/IRAK-M), serves an
important role in immunosuppression during sepsis. In the
current study, a cecal ligation puncture model was established
in mice using lipopolysaccharide secondary challenge to
simulate immunosuppression in sepsis. Peripheral blood
mononuclear cells (PBMCs) from this model were then used
to evaluate the expression and function of IRAK-M. The
results demonstrated that silencing of IRAK-M expression in
PBMCs from immunosuppressed mice partially restored the
production of pro-inflammatory cytokines. By introducing
PBMCs transfected with small-interfering RNA targeting
IRAK-M into septic immunosuppressed mice, the survival
rate was improved with an increase in splenic CD4* and
CD8* T cells and a decrease in T cell apoptosis. In conclu-
sion, downregulation of IRAK-M reversed the effects of sepsis
on the production of inflammatory cytokines in PBMCs, and
improved the survival of septic immunosuppressed mice.
These results provide a basis for future studies investigating
the immunological mechanisms underlying immune suppres-
sion in sepsis.

Introduction
Sepsis is a complex systemic inflammatory immune response

associated with organ dysfunction caused by trauma or
infection with pathogens. It is the most common cause of

Correspondence to: Professor Shukun Fu, Department of
Anesthesiology, The Tenth People's Hospital of Tongji University,
301 Middle Yanchang Road, Shanghai 200072, P.R. China

E-mail: fushukun@yeah.net

Key words: sepsis, interleukin-1 receptor-associated kinase 3,
immune suppression

mortality in intensive care units in the USA (1), and early
studies suggest that the uncontrolled, sustained upregulation
of systemic inflammatory responses is the primary underlying
cause (1-3). However, subsequent results have demonstrated
that the anti-inflammatory mechanisms induced by inflam-
matory feedback loops leads to a more complex phase of
immunosuppression known as immune paralysis, which is
currently considered to be the major pathological reason
underlying the high mortality rates in patients with sepsis (2).
Therefore, investigating the molecular mechanisms of immu-
nosuppression may provide novel insights for the development
of immune modulation therapy to treat patients with sepsis.

Interleukin-1 receptor-associated kinase 3 (IRAK-3/
IRAK-M) is an important negative regulator of toll-like recep-
tors (TLRs) (3). It was originally thought that IRAK-M was
expressed in monocytes, macrophages and other immune
cells alone (4). However, subsequent studies have demon-
strated that epithelial cells, including alveolar and bronchial
epithelial cells, also express IRAK-M (3). IRAK-M negatively
regulates TLR signaling pathways via the TGF-p-activated
kinase 1 (TAK1)-dependent and mitogen-activated protein
kinase kinase (MEKK)-dependent signaling pathways (3.4).
IRAK-M downregulates TLRs via the TAKI-dependent
signaling pathway by inhibiting the formation of downstream
IRAK-1/2-TNF receptor-associated factor 6 complexes
via inhibition of IRAK-1 phosphorylation. This prevents
de-polymerization of the IRAK-1/2 complex and inhibits the
subsequent signaling cascade (3,5-7). IRAK-M functions to
negatively regulate TLRs via the MEKK-dependent signaling
pathway by interacting with myeloid differentiation factor 88
and IRAK-4 to induce the expression of downstream negative
regulators, including suppressor of cytokine signaling 1,
SH2-containing inositol phosphatase 1, protein A20 and
IkBa (4,6). Stimulation of monocytes isolated from patients
with sepsis with lipopolysaccharide (LPS) has been associated
with an increase in IRAK-M expression, and cells established
a hypo-responsive status similar to immunosuppression (8).

A previous study involving a mouse model of sepsis,
demonstrated that downregulation of IRAK-M in macro-
phages was associated with elevated survival and bacterial
clearance rates in LPS-induced septic mice (9). A number of
previous studies have investigated the function of IRAK-M in
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LPS-induced models; however, these studies have established
models of endotoxin tolerance (10,11). These models are
limited, as they do not accurately represent the genuine status
of a patient with multiple bacterial infections, nor the immune
response to sepsis under clinical conditions (9). Therefore, a
mouse cecal ligation puncture model (CLP) was employed in
the present study, as it is a commonly used model of sepsis that
is used to represent the pathological conditions of sepsis (9).
The model was established using LPS challenge following
CLP to investigate the function of IRAK-M under septic
immunosuppression conditions. Peripheral blood mononuclear
cells (PBMCs) were collected and IRAK-M expression was
altered by transfection with small interfering RNA (siRNA).

Materials and methods

Animals. A total of 60 C57BL/6 mice (age, 8-10 weeks; 30 male
and 30 female mice; weight, 25.4+2.2 g) were purchased and
underwent CLP surgery to induce polymicrobial sepsis. Mice
were first anesthetized and an abdominal incision was made.
The cecum was mobilized, ligated and then punctured once
with a 22-gauge needle. The abdomen was closed by layers.
Sham-operated mice underwent the same procedure but
without ligation and puncture. Following surgery, 1 ml normal
saline was used for fluid resuscitation. Mice were allowed free
access to food and water in temperature-controlled specific
pathogen free (SPF) animal houses (25°C, 50-60% humidity)
with access to a 12-h light/dark cycle. Septic immunosup-
pression status was achieved by intraperitoneal injection of
10 mg/kg purified Escherichia coli LPS (serotype 0111:B4;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at 3 days
following CLP surgery (Fig. 1), mice in the sham group were
also injected with the same quantity of LPS as the CLP+LPS
group (6 mice per group). All experiments were approved by
the Institutional Animal Care and Use Committee of Tongji
University (Shanghai, China).

Isolation of PBMCs and culture conditions. Blood (0.6 ml)
was collected from the postocular venous plexus of mice
and centrifuged (16,000 x g for 15 min at 4°C). Lymphocyte
separation medium (PAA Laboratories; GE Healthcare,
Chicago, IL, USA) was used to obtain the PBMCs according to
the manufacturer's instructions. PBMCs were then centrifuged
(300 x g for 5min at4°C) and resuspended in RPMI 1640 culture
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) containing 10% fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc.) Cells were subsequently stimulated with
50 ng/ml phorbol 12-myristate 13-acetate (Sigma-Aldrich;
Merck KGaA), 500 ng/ml ionomycin (Abcam, Cambridge,
MA, USA) and 3 mg/ml Brefeldin A (Sigma-Aldrich; Merck
KGaA) for 5 h prior to further experiments.

ELISAs. The PBMC culture medium was centrifuged at 3,000
rpm (at 4°C for 5 min) and the supernatant were collected
to determine cytokine levels. Mouse blood (0.6 ml) was
harvested from the postocular venous plexus and serum was
obtained for cytokine measurement. Mouse tumor necrosis
factor-a (TNF-a) (cat. no. 900-K54), interleukin (IL)-6
(cat. no. 900-K50) and IL-10 ELISA kits (cat. no. 900-K21)
(PeproTech, Inc., Rocky Hill, NJ, USA) were used according
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to the manufacturer's instructions, and the samples were read
using a microplate reader at a wavelength of 450 nm. A total of
=3 replicates were included for each experiment involving the
analysis of PBMCs in vitro.

Transfection of PBMCs in vitro and generation of in vivo
transfer model. Mouse PBMCs (1x10°) were transfected with
1 ngIRAK-M siRNA or control siRNA (Shanghai GenePharma
Co., Ltd., Shanghai, China) using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The following target sequences were
used: Murine IRAK-M forward, 5“-TGTCCCAAGTATTCC
AGTA-3" and reverse, 5-GTCCTACTGTGATCAGTTT-3".
Gene expression and cytokine production were analyzed at
24 h following transfection. PBMCs transfected with IRAK-M
siRNA or control siRNA were also administered to mice.
Following CLP surgery and LPS challenge, C57BL/6 mice
were divided into four groups at random (n=6/group) and
injected intravenously with control-PBMCs or si-PBMCs
(1x10° cells/mouse, 2 days postoperatively). The following
grousp were established: Sham+LPS group; CLP+LPS group,
no treatment with PMBCs; CLP-LPS-si group, treated with
PMBC:s transfected with IRAK-M siRNA; and CLP-LPS-con
group, treated with PMBCs transfected with control siRNA).
The survival rate was recorded every 24 h. Mouse blood
samples and splenocytes were obtained by grinding the spleen
and lysed via RBC lysis at 24 h following administration of
transfected PBMCs (Fig. 1). Mice that succumbed within one
day following injection of PBMCs were included in the survival
rate calculation but excluded from the analysis of blood and
splenocyte samples, as well as further measurements.

Flow cytometry and apoptosis analysis. Anti-mouse-CD4-
allophycocyanin (APC) (cat. no. MHCDO0405), anti-mouse-
CDS8-APC (cat. no. 47-0081-82) and Alexa-Fluor-488-
Annexin V-FITC (cat. no. BMS147FI) were purchased from
eBiosciences (Invitrogen; Thermo Fisher Scientific, Inc.,
USA). Mouse splenocytes were prepared in PBS and stained
with antibodies at 4°C for 15 min at a dilution of 1:50,000.
Following three washes with washing buffer (3 min for each
time), cells were resuspended in washing buffer (eBioscience;
Thermo Fisher Scientific, Inc.) and analyzed. Fluorescence
data from 10,000 lymphocyte events/sample were obtained
using a FACS BD LSR II flow cytometer (BD Biosciences) and
analyzed using FlowJo software 10.2 (FlowJo LLC, Ashland,
OR, USA).

Reverse transcription-quantitative polymerase chain reaction
(gPCR). Total RNA was extracted from PBMCs using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc., USA) and
reverse transcript with PrimeScript™ RT Master mix (Takara,
Otsu, Japan) according to the manufacturer's instructions.
gqPCR analysis was performed using a 7900HT Fast Real-time
PCR system and SYBR-Green Real-Time PCR Master Mixes
(Thermo Fisher Scientific, Inc.) and SYBR-Green dye. The
folliwowing thermocycling conditions were used: 94°C for
30 sec, 59°C for 45 sec and 72°C for 60 sec for a total of
35 cycles. Target gene expression was normalized to that of
GAPDH forward, 5-GAGAGTGTTTCCTCGTCCCGTAG-3'
and reverse, 5'-GCCTCACCCCATTTGATGTTAGT-3'. The
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Figure 1. Study design. C57BL/6 mice underwent CLP surgery and 1 ml normal saline was injected intraperitoneally for fluid resuscitation. At 3 days
following surgery, the post-CLP mice were intravenously injected with LPS. PBMCs were harvested 1 day following LPS injection and then cultured for 24 h.
PBMCs were stimulated with LPS for further analysis or transfected with siRNA for downstream experiments. CLP, cecal ligation puncture procedure; LPS,
lipopolysaccharide; PBMCs, peripheral mononuclear blood cells; siRNA, small interfering RNA.

following primer sets were used: IRAK-M forward, 5'-ACG
TCACTGAAGGCACTGAG-3' and reverse, 5S"TTTGACTGA
GAGGCGGTCAC-3". Analysis of relative gene expression was
performed using qPCR and the 2244 method (12).

Western blot analysis. BCA assay was performed to determine
protein concentrations. Protein extraction was performed
using radioimmunoprecipitation assay (Beyotime Institute of
Biotechnology). A total of 40 pg of separated protein from
samples (PBMCs transfected with si-IRAK-M or si-controls)
wereloaded perlane and subjectedto 10% SDS-PAGE (IRAK-M
molecular weight, 68 kDa). Subsequently, the samples were
then transferred onto a polyvinylidene difluoride membrane
(Merck KGaA) using conventional methods. Membranes were
blocked using 5% non-fat milk, at room temperature for 1 h.
Following this, membranes were incubated with anti-IRAK-M
(dilution, 1:1,000; cat. no. 4369T) and anti-GAPDH (dilution,
1:1,000; cat. no. 5174T; both from Cell Signaling Technology,
Inc., Danvers, MA, USA) at 4°C overnight. Subsequently, blots
were exposed to peroxidase-conjugated goat anti-rabbit IgG
secondary antibody (dilution, 1:5,000; cat. no. 5172; Yeasen,
Shanghai, China) at room temperature for 1 h and visualized
using a ECL Plus kit (Beyotime Institute of Biotechnology,
Haimen, China).

Statistical analysis. All measurements were repeated in
triplicate. Data were statistically analyzed using a Student's
t-test or one-way analysis of variance. SPSS software 16.0
(SPSS, Inc., Chicago, IL, USA) was used for statistical analyses.
P<0.05 was determined to indicate a statistically significant
difference.

Results
PBMCs derived from a immunosuppression mouse

model of sepsis exhibit a decrease in the production of
pro-inflammatory cytokines and immunosuppression. To

evaluate the immunosuppression status of PBMCs, mice were
intraperitoneally injected with LPS at 3 days following CLP
surgery, and PBMCs were collected from blood samples. The
control group consisted of mice that had undergone sham CLP
surgery followed by injection with the same quantity of LPS.
PBMCs were isolated from mice at 1 day following LPS injec-
tion, and were subsequently cultured in the presence of LPS for
24 h to evaluate cytokine production. When compared with the
controls, the levels of TNF-a and IL-6 pro-inflammatory cyto-
kines were significantly decreased, whereas IL-10 regulatory
cytokine levels were significantly increased in the CLP+LPS
group (all P<0.05; Fig. 2A-C). This indicated that cells were
refractory to LPS stimulation, as they exhibited an inflam-
matory-suppressed phenotype. The expression of IRAK-M in
PBMCs was subsequently analyzed, and the results indicated a
significant increase in IRAK-M expression in PBMCs derived
from CLP+LPS mice when compared with those isolated from
control group mice (P<0.05; Fig. 2D). This demonstrates that
PBMCs from CLP+LPS mice display an immunosuppressed
status and are refractory to further LPS stimulation.

IRAK-M downregulation partially reverses cytokine
production in immunosuppressed PBMCs. To investigate
whether IRAK-M influences cytokine production, siRNAs
targeting IRAK-M were transfected into PBMCs to inhibit
IRAK-M expression. As demonstrated in Fig. 3A and B, the
level of IRAK-M mRNA (P<0.05) and protein was decreased
in the IRAK-M siRNA group when compared with the control
group. The cytokine levels in the culture medium were then
analyzed. Downregulation of IRAK-M resulted in a significant
increase in TNF-a and IL-6 and a significant decrease in IL-10
production when compared with the control group (all P<0.05;
Fig. 3C-E). This indicated that downregulation of IRAK-M
reversed the effects of CLP and LPS on cytokine production.
Therefore, downregulating the expression of IRAK-M may
allow immunosuppressed PBMCs to partially regain their
pro-inflammatory features and cytokine production levels.
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Figure 2. Expression of TNF-a, IL-6, IL-10 and IRAK-M in CLP+LPS and control mice. The concentration of (A) TNF-a, (B) IL-6 and (C) IL-10 in the
supernatant of the culture medium of PBMCs was analyzed using ELISAs, and (D) IRAK-M expression was analyzed using reverse transcription-quantitative
polymerase chain reaction in PBMCs from CLP-LPS mice (n=6) or control mice (n=6). The results are presented as the mean + standard deviation. "P<0.05
as indicated. CLP, cecal ligation puncture procedure; LPS, lipopolysaccharide; TNF-o, tumor necrosis factor-a; IL, interleukin; IRAK-M, interleukin-1
receptor-associated kinase 3; CLP-LPS, mice that underwent CLP surgery followed by LPS challenge; con, mice that underwent sham surgery followed by

LPS challenge.
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Figure 3. Expression of TNF-a, IL-6,1L-10 and IRAK-M following IRAK-M downregulation in PMBCs. The level of IRAK-M (A) mRNA and (B) protein was
analyzed using reverse transcription-polymerase chain reaction and western blotting analyses, respectively, following transfection of PMBCs with IRAK-M or
control siRNA. The concentration of (C) TNF-a, (D) IL-6 and (E) IL-10 in the supernatant of culture medium following transfection with siRNA was analyzed
using ELISAs. Data are presented as the mean + standard deviation (n=6). "P<0.05 as indicated. TNF-a, tumor necrosis factor-a; IL, interleukin; IRAK-M,
interleukin-1 receptor-associated kinase 3; PMBCs, peripheral mononuclear blood cells; siRNA, small interfering RNA; CLP, cecal ligation puncture;
si-PMBCs, PMBCs derived from CLP-LPS mice transfected with IRAK-M-siRNA; con, PMBCs from CLP-LPS mice transfected with control-siRNA.
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Figure 4. Survival rate and serum TNF-a, IL-6 and IL-10 levels in mice administered with PBMCs transfected with IRAK-M siRNA. (A) The survival
rate and level of (B) TNF-a, (C) IL-6 and (D) IL-10 levels in the serum of CLP-LPS mice injected with PBMCs transfected with IRAK-M siRNA (n=6) or
control siRNA (n=6) compared with the sham+LPS and CLP+LPS mice that were not injected with PBMCs. The results are presented as the mean + standard
deviation. "P<0.05 as indicated. TNF-a, tumor necrosis factor-a; IL, interleukin; IRAK-M, interleukin-1 receptor-associated kinase 3; PMBCs, peripheral
mononuclear blood cells; siRNA, small interfering RNA; CLP, cecal ligation puncture procedure; LPS, lipopolysaccharide; CLP-LPS-si, mice that underwent
CLP surgery followed by LPS challenge and injection with PBMCs transfected with IRAK-M siRNA; CLP-LPS-con, mice that underwent CLP surgery
followed by LPS challenge and injection of PMBCs transfected with control siRNA; CLP-LPS, mice that underwent CLP surgery followed by LPS challenge;
Sham+LPS, mice that underwent sham surgery followed by LPS challenge only.

Downregulation of IRAK-M in PBMCs leads to
immunosuppression and improves the survival of septic
mice. Following the observation that a reduction in IRAK-M
expression partially recovered the pro-inflammatory pheno-
type of PBMCs, further experiments were performed to
investigate the survival rate and level of immunosuppres-
sion in septic mice treated with transfected PMBCs. The
CLP+LPS model was used to simulate the immunosuppres-
sion phase of sepsis, and PBMCs transfected with IRAK-M
or control siRNA were intravenously injected into these
mice. Mouse survival rates and serum cytokine levels were
subsequently monitored. As demonstrated in Fig. 4A, the
survival time and rate were increased in mice treated with
IRAK-M-downregulated PBMCs when compared with those
transfected with control siRNAs. At 1 day following injection
of PBMCs (equivalent to 5 days following surgery), TNF-a and
IL-6 levels were significantly increased and IL-10 levels were
significantly decreased in CLP+LPS group mice injected with
PBMCs transfected with IRAK-M siRNA when compared
with CLP+LPS mice treated with PBMCs transfected with
control siRNA (all P<0.05; Fig. 4B-D). Mice treated with
IRAK-M-downregulated PBMCs remained in a septic state.
These results indicate that treatment with PBMCs improved
the immune and inflammatory responses of mice with sepsis.

Silencing of IRAK-M in PBMCs activates and decreases
apoptosis of splenic T cells. To further analyze the immune

status of mice treated with IRAK-M-silenced PBMCs,
their splenocytes were harvested in order to determine the
number of CD4* and CD8* T cells and their rate of apoptosis.
Cells were double-stained with annexin V and anti-CD4 or
anti-CD8 antibodies. A demonstrated in Fig. 5, the number of
splenic CD4* and CD8" T cells was significantly increased in
the CLP+LPS group treated with IRAK-M-silenced PBMCs
when compared with the CLP+LPS control siRNA-treated
and CLP+LPS groups (all P<0.05; Fig. SA-D). In addition, the
number of apoptotic CD4* or CD8" T cells was decreased in
the CLP+LPS group treated with IRAK-M-silenced PBMCs
when compared with the CLP+LPS control siRNA-treated
and CLP+LPS groups (all P<0.05; Fig. 5A, B, E and F).
Therefore, the survival rates and serum cytokine levels
indicated that treating immunosuppressed septic mice with
IRAK-M-downregulated PBMCs may improve their survival
and immune responses. This suggests that IRAK-M serves an
important role in immune-regulation, and demonstrates its
potential application in immune therapy for treating patients
with sepsis.

Discussion

Sepsis is a complex systemic disease with symptoms including
multiple organ dysfunction, uncontrolled inflammation, as
well as cellular and molecular dysfunction (1). It has been
demonstrated that, pro- and anti-inflammatory responses
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Figure 5. Treatment of septic rats with PBMCs transfected with IRAK-M siRNA led to T cell activation and a decrease in apoptosis. (A and B) Representative
flow cytometry plots showing the percentage of (C) CD4*, (D) CD8*, (E) apoptotic CD4* and (F) apoptotic CD8* T cells in CLP+LPS mice administered
with IRAK-M-downregulated PBMCs (n=6), CLP+LPS mice administered with control PBMCs (n=6), CLP+LPS mice (n=6) and Sham+LPS mice (n=6).
The results are presented as the mean + standard deviation. "P<0.05, as indicated. PMBCs, peripheral mononuclear blood cells; IRAK-M, interleukin-1
receptor-associated kinase 3; siRNA, small interfering RNA; CLP, cecal ligation puncture procedure; LPS, lipopolysaccharide; CLP-LPS-si, mice that under-
went CLP surgery followed by LPS challenge and injection with PBMCs transfected with IRAK-M siRNA; CLP-LPS-con, mice that underwent CLP surgery
followed by LPS challenge and injection of PMBCs transfected with control siRNA; CLP-LPS, mice that underwent CLP surgery followed by LPS challenge;

Sham+LPS, mice that underwent sham surgery followed by LPS challenge only.

occur during sepsis; the balance of which may influence
disease pathogenesis and patient prognosis (1). Previous treat-
ments and research have focused on targeting the uncontrolled
and amplified systemic inflammatory response during sepsis,
and several strategies that aim to reduce inflammation have
been proposed, including neutralizing endotoxins or inhib-
iting TLR signaling (13,14). However, these treatments rarely
improve survival rates as inhibited immune responses to
pathogens promotes infection and thus worsen the clinical
outcome (13,14). Previous studies have also suggested that
immunosuppression (also known as immune-paralysis), which
results from uncontrolled anti-inflammatory feedback loops,

is the primary reason for the development of secondary infec-
tions during the late phase of sepsis. This leads to more severe
infections, multiple organ failure and mortality (2,15-18). The
key features of immunosuppression include a lack of respon-
siveness to inflammatory stimulation, enhanced production of
anti-inflammatory cytokines and apoptosis, decreased T cell
or dendritic cell viability, refraction of immune cells to infec-
tion or endotoxins and decreased expression of HLA-DR on
monocytes (18). In the present study, post-CLP mice were
injected with LPS at 3 days following surgery, and their
PBMCs exhibited an immunosuppressive state with a limited
response to LPS, decreased pro-inflammatory cytokine



production, and elevated IL-10 and IRAK-M expression.
Further in vitro experiments indicated that downregulating
the expression of IRAK-M partially reversed these effects
on cytokine production. Therefore, the results suggest that
IRAK-M serves a key role in the anti-inflammatory response,
which is consistent with those of a previous study demon-
strating that IRAK-M is a negative regulator of inflammatory
responses (19).

Previous studies have investigated the function of IRAK-M
in regulating the immune response, particularly during endo-
toxin tolerance, which shares a number of characteristics
with septic immunosuppression, such as irresponsiveness
of cytokine production to stimuli and increased level of
anti-inflammatory cytokines (8,9). It has been demonstrated
that knockout of IRAK-M in macrophages is associated with a
notable increase in responsiveness to LPS following pre-treat-
ment, as well as endotoxin tolerance (10). A further study
also reported an improvement in survival rate and bacterial
clearance following IRAK-M downregulation in LPS-induced
septic mice (9).

The current study aimed to investigate the effects of IRAK-M
downregulation in a mouse of model of sepsis involving CLP
combined with LPS secondary challenge. The CLP+LPS
model has been proposed to simulate the septic immunosup-
pression status (20). In the present study, the administration of
PBMC:s transfected with IRAK-M siRNA to CLP+LPS mice,
was associated with an improved survival rate and serum
pro-inflammatory cytokine production. To further evaluate the
immunological status of these mice, splenic CD4* and CD8* T
cells were also analyzed. As septic immunosuppression involves
T cell apoptosis and non-responsiveness (21), the level of CD4*
and CDS8* T cell apoptosis was also monitored. The injection
of mice with PBMCs transfected with IRAK-M siRNAs was
associated with activation of splenic CD4* and CD8" T cells,
as demonstrated by the observed ~10 and ~5% increase in the
percentage of these cells, respectively, when compared with
the other groups. In addition, the proportion of apoptotic CD4*
and CD8" T cells was decreased in CLP+LPS mice following
the administration of PBMCs transfected with IRAK-M
siRNA. The results indicate that IRAK-M-downregulated
PBMCs increased survival and cytokine production,
thereby re-establishing the pro-inflammatory response
and enhancing splenic T cell viability. These modified
PBMCs may therefore improve the immune response during
sepsis. However, further studies that focus on dendritic cell
function, bacterial clearance and inflammatory infiltration
in different organs will be required to investigate immune
status following administration with IRAK-M-downregulated
PBMCs.

To the best of our knowledge, the current study is the first
to report that the administration of IRAK-M-downregulated
PBMC:s in septic mice activates splenic T cells and attenuates
T cell apoptosis. Numerous studies have investigated T cell
function in sepsis, and propose that apoptosis, cellular
exhaustion, impaired responsiveness to stimuli and impaired
cytokine responses are primarily involved (18,21,22). In
addition, previous studies have demonstrated that IL-7 treat-
ment induces T cell proliferation and decreases lymphocyte
apoptosis, thus improving the prognosis of patients diagnosed
with sepsis (23-26). This is consistent with the results of
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the current study, as T cell apoptosis was decreased and the
number of viable T cells was increased following treatment
with IRAK-M downregulated PBMCs. However, further
studies investigating T cell function and phenotype diversity
are required, as the results of the current study only provide
a basis for further research on the use of IRAK-M downregu-
lated PBMC:s in sepsis.

In conclusion, the results of the current study demonstrate
the direct effects of IRAK-M downregulation in PBMCs on
the inflammatory response during sepsis in vitro and in vivo.
The results indicate that IRAK-M serves an important role
in the regulation of the immune response during sepsis,
and provide a basis for further studies that will focus on the
development of immunological therapies to treat patients
with sepsis.
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